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LOI NOI DAU

Cédc qué trinh va thiét bi trong cong nghé héa chdt va
thue phdam la linh vuc rong duge xby dung trén co sé cua
khoa hoc ty nhién va ky thugt. Vi vgy mudn ndm vitng, ngudi
ky su phdi vita 6 kién thite vé qui ludt ti nhién loi vita hiéu
sau thuc tién ky thugt. Pdc diém cia linh vuc nay la nghién
ciu nhitng dién bién qua trinh va co cdu thiét bi dé ném
vitng cde qui ludt hoat déng ctia qud trinh va co cdu thiét
bi,nhdm ung dung vao thuc & sdn xudt. Mat khdc déi tuong
phuc vy lai rdt rong, bao gém cdc cong nghé cia cong nghiép
héa chat va thyc phdm, nhu cong nghiép phan bon, ximdng,
ché bidn dau khi, ché bién bdo qudn cdc logi néng sdn, tic [a
moi cong nghé cé cdc qud trinh thiy luc, thiy co, chuyén
khéi, truyén nhiét va chuyén héa vat chét.

Do d6, né tré thanh mét chuyén nganh quan trong, dao
tao ky su cé khd nang thich ing t6t véi moi vi tri céng tdc.
Déi vdi cc nganh cong nghé thi né duge cu tgo thanh mot
mon hoc co sé méu chét.

Cudn "Tinh toén qud trinh, thiét bi trong céng nghé héa
chdt va thuc phdm" dic két nhing co sé Iy thuyét chinh va
dua ra nhitng bai tap vi du minh hoa, nham giip cho sinh
vién ndm ving thém linh vdc qud trinh va thiét bi, dong thoi
la co s¢ tham khdo tét cho cac ky su va can b ky thuat
frong nganh cong ngheé.



Cudn sach duge két cdu theo chuong trinh mén hoc "Quad
trinh va thiét bi trong céng nghé hoéa chdt va thue pham™ dé
gidng day cho sinh vién cde nganh cong nghé, gom fap 1 co
cde qud trinh va thiét bi thuy luc, thiy co, truyén nhiét. boc
hoi va két tinh va tép 2 ¢6 cdc qud trinh va thiét bi sdy
chung luyén, hdp thu, hdp phu, trich ly va lam lanh.

Nhing han ché va thiéu sot trong cubn sdach chée khé
tranh khéi, tac gid mong nhan duge sy déng gop va chi bdo
cuq cdc ban doe.

Tac gia




NHONG KY HIEU THUONG DUNG

Chigu dai

Chigu réng

Chigu cao

Ban kinh

Béan kinh thay luc
Pudng kinh

Chu vi

Bé mat tiép xdc
Ti&t dién

Thé tich

Thé tich riéng

Hé s8 gian thé€ tich
Khdéi lugng

Khéi luong riéng
Khéi lugng phan tid
Ap suit

Nbng do

Thoi gian

Van tde

D6 nhdt dong lyc
Do nhét dong hoc
Luu lugng

Hé s8 khué&ch tdn
Hé 86 chuyén khéi
Nhist d6
Nhiét lugng

! (m)

b (m)

h (m)

R,r (m)

ry (m)

D, d (m)

u (m)

F (m?)

f (m?)

V (m3)

v (m3/kg)

B (1/°C)

m (kg) -

p (kg/m3)

M

P, p (N/m?, at)

¥y, x (kg/kg, mol/mol,
kg/m3, mol/m3)

t, = (h, 8)

w (m/s)

7 (kg/ms)

v (m?/s)

G, V (kg/s, m3/s)

D (m?%/h)

K [kg/(hm?kg/kg))

T, 8 (°C, °K)

Q, ,dJh



it

Nhiét dung riéng _ C, (kd/kg do)

Ham nhiét ' I, i (kd/kg)

Heé s& din nhiét A (kJ/mh da)
" Heé s6 cdp nhiét a (kJ/m2h d6)

Hé s& truyen nhiét K (kd/m?h do)

Do din nhiét a (m2/h)

Céng suit N (kW)

Nang sudt Q (kg/h, m3/h)

Cdc don vi co sé& cia hé do

Chigu dai m

Thoi gian s

Khéi lugng kg

Nhiét do do

Hé don vi co bdn:

Van t6c ~ m/s

Gia t6c - m/s?

Lyc kgm/s? =

Ap suét N/m? = kg/ms?

Khéi lugng riéng ‘kg/m3

Cong, nang higng Nm=kgm?/s? =J (Joule)
Cong sufit Nm/s =kgm?/s? = W (Watt)
D§ nhét Ns/m? - kg/ms '
Nhiét lugng riéng J/kg d6 = mZ/s? do

Hé nay ¢d quan hé véi thd nguyén khac theo hé sd chuyén
déi bang 9, 81 gbm co: /
: kp = 9,81 N
COng. kpm = 9,81 Nm
Cong sufit: kpm/s = 9,81W
Ap suft: kp/m2 = 9,81 N/m?
Nhiét lugng kcal =427 kpm =9,81.427 Nm =4186 J.



Chuong 1

CAC QUA TRINH VA THIET B| THUY LUC

1.1. Gigi thiéu khaii quat vé thay luc

Nghién ciu v& thiy lyc cd nhidu vin d8 va cing rit phdc tap
vi né duge thé hién & moi noi cd tdn tai dong khi va léng. Trong
pham vi cia mén hoc qua trinh va thiét bi thi co sé thay luc chi
& gidi han dng dung, vi viy ta cAn phan biét cac kh4i niém sau:

- Thiy tinh: Chi mot chdt 1ong & trang théi tinh. Mot chat
l6ng nao dd cé duge trang thai tinh tuyét déi, tdc da dat duge
digu kién can bing giita luc trong luong va luc 4p sudt. Khi do
ta cd 4p sudt thuy tinh ¢ dang vi phan:

dp = - pgdz = -ydz; (1.1)
dang chung:

p =p, + pgh. (1.2)

- Thay déng: Chl mot chAt léng & trang thdi chuyén déng.
Xét v& chuyén dong, trong thyc t& cé nhidu dang, song trong tinh
toan thudng xét hai dang chinh: dong chuy&n dong cé ma sdt va
khéng ¢6 ma sit. Nguyén nhén gay ra chuyé€n ddng cd nhidu y&u
td, trong do cd y&u t6 ndi lue, tdc 1a cde luc tdn tai trong long
ch4t 16ng. O khia canh nay thé hién & dong chay doc va dong
chay ngang.



Khi p = const, thi ddong chay doc theo tudng tit trén xuéng
hoac doc trén bé mit ty do nao dd.

Khi dong chay ngang thi trong luc bing khong, nén néu:

¢ Luc trong lugng 1én hon nhidu so véi lue ma sat thi coi
dong chay khéng cd ma sét, trong thuc t& chi e¢d dong khi, trai
lai

¢ Lyc trong lugng nhé hon nhiéu so vé6i ma sét thi c6 chuyén
dong trugt, tic chuyén déng ¢ ma sat.

Vi vay khi nghién cdu dong chdy ngudi ta thubng d® cap dén
nhitng phuong trinh co ban nhu:

¢ Phuong trinh dong lién tue, duge tinh dua vao véan téc
dong chay
w = m/pF, m/s, (1.3)
va dinh luat bao toan:

m, = m, = const.
¢ Phuong trinh dong 6n dinh. Sy 6n dinh ciia dong nhd sy
trigt tidu giita cdc luc tdc dung lén né. D6 1a luc khai lugng (con

goi l1a luc gia téc K " vl theo Newton thi K = pg), luc 4p sudt
KP, trong luc K v ll.(c ma B4t K

Su can bing Iwe co khi:
de + de + ng + dI{q = 0. (1.4)

Dya vao tinh chdt nay, Euler da thié&t lap phuong trinh vi
phén cho dong 8n dinh. Gia si theo chi®u z céc lyc tic dung lén
nguyén t8 chidu dai dL s& la:

. Jw . dw
de =+ [w- (y; +"8—L—dL)]m =-_-Pw£ FdL

op __ dp
dK = - +=—dL)]F = - —— FdL
=P @ oL ] - dL

&

. dz
g = dG.cosf = -dGsina = -pg o FdL



va phuong trinh cda Euler :

u
-1, — FdL,
F

dw +dp dz N u 0
W — F— —_— + 1, — =
Pl Tar TRt 7

¢ Dong déng lugng.
Néu gigi han mot ving
nao dd ciua dong chuyén
dong, thi can bang luc 4
dugc thigt lap trén ving -
do, va goi la ving déng
lugng. Gisi han cia viing
chuyé&n dong nay chinh la
thanh va tigt dién dng.
Mat cit cia viung tao
thanh mét mat va cac lue
tdc dung lén nd chi trir
l¥c trong lugng. Cdc luc
trén vung dong lugng
duge thé hién:

w
- dl
/\ e
(p.-._dlja‘F

dmg = db

Hinh 1.1

Kpi - sz =m(w; - w,)
- - - -
Kp1 - K = pF| - p,F,
I—E -ngsmaFdL

-> 2~

K = - f I'IUdL.

9

Khi cac'lyc nay téec dung lén viing dong luong sé sinh ra ll,tc
phan hdi (goi 1a phan luc) K va tao th&nh can bang:

-

I{pI

= (mwl - mwz).+ (plFl -

pZFz) + Kg + Kr],



> , = —-» . - - - - :

hodc Kpl = (mw - pF), - (mw - pF), + K, + K. (1.5)

Né&u bidu
dién phan lyc
trén moét d&ng
cong ndm ngang
bd qua luc ma
sdt ta thdy nhu
trong hinh 1.2.

Lay tich
phan cta P
phuong trinh
Euler sé nhan , .
duge phuong trinh Bernoulli cho ch&t 13ng chuyén dong véi
‘P =const: ‘ -

Hinh 1.2

1 : 1
—-2—pw% +p, + pgz = -Epw% + p, + pgz, + Ap.

Téng gi4 trj ba ap suft gidm din theo chidu dai chuyén dong
dén gia trj dp suit Ap_ la 4p suft tén th4t, chi y&u do lyc ma

sat, chinh 1a thita s6 r‘.-;,- trong phuong trinh Euler.

Z i
:'“_.__':._: _r w.?
1 E=L ] 2g hm
| A P
| * %3
! z
]
j
Hinh 1.3

10



Cé thé bié’u dién dudi dang chigu cao:
w
+£‘. +zl._-—2 +_pg_ +z,+h =h
2% pg - 2 pg

va duge minh hoa & so db trong hinh 1.3.

b’

1.2. Cong thic co ban

1.2.1. Khdi lugng riéng p, trong ky thuét con dudc goi trong
lugng riéng y
= ylg, kg/m?, (1.6)
Thd nguyén cia y (kp/m?), g (m/s?) .
1.2.2. Khdi lugng riéng cua modt chit khi bdt ky & ap suflt p
va nhiét d6 T(°K) duge tinh
T.p M 273p

P = Porp “224 " Tp,

, kgim?3, (1.7

M
trong dd p_ = 22.4 {kg}m3tc] 12 khé&i lugng rigéng cia khi & 0°C va

760 mmHg, kg/m3 tidu chufn;
M - trong lugng phan t& khi;
Mét khsi tiéu chudn la lugng khi & 0°C va 760 mmHg cd thé
tich 1 m3.

Thd nguyén ciia p va p_ th€ hién tuong dng Dé&i vdi hén hop
khi ¢6 nhidu thanh phin, khd: lugng riéng duge tinh:

Pp = np TPyt o (1.8)
1.2.3. Ap sudt cla cét chét 1ong & d6 cao A(m) cd khdi lugng
riéng p(kg/m3) dugc tinh:
p = hpg, N'm?. ' (1.9)
- Thd nguyén cua ap suft:
hé vat ly: 760 torr (mmHg) =10330 mm H,O —10330 kp/m?
= 1 033 kp/em?.
hé kg thuat: 1 at =1 kp/em? = 10 mm H,0 = 104 kp/m? =
9,81 kg/ms? = 735 torr (mmHg).

11



1.2.4. Phuong trinh thay tinh

p =p, + pgh, N/m2. (1.10)
1.2.5. Ap luc tdc dung lén thanh bé chia chat 1éng:
p = (o, + pgh) F, N, (1.11)

trong dd F - dién tich thanh b&, m2.

1.2.6. Thd nguyén ctia d6 nhét dong luc

kps 9,81 N.s |
1 = = 981p = 9810 cP

m? m?
kg N.S kps
1 =1 = [OP = 1000 cP = 0,102 . ——
m. s m? | m2
Quan hé gita d6 nhat dong luc 4 va d6 nhat dong hoc:
v =F , m?/s.

1.2.7. D6 nhét cia hén hgp khi duge tinh theo cong thic
(gan ding):

My - n M, nM,
#n M1 Ha
trong dé M|, M,, ..., M, - trong lugng phan t# cia cdc thanh
phan va hén hgp;
Ry, Ng,... - phln thé tich cia cdc thanh phan; '
Hys B oy iy, - 40 DhOt cla thanh phin vA hdn hop.

Cing c6 thé tinh theo cohg thdc thuc nghiém & digdu kién
tidu chuén:

(1.12)

_ g VMT, + nz,uz\/M T,
b TR VIT. + SMT, + . ’

véi ‘J!‘cl‘2 - nhiét 44 tiéu chudn cta cdc thanh phan trong hén hop,
K.

Gid tri VMT, tra & bang PL.2.
)
Sy thay d8i cia 4 theo nhiét 49 dugc tinh

(1.13)

12



273+ C T
L Y
trong dé u - d¢ nhdt ¢ nhiét do6 0°C;

T - nhiét d6,°K
Hang s6 C va u tra & bang PL.1.

1.2.8. D6 nhdt cia hén hgp léng khoéng lién ké&t tinh theo
cong thdc:

u 3.2 (1.14)

lgu, = nlgu, + n,lgu, +... (1.15)
1.2.9. D9 nhét ciia huy®én phu loAing (cd ndng d6 chdt hda tan
nhé hon 10% thé tich) tinh theo cdng thiec:
pp = m(l + 2,5¢) , (1.16)
trong d6 x4, - d6 nhdt cla chit 1éng nguyén chét;
¢ - phin thé tich cta chdt rdn hoa tan.
1.2.10. D6 nhét cia mét chdt léng duge tinh dya vao dd nhét

cia mét chét long khdc theo cong thic cia Pawlow (theo nguyén
Iy ham tuyé&n tinh): '

7

Bu, - Gu,
trong dd tu,, tu, - nhiét d6 ciua chadt 1dng cin tinh & d6 nhét u., u,;
1 ¥ g r H2

= K, (1.17)

Bu |, 6u, - nhiét dd cia chdt 16ng chudn cd d6 nhét tuong
ing v6i d6 nhét cta chdt long cin tinh u,, u,.

1.2.11. Phuong trinh luu lugng
V= fuw | (1.18)
trong dé V - luu lugng, m3/s; '
f - ti€t dién, m?;

w - van t8c luu thé, m/s.
Dudng kinh éng tron duge tinh khi biét luu lugng V(im3/h) va
w(m/s):

|4
d=yf ————— , ' m (1.19)
3600.0,785 w

13



Trong thuc t& dong ché.y'cﬁa Iuru thé trong 6ng co gid tri:

chit 1dng: : w=05- 2 m/s

khi (& 4p sudt thudng) : w = 10 - 20 m/s

hoi nudc béo hoa: w = 20 - 40 m/s

hoi nude qua nhiét: w = 30 - 50 m/s
Qua cdc ti€t dién kh4c nhau cta 8ng luu lugng khong d8i:
V="Ffw =fiw,=.. (1.20)

Ché d6 chuyén dong cia dong chay (chay dong hoac chay
xo0dy) duge thé hién qua chudn s6 Reynold:

wdp wd
Re = — = . (1.21)
u v

Gia tri gidi han cia Re trong 6ng Re = 2300.

D&i v&i dng xo4n gia tri nay thay d8i theo ty l& d/D (dudng
kinh 6ng d va dudng kinh vong xoén D).

8ooo - ”
chay reay "
—-—"'-_--—-
LS // chdy dong
N L0090
LS /
2007
7 ao7 qa2 qu3

Hinh 1.4. Quan hé Re =f (d/D) cho 8ng xoén

Trong trudng hop luu thé chay trong khéng gian bat ky thi
dudng kinh d duge thay th& bing ban kinh thay lyc r, (hay
dudng kinh tuong duong d

f : ‘
W= - (1.22)

e

r
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trong dé f - tiét dién ngang;
' u - chu vi thdm uét.

Tuong quan gita ban kinh thdy luc va dudng kinh 6ng tron:
nd? d '
r” =4n—d = 4— . (123)
Dua vao bdan kinh thiy luc ta c¢é th€ tinh dudng kinh tuong
duogng:

4
_.__f_ (1.24)
u

dig = 4ry

1.2.12. Nhitng chuén s6 quan trong duge dung trong thiy luc

ghm:

P!
Chuﬁn s6 Newton (ddng dang cd hoc) Nu S,

mw

trong d6 p - luc tac dung, kgm/s?;

{ - chigdu dai, m;
- khéi lugng, kg;

w - van tde, m/s.

- Chuén s8 Froude (quan hé luc va lvuc quan tinh) Fr =Ef-,
voi g - gia téc trong trudng, m/s?. &t
- Chufn 38 Reynolds (ddng dang thuy dong lyc)
Re _w_lp = il
I v
- Chuén s8 Euler (dbng dang thuy dOng Iue) Eu -—Péi—z ,

v6i Ap - hiéu s6 dp sudt, N/m?2-
1.2.13. Phuong trinh thiy dOng lyc .cho chit léng khOng chiu
nén ép:
p, wi ws
S s SRR e i Y .25
re 28 rPg8 28 |
D6i véi chdt 16ng thue (d6 nhdt cao) phuong trinh cd dang:

15



w? w2
P e R N L R R (1.26)

PE 2 PE 28
trong d6° Z - chidu cao hinh hoc, m;

Z,

Plpg - chitu cao thiy tinh, m;
w?/2g - chidu cao thiy dong, m;
h,, - chidu cao thang trd luc, m.

1.2.14. Van t8c trung binh cta luu thé chay trong 6ng:
trong trudng hop chay dong:

w = 0,5.wmax
trong trudng hop chay xody:
w = (0,8 d&n 09)w

phy thudc vao gis tri cia chufin s6 Re. Cu thé‘ quan hé wiw .
theo Re dugc bi€u thi theo hinh 1.5.

’ L —
-"--_
- ﬂ,e ’/
5
or
=
d6
a5
707 194 9% 0 rp7 ref
Re =

Hinh 1.5. Quan hé w Wmnax =f (Re)

1.2.15. Van t8c cia chit 16ng trong b& chia chay qua cita mé
duge tinh:

w .= pV2gH, mls _ (1.27)
trong do ¢ - .-hé 88 vﬂn toe; '
H - chf&u cao tu tam cta md dén mat thoéng,

16



Trong truong hop cd sy chénh léch ap suft & mat thodng va
cia md thi thay H bang:

H'=H + (p, - ppg, m, (1.28)
véi p_, p - 4p su&t & mat thodng va cta md, N/m2.
Luu lugng dong chay qua clia md ¢d tiét dién fo:

V = 2f V2gH, m3s, (1.29)
v0i o - hé s8 chay, bang tich ctta ¢ va £ mdc tia.
= pe. (1.30)

Thoi gian dé chit long trong bé cd tist dién f chay hét qua
clia md co tiét dién £, dugc tinh:

2f\f}T' (1.31)
T = ——— , 8, : .
af V2
1.2.16. Cong sudt cia bom hoac quat dugc tinh:
V.
N=—— d , KW (1.32)
1000y |
mgH mH
N = = , kW, (1.33)
1000 102y
trong dé6 V,m - luu lugng, tinh bing m3/s, kg/s;
Ap, H - ap suéit do bom hoﬁc quat tao ra, tinh bang
N/m? hodc m;

7 - hiéu sudt bom, quat;

g - gia t6c trong trudng, m/s2.
Ap suit Ap duge tinh:

Ap + Apm + Aplr + Ap, + App , (1.34)
trong dd
s dp sudt tao ra vin tdc dong chay Ap: o
Ap, = 4 Nt/ﬁ&muﬁbrm | AT M1 511.35)
i

3 TE-EE V*—{‘-i g

PN _W—m.-.__..« s

Dieo ¥l 17



e &p sudt d€ thang trd luc ma sdt Ap :

M o

Ap. =—— . —— N/m? (1.36)
Pm =77 73

hoae Ap = §,.4p, ,
6 day & = 4 rl hé s8 trd luc 6ng thing.

D6i véi trusng hgp chay dong Ap_ ciing cd thé tinh theo cong
thitc ciia Hagen- Poiseulle:

2luw
APy =——— N/m? . (1.37)

Phuong trinh luu lugng duge tinh theo Ap

nd? nd3Ap

V = w = ;
4 1281u
e 4p sufit thing trd luc cuc bd Ap,
wip
Ap[r = 26 T H N/mzn (1-38)

& day Y& - téng trd ldc cuc bd (gdm ché cong, van, ré, thit,
md,...) dugc tra & bang PL.3.

Doi khi ngudi ta tinh theo chizu dai tuong duong I, = nd,
voi n = /A va d 1a dudng kinh trong cia 6ng ddn. n tra & bang
PL.4.

Al wip
d
Ap,, =T‘. - N/m?; (1.39)
e 4p suét thang chénh léch chidu cao H:
Ap, = pgH, N/m%; ' (1.40)

e 4p sudt chénh léch gitta dAu hit va ddy Ap,,.

Cu thé€ tdng t6n thdt 4p suft ma bom cin cd dude tinh:
2
w

P Al
Ap =—2-7(1 +—d—- + 38 + pgH + Ap, N/m?, (1.41)

wd A+,
hoacAp=w2p [1 +: (-; 1o

1+ pgH + Ap, N/m?,  (1.42)

18



Trong thuc t&€ ta thdy v6i bom chét 1ong Ap cd gid tri bat ky.
béi véi chdt khi ta ding quat khi Ap < 0,1 at, cdn ding mdy nén
khi Ap > 0,1 at.

Ngoai ra & nhitng 6ng xoin thi trd lyc tang vai hé s6 x:
' Ap, = Ap.x. (1.43)

x phu thudc vao d/D (ty 1& giita dudng kinh 6ng va dudng
kinh vong xoén):

ey
P _
e

-1+354£
= 54 5 .

.

n

——

Hinh 1.6. Cich x&p 8ng:
a - x€p thiing hang; b - x&p léch hang
Trong trudng hgp 6ng chium diing céng thic cia Morosow :-
- Ong duge s&p x8p thang hé.ng:

=3+ 4, 5m)( 5, )-0.23Re-0.26, (1.44)

- Ong dugc sdp x&p léch hang:
S/d < S,/d; Eu = (2 + 3,3m)Re 028
! z (1.45

S,/d > S,/d ; Eu = (2,7 + 1,T7m)Re0.28
trong dé m - s8 lugng hang dng trong chim;
d - dugng kinh ngoai cia 6ng;
8,, S, - budc 8ng.

‘19



Né&u dong chay tao vii dng mot gdc ¢° thi gia tri Eu(P dugce

tinh -
Eulp = bEu. (1.46)
Gia tri ctia b tra theo bang sau:
p,d0 90 8 70 60 50 40 30 10
b 1 1 0,95 0,83 0,69 0,53 0,38 0,15
Khi bigt chuin s6 Eu tinh Ap theo cong thite:
Ap = Eupw?, N/mZ, (1.47)
Dé tinh Ap ngudi ta chAn x4c dinh £ vd A hé s6 ma sat nhu
sau:
a} Trudng hgp chay dong, A hiv nhu khdong phu thudc d6 gb
ght (hinh 1.7):
| 3 =2 (1.48)
—E . .
Né&u tigt dién 6ng khac hinh tron thi:
oA (1.49)
- Re . .
Hé s6 A va dudng kinh tuong duong d,4 duge tra & bang
PL.5.
04
) N
o2
<
N
on
on
206 \\
po Na T -
on N TS
'-"---1.-!-‘-—-_-—-
ol 2 3 4 5678978 7 7 G 567840 2 d i3 ersen 1 3 4.'1 ::lu

o -2 S a— 10t s - 0% . _ o p0F

10

Rg =———m=

Hinh 1.7. Quan h¢ h¢ s6 ma sit va ch€ dd chiy qua chulin s& Re



b) Trusng hgp chay xody, A phu thudc vao chudn s§ Re va d¢
nham céa 6ng. Dudng cong ¢ trén hinh 1.7 déi véi 6ng it nham.
Do nham caa &ng duge thé hién qua ty s8 e/d vdi e la dac trung
do gb gh®, d 1a dudng kinh trong ciia 8ng. Dic trung do gd ghd
e cd thé ldy nhu sau:

hogp kim, dbdng, chi 0,01 - 0,05

thép ma kém 0,1 - 0,2
8ng ddc gang 0,3

thép khéng gi 0,2 - 0,3
thép thudng 0,5 trd lén
gang dic 0,86 trd lén

Né&u biét do gdb gh® ctia 6ng, ngudi ta cd thé tim duge quan
hé giita 1 va Re theo cong thic:

Eu
- = f(RBe), (1.50)
hoac db thi hinh 1.8.
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Su phu thudc gilta A vad Re cho 8ng nhin duge x4c dinh theo:

a) Blasius : 1 = 5% ! (1.51)
Véi gid tri Re = 3000 - 105,
0,303 '
b) Filomenko: { =——— (1.52)
{(lgRe - 0,9)

vii Re > 5000.

Phuong trinh tinh trd luc do ma sdt néu trén chi théa man
cho ddng déng nhiét. Trong trudng hop cd su thay déi caa nhiét
do giita tudng va dong chay, thi ngudi ta phai nhan thém hé sé
hi¢u chinh x.

Hé s6 hiéu chinh x duge xdc dinh theo hai truéng hdp

- cho chay dong .

Pr rPr
x= [1 +0,22 ( "I o, 15), (1.53)
r Re, .
- cho chay xoay '
p
x = (Gt (1.54)
Pr,

trong d6 Re,, Pr,, Gr| - céc chuén s§ dugc tinh & nhiét d¢ trung
binh dong chay;

Pr, - chufn s6 Prandtl duge tinh & nhi¢t d¢ trung binh

tubng ‘
1.2.17. Tinh trs luc ma sat cia l6p dém khé cd chidu cao H:
HA w
Ap, =— . — P N2, (1.55)
dig _
Dudng kinh tuong duong d,, cia 16p dém duge tinh
4f,H
g M _ YV _W
X uH o '
vV

trong dé V_ - -phin thé tich giita céc dém (thé tich phan réng),
m3/m3;
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o - b® mat riéng cta dém, mZ/m3;

f, - dién tich trung binh ctia tiét dién tu do, m?;
u, - chu vi trung binh cta ti&t dién tu do, m;

V - thé tich 16p dém c6 chidu cao H, m3.

Van téc that cia dong khi chidy qua phan réng cia lgp dém
cé thé duge tinh theo van téc cla khi w qua tiét dién thap:
nD?
wf, = wf; véi f =T , D 1a dudng kinh thap.

w
Rﬁtrawk—wfl-—- f
fO VO
Ho wp A Ho w?i
f Pk _ f 'k
0 o’ o

Heé s6 ma st A dudc xac dinh qua chudn 6 Re, :

Be _wkdtdpk_ dwp,
k - - .

My Hyo
Theo Shaworonkow ddi voi dém vong, 4 duge tinh :
a) Re, < 40 ;4 = 110 (1.67).
Rek
16
b) Rek > 40; 4 = Reg!z ’ . (1.58)

1.2.18. Trong trudng hop dém dugc thdm udt thi.
'API;N = m.Ap_.
Hé s6 m s& lam tang trd lyc cha 16p dém uét so voi 16p dem
kho, va ¢d thé duge tinh theo Shaworonkow, Aerow va Umnik:

a) vai dém vdng cd dudng kinh d < 30 mm:
1 .
m = ; (1.59)
a3
(1-1,65.10°10, —_ A)3
14

0
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b) dudng kinh d > 30 mm va A < 0,3 ;

1
me=—_—__ (1.60)
(l1-A 3 ‘
c) dudng kinh d > 30 mm va A > 0,3 :
1
= (1.61)
(1,13 - 1,43A)3
cho vdng kim loai:
-1
= . (1.62)
(1- 1,394)3

Heé s6 tuéi A duge tinh:

c b
{/(— )2 . (1.63)

"2
Hé s6 b tinh theo cong thu g
1,74
b = — {1.64)
Re)-3
Cong thic tinh chufn s6 Re,:
wid g Py
thé hién trong trudng hop cu thé sau: ‘
né’u thay tich w, p, bdi m /S va dld bai 4Slu thi ;
4m
ReI = s
u My
vi S - ti€t di¢n trung binh ciia ch&t léng trong thap, m?2;
m_ - luu lugng dong chit lbng, kg/s;

m, “duge tinh theo cong thic:

Re’ =

s = L"'f’
. m
véi mat 46 tusi L =—2 | kg/m?s.
4L r
Vay Rey =— | -
ay,
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Van t6c phut va van t8c cuc dai cia dong khi duge tinh &
chuong chuyén khéi (tap 2).

1.3. Vi du
1.3.1. Tinh khé6i lugng ri¢ng ciia khong khi (gdm 79% nito va
21% oxy thé tich) & dé chan khéng 0,58 at, nhiét d6 - 40°C. Ap
k& chi 0,99 at.
Gidi: Khoi lugng phan ti clia khong khi (hén hgp):
M = 0,79.28 + 0,21.32 = 28,8 .
Theo cong thie
Tp M 278p
Porp, “224 Tp,
288 273 0,41
224 233
1.3.2. Mot ch&t léng chda trong binh ¢d khéi lugng riéng

1230 kg/m3. Mot ap k& duge gén vao thanh binh chi dp sudt du
0,31 at. Tinh chidu cao muc chdt long ti mat thoang dé&n di€m

, kg/m3.

= 0,62 kg/m3,

dat dp ke.
Gidi:
Theo céng thic:
-p)
h =—-—-———-—(p Po , m
PE

Bist p - p, = 0,31 at = 0,31.9,81.104 N/m?,
: 0,31.9,81.10% .
Vay h =————
1230.9,81
1.3.3. Chan khong k& do d6 chan khong trong thigt bi ngung
tu chi 600 mmHg. Ap k& do 4p sudt chi 748 mmHg. Chn xéc

dinh:
a) chidu cao H cia nudc trong baromet ciia thist bi ngung ty;

b) dp suft tuyst d6i trong thiét bi ngung tu.

= 2,62 m.
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Giii:

Ap suft tuyst d6i trong thi&t bi
ngung tu:
748 - 600 = 148 mmHg = 0,148 mHg

Khéi luqﬁg riéng cia thiy ngin
13600 kg/m3

Theo céng thic tinh chigdu cao
cdt nudc:

p=pg +p,
co H = P P
PE
(748 - 148).9,81.104
= = 8,16m .
735.103.9,81

1.3.4. Mot ép k& chit U thiy
ngAn gin vio hai di€m ciia 8ng dén
nim ngang cd chénh léch myc thiy
ngin H = 26mm. Tinh chénh léch 4p
sufit (N/m?) khi dong chuyén dong
trong 6ng 1A nuéc va khong khi cd
nhiét d¢ 20°C &

4
®\ Piacecres ;PI_—-—
| j,-_-t&,-___--
hHdr =
B
- H
Hinh 1.9 (vi du 133);

d4p suft khi )
quyén.

Gidi:
Né&u 18y mat %
chufn a - g,

theo phuong

trinh ‘Bernoulli
4p suft hai bén

la:

baing nhau, tuc Hinh 1.10 {vi dy 134)

Py + hpg=p;+ (hp + HpHg)g.
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Thay h, bing 4, - H viao phuong trinh:
py + hypg = [HPHg + (R - H)olg + P,
Py - By = H(PHg - P8,
trong d6 p - khéi lugng riéng Iuu thé chuy&n déng trong éng, kg/m3;
Puyg - khdi luong rieng cia thiy ngn py, = 13600 kg/m3,
Trudng hop nubée chay qua 8ng: p = 1000kg/m3; ta cd:

Py - p, = 0,026(13600 - 1000)9,81 = 3213,756 N/m?.
Trudng hgp khéng khi thdi 6ng: _288 273
rudng hgp ng i qua &ng: =22.4°393 =

= 1,2kg/m3; ta co:
Py - P, = 0,026(13600 - 1,2)9,81 = 3468,51 N/m?.
Nhén xét: Khic
vi chit léng khi do
chénh léch 4dp sudt
bing dp k& chit U khéi
lugng riéng cia khi
rdt bé nén cd th€ bé
qua.

1.3.5. Mot cai nap
thung dp vao mot bé
chia diy nuéc d€ thu
nitc cd dudng kinh 6m
va khéi-lugng cd tai
2,9 t4n. Tinh 4p luc
caa khi d€ nang
thiing.

Gidi:

Tiét dién ngang cla thiung f =xd2/4

f =0,785.62 = 28,2m?.

. F mg
Ap Iuc trong thung: p =7. =f_ .

Hioh 111 (vi dy 135)
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2900.9,81
T 282

Nhan xét: V61 4p suft du p = 0,01 at nép s& & trang thdi cin
bing vdi trong luc (cd tai). N&p sé dang lén hoic ha xudng khi p
tang hoac gidm.

'1.3.6. Mot sgi day BE chia bdc tudng hinh chit nhat ra lam
hai phan dién tich (hinh 1.12a). Tinh gdc a d€ hai phan dién tich
cud tudng chiu mot 4p luc nube bing nhau.

Gidi:

Bie tudng ABCD chda diy nudc. Cin tinh géc a cla tam

gidc EBC d¢ lyc tac dung lén tam giac EBC va hinh thang DABE
bing nhau.

p ~ 1008,83 N/m? = 103 mmH,0 =0,01 at (du)

Goi lyc tdc dyng 1én nguyén t6 b2 mat F, va F, 14 dp,va dp,.
Tinh dF, va dF, ta duge:

dI"‘1 = bdx = (b - xtga)dx

dF, = b,dx = xtga.dx,
trong d6 b, = xtga; '
by =b- b, = (b - xtga)
x - vi trl dang xét,
A 4y |
= S =t T
== i % ==
-] — A
= V4 2 =
= s === L
== / — maainan
' 3 a) < _ o

Hinh 1.12 (vi dy 13.6)
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Tinh lyc tic dung lén dF, va dF,:

dp, = p.dF,
dp, = p.dF,.

Véi p 1a ap sudt ctia nudc tdc dung 1én bd mat tudng tai di€m

x dang xét: p = pgx.
Py h

Vay: py = _lc;-dp1 égfpgx(b - xtga)dx

1

’ | h 1 1
= pg(— bx? - — x3tga | = (—bh2 - — h3tga
Py = Pl 5 e I0 re (< 3 ga)

%) h

1 h
p, = [dp, = [pgx(stga)dx = pg — xtga |
o 0 _ 3 0

1 B
P2 = P8(5- h3tga).
Theo dau bai p, = p,, nén

(—ph2 L pdtga) L hdtga
pg(—bh? - —= hitga) = pg.— hitga

va 3b
y tga “Th
1.3.7. M¢t tudng
chin ngang mudng
nude. Muc nude § hai
bén tudng la A, va
h,. Nugc cdé khéi
lugng riéng p. Tinh
ldc téng hgp cua 4p
luc nuéc lén tudng,
vi trl vA hudng cla

r

no.
Gidi:

P

f._____—':.'.'_'

[ ———=

A/ _2'__—_—:
== = hz

b |o=———Y=———==

===z

. :__:'.__‘_—5_—_.::
Deorow ey  resyory

hz

:_\\Pg
g &N,
a, | 7N

Hinh 1.13 {vi du 13.7)

Coi ap luc trén mat thodng cta nudc p, khong ding kE. Ap
luc tac dung vao tudng tang ti trén xubng dén ddy, luc phan b6
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theo hinh tam gidc, nhu minh

hoa & hinh 1.13. ‘ 0 A
Luc téng hop & hai bén tudng g
la p, va p, va cdch ddy 1a: o, va 3]
a, véiae = 1/3h, va a, = 1/34,. i
Luc nay dugc tinh theo dién tich a .
tam gide, tic la: 9z
1
Py =~ pgh .k Hinh 114, (vi du 13.7)
1
Py =? ghsh, -

Theo dau bai vi 2, > h,. Nén luc R duge tinh :

1
R=p,-p = - pg(h3 - R,

v3 nim cach day 13 a.
DE xdc dinh gia tri ctia ¢ ta 14p quan hé mémen quay
>M = 0, tic:
Ra = p,a, - p,a,

1
al( pg(h} - hD] = [

[ -

1 B
pEh ko) - [ pghyhslay
1

i w

1 o
Tic: ?pg(hg ] h%)a pg(h3 - ;:g).

273
Rt s Sl )
ut ra: a —3 h,?- h2 .

Theo cdong thdic a < 0, didu nay dang, vi theo quan hé¢
momen dé€ can bang lyc thi luc B phai cling chidu voi p|, nhung
ta dat ngudc chidu. Do dd k&t qua sé 1a gid tri tuyét ddi. Theo
dau bai R cing chigu v6i p, vi lyc p, > p, va c6 khodng cach dén
day 1a;

1 h3 - B3

) 2

3  h:- R
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1.3.8. Ngudi ta dung phao hinh c3u d€ ddng cia thdo nudc.
Khi ddng mait nuéc ngang tam ciu (hinh 1.15a). Qua phao ciu
cin khéi lugng bao nhiéu d€ dugc nang lén khi muc nudc tang
lén ?

Gidi:

Trong lugng qua v g A2
ciu; G = mg.

Ap sudt tdc dung
1én qua céu:

Py - P, = P&

co?ljm o]

voi H =Rsiny, =

Ta bigt rang luc
tic dung (ap luc) lén
qua chu ldn hon trong -
lugng cia nd thi nd sé
dang lén, tdc la:

dG < (p, - p )dF.

DéE tinh géc y, ta
dat: '

dG = (p, - p)dF. !

Nguyén t& dién Hinh 1.15 (vi dy 13.8)
tich dF la phan be
mét qua clu ngdp trong nudc duge tinh:

dF = Rdy.Rdp = Ridyde.
Ldy tich phan phuong trinh:
dG = pgRsiny.R*dydp; H = Rsiny (vl thay d8i)

4 4
Ta cé: G = | _F) LgR3sinydydy = -2npgR3cosap[ol =
C 0o 0

= . 2npgR3%cosy, + 2mpgR> = 2npgR3(1 - cosy)).
Khéi lugng qua clu la:
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G .
m =—— = 2npR¥1 - cosy,).
P .

¥, dugc xdc dinh néu bigt R va H.

Véi khéi lugng nay
qua clu ¢d thé ddng kin
clia md, n€u mic nude ti
tdm xudng. Nguge lai sé
md cua thido néu mic
nudc tdng cao hon tam
ciu.

b= |20
1.3.9. Mot 6ng khoi T

cao 20m. Nhiét 46 trung
binh cia khdi khi ra ja .
300°C, nhiét d0 ngoai L——
troi 30°C. Khéi lugng -4 [—4&_ |
riéng cia khdi 1d coi bing
kh8i lugng riéng cua. . !
khong khi & 300°C. Khéi
lugng riéng cia khong Hinh 1.16 (vi dy 139)
khi & 0°C cho bing ‘
0,1318 kg/m3. Tinh sy chénh léch 4p suéit giita p, va p, trong 1
(hinh 1.16).

Gidi:

Theo hinh v& ta thdy, p, vA p, cing ndm trén mot m@at
phing. Nén theo phuong trinh thiy tinh thi:
1= Py +p lgh ’
= p, + pgh: .
Theo hai phuong trinh trén thi mat 2 la mat chuén. p, 1a 4p
sufit ciia khi quyén & mat 2 (dau 8ng khdi). Pl va p, 1a khéi lugng

riéng cla khong khi tuong ung p, va p, & nhi¢t d¢ 30°C va
300°C. Vay su chénh léch ap sufit giita p, va p2 lé.
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py - Py = 8kl - P
Sy phu thudc cia khdi lugng riéng p vao nhiét d6 dugc tinh:

TO é. TO
PL = Po > VAP = PG
o Tl o T2
Thay p, va p, vao phuong trinh ta cd:

Ap = p; - Py = 8hp T( — - —)

N&u xét & mat chuin I - 1: thi tai p, cd dp sudt khi quyén
p, nén p, = p,. Con p, khong thay ddi.

Vay py, = P, + P81

Do dg: p, =P, - P8R+ p,8h = py - ghip, - py).

Tdc: Ap = Py - Py =Py - Py + &8RPy - Pz; =

1
= ghlp, - =ghp T .(— - —

Hoan toan giéng nhu trudng hgp 14y mat chuin 2 - 2 & trén.

1 1
Tinh duge: Ap = 9,81.20( — - ——).273.0,1318 = 11 N/mZ.
303 573

1.3.10. X4c dinh d¢ nhét dong hoc cta khi cacbonic theo hé
don vi k¢ thuat & nhiét d6 ¢ = 30°C va ap sudt p = 5,28 at (tuyét
déi).

Gidi: -

Né&u bd qua sy thay déi cia d¢ nhét do ap suéit, tra trén dd
thi hinh PL.1. Nhén dugc db nhdt & 30°C la g4 = 0,015 cP =
15.10°6 kg/ms. Khéi lugng riéng cta khi cacbonic & didu kién dau

bai:

44 . 273 . 5,28
p = = 9,05 kg/m3.

22,4.303 . 1, 033

Tu ké’t qué thu dugec tinh do nhat dong hoc ta cd:

15.10°6
v = £ = 1,66.105m?/s.

p 9,05
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1.3.11. Can tinh 46 nhot cia nitrobenzen C.H,NO, & nhiét
d6 20°C néu khong lam duge thuc nghiém dé x4c dinh.

Gidi:
Theo céng thic thyc nghiém d€ tinh d3 nhét ctia chédt hitu co
la:
Igllgn) = K A 2,9
g g‘u = M - (]

trong dd khdi luong riéng tuong déi clia chdt hitu co so véi nudc
1a A = 1,2 va hdng s6 K phu thudc c&u trdic phan ti dugc tinh:

K = YAn + ¥p;
& day A - nguyén td trong phéan ti;
n - s6 nguyén ti;
p - hé s6 higu chinh dya vao nhom va loai lién k&t nguyén ti.
Theo bang PL.6 tra dugc:
SAn = 6.50,2 + 52,7 + 1.37 + 2.29,7 = 411,1.
Theo bang PL.39 (8 cdc di€m 1, 3, 4 va 16) la;
Sp = 8(-15,5) + 1(-21,0) + 1(-17,0) + 1(-16,4) = -100,9.
Vay:
K=3An+ 3p = 4111—1009—3102

A 1,2
Tinh: y = lg(lgu) = K— - 2,9 = 310,2-—— . 2.9 = 0,126
& M 123

Theo db thi hinh PL.32 tra duge 4 = 2,15 ¢P.

1.3.12. Xéc dinh d6 nhét cfia hén hop khi néng ¢ thanh
phan thé tich: 16%CO,; 5%0,; 79N, & nhidt d6 400°C va 4p sust
tuyét doi lat.

Gigi:

D6 nhot cha ting cdu td trong hén hop duue xdc dinh theo
dd thj hinh PL.9 nhu sau (& 400°C):

#eo, = 0,035 cP; g, = 0,039 cP; 4y, = 0,0335 cP.
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Do, nhat cia hén hop khi duge xac dinh theo cong thic (1.12):
M, 0,16.44 N 0,05.32 0,79 .28

+
Hun 0,035 0,039 0,0335
Khédi lugng phan tit cia hén hop:
M, = 0,16.44 + 0,05.32 + 0,79.28 = 30,8.

Vay d6 nhét cia hén hgp khi ndng & 400°C la:
Hop = é%% = 0,034 cP = 34.10% kg/ms.

1.3.13. Xac dinh dd nhét dong hoc cda hén hgp léng gdm 70%
mol O, va 30% mol N, & nhiét do 84°K va ap sudt tuyét déi 1 at.

Gidi:

Gia thist khi hda long O, va N, 1a chdt 1éng thudng nén do
nhét duge tinh theo edng thdc (1.15):

lgu,, = nlgu, + nolgu, +...

Tra d6 nhét cia O, va N, & 84°K va 1 at ta co:

= 23.10°¢ kps/m? va N, = 12.10°¢ kps/m<.

= 902,5.

#o,

Vay: lgu,, = 0,71g(23.10-6) + 0,31g(12.10°) = 5,276.
Tic Hyy = 18,9.10° kps/m? = 185,5.10° kg/ms.
Thanh phin khéi lugng cta céic cdu tit trong hén hop:
0,7.32 ' '
mg, = = 0,727
27 0,7.32 + 0,3.28
0,3.28 '
my, = = 0,273,
Z 0,732 + 0,3.28
Khéi Iugng riéng cia oxy va nito 1éng:
po, = 1180 kg/m?
P, = T80 kg/m?.
Khdi luong riéng cua hén hgp long;
T 0,727 + 0,273 ) 1036 ke/m?
= = m-.
Phb 1180 = 780 8

25



Vay d6 nhdt dong hoc ciia hén higp:
' 185,5.106
vy =B = = 0,179.106 m%s.
Phn 1035
1.3.14. Xac dinh d6 nhdt ciia huy®n phi la benzidin hda tan
trong nuée, v6i ndng do 1 tdn benzidin trong 10m3 nudc & nhiét
do 20°C. Trong lugng tuong déi cia pha rédn la 1,2

Gidi:

1000
Thé tich cta pha rén: =~ 0,833 m3,
Phan thé tich cta pha ran:
0,833
¢ = = 0,077,
10 + 0,833

o) 20°C, dd nhét cha nuéc B0 = 1cP, con dG nhdt cla
huyen phu duge tinh theo cong thic (§ p < 10%):

By = ﬂHzO(l + 2a5'P)
gy = (1 + 2,6.0,077) = 1,19¢P = 1,19.10°3 kg/ms.
1.3.15. Bi&t do nhdt ctia clobenxen & 20°C 1a 0,9 cP va 50°C
12 0,6 cP. Can xéc dinh d¢ nhét & 70°C.
Gidi: '
fu, - ¢
Dya vao quan hé¢ K Bt Wl T const.
Chon nudc lam chét 1éng chuéin, ta ¢é dd nhét cia nudc la
0,9 cP & 25°C va 0,6 cP & 45°C (tra theo bang PL.7). Tit dd tinh
duge hing s8 K:

50 - 20 30
K= = = 1,5
45 - 25 - 20
Tit d6 tinh duge nhiét do cua nuée cd dé nhét bing dé nhot
cia clobenzen & 70°C la 6u,:

70 - 20.
Ou, - 26

= 1,5.
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Rit ra 6u, = 58,4°C,
Tit bang PL.7 tra dugc d9 nhdt cia nude:
& 58°C la 0,483 cP
& 59°C la 0,476 cP
- Vay Ap = - 0,007 cP,
D& nhét & 58,4°C la:
u = 0,483 + 0,4. (-0,007) = 0,48 cP = 0,48.103kg/ms.

Nhu vay, ta
di tinh duge do
nhdt cia clobenzen
& 70°C la: 0,48.103
kg/ms. Didu nay
¢é thé ki€m tra
bing cach tra d¢
nhét cia clobenzen
bi€u dd hinh PL.2,
ta nhan duge gia

tri 4 = 0,46.10 o 7w 20 3d 40
kg/ms (cd sai s6 Bt T
nhung khong dang :

ké). Theo phuong
phdp tuyén tinh-
Pawlow nay ciing cé thé thu’c higén bang d5 thj. VI du chon
glyxerin lam ch&t léng chudn d€ x4c dinh d9 nhdt cia mot chét
long khdc & 16°C khi bi&t cdc gid tri v& d6 nhdt cia nd nhu sau:

tai 34°C cd do nhdt 5564 cP
tai 28°C cd 40 nhat 934 cP
tai 25°C cd do nhét 1420 cP
tai 20°C ¢6 d¢ nhat 2090 cP
Mat khdc tai gid tri do0 nhét nay ta cd nhiét d9 cia glyxerin:
& 554 ¢P c6 8 = 32°C

_Hinh 1.17 (vi dy 13.15)
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3 934 cP c6 8 = 26°C
4 1420 ¢P cd 6 = 21°C
& 2090 c¢P cé 6 = 16°C
Trén db thi v& quan hé 4 = f(8) cho glyxerin dugc dudng
A-B. Mat khéac ta ciing ¢é quan hé £ = f(8) theo cing d¢ nhdt
(quan hé gilta nhiét do cua chat long va glyxerin) ta duge dudng
C - D (1a dudng thadng). Nhu vay & 16°C cia chit long tuong ing
v6i 11°C cha glyxerin va cd 4o nhdt chung la 4 = 3460 cP.
1.3.16. Mt thigt bi truy®n nhiét loai &ng chum cd Ong
truyén nhiét bing thép véi dudng kinh ngoai 76 mm va day 3
mm (76 x 3), thich hgp cho ddng khi chdy qua 6ng & 4p suit
thudng. CAn xdc dinh dudng kinh dng thich hop d€ dong khi chay
qua v6i Ap sudt du 5 at d cung didu kién trén (w, n = const).
Gidi:
Ché4p nhan dong khi chay qua &ng & ap sudt du 5at sé cé khéi
Iugng riéng 16n gdp sau 1An khi & 4p sudt thuong.
Luu lugng déng khi:
= Vo = ufp, kefs
sé khong d8i & moi vi tri, do dd:
w,n,.0,785. d%p, = w,n,.0,785.d %,

trong d6 w, = w, va n,= n, (trong mét didu kién thiét bj).
Dudng kinh trong d, = 70 mm (vi du¥dng kinh ngodi éng 76 mm
va day 3 mm). Khéi luqng rléng Py = 6P1 (hai didu klen ép sufit
khéc nhau).

Vay tit quan hé d2, = d%,, tic 70 = 6.d2 ,

' 702 '
Riit ra d2 = T = 28,6 mm.

Theo qui chufn chon thi&t bi ¢ dudng kinh 6ng 35 x 3 mm
hosc 33 x 2 mm (tra theo bang PL.8).

1.3.17. Cn xé4c djnh ch& d¢ dong chay clia chét léng & phIa
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ngoai cia thigt bj hai vé (phin khéng gian gitta hai vé) véi cac
didu kisn cho sau: dudng kinh dng trong 25 x 2 mm va dng ngoai
51 x 2,5 mm; luu lugng chét léng 3,73 tan/h; Khéi lugng riéng
p = 1150 kg/m3; d6 nhét u = 1,2 cP.

Gidi:

Dé bist duge ch& do chay cda dong, cin xdc dinh gia tri cia

Re.
Van tdc cta dong chdy dudc xdc dinh:
Vv 3725 1
W =— = . = 0,77 m/s.
f 1150.3600 ~ 0,785(0,0462 - 0,0252)
Mat khdc ta con tinh duge dudng kinh tuong duong cia phan
giila va vo:

47(D? - d?)
@ T 4n(D + d)
trong d6 D - dudng kinh trong cia vé ngoai;

=D-d = 0,046 - 0,025 = 0,021 m,

d - dudng kinh ngoai cliia vé trong.
Vay gia tri cia chuéin s8 Re la:
dwp  0,021.0,77.1150

Re = =- = 15500 > 2300.
| «  1,2.103

Do dd, dong chdy chdt long cd ché do xody.

1.3.18. Can x4c dinh van tfc gi¢i han trong 6ng thing cd
dudng kinh 51 x 2,5 mm .4 haj trudng hop sau:

a) khong khi & 20°C va 1 at;

b) diu mé véi 46 nhét 35 cP = 35.10°3 kg/ms va khéi iugng
riéng tuong déi 0,963. '

Gidi:
Van téc gisi han cia dong chay co gid tri Re = 2300, tic la:
2300.u
w,, = .
th dp

a) Trudng hop dong khéng khi chay qua:
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2300 . 0,018.103

Yt =75 046 . 1,2

= 0,75 m/s,

d day, d6 nhét cia khong khi ¢ 20°C tra duge 0,018 cP =
0,018.10°3 kg/ms; khéi lugng riéng cia khéng khi & 20°C va 1 at

la 1,2 kg/m3.
b) Trudng hgp dong chay

2300 .

1a diu mé:
35.10-3

w =
th 0,046 . 963

= 1,82

m/s.

1.3.19. Hai 6ng din cd duang kinh d, = 200 mm va d, =
100 mm dugc ndi v6i nhau bdi doan phéu. Khi metan & 30°C chay

qua d&ng vdi luu lugng
1700m3/h. Mét ap k& chit U
hd dau duge dung dé€ do 4p
k& & phin 6ng 16n va chi 4p
suft du la 40 mmH,O. Tinh
chigu cao mic nudc duge
dang cao & dp k& thd hai
méc d phin 8ng bé. Bé qua
tré luc trong éng (phéu).

Gidi:

Gia thiét kh&i lugng

riéng & vi tri_ Ivalla
khéng d8i. Theo phuong
trinh dong lién tue:

I

t
|
|
J
1
t
i
]
v
’

© " Hinh 118 (vi dy 13.19)

PP w
PE 28 pg 2g
. w2 - wt
Ritrap, -p, = 2—2——1— R
Véan tdc cia metan & doan &ng l6n w | va doan 6ng nhé w,y!

_ - 1700

w, = :

3600 . 0,785 . 0,22

40’

= 15,04 m/s



5 fi 200
w, = w, 2& =,16,04. (—— )2 = 60,16
‘1, 100
_Kh6i lugng rieng cia metan & 30°C:
. MT, 16273
p= '

224T 22,4 .303

Sy chénh lach ap suft giita hai ddu cia phéu:
60,162 - 15,042

2
= 111,54 mmH,0.

Vi 81 co dp sust du 40 mmH,0, nén & II c6
khéng la:

Py-Pp =

111,54 - 40 = 71,54 mmH,0.

m/s,

= 0,645 kg/m3.

. 0,645 = 1094,25 N/m? =

4ap suft chan

Vay 4p k& chit U & II phai ia dp k& chan khong (kin dau) va

mde chit léng
dang ¢ do cao h, B "
= 71,54 mmH,0.

Tit dé ta tinh

duge 4p sudt 0 1 ' qu?ﬂ_-_-__ e

la: p, = 10330 + = S
40 = 10370 il iy i
mmH,0 va 4p e - — —+
sudt & IT la: p, = ._T:_":__—:.?‘,__
10330 - 71,64 = I .. S
10258,46 mmH,0 \_1® =
111,54 = 10258,46 )
mmH,0 i

1.3.20. Mot
binh kin dugc néi A ¢ 800

voi 8ng din nudc

a
vio va ra A v . Hinh .19 (vi dy 1320)
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mét 8ng théng 4p B (hinh 1.19). Nudc duge d8 diay binh va dugc
thao ra qua A. Khi dd phia trén m#t nuéc s& cd chAn khéng, nén
khong khi sé theo 6ng B vao binh. Khodng cach giita 6ng B va A
la A = 300mm. Khi chay luén giit dé cao ap luc khéng ddi, dén
khi mtc chédt 1dng xudng thdp hon chidu caoc H. Cac kich thude
duge cho nhu hinh vé&. X4c dinh vAn t6c dong ch4dt 1ong chay ra
va thi gian d€ ch4t 1dng dat d6 cao H. Cho hé s6 van tdc ¢ =
0,82 va hé sd that tia ¢ = 1.

Gidi: '

Trudng hgp p, = p ta ¢d cong thic tinh van t6c chdt long
chay ra:

w = pv2gH = 0,82.v2.9,81.0,3 = 1,98 m/s.
. Thé tich nude tit mic 1400 dén mde 300 la:
"V = 0,785.0,82.(1,400 - 0,300) = 0,553 m3
Thoi gian dé chay hét lugng Vm3:
0,553
T =
0,785.0,0252. 1,98

1.3.21. Mot b€ chia hinh tru ed dudng kinh 1000mm, cao
2500mm. Bén trong dyng nudc. Myuc nudc cao 2000 mm. O day
b8 cé 16 thdo dudng kinh 30 mm. Tinh thdi gian d€ thdo hét
lugng nudc trong bé.

Gidi:

Thec cong thic:

= 569s = 9,5 pt.

_ VH
T = m y 8,
trong d¢ f - ti&t dién bé, f = 0,785.D2;
f, - tiét dién 1§ thdo, f, = 0,785.4%;
H = 2m, chidu cao myc nuéc lic dau;
a - hé s8 chay 18y 0,61 (18 tron).
Vay thdi gian thdo hét nuSc trong bé:
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2. 0,785 . 10002V2
0,61 . 0,785 . 302.V29 81
1.3.22. Dong nudc chady qua mdt dng nim ngang cd dudng
kinh 152mm vdi vAn téc 1,3 m/s. Trong 6ng cd méc mdt vong
chdn (mang chén) cé 46 mé 86,5 mm. C6 hé s6 van téc p = 0,97
va 46 thit cua tia ¢ = 0,62. Can xdc dinh:
a) hé 88 luu lugng a;

b) chénh léch 4p su&t & hai bén mang chdn. »

= 1163,1s = 19,4ph.

Gidi:
Hé s6 luu lugng qua mang o dudge x4c dinh tit cong thic:
2Ap
wo =x _p— .

Néu bd qua tén thdt dp sudt (coi chét 16ng 1y tudng) theo
phuong trinh Bernoulli: '
oW _ P9}
re 28 pg 2g

Rit ra:
\/—- 2Ap
P
Dua hé s8 van tlc ¢ vao
phuong trinh, tdc c¢d nhic dén tdn
th&t co nang (dp sudt) d€ vuot
qua trd lgc thiuy lyc cia mang:

R 2Ap
w3 1 o
Phuong trinh lun lugng:

wify = wyfy = wf,

Thay vao ta dugc:

o d, ,
wy = wo“f— = wol==) Hinh 1.20 (vi dy 1322)
1 1 . .
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d
w, —-f—- = w (—2 )2— = w/e, vie =f£
f2 d2 fo

dac trung do thit cua tia.
Thay w, va w, vao phuong trinh trén ta co:

Tu Vi - w? = ¢ ZAp

1-32(—")4—50
hodc
w, =
\/1—.92&)4 V P

d,

Gia tri « la: '
0,97 . 0,62 0,6

= 0,61 .

o = =———-—--————-—-————
V1 - 0,04
W ] ez(ﬂ) )4 \/1 -0, 622(— )4
. d,

Hiéu s6 ép sudt Ap duge tinh tir:

2Ap
T TN
Thay w, b&lw(‘;—-l)ztacd
o .
d, 2A
w0, (12 = @\ [ =L

Rit ra: ° P
2 1,32 152, 1000
wi dyy P _ 4
= =2165 2,
=37 ) 2 0,612 86,6 21652,45 N/m
Trongrtri'i;sng hgp ndy chit 1éng trong &ng dp k& u 1a thuy
ngan. Vi vay khong thé bé qua sy khdc biét cia khéi lugng riéng

gitta chét léng (nube) chay trong éng va chdt long (thuy ngan)

trong ap k€ u. Do dd:

Ap 21652,45 :
h = 0,175m =
oy - p)g (13600 - 1000).9, 81




: = 175 torr = 1756 mmHg.

1.3.23. Khi hydro chay vio mot bé chia dat & d6 cao 10m so
v6i binh dung hydro. Binh dung c6 4p luc 350 mmH,0. Dong khi
¢é luu lugng 200 m3/h. B chia ¢ 4p lye 280 mmH,0.

Can tinh t8n th&t 4p sudt cia hydro tit binh dung sang bé
chia do tré lyc dudng 6ng. Bist 6ng din cd kich thude 60 x 3
mm. Khéi lugng riéng ciia hydro 1a 0,083 kg/m3.

Gidi: .

Van t8c cia hydro chay trong &ng:

200
w =

3600 . 0,785 . 0,0542

Ap sufit (th& nang riéng van téc):
wlp 24,272 . 0,083
- 2g - 2

Luc nang do khdi lugng riéng clia hydro nhé hon khong khi:
Hip, - pg = 10(1,2 - 0,083).9,81

~ 109,58N/m? = 11,17TmmH,0.
Chénh léch 4p sust gita hai diu 6ng dén:

Ap = 350 - 280 = 70 mmH,0, |

Do d6 sy t6n thdt ap suft do ma st va trd lyc trong 6ng dén
la:

= 24.27m/s. __

70 '+ (11,17 - 2,49) = 78,68 mmH,0.

1.3.24. Xac dinh--ntdﬁ thdt 4p sudt qua ma sat cha nudc khi
chay trong 6ng xodn véi van t6c 1m/s. Ong xo4n bang thép vai
kich thudc 43 x 2,5 mm. 86 vdng xodn 1a 10. Nhiét d¢ trung binh
clia nude 30°C. '

Gidi: - g e

D& xdac dinh t8n th&t 4p suft cua 6ng thing tla:d\‘zng cOng
thuc:

45

=~ 24,44 N/m? = 2,49 mmH,0.



Khi tinh t&n thit 4p suéit clia Sng xodn ngudi ta nhén thém
hé s8 hiéu chinh theo cong thde:

d
| = 14354 —
véi D - dudng kinh vong xoén.

D¢ nhdt cia nudc & 30°C 1a 0,8 cP = 0,8 . 10-3 kg/ms (bang
PL.T). :
wdp 1.0,038.1000 -

Re = = — = 47500.
u 0,8 . 1073

Nuée chay trong 6ng 6 ché’ dé xody. D6i véi thép khéng gi
chon ¢ = 0,25 mm nén:

e O 25
j = 38 = (,0066.
Theo dd thi hinh 1.8 & Re = 47500 va e/d = 6,6.10°3 tra duge

Eu Ap L
— = 0,017 hosec — = 0,017 — ,
G pw? d

trong dd do dai L cta 6ng
xodn tinh gin ding nhu
sau:

L =n7aDn = . h
=314 .1.10 = 31,4

{chon D = 1 m). J
Tinh cho 8ng thdng ta

ap = 0,017 == | LJL ' ' }
! —'IJ

31,4 . 12 . 1000

= 0,017. = .
0,038 '

~ 140474 N/m?. B

Hé sd hiéu chinh cho
dng xoén: Hinh 1.21 (vi du 13.24)

o
Q.
b
SN
)
L™ L W
—=
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0,038
= 1+854 —— =~ 1,135

Tdn thit 4p sudt qua ma sdt & 6ng xodn la:
Ap = 14047,4 . 1,135 = 15943,8 N/m?.

1.3.25. Dung
dich s6da tit b€
chita dat trén mat
d4t duge bom vao
thap dém & do cao
H = 16m (hinh
1.22). Dung dich di H ]
qua dng cd dudng :
kinh 102 x 3,75
mm; luu lugng 700
I/ph; khéi lugng
rieng 1100 kg/m3;
d6 nhat 1,1 cP. Ap
suft lam viéc trong
thdp 0,35 at. Trén

6ng dan cd hai van
va bén ché cong
90°, 6ng dai 25 m. Tinh cong suét cAn thiét cia bom, bigt hiéu
suédt bom la 0,6.

Hinh 1.22 (vi dg 13.25) -

Gidi: .
Van tdc cua sb6 da chay trong 6ng:
0.7 1,66 m/
= = N s,
¥ =60 . 0,785 . 0,00452
Thé& néng van téc: ' _ . _
pw? 1100 . 1,662
Ap,, = = = 1515,68 N/m?2.

2 2
Tdn thdt 4p suft qua trd lyc ma sdt va trd lue cuc bd duge

4%



tinh:
ML + L Jup.

A =
P 2d
wdp
Chuén s Re =
u
1,66.0,0945 . 1100 :
Re = = 156870,
1,1 .103

T gid tri cia Re, theo dd thi hinh 1.7 tra dugc hé s8 ma sat
A = 0,021. Tinh chidu dai tuong duong L,, dac trung cho trd luc
cuc by gdm van va khay vdi khuy 90° tirt 76 d&n 152 m dudng
kinh thi n = 40 va véi van n = 120.
Vay L, = Snd = (4.40 + 2.120)0,0945 = 37,8 m.
0,021(25 + 37,8)
m = 70,0945
Ap suft thiy tinh c6t dung djch trong 8ng:
Apy = pgH = 1100.9,81.16 = 172656 N/m?,
Téng trd lyc ma bom phai dat duge trén dudng 6ng:
Ap = 151558 + 21150,76 + 172656 = 195322,34 N/m2.
Ngoai ra cdn thdng trd luc trong thép 1a 0,35 at = 34335 N/m?.
Vay t8ng dp sudt bom tao ra: _
= 195322,34 + 34335 = 229657,34 N/m?.
Cong suft dugce tinh theo cong thie:
VAp 0,7 229657,34
1027 60.102.0,6.9,81
1.3.28. Dau mé dugc van chuyén trén dudng 6ng cd dudng
kinh 108 x 4 mm dén b€ chia dat & d6 cao 20 m d6i véi nang
suft 40000 I/h. Phan 6ng dat ndm ngang dai 430 m. Can x4c
dinh cong suft cia bom khi van chuyén dau & 15°C va 50°C.

Khéi lugng riéng tuong d6i & hai nhiét do nay 1a 0,96 va 0,89, do
nhdt tuong dng 1a 3430 va 187 cP.

.1515,58 = 21150,76 N/m?.

= 4,46 kW.
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Theo digdu kién kinh t& dau cin dugc gia nhiét dén 50°C
trude khi van chuyén, néu 1kWh gid 500 d va 1 tdn hoi thai (8
ap suit 1 at) gia 50000 d. Hiéu suft cia bom 0,5.

Gidi:

Trude tién cin xdc dinh ch& d6 chay cia dhu trong 6éng. Van
t6c duge tinh theo cong thic tinh luu lugng:

v 40

W s—— = = 1,415 m/s.
f 0,785.0,12.3600
Chuin s6 Re &: '
wdp  0,1.1,415.960
a) 15°C 1a Re = = = 39,6;
U 3430.10°3
0,1.1,415.890
b) 50°C Re = = 673,4
187.10°3

Qua dé ta thély cid hai truong hgp déu chay dong (Re <
2300).

T8n th4t dp suit do ma sit dudng ong:
32Luw _ 32(430 + 20).1,415.3430.10°%
2z 0,12

= 6988968 N/m? = 71,24 at;

by & BGOC Ap _32(430 + 20).1,415.187.10-3  _
™ 0,12

= 381031,2 N/mZ = 3,88 at.
D& vugt qua cot 4p thiy tinh cao 20 m cin 4p suit:
a) & 15°C Ap,; = pgH =20.960.9,81 =188352 N/m? =1,92 at;
b) & 50°C Apy, = 20.890.9,81 = 174618 N/m? = 1,78 at.

D& tao dong chuyén dong cin cd thé nang van tdc

2 960.1,4152
ap =22 - ~ 961,1 N/m2,
P =" 2

D& xac dinh téng trd lyc ciia bom gid tri nay cliing véi trd luc

a) @ 15°C Ap =
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cuc by trén dudng Sng bé qua, vi qua bé,

COng sudt cta bom:
VAp  40(71,24 + 1,92).104

1027 3600.102.0,5
40(3,88 + 1,78).104
~ 3600 .102 .05

Qua két qua tinh todn ta thdy cong suft tiéu tén cia bom &
15°C so vai 50°C tang 159,39 - 12,33 = 1471 kW.
Digu d6 c6 nghia la n&u bom & 15°C can tiéu tén thém nang
lugng dién la: '
147,1 . 500 = 73550 d/h.

Tiéu t8n cho hai d€ dun tir 15°C dén 50°C. Déi vai diu md
nhiét dung riéng ¢ = 1674 J/kg d6, nén:

Q = me At = 40.960.1674 (50 - 15) = 2249,856.103 kd/h.
Nhigt ngung tu cta hoi & 1 at la r = 2259,9 kJ/kg.
Lugng hoi duge ding 4 dun néng diiu mé la:

Q 2249,856.103
r | 22599

Ta bi&t tieu té6n 1 t4n hoi 1a 50000 d, nhu vay theo gis dién
va hoi nhu dAu bai thi dun nong dau mé trude khi van chuyén
kinh t& hon.

1.3.27. Cong thidc tinh hé s§ trg lyc ma sit duge lap tu két
qua thuc nghiém:
a) T8n that 4p sudt duoe do theo van téc khi van chuyén dau

mé trong 8ng din bang thép cg dudng kinh 300 mm, dai 13m,
khéi lugng riéng 900 kg/m3 nhu sau:

¢ 15°C: N =

= 159,39 kW,

a 50°C: N

= 12,33 kW.

D =

= 995,95 =~ 1000 kg/h.

86 TT - Vén tée, mis Tdn thét ap sudt, Nim?
i 0,85 737,7
2 1,21 1304,7
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3 1,54 2060,1
1,91 3021,5
5 2,32 4051,5

b) Ti&n hanh thi nghiém tuong tu nhung luu thé van chuyén
la nuéc trong 6ng thép cd dudng kinh 60 mm, dai 24m, cho ta
ciac k&t qua:

S6 TT Véan téc, m/s Tén thdt ép sudt, Nim?
1 0,11 105
2 0,16 201,1
3 0,22 337,56
4 0,26 455,2
Gidi :
AL w?p
Cong thic tinh hé s6 ma sat da cho Ap =g N/m?,
Trong codng thdc coi hing s8:
L
A =—"_
2d
13.900
vai dau mod: A =—eer—— = 19500
2.03
24.1000
vdi nudc: A =—————— = 200000
- 2.0,06 :
Gi4 trj cia A duge tinh theo két qua thi nghiém nhu sau:
86 TT Déu méd Nude
1 0,0523 0,0433
2 0,0458 0,0392
3 0,0445 0,0348
4 0,0424 0,0337
5 0,0386

Né&u xay dung db thi quan hé gita A va w ta sé nhan duge
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Hinh 1.23 (vi dy 1327)

hai dudng cong khdc nhau (hinh 1.23).

Néu chuyén hé toa do theo dang logarit (tdc lgw va lgl) ta
86 cd cdc dudng thing dang:

v8i dau mé: lgd = -1,31 - 0,25 lgw hosic A = -0,049:°0:25

v6i nube: Igh = -1,65 - 0,3lgw hodc 2 = 0,02241°03

Digu d6 cé nghia ta nhan duge hai dusng cong thye nghiém
khéc nhau, méi dudng chi théa mén nhing digu kién riéng. D&
tit nhing s6 lidu thyc nghiém thu duge ctia diu mé va nude cd
th€ 1ap duge mot cong thic tinh A tdng quat dung cho moi ch4t
léng khéc, & nhigt d6 va dudng kinh 6ng bat ky ngudi ta phai van
dung ly thuyét ddng dang.

Tinh tén that 4p sudt qua trd luc ma sat trén dudng éng theo
cong thic:
AL w?
Yo T
6 dang chuén sé:

»
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Eu = p(Re,G).

Qua dd, hé s6 ma sit A cho éng din & 46 nhan da cho trong
vung xody chi phu thudc vao chuéin s6 Re, 1 = f(Re).

Tiép tuc ta phdi lam ré quan hé nay va tinh sy phy thudc caa
A voi w nhu da lam dé& thigt lap céng thuc chung.

86 lisu cho gia tri d6 nhdt doéng cia diu va nuéc la 0,8.107
m2/s va 106 m?/s. Gia trj cua Re, lgRe, 4, logl tit s8 liéu thuc
nghiém cta dau va nuéc duge tinh va tdng hop & bang 1.1.

Bing 1.1

Chit long | w,my/s | Re =w—f 1 lgRe g
0,85 3190 0,0523 350 2,72
121 4530 00458 | 366 266
Diu md 154 5780 00445 | 376 265
191 7100 0424 3,85 263
232 8700 0,0386 394 250
0,11 6600 0,0438 382 264
Nude 0,16 9600 0,0392 398 259
022 13200 0,0378 412 254
0,26 15600 0,0337 4,19 253

Vé db thi quan hé giita A va Re chung cho cd diu va nudc,
Theo quan hé logarit ta nhan duge dudng théng (hinh 1.24). o}
dd thi trén truc hoanh ta chon x = lgRe - 3,5 va tryc tung y =
gl + 2. Phuong trinh dudng thing thu duge:

y = -0,254x + 0,71

hoac  lgl + 2 = - 0,254(IgRe - 3,5) + 0,71
1gl = - 0,2541gRe - 0,4.

Tu d6 rit ra:
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0,398
- Re %254 '

Phuong trinh nhén
duge cé tinh khai quat
chung. Nd dugc dung dé
tinh 1 cho dAu, nudc va
cd cédc chdt léng khae,
tuy nhién chi trong pham
vi cia 3000 =< Re <

< .
16000 va d& nhin cua . \\
dng gidng nhu didu kién '

thi nghiém.- \
Vi &8 ligu thuc °

nghiém nay cung nam a5
trén mot dudng thing, g 4z a4 46 48
én chdp nhan do nhén x=lgRe - 15
nen chsp nAsn €E Hinh 1.24 (v{ dy 1327):
cia 6ng din diu va nudc o - di 0 - nuee
gan nhu nhau. Di¥u nay
cé thé ki€m tra qua quan hé Eu/G = f(Re) va db thi hinh 1.8.

1.3.28. D& nghién ciu thyc nghiém qua trinh san xuft, ngudi
ta tién hanh trong phong thi nghiém véi kich thudc thiét bj bang
1/10 thiét bj that. Trong sén xuft thi&t bj lam viéc véi khong khi
néng (¢t = 100°C), 4p suit khi quyén va van t6c dong khi 3, m/s.
Trong phong thi nghiém dung dong khi & 22°C. D& cd sy ddng
nh&t v@ thuy d¢ng luc giita hai hé (san xudt va thi nghiém) can
chon vén t8c cia khéng khi & thi&t bj thi nghiém 1a bao nhiéu ?

Gidi:

D& dat duge gid trj gioi han giéng nhu giita hai hé thi
nghiém va san xudt thi chudn s6 Re vd Fr clia cd hai 1a bing
nhau, tic la:

Re = idem va Fr = idem .
Hoac theo phuong trinh Re va Fr cho hé thi nghiém 1 va san




xuét 2 thi:
wipdy _WoPaly

b

#q My
2 2
. w w
va _!'- =_2—
g4 glz

c6 nghia : w, = 3m/s; I, = I;
273
p, = 1,29. 373 =~ 0,944 kg/m3
#, = 0,0215 cP = 0,0215.103 kg/ms.
273
va p; = 1,29. 295 ~ 1,18.kg/m3,

= 0,0185¢P = 0,0185.103 kg/ms.

Dua cac s6 liéu vao phuong trinh trén ta co:
3.1,0,944 w, .01l . 1,19

0,0215 B 0,0185

3.0,944.0,0185
Rit ra: w, = = 20,5 m/s
0,1.0,0215. 1,19

Tuong tu nhu vay theo phuong trinh tinh Fr ta cd:

2 2
3_w1

L, 0,1,

Rit ra:

w, = v0,9 = 0,949 m/s.

Qua k&t qua tinh todn cé nhan xét, sy tuong hop hoan toan
caa ché do thay dong lue, tdéc tuong hgp v@ luc ma sat ldn luc
trong lugng gitta hai hé 1a khéng. thé cd theo di2u kién trén.
Ngudi ta chi cd thé chdp nhan mot sy tuong hop tuong d6i, digu
ma trong thuc t& dé& xay ra, tiuc la chi ¢6 mot didu kién tuong
hop hoac Re = idem hoac Fr = idem. Chon trudng hop nao l1a tuy
thude vao didu kién cu thé. Né&u trong dizu kién 14y tén th4t ap
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suit qua ma sat 1a chinh, thi chon Re sé c¢6 y nghia hon, tic van
téc trong hé thi nghiém phai dat 20,5 m/s.
Tit k&t luan trén ta can tim didu kién d€ dat duge sy tuong
hop ddng thdi cha luc ma sat va luc trong lugng giita hai hé.
T didu kién Re = idem, ta cd w i | = w,l,/v,, trong d6 v
la d6 nhét dong hoc, nén:

b
wy, Vil
Tt ditu kién Fr = idem ta cd wil, = will,, ta cd:
ut (i y1/2
W,y i
v, ! R 1 :
vay 2 = (—)2; rit ra —L = (=1 )3/2 ]a diBu kién cn cé dé
Vol L V2 7!

ddng thdi cd su tuong hop cia luc ma sdt va luc trong lugng giita
hé san xudt va hé thi nghiém. (

1.3.29. Can x4c dijnh dudng kinh 6ng din khi hydro d& dat
Iuu lugng 120 kg/h. Dudng 6ng dai 1000 m. Tén th&t 4p suit téi da
Ap = 110 mmH,0. Khéi lugng riéng cia hydro la 0,0825 kg/m>. He
s ma sat A = 0,03.

Gidi:

Ta biét 4p sufit do trd luc theo chidu dai 6ng 1a luc ma sat,
nén ta tinh Ap_ theo cong thic tinh trd lyc ma sat.

Van téc w duge tinh qua luu lugng va dudng kinh 6ng:

v
W= —-—.
0,785d?
Vay theo cong thidc tinh Ap_ ta cd:
AL Vip AL Vip

ap. =L Ve M Ve
Pm =y 07852.d%2 45 ' 2.0.7852

51,2
d =C .UPL
Ap

Rit ra:
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6 C \ A 208 0,476
WP Vossz TV omestz T

Luu lugng tinh theo m3/s:
120
Ve
£ 3600.0,0825
= 110 mmH,0 = 110.9.81 = 1079,1 N/m?.

= 0,404 m3/s

= 0,2 m.

Nén )
0,0815 . 0,4042.1000
d = 0,476.
1079,1

1.3.30. Chn xdc dinh ap sudt ban dAu cta mot chat khi
chuyén ddng qua mot dudng 6ng dai 100 km, vdi nhitng didu kién
cho nhu sau: luu lugng 5000 kg/h; khéi lugng riéng 0,05 kg/m?
(6 0°C va 1 at); nhiét d9 trung binh ctia khi 18°C, dudng kinh
6ng din 0,3 m, hé s6 ma sit 1 = 0,026. Ap suft cia dong khi ra
khoi éng cin dat 1,5 at.

Gidi:

Chn gia thist, t8n th4t 4p sust trén dudng 6ng chi do ma sat.
Do dd, tinh tén th&t 4p sudt trén dng dén dai 58 vin dung cﬁng
thiic: :

AL w?p
Ap  =—— . ~—— , N/m?,
P =7 2 fm |
& dang vi phan nhyu sau:
- A w?
- dp =—d—- . d . dL, Nlm2

D&u trit thé hién sy gidm 4p sufit theo chidu dai dudng 8ng.
Nhitng dai lugng thay d6i cung voi d¢ dai cda dudng 8ng (nhu
khéi lugng riéng va van t6c) 12 ham s6 cha 4p suit khi gidm dan
do su chuyén ddng ctia khi trén dudng 8ng. Nguoge lai tich pw,
ciing nhu luu lugng khi khong d6i. Gia tr; p va w duge tinh &
digu kién tiéu chusn:

T T
p=p0.p° vaw = w. Po
p,T pT,
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Thay vao phuong trinh 4p sudt sé la:

dp “i_. popT? w3 p? T?

2d  p,T piTe

Cing cAn chdp nhan nhiét d6 cia dong khi trén dudng 6ng

khong d8i. Hé s6 trd Iyc A va chufn s§ Re khéng déi. Cac gis tri
khong d8i duge tdng hop thanh hing s6:

di .

C = a'f)() 0 OT
2.d. T,
Rit ra:
-pdp = cdl
Tich phan ta cé: .
-fpdp = cf di
e be

1
—2- (P‘ZI - pg) = ¢L.

Vay: P} = 2¢L + pi.
Van téc chuyén déng cta khi{ & 0°C va 760 torr :
5000
w_ = -
° 0,65 . 3600 . 0,785 . 0,32
Hing s6 ¢ :
0,026 . 0,65 . 30,22 . 9,81 . 10¢ . 291
¢ = = 268,6 . 10°%.
2.03.273
Gia tri 4p sudt tinh duge:
Py = V2 .268,6.104.105 + (1,5 . 9,81 . 1042 = 74,8.10¢ N/m?2,
Vay gui tri dp sudt ban diu cha khi t6i thidu la:
= 74,8.10* N/m? = 4,6 at.

1.3.31. Chn xé.c dinh dudng kinh 6ng din (cd ¥ nghia kinh t&
nhédt) d€ van chuyén 6000 m3/h khi metan (& didu kién tiu
chuéin) trong khodng 4 km. Diing quat ¢6 hiéu sust 0,5. Bist rdng

= 30,2 m/s.
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gia dién cho 1kWh la 500 d. Lam sach 6ng 30.000 d m6t nam cho
mo6t mét dai vA mot mét dudng kinh, Sita chita 8ng 22 500 d nam
cho mét mét 6ng va mot mét dudng kinh.
Gidi: ' |
- Chdp nhén trd lyc ma sdt A = 0,03 va trd luc cuc b bing
10% tré lyc dudng 8ng. Nhiét d6 dong chay 30°C.
Tinh luu lugng & nhiét d¢ 30°C: :
' 6000 . 303
V= ———— = 1,85 m¥s.
3600 . 273 .
% 1,85 2,36
w = = =
0,785.d* 0,785.d2 d?
Theo didu kién diu bai t6n th&t 4p sust chi do trd luc cuc bs
vd luc ma sdt nén:

m/s.

Ap = Ap_,, + Ap,. = 1,1 Ap.
1,1.4.Lw?p 1,1.0,03.4000.2,362.0,64 235,26

Viay: o= fm?,
by A =g d2.dt s
trong dd khdi lugng riéng ciaa metan:
16 . 273 0.64 kg/m?
R | § m>,
P =324 .303 &

Cong sudt cin thist cia quat dugc tinh theo coOng thic (didu
kién - Ap < 0,1 at). .

VAp  1,85.23526 8,53 0,87

N = = - = :9, = —  k
102.n 102.0,5.d° ds ds )
_ Gid dién tiéu t6n cho quat 1 kW - nam: 500 . 24 . 330 =
= 3,96 triéu dong (tinh 1 nam cd 330 ngay lam viéc).
Téng gia dién cho quat Phu thude vao dudng kinh 8ng:

0,87 .396 3,45
E= dd = ds
Tuong ty tidu t&n cho lam sach dng:

tridu ddng/nam.

59



A = 30.000. L.d = 30.000.4000.d = 1200d triéu déng/nam.
Tiéu tén cho slia chita:

R = 22500.L.d = 22500.4000d = 90.d triéu dﬁng/nam.
Tdng tiéu t&n phu thudc vao dudng kinh ong:

3,45 3,45
E+A+ R =ES—_ + 120.d + 90d =_d_5 +210d tridu ddng/mam.

D€ cd dudng kinh hgp ly, tdc 1a tidu t6n bé nh4t ta 18y dao
ham bang khong:

dE+A+ R
= -5.3,45d¢ + 210 = 0
dd
210
d6 = = 12,17.
5.3,45

Rit ra: d = 0,66 m.

Tén thdt 4p suit trén dudng 6ng:

., 23526
P =066

?

= 1878,57 N/m? = 0,0191 at .

Phu hgp véi didu kién cho quat 20,1 at.

1.3.32. Xdc dinh trd luc trong mot thiét bi trac déi nhist.
Trong dé dung dich canxi clorua ndng 49 15% dugc dun ndng tir
15 dén 80°C v6i nang suft 16 tn/h. Thiét bj loai dng chum gdm
52 &ng thép véi dudng kinh 38 x 2,6 mm. Dudng kinh vo 625 mm.
Chi2u dai 8ng truy&n nhiét 1500 mm. Chidu cao phin trén éng
200 mm. Cla vao va ra cia dung dich cé dudmg kinh 75 x 3,5 mm.
Thiét bi chia lam hai ngan.

Gidi:

Theo diu bai, cin xdc dinh t6n th&t 4p sult clia dong chay
cd nhigt do thay ddi. Dong chay gia thiét theo ch& d¢ xody cg
nhigt d¢ ting din. Do d¢ khi tinh todn s& tinh ghn ding theo

quan hé ding nhiét va sau dd chdp nhén sai s6 theo hudng tang
cia t6n th4t Ap suit.
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Hinh 1.25 (vi dy 1332)

Tinh nhiét d¢ trung binh céa dung dich:
15 + 80

= 47,5°C,
Khéi lugng rieng cia dung dich CaCl, la 1100 kg/m3.

D6 nhdt cha dung dich duge tinh theo s§ tay hda ly & 40°C
la:

M 2 4
HFsp 1,82 3,72
trong dd M - s6 mol cla dung dich trong 1000 g nuéc;
Hsp = F‘l‘{e'”Hzo'l' quan hé d¢ nhét gita dung dich va nuée
4 cang nhist do.

Vay vo6i CaCl, 15% thi:
150 . 1000
M= ——— =159
850 . 111
v6i 111 - khéi lugng phén t& cia CaCl,. ‘
Chdp nhan do6 nhdt riéng u sp ty 1& véi ndng 46, ta cd do nhot
riéng cia CaCl, 15% la:

~ 1,45.
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Biét d6 nhét caa H,0 & 47,56°C 1a 0,573cP (bang PL.7) nén
dd nhét cia dung dich CaCl, 15% & 47,5°C la:

1,45 . 0,573 =~ 0,83 cP = 0,83.103 kg/ms.
Van t6c dung dich chay trong 8ng truy®n nhiét:

v 16000
W =— = = 0,182 m/s.
f 3600 . 1100 . 26 . 0,785 . 0,0332
Chuéfin s8 Re
dwp 0,033 . 0,182 . 1100
Re = = = T960.
“ 0,83 . 103
Nhu vay dong chay cia dung dich & ch& dé xoay.
Th& nang van téc dugc tinh:
pw? 1100 . 0,1822
Ap,, = = = 18,22 N/mZ2.

2 2

Tt d0 thj hinh 1.7 véi gia tri Re = 7960 tra dugc hé s6 ma
st A = 0,039. Chidu dai dng truyén nhiét (do hai ngan) la: L =
1,5 . 2 = 3 m. T8n thit 4p suit do trd luc ma sat:

0,039.3

~ 0,033

Vi dung dich chay trong thiét bi 6ng chim, nén hudng dong
chdy khi vao va ra cdc ng truy8n nhiét ciing da dang va tén tai
nhigu dot thu, dot md. Tiét dién 6ng din dung dich vac va ra
khdi thigt bij:

Ap . 18,22 = 64,6 N/m?2.

f, = 0,785 . 0,0682 = 0,00363 mZ.
Tiét dién phin du6i thi&t bi noi cd ng din dung dich vao va
ra, bAng mot nita ti&t dién thi&t bi:
0,785 . 0,6252
f, = = 0,153 m?.
2
Tiét dién cla 26 6ng truygn nhiét & mdt ngin:
f3 = 0,785 . 0,0332 . 26 = 0,022 m?.
Tré lyc cye bd duge tinh theo bang PL.3:
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a) & cita vao (d6t mad).
0,00363
& =1(1- —fl-)2 = (1. ——)2 = 0,953;
> 0,153
b) & dau ra cia dung dich vao 6ng truyeén nhiét (d6t thu):
f; 0,022

f, 0,153

¢) 4 ddu ra cia dung dich tit éng truy®n nhiét vac phin trén
thiét bi (dét md): :

= 0,144 6 &, = 0,45,

0,022
&y =(1- f-%-)z - )2 = 0,73;
> 0,153
d) & diu ra cda dung dich vao chim 8ng ngin hai (46t thu):
0,022 .
—{1 = = 0,144 ¢d &, = 0,45;
f, 0,153

e) & dau ra cia dung dich tit chim 6ng phin dudi ngan hai
(dd6t ma): '
0,022

= (] - 2 = 0,73,
§s = ( 0,153 ) ‘
f) & dAu ra cia dung dich vao cfta thdo (d6t thu):
fi 0,00363
L= —— =0,020c6f =~ 0,5
> 0,153 :

O difm a va f t6n that sp suft qua thé nang van téc duge
tinh qua van téc dong chay & clta ra va vao la:

16000 '
w = = 1,11 m/s.
1100 . 3600 . 0,785 . 0,0682
Thé€ ndng van t8e: '

1100 . 1,112
pr =

= 677,7 N/m?

25 = 0,953 + 0,5 = 1,453,
Tén thét dp suit d o va f:
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rw?
Ap,¢ = B§ —— = 1,458 . 677,7 = 985 N/m?.

Téng trd luc cuc bo cdc di€m con lai:
S =045x2 + 0,73 x 2 = 2,36.

Tén thdt ap sudt & cac di€m con lai:
pw?
Apyq = TE S— = 2,36 . 18,22 = 43 N/m?

Ngoai ra, 6 phiin trén cia chim &ng dong chay chuyén dong
hai 18n v8i géc chuyén 90° cd tré luc cuc bé:
SE=2.1,1=22.
D& don gian coi van téc dong tuong ty nhu & chum 8ng, vay:
Ap = 2,2 . 18,22 = 40,1 N/m?.
Téng tn thét 4p sudt qua tré lde cuc bd:
Ap, = 985 + 43 + 40,1 = 1068,1 N/m?.
Téng trd luc cia dong dung dich qua thiét bj truygn nhiét
Ap = 64,6 + 1068,1 = 1132,7 N/m?.
1.3.33. Can xé4c dinh tré luc dudng 6ng cia khi néng di qua.
D¢ 1a thiét bi trao ddi nhiét 8ng chim. Ong .truy:én thigét bang
thép cé dudng kinh 30 x 2,5 mm. Dong khi chay vuéng gdc chum
éng va duge dun ndng tit 20 dén 100°C. Van t6c khi & ché hep
nh#t cia chiim 6ng 16 m/s. Lugng 8ng trong chum 20 6ng. Ong
x&p thang hang cé cdc khoang cich s; = 42 mm va 5, = 48 mm
(hinh 1.6).
Gidi:
DEi voi dong chay xody, trd luc dudng dng trong trudng hgp
dong ding nhiét va bi€n nhigt duge tinh nhu nhau.
Ty s6: s,/d = 42/30 = 1,4 va s,/d = 48/30 = 1,6. Visg/d <
s,/d nén van dung cbng thie:

= (2 + 3,3 m)Re0:28,
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. wdp
X4c dinh chuédn s8 Re theo: Re = —— |
u

, 20 + 100
trong dd & nhiét do trung binh ¢ =——2— = 60°C cd dd nhdt

u = 0,02 cP = 0,02 . 103 kg/ms (hinh PL.1), khéi lugng
riéng & 60°C cia khong khi (1 at):

1,29 . 278 _ 106 kg/m3
=1, . = ], m-.
P 333

16 . 0,03 . 1,06
e = . = 25440
0,02 . 103

va Eu = (2 + 3,3 . 20) . 25440028 = 68 . 0,059 = 3,97.

T8n th&t 4p suét clia dong khi trong chum 8ng duge tinh:

Ap = Euw?p = 3,97 . 162, 1,06 = 1077,3 N/m?.

1.3.34. Anilin chay doc theo 6ng trong khong gian gilia cdc
&ng cua thiét bi trac d8i nhiét loai dng chim vai van téc 1,5 m/s.
Thiét bj &ng chim cd 19 8ng truygn nhiét vdi dudng kinh 26 x
2,5 mm va dai 2,7 m. Dudng kinh thiét bj 200 mm. Anilin 14 chd4t
tai nhiét duge lam nguoi tit 100 dén 40°C.

Can xédc dinh t8n thdt dp sudt qua ma sit cha anilin:

a) d didu kién ding nhiét, bé qua chénh léch nhiét d¢ giita
thanh 6ng va anilin;

b) & didu kién bign nhiét, lay nhiét d6 trung binh & thanh éng
la 259C.

Gidi:

a) Trudng hop dong chay ddng nhiét, ta 14y nhiét d¢ trung
binh cuia anilin: '

100 + 40
— = -T70°C.
Tén that ap sudt qua trd luc ma sat duge tinh theo cOng thitc
A AL wp N/m?
= — | — m#.
Pm T7 T2
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d day dudng kinh d dugc
“thay bang dudng kinh twong
duong d,, :
4f D?. nd?
"% D +nd
2002-19.262
200 + 19.26

trong d6 D - dudng kinh trong cia ] ' ﬂzﬂ—
thiét bi truyén nhiét, mm; '

dtd

= 39,13 mm. 1Z

d - dudng kinh ngoai 6ng
truygn nhiét mm, n s6 dng
truyén nhiét,

Tinh chufn s§ Re:

w
Re =— =
u
0,5.0,03913". 1040
= = 14534.
1,4.103

Khéi lugng riéng cla anilin
p = 1040 kg/m3 tra theo bang
PL.9 va 40 nhat u = 1,4.103
kg/ms tra & bidu db hinh PL.2.
Ngoai ra tit hinh 1.7 tra duge A =
0,032. Khi d6 t6n th4t ap sudt
qua ma sit cta dong anilin:

Hinh 1.26

AL w?p 0,032.2,7.0,52.1040
Ap  =—0 = = 287,04 N/m?.
mod 2 0,03913.2
b) Néu dong chay khong déng nhiét, tie nhiét d6 tudng khac
v0i nhiét d6 cia dong va chay xody, thi ta cin nhan thém hé s5
higéu chinh x:

(Pr

l) 1/3
Prd

x = (
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~ trong d¢ Pr,- chudn s6 Prandtl cia dong chay ¢ nhiét do tudng;
Pr,- chudn s6 Prandtl cta dong chay & nhiét dé dong.

Chu#n s8 Pr cta anilin dudge tra theo biéu dd hinh PL.9:

¢, = 25°C ; Pr,s = 47

t, = 70°C; Pr.,, = 16,5
Khi dé tén th4t 4p sudt qua trd luc ma siat cia dong anilin:

47 _ |
Ap = 287,04 . (16_5 M3 = 406,9 N/m?2,

)
So sanh ta thiy trong trudng hgp khéng ddng nhiét trd luc
ma s4t 16n hon dong ding nhiét. Tuy nhién chi & digu kién dong
chay duge lam ngugi, tic la nhiét d6 dong l6n hon nhiét dd
tudng. Nén hé s hiéu chinh x > 1. Ngugc lai nhiét d6 dong nhd
hon nhiét do tudng, tic 1a dong duge dun néng thi x < 1 va két
qua ngugc lai, vl nhiét 46 cang ting chudn s8 Pr cang giam.

1.3.35. X4c dinh trd luc cia 1dp dém. Trong d6 c6 qua trinh
lam sach hoi axeton trong khong khi biang nuéc. Dudng kinh
thip 810 mm, cao 9 m. Dém bing si dang vong cdé kich thude 25
x 25 x 3 mm. Mat d¢ tudi 18 m?*m?h. Luu lugng khi théi qua
thap dém 1000 m3/h tiéu chufn. Ap sudt du trong thip 0,4 at va
nhiét d6 lam viéc 20°C. :

Gidi:

Tinh trd luc dém khé theo cong thic:

Khéi lugng riéng cua khong khi:
1,29 . 273 . 1,4

293

Van téc dong khi qua thédp réng:
1000 . 1,29

w =
1,68 . 3600 . 0,785 . 0,812

~ 1,68 kg/m3.

P

= 0,41 m/s.
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D9 nhét cha khong khi & 20°C 1a 4, = 0,018 . 103 kg/ms
(hinh PL.1).

Tu bang PL.10 tra dugc b® mét riéng ciia dém va thé tich tu
do la:

o = 204 mZ/m3 va vV, = 0,74 m3/m3.
Chuén s8 Re dugc tinh:
4wp, 4 .0,41.1,68
“Ton,  204.0,018 . 107
Hé s8 trd luc A tinh theo cong thdc: A = 16/Re%?

Re

\ ~ 750.

16
A =—— = 4,26.

7500.2
).Hawzpk
Tré lyc dém khé: Ap,, =——— | N/m?,
4v2, 2
5 A 4,26.9.204.0,412.1,68 5042 N/m?
¢ = = .
Pkh = 0743 3 4 Sm

Dé€ tinh trd hyc 16p dém uét, ta chn tinh hé s6 tusi

L ab
A=3/Ey
P Vis28

Mat do tudi tinh theo giay la:
18 . 1000
L=~

3600
D6 nhét cia nude ¢ 20°C la: 4 = 103 kg/ms.

Chudn s8 Re cho ddong nué6e tinh theo cong thic:
4L 4.5

= 5 kg/m?.s.

Re = = = 98.
ou 204,103
Hé s8 b dugc tinh:
1,74 1,74
R0 = 9503 = 0,44,

Viy hé s8 tudi:

5 04 . 0,44 -
A =3 2 ’ = 0
\/(1000) 0,742 . 2 . 9. 81 197
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Hé s6 tang trd luc m khi ¢d dong tudi duge tinh theo cong

thie:
o 3
m = 1/(1- 1,65 .1010, — _ A).
td

Gi4 tri:
a3 2043
1,65 . 1010 — = 165 . 1010,
\d 0,74

= 0,0019.

Véy:

m = 1/(1 - 0,0019 - 0,197)3 = 1,95.
Trd lyc lép dém udt la:

Ap = mAp,, = 1,95 . 681,4

1.3.36. Dung bom d€ dua nudc vao hai b€ chita ddng thoi. BE

hd nén cd 4p sufit khi quyén (hinh 1.27). Tinh van téc chiy ra ¢

dau hai éng vao b€ w, va w, (bd qua ma sat). Tinh 4p suft p, dé

1328,73 N/m2.

w, = 0.
21 g (
Bom =
/ 4, —
i i
[ N 2 - %
" B
Hinh 1.27:p, =2 aghy =5 m; p = 9982 kg/m’;
wy =1m/s hy =2m;p, =lat
Gidi:

Dua vao phudng trinh thiy déng Bernoulli, xét m&t 1 va 2 ta

co:
P P
P+ - w? + pgz, = p, +2— wk + pgz,.

O mat I chuéin: 2z, = 0, 2, = hy, p, = p,.
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o ST

© . o,

--—1'——'

Hinh 1.27b

Rat ra:

w, =\ --2-—(p p +pw2 pgh,
2 P 1 a 2

2
(2.10% - 105 +
998

Tudng tu xét hai mat I va 3 ta cd:

2 P,
w3 = —P(pl-pb +-?w1 +pgh3

— (2,105 - 105 +
998 2

Dé w, = 0 thi p, phé.l ¢ gia tri:

P
V""""""' (Pl Py +_2 w Pgh
P

,2
- 998,2. 9,81 . 5 )= 10 ,16m/s.

,2
+ 998,2 . 9,81.2) =15,6 m/s. -

Rut ra:
py = py + pgh, - '?.w% =

998,2
=105 + 998,2. 9,81 . 5 - - 712 =1,485.10° N/m2 = 1,5at.

1.3.37. Nuédc chéy qua 6ng din (hinh 1.28) vdi luu lugng m.

Tinh 4p suft p,, van t6c w, va tdn thdt 4p sudt Ap_. Cho p,,
w, va ty s6 F,/F,.
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Gidi:

Bai todn dugc gidi
trén co sd phan tich
luc tdc dung vao hé
théng dugc xét. Khi
chdt 1dng chay vao
phan 6ng 1dn sé cd sy
thay dfi v& vén téc va
luc. Toan bé phén
nam trong 6 la mét hé
théng. Cdc luc téc
dung vao hé théng
theo chiBu vao va ra
nhu sau:

- Lue do van tdc
ddong nudc gay ra:
K, = mw; K, =mw,;
- Luc do ap lue
nudc vao thanh 6ng:

| W
W, — T s
/l %
£ |
=7
Hioh 1.28 (vi dy 1337)
= —
p— }
I A = Wy T
£ |_—-mw¢ N
: 7 St ~wve K S
\___ L
W, |
A

Hioh 1.29 (i du 1337)

Ky = p\Fy; K, = poF,.

Ngoai ra cdn cd Iyc thang t8n that trén eo dng. Coi luc nay
tuong ¥ng véi R 1a nguyén nhan lam dong nudc khéng chay dude
vao gdc (& phan dot mé): R = p,(F, - F)).

Theo dong dong lugng ta cd:

-
2K =0

tdc 1a mw, + p,F; + p(F, - F)) - mw, - pF, =0
Mat khdc theo phuong trinh dong lién tuc:

w,F) = w,Fy;

F

nén wy =——_—1 wy.
F

2

Thay vao phuong trinh trén ta cd:
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F
mw, + pF, +p(F,-F)})-m F—l wy - p,F, = 0.
2

Rit ra:
F F,-F muw F
1 2 1 1 1
P, =p— +p + hn- =]
F2 FZ FZ FZ
(1 il )
p,=p; + R
F2 F,

Né&u tinh dén t6n thdt 4p sufit trén dudng 6ng, theo phuong
trinh Bernoulli ta cd:

p P
b, +—2— wi + pgz, = p, +—2- wi + pgz, + Ap_.
Vi xét trén cing mdt mat chudn nén 2z, =2z, =0, vay

F

Ap, =p, - p, +2£ (w} - w) =% w? [1 - (?12)2].
1.3.38. Nuéc

tit hai mdng nhd
cung chay vao
méng to véi van
téc wy va w,.
Sau mét khoang
nhAt dinh nuéc
chdy trong mdng
to vdi van tdc w
va do chénh 4p

Hinh 1.30 (vi dy 1338)

= (p - Pl)
Tinh vén t6c w, dd chénh dp Ap va tdn tha&t 4p suft Ap
Bist F,=F; F=F, +F,
1
W =5 Wi Py = Py
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Gidi:

Tuong tu
nhu bai 1.3.37 £ i W
tip hgp cac luc --gf,”_ £ w
trong hé thing. ;;2“? oF
Dya 'vao cac A a3

phuong trinh

dong lién tuc,

dong déng lugng,

phuong trinh

Bernoulli dé tinh.
Theo phudng trinh dong lién tyc:

w F + w,F, = wF.

Hinh 1.3t (vi dy 1338)

w F + w,F 3
Rt ra: w = 1”1 z 2 = w,
F 4

—

Tu phuong trinh dong lugng: SK = 0, ¢o:

muw, + pF, + mow, + Py -pF-mw =0
Vay PF -p\F| - p,F, = muw, + mow, - mw.
Thay disu kién dau bai tinh theo w, ta duge:
' 9

2F,(p - py) = pFw} + pFwi - —-—Sszw%

1
Rit ra: Ap = p - p, =— pw?2..
p = p - Py 16P s

Tdn that ap sudt trong hé bAng tdng tén that 4p sudt & hai
6ng bé va & &ng 16n. Néu ldy tam 8ng 16n lam mat chudn ta cé
th€ van dung phuong trinh Bernoulli nhu sau:

p 1 P
P, +7 w? + pgh, =5 (p +—§w ¢+ pgh) + Ap,

P, 1 P,
P, + —wi+ pgh, -—-‘2— (p+—2w + pgh) + Ap,.

2 .
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Téng ap sufit tén thit qua ma sat:
P, +—%— wt + pgh)) + (p, +% wi + pgiiz) =
=p +i2w2 + pgh + Ap_
voi Ap,, = Ap, + Ap, , A =0vah =-h,

Rut ra:

P . P
Ap, = 2p, +—2—- (w2 + wd) -p -—sz

9 .
Ap. = p, +§—2— . pwi.
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Chuong 2

BOM, QUAT, MAY NEN

2.1. Cong thirc tinh todn

2.1.1. Chi%u cao cin thiét cia bom chit ldng duge tinh theo

cong thic:
(p, - p)
H=—22 P, H, + h, m. (2.1)
o8 o

Céng thdc nay tuong ty véi cdng thuc tinh téng tdn thdt ap
suft trong dudng 6ng, trong do: _

H - chidu cao 4p suét, chiéu caoc bom tao ra duge, m;

py» P, - 4p sudt & b€ hit va ddy, N/m?;

p - kh&i lugng riéng chit long, kg/m3; . _

H g - chiBu cao hinh hoc (khoang cdch hai mat thodng), m;

hp - téng tén th&t trén dudng 6ng, m.

Ap suét toan phin H ma bom c¢3n cé cing cé thé duge tinh
theo cong thuc:

- ) w2 - w2
H =M + H, +—24 " m; (2.2)
PE 2g

trong dé Py - Ap sudt ddy cia bom (trén 4p k& 6ng ddy), N/m?;

p, - ép suft hit cia bom (chan khong ké trén 6ng hit),
N/m?;



H, - khoang
cidch (chiBu ecao)
giita hai diém do 4p
sudt, m;

wy - VvAn téc
dong trén dudng
6ng diy, m/s;

w, - VvAn téc
dong trén dudng
6ng hit, m/s.

Trong trudng
hgp van t6c W, w,
khéng khac nhau
va H  rdt bé, ta cd
thé tinh H nhu sau:
=P P

Prg

Hai phuong
trinh (2.2) va (2.1)
duyge tinh  theo

phuong trinh
Bernoulli. Hinh 2.1. So 43 h¢ thing bom
2.1.2. Phuong trinh tinh c6ng suit cia bom:
H mH -
=QP = , kw, (23)
102, 102y

trong d6 @ - nang suft tinh bang m3/s;
- m - nang su#t tinh bang kg/s;

7 - hiéu suét cia bom dugc tinh tir tich cia hiéu sust
qua bom 7, qua d¢ truy®n tit dong co 7, va higu suft
dong co 7y,

7= MMyl
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D€ tao duge nang lugng du trit, dong co duge ding cin cd
céng sudt 16n hon cong suft tinh:

N, = N,
voi 8 - hé s6 dy trit dugc chon tily thudc cong suft tinh duge N:
Bang 2.1

N, kW <1 15 5-50 >50

8 2-1,5 1,6-1,2 | 1,2-1,15| 1,1

2.1.3. Chigu cao hut ly thuyét cia bom pitténg duge tinh
theo cong thuc:

H s A-h - 3h m,
trong dd A - 4dp
suft khi quyén, m;

h, - ap suflt cha :
hoi bdo hoa cia chit
long & nhiét do da [
cho, m; T _

>h - t6n that
chidu cao hat, do
ning lugng tiéu tén
tao gia tc dong chay _T—r
va tén thit qua trd H
lue thiy lwe. Do dd
nd tang khi s vong
quay cua bom tang.

Ap sust khi
quyén cd gia tri
thay dd8i phu thude
vao dé chénh léch &
noéi bom vdi mat
bién, va duge 18y ti
bang 2.2: Hinh 2.2. So db bom pittong

(¥
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Bdng 2.2. Ap suat khi quygn

Db cao so
mat bién, m | 6001 0 | 100| 200 300| 400| 500| 600| 700| 800| 900/ 1000 | 1500
A,m1120 1,3 103/ 102/ 10,1] 10 198 97 (9695949392 86

Ap suft h cia hoi bso hoa chat I6ng duge bom & nhist do da
cho. D6i véi nuée, h, v6i nhiét do cho & bang 2.3.

Bing 2.3. Ap sudt hoi bao hoa

Nhiét dg, °C | 5-

10

20

30

40

50 | 60

70 | 80 {90 100

h(, mHzO

0,09 0,2

0,24

043

0,75

125 2,02 3,17| 482] 7,14 1033

Chi®u cao hit chn thiét ctia bom pittong khi van chuyén
nudc cd thé x4c dinh tit bang 2.4.

Bdng 2.4. Chi®u caoc hit cia bom pittong H, (mH,0)

Vong quay, Nhigt d6 ola nwéc, °C
vg/ph 0 20 | 30 [ 40 [ 50 | 60 | 70
50 7 65 | 6 55 | 4 25 | o
60 66 | 6 55| 5 351 2 10
90 55 5 45 4 25 1 0
120 45 4 35 3 15 05 0
150 35 3 25 2 05 0
180 2.5 2 15 I 0 0
2.1.4. Nang suft cua bom pittdng:
Fsn :
a) cho tic dung don: @ = 7 , m3/s, (2.4)
2F -
b) cho tdc dung kép: @ = ] ( Goﬁsn , m3s; (2.5)
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trong dé » - do tdn dung (hiéu sudt) chon tit 0,8 dén 0,9;
F - tiét dién téc dung cha pitténg, m?;
f - tiét dién canh tay don (pitténg), m?;
S - khodng chay cua pitténg, m;
n - s8 1an tién lui cia pitténg trong 1 ph.

2.1.5. O mbi s§ vdng quay, nang sudt cia bom ly tam thay
déi theo chi®u cao bom. Né&u thiét lap db thj quan hé Q - H thi
ta cd dudng dac tuyén
cia bom. Diém cat g
gitta dudng dac tuyén
va mang cho ta diém
lam viéc cGa bom
(hinh 2.3).

Hiéu suit cia bom
ly tdm ciing thay d8i
cung vdi su thay ddi
clia nang sufit va 4p
sudt.

Chigu cao hit cida
bom ly tam:

Hinh 2.3,Dic tuyén bom

H =A-h -h_ -h
trong dé A - 4p sust khi quyén, m;
h, - 4p suft hdi bao hoa & nhiét d¢ bom, m;
h_ - trd luc thuy lyc va tén th&t qua gia téc dong, m;
h, - sd gidm chidu cao hut d€ chdng xam thyc, A, phu

v
thudc vao nang sudt bom, tidc la:

h, = 0,06125 (Qn2)0.67, mH,0 . - (2.6)
Khi 6 vong quay n thay d6i, thi ning sust cing thay ddi va
do dd H, N cing thay d8i theo quan hé sau:
Ql ___nl : H] =( ! )2; Nl' = (nl )3_ 2.7
Q n, H, e} N, (e

v m,
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2.1.6. Nang sudt cha bom cing cd thé tinh qua chudn s6
khéng thd nguyén nhu

Q
- Chuén s6 nang sudt: K,, = —
& Q  ap3
H
- Chudn s§ chidu cao: K, =—2-3-- ;
n2D2
Chuén s6 co iat: K N
- n : =—
udn sd céng su N on3DS
- Chudn s§ Re (lyc ly tam): ’
pnD
e = ,
u

trong dé D - dudng kinh vong bom, m;
N - cdng sudt, kg/m?/s? (W);
4 - do nhét, kg/ms.
2.1.7. Ap suét dugc quat tao ra cd thé€ tinh theo quan hé:

Wp
Ap = (p, - p)) + (Apy - Apy) + 5 N/m2 (2.8)

' w2
va ap = (p, +—§d--p) - Py +—2’l }, N/m2, (2.9)

trong dé Ap - ap sudt tao ra bdi quat, N/m?;
P> P, - 4p suft & budng hit va dfy, N/mZ%;
Ap,, Op, - t6n that Ap sudt trén 6ng hat va ddy, N/mZ,
w - van t8c ddng khi ra khéi mang, m/s;
Pg» Py, - ap sudt tinh b_éau va trude quat, N/m2
Wy W - 'vgn téc khi trong 6ng ddy va hit, m/s.
p - khdi lugng riéng cta khi, kg/m3.

- Phuong trinh (2.8) gidng nhu cdc phuong trinh da néu trén.
Néu quat khong v4n chuyén khong khi ma 12 mét loai khi bat ky,
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thi phai dua thém kh6i lugng riéng ctia

khi dé vao phuong trinh, tdc & v& phai

cong thém: ' w !

Apy - Pypx - Py 82, N/m?,

Cong suit tiéu thu cia quat: ' ap

_ QAp

" 10007

2.1.8. Cong nén doan nhiét cia mdy
nén cho 1 kg khi duge tinh:

® | (i—f)“”-u i}

, kW

L =
=-1

m-l

= 1[( )""*- 1], Nm/kg (2.10)

hodc L = 427(::2 - i), kpm/kg.
Nhiét d6 cu6i caa qud trinh nén

dugc tinh theo céng thde: Hinh 2.4. So d0 quat ly tim
T .
2 _ (22y@ay= (2.11)
T, Py

trong d¢ = - s6 mi dugc tinh ¢ pfCys
pl, Py - ép sudt dau va cu61 ctia khi nén, N/m2 ,
v, - thé tich rléng ctia khi & didu kién P Tl’ m /kg, :
i, 12 - ham nhiét cta khi diu va cu6i qu4d trinh, keal/kg;
R - hing s8 khi bing 848/M, Nm/kg°K;
M - khéi lugng mol cia khi.

. Cong suﬁt cta dong co cho mdy nén mét bﬁc d€ nén m kg/h
khi tit 4p sudt p, dén p, tinh theo cong thic:
m.L m(i, - i)
~ 3600.10007 8607
2.1.9. Nang suéit cia mdy nén mdt cdp

, kW.
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Fsn

=1 , m3/s,
Q rrie /s
Heé s8 cung cdp A dugc tinh:
A = (0,8 + 0,95) 1,
P3 . ym
v6i Ay =1- eo[(p—l) - 1]

¢ day e, - hé s8 quan hé gilta viing chét va viing nén;
m - hé s nd & viung chét.
2.1.10. D6i v6i may nén nhidu cdp (n bac) céng nén duge

tinh:
@ - 1 Py

L=npy, nx [(Pl) T
-1 §)
=nRT — - 1], Nm/kg,
" 1 nae [(Pl) ] m/ &
hodac L = 427(ai, + Ai, +...+Ai ), kpm/ kg. (2.12)
Tudng tu coéng sudt duge tinh:
1,69 mL  1,69mRT, In 22
N = - Pi_ ww. (213)
3600.1000 3600.1000

56 1,69 14 hé s6 thyc nghiém phan biét véi qud trinh nén
dAng nhist.

2.2. Vi du

2.2.1. Ap k& trén 6ng ddy chi 3,8 at. Chan khong ké trén éng
hit chi 210 torr. Khoang cdch gifta 4p k& va chan khong k& 410
mm. Dudng kinh dng hit 350 mm va 6ng dfy 300 mm. Lutu luong
nudc trong Sng 12 m3/ph. CAn x4c dinh dp suft bom tao ra.

Gidi:

TU cOng thdic (2.2):

- p) w? - w2
PO L VL Rl S
44 2g
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trong d6, v&n tdc cia nudc trong Sng hit:
S v S 12

L = 2,08 m/s;
Wn =2 60.0,785.0,352 "
trong 6ng day:
12
= 2,83 m/s ,

¥4 ~50.0,785.0,32
Ap sudt trong 6ng ddy:

py =38+ 1 =48 at.
Ap suit trong 6ng hit:

P, = 735,6 - 210 = 525,6 torr = 0,71 at.
Ap suit do bom tao ra:

4,8.9,81.104 - 0,71.9,81.10¢ 2,832 - 2,082
= + 04l 4o =
1000.9,81 2.9,81
H =415 m.

2.2.2. M6t bom pittong cd s6 vong quay 150 vg/ph ding bom
nuée ndng 60°C & bé chia dat duei dat. Biét téng tén that ap
sudt do van téc, qudn tinh va thuy luc 1a $h = 6,5 m. Ap suft
khi quyén 736 torr. Tinh khodng cach dat bom so vai méat nude.

Gidi:

Theo cong thiie: .

H <A-h -3hmn

Ta tinh: | :
L 736.13,6 =

A = 736 torr = ———— = 10,01 m.
o 1000 :

Tu bang 2.3 tra gia tri h, & 60°C la 2,02.

Vay bom dugc dit ¢ do cao cho phép:

H =1001-.202-65=149m.

Gid trj tinh duge 1a dya theo ly thuyét. Trong thue t& ti
bang 2.4 vdi s6 vong quay 150 vg/ph va nhiét dd 60°C thl chitu
cao hut bang khong. Didu d6 c6 nghia d€ bom lam viéc t&t phai
dat thdp hon mat nufe trong b€ chita.
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2.2.3. Ding bom pittong hai cdp d€ van chuyé&n nudc véi
nang suét 22 800 l/h. 36 vong quay 65 vg/ph. Dudng kinh pitténg
125 mm; tay dén 35 mm; ban kinh khuju 136 mm. Cin xdc dinh
hiéu sudt cia bom 7.

Gidi:

Thé tich nén khi pitténg quay mét vong:

(2F - fis = {(2.0,785 . 0,1252) - (0,785 . 0,0352)] 0,272 =

= 0,0064 m3.

Gid tri 0,272 1a khoang chay cua pitténg bang hai lan tryc
khty (136x2). Ndng sudt Iy thuyét bom van chuyén & vong quay
65 vg/ph:

0,0064.65 = 0,416 m3/ph.

Hinh 2.5 (vi dy 2. 2. 3)
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Nang suft thuc t&€ theo dau bai:

22,8
—— = 0,38 m3/ph.
60

Nhu vay hidu sudt bom:

0,38
— = (0,913,

0,416

2.2, 4 Mot bom pittong don gian cd dudng kinh pittdng 160
mm, khoéng chay 200 mm dugc ding d& bom chét léong cd khéi
lugng riéng 930 kg/m3. Nang sufit bom 430 l/ph. Chat léng tir bé
chda c6 4p sudt khi quyén duge bom vao thiét bi cd ap suit
3,2 at & chidu cao 12 19,5 m. T6n th&t dp suit & 6ng hut 1,7 m,
& dng ddy 8,6m.

Can xdc dinh s8 vong quay ciia bom, va cong suit cia dong
cd, néu ldy hiéu sudt bom 1a 0,80, hiéu suit truyén dong 0,95 va
hiéu sudt méto 0,95. Biét hiéu suft nang suft cta bom 0,85.

Gidi:
T# cong thic @ _. = no-Fsn.

}7"—"

&3

Rat ra n =—min
: no-F8
trongdé = - 430 — 0.43 m3/ph
: . 43 m .
min ~7900. P
Tiet dxen F = 0,785, 0,162 = .'0,02 m?
a 0.43 126 vg/ph
E n =————— = v .
e 0,85.0,02.0.2 gpi..
Ap sufit do bom tao ra theo céng thic (2.1) cd:
H=222 oy oh
PE g P
3,2.104
H=—-+195+103~642m

30
Céng suft dong co duge tinh:
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QpH 0,43.930.64,2
T 1027 | 102.60.0.72
Gid tri 0,72 hiéu suit chung cua ddng co duge tinh:
7 = 0,80.0,95.0,95 ~ 0,72.
Ngoai ra cin nhan thém hé s6 du tri B tu bang 2.1 ta cé:
N = 5,83.1,17 = 6,82 kW.

3.2.5. Qua thyc nghiém ctia bom ly tdm & vdong quay 1200 vg/ph
thu duge céc s6 liéu sau:

= 5,83 kW.

Qs ] 108 212 298 404 511
H,m 234 258 254 221 173 119
N, kW 56 787 1001 13 20 185

Ch4t 16ng duge bom ¢ khéi lugng rieng 1120 kg/m3. Cn x4c
dinh higu sudt » cia bom tuong wing véi méi ning suft va vé dac

tuyén bom.
30 ~
20 l— 5
5/ \ )P
20 - ‘ff = 1/
3 ~, .7
s\ 2 N _ g — =1
x 70 - —1 e —]
§l \h 0 3¢
EAS
z - a
o 1o 20 - Fe £7 5
a, s
Hinh 2.6 (vi dy 2. 2. 5
Gidi:

Hiéu sufit cia bom (theo cong sudt) duge tinh ti cong thde;
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Rat ra

_QHp
1027
QHp
102N

Thay s6 liéu tinh duge:

Qls 0

n.

108 212 298 404 SLI

039 059 064 064 036

Dudng dic tuyén cia bom dugc thé hién & hinh 2.6,
2.2.6. Can van chuyén dung dich co khéi lugng riéng 1120 kg/m3

tit b€ chia vao
thiét bi 4 do cao
10,8 m véi nang
sudt 115 m3/h.
Ap sufit du trong
thiét bi 0,4 at.
Trong b& chda cg
ap sudt khi
quyén. Ong din
cé dudng kinh
140x4,5 mm, dai
(tinh theo do dai
tuong duong vdi
trd luc cuc bd)
140 m. Cd thé
ding bom ly tim

30

B
©

20

7a

I
T
!
|
I
I
|
g 70 20 20 40 50

a, 3/5

Hinh 2.7 (vi du 2. 2. 6)

da néu dé van chuy&n duge khong, néu trd luc ma sit trong 6ng

A=20037?

Gidi:

Can tinh ap sudt bom cln cd d&€ van chuyén chdt 16ng. Trude
tién can tinh cdc s6 liéu sau:

Véan téc dong chdt léng trong dng:
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v 115
W =— = =~ 2,37 m/s.
f  3600.0,785.0,1312
Th& nang van tée:
w? 2372
h. = = = 0,286 m.

Y2 2081
Ap sufit toan phin bom cin tao ra:

Ap ‘
H=—'—r+H+hm+h m,

PE v
véi AL + L) 0,03.140
h, = hy, = 0,286 = 9,17 m;
d : 0,131
0,4.104
Vay H = + 10,8 + 9,17 + 0,286 = 23,83 m.
1120
Nang suit clia bom:
115.1000
= = 31,94 l/s.
3600
Bing 2.5,
n, = 1200 vg/ph Q. Vs | 212 298 | 404 -
Hym | 254 22,1 173
ny = 1260 vg/ph Qs | 223 313 425
H 2 M 280 244 19,1

Tt dd thj dudng dac tuy&n (xem bai 2.2.5) theo ning suft
€ =31,941/s va H = 23,83 m thi nim trén dudng dac tuyen
cia bom thyc nghiém, do dd bom su dung véi 1200 vg/ph da
néu & bai 2.2:5 ¢hi ¢6 the bom o nang sudt 26 l/s v4i chidu
cao 23,83 m. N&u tang s6 vong quay lén thi cd thé dat nang
sufit va chidu cao, 8§ vong .quay duge tinh tir cong thic:
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'Q, “m, " H, n
QI — 1. va 1 = __1)2 ;
Q, n, H, )

Gia du ldy s6 vong quay 1260 vg/ph ‘s bai 2.2.5 ta c6 cac gia
tri tuong dng trong bang 2.5. _ :

Ve dd thi H = f(Q) v6i n| va n, ta thdy: d s§ vong quay
n = 1260 vg/ph sé dat duge nang suit 32 I/s va chidu ~ cao
28,8 m. Nang sudt ctia bom ¢ thé tinh theo cOng thic:

hoac QHp 32.1120.23,8
N=—1P _ ~ 13,1 kW,
1027 1000.102.0,64

Higu suit cia bom duge 18y & nang sufit tit 30 dén 40 s la
n = 0,64, _ -

2.2.7. Can x4c dinh hiéu suit cia bom rang khia, s6 vong
quay 440 vg/ph. S8 lugng rang khia la 12. B2 réng méi rang 42 mn,
Tiét dién khe rang 960 mm2. Nang sufit bom 312 1/ph.

Gidi: _

Nang suét clia bom ring '
khia duge tinh theo .cOng
thyc:

trong dd 7, - hi¢u sudt;
f - tiét dién khe ring, mZ;
b - b® rong cha rang, m;

z - 6 lugng rang khia;

n - s6 vong quay, vg/ph.

Nang sudt Iy thuyét Hinh 2.8 (vi dy 2.2. 7)
tinh dugc:
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2fbzn  2.0,00096.0,042.12.440

N 60 60

0,0071 m3/s.

il

312
Nang sust thyc t&: @y = 312 ljph =o-o=cs = 0,0052 ms,

Tu d¢ tinh duge
hiéu suft nq la:

Q,  0,0052
72 7Q, To,0011
~ 0,73,

2.2.8. Can tinh 4ap
sufit chan khéng ly
thuyét ma bom tia’'
(tuye) tao ra. Dau ra
cia 6ng loa cd 4p suit
khi quy&n. Van tdc tia
nudc tao ra & day la
2,7 m/s; dudng kinh
23 mm 6 mat cat T va
& mat cit 11 1a 50 mm,

Gidi:
Phuong trinh Becnoulli § mat cat I va II:

Hinh 2.9 (vi dy 2. 2. 8)

PR TN S SR I
Yopg 2gi0 T pg 2

Vi mat ndm ﬁgang nén Z, = Z,, mit khéc:

w, =—;3- .‘wz"(phuong trinh luu lugng).
L

(@l - w?) 2,72 12,8
Py = py +—A"1 fo 981100 ¢ 22

Rut ra:
2
1000 =

= 19825 N/m?
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50 ,
& day w, = (T?:é— )2.2,7= 12,8 m/s.

Nhu vay, 4p sudt chan .khbng bom tia dat dugc la:
py = 19825 N/m? = 0,202 at, twc do chan khéng 0,8 at.
2.2.9. Mot bom tia (hinh 2.9) van chuyén 7,8 m3/h mét chat
l6ng cd khdi lugng riéng 1020 kg/m3 1én do cao 4 m. Luu lugng
dat duge 9,6 m3h. Thing chita nuée dat cao hon 22 m, Can xdc
dinh hiéu sudt cia bom tia.
Gidi:
Cong thuc t& cia bom san sinh trong 1 h:
7,8.1020.4 = 31824 kpm/h = 312193 Nm/h.
Céng ly thuy&t bom tao ra du:qc_: :
9,6.1000(22 - 4) = 172800 kpm/h = 1695168 Nm/h.

Vay hiéu sudt ctia bom:
31824

7 =173800

2.2.10. Diung mot quat dé vin chuyén nito ¢é khéi lugng
riéng 1,2 kg/m3 tit budbng gép. Can tinh 4p sudt cla quat, Ap sudt
du trong bubdng gép 60 mmH,0. Ap sudt noi nitg d&n 74 mmH,0,
Tén that 4p sust trong éng hut 19 mmH, O, trong éng ddy 35 mmH,0.
~ Van t8c chay cia nito trong 8ng ddy 11,2 m/s. : 4

Gidi: L ~

Ap sufit duge quat tao ra la:

=~ 0,184, dat 18,4 % .

. w2p
Ap = (p, - p)) +(Ap, + Ap,) +——2-_— , N/m2,
Hiéu s6 4p sudt gitta budng gép va noi dén:
Pr-pP ="1-60=14 mmH,0.
Téng t6n thdt 4p suft trong &ng hit va ddy:
Apy + Ap, = 19 + 35 = 54 mmH,0,
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Thé€ ndng van tdc & dAu ra 8ng ddy:
wl 11,22.1,2
2 2
Viy 4p sudt cia quat la:
dp =14 + 54 + 7,7 = 75,7 mmH,0 = 742,6 N/m?,
2.2.11 .Trong 8ng hit cia quat ly tdm cd do chan khéng
15,8 mmH,0. Mot 4p k& dat trén 6ng dfy chl 4p sudt duv la
20,7 mmH, 0. Luu lugng k& do duge ning sudt 3700 m3/h. Ong
hut va ddy cd ciing dudng kinh. Quat cd s8 vong quay 960 vg/ph
va cbng sudt 0,77 kW.

Can xdc dinh 4p sudt ma quat di tao ra va hiéu sudt cua nd.
Nang suéit cia quat thay déi nhu th& nao, néu sd vdng quay dat
dudc 1150 vg/ph, va cong suft méi la bao nhisu?

Gidi:
Ap suét do quat tao ra duge tinh
Ap = (Pd + . (Ph +—i{,), N/m2.

=~ 75,26 N/m? = 7,7 mmH,0.

Vi 8ng hit va dby cd cling dubng kinh nén th& nang van téc
bing nhau. Vi vay:

Ap = ps - py, = 20,7 - (- 15,8)._= 36,5 mmH,0.

Niéng sudt clia quat: . : :
3700
3600

Cbng sudt 1y thuyét (5 =

103365.-’" o
N, =———— = 0,369 kW.
. 102 C

Hiéu suét cia quat: .

= 1,03 m¥/s.

Nang suft caa quat & s6 vbn.g quay n, = 1150 vg/ph.
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n, 1150
. ==— = 3700 . ——— = 4432,3 m3/h.
n, 960
Cong sudt quat & s6 véng quay mdi:
1150
960

2.2.12. S6 lieu thi nghiém do tit quat ly tam véi s6 vdng quay
1440 vg/ph la:

@, m3/h 100 350 700 1000 1600 2000

Ap, mmH,O 45,8 43,2 44 43,5 39,5 32,2

Tinh nang suft quat & s6 vong quay 1440 vg/ph ngoai san
xuft v6i mang 8ng cd trd luc duge tinh & nang sudt 1350 m3/h
nhu sau:

Qz‘_"Q]

n2 ‘
N, = N (=33 = 0,77 ( ) = 1,324 kW.
ny

Ap, = 8,7 mmH,O (th€ nang van téc)
Ap = 29,4 mmH,0 (do ma sat va trd luc cuc bg)
_ App =p, - p; = 13 mmH,0 (giita dng hit va ddy).
Gidi:
D€ giai bai toan cho cin dya vao db thi didc tuyén cua quat

dé tim di€m lam viéc cia quat. Dac tuyén cia mang la dudng
parabol sau: ' '

Ap = aQ? + b.

Bing 2.6

Q, m>/h .::Q2 b Ap, mmH20
1350 87 +294 =381 B 511
220 = 000 ——238’1 =169 B 299
15 SR .’ ’
1350 38,1
—_— =675 T 9,5 3 22,5

2 2

50 38,1
—13 = 540 —= 6,1 3 19,1

S 25 |
0 0 B 13
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Thita s§ a@?

chia gig tri cia
Ap, va Ap_ va 50 i
ty & bac hai véi \,\ quof /

nang suft lap W"T"T‘ﬁ\\

40

trong bang 2.6. n 7 N
i
Thia 6 thy & @"’/ | N
hai b khong phy ¥ W/l
thuge vao nang %i ' /

sufit va la hidu
s§ dp sudt giita 20
hit va ddy, tie

T
[
[
I
|
!
!
|

bing Ap,. a la f/
hing s8. 70 ; '
g £77 aog 7200  f500  2ogo
Ching ta se @, m¥h
vin dung sd ligu ’
3 béng 2.6 d& Hinh 2.10 (vidy 2. 2. 12)
tinh to&n.

Trén mot db thi quan he Ap = f(Q) ta dua két qua thue
nghiém (& dau bai) va két qua tinh,

Qua dic tuyén, di€m cit cho ta kha néng lam viéc cla quat
¢ san xudt v6i nang sust 1170 m3/h.

2.2.13. Tinh céng ly thuyét cia may nén d€ nén 1m3 khéng
khi tir 1 at lén:

a) 1,1 at va b) 5 at. )
Cong duge tinh theo cdng thde nhiét ddng clia nén doan nhiét

cing nhu theo céng thic cia thiy khi dong lyc vei gia thigt
khong khi khéng bi nén ép. :

Gidi:
Trudong hop a:
Py = 1,0 at va Py = 1,1 at.
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hoge p; = 9,81.104 N/m2 va p, = 1,1 . 9,81.10% N/m2.

Céng dudgc tinh theo cong thic (3 trang thai huat):
-] Py (=

Lgo =——p; [2)" " - 1], Nm/m3,

® p;

Déi vai khOng khi = = 1,4 (tra & bang PL.1), vay

L,, = — 9,81.104 (1,10 44 1) = 9622,55 Nm/m3
04

Cong dugc tinh theo thiy dong lye:
' L, = Q .Ap,
trong dé Ap = 1,1 - 1 = 0,1 at = 9,81.103 N/m?
L, = 9,81.103.1 = 9,81.103 Nm/m3.
‘Truong hop b:
1 = 1,0 at = 9,81.10* N/m?; p, = 5 at = 49,1.10* N/m?.
Tinh theo céng thdc nhist dong:

1,4
Lyo =—9,81.10%( 5 0414 _ 1) = 204218,4 Nm/m3.
° 04

g
85

1]
e
—~

BT
"
Sy,
af |

Hinh 2.11 (vi du 2.2.13)
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Tinh theo cong thiée thiy dong lyc:
= (5 - 1).9,81.104.1 = 39,24.10* Nm/m3,

So sanh ké’t qua tinh todn, d hai phuong dn, ta thdy & trudng
hop a) cd su sai khac gita L, va L, 1a 3%. Trong trudng hap
ndy (p,/p, = 1,1} tudng \ing véi quan hé nén khéng khi cia quat.
Trong nhitng trudng hgp nhu vay ta cd thé€ thdy nhu chu nang
lugng theo cong thic tinh cda thiy dong luc.

Trong trudng hc_Jp b} (p,/p, = 5) tuong dng véi quan hé cua
mot mdy nén. K&t qua tinh todn sai léch 100%. Vi vay nhu ciu
ndng lugng cho mdy nén ludn duge tinh theo céng thic nhist
dong. :

Nhin trén dd thi chi thj cia mdy nén pitténg thé hién r6 didu
nay. Dién tich abce (cong nén doan nhiét tit 1 dén 1,1 at) ghn

bang dién tich abde. Nhung dién tich afge (& P, = 5 at) thi qud
khac véi dién tich afhe.

2.2.14. Can x4c dinh nang lugng (c6ng suit) tidu thu cta

"mdy nén pittong mot bac, d€ nén amoniac véi ning sudt 460 m3/h -

(tiéu chudn) tit 2,5 lén 12 at. Nhiét d6 dau - 10°C, hisu suit
doan nhiét 5 = 0,7. Ngoai ra cing can tinh nhiét d6 cuéi cua
amoniac.

Gidi:
Cong 1y thuy&t ctia nén doan nhiét tinh theo cong thuc:

*® P2 (e
Lao =ﬁplv1 [(j @b e - 1) =

=— RT| [( )(“’ /@ — 1], Nm/kg
-1 Py

Tu bang PL2 tra duge @ = 1,29 (cho amoniac) va
848 - '
R =ﬁ-- = 49,88 kpm/kg°K = 489,35 Nm/kg.

Vay L, = 1,29 489,35[( 12 )0’29"’29 1]263 = 2423023 '
-y do _029 ] 2 5 het ] - [y Nm/kg.

¥ )
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Két ,qua nay cing cd thé thu duge, n&u cdng doan nhiét duge
tinh tit cong thic:

L,, = 427 (i2 - il), kpm/kg.
Khi dd dya vao bi€u dd hinh PL.3 d€ tinh i va i, tai t, = -10°C,
Py =25at vat, p, = 12 at. Tai di€m 1 c¢ i, = 343,5 keal/kg.
Tu day kéo theo S = const (trén bidu db ¢ - S) dén di€m cit véi

dudng ding nhiét véi p, = 12 at ta dugc di€m 2 va nhén duge i,
399 keal/kg. Tt d6 ta cé:

L, = 427(399 - 343,5) = 23698,5 kpm/kg = 282482,3 Nm/kg.
Hai k&t qua kha phu hgp nhau véi sai s6 4%.
Khéi lugng amoniac duge nén:

m = 460.0,76 = 349,6 kg/h.

Con s6 0,76 1a kh6i lugng riéng ctia amoniac & didu kién tigu
chudn:
M T o kg/m?3
S =— = (), m>.
£ 22,4 22,4 &
Nang lugng tiéu tén cda may nén:
m.L, 349,86 . 242302,3
= = = 33,6 kW.
10009 3600.1000.0,7

Nhiét d¢ cudi ctia amoniac duge tinh:

(@ 1)/ . 12
T, = T, (22) 72263 (22 )029129 = 374 oK = 101 oC |
Py 2,5
Né&u tra tir bi€u dd ¢ - S ta nhan duge didm 2 voi nhigt do:

t, = 104°C. .
2.2.15. D€ tao ra lugng khong khi nén & &p sufit du 4,5 at
voi luu lugng 80 kg/h, cd thé ding mot mdy nén pittdng mot bac
¢d dudng kinh xilanh 190 mm, khoang chay 200 mm va s§ vong

quay 240 vg/ph dugc khong? Néu ving chét chiém 5%. Hé s6 ma
ldy 1,25. :

Gidi:
Truée tién tinh nang suft mdy nén tit cong thc:
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Q 1 FSn 3
= A —, m”/s8.
60
trong d6 A = 0,85 1_ = 0,85 [1 - 0,05(5,5!/125 - 1)] = 0,726

vay
0,726.0,182.3,14.0,2.240

4.60

Gia du khong khi ——
duge nén & 20°C cd 5 J

¥ L p! U BN
khéi lugng riéng l F
1,20 kg/m3. Khi dé
lugng khéng khi tinh
theo khdi lugng la:
53,18.1,2 =63,8 kg/h.

Nhu viy, may
nén khoéng thé lam
viec 0 digu kién diu
bai, véi nang sudt 80 kg/h. D€ ¢d thé dung nd & digu kién dat
nang sudt 80 kg/h phai:

a) s6 vong quay tang tu 240 vg/ph tang lén (80/63,8).240 =
301 vg/ph.

b) hodc khéng khi truge khi vao mdy nén phai duge mot quat

=~ 0,0148 m3/s = 53,18 m3/h.

N

Hinh 2.12 (vi du 2. 2. 15)

nang tif ap sudt khi quyén lén 4p sudt 80/63,8 =~ 1,254 at.

Ca hai trudng hgp déu cd lién quan dén tdc dung co hee. Do
d6 phéi cd sy ki€m tra.

2.2.16. Dung mAay nén pittong moét cdp dé nén khi metan.
M4dy nén nay cé khodng hai chigém 8,6% thé& tich. Khi duge bom
vao & 4p sudt khi quyén. Trong qud trinh nén khi d khoang hai
gidn doan nhiét. Can tinh &p suit cudi d€ mdy nén cd ning suét
bang khong.

Gidi:

Néng sudt cia mdy nén bdng khéng, néu higu suft cia nd

a8



bing khéng, tdc la néu
a,=1-¢ (E2ym_ gy =g
P

[+
1
Theo gia thiét, phan khi & khodng hai sé& gian doan nhiét, tdc
ta sé vin dung = thay cho m. D6i v6i metan @ = 1,31 (tra & bang
PL.1). '
Khoang hai la: ¢, = 0,085. Ap sudt hit py=1at
Vay 1- 0,085(p,1/131 . 1) = 0.
Rit ra: pY73 = 12,8 '
p, = 28,25 = 28 at.
Nhu vay, n€u nén dén ap suéit 28 at thi ning suit may nén
bing khong.
2.2.17. Khong khi duge nén tit 1 at dén 9 at trong:
a) mdy nén pittdng mét bac;
b) may nén pittong hai bac cd lam lanh trung gian.

Nhiét do ctia khéng khi truéc khi viao mdy va sau khi lamg
lanh trung gian vao bac hai 12 20°C. Khoang hai chi&m 8% thé
tich nén. Can tinh nhiét do cta khi sau khi nén, céng ly thuyét
va so sdnh higu suft thé tich cia hai loai m4y trén.

Gidi:

a) May nén m¢t bgc. Tit bing PL.1 cho khong khi = = 1,4

Nhiét d6 sau khi nén dugc tinh:

T2 (p2 )(a - 1)/
T, Py
nén T, = 293.9%4/14 = 293.1,875 = 549,3°K = 276,3°C

Céng ly thuyét duogc tinh:

- p2 (= - 1)/® -
Ly, =—— RT, [(=2) - 1], Nm/kg;—~._
= - ] Py :

v6i R = 29,3 (tra § bang PL.1)

99



1,4
Lyo =77 29,3293 (1,875-1) = 26291,3 kpm/kg =

~ 257917,2 Nm/kg.
Hiéu suft thé tich ctia mdy nén dugc tinh:

2=1-e [EZym . g

Py
trong dd,khéng khi & khoang hai gian doan nhiét.
Vay A=1-008 (VL4_ 1) = 0,7.

b} Mdy nén hai béec:
Ty s6 nén duge tinh theo céng thic:
xn =F2 ,nénx? = 9 x = 3,
Py
Nhiét d9 cia khong khi khi ra méi bac:
T, = 293.304/1.4 = 293.1,375 = 402,9°K =~ 129,9°C.
Téng cong ciia mdy nén hai bac:
. N
Ldo —_— nRTl [(&l )(ae 1/@n 1], Nm/kg
@ -1 p,

1,4
Lyo = 5, 29,3203, (1,87512 . 1) =

¥

il

22193,2 kpm/kg = 217715,38 Nm/kg.

Bidng 2.7
My nén Méy nén
mft bic hai bac
Nhiét d6 cubi T, °C 2763 1299
Cong ly thuy€ L 4, Nm/kg 2579172 21771538
Higu sudlt the tich 4 07 0,905
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Hiéu suét thé tich la:
A, = 1- 0,08 (314 . 1) = 0,905
Téng hop k&t qua tinh duge & bang 2.7.

Tt bang s6 liéu ta thiy mAy nén hai bic wu viét hon. Quan
hé p,/p, cang 16n thi may nén nhidu bac cang uu viét.

2.2.18. Dung mdy nén d€ nén kh{ metan dén Ap suft 55 at
véi nang sudt 210 m3h (tiu chufin). Khi duge nén & ap suft
thuong va nhiét dé6 18°C cin xdc dinh:

a) s bAc cia may nén va phan b8 d4p sudt & mdi bac;
b} cong sudt mdy nén & higu sudt 0,7;

¢) lugng nuéc lanh cin dung d€ lam lanh, n&u duge dun néng
lén 10G°C.

Hinh 2.13 (vi du 2. 2. 18)
Gidi:
a) O ty s8 nén khodng 4 & mdi bac thi s8 bac cAn thigt cia
mady nén la 3. Theo phuong trinh tinh s8 bac:
l -1 lg 55
n=—2” 81 _E27_ 59
lgx ig 4
Néu chon 3 béac, ta cin tinh chinh xdc ty s6 nén (hinh 2.13)
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x = VBB = 3,8.
Viay sy phan b8 4p sudt trong méi bac sé& la;
bac I: p; = 1 at; p, = 3,8 at
bac II: p, = 3,8 at; b, = 14,45 at
bac II: p, = 14,45 at; p, = 55 at

b) Cong ly thuyét duge tinh theo cong thie:
Ldo = nRTl i [ iz)(ae -1}/ee.n
-1 p
Tit bang PL.1 d6i v6i metan:
. @ = 1,31; R = 52,9 kpm/kg°K;
P, = 0,717 kg/m3 (tiéu chuédn).

Véi gid thigt qua thiét bj gia nhiét trung gian metan ha nhiét
dd xudng 30°C ta cd:’

- 11, Nm/kg.

1,31
L,, = 3.52,9.303. oal (680311313 _ 1) = 75677,7 kpm/kg

= 742398,5 Nm/kg.

Céng sudt may nén:
mL, 210.0,717.756717,7

T3600.1027  $600.102.0.7

¢) D€ xac dinh lugng nu6e lanh cin thist caa may nén ta cin
tinh nhiét d9 cusi & bac I va II. Theo d3u bai nhiét dd metan vao
béc I 1a 18°C va theo gia thi&t vao bac II va III Ia 30°C. Do nhiét
dd vao & bac I 1a 18°C < 30°C nén nhiét d6 ra (di€m 2) cta bac
I thdp hon mot chit (hinh 2.14).

Nhidt 49 cubi cdc bac duge tinh:

= 44,33 kW.

(ae-1)/m

7, = 7. (22)
Py
Chdp nhan nhiét dung riéng cia metan & cdc bac nhu nhau (bd qua

4nh hudng cla 4p sut) va bang 0,531 keal/kg®K = 2,22 KJ /kg°K (tra
bang PL.1).

= 303.3,803/131 = 4]60K = 143°C.
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415

‘305
=297

Hinh 2.14 (vi du 2. 2. 18)

Lugng nhiét duge dung cho ba thi&t bi gia nhiét:
@ = 3.210.0,717.0,531 (143 - 30) = 27103,96 kecal’h =

= 113430 kJ /h.
Lugng nhiét nay cing cé thg tinh cich khée, n&u coi céng

nén tuong duong: ,
Q- L, Vp _ 75677,7.210.0,717
427 427
= 111679,6 kd/h.

Néu nudc duge dun ndng 10°C, thl lugng nudc can thist la:

27103,96
m =-—-—-—1-0— = 2710,4 kg'h (coi CP cua nudc 1 keal/kg®K).

2.2.19. Mot thiét bi phan riéng khi lam viéc véi nang sudt
230 m3/ph va dp sudt 6 at. Chon loai may nén cho thiét bi nay.

Gidi:

Véi digdu kién ap suft § diu bai cd th€ dung mdy nén pitténg
hodc tuabin. D€ cd th€ phén biét nhidu loai may nén ta s dung
dd thi hinh 2.15.

~ 26685,7 kecal/h =
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T dd thi rat ra: & nang sudt @ = 230.60 = 13800 m3h va
ap sudt 6 at thi cd thé dung may nén tuabin. Ta cing cd thé

nhéan duge két qua tuong ty ti thy nghigm:

2 .
h—> 1000 ,
P,

v6i @ . - nang sudt t6i thi€u m3/ph;
P, - 4p sufit cubi cia mAay nén (dp sudt du at).
Theo dau bai: 230%/5 = 10580 > 1000.

7500
5q0
20¢
1o
50
29
Hj
5 +

«

%
- 2

A(‘

7

&

a5

K

42

A

a1

%77

£i,
7

7.

2.0

[

N

1w 2707

s10% 107 2707

a, m%h

5.70° 4

Hinh 2.15 (vi dy 2. 2. 19)

2.2.20. Dung may nén

Ch&p nhan nén da bi&n véi m

cho:

pittdng d€ tao chan khéng & 0,9 at.
1,25. Can tinh céng ly thuyét

2.70%

AERS LR L1REN

5.79% ro¥

a) thoi dim cs d6 chan khong 0,1 at, tic 4p sudt 0,9 at;
b) 4p sudt trong thit bi 0,3 at;
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c) dp suft 0,1 at, tic dat d¢ chan khong 0,9 at.
Gidi:
Cong 1y thuy&t dugc tinh theo cong thic:

n
L= p [(22)mtm . 1} Nm/m3,
m-1

Py
1
a) L UL = 1,11
r, 09
1,25.104
= - 0,9 [1,11%2%1,25 . 1] = 949,1 kpm/m3
0,25
= 9310,8 Nm/m3,
1
by P2~ o 3,33
p; 03
1,25.104

=———— 0,9 [3,33025/1.25 . 1] = 4080 kpm/m? =
0.25 .
= 40025,5 Nm/m3,
1
o2 _ 10
p, 0,1
1,25.10
= 55— 01 [10°257L25 . 1] = 20245 kpm/m3=

= 28689 Nm/m3.

Qua két qua tinh todn ta théy con
cd di€m cyc dai. Vi vay,

gid tri cuc dai nay.

g suflt clta bom chan khéng
khi tinh cOng sust ctia méto ta phai tinh
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Chuong 3

PHUONG PHAP PHAN RLENG
HE KHONG DONG NHAT

3.1. Céng thic tinh todn

A. Ldng dudi tdc dung cia trong luc

3.1.1. Tinh van téc ling cia hat cBu theo dinh luat Stokes
voi gid tri cia Re = 0,2 & ch€ d¢ chay dong theo cong thic:

daz - p)

w =2 PulE 3.1

18u
Trong trudng hop moi trudng khi thi bé qua Py << p:
dz
24

w, = (3.2)

18,u|_,‘l

trong d6 d - dudng kinh hat ciu, m;
p - khéi lugng riéng hat, kg/m3;
P - khéi lugng rieng méi trudsng kg/m3;
gy - 46 nhét moi trudng, kg/ms.
3.1.2.Van t6c ling cta hat ciu riéng 18 trong méi trudng tinh -
khong gidi han:
a} Chufn s8 Archimed:

REp - py) _ B - py) pef
Frp u?,

Ar = (3.3)
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b). Gid. tri tiéu chudn cua Ar. theo Re duge tra theo dd thi
hinh 3.1.
c) Van téc lang:
Reu

dp
Ngoai ra van t8c ling cling c6 thé€ tinh theo céng thic cia
chufin s Lyastschenko:
Re Fr w?p?
Ly = P __ YT Pm (3.5)
- Py Hyle - pylE

Méi trudng khi:

w, = (3.4)

Wi Py
HaPE

Chudn sd Lyastschenko, duge tinh theo chufn s6 Archimed
theo db thj hinh 3.1.

3.1.8. Véi hat cd6 hinh déng b&t ky van t6c lang sé duge xdc
dinh ti chufin s6 Lyastschenko, tuy nhién trong cong thic thay
d bang d,, khi tinh chufn s6 Archimed:

3l 6 3 m |
dy =\|— v = 1,241/ (3.6)
x P

v8i V - thé€ tich ciia hat;
m - khd&i lugng hat.
"3.1.4. Nguge lai ngudi ta cling cd thé tinh dudng kinh hat

ling dang clu, n&u bi&t duge van tbc ldng cia nd Theo
Lyastschenko:

Ly =

wiep
Khi xdc dinh duge Ly dua vao db thi hinh 3.1 xdc dinh Ar.

Tit d6 tinh duge dudng kinh hat chu. N&u bidt duge Ar thi nguoi
ta tinh dudng kinh hat theo Re,

3.1.5. Tuong ty, n€u hat dang bat ky thl ngudi ta xdc dinh
dudng kinh tuong duong d,;:

Ly =
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A
dig \/ T (3.7
® - puong

3.1.6. B& mat ldng duge tinh theo cdng thic:
14
Fi=— , m? (3.8)

1

w

1

trong d6 V - luu lugng khi (hoac Iong) chdy qua thiét bj song
song b& mat ling, m3/s.

W', - van t&c lang thuc t& cia hat, m/s,

huyén pho véo

Hinh 3.2.BE Eng lién tuc

Quan h¢ gita van t6c ling thyc t& w’) cia khéi hat va van
téc ldng w] clia mot hat riéng 14 phuy thuOc vao nbng do huyén
phu. Trong tinh todn thu‘dng ngudi ta 14y w| bing nia w:

w = 0,5 wy.

3.1.7. Ngoai ra ngudi ta con si dung cdc céng théc sau day

dé tinh b€ ling huydn phi lam viée lién tuc:

1,33 m, (1 -—;-’-)

F = <, m? (3.9)
3600p,w, |
hodc 1,33V, (x, - x,)
Fi=_——4Lc 7& 2 (3.10)
3600.w,
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trong dd m, - luu lugng huyén phi ban dau (con loang), kg/h;

¢, - ndng dé lic dau, kg/kg;
¢, - ndng dd lic cudi, kg/kg;
P, - khéi lugng riéng chit léong bot, kg/m3;
V4 - luu Ivgng huygn phil ban dau, Iﬁ3/h;
x4 - ndng dd lic dau ciia huy®n phi, kg pha rin /kg pha
léng;
x, - ndng d¢ lic cubi, kg pha ran/kg pha léng.

Nhitng kich thuée chinh cia bé ldng cdé thé ldy & bang PL.11.

B. Ling dudi tdc dung ciua luc ly tém (xyclon)

3.1.8.Kich thudc chinh cia xyclon khi (hinh 3.3) phu thudce
vao dudng kinh cta nd. O bang 3.1 chl ra mot s6 kich thude
chinh cia ba loai xyclon theo D.

Béng 3.1
Tinh theo 1y 1¢ duomg Loai xyclon

kinh D ZN-24 ZN-15 ZN-11
Dudng kinh Sng trung tim D) 06 06 06
BE rong ctra viio b 026 026 0,26
Chiéu cao dng vao A il 0,66 048
Chi€u cao Ong trung tim A3 2,11 174 156
ChiBu cao phin try A3 2,11 2,26 2,08
Chigu cao phdn nén hg 175 2 2
Chiéu cao toan bd T 426 456 438

3.1.9. Dudng kinh D cta xyclon dude xdc dinh tit van tdc
dong khi w (m/s);

v :
D = l/-— , m 3.
0,785.w (8.11)
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_ | »
’ ' 5 l: :
-t
b | ~ o #
D
K
Hinh 3.3.

v6i V - Iuu lugng khi thdi qua xyclon, m3/s.

3.1.10. Tr& luc xyclon duge tinh theo cong thie:
2

Ap = E %i, N/m?, (3.12)
trong dd £ - hé s6 trd luc cda xyclon;
p - khéi lugng rieng dong khi thai qua xycion, kg/m3.
Gid tri cua £ cho nhu sau:
ZN-24 ZN- 15 ZN-11
£ 60 105 180

3.1.11, Higu su#t tach bui # cta xyclon phu thuée tinh ch4t
bui, dudng kinh vén t6c dong khi, tdc 1a phy thuéc Ap/p. Theo
kinh nghiém gis trj Ap/p trong pham vi

55-75 - kpm/kg, tic 540 - 736 Nm/kg.
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Hinh 3.4.D tich cha xyclon ZN - 15

Higu sudt tdch 5 cua xyclon ZN - 15 theo dutng kinh thé
hién & hinh 3.4.

D? thj hinh 3.4 cho byi cd kh6i lugng riéng 2300 kg/m3 va ty
18 Ap/p = 736 Nm/kg.
C. Loc
3.1.12,0 Ap = const cg phuong trinh loc;
V2 + 2VC = K1 (3.13)
trong dd V - thé€ tich nudc trong qua 1 m? be mat loc trong thdi
gian 7, m3/m?;
C- hdng s6 loc, dac trung cta trd luc ldp vdch ngan,
m3/m?;
K - hing s6 loe, dac trung qu4 trinh loc va tinh chdt héa
Iy cia nu6c trong va bd, cong thdc (3.15), m%/s;
T - th¥i gian loc, s.
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C6 nghia la loc & Ap = const thl quan hé giita lugng nude loc
V di qua 1 m? be mat loc trong thoi gian loc 7 cd dang cida
phuong trinh (3.13).
3.1.13. Van tdc loc d thdi di€m bdt ky tinh theo cong thic:
dv K
dr -2(V—«+ C)

Theo cong thic (3.14) c¢6 thé tinh van téc rita ba, néu nudc
ria cd cung dé nhdt véi nude loc va cung hudng chuy&n déng. Vi
vy van t6c rita bing van
t8c loc cudi qua trinh, 4z

, m3/mZs. (3.14)

Bién d8i phuong trinh 4v
(3.14) cd dang:
dr 2 2C
v K K

Biéng thuc nghiém do
cac gia tri V,, V,,... tuong
ung 7 |, 7, ... v th€ hién trén {‘

m

dd thi quan hé A = f(V)

v
(hinh 8.5) ta cd thé tinh . Hinh 3.5.0 an"'héﬁ = £(V)
duge K v C nhu sau: c AV
. 2 3 2C
= Vi m =—mo .
#=x X
3.1.14. Hing 86 loc K cd thé tinh:
2A , .
K = P s m'zls,, ' (3.15)
per .

trong dé Ap - chénh léch dp suét khi loe, N/m?2;
- d6 nhdt cua nude loc, kg/ms;
T - trd luc 16p ba (tinh theo 1 kg ba khd), m/kg;

¢ - khéi lugng ba khé, lugng da dugc tdch ra 4 1 m3
nuée loc trén be mat loc, kg/m3.
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3.1.15. Dai lugng ¢ cd thé tinh theo ndng dd x cha huyen
phu:
¢ =2 kgm?, (3.16)
1- nx '
trong dd p - khdi lugng rieng nudc loc, kg/m3;
x - ndng do pha rdn trong dung djch, kg/kg;
n - khéi lugng ba tinh theo 1 kg ba kho, kg/kg.

Thay ¢ vao phuong trinh (3.15) cé:
2Ap (1 - nx)

K = , mZfs . (3.17)
HIPX
Néu hing 6 loc K da bist ¢d thé tinh trd lyc lgp ba:
2Ap (1 - nx)
7T = ——— , m/kg ba khs . {3.18)
Kupx

3.1.16. Hang s8 loc ¢ tinh cho 1 m? vach ngan (vai loc) &
Ap= const nhu sau:

T

c =—— |, m¥m? (3.19)
1.¢ '
hodc tuong uing vdi phuong trinh (3. 16)
Tl - nx)
=t (3.20)
TpX

voi 7, - trd Iyc riéng cia vach ngan (vai loc) cho mbi mét vudng,
m/m?;

T - trd ldc riéng cla lap ba, m/kg.
Tré lye riéng cia vach ngin cd thé tinh theo cﬁng thlIC
. oGP
r 1 _
3.1.17. Nong d6 clia nude rita & thoi gian bat ky cia diu chu
ky rita cd thé tinh tit cong thic:

. Kwr
c=ce 9 (3.22)

, mm2. (3.21)
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trong d6 ¢, - ndng dd nudc rita & du qu4 trinh;
K - hé s6 dac trung tinh ch&t hda Iy cia ba, nuéc ria
va hé thdng ria;
w - cudng d6 rita hodc van téc thim qua cia nudc ria,
m3/s.m?;
7 - thoi gian rda, s;
d - chidu day cua lop bi, m.
Logarit héa phuong trinh (3.22) ta cd:
Ty - Ty 2,39
lge, - lge, Kw
trong dé r,, v, - thoi di€ém bat dAu va ké&t thic thuc nghiem
trong mot khoiang thdi gian b4t ky cta qua trinh ria .
{qu4 trinh khué&ch tan);
¢, ¢, - ndng do tucng' dng cla nudc rda.
Tu phuong trinh (3.22) va (3.23) cd th€ tinh duge thdi gian

ria. D6 la thdi gian cn thi&t d€ thay ddi ndng 46 cia céc chat
can tach trong ba. Ngoai ra cdn tinh duge K.

3.1.18.Lugng ba kho thu duge m khi loc phu thude vao lugng
nudc loc V, khéi lugng riéng cha nuée loc p, phan khéi lugng ba
trong huy®n phit x va d6 €m cla ba bifu thi qua phin khéi lugng
n, dude tinh theo céng thic:

, (3.23)

px
1- nx

3.1.19. Nbng d6 ba trong huydn phi x (ndng d6 huydn phi)
phu thuée vao khdi lugng riéng cia huyén pha p, duge tinh:

m=Ve=YV

, kg. (2.24)

x =Mﬁ , (3.25)
(og - P :
trong dé khéi luong riéng huysn phit duge tinh .
b+ 1 p(1 + blp;

p, = (3.26)

lip; + blp p+pd
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¢ day x - ndbng d6 huysn phi, kg/kg;
P - khoi lugng riéng cia huysn phi, kg/m3;
p - kh6i lugng riéng pha léng (nuéc loc), kg/m3;
Pr - khéi luong rieng cla pha rdn, kg/m3;

b - khéi lugng ciia pha léng trong huyén 'phﬁ theo don
vi pha rédn (rdn : l1dng = 1),

Tit phuong trinh (3.26) c6 thé tinh khéi lugng riéng cia ba
am, bing cach coi nd nhu huy2n phu dic.

3.1.20. Viéc tinh dém loc x6p d8i voi khi thé hién qua bé mat
loc hidu qua theo cing thie:

1%
F=—,m? (3.27)
v

r

trong d6 V - luu lugng khi vao (khf b&n), m3/ph;

V, - luu lugng riéng cia khi b&n bam trén I m2 be mét
vach ngan, m3/m? ph. Dai lugng V thudng l4y tir
0,2 - 1 m®m? ph. Riéng d6i vdi bui thé ldy gia tri dén
2,5 m3/m? ph.

D. Ly tam
3.1.21. Lyc ly tam duge tinh theo cong thie:
mgRn?
¢= ——— N, (3.28)
900

vdi m - khéi luong ctia ba va nudc trong thing ly tam, kg;
R - ban kinh thung ly tam, m;
n - st vong quay cila ljr tam, 1/ph.
Ap sudt loc cta ly tam:
a) Theo céng thic gin ding:

c o
Ap == N/m? | (3.29)
trong d6 F = zDH - dién tich loc trung binh, m?;
D - dudng kinh thang ly tdm, m;
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H - chidu cao thiing ly tam (ly tom theo chu ky va bén lien
tuc) hodc chidu dai cia ving loc (Iy tdm lién tuc), m.
b) Cong thic chinh xic: -
© 8p = 56.104(R]- RIn2 Nm?,  (3.30)
trong dd p - khéi lugng rieng cia huyen phu, kg/m3:
R, - ban kinh trong lép chat Iong, m; |
R, - ban kinh trong cha thing, m.
3.1.22. Van téc loc cia ly tam duge xdc dinh tir dinh luat

thiy luc:
av. Ap

r— T ——
1 4

dr R
trong dd Ap - t8n thit 4p suat bai ly tam;
R = Ry, + R, - téng trd lyc tir tré lye ba R, va trg luc
vach ngan (vai),
3.1.23 'Hé s6 tdach dudi tac dung cita ly tam bing quan he
gitta lye ly tam va gia téc trong trudng:
c u wlR Rn? (3.81)
f_ng_g ~ "800’ s
trong d6 u - van t6c vong cia thung, m/s;
R - dudng kinh thing, m;
w - van téc gde, 1/s;

n - s6 vong quay cua thing, ifph.

3.1.24. D6 séu cia phéu chat léng trong thung khi ly tam

duge tinh:
h =
1800

3.1.25. Nang lugng tidu t6n cia ly tAm gian doan (md may)
dugc tinh theo céc cong thic:

a) D€ vugt qua lyc ¥ cia thiing va nguyén lisu

, I, : (3.32)
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- Cong khdéi dong may (thiing).
w2 m:
A =21 Nm, (3.33)

v8i w, - van t6c quay 6n dinh cia thing theo ban kinh ngoai R,
do & thoi di€m dat s6 vong quay da dinh, m/s;

m.. - kh6i lugng cﬁa&thﬁng, kg .

- Cong khdi dong vugt qua khéi nguyén iiéu:
0,76 wip v

4

véi w, - van téc quay tinh bing anR /30 (R, - ban kinh trong
cia thung), m/s;

p - khéi lugng rieng vat lieu, kg/m3;
V - th& tich cia thing duge tinh # R2 H, m3.
Thé& tich nguyén ligu trong thung chiém 0,5 thé tich thung.
Cong suét tidu t8n khai dong cho ly tam gian doan-
A+ A,
I ~60.1000¢
v0i 7 - thdi gian khdi dong.

Trong thyc t& v ndm giwa 1 ph va 3 ph,
b) D& vuot qua lyc ma sat clia tryc quay, cd cong sudt:

4,

) Nm, (3.34)

, kW, (8.35)

N, =20 - (3.36)
27102 L '
v6i 1 - hé s8 ma s4t 8 truc, ldy 0,07 - 0,1. v6i 8 bac va 0,03 véi
8 bi. '
¢) D€ vugt qua ma sat thanh thung, cAn cong suit:
Ny = 0,736.46R3 u? p 106 kW (3.37)

voi py - kh6i lugng riéng khong khi, kg/m3;
B - hé s6 trd luc, & tam ldy 2,3,
d) Toﬁh bo c6pg suft cho ly tam gisn doan khi khéi dong:
Ny,=N +N,+N, kW, (3.38)
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Néu ldy higu sudt truyén 5, thi cong sudt tiéu tén:

N, _
N == kW. (3.39)
ir
Trong thuc t& khi chon 'déng co can cd 10-20% coéng sust du
trit.
3.1.26. D€ tinh chidu day thung ly tam ding coéng thdc:
; ¢, .+ c,
KZ = ""2—"— N N/cm2 (339)

trong d¢ K, . ste cang kéo cda vat lidu lam thang, N/cm?;

f - tiét dién thanh thung 18y 2f vi lyc tac dung lén ca
bén phai 1in bén trdi thanh thiing (hinh 3.6), cm?;

¢y, ¢; - lue ly tam lén ni¥a vong trén thanh thing va
nguyén liéu, N.

Dai luong ¢ va ¢, dtrc_l‘c
tinh theo cong thic (3.28). O
dé khoang cach tif trong tam
dén nda vong trom clia truc
quay dugc tinh:

4 RI. R
R =37[ [——R% - R%J, m.

3.1.27. Nang sudt lam viéc -
cia mdy ly tam ki€u AOG véi -
su chuyén dong dong cia céc
phdn td duge tinh theo cong Hinh 3.6 Sor d9 thang ly tam
thdc:

| V= Fuy md¥s , (3.41)
trong dd F = 2zr L - dién tich b® m4t 16p huy2n phi trong
thiing, m?; . :
r, - ban kinh trong cda 16p huy®n phii, m;
L - chidu dai thung, m; .
w = wf - vln téc tach cia cdc phan ti do tdc dung cta
luc ly tam, m/s; . '
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w, - vén tdc tich eia cic phan ti do téc dung trong luc, m/s;
[ - hé s8 tach bigu thi theo ban kinh o
% - hiu sust, 14y 0,4 - 0,5, )
Phuong tﬁnh (3.41) cd thé duge bigu thi qua cbng thic thuc
nghiém: S :
V = 25,3y Ln? 22 wk, m¥h, (3.42)
v6i k - he s6 tj 18 gita thyi gian ly tam va téng thai gian lam
viée.

'3.1.28. Niing suét cia mdy ly tam dang 6ng dugc tinh (siéu
tdc): '

wVl
V= 7 3600, m3/h , (3.43)

trong d6 w'- van tée tdch cac phan tir trong trudng ly tam, m/s;

V, = 0,785(D? - DY)L - the tich nuée loc trong thiing,m3;

h - 46 sau cla dong trong thl‘mg__, m; _
L - chidu dai cia j:hhn thung higu qrué (lam vige), m;
D - dudng kinh troné cla thing, m;
‘D, - dudng kinh gy chay tran, m.

Thiét bj ly tam siu téc dang 6ng lam viéc t6t nhat ¢ didu

ki¢én cia trang thai chay dong (Re < 850). N&u Re.l6n chn tang
chidu dai thing. ' _

E. Thiy dong luc lép soi - S

3.1.29. DY x6p (phan th& tich réng) cia 16p hat 16n x0n dtﬁ}c
tinh: '
- v, -V
e, = b
V

Vln o
Né&u khési Iigng mai trd&i‘ig trong ';‘ihan'r‘dng gitta 16p hat so
v6i khéi lugng hat khong ding k&, thi' '
. . s

=l-—E (3.44)
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trong d6 V va V,, - thé tich hat va thé tich lép hat;
p va p, - khéi lugng rigng cta hat va 16p hat.

D0 x6p cba 16p hat ding yén dang chu cd duding kinh hat x4p
xi trong:thyc t& 14y 0,4 (cho moi ¢ hat). .

'3.1.30. Van t6c chuy€n dong tidu chufn w,, ¢ 16p hat tinh:
bit dAu chuy&n sang trang théi soi (16ng gid) dugc tinh theo cong
thic: : )

Ar

Re, = —r——— |

K 1400 + 5,22VAr |

Phudng trinh cd 46 chinh xdc + 20% cho céc loai thigt bj
dang tron. Trong phuong trinh gid tri Ar va Re dugc tinh:

3
Rekr =wkrdpm; Ar=d (p2 pm)pmg
: - #m My _
trong d6 w, - van t6c dong chay tiéu chufn, toan ti&t dién thist
~ bi, m/s;
d - dudng kinh hat, m; .
P - khéi lugng riéng hat, (d6i véi hat x68p 14y khéi lugng
. _ riéng thye); kg/m3; ©
Pm - khéi lugng riéng méi trudng, kg/m3;
_ Hyn - 46 nhét moi trudng, kg/ms. . “ .
Néu moi trudng 1a chét khi, thi cong thic tinh Ar don gian
Hgn:., . SR : . - S

(3.45)

»

Trong trudng hgp 16p hat cd nhidu kich & khac nhau thi khi
tinh Ar 18y dudng kinh tring binh cuia hat. Mat khac néu hat cd
nhigu hinh thi khéc nhau thi ta phai dua thém hé s8 hinh dang
khi tinh v4n t6c dong chay. ;

3.1.31. Van t8c giéi han trén ¢la trang thai s6i w,, tuong
ing véi do x6p ¢ = 1, duge tinh theo cong thic:

Ar :

Re = : (3.46)
‘e T8 ¥ 0.61VAF
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vai Re =—£2"0
. g 7
. m : : .

O 16p hat da dang gid tri Ar dugc tinh v6i dudng kinh hat bé nhét.

3.1.32. Phuong trinh (3.45) va (3.4‘6)‘ ¢6 thé duge xdc dinh
bing db thj hinh 3.7. Do x6p 16p hat cd. thé ldy tir 0,4 - 1,0. Tt
dd thj nay ciing cd thé tinh van tdc dong chuyén dong w dé dat
duge d6 x8p cla 1dp sbi, n&u biét duge dudng kinh hat.

10%
8
&
4 ij T
|4 1
2 M e LA T
] - s;ﬂr‘ /d/ L
7 A
. H— 1 HH o T
2 . r/,
fdl . iV ‘40‘ rbf ('l,f
s -0 Jlﬂ
'y -~ -~ £ o - “a0
» A ¥ fbyce
v 2 ¥ A Lép £33/
k ’f’ P / »
o . Vs
2 - -
& r.4
4 //, /‘ P
A
IV A A yd il Lop|tiih
2 Py V'
fg‘ /’ - §== /]
‘ I’ rd P4
2 v
# A Y,
2 ] Py pd /
PTTH
207 / Y / / Vs y
BT 2 %681 2 4 8707 2 4 64100 2 4 68f0%2 4 4N 2 4 §&r062 46212

P er————p—

* Hinh 3.7. Quan hé chufin 38 Re = f(4r)

3.1.33. D& zdc dinh dudng kinh hat trong l6p sbi khi da biét
van t6c dong chuyén dong va d6 x6p ngudi ta dung dd thi hinh
3.8 d€ tinh Ly va Ar v6i gid tri khac nhau cha . Chuén 38 Ly
duge tinh theo cong thie (3.5). T dd thi cing cd thé tinh van
tdc_dbng chuyén dong.
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41 — 1
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Hinh 3.8. Quan hé chuin s8 Ly =f (4r)
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3.1.34. Chigu cao Iép s6i A phu thude chlbu cao lép hat tinh
h, th€ hign: -

1 - s _
1-¢ ‘h"? ' :
7 trong d6 ¢ va ¢ - d6 x6p 16p hat khl 86i va ldrp tinh
© - 3.1.35. Tdn that 4p sufit cha dong chay qua l6p #0i du{fc tfnh

Ap =.(p - - pd(l- ¢ Jhg Nm?2 (3.48)
“hosic Ap = (p - Pw) (1 - &) hg, N/m2.
0 méi tmbng khi thi:

Ap = p(1 - £ )k g, N/m?.

h =

(347)

F. Khudly trén trong n':'ai':mamg léng

. 3.1.36. Ddng dang V8 thiy dong lyc cho qud trinh khugy
duge tinh tit cdc chudn s6:

pnd?
- Chuén 88 Re (ly tAm): Re = ; (3.49)
o s
- Gi4 trj tidu chufn: Re, = 50-;
, N
- Hé 86 cong sudt: K,, = ; 3.50
é g st N PN B o ( )
- Chu#n s6 Fr (ly tam): o .
n .
Fry = ; ~(8.81)

g
trong dé N - cOng suft canh khudy, les,

P - kh6i lugng riéng moi truyng léng, kg/m3
4 - 40 nhot méi trusng léng, kg/ms, :
r - 36 vdng quay cédnh khuﬁy, vg/s, )
d - dubdng kinh cédnh khu&y, m;
g - gia tdc trong trudng, m/s2.
3.1.37. Quan hé chufn.s6 trong qu4 trinh khufly tron:
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Ky = f(Re, Fr, T\, T,, T,,..),
trong dd T, = d/D;

T,, T, - hé s6 ty 18 (chi s6) cta dbng dang hinh hoc, thé
hiér qua hinh dang cdnh khufy, b§ d6 va csc kich thude
hinh hoc khic;

d, D - dudng kinh cdnh va thung khudy, m.
Dong dang cia cénh khufy th& hién qua quan hé:
Ky = o/Ref?, (8.52)

vOi ¢ vd m - hing s6 dic trung hinh dédng va céch thie lam viée
cia canh khudy ¢é th& x4c dinh tir cac bAng sé cho titng
loai canh khudy,

3.1.38. V&i canh khudy chan vit va méi chéo § D/d = hofdé 3.
(hinh 3.12) cd:

a) ¢ ch& d¢ dong (Re, < 50); Ky = 230 Re 157, (3.53)
b) & ch& do xody (Re, > 50); Ky = 0,845Re’ %95 | (3.54)

Tu quan hé trén cd th€ tinh duge cong sust khudy cho hai
loai cdnh khudy:

a) ch& d¢ dong: N = 238,4p70:67 4167 1,33 g6 kpm/y (3.55)
b) ch& d9 xody: N = 0,086p095 40.05 2,95 g4.9 kom/s. (3.56)

3.2. Vi du

3.2.1. Xdc dinh kich thu6¢ 16n nh4t khi léng trong nudec cia
hat vita. Biet khsi lugng riéng p = 2650 kg/m3. Nhist do cua
nuge 20°C (dua vao phuong trinh Stokes).

Gidi: : -

Theo phuong trinh Stokes gia tri Re < 0,2. Nhu vay, khi Re = 0,2
dng v6i kich thuée 16n nhét cia hat khi lang:

d = 0,2u,,
wl.pm

0,2
voi w) =— L}
Pm
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~ Ngoai ra tit phuong trinh (3.1) thi -
dp - py)8

18u
So sanh w, cla hai phuong trinh, rdt ra:

Y T
| @ - Pe) Puf
Nuéc 3 20°C cd dﬁ nhot = 10 3 kglms vay:
3 F 0,2, 18 10‘6
\] (2650 - 1000)1000 9, 81
Dat duge van téc léng
0,2.1073
60,6.10-5.1000

3.2.2. Xac dinh van téc lang cia. hat vila dang cdu cd dudng
kinh 0,9 mm trong nuée. Khdi lugng riéng cua hat viia
p = 2650 kg/m Nhiét do ctia nuéc 20°C.

wl.=

= 60,6.106 m = 60,6um.

w, = = 3,3.10"3 m/s.

Gidi:
Chuén a8 Ar:
Ar = &3 - pm) P _ 0,93(2650 - 1000).107.1000. 9, 81
#2 10-6
= 1,18.104,

Tit dd thi hinh 3.1véi Ar = 1,18.10% ¢c6 Re = 140
Van tdc lang cGa hat viia:
w1 Reﬂm _. l4010° N =0,16 mls
dp,  09.10%.1000
3.2.3. Can xdc dinh van t6c lang, cua hat bui cd duong kinh
1 mm va kh6i lugng rieng p, = 9500 kg/m3 trong méi trudng
nudc & 10°C. Van tdc 14ng thay d8i nhu th&€ nao khi nhiét dd

tang dén 60°C va moi trudng 12 dau cd dé nhét 4 = 4P va p,
= 870 kg/m3.
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Gidi:
Ta biét & 10°C -
6 60°C :

o = L3077 cP = 1,31.103 kg/ms
2

"H,0 = 0,468 cP = 0,468.10'3 kg/ms.
2

4B, - ppp?
Vay Reto, = - 2h8@y P p]

3 Waﬁ= .
4(10%3 | 9,.81(2500 - 1000).10002
Rez(b",.r = : : = 11430
3.1,312 . (10-3)2.1000 : -

3 3
Ar = Re?®, = 7 11430 = 85725
_ Ay
Re = (21 )14 = 616,757 _ g8 38,
13,9
Vén t6c lang cta hat & 10°C:
Rey 98,38.1,31.10-3
w = = 3 = 0,128 m/s.
drp, 10-3.1000
Tinh cho nuéc & 60°C:
4 (10-3)3.9,81 (2500 - 1000).10002
RezCDW =
3. 0,468(103)2,1000

= 89589

3
Ar = — Re?d, = 67192
1 P
A
Re = (Z1 )14 - 483457 = 498
‘ 13’9 ; :
Vén tdc cia hat & 60_‘_’C: . _
428.0,468.10-2
103103 ._
Né&u thay nuéc bang dau thi van tée lang & 10°C sa 1a:
4 (1033 . 9,81 (2500 - 870) 8702
3. 0,42.870

= 0,2 m/s.

Re® = = 0,116

3 3
Ar == Reld, =— 0,116 = 0,087
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0,087

Re =

= 0,0048 .

Van t6c caa hat trong dau & 10°C:
4,8.103.0,4
W= e —— = 2,2.10-3 m/s.
10-3 . 870
3.2.4. Dudng kinh b€ lang thay d8i nhu th& nao, néu dudng
kinh cia hat byi thay ddi, nhung vAn ndm trong pham vi cia
dinh luat Stokes, tic 12 Re < 0,5,

Gidi:
Van t6c ldng clia hat & hai dudng kinh khac nhau la:
__d%(ph"Pl) ) __d%(Ph'pl)
wy =—t—2—L g w, =20 "L g
184 18y
e 4
w, dj
Mat khdc:
PR =Ly DR et
Wy w;
Di _Fi_w
D} F, w
D} _dj D, 4,
Nhu vay T— ==t la -_— =,
D% d% D, -4,

Cé nghla 1a dudng kinh cta b€ lang ty 18 nghich v6i dudng
kinh cta hat bui. ' o

3.2.5. Tinh dién tich ti&t dién va chiBu cao cia b& ling d&
lang ba trong huydn phit long, né&u thu duge cdc s6 litu thyc
nghi¢m tién hanh & b€ {dng tru tidu chudn sau: Ty lé huyén ph
(b& trong nuéc) 1a 10m3H,0/t4n ba (lic dau) va 1,25 m*H,0/t4n ba
(sau khi lang).

Van t8c lang lic dAu w = 0,5 m/h.
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Thoi gian d€ ba ldng ¢ = 1 h, va thdi gian nén ba cao nhit
trong I6p ba ¢, = 2,4 h.

Ty lé ba trong nude khi bat dau viing nén ba la: 2 m3H ,O/tdn
ba. Cin dat duge 16 tdn ba trong 24 h, véi khéi lugng riéng ba
p = 2620 kg/m3,

Gidi:
Dién tich ti&t dién b€ lang:
10 - 1,25 m?
Fo=——" - 175
0,5 t&n/h
16.17,5
F=—+-— =2=11,66 m-2
24

Trong thyc t& tiét dién b& loc 16n hon nhiéu, nén chon dién
tich ti&t dién b€ ldng 16 m? va néu bé lang hinh tru thi dudng
kinh 1a 4,5 m.

Chidu cao cta vung nén ba:

24 -1
v, = = 0,08 tdn/m?
17,5
2,0+ 1,2 , .-
Vb =(’—2-—5) = 1,625 m3/tdn 1a ty 1& trung binh giia

nude va ba trong viing nén ba. Khéi lugng riéng huyén phu trong
viing nén ba.
2,62 :
Py = = 0,5 t4n/m3.
(1,625 .2,62)H

Viy chiéu caoc viung nén bi la:

V, 0,08

Py 0,5

1
Ta ¢d: V,, =I5 = 0,571 tdn/m?

EH

10 + 2

= 6 m3/t&n
th 2
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2,62 '
= 0,1567 tdn/m3.

Pov

T (6.2,62) + 1
Chigu cao vung ldng tu do cia hat:
0,0572
= =~ 0,365 m
0,1587

Trong thiét k& thuc t& mot thist bj ling chn cho chidu cao
cho tac dyng cdanh khudy, cAn chidu cao nap ligu, ngoai ra con
gdc nghiéng nao d6. Do d6 bén canh hai chidu cao da tinh cho
viing ldng ty do céa hat va ving nén ciia ba trong qua trinh lang
ta chon thém chigu cao tac dung khudy 0,6 m, ving nap liéu 0,4 m
va géc nghiéng 0,5 m. Vay t6ng chidu cao can thi&t cua thigt bi
ling: g

H=04+ 06 + 0,365 + 0,16 + 0,5 = 2,025 m = 2m.

3.2.8. Cin x4dc dinh kich thuéc 16n nhdt caa hat bui dang cau
trong dong nudc chay tit dudi 1én véi van téc 0,5 m/s. Nhist do
cia nudc 10°C, khéi lugng riéng hat bui 2710 kg/m3.

Gidi:
wj. p2
Chuén s6 Ly = L ; d6 nhdt cia nude & 10°C
Fnl - o8
# = 1,8.103 kg/ms.
0,53.10002

= 5731,

1,3.103(2710 - 1000) 9,81
Tit gid tri Ly & dd thi hinh 3.1 ¢c6 Re = 1750,

Tu phuong trinh (3. 4) tinh duge c@ hat 16n nhat cia bui con
bj cudn theo trong dong nuéc:
Reu 1750.1,3.103
d = LI = 4,55.103m = 4,55 mm.
W, Pm 0,5.1000 i
3.2.7. Xéc dinh van t8c ldng cua bui chi dang gde (khﬁné‘
tron) vdi dudng kinh tuong duong ds = 1 mm trong nudc &
20°C. Khsi lugng riéng hat byi p = 7560 kg/m3.
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Gidi:

Van t6c ling cha hat khong c6 dang chu duge tinh theo

chugén s Ly. Truéc tién tinh chufn s6 Ar & 20°C do nhét cia
nudc 4 = 103 kg/ms.

4,0 -p) 10-9 (7560 - 1000).10%.9,81
Ar {0 - PulPu _ = 6,44.104
#2 10-6

Tit db thj hinh 3.1 v6i hat dang khong cau cd Ly = 3,1.102
Véy van tdc ldng duge tinh theo (3.5):

\/ Lyu (o - p)g 3\/3,1.102.10-3 (7560 - 1000)9,81
wl = = =

p2 10002
= 0,272 m/s.

3.2.8.X4c dinh kich thudc cia bui than dang tru cé khéi

iugng riéng p = 1400 kg/m3 va dang tdm c6 khéi luong riéng Py

= 2200 kg/m3. C& hai loai ciing l4ng trong nuéc véi van téc w,
= 0,1 m/s. Nuée cé nhiét do 20°C, :

Gidi:
Dudng kinh tuong duong dugc tinh theo cdng thdc (3.3),
4 3 Ar u?
TN @ - ok
Tinh chufn s8§ Ly va Ar.

O 20°C nudc c6 khéi lugng riéng p_ = 103 kg/m3 va d6 nhét
103 kg/ms.

) wipl 103,106
Dang théi: Ly, = = 3 3 = 255.
Hnlo - pJg  103.0,4.103.9,81
D tém: L 10°.10¢ 85
an m: = A . a4
vang Y2 T 10312100981 - ‘

Tuong ty v6i Ly, va Ly, tra duge Ar, = 9.10% va Ar, = 7.104
Khi d6 dudng kinh twong duong ctia bui than:
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.. 3 9.104.10-¢ 3
dang théi: digy = 04105105981 = 2,84,107 m = 2,84 mm.

h

3 7.100.10¢ 2
.dang tdm: d,,, = T3 105.10°9 81= 1,81.10°m = 1,81 mm.

3.2.9. Tinh chidu
cao gifta cdc ngan cila TS Gy o
m¢t budng ladng (hinh S
3.9) d€ dong khi cd
mang xi vé6i dudng e
kinh 8um thdi qua véi «
luu lugng 0,6 m3/s tiéu
chuin. Bubdng ling cg / ~
chigu dai 4,1 m, rong
2,8 m va cao 4,2 m. p a’
Nhiét d¢ trung binh (U= . :
cia dong khi khi qua n SIS SR >
budng ldng 427°C. Dg
nhét clia dong khi & Hinb 3.9 (i du 329)
nhiét dé nay 0,034.10-3

kg/ms, khéi lugng riéng cua bui xi 4000 kg/m> va cta khi 0,5 kg/m?>.

Gidi:
Luu lugng cia dong khi & didu kién lam viée:
0,6(273 + 427) o
V = = 1,54 m3/s.
273 ‘
Van t6c chuyén dong cia dong khi (bd qua chudng ngai cia
‘cdc ngan):

- 1,64
Wy, =————
K~ 2842
Thoi gian luu cia khi trong budng ldng

= 0,131 m/s.
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Van t6c lang ly thuyét cia byi dang ciu tinh theo cong thic
(3.1) b6 qua khéi lugng riéng cta khi:
(8.10-6)2 . 4000.9,81

18.0,034.10-3
Coi van téc that bing 50%, ta cd van tdc lang thuc t&:
w, = 0,5.0,0041 =~ 0,0021 m/s.
Chi®u cao gita cac ngin trong budng lang:
h = w,t = 0,0021.31,3 = 0,066 m = 66 mm.

Ki€m tra lai tinh hgp ly, bing c4ch ki€m tra tinh ding cda
phuong trinh (3.1):
dw 8.10°6.0,0041.0,5
Re =—1fm _ ~ 0,48.10
“ 0,034.107
két qua Re < 0,2, do d6 van dung coéng thic (3.1) la ding.
3.2.10. Xdc dinh co hat bé nhdt cua bui trong dong khi di
qua 8ng vudng dai 16 m va cao 2 m véi van tdc 0,5 m/s d€ cg
thé lang lai. Do nhét cia khi 0,08.10-3 kg/ms, khéi lugng riéng
0,8 kg/m3. Kh6i lugng riéng ciia hat bui 4000 kg/m3,
Gidi:
Thai gian dong kh{ thdi trong dng:
- 16
0,5
Trong th¥i gian nay chi cé ¢& hat nhat dinh lang lai. Hat
lang véi van téc thuc khéng bé hon:

w, = 0,0041 m/s.

T = = 32 s,

2
w =—— = 0,063 m/s.
32

Dudng kinh cta hat ciu dude xac dinh phéi ¢d vén tdc lidng
ly thuy8t 16n gdp doi, tdc 0,063x2 = 0,126 m/s.

Tu c6ng thic (3.5) tinh duge chusin s§ Ly [bd qua (o - Pn It
W} p? 0,1263.0,82

= Pm = 1,09.103
# P8 0,03.103.4000.9,81

Ly
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Tt dd thi hinh 3.1 tra duge Re = 0,14. Do d¢ tinh duge
Rep_ 0,14.0,03.103
wp, 0,126.0,8
3.2.11. X4c dinh dudng kinh b€ l4ng (hinh 3.2) lam viéc lién
tuc d€ lang bui ph4n trong nudc. Ning sust bé ling 80 t&n/h tinh
theo huygn phu chia 8% CaCO,. Dudng kirh byi bé nhit duge

lang 35u4m. Nhiét d6 huysn phu 15°C. D¢ &m cia ba 70%. Khéi
lugng riéng bui phdn 2710 kg/m3.

Gidi: .
D€ tinh dudng kinh b€ ling, ta cin xdc dinh dién tich ldng.
Van t8c ldng duge xdc dinh:
d¥%p - p.)  3,52.10°19(2710 - 1000). 9,81
18, 18.1,14.103

trong dé . = 1,14.10" kg/ms la d6 nhét cha nude & 15°C (bang
PL.7).
Tinh kiém tra chufn s6 Re:
widp,  103.3,5.105.103
Re =—LPm _ = 0,031 < 0,2.
o 1,14.103
Van t8c lAng thuc té&: 0,001.0,5 = 0,5.10-3 m/s.

Tt cong thic (3.9) tinh duge dién tich lang

d =

= 42.103m = 42,4 mm.

w, = =0,001 m/s,

c 8
1,33.m.(1 - —) 1,33.80.103 (1 - —)
c

F = = = 43,3 m?2.
360000, 3600.10%.0,5.103
Dutng kinh cia thung ling:
43,3
= || ——— = 743 m.
0,785

3.2.12. Dudng kinh cia thiang lang thay déi nhu th€ nao, néu
dudng kinh nhé nh4t cta bui bing 18 gm ?
Gidi:

Theo dinh luat Stokes, van téc bang ty 1é bac hai dudng kinh
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hat, tidc theo dau bai 3.2.11 thi:

Didu dd‘cd nghia, néu dutyng kinh bui tit 354m gidm xuéng
18um, titc gidm mot nda, thl van tdc ldng gidm 4 1an, cd nghia
be mat ling tang 4 1An, va dudng kinh thing lang tang g4p déi,
tdc theo digu kién d bai 3.2.11 ¢ D = 14,86 m.

Tu d6 rat ra, dudng kinh thing vA dutng kinh hat bui cé
guan hé ty 18 nghich nhau:

fl.. =£2 .
d2 Dl

3.2.13. Can xdc dinh chidu cao thing ldng (hinh 3.2), né&u
biét 16p ba hinh thanh trong 16 h. Kh&i lugng tuong d6i cua ba
2,6. Mitc do khudy loang trung binh trong viing nén theo ty &
rdn/léng = 1/1,5. Thing ling cé dudng kinh 10 m. Nang suét
lang dat dugc 24,2 td4n trong 24 h. Mdi trudng lidng la nuéc.

Gidi:

Khéi lugng tuong d8i ciia huyén pha trong ving nén duge
tinh theo céng thic:

AM + 1)  2,6(1,5+ 1)
ST oAb +1  261,5+1
v8i b = léng/rdn = 1,5. ‘

Ndng d6 cta huydn phl trong ving nén:

= 1,33

1
—— = 0,4 kg pha rdn/kg huysn pha.
1541 Y g huyen p

Nhu vay 6 1 m3 huygn phi trong vﬁng nén cd Iugng pha rdn:
1330 . 0,4 = 532 kg.
Theo ditu kién diu bai lvong hat bui (pha rdn) léng dugc

tinh trén 1m? trong 24 h la:
24,2

o = 0,308 t&n/m2.24h.
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Tuong tu trong vung nén luong hat bui chén lang duge tinh
trén 1m? trong 16h la: 0,308.16/24 = 0,205 t4n pha ran
(ba)/m2,16h. Nhu da tinh duge lugng pha rén trong 1m3 huyén
phi da duge chen lang la: 532 kg, nén chidu cao cia viing nén
la:

0,205
h, =
0,532

chidu cao cla ving nuéc trong nim giita 0,45 m va 0,75 m ,

= 0,385 m,

‘Theo quan hé (rdn/léng = 1/10) thi chidu cao ving nay cd
thé 13y hy = 0,6 m.

Chigdu cao céia vung khufy phu thudc viao do nghiéng cta
cdnh gudng so v6i ddy thiung. Chon bing 0,146 m cho méi mét
ban kinh thung ling, vay:

hy = 0,146.56 = 0,73 m.
Qua ké&t qua tinh todn chidu cao toan bo caa thiing lang:
h=hy+h,+h, =06+ 0,38 + 0,73 =
= 1,715 m = 1,72 m. o
3.2.14. Diing xyclon dé tach bui trong khi v&i cac s8 licu
sau: dudng kinh bé nh&t cha hat bui 80 um; huu lugng khong khi
2000 kg/h; nhigt do 100°C. Tinh dudng kinh xyclon va tSn that
ap sudt,

Gidi:

D& tdch bui cd kich thude 80um ta chon xyclon loai NIIOGAS
ZN - 15, Gi4 tri Aplp, = 75 kpm/kg = 735,75 Nm/kg. ' Duting
kinh cta xyclon tinh theo cong thic : :

’ Vv
D =
0,785w

Van t8c w trong than xyclon tinh theo céng thuec:
w? Ap

E— =

2 pk

}

voi & = 105 .
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Vay _ 2.735,75 .
W = \|————— = 3,74 m/s.
105

Khéi lugng riéng cta khong khi & 100°C:

‘ 273
Py = 129 — = 0,944 kg/m3 .
Dudng kinh xyclon tinh dugc:

2000
D = = 0,45 m.
0,944.3600.0,785.3,74
Trd lye thiy luc trong xyclon la:
P W 0,944.3,742 .
Ap = -5 = 105 — =697,6 N/m2 = 71 mmH,0.

3.2.15. Can ching minh c6ng thic (3.16) rdng, ti céng thdc
nay cé duge quan hé gita khéi luong ba khé tinh theo 1 m3 nude
loc, khéi lugng riéng nuéc lge, ndng d¢ huy®n phut va d8 fm cia
ba.

Gidi:

Can bing vat lidu ciia qud trinh lgc thé€ hién:

Khéi lugng huyén phdt = khd&i lugng nudc loe + khéi lugng
cua ba uét: '

mh = mn + mb .

Goi m,, la khéi lugng ba kho cd trong huyén phu. Lap ty 1é

theo m, cac:

(3.57)

Khéi ldgng nube loc duge tinh:
mn = Vn'p n
voi V_, p, - thé tich va kh6i lugng riéng cta nude 1gc .
Goi

m, kg ba udt
" Ty, kg ba kho
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m kg ba kho

x = =
my kg huy&n phu
. _ My =kgbﬁkho '
v, m3 nuéc loc
Phugng trinh (3.57) ¢d dang:
1
x ¢
x
Rt ra ¢ = o
1 - nx

3.2.16. Tinh thdi gian loc d€ dat dgc 10 lit nuéc loc tinh theo
1m2 be mat loc. Qua thuc nghiém cho thdy, theo 1m? loc dat
duge 1lit mdt 2,25 ph va 3 lit m&t 14,5 ph.

Gidi:

T cong thie loc:
VZ + 2VC = K1

Véi thyc nghiém dat duge gid tri K va C nhu sau:
12 + 2.1.C= 2,25.K

32 + 23.0= 14,5K.
Rit ra: XK'= 0,764 12/m* ph
C = 0,36 I/m? .
D& xdc dinh thoi gian loc cho 10 1 nude loc ta ¢é phuong
trinh:
102 + 2.10.0,36 = 0,764.1.

Riit ra T = 140 ph = 2h 20 ph.

3.2.17. V4i cung dau bai 3.2.16. nhung cin tinh thdi gian
ria. N&u lugng nube rita 1a 2,4 Vm2, nuée rira va nude loc di
cuing chidu (hinh 3.5).

Gidi:
Can gia thiét ring, nuéc rita va nuéc loc cg cing d6 nhét,
van t8c ria bing van téc loc & giai doan cuéi.
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Van t8c loc 6 giai doan cudi duge tinh theo céng thiec:
v K 0,764
dr 2(Vv +CO)  2(10 + 0,36)

Vay thoi gian ria:
v 2,4
1 =——— = = 65 ph.
i(dV/drr-) 0,037

3.2.18. Dang may ling ly tdm dé tach magie hydroxit cd khéi
lugng rieng 13 2525 kg/m3. May ly tdm lam viéc gidn doan. Ba
rdt nhé nén sau hon mét ti&ng ddng hd ba mébi duge tich tu lai.
Hat cd dudng kinh nhé nh&t 3um. Mdy ly tAm cé kich thuéc
chinh:

chidu dai thing 400 mm.

dudng kinh thiang 800 mm.

dudng kinh g& chan 570 mm.

S8 vong quay 1200 vg/ph.

nhiét d6 huygn phi 20°C

a) tinh nang sudt may ly tam;

b) so v6i b€ lang thong thudng thi m4y ling ly tam nhanh
han bao nhiéu 1an?;

c) c¢@ hat nao con duge tdach t6i da, n&u nang suit tang gip
doi (gilt nguyén céc didu kién khac).

Gidi:

a) Tinh nang sudt mdy ldng ly tAm.

Tt edng thie

= 0,037 /m? ph.

_ RdZLGZ - D)

. lnro - lnr1
voi kP07 POV by - p) an)?
18y 18y
2525 - 1000) (2.3,4.20)2
k= ( = 1,34.10? 1/s.m? .
18.10-3
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1,34.10%(3.106)2.3,14.0,4 (0,42 - 0,2852) 3
= : = 3,45.107 m3/s,
In 04 - In 0,285
V = 12,42 m3/h.

b) So sdnh vdi bé lang:

b rw? r.4gZn?
Z =— = =
g g g
0,4.4.3,142,202
9,81

vi Wiy tam = Z - Wisng DON vAn t6c ldng cia mdy ly tam gdp 643
lAn so véi b€ lang thubng

c¢) Tinh c8 hat khi dudng kinh thung tang gdp déi:
Theo céng thic tinh nang suit:

V(Inr0 - lnrl)
d. = m
h 2 2 >
‘ x.K.L (r? - r%)

p \/ 2.12,42(In 0,4 - In 0,285)
K= 3610313410931404(042-02852)
de = 4,256,106 m = 4,25 um.

Nhu vay khi ting nang sust gdp d6i thi dudng kinh hat phai
tdng theo, tuy nhién chi tang 1,4 Ian,

3.2.19. Dung may loc ly tam d& tach vita khoi huyén phu.
Midy ly tam ki€u ndm ngang c6 dudng kinh D = 1600 mm, dai
700 mm, s6 vong quay 500 1/ph va thé tich hiéu qua 0,5 m3.

Dya vao s6 ligu da cho va s6 liéu thi nghiém d& tinh s6 vong
quay cin thiét cia mdy loc ly tam.

bitu kién lam v1éc'

a) ndng d¢ diu cua huy®n phu 4,7% khéi lugng, khéi lugng
tuong d6i 1,1;

b) lam viéc trong 24h dat 9 t&n ba uét.
58 liéu thue nghiém.

140°



400 mm

Ding may loc ly tAm cd: D

L = 250 mm
n = 800 1/ph
50% d¢ day trong thung ly tam
Dién tich loc 0,3 m?
Lép ba 30 mm
Thoi gian loc 45 ph
Thoi gian ria 33 ph
Lugng huyén phu 1081
D6 d4m trong ba 78%
Gidi:

a) Tinh nang sudt may lgc ly tam thi nghiém
* Tinh ap sudt loc
pwi(r2 - 3
=___2—
vi d¢ d6 day 50% nén r2=0,5.73 .
Vi sy phan biét gita khéi lugng riéng cta huydn phil va nudc
qué bé, nén p, duge tinh theo p tuong déi, tic ldy 1100 kg/m3.
Ap = xlpn? 1]
Ap = 8,142.1,1.103.18,32.0,22 = 7,67.10% N/m? = 0,781 at.
* Lugng ba trong huysn phii:
m = V,,.0,047 = 108.1,1.103.0,047 = 5,58 kg.
* Nang sufit riéng:

= 2% (2 - 7

m 5,568
= = 14,3 kg/m?h (theo ba kho).
_Ft 0,3.1,3
Theo ba udt chia 78% nudc cd:
14,3

— = 65 kg/mz.h (theo ba udt)
0,22
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b) Kich thuée ciia mdy loc ly tam
* B mat loc:

F = aDL = 3,14.1,6.0,7 = 3,52 m2.
* Ap sudt loc: .
Ap = 2n%p n? (13- Y.
Thé tich hi¢u qua 0,56 m® = #L (2 - r3)

0,5
Fig
tic 0,5
2 =r2.
1 0 L
0,5 o n?
Vay Ap = 2x2 nz(rZ_r2+_)= 1
Y Ap r4) G o I 2

Ay 2 3141,1.10.8,387
P = 0,7
Ap = 3,49 at.

Ap sufit loc & m4y céng nghiep 16n gdp 3,49/0,781 =~ 4,5 lan
so v6i mdy thi nghiém. Ning sudt may loc ly tam ty 1é véi VAp.
Vay nang suft cla mdy ldn tang dén gia trj 65.v4,5 = 65.2,12 =

138 kg/m? gi¥ (theo ba uét). Vi qué trinh loc va rita chiSm 75%
qud trinh lam viéc (mét chu ky) nén nang sudt loc trung binh:
138.0,75 = 103,5 kg/m?.h.

Vay néu hang ngay lam viée 20 h ta thu dugc lugng ba uét.

103,5.20.3,52 = 7286,4 kg/ngay dém.

Trong thuc t& cong nghiép ngudi ta cin lugng dy trit hai
hodc ba may.

= 3,42.10% N/m?

3.2.20. Qu4 trinh ldng duge thyc hién trong mot xyclon
véi dudng kinh D = 10 mm, dudng kinh eita vao d, = D/T va
dudng kinh 6ng trung tam d, = D/5, géc nén 8 = 9° va giam
4p Ap = 4,5 kp/emZ Ching minh tinh hgp 1y cha dinh luat
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Stokes (bi6t o = 0,45, n = 0,8). Khéi lugng riéng cta hat rédn p,
= 9700 kg/m?, khéi lugng riéng cida 16ng py = 1000 kg/m3, d¢
nhét n = 1 cP.

Gidi:
Chuén s8 Reynolds :

pwd
e =— |
]
- V2
vii =M .dz —t .
18n r
-py) 1%
vay Re =P](Ph ad g3 =
1872
4Q 4.49.Q
trong dd véan tdc ti€p tuyén V, = 0,45V, =0,45.— =0,45 o
Q nd? “aD?
= 28,1 —.
D2
Nhitng hing s6 cha phuong trinh van tée:
@ D Q
0,8 — A el - -
V.r 28’11)2 (2 )08 = 186, 2D12 )

Qua quan hé trén van téc ti€p tuyén duge xic dinh cho titng
diém. Luu lugng @ dugc tinh tit phuong trinh t8n th&t dp sust:

Ap a? (D)Zn IJ
_il_p . V1 " n d2

2
ap =2lvz & 2
2 n d,

. D D _ .
Biét d =-g— va d, =-,}— va p; = 100 kp s‘m™%, nén ta cd
160 24272 0,452
Ap = . ki . (6.6 . 1)
2 x2D*4 0,8 :
q
= 5 2
Ap = 6.10 o
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4

Ap.D* 4,5.104.10°8
=J i =\/ = V7,5.10°5

6.10° 6.105
Q = 2,74.10° m3/s
100.870  v2.d° y v2d3
3 — _._I_.
Re 18108 " 4,83.10 m
R 2,74.10-5
Vay Vl.rosg = 16,2 """i"O_ZT = 0,044

Vi ban kinh khac nhau trong xyclon ngudi ta cd thé tinh d6
16n cia hat cdn ndm trong gidi han cta dinh luit Stokes.

Cho r = 1 mm = 10-3m thi

0,044 >
Vl = W = 0,04410 o= 11,109 m/s,
va chudn 88 Re la:
11,109.43
Re = 4,83.10!1, T = 596.1014.43,

Re = 6.1016 43,
Khi Re = 0,2, ta c¢d:

\/ 61016 \/33 106 = 1493810‘5 '

d = 1,5 um.
Bing 3.2

r, V Re dr'
m s (véi d tinh bing m) um

110° 11,109 6.101 43 L5

15.107 8,031 312101643 19

2.10°3 6,391 197.1016 43 22

3.103 4613 103.1016 43 2,7

4102 | 3665 6491015 43 3,1

6.10° 3,065 456.101 4* 35
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Cho nhing ban kinh khdc 46 16n gidi han ctia hat duge téng
hop & bang 3.2.

3.2.21. Theo phuong phap cia Rietema can tinh kich thudc
cia xyclon d& tach hat rdn trong chit léng, gidi han tach dg,
5 um. Khéi lugng riéng cta chit long P = 760 kg/m?3, do nhdt
7 = 0,7 cP. Khéi lugng riéng cda hat rdn p, = 1800 kg/m3. Tén
thdt 4p sudt Ap = 4 kp/m3.

Vdi xyclon tot nhat ¢d quan hé d /D = 0,28;d /D = 0,34 va
LD = 5. :

Gidi:

Dé st dung s¢ do xdc dinh cac thong s6 lam cg sd cho cac
kich thudc chinh cla xyclon ta cén tinh:

2 -0y 2 _ 3
d rp) (8Pl _(6-10)7.1800-7600.4.10°
n° 49.10°8
Tit hinh dudi ta tra duge:
A
REATRY (BPlses _ 4106
n £
Q (212 (AP yes 2,6.1010
., ] P
Rut ra oo\ [P 2 oo [780 0,7.10-3
D = 10° — = e
APy Py 4105 760
10% 5 ¥ 5 05 5 107 5157 ) (4P)ges
¥ I"IIF T T ll]]!l] L [] Irlllll (? ﬁ
7L ¢

£ (% oA (“he)

T

T

il
5
K2\ f@p
| offy |/
b7 1ot MR RTT! Ly 1 acapsl L4l Ly el

5 n? 5 fof 5 07 5 707 5 707
Hinh 3.10. Tra kich thudc xyclon theo Rietema 145



0,0402 m = 40 mm.

Q = 2,6.1010, [ A1 (——)2—
(Ap)ges
( 0 7 10- 3
= 2,6.1010y (
4. 105
@ = 96.10° m3/s = 58 l/ph.
Vay theo qui dinh
kich thuéc ctia xyclon e .
v6i phuong phap grg fom

Rietema 14 :

&

d, =0,28.D =11,2mm
d =0,34.D =13,6mm
= 5.0 = 200 mm.

3.2.22, Thi
nghiém loc vdi huysn
phut  chdéa 13,9%
CaCO; & 20°C, may
loc ¢é dién tich loc
0,1 m2 va lép ba 50 _
mm. S§ lidu duge thé

[,
e f —
@\
g

hién & bang 3.3.
Xac dinh hang s§ ~
loc K(m?2/h) va
e(m3/m?2). 1
Gidi: '
Tt phuong trinh ; ca ra
loc: _ }
V2 + 2Ve = Kt
_'_'Tdu —
Tuong dng 4p
sudt p, cd:

Hinh 3.11. Bigu thj xyclon
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' Bang 3.3

Ap sudt du, at Nuéce loc, 1 Thoi gian Ioc, s
Py =035 292 146
780 888
Py =105 245 50
' 9,80 660
2,92 146
Vi = ——— = 2,02.107? m¥m?% 1, = —— = 0,406h
1000.0,1 3600
7.8 888
Vy =e——— = 7,8.10% m*m? 1, =—— = 0,2467h.
2 71000.0,1 3600

Thay cdc gid tri tinh duge vao phuong trinh loc ta cg:
(2,92.109)2 + 2.2,92.102, ¢ = 0,0406.7
(7,8.1019)2 + 2.7,8.102.¢c = 0,2467.7.

Rat ra:

K = 278.104 m?/h
= 4,7.103 m3/m?2.

Tuong tut nhu trén ¢ dp sudt du p, = 1,05 at cé:
= 560.10"% m?2/h

¢ = 3,78.103 m3/h.
3.2.23. Theo didu kién dau bai 3.2.22 nhung can tinh trd lyc

cuc bd 7 cua ba CaCQ,. Biét d6 &m ctia ba & p, = 0,35 at du 1a
37% va & p, = 1,05 at du la 32% theo khdi lu0ng ba uét.

Guh.
Tré luc cuc b 7 clia ba duge tinh theo cong thic (3.18):
2Ap(1 - nx)
ukpx
Ap sudt loc Ap = 0,35 at = 34335 N/m?2.

T =
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Khéi lugng riéng nude loc p = 1000 kg/m3.
D& nhét g 20°C:

103 kgm h
=—— = 27,8108 _
* =3600 2 m?

Héang s6 loc 4 4dp sust p; = 0,35 at du la:
K = 278.10*% m?/h.
Phan khéi lugng (ndng d¢) cia pha rén trong huyén phu x =
0,139. Quan hé giita lugng ba am va ba khs:
1
ne=—
1-0,37
Lugng nudce loc tinh cho 1 kg huyén phu:
1-nx=1-1590139 = 0,779,
Thay cac gia tri vao cong thic tinh tré luc riéng ta cd:
2.34335.0,779
7T = = 5.10!° m/kg cua ba khe.
_278.10'4.103.27,8.10'8.0,139

= 1,59.

o) ap sudt loc P, = 1,05 at du ta cd:

k = 560.10 m?/h
1
7 =— = 147
1- 0,32
1-nx=1-1470,139 = 0,795 .
D& tinh tré luc riéng ta c6 thé si dung cong thic (3.18) trén
hoac dat
T,  Apyk(1 - nx), 1,05.278.104.0,795 -
\ Apk,(1 - nx),  0,35560.109.0,779
Rut ra: 7, = 7,.1,52 = 5.1019.1,52 = 7,6.1010 m/kg ba kha.
Nhu vay, khi tang 4p suét loc 1én ba lan thi tré luc riéng cta
ba CaCO, chi tang:
(7,6 - 5).1010
——— = 0,52 tic 52%.
5.1010

3.2.24. Tinh tré luc riéng ciéia vach ngan (vai loe) dé€ loc

T
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huy&n phi: 13 dung dich CaCO,; theo didu kién & dau bai 3.2.22
va 3.2.23.

Gidi:
Tré luc riéng ciia vach ngan (vai loc) duge tinh theo céng
thiic:

Crpx

T, = (m/rﬂz).

v

l-nx

a) O ap suét p, = 0,35 at du cd

4,7.102.5.1010.1000.0,139
T, = ' = 4,2.10!0 m/m?,
1-1,59.0,139

b) 4 4p sudt p, = 1,05 at du

3,78.103.7,6.1010,1000.0,139
7, = = 4,92.10!0 m/m?2,
1-1,47.0,139

Qua két qua ta thdy khi 4p sudt tang ba lan, trd luc riéng
cua vach ngan (vai loc) chi tang khoang 17%.

3.2.25. Dung may loc khung ban d¢€ loc huyén phu. Dat duagc
lugng nude loc 6 m3 trong 3 h. Tién hanh thi nghiém & ciing ap
suft va cung 1dp ba dat duge gia tri hiang s8 tinh trén 1 m2 caa
k = 20,7.10% m*h, ¢ = 1,45.10-3 m3/m?2. Can xéc dinh bs mat loc.

Gidi: '

Dya vao phuong trinh loc (3.13), nang sust loc tinh trén 1 m2
bé& mat loc la:

VZ 4+ 2 V= kr

V2 + 2.0,145.102.V = 20,7.104.3.
Rut ra:
V =-0,145.1024++(0,145.102)2 +62,1.107 = 7,74.102 m3/m2

tinh theo mét chu ky loc 3 h.

Bé mat loc can thiét duge tinh la:
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Theo quy chudn ta chon may loc c6 bs mat F = 83 m?, cé 42
khung, 'bép loc 5 1000 x 1000 mm.

Luu y: B& mat loc cling cd th€ duge tinh truc tiép tii cong
thic loc (3.13), vi véi mdy loc ¢6 F (m2) va nang suit v (m3) cho
méi chu ky loc la: V2 + 2VFC = KF2r

62 + 2.6.1,45.10°3F = 20,7.10-4.3.F2,
T dd tinh dugc F = 77,4 m2.

3.2.26. May 1loc
chan khong thung
quay lam viéc lién tuc
(hinh 3.12), dung dé
loc huygn phii ¢d ndng
dé6 17,6% véi nang
sudt 8,5 m3/h. Ba cd
dd dm 34%. Su dung
hé chan khong cé do
chan khéng 600 torr.
Tién hanh thi nghiem
bing may loc trong
phdng thi nghiém ¢ dg
chan khoéng 510 torr,
thdy ring ba dat d6 &m Hinh 3.12 (vi dy 32.26)
yéu ciu sau 32 s. Tinh
trén 1 m?2 cdc hing s6 loc ¢ gis tri K = 11,2 12/m%s va ¢ = 6 I/m2.
Khéi lugng rieng cta huygn phat 1120 kg/m3 va nuéc loc 1000
kg/m3. Chn xdc dinh b8 mat loc va s6 vdng quay cia thing.

Gidi:

X4c dinh hing sd loc K & d6 chan khéng 600 torr theo quan
h¢ ghn ding 1a hing s6 loc ty 18 voi Ap:

K 600
— =—— = 1,18
K 510
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Vay K =11,21,18 = 13,22 12/s.m*.
Ning sudt loc dugce tinh theo céng thic (3.13). Theo diu bai,
nang suft loc tuong ung 32 s la:
V2 + 2.0V = kr
VZ+2V.6 = 132232
= -6 + V36 + 423 = 15,4 Um? trong 32 s.

Nang suét tinh theo don vi giay la:

15,4

V= = 0,48 1/m?3s.

Nang sudt tinh theo nuéc loc theo dizu kién dau bai. Phan
khéi lugng cia ba udc tinh theo ba khe:
1

n=-—— =
1- 0,34
Nong d6 huygn phit x = 0,176 (lugng pha radn cd trong huyén’
phu).
Biét m_ = V,p, = 8,5.1120 = 9520 kg/h. Khdi lugng cia ba
udt: m = m x.n = 9520.0,176.1,52 = 2546,8 kg/h.

Khéi lugng nuéc loc: m, =m - m_ = 9520 - 2546,8 =
6973,2 kg/h.

Vi khéi lugng nuée loc p = 1000 kg/m3, nén nang susit nuse
loc tinh theo mét khéi la: 6973,2 /h.

Nhu v4y nang sudt tinh theo nuéc loc cta dhu bai la:
6973,2

3600

B& mat loc chn thist:
1,94

0,48

Trong thuc t& b2 mat loc chi chiém 35% b2 mit thing. Vi vay
thung c6 bd mat lgc la:

1,52,

= 1,94 I/s.

= 4m?.
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4
F =— = 11,43 m?.
0,35 : '
Theo qui chudn chon may loc thiing quay cd dién tich loc 12 m?2.
Dudng kinh thung 2,1 m va chisu dai 1,8 m.

D€ xdc dinh s6 vong quay (vg/ph), tit thoi gian 32 s quay 0,35

vong ta cd

32 - 0,35

60 - n {(s8 vdng quay)
vay . 03560 |

. 32

3.2.27. X4ac dinh hang s6 ria K tir cac s6 lidu thuc nghiém

sau. Ba cta dung dich NaCl sau khi loc duge ria bai lugng nudc

khac nhau § nhi¢t do 20°C. Chitu day 16p b4 & hai thi nghiém

diu 1,27 em va hai thi nghiém sau 2,8 em. Do lugng nudc ria va
phan tich ndng d¢ NaCl thi thdy cac s§ liéu nhu bang 3.4,

= 0,66 vg/ph.

Bing 3.4
86 thi nghiém T 1 2 3 4
(twong dmg vGi hinh 3.13)
Chi®u d3y 16p b, cm 127 | 127 28 28
Cuimg do nlra, Vem?® ph | 85,105 03 55.10°] 935.10°
Théi gian rira, ph Ndng dd NaCl, g/l ' '
0 42 142 143 143
4 735 56,5 141 134,5
8 16,2 0 110 664
10 79 5 91 46,7
2 42 - 74
14 22 - 615 23
16 - - 39 '
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Gidi:
Bi€u thi quan hé ndng 100

d6 thai gian trén mot toa do - N

nta logarit ta nhan duge 52‘ W 3

dudng bi€u dién 12 duong 4 4 NF‘
&: \\

thdng xem hinh 3.13.
Theo coéng thic (3.23):
7, - 1T, 2,354
lge, - lge, - Ko
D¢ déc cua dudng thing
cho ta gia tri £ cia chu ky
khuéch tan cta nudc rda.

i, &,
3 8
£
o]
]

P
rd

7

7
|/

i medy

=~

Hing J
L
/ == 4
-/l of

g 5 19 15 28 25

O thi nghiém 1 14y thai - Thdi gran, ph
gian 4 ph va 8 ph rda ta cd: Hinh 3.13 (vi du 3. 2. 27)
8- 4 2,3.1,27
lg 73,5 - 1g 16,2  K.85.10-5
Bang 3.5
S5 thi nghiém 1 -2 3 4
4 .
2303—— 6,1 53 23 B
Kw
Gia trj trung binh 560 | 550 508 530
cua K, cm>/1
Rit ra K = 563 cm3/.

Tuong ty ta tinh duge gia tri K & cdc thi nghiém khdc. K&t
qua duge bidu thi ¢ bang 3.5.

3.2.28. Tinh thdi gian rita ba NaCl cia dung dich NaCl sau
khi lgc cho dén khi trong nuéc ria cd ndng do NaCl la 5 g/l
Diing nudc sach dé€ ria. Cudng d6 rita 0,33 m3/m?h. Chizu day
idp ba 35 mm. Hang s6 rita 520 cm?/1. Bit dau rita, ndng d6 NaCl
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trong nudc ria 1a 143 g/l.

Gidi:
Tu phucng trinh (3.23) véi cde dai lugng cho
é = 0,035 m; w = 0,33 m3/m?h ; K = 520.103 m3/m3

Ta cd:
2,3.0,035

T S
520.10-3.0,33
3.2.29. Theo didu kién cia dau bai 3.2.28 tinh ndng d6 cda

(1g143 - 1g5) = 0,683 h = 41 ph.

NaCl trong nuéc rita sau 50 ph.

Gidi: xo
—~Kew
Theo cong thite (3.22): C, = C, 1
5201019303350
005,60

Ta cd ¢, = 143e
: 4,086

lgcz = 1gl43 - — = 2,155 - 1,78 = 0,375.
Rit ra ¢, = 2,37 g/l. ’

3.2.30. Xdc dinh dang va két cfu cta may ly tdm d€ tach tro

trong huydn phu. Didu kién lam viéc:

Huy&n phi:
- ndng do pha rdn 75%.
- mbi trusng hda chat xit
Ba:
- bé cé d6 dm 3%
- cfiu tric ba tinh thé
- tdc dung méi trudng xit
- rda nudec sach
- sfy hai nuée

Qué trinh tdch ba dugc thuc hién bing co hoc, vi méy ly tam

lam viéc véi nang suét lon.
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Gidi:
D& tach hén hogp huygn phit rdn léng ngudti ta ding médy ly
tam ki€u I.A (theo qui chudn qui dinh).

Theo dau bai qud trinh duge tin hanh béng co hoc. Digu
kién nay phit hop véi loai thiét bi ly tAm ban lién tuc loai B hoac
ly tdm lién tuc loai C. Ngoai ra ba con dugc ria bing nubc sach
va sy bing hoi. Vi vay can chon qué trinh bdn lién tuc. Qud
trinh cd hoc dugce thuc hién bang didu khién tu dong. O loai B ¢6 -
hai dang k&t cdu. DS la ly tdAm nim ngang va thing ding. Khi
lam viéc ban lién tuc thudng chon may ly tAm nidm ngang hiéu
qué hon. Do dé ching ta chon loai nay cé két cdu dap Ung didu
kién dau bai.

3.2.31. Mot may ly tAm lam viée gian doan (theo chu ky) cé
k&t cdu gdm: thiing quay cd dudng kinh 1200 mm, cao 550 mm,
be day thing 10 mm va khé&i lugng 120 kg. 86 clta md gén trén
thanh 13 12. Dudng kinh cita m& 5 mm. Than thing dugc gia c6
boi ba vong dai thép 15 x 30 mm. Vat lidu lam thing bang thép
d6 ben kéo 1a 4500.9,81 N/cm2. Khéi lugng diy cia thiung 400 kg.
Chizu day l6p day 200 mm. S8 vdong quay téi da cia thing 1a bao
nhiéu, n&u 14y hé s6 an toan t6i thi€u gdp 5 Ian gia tri tinh?

Gidi:

Luc kéo cho phép cia thép dugc tinh

4500.0,91

0= ——F—= 8829 N/cm?.
Ti&t dién vé thung va vanh dai sau khi trir s8 18:
f=551-12.1.0,6 + 3.3.1,5 = 62,5 cm?
Luc ly tam cyc dai cho phép duge tinh theo eong thiic (3.40):
¢, + ¢, = 2fc = 2.8829.62,5 = 1103625 N.

Khoang cach tit tdm di€m cta vdng trén thanh thiung dén

truc quay duge tinh theo céng thic:
4 R}-R} 4 0613- 086

SR R ¥ SVAN YUY

) = 0,385 m.

155



Luc ly tam tdc dung lén nia thing duge tinh theo cong thuc
(3.28): :
o mgRn? 60.0,387.22.9,81

1 = = 0,253 nz, N '
900 900

Khoang cach ciia nia lép diy dén truc quay:
4 0,63 - 0,43
3 733,14 10,62 - 0,42
Luyec ly tam tac dung lén 16p day trong thiung:
200.0,32.9,81.n2
27 900
Tdng lye ly tam la:
¢, +¢, =(0,253 + 0,698)n2 = 0,951 n2, N.
Vi theo dau bai lue ly tam cuc dai duge phép 1103625 N. Do
dé s6 vong quay cao nhdt ciia thing sé la:

/1103625
n = \/———- = 1077 vg/ph.

0,951
3.2.32. Tinh namg suét tdch cla mdy ly tAm AOG- 800 diing
dé phan riéng huyen pha hydrat magie oxyt. Khéi lugng riéng
cia hat rdn 2525 kg/m>?. Nhiét d6 huyen phat 30°C. Hat bé nhat
cd dudng kinh 3 um. M4y ly tam cd kich thudc: dudng kinh
thung ly tam 800 mm; chidu dai thung 400 mm; dudng kinh go
570 mm; s6 vdong quay 1200 vg/ph. Mot chu ky lam viéc (mot mé)
la 20 ph: 18 ph lam viéc nap liéu, 2 ph thao ba.
Gidi:
Nang suit duge xdc dinh theo cong thde:
V, = 25,3.9.L.n%rlok,
trong dé van tdc ldng cta hat duge tinh theo phuong trinh Stokes:
d* (o - p g 32(2525 - 1000) 9.81
w, = o o — = = 0,935.10-5 m/s
18 101%.18.0,8.10-3

v8i do nhét cia nude & 30°C tra dugc 0,8 cP = 0,8.10-3 kg/ms.

) = 0,323 m.

= 0,6976 n2, N.
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Vin téc ldng dudi tdc dung cua lye ly tam la
r n’ 0,285.1200%
w =w, — = 0,935.10-5. ———— = 426,36.10"5 m/s.
900 500

Tinh chudn s§ Re ki€m tra ché& d6 dong chay:
wdpm 426,36.10-5.3.10-6.103

= 1,6.102.
Mo 0,8.103
Hat lang & ché& d¢ dong.
Heé sd & dugc tinh
k = 18/20 = 0,9.
Vay nang sudt lam viéc clia may ly taAm, néu 4 = 0,45 1a :
V, = 25,3.0,45.0,4.12007.0,2852.0,935.10%.0,9 = 4,48 m3/h.

3.2.33. Tinh nang sudt cia mday ly tam siéu téc SGO- 150 vdi
ba cdch d& ]am sach dau mé. Bi&t khdi lugng riéng ciia didu maod
900 kg/m?3, d6 nhét & nhiét do ly tam 3cP. Khéi lugng riéng cita
hat ran p = 1400 kg/m>3. Duong kinh hat rdn 1 gm. Kich thuse
cia mdy ly tdm cé dudng kinh thing ly tAm 150 mm; dudng kinh
g9 50 mm; chidu dai thung 750 mm, s8 vong quay 13000 vg/ph.

Gidi:

Nang suft ly tam dugc tinh theo cong thuc

Re =

Il

wV
V = Py 7 ,3600, m3/h,

vi phan ti rédn trong diu rit bé va ch€ d¢ l4ng bao ddm & ché& db
dong. Do d6 van dung phuong trinh Stokes va sau dd ki€m tra
lai ch& d¢ dong:

d*p-p_)g 12(1400- 900)9,81

w, = =
' 18 1012.18.3.10-3
Van téc lang dudi tac dung cia lyc ly tam:

w = w.f = 9,08.1084700 = 4,27.10* m/s,

trong d¢ nir 132.105.0,025

f = o = = 4700
900 800

= 9,08.10°% m/s.
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¢ day r, = 0,025 m la bdn kinh cia gd tran.
Tinh Re kiém tra ché do dong lang:
_wdp,,  4,27.1.900
1041063103
Thé tich hiéu qua cta thung ly tam:
V, = FL = 0,785(D? - D)L =
= 0,785.(0,15% - 0,0520,75 = 0,0118 m3,

Chigu sau ctia 16m xo0dy trong thing
5 D-D, 0,15- 0,05

Re

= 1,28.104.

= 0,05 m.
2 2
wV, 4,27.0,0118
Vay V = 1 3600 = 3600 = 0,363 m3/h.
h 104.0,05
Tinh ki€m tra ddng trong thung ly tam:
wd
Ret =_i.
7
V, 1,06
w, = = = 0,0067 m/s,
F 104.0,0157
0,363
trong dé6 V= = 1,05.10% m3fs.
3600 !

F =0,785 (D% - DY =10,785(0,152 - 0,05%) = 0,015%m?
V&i may ly tam ba canh thi

4F  4m(D?-. D) m(D?- DY

dy = = =
7 4(xD + 6h) xD + 6h
3,14(0,152 . 0,052)
= = 0,0815 m.
3,14.0,15 + 6.0,05
0,0067.0,0815.900
Vay Re! = = 164 < 350.

3.103
Nhu vay & ché& dé dong.
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3.2.34. Xdc dinh kifu thiét bi loc d€ tach bui vita trong
huy®n phii va s6 lugng thiét bi theo s6 lidu sau:

a) ndng d6 pha rén trong huyén phit 4,7%; khéi lugng riéng

huygn phu 1100 kg/m3;

b) loc duge 9 t4n ba wst sau 24 h;

¢) ba sau khi loc cang khé cang t6t, vi loc xong ba cin dem

sdy kho;

d) ba khong thich hop cho qud trinh Ioc.
Thi nghiém lic dBu thuc hién trén méy loc va méy ly tam.

Két qua thu duge & bang 3.6.

Bang 3.6

Biéu thj May loc Méy Iy tam
Dién tich loc 1 m? 03 m?
B¢ day i6p ba 60 mm 30 mm
Thdri gian :

loc 1h 45 ph

rira biing kidm va H,0 2h 33 ph

mdt mé (1ng cong) 3h 13h
Huy&n phit duore loc 170 1 108 |
Do 3m con trong ba 86% 78%
D9 chan khong 400 torr

Thung ly tam ¢0 dudng kinh D = 400 mm va chidu cao
H = 250 mm. S6 vong quay cia thing 800 vg/ph.

Gidi:
a) Tinh dp sudt lpe

* Cho mdy loc chan khéng:

400
Ap =—— = 0,626 at
760
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* Cho may ly tam. Do day cta may ly tam ldy 0,5, thl thé
tich huyén phu sé la: . '

V, = 0,785.D2.H.p = 0,785.0,42.0,25.0,5 = 0,0157 m3,

Ap sudt loc trong qud trinh ly tam dudc tinh theo céng thic
{3.29)
mRnig 0,0157.1100.0,2.8002.9,81

T 900F 900.0,30
Ap sudt loc & may ly tam gan gdp do6i & mdy loc chan khong.
b) Tinh néang sudt riéng

Ap = 0,82 at.

¥ May loc chan khéng: 170 1 huy&n phi v6i ndng d6 pha rén
4,7% duge loc. Nhu vay lugng ba tinh theo ba khé sé la:

m = 0,170.1100.0,047 = 8,8 kg.

Thoi gian loc khong ké dén thoi gian thdo ba 1a 3 h. Nhu vay
nang suét loc duge tinh:

— = —— = 2,93 kg ba kho/mzh.
Fr 3.1
Tinh theo ba uét (46 4m caa ba 85%):
2,93 )
—— = 19,5 kg ba udt/m2h.
0,15

* Ly tam:

108 1 huyén phu duge loc, vay lugng ba tinh theo ba khé la:
m = 0,108.1100.0,047 = 9,58 kg.

Nang suit riéng cha ly tam

m 5,68
= = 14,3 kg ba khé/m2h.
Fr 0,3.1,3 ,
Tinh theo ba uét (ba ed 78% idm):
14,3

——— = 65 kg ba u6t/m2h.
0,22

¢) Can tinh lugng nude ria can duge tich ra khi sdy, néu
ding may lpe chan khéng thay cho ly tam
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uugng dm ¢ trong ba ctia mdy loc chan khéng 1a 85%. Trong
khi d6 &m cd trong ly tam la 78%. Cg nghia ly tdm da tach mét
lugng nude nhidu hon la:
1000 1000
- = 2121 kg H,O0/t4n ba khs.
0,15 0,22
Téng hop két qua thi nghiém va tinh todn cta qud trinh loc
ta thay: may ly tam lam viée véi ap sudt loc 0,82/0,526 = 1,56
lan 16n hon, song be day 16p ba chi bing mot nita so véi may loc
chan khéng. May Iy tam dat dudc nang suft tinh theo ba kho
bang 14,3/2,93 = 4,88 1an 14n hon may loe chan khong. Con né&u
tinh theo ba wét thi bang 65/19,5 = 3,33 1an 1én hon.

Vay, mdy loc ly tam so véi mdy loc chan khéng dat duge ba
cd d6 4m nhé hon, nén d& dang cho khau sy khé sau dg, vi dy,
G 1 tdn ba kho thi giam di mat lugng nuée bée hoi 1a 2,121 tan.
Do d6, 6 nang suit 9 tdn ba uat trong 24 h v6i d¢ dm 78%, va
lugng hoi tiéu tén d€ sdy ba véi 1,5 kg/kg hoi nuégc sé tigt kiem
la:

D =90,22212.15 = 6,3 ¢t hoi/ngay.

K&t luan: Nang sudt rieng caa may ly tam rdt 16n, lwong ba
thu duge ¢d d¢ &m bé, nén s& tist kiém lugng hoi nuée 16n khi
sdy ba. Do dd, & didu kién diu baj ding mdy ly tAm uu viét hon.

d) D€ xdc dinh s6 lugng may ly tam cdn thiét ding loc 9 tdn
bd u6t, ta can tién hanh tinh toén nhi sau

V6i nang sudt 16n cin chon ly tdm bdn lién tuc théo ba bang
cd hoc va trang bj tu dong, mac diu gia thanh cao.

Theo qui chudn chon méy ly tam nim ngang cd dudng kinh
1600 mm, cao 700 mm, s8 vong quay 500 vg/ph, th& tich si dung
500 1.

Véi Iy tdm nhu vy cé bd mat loc:
F = 3,14.1,6.0,7 = 3,5 m2
Ap sudt loc may ly t4m tao ra theo phuong trinh (3.29):
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0,5.1100.0,8.5002
= T 3.5.900
Maéy ly tam coéng nghiép tao ra ap suit loe 3,5/0,82 > 4 lan
16n hon 4p sudt cta ly tdm thi nghiem.

Nang sudt cia ly tam ty l& thuan véi VAp. Nhu viy nang suit
riéng cia ly tAm khodng gip déi ly tam thi nghiém, tdc 65.2 = 130 kg
ba w4t cho méi mét vudng trong mot giv.

= 35000 kp/m2 = 3,5 at.

Ap

Vi th¥si gian loc va rita chi€m khoang 75% tdng thai gian déi
v0i may ly tdm ban lién tuc, nén nang suit trung binh cta ly tam
sé 1a 130.0,75 = 97,5 kg/m?h. Nhu vay, nang sudt lam viéc cia
ly tam tinh theo 20 h trong ngay sé la:

97,5.3,5.20 = 6825 kg ba u6t/ngay.

D& dat nang sudt 9000 kg/ngay ngudi ta cin 9000/6825 =
1,32 may. Nhu vay, cAn chon hai may ly tdm va thém mét mdy
dy trit. Tdc s6 lugng may cin cd 1a: 3 m4dy.

3.2.35. Xac dinh van téc tdi han cua khong khi (biéu thj trén
tiét dién chung cia thist bi) cua l6p s6i véi hat silicagen cd
dudng kinh 1 mm. Ngoai ra cAn tinh cdc gia tri sau day véi van
téc khong khi tang 1,6 lan nhu: chidu cao cia 16p soi; trd luc va
vén tGc thyc t& cda khong khi & tist dien ty do cia 16p hat. Nhiét
d6 cta khong khi 150°C, khéi lugng riéng cta 16p hat silicagen
~ Py = 650 kg/m>. Khéi lugng rieng cia hat p = 1100 kg/m3. Chitu
cao 16p hat tinh A, = 400 mm.

Gidi:

a) Xéc dinh gia tri cta chufn s6 Ar theo bi€u dd hinh 3.7, ti
dé xdc dinh gid tri t6i han caa Re,:

dp,g  13.10°.1,1.103.0,835.9,81
m2 2,42.104.10¢

trong dé dé nhét ctia méi trudng :
#, = 0,024 cP = 0,024.103 kg/ms (hinh PL.1);

Ar =

= 1,564.104,
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khéi lugng rieng méi trusn

1,293 8 0,834 kg/m3
= 1, = m-;
Pm 273+150 &

véi Ar = 1,664.104 ta cd Re, = 17,5

Re 7,5.0,024.10°3
vy w, = LU = 0,216 m/s.
dp 10-3.0,834

m
b) Van téc tdi han tang 1,6 1an, tdc la:
w = 0,216.1,6 = 0,346 m/s,
Chi®u cao 18p s6i duge tinh theo cong thic (3.47):

1-¢
h = 2 .
1-¢ ©
D¢ x8p cha lop hat tinh:
650
e, =1- PLo_y . — =04
0 1100

Do x8p cta 16p s6i ¢ dude xac dinh ti dd thi hinh 3.7 vgi Re
= I,G.Rek = 1,675 =12 va Ar = 1,564.104; ¢ = 0,47

1- 041
Vay h=——""_ 400 = 445 mm.
1- 0,47
Van tde thuc t& cta khong khi & tigt dién tu do cia l6p hat:
w 0,346
w( = = = 0,736 m/s.
£ 0,47

Trd lte 16p hat dude tinh theo cong thic (3.48):
Ap = p(l-so)hog = 1100.0,59.0,4.9,81 = 2546,7 N/m=2.

3.2.36. Xdc dinh dudng kinh cta hat vita hinh chu cd khéi
lugng riéng p = 2640 kg/m3 khi vita méi cg dong khong khi &
20°C thdi qua véi van t6c 1 m/s da chuyén sang trang thai soi.

Gidi:

D¢ tinh dudng kinh vita dang ciu ta dung chufin s§ Ly, va
Ar:

w2p? 13.1,2052

4.pg  0,018.107.26409.81

Ly, = 3,11,
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273
trong do pm = 1,29 —2—9—3 = 1,202,

#y = 0,018 ¢P = 0,018.103 kg/ms.

T gia tri Ly, = 3,11 tra & bigu db hinh 3.8 duge Ar = 9.105.
Vay duang kinh hat la:

Arul 5[ 9.10%0,0182.10°
d = = = 0,002l m = 2,1 mm.
pp & 2,64.1,202.103.9,81

3.2.37. M6t hén hgp cua
axit (v6i khéi lugng tuong
dsi 1,6 va d6 nhét 20.10°3 J
kg/ms) duge hoa trén trong L
binh khudy véi dudng kinh
1200 mm, cac 1500 mm.
Thé tich day bing 0,75 thé&
tich binh. Canh khufy chan
vit 86 vong quay 210 vg/ph I
(hinh 3.14). Can xac dinh
cong sudt cla méto. x

Gidi: J ]

-

Tinh dudng kinh coa )

cdnh khudy:

D 1,2
d=—=—" =04 m.

3 3 Hinh 3.14 (vi du 3. 2. 37)
Trang thai lam viec
duge xdc dinh qua chufin s6 Re:

pnd?  1600.210.0,42
Re = = = 44800.
m Ty 60.20.10-3

Nhu vay Iam viéc & ché& do xody.

Can x4c dinh s6 cong suft cho qua trinh khudy theo phuong
trinh (3.54). Dung trong trudng hop nay duge, vi:
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D H,2 0,75.1,6
— =3 va 2= =28
d d 0,4

0,845 0,845

vay Ky = 0,845. Re;10~°5 = = 0,49,

44800095 1,71
Coéng suét cin thiét cda canh khudy dugce tinh theo cong thic
(3.50):

K 0,49.1600.2103.0,4°
N = —N ,pn3d5 =

9,81 9,81.603

Né&u hiéu suft cia moéto la 0,9 va du trit 20% thi e¢dng sudt

thuc t& cia mdto duge tinh:
0,344.1,2
N=———— =046 kW.
0,9

3.2.38. Diung moto diégn 12 kW d€ quay cinh khudy chan vit
d€ khudy cudng d6 cao dung dich glyxerin (cé khéi lugng riéng
1200 kg/m3, d6 nhét 4 = 16 P). Binh khudy cd dudng kinh 1630 mm.
Xac dinh dudng kinh canh khudy, néu s6 vdng quay 500 vg/ph.

Gidi:

Véi khudy c6 cudng doé cao, ta chon céng thic tinh (3.56) &
ché d¢ xody. Tu céong thic ta cd:

=35,1 kpm/s=0,344 kW.

4,9 5
¢= VO,OSG_P0,95.#0,95n2,95 =

49 12.102 o
= \[0,086.1200095.1 60-05(500/60)2%5

1,63

Ki€m tra ty s6 D/d =—0-—g-— = 3,26.

3.2.39. Thyc nghiém qua trinh khufy trdn & cac chit léng
khdc nhau bing canh khufly ki€u chan vit cho thdy, cong sudt N
phu thudc vao do nhét u, khéi lugng riéng p cda chit long va sd
vong quay n, dudng kinh d cia canh khufly. Thiét lap quan heé
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- khong thw nguyén gilla céc dai lugng trén.
Gidi:
Theo dau bai, quan hé chung:
N = pu, p, n,d). (3.58)
Ta c¢d nam bién (n, #, p, n, d) va don vi co s§ cla hé k§ thuat

(kg, m, s), nén theo dinh Iy & ¢d quan hé'*dang sau:
Ty, m,) = 0 hodc Ty = fla,).
7y 7, 1a dai lugng khong thy nguyén chua biét, nd duge tng
hop tit quan hé (3.58).

D€ cd thé xdc dinh dugc 7y va& 7y, xudt phat tif quan hé cia

N.(3.58) ta cg
N = cuXp¥Ynid¥ (3.58a)

X, ¥, 2 va v la cac hé s6 khong thu nguyén, hang s6 mi chua
biét. Tu (3.58a) ta vist thu nguyén cho v& trdi va v& phai, roi
dem so bing thd nguyén (don vi) theo hé MKS, tic la

kgmz kg X kg y 1 z v
[——1=[—=1 [—=T[—] (m]
s ms m s
hoac kgm?s3 =kg+y m-x - 3y+vg-x- 2

Vi don vi v& phai va trai phdi gidng nhau, nén ta c6 he

phuong trinh trén co sd coa kg, m, s:
l=x+y
2=-x-8+uv
-3 =-x- 2.

Ta c6 hé ba phuong trinh va bén &n s§ nén khéng thé giai
duge. Do dd phai 14y ba bi€u thj qua bién tht tu. Nhu vay ta cd
bén phuong 4n:

1) Thé hién y, z va v qua x, tdc

y=1-x
z2=3.-x
v=2_5-.2¢
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Thay cde gid tri ¥, 2, v qua x vao (3.58a) ca:

X
N = Cﬂxpl-xn3-xd5-2x = Cﬂxpp‘xn3n'xd5d’2x =Cpn3d5(—L)

pnd?
N pnd?\ x
va -3 = Cl|l— (3.58b)
pnd’ W
N
Bigu thic 5 = ky dugc goi 1a s8 cong suét.
pn - '
u 1 pnd?
va — = , tdc Re, =~—~— (chudn s Re).
pnd Re U

Phuong trinh (3.58b) cd thé viét:

Ky = CRe * . (3.58¢c)
2) Thé hién x, z vd v qua y:

x=1-y
z=2+y
v =3+ 2
Tt (3.58a) ca:
pnd?
N = cupYp¥n2n¥d3d%Y = cun?d3 ( )Y
N
y_nz Fre CRe}. (3.584d)
Bign d8i v& trai duge:
N nd? N nd?
. P = . P = Ky.Re,.
und3  pnd? un3d’? T 2
Phuong trinh (3,58d) bié€u thi:
. KyRe, = cRe}
hodc Ky = cReg'l. (3.58e)
3) Biéu thi x, y vi v qua z ta cd
x =3 -2z
y=2z-2
v =2z -1
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Thay vao (3.58a) co:

3 nd2
N = cy3ﬂ‘zpzp'2nzdzzd‘1 =c _ZL__( [ )z
pd  u
2
Npsd = cRe? (3.581)
u? z |
Bién ddi v& trai dugc:
Np?d  Np!d p3n3d¢ N p3n3ds
3 3 o33g6 - o3 T3 — = KyRe?
# 7 p nd pn°d #
Theo (3.58f) ¢q:
KyRe? = cRe?
hoac Ky = cRe273, (3.58g)
4) Bi€u thj x, y, z qua v cd
5-wv
X =
2
v-3
Y
v+ 1
z =
2

Thay vao (3.58a) cg:

512,172 2
N = cuS2y~vi2pvi2p 32 pui2 plizgy = o #1" (-T_d)v/z

372
S = ¢2 Re;’
Hn

N2P3 N2p3 p2n5d10 Pndz ] - KUR :
©n wSn  plnddid ( NEYT vEe;

Vay K% Re? = C’ZRe
hoac Ky = c Re g"-5}./.2 (3.58h)

Dem so sdnh cac phuong trinh (3.58¢), (3.58e), (3.58g),
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(3.58h) ta thdy, tdt cA nghi¢ém d&u din dén cong thdc giéng nhau:
Ky = cRex
Day chinh 1a quan hé cta cdc chufn s6 khéng thd nguyén.

Gia tri thuc cda cdc
hing 86 ¢ va x chi cd thé
xdc dinh bing thyc nghiém.
3.2.40. Hat xic tic co
kich thuéc t{nh theo canh
16n nhdt 1,83 mm va khéi
lugng riéng 2450 kg/m3 cin
phai phan bs dBu trong mot
thiét bi phan dng cd dudng ——
kinh 1000 mm, cao 1000 mm,
chia diy hén hgp phan dng -rd —_———
cd dd nhét 1650 cP =

1
i
HC

150.10°* kg/ms va khéi
lugng riéng 1200 kg/m3. C - -2
Biét ty 1& rdn: long 1a 1:4
(tinh theo khéi lugng). Can
chon loai canh khudy thich
hop, vi dy, loai chan vit ba
cdnh, loai tim nghiéng 1
ho#c loai tuabin cd 8 cdnh
(hinh 3.15).

Gidi:

a) Cin xic dinh dudng
kinh canh khuiy:

dp = (0,25 = 0,3)D = 0,3D = 0,3 m,
b) Xdc dinh chudn s6 Re, theo cong thic:

Re, = ¢cGa*k S! G G (8.59)
Véi cdc gid tri cho: ¢ k l m n
logi chan vit 0,05 0,6 0,8 04 1,9
loai tuabin 0,25 0,57 0,37 0,33 1,15

o U

Hink 3.15 (vi du 32.40)
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Tinh cdc chudn s6 va chl s6 ddng dang:

‘G d3pZg 33103.1,22 .108.9,81
a = =

= 1,7.107
u? . 150210
2,45.10°
s =fr _ = 2,04
P p. 1,2103
d 1,3.10-3
Gy =—L = = 0,433.102 = 4,33.103
dg 3.10-1
Gy =2 : 3,33
P~ g, 310t T

Vay v68i canh khudy loai chan vit:
Re, = 0,105.1,769-6.1042.2,04%8 4,33%4 101.2, 3 3319
Re = 4,61.103,

Z

i

S8 vong quay:

# 150.10-3
ny, = Re,—— = 4,61.103, —
PR 1,2.103.32.10°2

n, = 384 vg/ph.
Vé6i canh khudy tuabin:

= 6,4 vg/s

Re, = 2,5.10°1.1,76%57.103.99 2, 040,37 4,330.33 10-0.99.3 331,15
Re, = 2,91.10%.
S8 vong quay:

_2,91.10%.150.10°3

n, = = 4,04 vg/s = 243 vg/ph.
® " 1,2.103.32102 g &p
c) Xdc dinh cong suft canh khudy. T¥ dd thi Ky = flR) ta
tra duge Ky = 0,32 (d6i vo6i canh khudy chan vit); Ky = 1,3 déi

v6i canh khudy tuabin. Vay hing s6:

d?3 1,2.103.35.10°5 .
9p§1 My = 2,97.107
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Vay cong suét canh khudy chan vit:

N, = Ky.n? %cﬁ = 3,2.101.6,43.2,97.10°! =
= 24,9 kp m/s = 0,25kW.
Coéng suft cia cdnh khudy tuabin:
N, = 1,3.4,043.2,97.10"! = 25,5 kpm/s = 0,25 kW.

Nhu vdy, theo tinh ton thi e6ng sudt khufy tron cia hai loai
canh khudy gin nhu nhau, nén ta chon loai tuabin, vi s§ vong
quay it hon.

3.2.41. Dung cdnh khudy chan vit ba canh cho thist bj trich
ly (hinh 3.16). d6 khusy d2u cachon tetraclorua 30% trong nudc
(phln tram thé tich). Thiét bj c6 dudng kinh 1000 mm, dudng kinh
canh khudy 250 mm. S8 vong quay can cd 150 hoac 200 vg/ph.
Chon s6 vong quay ? 8§ liéu cho: khdi lugng riéng dung dick

Hinh 3.16 (vi du 3. 2. 41)
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P = 1600 kg/m3, khéi lugng riéng ciia nudc Py = 1000 kg/m? va do
nhdt cua dung dich #g = 0,96.10-3 kg/ms, cia nude #, = 103 kg/ms
va 0 = 4,64.10 kg/m.

Gidi:
Phuong trinh tinh Re la:
Re?
Re, = 68,9.Ga%01 ( Wez )0:47. 8 0.03 5413 (3.60)
e

Z

d} pZ g 25%103.10002. 9,81

b

trong dé  Ga = .2 o = 1,53.101;
m
Re? _9r P 08 _0,25.1000.4,64.10-2.9,81 14107
We, | ,uzm 106
‘ 0,96.10-3
1 10-
- 1600 - 1000
Sy, =LE Pm_ = 0,6.
=P Pm 1000

Cac chufin 86 va chi s8 ddng dang d&u c6 gia tri ndm trong
-gi61 han cho phép cia phuong trinh (3.60).

Vay gid trj cla Re, tinh dugc la:
Re, =68,9.1,63001.10011,1,14047 10329, 9,60.03 10-0.03 6 00.13 ] -0,13
= 1,37.105.

Vay s6 vong quay can tim la:
B 1,37.105.103

* ppdy  1000.2,52.102
Do d6 chon 8 vong quay la: 150 vg/ph.

. Ti&p theo cin tinh b® mat phan pha bi€u thi theo thé tich
huy®n phit biing cong thic:

n = Re = 2,19 vg/s = 131 vg/ph.

2 Re} 0.6 025 §-027 (=121 Q032
Adg =2,12.10°Re, (LF) 8425 § 7031 G 3121 $032 (361
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Cac dai lugng trong cong thitc duge tinh:

= 2,08.105.

" Pn-d% 1000.150.2,52 10-2
e = =
zz 738 10.-3.6
Z=1,14.107;
We
8, = 096; 8,, = 0,6,
D 1
d, 0,25
Ve 30

, = = 0,3.
VetV 100

Nhitng gia tri tinh dugec ndm trong gidi han cho phép cua

phuong trinh (3.61). Vay:

Adp=212.2,08.10%.1,14-056,10-392,0,6%-25. 0,96-0.27 4-1.21 0,30.32 =

= Hb7.

Tu d6 rat ra:

557
A =— . = 2228 m%/m3.
0,25

)

Bang 3.7
Dutmg kinh ctia | Ham hrong PG phén tich cia khi (%) | Hé 8 ud lyc &
cdc phin tr con, | bul Iém nhilt, | & kich thudc hat sau véi gde nghiéng
mm g;‘m3 tiéu
chufin Sum | 0um |15 um 25° | 3
250 75 72 84 93
150 35 78 88 95 90 63
100 45 82 91 96
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Dudng kinh trung binh caa giot:
6.5, 6.0,3

A 2238
3.2.42. Dung xyclon t§ hop d€ lam sach bui trong khi & nhiét
d6 310°C véi nang suit 7800 m3/h. Khéi lugng riéng cua khi &
didu kién tidu chudn 1,3 kg/m3. .
Ap suit 745 torr. O dan vdo cla KA re }
xyclon cd dp sudt 30 mmH,0. Trg
luc thiy ldgc céa xyclon khéng / . AN
duge vugt qua 40 mmH,0. Khsi ’ A
lugng riéng cia byi 2450 kg/m3. '
Nong d6 bui trong khi 32 g/m3 7 1
tiéu chudn. Bui c6 d6 bim dinh T
kém. C 4

d

= 8,1.10"*m =~ 0,8 mm.

Gidi:

Dac di€m cia xyclon loai BZ 4%/
d& tdch byi kém bam dinh c6 rdo
khéi lugng riéng 2300 kg/m3 &
Aplp = 75 kpm/kg nhu & bang
3.7.

Chon t6 hgp v6i dudng kinh
150 mm (cd ham luong bui cao
nhét 12 35 g/m3 tiéu chu4n).

Khé&i lugng riéng cda khi g
didu kién 1am viéc:

30
273 (745 -— )
13,6
p = 1,3 =
(273+310) 760

= 0,595 kg/m3,.

Theo diu bai, tén that 4p suat
Ap khéng vugt qud 40 mmH,0.

et thée bur
Hink 3.17 (vi du 3. 2. 42)
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Quan hé

— = = 67,2 kpm/k
o 0,595 pIke

khéng ndm ngoai giéi han da cho (55 - 75 kpm/kg).

Véi t4m nghiéng 25° so v6i mat ndm ngang cd hé s trd lue
& =90

Van téc dong khi:

Ap.2.9,81 |40.19,62
w, = = =3,83 m/s.
0.£ 0,595.90

Luu lugng khi qua xyclon con:
v, = 0,785.D2.3600.wz = 0,785.0,152.3600.3,83 = 243,5 m3/h.
S8 lugng xyclon con:

= T7800/243,5 = 32.

3.2.43. Mot thigt bi lam sach khi ¢ nang sust 50 000 m3_/h
khi & nhiét d6 80°C. Ham lugng bui trong khi ban  dau
‘¢ = 0,01 kg/m? tiéu chufn. Dat dé ‘'sach 0,99. Can xéc dinh cae
kich thudc chinh ciia thiét bi.

Gidgi:

Vi dong khi thdi qua tiét dién ty do cha thiét bj cd tac bet,
nén dodi héi phai chon céng thiic tinh v4n téc phu hop.

Gifi han trén cta van téc khi da cho phu thuéc vao lugng
nudc cubn theo d dang giot luén tang. Bing thi nghiém vai lop
bot tit 30- 100 mm cho thfy, mdt phan khi chay thanh tia cé tac
dung pha v 1dp bot va cudn theo cac giot cd van téc 2,7 m/s dén
3,5 m/s (tinh theo ti&t dién tu do ¢ phia dudi ludi).

Lép bot cang cao (tinh tit lugi) thi tiét dién ty do cda ludi
cang lon, van t6c cang cao han, mie du cd sy kéo theo. Viée lam
nhé 16 luéi s& han ch& lugng bi kéo theo. Nhin chung van tdc
3m/s dudc coi 1a giéi han trén cda vin téc dudi ludi.

Gigi han dudi cia vin téc sé la gia tri khi gidm manh sy
hinh thanh bot.
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Véi cac loai thist bi cg tist dién tu do cua ludi 16n va dudng
kinh 18 luéi 16n thi gi61 han dudi cda van téc duge tinh lic phin
16n nhit cia chit léng chdy qua 16, khi ma 16p bot gidm. Ndi
chung cd thé 14y gidi han dudi cia van t6c khi 1a 1 m/s.

Khi tinh todn cd thé chon gia tri trung binh cua kh{ 1a
2,3m/s. Tiét dién tu do ciia thist bi:
50.000
f=——— = 6 m2
3600.2,3
Thiét bi lam sach khi ¢ thé& hinh tron hoac chit nhat. Vai
loai ¢ dang thap tron dong khi déu hon, nhung vdi thap chi
nhit thi sy phan b6 chat long t5t hon.

Chon thi&t bj
chit nhat cd day ';,,t,,-’,d
2 x 3 m va ch4t
Iong cho vao o
gita (hinh 3.18).

Tinh lugng :
nudc cin thist .tha nédc vio
dua vao nhiést d6 R RSIC A

)

cia khi theo Df‘pc_‘,'r;f‘f)-'f"-f'f'f"'fx'
quan di€m khde

nhau. O nhiét do 1
thdp y&u td thuy ‘
ddng cd tac dong Cve ra
I6n d&n lugng

nudc dung. Con

¢ nhiét d6 cao

thi lugng nuéc

tieu thu duge

tinh theo phuong v thoo
trinh can bang
nhiét.

fertedo,
gt tis,

;
Uyt gl 8 ]

o khi ra l

chay #ran

Hink 3.18 (vi dy 3. 2. 43)
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O nhiét d6 cia khi dudi 100°C thi lugng nude duge tinh trén
cd ¢ cua ly thuyst thdy dong luc va can bing vat lisu. O disu
kién binh thudng nudc chay qua 16 lusi khong duge qua 50%, dé
16p bot dugc tao trén ludi déu dan hon, vi nuéc thoat manh sé
tao sy mét 6n dinh cho ldp nuée trén ludi.

Luu lugng chia nuéc qua thi&t bi dugc chia 1am hai phin:

- phén chay qua 15 luai;

- phan chay qua 18 chay chuyan.

Lugng nudc b6c hoi khong dang k& va cé thé bé qua.

Lugng nuée chiy qua 18 lusi duge xdc dinh qua lugng bui
dude tdch va ndng do cia huyén phi. Do d6 cin chon ludi sao
cho ¢6 tiét dién tu do va dudng kinh 16, ... 46 c6 the diBu chinh
dude lugng nude chiy qua.

Véi do sach da cho # ndng d¢ bui trong khi sau khi 1am sach
duge tinh theo cong thie:

¢, =¢,(1-n) =20,01(1-0,99) = 0,0001 kg/m3 tiéu chugn.
Lugng byi dugc tach:

273
—— (0,01 - 0,0001) =383 kg/h.
273 + 80 '

Néu ndng d9 ¢ cia huyén phi tinh theo kg/kg (qua hé ran /
l6ng) da cho, thl lugng nudc chay qua L (la thé tich nuéc tao
huyg&n phi) duge tinh theo cong thic:

- Kmy

L =——- | m3h,

1000.¢
v8i K 1a hé s, dac trung cho su phan b6 cia byi trong chit léng
chdy qua 16 va qua 6ng. Thudng 14y K = 0,6 dé&n 0,8. Nong do
cua huy®n phi dugc gisi han trong khoang 1:5 dén 1:10 (quan hé
rén : 16ng). V6i huy®n phi cd ndng 46 cao 14y 1:5 c6 thé lam the
18 (dac bigt d6i v6i ludi 18 bé). Con néu huysn phit cd ndng do bé
nhé hon 1:10 thi rdt khéng kinh t&, vi phai cin dén thé€ tich 16n.

Trong thye t& thudng chon ¢ = 1:8 = 0,125 va K = 0,7. Vay:

my =uv, (cv - ¢} =50.000
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0,7. 383
L= ———— = 214 m3/h nude.
1000.0,125

Hodc tinh cho 1 m? bs mat lusi:

2,14
Ll = —6——- = 0,36 m3/m2h

D€ loai trit nhitng t6n th&t céia nuéc nhu do béec hoi,... cin
18y hé s8 an toan 1,5, tdc L = 2,14, 1,5 = 3,3 m3h hoic
0,55m3/m?h.

Lugng nu6c chay qua dng tran duge tinh theo cong thuc

L, = ib,
véi i- cudng d¢ dong qua 8ng tran m3/mbh;

b- b® rdng cia ludi canh 8ng tran, bing chidu dai cta t&m

ngin 6ng tran, m.

Lay i = 1 m3/mh, ta c6 L, (néu 6ng tran & hai bén):

L =122=4mdh.

Lugng nuéc can dung:

L=L +L =33+4=73mdh.

Lugng nudc tiéu t6n rieng (tinh theo 1 m3 khi):
7300

50 000
Lugng nuée chay qua 16 trén tdng lugng nuée la:

= 0,146 l/m3 h.

1

—— = 0,45 = 45%,
7,3
Hoan toan hgp Iy, vi L 2 2L,.
Dac diém cta luéi (nhu dudng kinh 1§ va sdp xép 16) dugc
chon theo yéu cau cia lugng nude chay qua.
Nhu vay ta nhan thdy, lugng nudc qua 15 sach, n&uy dudng
kinh 1§ d_ va chidu cao mdc nuéc ban d3u k  trén luéi tang d6
lén.
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Lugng nuéc qua 15 #ing nhanh, néu van téc khi bé hon 4 m/s
dén 6 m/s (phu thude vao d6 16n d_ va k). Va lugng nudc qua 18
giam, néu van t8c khi tang trén 13 dén 15 m/s, khi ma 18 bi bit
kin do bui. Ngoai ra su tang cia van téc khi & 16 khi 16p nude
trén 16 giam (1dp bot), nd dac trung thiét bj. Khi dd chuyé’n sang
tia khi va tao giot manh.

D€ thidt bj lam viéc binh thudng, thl van t6c dong khi qua
ludi w, ndm trong gidi han tu 8 dé&n {3 m/s (d8i voi ludi 16 to),
va 7 dén 10 m/s (d5i vdi ludi 16 bé). O gia trj nao la tay thude
vao ham lugng cia bui trong khong khi va tiy thudc vao dao
ddng trong sic tai cia khi va cdc y&u td khac.

V8i ham lugng bui cao (10 g/m3 tiéu chudn) va thuc su luai
cd 16 16n sé hoat déng dé dang hon ludi cd 16 bé (it 16 hon va dé
khoan hon). Chdp nhéan luéi c6 16 16n ta cd van t6c khi tir 8 dén
13 m/s.

Mat khdc coi sy dao dong trong sde tai cia khi theo huéng
giam din. Nhu vay sé chon gii trj van t6e khi w o = 12 m/s.

Quan hé giita tiét dién tyu do cua lusi va thigt bi:
fo w 2.3

= = = 0,2;
f w z 12.0,95

z = 0,95 la hé s6 th€ hién cd 5% phin ludi bi m4t bdi cia chay

tran. N&u lu6i co 186 x&p theo phan b8 luc gidc vai bube 186 ¢ thi

phan dién tich duge gach qua la (hinh 3.19):
. t2
S =tx =12 tZ—T=1,73t2.

Trén dién tich nay cd hai 16 mét di. Coi d_ 12 dudng kinh 16.
Téng tiét dién cha nhitng 16 nay la:
S, = 2.0,785.d42 = 1,57 d2.

S
Theo tinh todn trén thi —§9- = 0,2, tic la
15742
2 % 2.
1,73 ¢2
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Riit ra:

1,57 a2
t =\ —2 =213.4d.
1,73.0,2 ©

Néu chon 15 d_ = 5 mm, thi N
budc 16 bing ¢ = 2,135 = 11 mm. VoW

L)
Chidu cao cta gd tran caa ludi : I

phu thudc vao chidu cao 16p bot i (;‘ 1
trude khi thodt qua. Chigu cao 16p i / . X
bot thudng ti 60 dén 100 mm Jg‘ 7 .
{tuy thudc do sach theo yéu chu). N7/ )
Chigu cao ldp bot trén lusi / |
dugc tinh theo céng thic: (J : \:) ‘
H=vh , mm, . f

vdi v, - thé€ tich riéng tuong d6i ) EB )
clia bot;

h, - chidu cao ban dau céa lap

nudc, mm

O didu kign lam vige binh  Hih 319 (vidu 3.2.43)
thuding cia thist bi vai chidu cao h, = 10 dén 30 mm, gia tri v,
phu thuéc vao van téc khi w theo cdc s6 liéu thyc nghiém sau:

w,ms 1,0 1,5 20 25 80mfs
v, 35 45 55 62 1,1

Chi2u cao ban dau cda 16p nude tren luéi 2 cd quan hé véi

cudng d6 dong & clta tran i va chidu cao thanh chén A thé hién
qua cdng thic thue nghiém:

3.
hy = ¢ ViZ + yh,
trong d6 p- hé s6 dac trung cia cia tran, trong thyc t§ 14y ¢ = 3;

¥- do tran cia nuée qua cia phu thudec manh vao disu

kign tao bot, tiy thuée vao thigt bj ma ¢ the chon ¢ =
0,4.
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Vay chigu cao tdm chén cilta tran duge tinh:
3 /7
h, = 25h, - 1,5 ViZ,
Trong trudng hop cia diu baicd w = 2,3 m/s va i = Im3/mh.
Chon chiéu cao 16p bot H = 70 mm. Chi2u cao ban diu cia nudc
trén ludi sé la:

h = =e—— = 11,86 mm,
v 5,9

nén chidu cao cla tdm chin cia tran
h, = 2,5.11,86 - 7,5. V12 = 22,15 mm.

Dé bio dAm cho thiét bi lam viéc an toan khi ¢d dao dong cia
didu kién lam viéc, ta chon chi®u cao tdm chén cia tran 30 mm.

Chi®du cao toan bs cta thit bi duge tinh bang téng cia cac
chigu cao 1a chidu cao phia trén ludi A, chitu cao phia duéi luéi
h, va chigu cao cia mang A,. Theo quan di€m thi&t k& thi 2, phu
thudc vao su hinh thanh cta ldp bot va chidu cao cia bd phan
hing bot, £, phu thudc vao bd phan dan khi vao va h, phu thudc
vao dac di€m ctGa huydn phi.

3.2.44. Mot thiét bi loc chan khong thiing quay (hinh 3.12)
vii nang suit 2,8 t&n/ngay theo ba khé (Hydrat Nickeloxydul)
theo diéu kién sau: 1- d6 chan khéng 400 torr ; 2- trd luc riéng
trung binh cia l6p ba r, = 43,21.101 m/kg ba kho; 3- trd lyc
riéng clia vai loc r, = 11,43.10'% m/m?; 4- kh6i lugng ba khi thu duge
1 m3 nuée loc 12 ¢ = 207,56 kg/m?; 5- chidu day lép bd & = 5 mm;
6- thé tich ba udt tinh theo 1 m3 nuédc loc ¢ = 0,686m3*/m3; 7- khéi
lugng riéng cia ba waot 1220 kg/m3 (véi d 4m 75,2%), cia nudc
loc 1110 kg/m3; 8- s6 lugng cdc khoan loc n = 24 (tuong dng vé6i
thiung loc duge st dung); 9- 46 nhét cia nuée loc (& nhist d¢.loc
50°C) 1a # = 1,54.10% kp s/mZ; 10- thoi gian sdy ba trén may loc
T = 1,5 ph; 11- ndng d0 cia huydn phu la 10,67%.

Gidi:

Tinh todn m4dy loc thiing quay la tim b& mat loc cin thi&t va
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chon thiét bj lpc phi hop.

B& mat lgc duge tinh theo cong thic
1
F=—  m?
Vl
trong dé V - luu lugng loc tinh theo nuéc loe, m3/h;

V’- ldu lugng nuée loc tinh cho 1 m2 b mat loc, V'= vn,
m3/mZh; '
v- lwu lugng tinh theo 1 m2 be mat loc cho mot vong
quay ctia thing;
n- 88 vong quay cia thung trong mét gid.

Luu ldong loc tinh theo ba khé la 2.8 tﬁn/hgéy, hodac 117kg/h.
Né&u tinh theo ba uét (75,2% dm), ta cd: 117.100/24,8 = 472 kg/h.

Lugng huy®n phii vao may loc véi ndng d8 10,67% la:
117.100/10,67 = 1096 kg/h.
Lugng nuéde trong thu duge:

k096 - 472 = 624 kg/h hosic 624/1110 = 0,56 m3/h,
tuong ding v6i 13,4 m3/ngay.

Vay ndng sust tinh theo nuéc loc: V = 0,56 m¥h.

D& tinh V’ ta phai bi6t luu lugng qua 1 m? b® mat loc khi
thiing quay mot vong, thoi gian loc va s6 véng quay trong 1 h.

Theo dAu bai, thé tich ba uét khi 1 m? nuéc loc di qua la
0,686 m*/m3 va chidu day lép ba 5 mm, ta cé ba mat loc cAn thiét
cla ving loc che 1 m3 nuéc loc 1a 0,686/0.005 = 137,5 m?/m3.
Mat khédc thé tich nuée loc qua 1 m2 ving loc 1a:

v = 1/137,5 = 0,00728 m3/m?.

D€ tinh duge s6 vong quay cia thung loc cAn bi&t thai gian
loc (th&si gian dé€ dat duge chidu day 16p ba 5 mm).

Theo phuong trinh loc:
V2 + 2Ve = Kr,
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trong dé V = 7,28.103m3/m2.
Hang s6 loc K duge xé4c dinh theo phuong trinh
K = 2.Ap.9,81= 2.5450.9,81 — 0.79.10°6 m%s
ucer 1,51.10-3.207,5.43,21.101°
v6i Ap = 400 torr = 5450 kp/m?%;
u = 1,54.10% kps/m? = 1,51.1075 kg/ms;
¢ = 207,5 kg/m3;
r = 43,21.10!° m/kg.

Hing 6 ¢ dude tinh theo cong thic:
r 11,43.10!0

v
c =

Trec | 43,21.10102075

= 1,28.10-3 m3/m?.

Rit ra:
7,282,106 + 2.7,28.10-3.1,28.103

0,79.106
Dé& tinh s6 vdng quay cia thing, trudc tién cin xac dinh van

= 91 s = 1,52 ph.

T

téc quay:
360- ¢’

T+ 7
trong dé 7 = 1,52 ph - thai gian loc;
v’ = 1,5 ph - thdi gian sdy ba;
¢’ - gdc duge tinh tit ving tach ba va viing chét. Trong

thuc t& 14y ¢’ = 70°.
360 - 70

’

w =

Vay w = —— = 96,03°/ph.
Y 3,02 e
Tdng théi gian loc clia mét chu ky hodc theo mdt vong quay:
360 360

~ 3,8 ph.

WS T T 96,03

S8 vong quay cua thing trong mét gio:

60
n =— = 15,8.
8
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Thoi gian tdch ba, sdy va Iuu & ving chét:
3,8 - 1,52 = 2,28 ph.

S§ lugng khoan Ioc duge tinh cho ving sdy, tich ba va vang
chét:

2,28.24/3.8 = 14
vay trong ving loc c6 24 - 14 = 10 khoan.

B2 mat loc can thi&t 1a:

v 0,56
F = = = 4,87 m?
V'.n 0,00728.15,8
Chon thiét bj loc véi dien tich loc 1a 5 m2,

3.2.45. Mot binh khudy ¢ dudng kinh 1:200 mm va cao
1100mm. Ben trong chda 3/4 nuéc dé hoa tan mudi. Nudce co
khéi lugng rieng p = 1-000 kg/m3, d6 nhét 5 = 1 P

a) tinh cong sudt chia méts dé quay cdnh khudy chan vit ba
canh cd dudng kﬁnh 400 mm, va sd vdng quay n = 400 1/ph;

b) tinh s8 vong quay, khi ¢6 quan ha D/d
suit.

Gigdi:
a) Tinh cong sudt méy khudy:
pnd? 1000.400.0,4;2
KT T 0103
Phu hgp véi dong xody, nén A = 1,19, m = -0,15
' Eu, = 1,19. Re;015 = 0,1485

4 & cung céng

Il

Re

= 1,067.109.

3

H =T 1100 = 825 mm

7 82 2,06 = 3, vay cin h

—_— i e— y #, . - ]

- 100 vay can hidu chinh
H

= (—)%6 = 0,799
f D

184



N = f Eu.pn’d’=
= 0,799.0,1485. 1000( )304°—360kgms’=

= (0,36 kW.
-Chon hiéu suét méto la 0,7 ta co cong suét thuc té:

N-gis- =0,5614 kW.
0,7

b) Tinh s6 vong quay:
N = fl.Eukl.p.nla.d15= fQ.Eukz.p.n23.d25=

= f.A. Re{:‘1 pnldb=f A Re]':;.r.n;*.dzﬁ

e 2 s

3d
H
= (— )06
f 7
4 H
f2 = (——“ )0’93- (— )0’6
3 D
o PRy DI m n
Re K =( ”'32 } ;Rek2 tuong tu.
N _Hpm. DM nddi 4093 HOSpm, pf. D2m. nd. df
DO,G_”m_ gZm 30'93.D0'6.1]m.42m
m = - 0,15

3015 g3 = 3015 g5, (— )093(_3_)03

7, 285\/(_) (_) 285,4 5123 285} 4 377

n, = 1,462 n, = 1,462.40 = 585 llph.

Vay khi d = 300 mm thi s6 vong quay sé la n
K&t qua tinh todn hoan toan ding, vi vdi gia tri n

585 1/ph.
585 canh
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khudy lam viéc & ché€ do xody, vi:
1000.484.103.9

k 60.102

3.2.46. Mot thiét bi khudy cd hé théng 8ng gia nhiet ngoai,
nude lam lanh di & 6ng gia nhist ngoai. Dung dich trong binh
dugc 1am lanh tit 150°C d&n 20°C trong 4 h. Nuéc lam lanh c¢
nhiét d¢ 10°C va nudc dun nong khong qué 65°C. Nhiét dung cia
binh khuiy ¢ = 800 kcal/d§. Can xdc dinh b2 mat lam lanh.

Gidi:

Nhiét lugng t8i thidu (RF)_; cla b® mat d6t ndéng l1a nhiét
lugng chua truyén cho luu thé lanh bén ngoai dugc tinh:

c ¢t -t
(kF) = —Ip-°

3 min
Ty tg-t
(nhiét lugng tuong Wng gid trj cia nudc lanh)

trong dd c- nhiét dung cia binh khudy, kcal/do;
ty» tg- nhiét do dung dich trong binh khudy lic dau va

e = 8,77.10%,

min

cudi, °C;
t’, t”- nhigét d6 cla nude lanh chay & ngoai, lic dau va
eudi, °C;
k- hé& s truyén nhiet trung binh & b® mit dun néng,
kcal/mzh d¢;
F- b8 mat truydn nhiét, m2.
Vay:
800 150 - 10
(kF)min = T In _ﬂ = 5278 keal/h dQ

Quan hé giita w va Wi tdc lugng nhiét t8i thigu va lugng
nhiét tdi da sé la:

w ot - 150 - 10

T 65 - 10

min max~

Lugng nhiét t8i da duoc tinh:

= 2,54,
w

w = (

Yw .o = 2,54.5278 = 13400 kcal/h do.

wmin
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Tudng dng lugng nudc lanh la: 13,4 m3/h.
Vai

Y = 2,54, tit hinh 3.20 ta tra dugc:
wmin -
RFY(EF), . = 1,37.

Theo s8 liéu cho & trudng hop chit léng (dung dijch) trong
binh va nuéc lam lanh ngoai vé d6i v&i thi&t bi hai vé nhu dau
bai cho, ta ¢6: 2 = 300 + 800 kcal/m?h dé.

Chon gid tri trung binh, tdc 2 = 500 kcal/m2h d6.

24
\

22 \

(ke) %9
(k Flmin \
16 \
\
16 \\
14
\"‘-
\-L._\
12 =
70 .
1 15 2 25 J 3s 4
w
Wein

Hinh 3.20. Quan hé gifta nhiét véi lwong mrde lanh
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has vé Jr;g x0dn bén frong i:;g x0dn bén ngosi

|

- | |
- |

|/ ‘ |

' i Giig 4hr \
dig
Hinh 3.21. Cic dang dun néng (hodc 3m lanh) cua binh khudy
Bdng 3.8. Gi§ trj dinh hwéng cia K (kcal/m? d5)
Thiét bj K, keal/m?h d6
a} Loai hai vd:

Hoi ngung ty di bén ngodi,chét ong bén trong thidng

400 d&n 1200

Hot ngung ty di bén ngodi,chit Idng soi bén trong

600 d&n 1500

Nudéc lanh di bén ngoai,chat ldng di bén trong

150 dén 300

b) Logi 6ng xodn di bén trong thing khudy:
_Hot ngung ty d1 trong 8ng x0dn, chit Iong trong thing

600 d&n 2000

Hot ngung t di trong Gng xofn,chat Iong sti trong thing

1000 d&n 3000

Nuéc lanh di trong ng xodn, chit Iéng trong thing

400 d&n 1000

<) Logl 8ng xodn di ngodi vo:
Hol ngung tu di trong Gng xo4n, chat Iéng trong thang

400 d&n 1500

Hot ngung tu di trong dng xoéin,chit 1dng sbi trong thing

1600 dén 2000

NuGc lanh di trong Gng xofn, chift Idng trong thing

300 dén 800
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Vay bd mat trao d8i nhiét caa binh khufy hai vé:

_kF RF) iy
(k'F)min . k
5278
1,37 — = 14,5 m?
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Chuong 4

QUA TRIiNH VA THIET BI TRAO DI NHIET

4.1. Cong thitc tinh todn

4.1.1. Tinh hé s6 didn nhiét cia chat léng:

] = Acp\:? n% , J/mh d6 , (4.1)

trong dd ¢ - nhiét dung riéng cia chat I6ng, J/kg dé;
p - khdi luong riéng, kg/m3;
M - phan tit lugng;

A - h¢ s6, phu thuge vao do phén ly cha chdt léng, vai
chdt léng phan ly A = 1,29.104, khéng phan Iy A =

1,562.104.
4.1.2. Tinh hé s6 din nhiét caa khi & 4p sufit khéng cao:
A = Ecu, J/ms do, (4.2)
trong d6 ¢, - nhiét dung riéng cta khi, J/kg d6. (& the tich khong
ddi);
# - d6 nhot caa khi, kg/ms;
92 - 5
E =—T , ® = cp/cV - hé $6 nén doan nhist.

Vi quan hé cp/c\r cua khi 6 s8 phan t& cho truge duge coi la
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dai lugng gn khong ddi, nén E cd thé 14y gia tri sau:
- Cho khi 1 nguyén t& E = 2,5, 2 nguyén ti E =19 va 3
nguyén td E = 1,72.
D4i véi hén hgp khi hé s6 ddn nhiét chi duge tinh bing thuc
nghiém.
4.1.3. Tinh lugng nhiét qua tudng phing. Cho dong nhist 6n
dinh:
_ (- )F
r
trong dd ¢,, £, - nhiét d4 & hai bén tudng;
F - b2 mat tudng, m?;
r = &/ nhiét trd cia tudng, mzh d6/J;
4/8 = 1/r - kha nang din nhiét cta tudng, J/mzh do;
0 - b day tudng, m;
A - hé s6 ddn nhist, J/mhds.
4.1.4. Véi tudng tru:
d, - d,
2 \

a(d, - d,)L
b& mat trung binh F =—=———
2

In —
4

Lugng nhiét qua tudng tru:
2mAL(t, - £,)
=—
In __2..
dy
trong do L - chidu dai tudng, m;
d, - dudng kinh trong, m;

, d/h, (4.3)

o=

, m? (4.4)

, d/h (4.5)

d, - dudng kinh ngoai, m.
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Né&u quan hé dy/d; < 2 bé mit tru dang 16 tinh theo cong
thdc (4.4) cd thé tinh theo cong thic:

a(d, + d,)L
=——1 2 m?2. (4.6)
2
4.1.5. Lugng nhiét qua tudng phéng nhidu 16p, déng 6n dinh:
(¢, - t)F
Q=—"—2__ Jn (4.7)
>r
Déi voi tudng 6ng tron:
(¢, - £)
Q=12 _ Jn, (4.8)
r
o
cho méi 16p c6 b2 méat F trung binh duge tinh theo (4.4) hoac

(4.6).

4.1.6. Lugng nhiét truydn qua tudng phang hoac tudng tru
khi chidu day r&t bé so v6i dudng kinh duge tinh theo cdng thic:

€@ = KFAt, , J/h. (4.9)
Lugng nhiét riéng:
Q
9=0= KAt , J/m?h (4.10)

véi K - hé s6 truy®n nhigt, J/m2h do;
F - b® mat trao d8i nhist, m2;
At - hiéu s6 nhiét d9 trung binh giita hai luu th€ (cdn goi
la déng luc qua trinh).

4.1.7. Hé s6 truyén nhist K dudc tinh
K = N ! N , J/m*h d6, (4.11)
— + XA +—+ 3r,
al ] .az
véi @), a, - hé s8 cdp nhiét, J/m?h d¢;
r, - nhiét tréd 16p bén.
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Déi véi 6ng dén hinh tru thudng hé s6 truygn nhiét duge tinh
theo doan dai 6ng:

3,14
K = , J/mh 4o, (4.12)
1 1 d 1 r,
+ 3 —1In + + 3
ad, 21 d,  ad, d,
Thay phuong trinh (4.9) van dung cong thic
Q@ = K, LAt (4.13)

v6i L - chidu dai 6ng, m

Chi y: Quan hé d /d, > 0,5 cé thé tinh hé s6 truydn nhist
K theo cong thic cia tudng phang, nhung dy = 0,5 (d + d,.).
Sai s6 khong qu4d 4%.

4.1.8. Nhiét d6 hai bén tudng, ciing nhu gidi han nhiét do
gilta cdc lap ti€p xtc nhau cia tudng phdng dude xic dinh theo
phuong trinh:

g = KAt = a,At, =i:2’1‘= %i’l%—. - L= = a,Af (414)
1 2 b
trong dd ¢ - dong nhiét riéng, J/m2h;
K - hé s6 truyén nhiét, J/m?h do;
At,, - hiéu s8 nhiét d6 trung binh, do;
@;, @5 - hé 88 cdp nhiét, J/m?h do;
A;s 45 - hé s8 dén nhiét cha cée ldp, J/mh dg;
rb - nhlet trd clia ban;
Aty, Aty, Aty - hiéu s6 nhiét do tuong dng vi tri cdp
nhiét, ti dong vao tudng (a,), qua lép bdn (ry), qua
tudng (3,, d,...), tit tudng ra dbng (az)

Lép bén & tudng cd thédo can bam hodc gl sit duge tra d céc
s6 tay hodc bang PL.12.

4.1.9. Hiéu s6 nhiét d6 trung binh At duge tinh:

a) Dong nguogc chidu

At, - At
Aty =—t—D (4.15)

231 il
28

n
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vOi At), At, - hiéu s§ nhiét do cia hai luu thé€ (I-16n, n-nhé);

Néu ty s6 At/Af, < 2, higu s6 nhiét d¢ trung binh dugc tinh:

At + At
Aty =—t—T . (4.16)

Cong thdc (4.15) va (4.16) duge tinh v4i digdu kién be mat
truyén nhiét khong déi.

b) Déng hén hop:
Aty = ep, - AL, (4.17)
v6i €A - hé 86 hiéu chinh cia gia tri Af, tinh theo dong nguge
chigu. Gid tri nay dugc ldy tir cdc do thi.
4.1.10. X4c dinh nhiét d6 trung binh cua ch4t tdi nhist e

Né&u hai luu thé d8u cd nhiét do thay déi, thi luu th€ nao co
higu s8 nhiét 46 bé hon, ta tinh nhiét d6 trung binh cia nd theo
cong thic:

t. +t
1 2
R 2 . (4.18)

Con luu thé kia cd nhiét d trung binh la:
b = tpy T AL, . (4.19)

4.1.11. Trong trudng hgp truydn nhiét khéng 8n dinh, tdc
hodc K hoac mc trong qua trinh truydn nhiét thay ddi thl bs mat
truyén nhiét duge tinh theo cong thite:

medT
T OK(T-0
T dT
Rit ra F=.jpo e (4.20)
T, K(T-t)

4.1.12. Tinh todn cho trudng hgp c&p nhigt d&i luu.
Bau day s& gi6i thiéu mét s8 chudn s§ quan trong nh4t, cing
nhu cdng thic tirh todn xdc dinh hé s6 cdp nhiét a trong mot vai

trudng hgp tiéu bi€u cita qua trinh cdp nhiét trong thist bi hda
ch4t.
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4.1.12.1. Cdp nhi¢t trong fn;mg thdi 6n dinh

1. Chuyén dong cuing bic: Dong chuyén dong trong ving déi
luu, trong vong qua do va & ché do dong. Chuyé’n dong chéo dong
qua chiim &ng, chim &ng gin, chuyén d6ng doc theo tudng
phing, chuyén dong mang va cd sy khufy tron.

2. Chuyén dong tu do.

4.1.12.2. Cép nhiét trong trang thdi thay d6i

1. Ngung tu mang ciia hoi

2. S6i cia chdt long

4.1.12.3. Cdp nhiét gita cdc pha tiép xiic truc tiép nhau
Chudn s6 dong dang dac trung cdp nhiét d6i luu gom:

- Chuén sd Nusselt:

Nu =——— (4.21)

Chudn s6 Prandt!:
v 3600.c
pr=—te = 0 (4.22)

a A ’
Chuédn s8 bi&én ddi pha:
r

K = ; (4.23)
cAt

- Chuén sd Reynolds:

wli wip
Re =— =—FL (4.24)
v #
- Chudn s6 Galilei:
Re? g3 13p2
Ga ——0 =5 _&F . (4.25)
Fr y2 ;.tz

Chuédn s8 Grashof:

13 BplpAt
Gr = Gap.at =2 pat =%
, - .

trong do cdc dai iuqng:

;  (4.26)
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@ - hé 88 cdp nhiét, keal/m?h do,

B - hé s6 gidn nd thé tich, 1/dg;

p - khéi lugng riéng, kg/m3;

A - hé s6'd4n nhiét, kcal/mh do;

At - hiéu s6 gilta nhiét do hoi bao hoa va tudng (trong K), db;
At - hidu sd nhiét dé gitta bd mat tudng va chit léng
(trong Gr), dd;

u - d6 nhét dong luc, kg/ms;

y o= . d6 nhét dong hoc, m?/s;

P
a =————
3600.cpp

¢y - nhiét dung riéng & ap sudt khong d8i, keal/kg d6;

- 38 dadn nhiét, m?/s;

g - gia téc trong trudng, m/s?;

I - kich thudc hinh hoc (cu thé€ cho tiung truong hop cdp
nhiét), m;

r - 4n nhiét ngung tu, kcal/kg;
w - van t6c cua léng ho#c khi, m/s.

Ciéc thong s6 vat 1y duge tra & s8 tay hodc & bang biéu da cho
theo nhiét do thy thudc vao tirng trudng hop cdp nhiét. Nhiét do
dugc phan biét:

¢, - nhiét dd trung binh cia tudng (¢);
¢y - nhigt do trung binh cia chdt 16ng (hoac khi) (¢);
tgr = 0,5(t,, + tg)-nhiét d6 cia 16p mang ,)

4.1.13. Cong thdc tinh cfip nhiét trong trang thai én dinh &
ch& do cuding bic

a) Cdp nhiét 0 chuyén déng déi luu trong éng thing (Re >
104)

Pr 0725
Nu = 0,021 ¢, Re0.8 pr043 (P-—) , 4.27)
e "
adm t
trong d6  Nu =T ; . (4.28)
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Re =idl_d€ ; (4.29)
# ,
w = vff - van t6c trung binh cda dong, m/s;
v - luu lugng, m3fs;
d,, - dudng kinh tuong duong:

4f
w = 7l
& day f - tiét dién dong chay;

I/ - chu vi thdm udt,

d

V&i 6ng trdn d , = d 1a dudng kinh cda 8ng.
Hé¢ s6 hiéu chinh ¢, phu thude vao quan hé l/d (chidu dai/
dutng kinh) cta éng, tra d bang 4.1

Bang 4.1,H¢ s6 hi¢u chinh ¢,

Id 0 20 30 40 50 va 16m hon
Re

110 123 113 107 103 1

2.10* 118 110 105 102 1

5.10? 113 108 104 102 1

110° 110 106 103 102 1

1.10° 105 103 102 101 1

Dé6i voi 6ng udn khic nhan thém hé s8 x:
x=1+354dD , (4.30)
vai d - dudng kinh 6ng;
D - dudng kinh vong udn (1o xo0).
D61 voi luu thé 1a khi thi Pr/Pr, = 1.
Gid tri Pr cta khi la:
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khi mét nguyén ti
khi hai nguyén ti
khi ba nguyén ti

0,67
0,72
0,81

khi tit b6n nguyén ti trd lén 1

Vay d6i véi khi
cdp nhiét cd thé tinh
theo coéng thic:

Nu = cel.ReD’S. (4.31)

Vi du, véi khéng
khi thi.

Nu =0,018¢,Re"8 (4.32)

b} Cdp nhiét d
vieng qud do (2300 <
Re < 10%) trong 6&ng
thdng hodc maéng.
Truéng hop nay khéng
cd codng thdc cu thé,
co thé tra & dd thi
hodc su dung hé s6 x &
(4.30).

c) Cap nhiét é ché
dé dong (Re < 2000)
trong dng thang. Co
thé tinh theo econg
thic cia Michejew véi
10 < Re < 2000:

Hinh 4.1.Quan hé giita cic chufin s6 & ving qua do

Nu = 0,15 ¢, Re®33 pr043Gr0.1 ( =)
r
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No
Prn/m,) 73
/]
30
4
26 //
- y
2Z /
7 /
14
10— /
¥
st
Bl
a
2 3 4 F & 7 8 9
Re.07

(4.33)




d3p2BAtg 3600.c u
=—— , Pr=——7m
H A
Gid tri e, & ch€ d6 dong dugc tra & bang 4.2.

Dé&i v6i nudc cong thic (4.33) ¢d thé tinh

trong do Gr

w033 A1 Pr 025

0,174(gp)"-1pr0.43
E = &p) (4.35)
0,53

tity thudc vao nhiét do cla nuéc va cd thé tra & bang 4.3

Bing 4.2 Tinh ¢

Lid,g 10 | 15 |20 | 30 | 40 | 250
£ 128 118 | 13| 105 1027 1

Bdng 4.3. Tinh E

1°C | 10 20 30 40 60 80 100 | 200
E 40 ¢ 162 | 178 | 188 | 203 215 | 224 245

d) Cdp nhiét J chéo dong qua chim dng nhdn. Hé s8 cdp
nhiét chéo ddng qua chim 8ng (6ng x&p thanh day tir trén xudéng
theo huéing dong chay) tit day thd ba trd di duge tinh theo cong
thic:

Nu = 0,23¢,, Re065pr033 (PriPr)025, (4.36)

Déi v6i ng x&p theo luc gidc tinh theo cong thic (k& tir day
thi ba)

Nu = 0,41 e, Re%¢Pr0:33 (Pr/Pr)02, (4.37)

Céc thong s8 vat ly trong chudn s6 Re, Nu va Pr ldy theo
nhiét d6 trung binh cia chét 1éng, cdn Pr, theo nhiét do tudng.
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Kich thuéc 8ng l4y theo duong kinh ngoai. Van t8c dung
trong Re tinh & tiét dién hep nhédt cia chum 6ng.

Qua thuc nghiém cho thiy, su cdp nhiét khéng phu thudc vao
khoang cach giita cac 6ng.
Hé sd €p phu thudc vao gdc p giita ddong va 6ng nhu sau:
p°> 90 80 70 60 50 40 30 20 10

£p 1 1 098 094 0,88 0,78 0,67 0,52 0,42

cong thue (4.36) va (4.37) duge ding cho moi

chdt léng voi gia tri Re 1a 200 < Re < 2.10% )
Ddi voi 6ng & day diu viAn ding coéng

thic (4.36) va (4.37) nhung sau dd nhan | /

thém ¢, = 0,6. Con day thd hai thi nhan /J

thém 0,90 néu 6ng x&p thang hang va 0,7 n&u /<

dng xé&p léch. ¥

Cho toan bd chum 6ng tinh gid tri trung
binh ¢, nhu sau
alF, + a,Fy + aFy + .

Gep = , (4.38)
F, + F, + Fy +...

trong d6 a, a,, ay,... - hé s6 cAp nhigt & ting day;
F|,F,, F,, ... b® mit truyén nhiét cia tifng day tuong
Ung.
Trudng hgp chim 6ng cé lugng 6ng 16n thi o, = «,.
D&i véi khi cong thic (4.36) va (4.37) duge viét don gidn hon
Nu = 0,21 £ Re%%5 gng x€p thdng hang (4.39)
Nu = 0,37 ¢, ReVS &ng x&p léch (4.40)
Trong trudng hgp c(ﬁ&m 6ng cd thém tdm ngin ban nguyét
(hinh 4.2), thi chdt tai nhiét chay chéo chl titng doan, ngoai ra
nd chdy doc theo 6ng. Trudng hgp nay hé s8 cdp nhiét cing duoge
tinh gin dding theo cong thic (4.36) va (4.37), va ldy ¢, = 0,6.

N&u dong chiay qua chim 6ng cd gan thi tinh todn theo cong
thue:
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d h
Nu = C (— )-0,54 . (t_ )-0.14 . Re“Pr°'4,
t

vii d - dudng kinh ngoai clia 6ng, m;

t - khoang cach giita cdc gin, m;
D-d

-~ chidu cao cia gin, m,

Déi voi dng x8p thing hang ldy ¢ =
0,116; n = 0,72; d6i véi dng x&p léch
ly ¢ = 0,25, n = 0,65,

Trong cong thic tinh Nu va Re kich
thudce dai 18y theo khoang cdch gin ¢,
van téc w tinh & chd hep nhat cla tiét
dién.

Phuong trinh (4.41) dugc st dung
vl 3000 <« Re < 25000 va 3 < djt <
4,8. D€ xic dinh hé s8 truygn nhiét K
cin tinh hé s8 cdp nhiét rat gon dua
vao a ti cong thic (4.41) theo dd thi
hinh 4.4.

K =
1 1

—_+—.

P G

, kcal/m?h d6 (4.42)

Fa

F;

trong d6 F, - b&¢ mat ngoai cila
gin tinh theo 1 m dai,
mZ;
F, - bé¢ miat trong cta
dng, m?;
a, - hé s6 cdp nhiét'd
mat trong, keal/m?h d6.

(4.41)

T
I
T
x
17

Hinh 4.2, Thi€t bj 6ng chim
co tim ngdn

—~
|
l
|
t = 7

Hinh 4.3.0ng ¢6 gin
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e) H¢ s6 cdp nhiét 6 dong chdy doc theo tuong phdng
Véi gid tri Re > 10° t{nh theo cong thic:

: Pr
Nu = 0,037 Re0:8 pr0.43 (025, (4.43)
Pr,
al wi ¥
trongdé Ny =—; Re =— ; Pr =——
A v a

Trudng hop dong 13 khong khi thi (4.43) cd dang:
Nu = 0,032 Re%S8, (4.44)

Khi tinh todn, c4ac thong 8 vat 1y duge tra theo nhiét do ban
dau cia dong chay, chidu dai ! 14y
chidu dai ctia b8 mat truyén nhiét € [~
theo hudng dong chiy. Co thé n <
ding biéu dd hinh PL.3, trong r 40
dd gia tri nhan duge ecta Nu

L /’
dugc nhan thém véi 0,037/0,021 X ..
= 1,76 ¢
7
f) Truy2n nhiét qua tuong Y5 25 35 45 35 65 75 45
phdng ¢ ché dé chdy dong. Khi Re « =
< 105 duge tinh theo céng thuc: Hinh 4.4. Quan h¢ oy va
Pr
Nu = 0,76 Re%5 pr0.43 (P-—- )0.25 (4.45)
cho khéng khi : "t
Nu = 0,66 Re%5 . (4.46)

Véi dong xody cobng thic (4.45) va (4.46) khéng cd nghia, do
4nh hudng cia ddi luu ty do & van tdc bé.

Néu cd tdn tai d6i luu ty do thi hé s6 cdp nhiét cing phai
dugc tinh theo quan hé nay va két qua hgp ly khi cd gid tri 16n
hon gia tri tinh duge tit cong thic (4.45) va 4.46).

g) Cép nhi¢t khi chdy mang doc theo tudng dung ding
e mang § dong xody (Re > 2000) tinh theo cong thic:
Nu = 0,01 (Ga Pr Re)l/3, (4.47
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e mang & ché d¢ dong (Re < 2000):

Nu = 0,67(Ga? Pr3 Re)!/s, (4.48)
cdc chuéin sé trong cong thic (4.47) va (4.48):
Nu =E£_. . .___wafld p _ 4ms
P H ndnu’
wH H H3?
Ga = (=L 52 ”% ='—§—'g,
% w u

trong dd d, =7 - dudng kinh tuong duong ctia mang, m;

f - tiét dién mang, m?;

U - chu vi thdm u6t bdi mang, m;

m, - luong chét long, kg/s;

n - 86 8ng;

H - chigu cao b& mat truyén nhiét, m.

Cic thong sé vat ly dugce tinh theo nhiét do trung binh cia
bé mat gidi han (cia mang):
F o =_tLt'.‘_.
- 2
Voi dong chuyén ddng cia mang & bé mat trong cia 86ng
thing ding (trao ddi nhiét mang) thi:

t = n(d - b)b
U=nd
4(d - b)b
CE

trong d6 d - dudng kinh cia dng, m;
b - b8 day mang, m.

Néu trong trao ddi nhiét ki€u mang cd cdu tao bdi n 6ng véi
Iwu lugng tinh theo gidy la m_ (kg) chdt léng thi theo phuong
trinh luu lugng ta c6 .
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m m
wp =—>— = i ) (4.49)
fn nld-b)bn ‘
Chu#n sd Re duge tinh
wd 4m
Re =21 _ s (4.50)
H wdny

Né&u Re < 1500 thi theo ly thuyé&t tinh 6 bdi cong thice

3m
b = M , M,
J Up’g

h} Cép nhiét cia chét léng ¢6 khudy trén
Hé s6 cdp nhiét trong thigt bi hai vé va 6ng xodn cd canh
khudy tinh theo céng thic

Nu = ¢ RemPr033 L )o- 14, (4.51)
M
ad nd?z ! 3600¢
trong dd Nu = 1 : Re =p . Pr =_A&;
i

g ddy n - s8 vong quay, l/s;
‘d - dudng kinh cdnh khufy;
#, - 46 nhot chdt 16ng & nhiét d6 tudng (than hai vo)
hodc & thanh cia 6ng xoén truyén nhiét (phia chdt léng),
kg/m;
# - d6 nhdt chdt 16ng § nhigt do trung binh:
tm = tt ; "’n
¢ - nhiét do chdt léng
t, - nhiét do thanh tudng.
‘Cho thiét bj hai vd ¢ = 0,36; m = 0,67
va thiét bi dng xo04n ¢ = 0,87; m = 0,62.
Théng s6 vat 1y duge tinh theo nhiét d6 trung binh cua ch4t
léng £ trong thiét bi. ‘

¥
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Cong thiic (4.51) dugc xéc dinh theo thyc nhiém véi d = 0,6 D;
D =082Dva H, = 0,48 U d dudng kinh thiét bi D < 300 mm
(ky hiéu x cho &ng xodn),
4.1.14. Cong thic tinh hé s6 cdp nhiét & ché& do di lvu tu do.
a) Cong thde chung cho luu thé 16ng va khi (trong khéng
gian 16n) tinh hé s8 cdp nhiét ¢6 dang:
Nu = ¢(Gr.Pr)n (4.52)

trong cong thdic cd cdc hé s6 ¢ va n phu thude vao tich s cua
chuédn s6 Gr va Pr

e khi (Gr.Pr) < 103 (ch& do mang) cé Nu = 0,5 = const
e khi (Gr.Pr) = 103 d&n 500 (ch& do qud dd) cd:

Nu = 1,18 (Gr.Pr)0.125 (4.53)
e khi (Gr.Pr) = 500 dén 2.107 (chay dong) cd:
Nu = 0,54.(Gr.Pr)0.25 (4.54)
e khi (Gr.Pr) > 2.107 (ché& d6 xo4y) cd
Nu = 0,135.(Gr.Pr)0:33, (4.55)
trong dd Nu =a_ ; Gr =m; Pr = ﬂ)—cf‘—
A u? I

& day B - hé s6 gian nd thé tich, 1/do;

At - hig¢u s6 nhiét do gita luu thé va tudng, do;

¢ - nhiét dung cia chdt léng, keal/kg do;
d - kich thudc hinh hoc, m.

Cho 6ng thing ding va ndm ngang thi d 1a dudng kinh. Déi
v6i Gng ndm ngang thl nén dung cong thic (4.56) thay cho céng
thic (4.52).

Trudéng hop tdm dung ding thi d 1a chigdu cao t&m, con t&m
ndm ngang thi d la chigu rong cha tdm (tdc bd cé kich thudc bé
hon). '

O day gia tri « tinh theo cong thitc (4.55) dugc tang lén 30%,
néu bé mat truydn nhiét ndm bén trén, va gidm 30%, n&u be mat
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truy®n nhiét cia tdm & bén dudi. .
Cédc théng s6 vat ly trong cong thic (4.52) duoc tinh (hoac
tra) theo nhiét d6 mang:
_ L+t
. m 2
Qua bi€u dd hinh PL.4 cd thé tinh (Gr.Pr) cia nuée, r&t phi
hop cho qu4 trinh lam lanh, ngung ty, v.v.

Cong thic (5.54) va (5.55) da duge dd thj hda trén hinh PL.5
va PL.6 cd thé dung trong tinh toan.

4

b) Tinh toin hé s6 cdp nhiét cha 6ng ndm ngang cia dong
chit 16ng hodc khi chuyén déng ddi luu tu do trong khéng gian
rong cé tinh d&én huéng chuy€n déng theo céng thie

Pr yo0.25
Nu = 0,51(Gr.Pr)%25 —) . (4.56)
Pr,
Véi khong khi cong thic cd dang don gidn hon
Nu = 0,47 Gr0% . (4.57)
4.1.15. Tinh cdp nhiét vdi sy thay déi trang thdi cia luu thé

a) Tinh cdp nhiét cho qua trinh ngung tu cda hoi bdo hda
khong chia khi khong ngung. Véi mang nudc ngung chiy dong
doc theo dng thang ding hodc tudng phang duge tinh theo cong
thic cia Nusselt:

¥ [ rp213 3600 g
a=1,15\|—0— , kcal/m?h d6, (4.58)
uAtH
trong dé r - nhiét ngung tu, kcal/kg;
p - khéi lugng riéng nudc ngung, kg/m3;
1 - hé s d&n nhist, kecal/mh d6;
4 - 40 nhét cia nude ngung, kg/ms;
A¢- hiéu s8 nhiét do t-ng - t,, do;
H - chigu cac 8ng truydn nhiét, m.
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Né&u mang chay xody thi gia tri @ 16n hon 2 gi4 tri tinh duoc
theo céng thie (4.58)
Nhiét ngung tu r tinh theo nhigt dé nuée ngung tng, gid tri
A, # va p tinh theo nhiét d6 trung binh cia mang nudc ngung:
¢ =~tt—+ig_
m H
2
vai £, 1a nhiét d9 trung binh cla tudng cé mang nuéc ngung.
COng thic (4.58) cd thé tinh gin ding theo bi€u dd hinh PL.7.

b) D61 véi hoi nude bao hoa duge tinh theo cong thic

r\oz2s
113A( ) (4.59)
HAt
_ A3p2g . 3600) 0.25
veiA = (22T , (4.60)
M

hogc A dugc tra theo bang s6 sau day:

t., °C O 20 40 60 80 100 120 140 160

A 1270 1470 1700 1900 2070 2190 2300 2370 2410
Cong thdc (4.58) c6 th€ viét theo dang khdc ,

Van dung cong thie:
@ = mr = aAt.F; F =andH,
trong d6 @ - lugng nhiét ngung tu, keal/h;
m - lugng hoi ngung ty, kg;

F - bt mat gia nhiét cla thiét bi 6ng chim cé n 6ng va
duding kinh d.

Rat ra HAt =
arxdn

Thay gi4 tri nay vio phuong trinh (4.58) ta cd cong thic tinh
a cho 6ng thdng ding rdt pha hgp va thudng duge dung, vi bd
qua dai lugng H va At:
A3pindg
a = 27 , kecal/m?h dg, (4.61)
um

207



vOi d - dudng kinh ngoii cia ng truydn nhiét, m.

¢) Qua trinh ngung tu cha hoi & b2 mat ngodi cta 6ng nam
ngang co:

U] 73523600
a=0,725 \| = =" keal/m?h do (4.62)
uAtd

Cong thic duge thé hién & bidu db hinh PL.8.
Dé&i voi hoi nuée cong thic (4.62) cd dang

r 1025
a = 0,725A ( -—) . (4.63)
dAt

Gid tri A duge tinh hoac tra nhu & céng thite (4.59).

Trong trudng hgp tuong tu d6i vdi 6ng thing ding, cong thic
(4.62) dung cho titng 6ng riéng 1é ndm ngang cd thé chuyén

thanh
3
13p2nL
a = 14,3\ "€ (4.64)
um

v4i L - chigu dai hiéu dung céa 6ng, m

d) Qua trinh ngung tu cia hoi & bén ngoai mot chum &ng
ndm ngang. D6i véi chum d&ng

ndm ngang l0p nuéc ngung & !——Z;—-
nhitng dng phia dudi day hon do —¥N
nudc ngung cua Ong trén chay -

xudng, nén lam gidm vén téc hoi -~ |
nude, vi mét phin hoi da dugce . —L—
ngung tu. Didu nay din dén su

gidm ctia hé sd cdp nhiét cta cac
day 8ng bén duéi.

Trong hinh 4.5 va 4.6 chi ra so db b6 tri 6ng, & day véi 6ng
x€p léch I, = 0. .

Kich thudc I, trong thuc t& khéng anh hudng dén hé s6 cdp
nhiét. Ngudi ta cd thé tinh hé s6 cdp nhist trung binh (ké -c3
trudng hop cé khi khong ngung) theo cong thiec:

Hinh 4.5. B3 trf dng trong cham

208



Ay = Ep, (4.65)
trong d6 « - hé s6 cdp nhiét tinh theo coéng thic cho tiung 6ng
nim ngang, theo céng thic (4.62);

&, - gi4 tri trung binh cho chim &ng phu thuéc vao cich
gdp x6p 6ng va s6 luong ddy &ng thdng hang nhau. Gid
tri ¢, dugc tinh theo dd thi hinh 4.6 ;

n - s6 lugng day Ong thang hang nhau (ti trén xudng);
e) Ngung tu cua

hoi bén trong 6ng nam 70
ngang chua  duge \‘\\
nghién cdu day 44, vi ~N~17 9¢ f
vay khi tinh toén co ,\:"-....____' >
thé van dung cong ~N_ T~ 9%
thie (4.62). T

f) D6i voi qus 72 4 6 & 10 72 %
trinh ngung ty chGa hai 77—

nude trong nhigu Hinh 4.6. Su phu thudc £ vao n:

trudng hgp, néu trd " 1-3ng thing hang; 2 - 8ng léch hang
luc cha nhiét 1én hon

nhigu so véi trd lyc cha mang nubec ngung, cé thé 14y gid tri cia
hé s cdp nhiét @ = 104 kcal/m?h do.

g) Qud trinh ngung tu trong dng xodn, cd thé van dung céng
thic (4.62). Chigu dai éng xodn khong duge quéd ldn, vi khi dd
nudc ngung tu & phin dudi cha 6ng lam gidm qud trinh edp
nhiét. Ngoai ra d4p sudt hoi & doan cudi cta dng giam, lé.rn___;"giém
theo hiéu s6 nhiét de. ’

Theo kinh nghiém thuc t& qud trinh dun ndéng bing hoi di
trong 6ng xo04n, téc d6 hoi ban dau khéng duge vugt qua 30 m/s.
Gidi han cta ty 1& I/d (I 1a chigdu dai 6ng) & hiéu s8 nhiét do Aty
trung binh 12 30°C dén 40°C phy -thudc vao ap sudt nhu sau:

Payrat 5 3 15 08 05
(/d) 275 225 175 125 100

max
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Véi gia tri khdc cla At,, thi ldy gia tri da cho //d nhan thém
v6i he s6 6/VAT,.

h) Trudng hgp ngung tu cia hai qué nhiét
- Néu tudng cé nhiét do 16n hon nhiét d5 hoi bdao hoa, thi sé

khong ed hién tugng ngung tu. Khi dé tinh tosn cdp nhiét giéng
nhu tinh d6i véi khi duge lam lanh.

70
a8 \
1 06 -\
04 .
w-\c
1T,

072345678
X, Yo —=

Hinh 4.7. H¢ s8 hiéu chinh 3%

- Néu nhiét d6 tuang thdp hon nhiét d6 hoi bio hda, thi van
dung cong thuic (4.58) va (4.62), song thay nhiét ngung ty r bang
téng nhiét ngung tu va nhiét qud bdo hoa, tic la:

r’=r+cp(th—tng),
trong d¢ cp - nhiét dung cta hdi qud nhiét, kcal/kg d6;
¢, - nhiét dd dau cia hoi qud nhiét, °C;
tng - nhiét ¢4 nudc ngung, °C.

Dé6i véi At trong cong thdc (4.58) va (4.62) tinh bang hiéu s6
nhiét 46 giita hoi bao hoa va tudng.

Néu trong hoi cd 14n khong khi, vin dugc tinh theo cong
thic (4.58) va (4.62), nhung phai nhan thém hé s6 higu chinh ¢.
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Hé s6 nay phu thudc vao ndng dé cia khadng khi trong hai
(x = pglp,-100%), vao van tdc hoi va cdc y&u t6 khac. Quan
hé e, = f(x) thé hién & hinh 4.7.

'I‘ruong hdp ngung tu cla hén hgp hoi - khi hoac ngung tu
tung phin ctta hdn hygp nhidu c4u td, thi trong qua trinh ngung
tu thanh phan hoi sé thay d8i va nhiét d6 gidm. Do dé viée tinh
todn b8 mét truyén nhiét gap khd khan, nén trong nhitng truong
hgp tinh todn cu thé cén tham khio thém sich chuyén mén.

4.1.16. Dun s6i chat léng .

4.1.16.1. Cd ba trudng hgp cla trang thai séi khdc nhau:

a) S6i 0 cuong dé thdp véi hiéu s6 nhiét do¢ At nhé va nhiét
tdi it. Dun s6i nudc & 4p suit khi quyén dac trung cho trudng
hop nay. Khi dd At = 5°C va ¢ = 5000 kcal/m?h. Trong trudng
hgp nay tinh todn c4p nhiét st dung céng thdc (4.52) d6i véi
dong déi luu ty do, va (4.27) véi dong d6i luu cudng bic va cac
cong thic khac.

b} Trang thdi séi bée hoi bong bong. Viee tinh toan cdp nhist
duge ti€n hanh qua dong déi luu cia chit léng do chuyén dong
manh liét cia bong bdng hoi. O trang th4i nay hé s6 cdp nhiét
tang rdt nhi2u, do dd nhiét tai q ciing tang.

36i bong bong khi cdc bong béng hinh thanh va chiém be mat
truyén nhiét. Budc qua do nay hoan toan dugc xdc dinh, tuy
nhién thay d68i theo ting chat long véi nhiét tai khdac nhau va
hi¢u s8 nhiét d6 t6i han Afy, vi

Qyr = G- Aty (4.66)

Dai lugng gy bi€u thi nhiét tai riéng cuc dai, ma & dd vin

con kha nang hinh thanh bot.

Che sy sbi cia chdt ldng nguyén chdt bam & tudng 9, dugc
tinh theo cong thic:

OS(P - Py )0542('0 ,.T)0333C,0042

0,417 ; 0,167
Pn  Cq

. =1,7.104

, keal/m?h (4.67)
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trong dé A - hé s din nhiét cia ch4t long, keal/mh do;
p, - khdi lugng riéng cha ch4t l6ng, kg/m3;
py, - khéi luong rigng cua hoi, kg/m3;
r - nhiét héa hoi, keal/kg;
T - nhiét do séi, °K;
o - luc cadng bé mat & khodng giita chat léng va hoi, kp/m;

¢, - nhiét dung cia nudc, keal/kg do.

Cac thong s8 vat ly trong cong thitc duge xdc dinh theo nhiét
d6 so6i. Trong céng thiuc khéng d& cap dén anh hudng cia dong
cudng bidc.

Déi véi nude s6i & ap sudt thuong thi ch& db béc hoi bong béng
c6 nhiét tai riéng tir 5000 keal/m?h va ¢, = 1,25.10° keal/m?h va
tuong @ng cd higu s6 nhidt do giia 5°C va At = 25°C. Trong
trudng hop nay hé s6 c4p nhiét tang va dat duge o, = 5.10% keal/m2h
d9. D&i vdi cac chdt 1dng co gia tri Qi V& Afp khdc nhau. Vi du
cho benzen & cng quan hé ¢d ¢, = 4.10° kcal/m?h va At = 47°C.

¢) Trang thdi s6i mang khi At > Aty . Trong trudng hop nay
su cdp nhiét gidm do trd luc nhist cia l6p mang bam trén bé mat
16n nén @ hiu nhu khong phu thugc vao hiéu s8 nhiét ds.

4.1.16.2. Cong thic tinh qud trinh b8c hoi bong béng

Su cdp nhiét & qud trinh sbi ctua chat léng nguyén chdt va
dung djch chua dugc nghién cdu ky. D4 dua ra mot loat cdc cong
thic cia chufn s§ khéng thit nguysn cd hinh thde va ndi dung
khac nhau nhu sau. '

a) Su bdc hai bong bong & trong khong gian réng (d6i luu tu
do) cho moi chdt 16ng thdm uwét b2 mat dun nong va & moi 4p
suit dén dp suft t4i han dude tinh theo céng thic:

r 10,033 (.333
a = 1,86.102( Lo (fﬂ X
Pn” P 4
70
20,75 40,

X » keal/m2h do (4.68)

0,45 0,117 i 0,37
sy CH T
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véi u - do nhdt cta chit léng, kg/ms;

g - nhiét tai riéng, keal/m?h.

Cong thde (4.68) dugce rit ra tit k&t qua nghién cdu qua trinh
s6i clia nudc, dung dich dudng va mot s6 chdt long hitu co khac
v6i thanh thiét bi bing thép khong gi, hgp kim, déng va cdc be
mat dugc ma crom. Anh hudng ctia ché d¢ cudng bic va dac
diém thdm u6t cia be mat khong duge d& cap dén trong cong
thiec.

Céng thiic (4.68) duge sit dyng, khi da bist day da gia tri cac
théng s0 vat ly.

Déi véi nudc cong thic (4.68) duge vist don gian hon.

a = 3¢%7p015 keal/m?h do, (4.69)
J
R TR
' /
i £
70% ///"A//
¢ M2 AV
(o # /130/ // d
R’ 3 of, 08 /
S W LS AT ™
* 15 W
3 w1 / S
S ¥ i e |
NN e e
25 g L - "I /
4 /// - o fLD.G /
3 d 4/ ODC
5 I 1 79‘6
A7
L~
/0,/ L

4 68I* 2 3 4 6810° 2 34 6 810fF 2 34
7. kealimeh —e— -
r

Hinh 4.8. Quan hé o v¥i g va p cha mric
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Hinh 4.9, Quan hé a, véi Ar va p clia nurde
hodc a = 39A2%33 p0.5, kcal/m2h do. (4.70)

Ngudi ta cling c¢é thé xdc dinh hé s c4p nhidt cho qua trinh
bdc hoi bong bdng cia nudc qua biéu db hinh 4.8 va 4.9 thay cho
cong thic (4.69) hoac (4.70).

b) Tinh toan gan dﬁn'g hé 88 cép nhiét trong khéng gian 1dn
(k€ cd trudng hop qud trinh xay ra bén ngoai chim 6ng) & ché
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d6 d6i luu tu nhién cd tai trong nhiét dBu dan dén gid tri bing
0,4 g¢, va 4p sudt gilta 0,2 va 10 at cé thé van dung céng thic

sau: .

a = 2,5 pp%4g%7 kcal/m?h do .

nghiém tinh dugc mot sé gid tri ¢ nhu sau:

(4.71)
He s8 ¢ dac trung cho cdc hing s6 vat ly cta chdt 16ng. Qua thuc

Dung dich P Dung dich P
Nudc 1 D#u md (trung binh) 031 + 056
Dung dich NaCl 9% 086 Dau IAn khj 027
Dung dich NaCl 24% 062 Benzen 031
Dung dich glyxerin 26% (083 Ruou etylic 045
Dung dich dwdng 25% 057 Rupu metylic 036
Dung dich Na,SO, 10% 091 Heplan 046

4.1.16.3. Nhu nhiing cdng thic d3 dua ra d€ tinh hé sé cdp
nhiét khi s6i, cd nhidu trudng hgp a phu thu6e vao nhiét do caa
tudng, song trong thyc t& lai khéng bist duge. Do d6 khi tinh
toan trudc tién gid thi&t nhidt do nay (hoac nhiét tai). Sau dd can

tinh ki€m tra lai gi4 trj ¢, hoac gq.

4.1.16.4. Cong thic t8ng qudat d€ tinh hé s6 cdp nhiét cua
khéng khi khong bso hoa duge lam lanh bdi nude trong thip dém

duge Shaworonkow va Furner dva ra nhu sau:
Ki = 0,01 Re7 Re%7 Pr933,

d
trong dé Ki =— . chufn s6 Kirpitschew:
K

4w

Rey = tPx chuéin s6 Reynolds cho khi;

B

4L

Re, =— - chudn s8 Reynold cho léng;
ou,
3600 C

Pry =—i——ﬂ - chufin 86 Prandtl cho khi;

k

(4,72)
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K - hé s6 truy®n nhidt cta khi trong long, keal/m?h do;

4V
dy =—1r. dudng kinh twong duong cia 16p dém, m;
o

Vi - khong gian tréng gita céc hat dém, m3/m3,
o - b& mat riéng ctia dém, m?/m3,

‘W, - vAn téc khi trong thap tudi, m/s;

L - mat d6 tudi trong thap, kg/mZs;

Ag - hé s6 ddn nhiét cia khi, keal/mh do;

My - 46 nhdt cia khi, kg/ms;

Pk - khéi lugng rigng cia khi, kg/m3;

#, - d6 nhét cha chét léng, kg/ms.

Cong thiic (4.72) duge 1ap cho qu4 trinh lam lanh khéng khi
(tr 75°C dén 80°C xubng con 2°C d&n 20°C) trong thap dém qua
tudi nude véi htu lugng 3,5 dén 10 m3/m2h. He s§ truyén nhiét
cho qué trinh tuéi khéc dé 1am lanh hoi bao hoa cg thé van dung
céng thic khac (vi du cong thdc cia M.M. Jegorowa).

4.1.16.5. Cong thic téng quat d€ tinh hé s§ bsc hoi. Phuong
trinh chuén s6 cho tinh todn qud trinh cdp nhiét duge lap tuong
ty nhu nhitng céng thic da néu. Cho qué trinh béc hoi & be mat
chét 16ng trong dong khi chuyén déng déi luu & ché d6 cudng buc
duge tinh theo céng thic:

Nu'y = 0,027 Re 8 Pr{33 (4.73)

d
trong ddé Nu, = }—31)— - chufin 88 khué&ch tdn cia Nusselt; -
Pr, =Dl- - chuéin s6 khuéch tén cta Prandtl cho khi;

B - hé s8 bsc hoi, m/h;
D - hé s6 khuéch tén, m2/h;
v - 49 nhét ddng hoc, m2/h
D6i v6i qua trinh lam lanh nuéc chay thanh mang trén mang
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bdi khong khi bé qua (Pr’, = 0,63} ta cd:
Nu’y = 0,019 Re %33 . 7 (4.74)
4.1.17, Cdp nhiét qua bic xa
a) Lugng nhiét duge vat den tuyét déi hdp thy tir tia bic xa
tinh theo céng thic cha Stefan - Boltzmann:
Q = 4,9.108FT4, kcal/h, (4.75)
trong d6 4,9.10-8 - hé s8 buc xa cda vat den tuyét d6i, keal/m?h °K*;
F - b mat bdc xa, m?;
T = nhiét do tuyét d&i cia vat thé, °K.
Dé tinh toan cdp nhiét qua bic xa s dung phuong trinh:

T1 4 T, 14
g = CF __..) =211, kealm, (4.76)
100) \100

vdi ¢ - hé sé bic xa; nd phu thude vao vi trl d6i dién cia vat
th€ va do den cta bé mat bdc xa, b8 mat cd nhiét 4§ T,
va T,, kcal/mZh °K%;

F - be mat c$ nhiét d6 T, m2.
Cho mét phan cia budng khép kin thi:

1
¢ = ] (477)

1 1 1 _ F,
PRRPRE T

trong dd ¢; = 4,9, kcal/m?h (°K/100)4;

¢, = 4,9,, kcal/m?h (°K/100)%

F, - b® mat cia vat thé€ bé, m?;
F, - bt mat cia vat thé 16n, m?2;

e, va ¢, - do den cia be mat vat thé.

Gi4 tri ctia ¢ cho mét s6 vat thé€ duge tra d bang PL._19.

N&u quan h¢ F,/F, qué 16n (vi du, thiét bi trong khong gian
xAy dyng) thi F|/F, = 0 va hé"sﬁ ‘Bide xa ¢ = ¢,.
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Trudng hop F| = F, (bai b& mat r&t 16n song song nhau) thi:

1

c = (4.78)
1 1 1

—_—t— . —

e ¢ 4.9
b) T8ng hé s6 cdp nhist cho bic xa va ddi luu la:

cz=czb+ctd

|G- (3)]
c — - —
Q, 100 100
trong d6 «, = = , keal/m?h d9; (4.79)
(T, - TF T, -T N
a4 duge tinh theo nhitng céng thite da duge bist néu cho
cac truong hop la d6i luu ty do hay d&i lvu cuding bdc.

Ngudi ta cd thé tinh toin tén that nhiét cha thist bji trong
khong gian kin cho trudng hop nhiét do thanh thist bj dén 150°C
theo cOng thic gin ding:

a = 84 + 0,06 At , (4.80)
v8i a - téng cia cdc hé s6 cdp nhist do bic xa va d6i luu;
At - hiéu s8 nhiét do giita thanh thiét bi va khong khi xung quanh.

4.1.18. Cdp nhiét trong he khéng 8n dinh

4.1.18.1. Trong mot thist bj cg gia nhiét bing 6ng xodn houc
hai v6 mot chat léng duge lam ndng tit nhiét do ¢, dén ¢, trong
thoi gian 17, con luu thé nong c¢d nhiét d6 gidm tu T, dén T, nhiét
do ra T cia Ivu th€ nong tang theo chu ky tuong ng vé6i sy tang
nhiét d6 cda chat léng duge dun ndng, va cudi qué trinh sau 7(h)
nhiét do T bing T,.

St dung céng thdc tinh todn sau:

a) Phuong trinh tinh truyan nhigt:
Q = KFAt,,.7, keal (4.81)
v0i K - hé s6 truydn nhiét, kcal/m?h d¢;
F - bb mat trao d&i nhist, m2. |




b) Hiéu s6 nhiét do trung binh At cho qué trinh dun néng
chdt 16ng trong thiét bi lam viéc gidn doan (theo chu ky) duge
tinh theo cong thic:

ty - &
Aion (4.82)
231 T -t A-1
yOLE .
T,-t, 23AlgA
T, - ¢
A=
T, -t

trong dé ¢ - nhiét d6 cua chdt 16ng duge lam ndng tai thai di€m
bdt ky. Cho qua trinh truy®n nhiét trong thdi gian 7 thi

t =t,.
2
¢) Nhiét do ra trung binh cda luu thé ndng:
T, = T - Aty,-2,3 1gA. (4.83)
. d} Téng lugng nhiét duge luu thé nong cdp:
Q = me, (£, - tl) =mc (Tl - Tz)’ (4.84)

v6i m| - lugng chdt 1éng duge dun nong {(luu th€ lanh), kg;

¢, - nhié¢t dung cla luu thé lanh, kcal/kg d9;

m,, - lugng luu thé nong, kg;

¢, - nhiét dung cia luu th& nong, keal’kg do.

4.1.18.2. Né&u luu thé ndng duge luu thé lanh chay trong éng
x04n ho#c hai vé lam giam nhiét do tit T, dén T, trong khoang
thoi gian 7(h), thi luu thé& lanh s& duge 1am néng lén tit £, dén ¢.
Nhiét d9 ra ctia luu thé€ lanh sé gidm theo chu ky tudng dng véi
nhiét d6 giam cta luu thé néng trong thiét bi. Cudi qué trinh
lam lanh sau 7(h) nhiét d6é ¢ bing ¢,.

Céng thdc tinh todn nhu sau:

a) Phuang trinh truyén nhiét:
@ = KFAt, kecal . (4.85)

b) Hiéu s nhiét do trung binh Az, cho qué trinh lam lanh
gian doan dugc tinh theo cong thidc:
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At = T1-Ta A1 (4.86)
thl — ' ' :
T -t  A23igA

24

Pai lugng A la hang s6 cho toan bd qué trinh. Trong thui
diém b4t ky chit 16ng dugc lam lanh cd nhiét d¢ T, thi:
T -t
T-t,
Khi tinh b mat truyén nhiét 14y 7 = T, 12 nhiét d6 cudi cia
qua trinh.
¢) Nhiét d6 ra trung binh cta ch&t 16ng lanh duge tinh.

tpz =t + Aty . 2,3 1gA . (4.87)
d) Lugng nhiét tidu t6n cho luu thé lanh:
Q@ =mpe (T -Ty) =mge, (¢,,-t). (4.88)

4.1.18.3. Hé s6 cdp nhiét cha nudc vad khéng khi dugce tinh
theo cong thic trén dudc coi trudng hgp quan trong nhdt cia cép
nhiét dfi luu. Gid tri lJAm tron cd thé tra theo bang 4.5.

4.1.18.4. Gi4 tri dinh huéng ctia hé s6 truy®n nhiét K tit kinh
nghiém cia qud trinh trao d8i nhiét khdc nhau duge téng hop &
bang 4.4.

Bdng 4.4.Gi4 trj djnh hwéng cia K (keal/mZh d0)

Hinh thic trao dbi nhiét Dét lru D ru
crdmg e or do

Gitra hai chit khi ¢ dp suft thudmng 10 - 30 1-10
Gidra khi va long (1am lanh khi) 10 - 50 5-15
Giita hol ngung ty va khi {38t ndng khdng khi) 10 - 50 5-10
Gira hai chit 1dng (nudrc)
Giita hoi ngung tu va nude (1Am ndng ban diu) 700 - 3000 | 250 - 1000
Gilta hai chdl i6ng (diu) 100 - 250 | 25.50
Gitra hol ngung ty va chit 1ong hiru cor 100 - 300 | 50 - 150
Gtira hot nguwng ty cda chit hiru cor vA murée 300 - 750 | 200 - 400
Gitra hoi ngung ty véi chit long soi (bc hor) 250 - 3000
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Bing 4.5. He s6 cifp nhigt cho nwée va khong khi (keal/mhdd)

Dan, -
cip n:iét Nute Chi y
1 - Ddi kru
cudng bac
- dong 10° - 5.10° Cong thitc (4. 27) & Pr(Pr, = 1va
song song g, = 1, nhiét dd trung binh cua dong
truc Ong 30°C; d =30 mm, & twrong dng véi van
16c dong: cho nudre tr 0.2 dén 1S n's
(Re tir 7000 d€n 56000), cho khdng khi
tir 8 d€n 15 mys (Re wr 15000 dén
28000)
- chéo dong 2700 - 9000 (Bng thire (4. 37), cham &ng xEp tha twr
ey =1 trudrng hop khic nhw trén
2 - Dong cudng
b (chiy dong)| 270 - 370 Cong thirc (4. 33), nhiét do trung binh cia
chiy doc theo dong chay 30°C,d = 30 mm, nhiét d§
Bng trung binh cta tedmg 55°C, a twong
gng v van e vai nude wr 0,02
dén 0,05 m/s (Re tr 750 dén 1900),
véi khong khi tr 04 d€n T m/s
(Re tir 750 d&n 1900)
3 - DSi lou 300 - 800 Coing thirc (4. 52), nhiét do trung binh &
wr do 16p gidrl han 30°C, o twomg tng voi
Ar tir 5 dén 50°C
4 - Nude s | 1700 - 21000 Cong thic (4. 70), & 4p suft thudng,
a trong ing véi Ar tir 5 dén 15°C
5 - Ngmg tu Céng thirc (4. 63), 4p sufit cia hot
* hoi nwéc 800 - 13000 d0t 4 at du, d =30 mm, & trong
bdo hoa émg v&i At 1 35 dén 5°C
& ngodi Ong
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4.2. Vi du

4.2.1. He s6 din nhit ctia metan léng & ¢ = -160,6°C can
dugc xdc dinh.

Gidi:

Metan ldng thuéc vé chat léng khéng lién két, nén A duge
tinh theo cong thic (4.1):

3o 3 /423
A= Acp Svia 1,52.10'4.0,828.423 T = 159 kealimh do.

voi ¢ = 0,828 kcal/kg d¢ - nhiét dung cta metan & ¢ =-160,6°C;
p = 423 kg/m? - khéi luong riéng cha metan ¢ ¢ = —160,6°C;
M = 16 - trong lugng phan t cia metan.

D€ ki€m tra s8 liéu tinh, tra hé s§ din nhiét cta metan &

t =-160,6°C tit s6 tay ta cé 4 = 0,167 kecal/mh d6. Nhu vay
két qua tinh theo cong thic (4.1) va gia trj cho cd sai s6 la:

0,167 - 0,159

0,167

4.2.2. Can xdc dinh hé s6 din nhiét cua khoéng khi kho 4
300°C.

Gidi:

Phuong trinh tinh 1 (4.2):

A =Ec,4.3600=1,9.0,179.29,7.10-* .3600 =0,0364 kcal/mh do,
trong d6 E = 1,9 - hé s6 khong khi tuong duong kh{ hai nguyén tu;

# = 3,03.10% kps/m? = 29,7.106 kg/ms - 46 nhét cta khéng khi:

. 100 = 4,8% .

c ={.I’Z = 0,250/1,4 = 0,179 - nhiét dung thé tich.

v
3

¢, = 0,250 keal/kg 40 - nhi¢t dung 4p sudt;
Céc dai lugng dugc tinh & nhist d6 300°C

D€ ki€m tra két qua tinh dugc theo cong thic (4.2) vai 6
lidu trong s tay. Ta tra s6 liéu 1 cia khéng khi d nhiét d¢ 300°C

222



bang PL.13 duge: 4 = 0,0396 kcal/mh dé6.

Nhu vay s6 ligu tinh va s6 liéu tra sai s6:
0,0396 - 0,0364

0,0396

= 0,081 = §,1%.

4.2.3. Can tinh hé s6 din nhiét & 0°C cda hén hop khi c6
thanh phin sau: .

H,: 50%, CO: 40%, N,: 10% (tinh theo phin thé tich).
Gidi:
Hé s6 dén nhiét cia hén hgp khi khong thé tinh theo qui tac
ldy t8ng, vi vay cd thé tinh gin dung theo cdng thie (4.2). Céac

thong s vat Iy chia titng cdu

ti trong hén hgp duge cho & bang

4.6
Bing 4.6
CHu tir Po kg/m3, Cor x =cpley u,cP A, kcaymh db
tiéu chulin | kcalkg do
H, 0,09 242 141 0,00842 0,14
CO L25 0,18 L4 00166 0,0194
N, 1,251 0,178 14 0017 00196

Chuyén phan tram thé€ tich sang phan tram kh6i lugng cia
thanh phan hén hop & bang 4.7

Bing 4.7
CHu t&r m3(%V) kg(%Vp) % khdi lwomg
H, 50 45 6,7
CO 40 50 746
N, 10 125 18,7
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Tinh nhiét dung ¢, cia hén hgp theo cong thie:
¢, =X;6; + X505 + X3C4 =0,067.2,42 + 0,746.0,18 + 0,187.0,178
= 0,329 keal/kg do.
D6 nhat cia hén hgp khi duce tinh theo céng thuc
u = Iplﬂiﬂﬂ + mmu2 m + .
ks m fm + mz\f_E + ..
0,5 . 0,00842.:8,13 + 0,4.0,0166 . 61,4 + 0,1 . 0,017 .59,5
05.813 + 0,4.61,4 + 0,1.59,5
= 0,0156 cP = 0,0156.10"3 kg/ms.

Gia tri E duge tinh theo cong thie:

9% - 5
E =——:1— = 0,25(9.1,4 - 5) =

P =

Hé s& dan nhiét A ciia hén hgp khi duge tinh theo cong thic (4.2)

A = Ec u.3600 =1,9.0,329.0,0156.103.3600 = 0,035 kcal/mh d3.
4.2.4. Mot tudng 15 hai 16p: a) 16p vita chju lia day ¢, = 500mm;
b) 18p gach day 4, = 250 mm. Nhiét do 16 1300°C. Nhiét doé bén
ngoai 16 25°C. Can xdc dinh:
a) lugng nhiét mét
mat qua b2 méat tudng;

N

ngodi) a, = 14 keal/m?h
d6. He sd ddn nhiét cua
phadn tudng bing vila é;
chiu lia 1, = 1 keal/mh
d6 va cia gach xay 4, =
0,5 kcal/mh do. Hinh 4.10 (vi dy 4. 2. 4)

7
b) nhiét do ¢, giia . / .
hai 16p tuong. Biet he ss  U200C NN ,A . 5=
c4p nhiét ctia khi néng dén \% g
tudng 1a «, = 30 kecal/m?h 1, - %
d6, hé s6 cdp nhiét tir P /\I
tudng dén khéng khi (bén i3 é 4
Sz
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Gidi:
Su db tudng cla 15 nung nhu hinh 4.10.
a} Hé s truygn nhiét duge tinh theo cong thic:

1 1

"1 8, 4, 1 1 0502 1
— LA
a; 4 Ay a, 30 1 0,5 14

K = 0,905 keal/m’h do.

b) Lugng nhiét mat mat qua b& mat tudng la:

g = K(t, - t) = 0,905(1300 - 25) = 1154 kcal/mZh.

¢) Nhiét do ¢, gita hai 16p tudng dugc xdc dinh theo hé
phuong trinh sau:

tit phuong trinh ¢ = a (¢, - t,) = Tl (t, - £)
1

Rit ra:
q 1154
t,=¢ . —=1300 - — = 1261,6°C
a, 30
qél 1154.0,5
ty = t;, - — = 1261,5 - —T-—- = 684,5°C.

1
Nhu vay, gach xay phai ¢ kha niang chiu nhiét do dén 685°C.

4.2.5. Tudng cla mét thi&t bj truyén nhiét day 5 mm, ¢d lép
bac 6n bén ngoai day 50 mm. Bén trong tudng thiét bi cé nhiét
do6 £,, bén ngoai tudng cd nhiét do £;, bén ngoai l6p bdo 6n co
nhiét d9 ¢,. Nhiét do cta chit 16ng bén trong thiét bj la 80°C = ¢
v nhiét d6 cla khong khi bén ngoai 16p bdo én la t; = 10°C. He
s6 cdp nhiét tir chdt long dén thanh thiét bilaa, = 200keal/m?hdé.
Hé s6 cdp nhiét tif l6p bao 6n ra khong khi 13" "o, = ap, + ay=
= 9 keal/m*h do..

Hé s6 din nhiét ctaa 1dp bdo 6n A, = 0,1 keal/mh da.

Tinh nhiét d¢ ¢,, ¢, va ¢,.
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Gidi:

Hinh 4.11 giéi
thiéu mat cat cua
tudng thiét bj cing vdéi
16p bao 6n.

a) Hé s8 truyén
nhiét duge tinh:

1
K = =
1 o6, o 1

oyt b
a, /1[ lb ay

Hinh 4.11 (vi du 4253)
1 1

1 0,005 0,05 1 =0,005 + 0,000125 + 0,5 + 0,111

+ +
200 40 0,1 9
K = 1,62 kcal/m?h d6.

b) Nhiét m4t mat ra mo6i trudng:
g = K(lfl - t) = 1,62(80 - 10) = 1134 kcal/m2h.
c¢) Nhiét d¢ ¢,, t; va ¢, duge xde dinh tir hé phuong trinh:

A
q = a)ft -t =a—t (¢, - t3) = aylt, - &5

Riit ra: t
113,4 o
ty=t -4 =80 - = 79,43°C."
ay 200 -
3.4 113,4.0,005
ty = t, - = 79,43 - — " = 7942°C.
A, 40
q 113,4
t,=— + t; = + 10 = 22,6°C.
a, 9

Qua két qua tinh todn ta thdy trd lyc nhi¢t céa thép (¢, =
t,) cé th€ bd qua, vi 16p ngoai duge bao on.
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4.2.6. Tinh nhiét do t, va £ &

trén b2 mat thanh thiét bi dun ndng hay A & hing khi”

(hinh 4.12). Mot bén 1a hoi d6t 4 at. ‘ / hodc nuve

Bén kia la khong khi hoac nuéc cd T, 137 %; 1, 30°C

nhiét d9 trung binh ¢, = 30°C thanh /// -

lam bé.ng t}}ep déy a‘A= 4 mm.‘Hé ?6 s ’%5\15

cAp nhiét cta hoi, khéng khi va nude 4 E

dugc tra tit bang 4.5 (chAy xody doc 1 1y

theo tudng) badn cdu bdm & tudng

duge tra & bang PL.12. Hinh 4.12 (vi dy 426)
Gidi:

a) Hé hoi - khong khi
H¢ s6 truyén nhiét duge tinh theo cong thuc:
1
1 3, 1
— +r+t—+r, +—
o) t a3
1
1 1 0,004 1 1
+ + + +
11500 2000 40 2000 40
K = 38,2 kecal/m?h d6.
Tit bang 4.5 tra duge &, = 11500 kcal/m2h do d6i vdi hoi 4 at
va a, = 40 keal/m?h do d6i véi khong khi & 30°C.

Tu bang PL.12 tra duge nhiét trg r, var, phia hoi va khong
khi 1a 1/r = 2000 kcal/m?h d6. Tu bang PL.14 tra duge hé s6 dén
nhiét cia thép 1 = 40 kcal/mh do.

Nhiét tai riéng qua tudng:

g = K(t - t;) = 38,2(143 - 30) = 4316,6 kcal/m?h.

Nhiét d6 t duoc tinh:

q 4316,6

ty =t —— =143 - — —— = 142,6°C
a, 11500

K=

K =
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q 16,6
ts = t; +— = 30 +——_ = 137,9°C.
) a, 40
b) Hé hoi - nudce :
Heé s6 truyen nhiét tinh giéng hé hoi - khong khi:
1
1 1 0,004 1 1
+ + + +
11500 2000 40 2000 2950
K = 655,3 keal/m?h do.
Tit bang 4.5 tra hé s6 cdp nhiét cla nude a, = 2950 keal/m?h db.
Cac théng s6 khdc gidng trudng hgp hoi - khong khi.
Nhiét tai rieng:
g = K (t, -t) = 6553 (143 - 30) = 74048,9 kcal/m?h.
Nhiét d¢ ¢, va £, duge tinh:
q 74048,9
43 - =

K =

t, =t - —— = 143 - 136,6°C
a, 1150
q 74048,9

to =t + = +————— = B5,1°C
a, 2950

So sdnh két qua cla hai trudng hop a) va b) ta thdy trong
cung mdt didu kién thi nhiét d6 tudng phia luu thé lanh t; cang
nhd, néu hé s6 cdp nhiét a, cang lon.

4.2.7. Mot thiét bj trao d6i nhiét bing dng thép day 4 mm. Trén
b8 mat thanh thiét bi cd trd lue do 16p gl sit 1a 0,0005 m2h do/keal
va phia bén kia cd lgp két tia cia nuéc bam day 0,5 mm véi he
s8 din nhigt 1 = 1,5 kcal/mh d¢. Tinh hé s§ truyén nhiét trong
trudng hop t6t nhét, néu hé s cdp nhist « va a, rit 16n.

Gidi:

Theo phuong trinh (4.11) ta cd:
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1 1
Néu chdp nhan «| va a, rdt 16n, thi o +-- khong déng ké
so véi Xr, . ! 2
Nhu vay, hé s6 truydn nhiét duge quyst dinh bsi kha nang
ddn nhiét cia tudng va ldp b&n bam. Do dg.

1
K=—-
xr

. 3, 9
véi ¥r, = r +— +—L = 0,0005 +
t n ?

0,00093 m2hdé/keal .

Tu bang PL.14 tra dugc hé s6 ddn nhiét ctia thép 2, =
40 kcal/mh do.

Hé s8 truygn nhiét ly thuyét cd kha nang lon nhét la:

0,0005 +0,004
40

K =——— = 1075,3 kcal/m2h ds.
0,00093

1 1
Vi & +a—2 # 0, nén véi moi tinh hudng hé s6 truyén nhiét trong

thuc t& luén luén nhé hon 1075,3 keal/m?h dé.

Nhu vay, hé s6 truyén nhiét luén nhd hon kha nang dén
nhiét cda tudng va can bén bam trén dd.

4.2.8. Dung nhiét cia san phdm craking dé€ lam ndéng diu
mé. Can xdc dinh hiéu sé nhiét d¢ trung binh giita hai chédt léng.
Biét san phdm craking cd nhiét d¢ dhu ¢, = 300°C, va nhiét do
cudi £, = 200°C. Con diu mé cd nhiét d6 dau ty = 25°C va nhiét
dé cubi t, = 175°C.

Gidi:

D€ xdc dinh hiéu s§ nhigt dé trung binh giita hai luu thé cé
thé tién hanh hai phuong phap:

a) Hai luu thé chuyén dong cung chidu:

Luu thé néng cé nhiét do tit 300 xudng 200°C

Luu thé lanh cé nhiét 46 25 lén 175 °C
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1
o thay 2 215 {
= >
Y A, 25 200
Do do
275 - 25 at y—{<00
At, = — — = 1044 °C. ¢ An |5
7 /
28 le5g 25
b) Hai luu thé chdy -
nguge chiéu nhaou 1 9
300 — 200 200
175 =« 25 175 At
At = 125; At = 175 200
A, 175 41,
vi — =-— < 2, nén
At 127 25
1256 + 175
At =——— = 150°C. Y 4
2

Hinh 4.13 (vi du 428)
T4t nhién trong trudng :
hop chung, ta ciing cd thé si dung cach tinh At,, theo logarit 8
trudng hgp dong nguge chidu. Khi do:
1756 - 125
A, m——

= = 1496C.

Qua két qua tinh tosn ta thdy, trong cing dizu klent"}‘ﬁ
trudng hgp nguge chidu ¢ higu s6 nhiét d6 trung binh 16n hon.

Ngoai ra cin cha y 1a chdt léng duge 1am ndng (dau mo) &
trudng hop nguge chidu cé thé nang nhiét do cufi trén 200°C
(cao hon nhiét dé cudi cia luu th& néng) va nhiét dd cudi cta luu

thé néng cé th€ ha thdp hon nita. Do d¢ trao d6i nhiét theo
phuong thic nguge chidu rdt uu vigt. )

4.2.9. Amoniac chay trong thi€t bi ngung tu 6ng chum & ap
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suit 11,9 at. Nhiét do6 95°C; luu lugng 200 kg/h. Nudc lam lanh
cé nhiét do dau 15°C. Ra khoi thiét bi ngung tu amoniac & nhiét
d6 ngung tu.

Tinh lugng 79 q5°

nude lanh cé@n

thit, néu hiéu s6 aa
nhiét gila hai f
luu thé t6i thiu 6 \

5°C. &
N-\
Tinh nhiét iﬂ \ | @monioc 30
S | |
dd ra cua nudc 25 I il - L
va hiéu s8 nhiét : W;;—*--_.:;; =750
d6 trung binh. 0 1 | (]
Hai luu thé 600 Q—= 63200
chay ngugc chidu
nhau. Hinh 4.14 (v{ du 4.2.9)
Gidi:

T db thi hinh PL.20 cda amoniac hodc bang PL.15 thi nhiét
d6 ngung tu cua amoniac ¢ 11,9 at 1a 30°C. Nhu vay cd nhidt do
dau 95°C, tuc 12 dang hoi qua nhiét. Do d6, amoniac trudc khi
ngung tu dugc lam lanh tit 95°C dén 30°C, s& san ra mot luong
nhiét:

Q, = 200(393 - 350) = 8600 kcal/h

Tit do thj T - S hinh PL.20 ta tra duge ham nhiét cia hoi &
95°C (11,9 at) 1a 393 keal/kg va & 30°C la 360 kcal/kg, v ham
nhiét & thé 1éng & 30°C cua amoniac 1a 77 keal/kg.

Nhiét ngung tu tu thé hoi sang léng:
Q, = 200(350 - 77) = 54 600 kcal/h.
Lugng nhiét nuéc nhén duge la_:
Q=Q, +@,= 8600 + 54 600 = 63200 kcal/h.

Sy phu thudc gita nhiét do va nhiét cdp (thu) cha amoniac
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va nuéc duge thd hién & hinh 4.14.

Vi higu s8 nhiét do gita amoniac va nubec khéng duge thdp
hon 5°C. Do dd nhiét dé cha nudc cao nhat la: 30 - 5 = 25°C &
thoi diém ngung tu.

Lugng nudc can thiét sé la:

Q, = chAt
Q, 54600
m = =
cPAt 1(25 - 156)
Nhu vay, nudc ra khoi thiét bi ngung tu cd nhiét dé la ¢,

= 5460 kg/h.

Q 63200
At =t - 15 = — =
me, 1.5460
63200
t =15 + = 26,6°C,
1.5460
Trong trudng hgp nay, dé t l a5
xéc dinh hiéu s8 nhiét do trung
binh, ta chia qu4 trinh lam hai
giai doan: 30°
s, 4 e
- Giai doan lam ngudi hoi 24'5* J0°
qUé nhiét (I); 4?-{“('\
- Giai doan ngung tu hoi 7 7 5%
béo hoa (II).
. F
Nhiét do trung binh & giai o
doan lam nguéi (I): - Hinh 4.18 (vi dy 429)
95 — 30
26,6 « 2
At, = 684 At, = 5
68,4 -5
24,3 °C

At = =
2,3 kg(68,4/5)
Nh_iét d¢ trung binh & giai doan ngung tu (II)
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30 — 30
25 « 15
Aty =5 A =15
15-5
ttb — =
2,3 1g (15/5)
4.2.10. Tinh hiéu s6 nhiét d6 trung binh trong thi&t bj trao

ddi nhiét nhizu ngin (hinh 4.16). Khang gian giita c4c dng truyén

nhiét tao thanh mét ngan, cdon khdng gian bén trong dng chia
lam hai ngan.

56 ligu cho:
Nhigt d6 dau luu th€ néng T, = 80°C
Nhiét do cudi luu thé€ ndng T, = 40°C

Nhiét do dau luu thé lanh ¢, = 20°C
Nhiét d6 cubi cha luu thé
lanh ¢, = 40°C

Hai luu thé chay nguge dong
va xudi déong

Gidi:

Dua vao cong thie:

(¢}
b

Atlb = ‘-EAI Atng .
Hiéu s6 nhiét dd trung binh &
ché& d¢ nguge dong:
80 . - 40
40 « 20 —
At = 40 At, =20 |

Xac dinh cdc dai lugng P va
R: Hinh 4.16 (vi du 42.10)
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ty-t, 40 - 20
T, -t 80-20
_T,-T, _ 80-40
t, -t 40 - 20

Tit dd thi hinh PL.8 ta tra dugc gia tri ¢4, cho dong hén hgp
dya vio P = 033 va R = 2 1a epe = 0,86.

Vay nhiét dé trung binh cia hai luu thé trong thiét bi trao
ddi nhist:

= 0,33

At = EncDty, = 0,86.30 = 25,8 °C .

4.2.11. Tinh hé s8 cdp nhiét cia nuée chdy qua thiét bi trao
déi nhiét ki€u 6ng chim véi dudng kinh 6ng truyén nhiét
40x2,5mm. Van t6c cia nudc 1 m/s chady trong 6ng va duge dun
nong tit 15 dén 80 °C. Nhiét d6 thanh dng 95°C. Ong dai 2 m.

Gidi:

80 + 15
Nhiét d¢ trung binh cia nude: t, =——2—_—- = 47,5°C,

D€ xdc dinh ché do chuyén dong, ta tinh chudn s8 Re:

wdp  1.0,035.1000
Re = = = 61403,5 ~ 61500.
u 0,57.103

Ti bang PL.7 tra duge dd nhét chia nudc & 47,5°C 1a 0,57 cP

= 0,57.10-3 kg/ms vi Re > 104, ta van dung cong thic (4 27) 4é
tinh hé s6 c&p nhiét:

Nu = 0,021 ¢ Reo 8 pro, 4:"(Pr,t'Pr )0 25
Tu bang 4.1 ¢6 g = .1 vi L/d 2000}35 0 = 57.

Tit bang PL.16 ta cd Pr = 3,74 & t, = 47,5°C, Pr, = 1,85 &
t, = 95°C, nén Pr/Pr,_ = 3,74/1,85 = 2,02.

Dé tién cho viéc so sdnh két qua dat dugc, ta ti&€n hanh tinh
. todn va tra theo dd thi:

- Theo tinh todn:
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Nu-= 0,021.615000.8.3,74043 (3,74/1,85)025 = 299,38,

Heé s8 c4p nhiét:

Nul 299.3.0,554
= = = 4737,5 kcal/m?h do.
d 0,035

Gia trj A = 0,554 kcal/mh d6 la hé s§ dén nhiét clia nude &
47,5°C tra d bang PL.16. ' '

- Theo d8 thi:

Tit d5 thi hinh PL.3 tra dugc Nu véi cdc s8 lidu:

Pr = 3,75, Pr/Pr = 2; Re = 61500

Trén db thi n6i cac di€m Pr = 3,75 véi Pr/Pr, = 2, dudng nay
c4t duong phu 8. Di€m cat nay tao véi Re = 61500 cho ra Nu =
290.

[

290.0,5564
Vay: ¢ =—~————— = 4590,3 keal/m? h dd.
0,035 .
Theo hai cach tinh cd sai s6 la:
4737,56 - 4590,3
4737,5

4.2.12. Theo didu kién cta vi du 4.2.11, nhung bdé qua &nh
hudng cia hudng dong nhiét va quan hé Pr/Pr,. Hé s8 cip nhigt
bing bao nhigu?

Gidi:

Xsc dinh chufn s8 Nu theo cong thuc:

Nu = 0,021 Re%8pr0.43

Vay Nu = 0,021.6150008.3,74043 = 251.

Hé 6 cdp nhiét:

Nul 251.0,554

= 0,03 = 3%.

= 3973 kcal/m?h d6.

a = v
d 0,035
N&u bé qua anh hudng nay cd sai s
- 3973
4787,5 = 0,16 = 16%
4731,5
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4.2.13. Benzen duge lam ndng tit 20 d&n 60°C trong mot ong
co dudng kinh 53 mm, dai 3 m. Nhiét do cia thanh dng 70°C.
Van tfc cia benzen la 0,1 m/s. Cin xdc dinh hé s6 cdp nhiét caa
benzen.

Gidi:
Nhiét do trung binh cta benzen:
20 + 60
ty =——— = 40°C
2

Chuin s8 Re:

wdp  0,1.0,053.8,58
Re = = = 9280,
u 0,49.10-3
O 40 °C benzen cd d6 nhét u = 0,49.103 kg/ms va khéi lugng
rieng p = 858 kg/m3 (hinh PL.2). '

vl Re = 9280 nén ché& d6 chuyén dong cia benzen trong ving
qué do. Ti bi€u dd PL.9 tra duge Pr = 7,4 va Pr,_ = 6,6 & 40°C
va 70°C.

Vay

Nu
Nu
Hé s8 cAp nhiét: _
Nul 75,2.0,121
a = = = 172 kecal/m2h do,
d 0,053
trong dd 4 = 121 kecal/mh d6 la hé s6 din nhiét cia benzen &
40°C. '

4.2.14. Anilin ¢ nhiét d6 trung binh 120°C duge bom qua
6ng truy®n nhiét cia mot thi&t bi 6ng chim nidm ngang véi van
téc 0,03 m/s. Mat trong cia 6ng truy®Bn nhiét 110°C. Cin xdc
dinh hé s8 cdp nhiét.

Gidi:

Chu#n s8 Re cho anilin la:

30,9.Pr043 (Pr/Pr )02
30,9.7,4%:43 (7,4/6,6)0.25 = 75,2,
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wdp  0,03.0,02.1040
Re = = = 1274
P 0,49.103
Khdi lugng riéng cua anilin duge tinh tit bang PL.9 1a
p = 1040 kg/m3 Do nhét cia anilin & £ = 120°C duge tinh tit
hinh PL.2 va # = 0,49.10-3 kg/ms. Vi Re < 2300, nén anilin chay
d ch& dé dong. Vi vay, ding cong thic gin ding:
' Nu = 0,15 ¢ Re033Pr043 Gr0.1 (Pr/pr )0.25 |
Ti bing 4.2 ¢d ¢, = 1, vl L/d = 3000/20 = 150 > 50.
Ti hinh PL.9 ¢é Pr = 6 cho anilin 8 ¢ = 120°C

Pr, = 7,2 cho anilin ¢ t, = 110°C.

d3p28Atg 0,023.10402 (1,07.10-3). 10.9,81
Tt T 0,492,106 B
trong dé At = 120 - 110 = 10 db;
B - hé s6 gian nd thé tich 4 nhiét do 120°C, 1/do.
Ti cong thic:
v = vl + Bt)
U, = U (1 + Bt)

3,8.10¢

i

2 3

vo(l + at) + bf + cf3)
3

v(l + at, + bt + ct3)

|
Il

vay g = alt, - &) + 62 - ) + e(f] - )
b-t

Gia thist, t; = 121°C va £,2119°C. Cac gia tri a,6 va ¢ duge

tinh ti s6 tay: a = 0,82349.103; b = 0,8408.10% ¢ =
0,10741.10°8,

Thay s6 liéu vao phuong trinh ta cé:
0,82349.10-3.2+0,8408.106(1212 - 1192)+0,10741.108(1213 -1193)

p= 121 - 119 -

= 1,07.10-3 1/do.
Chuén s6 Nusselt:
Nu = 0,15.1.12740-33,6043 (3,8.10%)%1 (6/7,2)0.25 = 14,9,
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Hé s6 cdp nhiét caa anilin:

Nuld = 14,9.0,14
a = = = 104,3 kcal/m?h do.
d 0,02

- O day hé s6 din nhiét cda anilin tai nhiét d6 ¢ = 120°C 1a A
= 0 14 keal/mh d6 (hinh PL.10),

4.2.15. Mot thist bj trao ddi nhiét loai 6ng chum thing dtmg
gdm 61 dng truygn nhiét, dudng kinh 6ng 32x2,5 mm, cao 1,25 m.
Cacbon tetraclorua chay qua &ng véi luu lugng 13 m3/h, cé nhiét
d6 trung binh £, = 50°C, nhiét d4 mat trong thanh éng t, = 24°C.

Tinh hé sd cdp nhiét gitta cacbon tetraclorua va thanh éng
trong nhing truong hgp sau:

a) cachon tetraclorua chdy trong 6ng choin day éng;
b} cacbon tetraclorua chay trong 8ng dang mang.
Gidi:

a) Truong hop chodan diy éng:

Van t8c dong chay chiat 16ng duge tinh
m 13 0,103 m/
w = = : = N
F  61.0,785.0,0272.3600 = °
Ché& dd chay duge'zdc dinh qua chuédn sé Re:
wdp 0,103.0,027.1630
Re = = = 6476
. H 0,7.103
T bang PL.9 tra dugc kh6i lugng rigng cia cachon
tetraclorua la p = 1630 kg/m? va d¢ nhét 0,7.10-3 kg/ms & 50°C
tra hinh PL.2. Vi Re = 6476 nén chay & ché dd qui d4. Cong thie
tinh Nu la: '

= 21,9.Pr0.43 (Pr/Prt)0~25.
Tu hinh PL.9 ¢ Pr = 5,4 & 50°C va Pr. = 6,6 0 24°C
vay Nu = 21,9.5,4043 (5.4/6,6)925 = 43.
Hé cap cédp nhiét:
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Nul  43.0,09
d 0,027 |
Gid tri A = 0,09 kcal/m h do tra d hinh PL.10 & 50°C.

b) Ché do chdy thanh mang. O ché d6 nay ngudi ta cé thé
xdc dinh hé sd cdp nhiét theo cong thic:

Nu = 0,01(GaPrRe)!/3 v6i Re > 2000 (xo04y)
hoac Nu = 0,67 .(Ga’Pr’Re)V? vai Re < 2000 (dong)

Trong c& hai trudng hep, cac théng s8 vat 1y deu duge tinh
theo nhiét do cua mang, tic la:

= 143,3 kcal/mZh do.

o =

t,+t 50+ 24
t = =
m 2
Onhist do nay, do nhdt 4 = 0,84.103 kg/ms va hé s& din nhist
A = 0,094 kcal/mh d6é chuéin s6 Re dudc tinh:

= 37°C.

dmp 4.13.1630
Re = = = 5420.
zdnp 3600.3,14.0,027.61.0,84.10°3

Nhu viy chuyén d6ng mang theo ch& d8 xody.

Chudn s6 Ga la:
Ca =H3.p2.g= 1,25%.16802.9,81 - 72.1.100.
u? 0,842,106
O nhigt d6 37°C chuéin s§ Pr = 6.
Vay
Nu = 0,01(Ga PrRe)1? = 0,01 (72,1.1012.6.5420)1/3 = 13283.

Rat ra

Nul 13283.0,094

a_ = = = 998,9 keal/m?h dé.
" H 1,25
Quan hé giita hai gid trj « ¢ hai truong hop la:
an 998,9
a 1433
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Nhu vy & ché d6 mang hé s6 cdp nhiét 14n gdp 7 1an § didu
kién thudng.

4.2.16. Khong khi théi qua thanh 6ng cé dudng kinh 50 mm
va dai 1,5 m v6i van tc 6 m/s, nhiét d6 dau 60°C va nhiét do
cubi 20°C. Can xdc dinh hé s6 cdp nhiét cta khéng khi.

Gidi:

Nhiét d$ trung binh cta khéng khi:

60 + 20
2
Chuin 88 Re dudc tinh:
wd 6.0,05
v 16,96.10

Khong khi 4 nhiet d¢ 40°C cé do nhét déng hoe v
16,96.10° m?/s. Vi Re > 107, ta tinh Nu theo cong thie

ty = 40°C,

Re =

= 17689,

Nu = 0,018.¢|.Re®® = 0,18.1,06.1768908 = 477

Tra bang 4.1 ta co g, = 1,06 & L/d = 1500/50 = 30

O 40°C khong khi c6 h¢ s6 dén nhist 4 = 0,028 keal/mh do.

Rat ra:

Nul _ 47,7.0,028

d 0,05
4.2.17. Mat thiét bj gia nhiét gdm ‘sdu ddy 6ng x&p léch nhau

tao thanh chum. Dudng kinh ngoai ctia dng truyén nhiét la d =

44,5 mm. S8 8ng trong méi day bing nhau, Khéng khi th8i ngoai

Sng chéo dong véi géc nghiéng 90°. Can xéc dinh hé s6 cdp nhiét

cua khéng khi, bi&t nhist do trung binh la 200°C, van t8c trung
binh & tigt dien hep nhdt 13 w = 12 m/s.

Gidi:

o =

= 26,7 kcal/m2h ds.

. Tinh chufin s Re:
wd 12.0,0445

Re = 2
v 34,85.10°6

= 15323.
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G 200°C khong khi cd d6 nhét dong v = 34,85.106 m2/s.
Vi Re > 10% nén Nu duge tinh theo cong thic:
Nu = 0,21¢, Re®® = 0,21.1.15323%65 = 110,3
Hé s6 cua gde chay ¢ = 90° la £p = 1.
Tu bang PL.13 ¢ 200°C khong khi cd hé 6 dén nhiét
A = 0,034 kcal/mh do.

Vay
Nu i 110,3.0,034
a = = = 84, 3kcal/m?h d¢.
d 0,0445
Heé s6 cdp nhiét trung binh cia sau day ong la:
0,6 + 09 + 14
oy, = 5 a = 77,3 kcal/m?h do.

¢ day gia tri 0,6 va 0,9 la he s6 hiéu chinh cia qua trinh cdp
nhiét & day thd nhdt va day thd hai cia chum ong.

4.2.18. Cung didu kién nhu & bai 4.2.17, nhung dng x&p
thing hang nhau, thi hé s6 cdp nhiét thay ddi thé nao?

Gidi:

Trong trung hop 6ng x8p thang hang nhau, thi Nu dude tinh
theo cong thue:

Nu = 0’37‘£<p Re%% = 0,37.1.1532306 = 120,1.

Vay hé sé cdp nhist day thd ba la:

A 120,1.0,034
a =Nu = = 91,8 kcal/m2h do.
o 0,0445

Hé s6 hiéu chinh & day éng dau la 0,6 va day thi hai la 0,7,
nén hé s6 cdp nhiét ciia cd chim sdu day la:

0,6 + 0,7 + 4
t = 6

Qua két qua tinh toan ta thdy i:rudng hop x&p thdng hang c¢
hé s8 cdp nhiét 1én hon trudng hop x&p léch hang. Va sy sai léch

a = 0,883.91,8 = 81,1 kcal/m?h do.

a
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dy la:
81,1 - 77,3
oo " - 0,05 = 5%
81,1

4.2.19. Alcol izopropylic duge lam néng trong binh chia nhd
nude nong. Nudc duge bom mot day 6ng ndm ngang cd dudng
kinh d = 50 mm. Tinh hé s6 cp nhiét cia alcol izopropylic & ché&
d6 déi luu tu do. Alcol c¢é nhiét do trung binh ¢, = 60°C va nhiét
dd trung binh & mat ngoai 6ng la 70°C

Gidi:

Heé s6 cdp nhiét cia chdt long & ch& dd ddi luu ty do ngoai
$ng nam ngang dudgc tinh theo cong thie:

Nu = 0,51(GrPr)%% (PriPr)%2% .

Chudn s6 Nu va Pr tuong dng v6i nhiét d¢ trung binh cuia
chat 16ng & 60°C va chudn s6 Pr,  nhiét d¢ thanh ¢, = 70°C.

Chuén s6 Grashof duge tinh
d30%BAtg  0,05%.7892.1,39.103.10.9,81

e B 0,82,10°6
Gr = 1,66.107 .
trong d6 khéi lugng rieng cia alcol & 60°C 1a p = 789 kg/m3;
At = 70 - 60 = 10°C;

Gr =

d6 nhét cia alcol & 60°C 1a 4 = 0,8.103 kg/ms;
B - hé 8 nd thé tich, 1/d0 dugc tinh tit céng thde:
g = a(t, - ) + b} - BH (8 - )
b -8
1,04345(61 - 59) + 0,44303.10°6 (612 - 592) + 2,7274.10% (613 - 69°)

ﬁ:

61 - 59
B8 = 1,89.103 (1/d¢).
Cac dai lugng a,b va ¢ dugce tra & s6 tay.
& 60°C tit hinh PL.9 tra dugec Pr = 19 va d 70°C tra duge
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Pr, = 16,5.
Vay | .
Nu = 0,51(1,66.107 .19)0:25 (19/16,5)%25 = 70 4.

va hé s6 cép nhiét cua alcol izopropylic d ché& do6 dsi hiu tu do:
Nuld 70,4.0,126

d 0,05

O day 2 = 0,126 kcal/mh do 1a hé s6 din nhiét ca alcol
izopropylic & 60°C.

a = 177,4 kcal/m<h do.

4.2.20. Hoi nu6c bao hdoa duge ngung tu ¢ ngoai chitm ng
gdm sdu hang xép léch hang nhau. Dudng kinh ngoai cua éng
truyén nhiét d = 30 mm. Ap sufit hai bao hoa 10,23 at. Xac dinh
hé s6 cdp nhiét trung binh cia chum, biét nhiét do trung binh
cla b& mat ngoai ng truyén nhiét la ;= 172°C.

Gidi:

Hé¢ s8 cdp nhiét dugc tinh trude tién cho tirng éng, roi dung
hé s8 hiéu chinh cho ting day dng.

Céng thuc tinh hé s6 cdp nhiét cho titng 6ng nam ngang:

4
3600.r.0213
a =\I-——r’°_g. 0,725,
nit.d

trong d6 r = 482,3 keal/kg - nhiét ngung tu cda hoi nudc & 10,23 at
(bang PL.17});
p = 8921 kg/m*® - kh6i lugng riéng cia nudc ngung
(bang PL.16);
A = 0,582 kcal/mh d¢ - hé s6 d4n nhiét cia nuéc ngung
(bang PL.16);
# = 15,1.10% kps/m? = 149.10¢ kg/ms - 46 nhdt cta
nudc ngung (bdng PL.16); _
At = ¢ -t =180 - 172 = 8°C (z, = 180°C la nhist do
cla nudc ngung (hoi) ¢ dp sudt 10,23 at (bang PL.17),
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Cac dai lugng p, A va u dude tra & nhiét do trung binh cia
mang nudc ngung:

t o+t 180 + 172
i I = =
| m
2 2
Thay vao phuong trinh tinh a ta cd:
i [ "3600.482,3.892,12.0,5823.9,81
| a = 0,725 = 11987 kcal/m?h dé.
149.10-6 8. 0,03
Hé s8 c&p nhiét trung binh cia chim &ng:
a, = € .a = 0,6.11987 = 7192,2 keal/m?h do,

véi e - hé s8 higu chinh cua hé sé cdp nhiét cho chum dng.

= 176°C

4.2.21. Can xac dinh hé s8 cdp nhiét cia nudc s6i trong
khong gian rong (d8i luu ty do). Ap suit 1,03 at (100°C). Nhiét
tai rieng ¢ = 3.10* kcal/m?h

Gidi:
Hé s6 cdp nhiét dude tinh theo cong thic:

a) Cong thic (b6c haoi bong bdng):

0.75
a = 1,86.10°2 (-—ph—r— )0.033 (_ﬂ )0.33 AV g

P Pu o p 045 ¢ 0417 70.37
D6i véi nube § 100°C tit bang PL.16 tra duge:
p = 958,4 kg/m3; o = 60.10* kp/m; 4, = 0,587 kcal/mh do;
p = 280.10°% kg/ms; ¢, = 1,008 keal/kg d9.

cho hoi nude ¢ 100°C ti bang PL.17 ¢6 r = 539,4 kcal/kg;

py, = 0,597 kg/m3; T = 373°K.

0.7

vay

0,597.539,

a = 1,86.102( _§?._:4._ )0.:033 ¢ 9584 )0.33 .
958,4 - 0,597 60.104
0,587%73 (3.1040.7
= 2
(280.10°6)0.45 1 0080:117 . 373037 3787,2 keal/m®h dd.
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b) Theo cong thic (d6i vdi nudc):
a = 3.4%7 = 3.(3.10%%7 = 4084,2 keal/m?h ds.
c) Tra theo dd thi hinh 4.9 duge o = 4100 keal/m2h db.
4.2.22. Xac dinh hé s6 truy®n nhiét trong thidt bi béc hoi
alcol etylic. Hoi dét cd 4p sudt du 2 at. Hoi chay trong 6ng xoén
bing thép c6 dudng kinh 51x3 mm. Luu thé séi & 4p suat thudng.

Can chu y dén trd lyc can b4n basm trén thanh éng trong tinh
toan.

5} ) &z -t
i
hov JoE E / 5 alcol sir
- é ereee P
= s ‘th
~
=z -
L, @Z?’fa
= =
a 4) £
Hinh 4.17 (vi duy 4222)
Gidi:

a) Quan hé nhiét do cia qué trinh

Tit hinh 4.17 ta thdy 4, 1a 18p can bdn phia hoi d6t, & 12 be
day éng, d, la l6p can bén phia alcol séi. £, va ¢, l1a nhiét d¢ hai
bén tusng.

Tit bang PL.18 & 4p suét 3 at hoi cé nhiét do 132,9°C. Nhiét
d6 s6i cia alcol 1a 78,4°C.

Hiéu s6 nhiét do trung binh giia hai luu thé:
At, = 132,9 - 78,4 = 54,5°C.
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b) Hé 56 cp nhiét phia alcol soi
Hé¢ s6 cép nhiét duge tinh theo cong thic: '
pur P, ;‘lo.75‘q0.7

a = 1,86.10°2, { — )0:033 ( —)0.33
Py Py o #!0,45.09,12 “70.37

Trong cong thie:
T = ?73 + 78,4 = 351,4 °K nhiét d¢ cha alcol s6i § 4p suft
thudng. O nhiét d6 nay alcol ¢ cac thong s6 vat ly sau:
p, = 735 kg/m3; r = 201 keal/kg;
py = 1,74 kg/m3; ¢ = 17,1.10* kp/m,
o= 0,451 kg/ms; ¢, = 0,77 keal/kg d9; 4, = 0,144 keal/mh
ds. (sé lieu dugc tra d cdc bang trong phin phu lyc).
Vay g = 186.10°K 7;;7%.??;4 L 17,713.?0-4 =
0’1440,75_(10.7
(0,451.10-3)0.45,0,770.12 351 ,40. 37

D6i vai aleol etylic hé s6 cdp nhiét cé thé tinh ghn ding theo
cong thic:

= 1,16.4%7.

a, = 2,5pp%4.q07, keal/m2h do,

trong dd ¢ = 0,45 - hé s6 dac trung cho chét long s6i d p = lat,
nén:

a, = 2,5.0,45.¢%7 = 1,13¢%7, kcal/m?h d9.

Nhu viy, néu diung cong thic ghn ding cd hé s§ hiéu chinh
¢ hé s6 cdp nhiét sé nhé hon so véi trudng hgp chung la:
1,16 - 1,13

1,16
c) Hé s6 cdp nhiét phia hoi d6t ngung tu

D6i véi 6ng xoan khong cd cong thic tinh, nén ta diung cong
thde: '

= 0,026 = 2,6%

r
= - 3y0,25
a, = 0,725.A.( dar, )
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Dé tinh A, cac thong 6 vat Iy 14y theo nhiét dé mang nudc
t +1
t
ngung ¢ = 5 : hodc tra A theo nhiét d6 nay. Con r 1a nhiét
ngung tu tra theo nhiét dé hoi.

d) Tink nhiét trd bao gom tré lyc thanh 6ng va 16p cau ban
bam trén hai bén thanh éng:
4 1 0,003 1
Zro=r +—+r, = + + =
A 5000 40 8000

0,475.103m2h do/kcal.

Céc sé lidu duge tra & bang PL.12 cho ry ry va 4 bang PL.14
cho A.

e) Tinh nhiét tdi riéng q

Ta biét, tit cdc cOng thic tinh hé s§ cdp nhiét « ddu cho ra «
= f(tt). Song ta chua bi&t t, va t,,. Do dd ta phii tim cdch x4c
dinh ching. Ching ta chdp nhén, qud trinh truydn nhiét thi
nhiét lugng duge hoi ngung tu cdp bang nhiét qua l6p cian bdn va
tudng va bang nhiét lugng cung cip cho qua trinh bdc hoi (s6i),
tic

trong do q, =

9y = ayltyy - £)
vi quan hé d /d = 45/51 = 0,88 > 0,5, nén ta khong can da cap
dén d¢ khum cua 6ng.

Dé€ vigc tinh toan thuan lgi, cing nhu cd thé thdy dé dang su
thay ddi cda cdc dai lugng trong tinh todn ta téng hop s6 litu vao
bang 4.8.

- Lan tinh thé nhdt: Dai lugng ¢, duge gia thiét. Gid tri cia
t,, phai ndm gita ¢, = 132,9°C va ¢, = 78,4°C va ghn véi #,, vi

. o 132,94+ 125
a; > a,. Gia du chon ¢, = 125°C. Nhu vay ¢ = =

2
= 129°C
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Bdng 4.8

56 Phia hoi ngung tu Twdmg va can bin
lan
tinh | 1 It Ary | A @ | g, > Aty

1329 125 129 | 79 | 2331| 10442 82492 0,475.10'3 392
2 1329 | 127,75 1303 | 5,15 | 2336| 11700| 60100 0,4-7’5.10'3 286
1329, 1279 1 1304| 50 2336 11800 58800! 0,475.107 279

56 Phia alcol s6i gng tqs
lan , th =
tinh o g Ay | a, q, 2
1 858 784 | 68 3206 | 23724 53108
99,1 784 | 20,6 | 2770 57000 58550
100 784 | 215 | 2730 | 58700 58750

Khi dd: At = ¢, - ¢, = 132,9 - 125 = 7,9°C, A = 2331 (tra &
bang theo cong thdic (4.60)].
Tinh toan ta dugc:
r 518,1
1} @y = 0,725 A( — )02 = 0,725.2831 (————— )0.25 =
dAt, 0,045.7,9
= 10442 kcal/mZh d49. .

Tra tit bAng PL.18 dugc r = 518,1 kecal/kg cua hdi ngung &
132,9°C.

2) qpg = ay(f - ) = 10442(132,9 - 125) = 82492 kcal/m?h.
3) Aty = 2riq,, = 0,475.10'3.82492 = 39,2°C.

4) ¢, = ¢, - At = 125 - 39,2 = 85,80C,

5) a; = 1,16.4%7 = 1,16.82 49207 = 3206 keal/m2h do

6) g, = a,(t,; - t,) = 3206(85,8 - 78,4) = 23724 kcal/m2h.
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Gog * 9, _ 82492 + 23724 _ 53108 keal/m?h
2 2
Vi sai s8 gita 9pg V2 g tuong ddi ln:
82492 - 23724
82492
nén ta tién hanh tinh ti€p voi gia thist ¢, tét hon.

- La&n tinh thd hai: Giit nguyén «,, vl thyc t& né khéng thay
d6i. Xem A¢; thay d6i nhu th& nao, d& q,, c4n dén q,,.

7 Uy =

= 0,71 = T1%

Su phan biét giita Tng V2 Qy, la:
82492 - 53108
82492
D¢ tién hanh tinh todn lin thy hai ta ldy:
At = (1 - 0,356).7,9 = 5,1 do

Quad trinh tién hanh hoan toan gi6éng nhu Ian thd nhat va két
qua dudc t6ng hgp & bang 4.8,

Két qua dat duge & lAn thd hai c¢d su chénh léch giita Ing va
q,, khong ldn 1dm
60100 - 58500

60100
V4i sai s6 nay cd th€ chdp nhin dugc.

Ta chn cd phuong phdp dé€ xdc dinh ¢, sao cho Tng V2 g, g2n
bdng nhau ma khéng m&t nhidu thoi gian mdo mim.

- Lan tinh thd ba: Qua hai 1An tinh trén ta d& dang tim hai
dudng thing q, g = f®) va g = (). Giao diém cia hai dudng thing
cho ta &6 liéu chinh xéc ¢; = 127,9°C va ¢ = 59000 keal/mZh.

D€ ching té phuong phdp db thi cho ta két qua ding, ta tién
hanh 1an tinh thy ba.

Két qua dugc téng hop ¢ bang 4.8.
Sai l&ch giita Ing va q la:

= 0,356 = 35,6%

= 0,03 = 3% < 5% .
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=500 = 0,001 = 0,1% 7
8 801 ° 9”
Gia tri trung binh cua 4
nhigt tai

58800 + 58700

- _ S
q[b 2 /

l
= 58750 kecal/m?h. 20 - w15 |1 1223
Céng thdc dung dé€ tinh ~ 7

chit 1éng s6i dang bong bdng Z

chi hop 1y khi gid tri nhiét tai

riéng ¢ phai nhé hon gid tri
gioi han q, . Vi vay, cin ki€m tra lai k&t qua tinh duge xem cd
thoa méan digu kién nay khong.

T

Hinh 4.18 (vi du 4222)

Nhiét tai riéng tdi han cua alcol etylic duge tinh theo cong
thic:
110,5 (-Dl _ ph)0,542 (phrT)°*333

= 4 042
9 = 1,7.107 - p 017 0,167 o
0,1449:5(735 - 1,74)0.542
qkr = 117104 =
- 7350417 ¢ 770,167
(1,74.201.351,5)0333 | (17,1.10-4)0.042
x —

I =
= 0,5682.10° kcal/m?h > 0,05875.105 kcal/mZ2h.

Nhu vay, két qua thu duge théa man.

Hé s6 truygn nhiét duge tinh theo hai cach:

1/ Tit quan hé q =K (¢, - t)

3 58750 -
vii K = 1329 784 = 1078 kcal/mZh d9.
2/ Tit'quan hé K =
—+r +—1-
* %2
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1
K = = 1080 kcal/m?h do.

L, 0,475.103 +
11800 2730

4.2.23. Xdc dinh b% mat truydn nhiét caa thist bi trac déi
nhigt dé lam nguéi dau trich ly ndng tit 100 xudng 25°C v6i nang
sudit 3 tdn/h. Tic nhan lam lanh 1a diu lanh & nhiét 46 dau 20°C
va nhiét d6 cudi 40°C. Cho biét, hé s6 truyén nhist thay ddi theo

nhiét d6 nhu sau; :

T,°C 0o 80 60 40 30 25

K, keal/m?h do 305 302 295 265 200 143

Nhiét dung cta diu 1a 0,4 keal/kg do.

Gidi:

Do hé s6 truy2n nhiét thay d8i theo nhiét d6 trong qua trinh
trao ddi nhiét, nén khi tinh todn van dung phuong trinh truyén
nhiét & dang vi phan (4.20)

_ mcedT . sz medT .
KT -t) T1 K(T - ¢

Tich phan duge tinh theo db thj.

0 cong thic T 1a nhiét do cia dau ndng va ¢ 1a nhiét do dau
lanh.

Tich mc 1a khong d8i trong sudt qué trinh trao d&i nhiét.
Db thj trén toa do véi truc tung 1/K(T - ¢) va truc hoanh 7.
T phuong trinh truy®n nhiét:

moe (T, - T) = mget, - 8).

mncn -
Ritrat = £y - - (T1 -7
mc

Nhu vay tit T ta tinh dugc ¢ tuong Wng.
Tu digdu kién diu bai ta cd:
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me, (T - Ty) = mge (¢, - 1))

me.  t,-t  40-20

me, T, -T, 10025
Thay vao cong thuc trén ta dugc:

t = 40 - 0,267(100 - 7).
Cu thé, néu tinh ¢ T = 80°C ta cé:

f = 40 - 0,267(100 - 80) = 34,7°C.

Tuong dng gid tri Béng 4.9
truc tung sé la:

= 0,267.

1 T |+ | T-1|K |VK(T-0)
-t
K(T - 1) 100 | 40 | 600 {305 | 055.10°*
- 1 - 80 | 347, 453 | 302 | 07310
302(80 - 34,7) 60 | 293| 307 | 295 | Lwo.0?
= 0,73.10* 40 | 240! 160 | 265 | 26620
Tinh tuong ty & 30 | 213| 87 | 200 | 575107
nhitng nhigt dé khéac ta 25 | 200| 50 | 143 | 100107*
cd bang 4.9. :
Cho s8 do 24 70°¢
truc hoanh Ido= )
= 2mm.
" 7y
Cho sé d-(: > J7
truc tung 1.10°2 t-: D)
= 20mm. X 7.
b 2
Vi vay don
vi dusi dudng
tich phan sé la: O
A = [33.
(1°.10%) = 2.20 A
= 40 mm?2. %o25 7100 T
Phan pgach
dusi dudng cong Hinh 4.19 (vi du 4. 2. 23)
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la dién tich ctia tich phan bing 5650 mm?.
T, dT 5650

T, K(T-¢9 = 40
B& mat trao d6i nhiét:

1,104 = 141.104,

Vay

T, dT
=me, [ = 3600.0,4 . 141.10* = 16,9 m?
T2 k(o

4.2.24, 1400 kg toluen cd nhiét d6 105°C dugc chda trong
b&. O dd cd ong xodn cho nuéc lanh chiy qua. Ong xodn c¢d be
mat truydn nhigt 3,2m?. Nudc lanh chay vao 6ng cd nhist do
13°C. Can thdi gian lam lanh bao lau dé toluen dat duge nhiét
d6 25°C, néu he s3 truyén nhiét 220 keal/m2h d9, va luong nudc
cin diung 1a bao nhiégu?

Gidi:

Qu4 trinh lam lanh dugc tign hanh gian doan, nén cong thic
(4.15) khong dugc dung dé tinh toan, vi doi héi bist hidu s6 nhiét
dé trung binh, ma nhiét d6 cta nudc lanh khi ra khoi dng xoin
thay d8i. Trong tinh trang nhu vay, ngudi ta dung eéng thic:

T, -T, A-1
Aty = .
tb T, -t 2,3 AlgA
2.8 1g
2° t]

trong dé T, = 105°C - nhiét d¢ dhu cia toluen;
T, = 25°C - nhiét d6 cudi cia toluen;
¢, = 13°C - nhiét d6 diu cha nuéc lanh;
t, = 18°C - nhiét d§ cubi chia nuéc lanh & thoi di€m
nhiét d6 cla toluen dat d&n 25°C.
Gia tri cita A dugc tinh:

T, -t 25 -13
A = = = 1,714
T,-t, 25-18

Vay
105 - 25 1,174 - 1
At[b = , = 36,4°C
. 105 .13 2,3.1,174 1g 1,174
€ o5 - 13
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Lugng nhiét toluen cdp cho nude la:
Q = 1400.0,43.(105 - 25) = 48160 kcal_.

Tit hinh PL.12 tra duge nhiét dung cda toluen & nhiét do trung

105+ 25
binh — = 65°C la c, = 0,43 kcal/kg do.
Thoi gian cAn thigt d€ toluen dat dén nhist d6 25°C la:

Q 48160
" “FKAi, 32220364
Nhiét d$ trung binh ciia nuéc lanh duge tinh theo cong thic:
b, = t, + A, 2,3lgA = 13 + 36,423 1g 1,174 = 18,8°C.

Lugng nudc lanh cén thiét:
Q 48160
m, = =
ze (b, - t)  1,88.1.(18,8 - 18)
4.2.25. Can xdc dinh t8n that nhist qua tia bdc xa tit bé mat
ctia mot thist bi trao d8i nhiét bang thép, dugc dit trong mot
phong cé tudng duge son mau. Thiét bi truyén nhiét cd chizu cao
H = 2m, dudng kinh D = 1 m. Phong cao 4 m, dai 10 m, va rong
6 m. Nhiét do & thanh thi&t bi 70°C va nhiét dé6 khong khi trong
phong 20°C.
Ngoai ra cling cin tinh téng nhiét tdn thadt qua bic xa va doi
Iuu (cdp nhiét).
Gidi:
Tén thé&t nhiét qua bic xa duge tinh theo cong thite:
Q= cr ][V [V keam
= —1 - [—=] |, kea
! ( 100 (100)
- -~ a 1
v&i hé s6 ¢ =1 ( n T F, , keal/m?h (°K/100)4
—_— g — i — ] —
A ¢, 49/ F,
Theo dau bai cd:

1,88 h.

= 4416,7 kg/h,
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T, = 273 + 70 = 343°K
T, = 273 + 20 = 293°K

F, = aDH + 2.0,785.D% = 3,14.1.2 + 2.0,785.12 = 7,85m?
F, = 2(4.6 + 4.10 + 6.10) = 248 m2,

Vi quan hé F,/F, rdt 1dn, nén ta cd thé coi hé s6 bic xa ¢ = cp

Tu bang PL.19 d6 den ctia thép la ¢ = 0,85, vay ¢, = 0,85 . 4,9
= 4,165 keal/m?l (°K/100)4.

Vay nhiét t8n thdt qua bic xa:

T \4 Ty
Q = ¢,F, ( —) -[=2] |= 4,165.7,85(3,43% - 2,93%) =
100 100
= 2113,26 kcal/h
Téng nhiét tén thit qua bdc xa va d6i luu la:
Q@ = aF,(t, - &), kecal/h,
trong dé « - hé s8 cdp nhiét bao gdm biic xa va d8i luu:
a = 8,4+ 0,06 At = 8,4 + 0,06(70 - 20) = 11,4 kcal/m2h do.
Viay tdng nhiét t8n thit la:
Q = 11,4.7,85(70 - 20) = 44745 kcal/h.

4.2.28. Mot dng din khi thai duge dat sau dudi dat. Khi dong
khi thai di qua (bAt diu 1am viéc) nhiét d6 thanh 6ng ting nhanh
dén t = 600°C, sau dé giit nguyén & nhiét d¢ nay. Lop d4t bao
quanh 8ng ¢é nhiét do khi chua cd dong khi qua la ty = 0°C. Khi
dong khi di qua nd dugc 1am ndng lén rat cham:

a} bi€u dién dudng nhiét d6 cta thanh 6ng theo khoidng cach
sau 400 h lam viéc (theo huéng vudng goc véi ong). Cho khodng
cach tir 0,4 dén 2 m. : Q

b) biéu dién quan hé gitta nhiét [ugng riéng ¢ =(F) x=p Cia

6ng véi thdi gian. Cho khoang thdi gian tu 5 dén 1000 h.

Sé lidu cua dat:

Hé s6 déan nhiét: A = 1 kcal/mh d¢.
Nhiét dung: ¢ = 0,2 keal/kg do.
Khéi lugng riéng: = 2000 kg/m?3.

]

©
|
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Gidi:

a) Nhiét truydn tit 6ng din ra ngoai dit 13 qua trinh truyén
nhiét khong 8n dinh, vi vy c6 su bién thien nhiét dd theo thai
gian. Theo dinh luat dén nhiét, thi qua trinh duge bi€u thi qua
cong thic:

at a2t

R
Phudng trinh vi phan riéng phin bac hai véi hai bién. Qua
trinh truysn nhiét xay ra qua din nhiét theo hudng x, hé s8 dan
nhiét do.
A

a = —
pe

Bang phuong phép giai gn dang, nghiém cla phuong trinh
nay thé hién 4 nam dang sau:

1)t =A+ Bx + CeP'F

2yt =A + Bx + Ce'm’rzr

3)t=A+ Bx +C — -g-g%%r

4)t=A+Bx+Ce zqzr‘-‘m(qx)

5}t =A+ Bx + ci?e’nzdn
e

. X
v{l n =

2vVar

Két qua & nghiém 5 cé dua vao phuong phdp xdc sufit, nén
d6 chinh xac cao hon, th€ hién qua tich phan

2
d(p) = —— [ eMdy.
= Jg "
Y nghia tich phan & ché:

khi 1t = 0, titlc 5 » o va ®(y) = 1.
Do dd khi thay cic digu kién da cho vao nghiém ta duge:
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Bdng 4.10

X ,m ¢ 04 08 12 L6 2 oo

7 0 |02 (04 |06 |08 |1

() 0 | 0210425/ 06 | 0,745 084

1 °C 600 | 474 | 345 | 240 | 153 [ 96 | . | 50
|

A=t,B=0vaC=t,-t
Tic phuong trinh cd dang:
27 5
b=, + @y -t) mle™Tdy =t + (¢, -t )P ().
Mat khac & thoi digm: °

7 = 400 h;
1 x
taecdeg = — vaAp =—0—H
400 2
va nhiét dd dién bign theo
quan hé: t
t, = 600 - 600 (),
x 600
vdi =,
T
Thay nhitng gia tri khdc
nhau cla x ta cd k&t qui &
bang 4.10.
Néu bigu dién trén toa do, /[ — — — — — —
t = f{x) ta ¢d hinh 4.20. x
b) Tu phuong trinh

nghiém: 7 Hinh 4.20 (vi dy 42.26)

2 2
t=t,+ @y -t) —=Jfe"Tdy.
o Vo,
Ta cd thé phan tich dang:
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9 v2at N ) .
t=t+ (- t) = h/e—(/l\/?_?) d(G=) = v

o]

ldy dac ham:
Wx) VR a

o M
Biét: , 5
W (4 — t) 2_0“7_ gy 2ty - t) e ~
(R A VT
20, -t ). e” x%aad)
CA ! vin = x &
o  2var’ 1T 2var 3L
*x
Vay &
& _2(td — tO) e’ x%4ﬂf)
a Vi © 2Var
2
2t, ~t ). e xfa)
_ (d o) 7 4
ar Hinh 4.21 (vi du 42.20)
Mat khac theo dinh luat
Fourie:
ot 0
F ox ax
e x%/(4a!) 5
Vay: = - At -t ). — , J/m*s
& x (oo vrar
Tai x = 0, cd:
_ g = AMtyt) —— , J/m?s.
Tx =0 470" Vrar
Thay gid tri thoi gian tinh ta duge:
7, h 5 10 50 200 500

g, kcal/m?h 3030 2143 954 428 303
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Bién thién nhiét lugng theo thdi gian cd hinh 4.21.
4.3. Bai tap téng hop

4.3.1. Tinh thiét bi truysn nhiét d€ lam lanh ete etylic ti
nhiét do 30°C xuéng nhiét d6 5°C, vai nang sudt 5 tdn/h. Dung
dung dich mudi lam chat tai nhiét, cé nhist dd dau -17°C. Dung

~dich muéi ch¢a 20% khéi lugng natri clorua. Ete va dung dich
mudi déu duge van chuyén biang bom.

Gidi: t
a) Quan hé nhiét do cia 30t
qua trinh

Ldy nhiét d6 cusi caa e
dung dich mudi la 9°C. Hai
lvu thé chuyén déng nguge s°c
chidu nhau.

7%
So d6 bi€n thién nhiét p=
do: Hinh 4.22
Ete 30 — 5
Dung dich muéi 9  — -17
At =21  Af = 22
At 22 ‘ r
vi ty 8§: — =—— < 2, nén nhiét do trung binh dugc tinh theo:
At 21
21 + 22
Aty =———" = 21,5 do.
2
Nhiét d6 trung binh caa ete
30 + b o
t., =——— = 17,5°C.
Nhiét d6 trung binh cta dung dich mudi
9+ (-17)
fp =—5——— = 4°C
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o
ab = Dby -ty =- 21,6 + 17,6 =-4°C
b) Nhiét d¢6 qua tuong
Q = m_c(t, - tc_)
@ = 5000.0,514. (30 - 5) = 64 250 kcal/h
Tu ¢ thi hinh PL.12 tra dugc nhiét dung cia ete c,
= 0,514 kcal/kg d9.
Lugng dung dich mudi cin thiét cho qud trinh lam lanh:
4 64 250
mS = ’ ’ =
e(t’ -ty 0,813.(9 - (-17))
Tit bang PL.20 tra dugc nhiét dung cia mudi ¢
= 0,813 keal/kg d6.
c) Ché dé chuyén dong, dang thiét bi

Vi ca hai luu thé déu duge van chuyén qua bom, nén tén thit
ap suft trong thiét bj truyen nhiét khong ddng vai trd quyét dinh,
Ch4p nhan luu th€ dung dich mudi chuyén dong xody va ldy Re
=2.10%

Tit e¢ong thie:

hoac ¢

= 3039,5 kg/h.

dwp m
Re = — vaw = 3
u 3600.0,785.d%np
Riit ra. m, 3039,6
nd = = 0,017 m,

" 2826.Re.u 2826.20 000.3,23.103

trong dé # = 3,23 cP = 3,25.10°3 kg/ms - d9 nhét cha dung dich
mudi 20%; '
nd - 86 6ng nhan dudng kinh 6ng.

Vi két qua 0,017 m, cd nghia thiét bi trao d8i nhiét duge ciu
tao bdi mot Sng cé dudng kinh 17 mm, la loai thiét bi 6ng long dng.
Véi loai thiét bi nay cd kich thuéc dudng kinh 8ng trong tit 38 dén
57 mm va dudng kinh 6ng ngoai tit 76 dén 108 mm.

Tit k&t qua tinh todn, ta chon loai thiét bi 6ng Idng 6ng kich
thudc 38x2 va 76x3 mm. Dung dich mudi chiy trong ng va ete
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chay ngoai 6ng (phan vanh khan giita hai 6ng).
d) Sy cdp nhiét ciia ete
Tiét dién dong chay:
S = 0,785(D? - d%) = 0,785(0,072 - 0,0382) = 0,00271 m?2.

Véan téc cla ete:

m 5000
- o _ = 0,716 m/s,
3600.Sp 3600.2,71.10-3.716

trong dé p = 716 kg/m> - khéi lugng riéng cua ete .

Vay dudng kinh tuong duong cta phin vanh khan la:
dy=D-d=007-0,038 = 0,032 m.

Chudn s6 Re cia ete & nhiét do t. = 17,5°C la:
Wd, ,.p 0,716.0,032.716
=1t = = 65883,5.
P 0,249.10-3
Trong céng thic 4 = 0,249.10°3 kg/ms 1a d6 nhot cia ete &
17,5°C,
Chufin 88 Prandtl ctia ete & 17,5°C duge tinh:
3600.cy 3600.0,514.0,249.103 4

A 0,115

Tut hinh PL.10 tra duge A = 0,115 kcal/mh d6 12 hé s6 din
nhigt cia ete. Chufn s6 Nusselt dugc tinh theo cong thic (4-27)
vBi e = 1: ’

Be

r

Nu = 0,021 Re%8pPr043(pr/pr )0.25
Hé 58 cdp nhigt cla ete la:
A
a, =—— .0,021.Re%8 Pro43(Pr/Pr )0.25
td

0,115
@, =~——m-0 .0,021.658883,508.4043 (Pr/Pr )25 = 981.(Pr/Pr )02
0,032 ,

e) H¢ s& cdp nhiet tit tudong dng dén luu thé dung dich mudi:
Van téc clia dung dich muéi trong 6ng:
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m 3039,5
w = > = = 0,809 m/s,
3600,.0,785.d2 3600.1150.0,785.0,0342

trong dé p = 1150 kg/m? - khéi lugng riéng cia dung dich muégi
20% (bang PL.21).

Chuédn sé Re 8 ¢+ =-4°C la:
wdp 0,809.0,034.1150

u 3,23.10-3
Chuin 8 Pr & ¢ =-—4°C la:
3600.c.u 3600.0,813.3,23.10-3
= = = 20,7
A 0,456

trong dé A = 0,456 kcal/mh d6 - hé €8 din nhiét cia dung dich
mudi 20% (tra bang PL.21),

T hinh 4.1. § Re = 9798 c¢é:
Nu = 31,8 Pr043.(Pr/Pr )0.25,
Tit d6 rit ra hé s8 c&p nhiét phia dung dich mudi:

Re = = 9793

Pr

s

A
@ == 31,8.Pr043 (Pr/Pr,)0:25
0,456
a. =
S 0,034

f) Nhiét trd ciia tudng va Idp cdn bdn bém ¢ hai bén tuong
éng:

31,8.20,7%43 (Pr/Pr,}%25 = 1570 (Pr/Pr)%%

1 0,002 1
—t+r= + +
A, 5000 40 5000
=0,45.10-3 m%h do/kcal.

Trd lvc cin bdn & phia ete va dung dich mudi dugce tra d bang
PL.12.

g) Nhiét tdi qua b@ mdgt thanh éng

O cac cong thic tinh hé s6 cdp nhiét ddu chia dai lugng
(Prjpr)%%5. Nd duge x4c dinh theo huéng chuyén dong ciia dong
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nhiét. O dizu kién hiéu s6 nhiét do thdp thi dai lugng nay cing bé.
Tinh hé s6 truyén nhiét cd anh hudng cua (Pr/Pr)%25 va
khotig 6 nd.
1) Bo qua anh hudng cia (Pr/Pr)%25:
Véi tudng phang thi:

Khi dd nhiét tai rieng

K =

1

1

1 1
—+ Xr, +—

ay

@

= 475 kcal/mZh do.

g = KAt, = 475.21,5
2) Tinh dén anh hudng cia (Pr/Pr)%?
D& dé khai quat két qua tinh todn dugc t8ng hgp & bang 4.11

1
— + 0,45.10°3 +
981

1570

= 10212,5 keal/mZh.

Bing 4.11
Sa Ete chuy&n dong xody Nhi€t try va nhiét
I3 d trung binh
tinh | ¢, t Ary | (Pr/ Prl)o’25 a. "qe _ Zr, | A
1 175 7.1 10,4 098 960 | 10 000 0,45.10'3 4,5
2 175 68 10,7 098 960 | 10300 0,45.10'3 46
Sa Dung dich mudi chuyén ddng xody
lin
tinh o | 1 Aty |PriPe )P« q,
1 26 -4 66 109 1710 11300
2 22 -4 6,2 109 1710 10600
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Hiéu s6 nhiét do giita ete va tudng:

q 10212,5
Aty =—— = = 10,4 do
_ . Gop, 981 £ 5 &
Nhiét dé tudng phia ‘ete: t
t, =t -At = 17,5 - 10,4
t1 |5 1 2;: 765‘ H 2}:—4
= 7,1 °C, =
Chudn s§ Pr, & nhist 4o 7,1°C la: e | s
3600.c. =
pr, = = 7,
! —t‘tf E _tfz
3600.0,508.0,276.10-3 =
- 0,117 N
= 4,314, Hinh 4.23

trong dé ¢ = 0,508 kcal/kg d6 - nhiéi dung ciia ete (tra theo hinh
PL.12);

u = 0,276.10°3 kg/ms - do nhdt cha ete;

A = 0,117 kcal/mh d¢ - hé s6 didn nhiét cha ete (tra theo
hinh P1.10). '

Cho ete ta cd:

(Pr/Pr )05 = ( )25 = 0,98

| 4,314
Hiéu 6 nhiét d¢ gita tudng va mudi la ¢, = 2,6°C
Chuén $8 Pr, & phia cé mudi:

_ B600.cu 3600.0,815.2,38.10-3

! A 0,478
trong d6 ¢ = 0,815 kcal/kg 46 - nhiét dung cia dung dich 20%

(tra & bang PL.20);

# = 2,43.103 kg/ms - d6 nhot cia dung dich mudi (tra &

bang PL.21);-

A = 0,476 kcal/mh d9 - hé s8 ddn nhiét cia dung dich
mudi (tra ¢ bang PL.21). Cho muéi cd:

r

= 14,6.
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20,7
(PriPr)03 = (——)025 = 1,09
14,6
Qua bang téng hop, § lan tlnh thd nhét ta c6 q, va g, khdc
nhau qud 16n. Do d6 phaij ti€n hanh tinh lai lan thy hai.
Qua tinh 1an thd hai ta ¢d gia tri trung binh cda nhiét tai la:
10300 + 10600
9 = 3 = 10450 kcal/m?h
So sanh k&t qua tinh nhiét tai riéng ctia trudng hop cé anh
hudng quan hé (Pr/Pr) va truong hgp khong énh hudng, ta thay
sai s8:

10 450 - 10 212,5

= 0,023 = 2,3%,
10 450
nam trong gidi han cho phép. .
h) B& mgt truyén nhiét
. 64250 |
F = ki = = 6,15 m?, '
g, 10450 |

¢6 tinh dén d6 an toan chn chon b& mat truyén nhiét 7,4m?. 6ng ;
x0dn cd chizdu dai: i
7,4 7,4 |
= - = 65,5 m. |
z. 0,036 3,14 . 0,036 |
4.3.2. Tinh thiét bi trao d8i nhiét dang 6ng chum d& 1am
lanh khi Pyro tu nhiét d¢ t; = 30°C xubng dén 0°C, véi nang
sudt 350 m3/h tiéu chuén.
Thanh phan cda kh{ Pyro:

|
1l
m?3 (tiéu chudn) % thé t.l.ch }

H, 81,5 23,3
CH, 150,4 42,9 |
C,H, 89,1 25,5
C,H, 29,0 8,3 :
S 350 = 100 |
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"Ap sudt cia khi 6 at. Tic nhan lanh cing dang khi Pyro ¢
cung 4p suit, nhung ¢ nhiét dd diu 12 -30°C va nhist do cudi 1a
20°C,

Gidi:
a) Quan hé nhiét dé cia qué trinh
Dién bién nhiét trong hé ngugc chidu nhu sau

Luu thé ndng 30 - 0
Luu thé€ lanh 20 « - 30
At = 10 At = 30
Hiéu s6 nhiét dé trung binh:
At - At 30 - 10
Aty =—1—1 = = 18,2°C
231g 0 23152

n

Nhiét 46 trung binh ctua khi ndéng:
30 o
t[bl‘l = 2— = 15 C «

1
Nhiét d6 trung binh cua khi

!
0
lanh: . ’
20
tor = 16 - At = 0

= 15-18,2 = . 8,2 °C,
b) Nhiét tdi ciia qua trinh
- D& tinh todn lugng nhiét duoc
téa ra ciia khi Pyro d€ ha nhiét F
d6 tir 30°C xudng 0°C, ta can tinh Hinh 4.24
cho tiung thanh phan trong hén _
hop khi. T bédng PL.1, khéi lugng riéng & didu kién chuéin cua
khi tra dugc:
H, & 0°C, 760 torr la: 0,0898 kg/m3
CH, & 0°C, 760 torr la: 0,717 kg/m3
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C,H, § 0°C, 760 torr la: 1,26 kg/m?
C;H¢ & 0°C, 760 torr la: 1,91 kg/m>
Luu lugng cda khi:

H,: 81L,5 .0,0898 = 7,3 kg
CH, : 150,4 . 0,717 = 108 kgh
C,H,: 89,1.126 = 112,3 kgh
CiH,: 29 .191 = 554 kgh
m, = 283 kgh

Nhiét tai cda:
Hy: g = my.Chlt, - t) = 7,3.3,4 .30 = 744,6 keal/h
CH,: qcH4 _ mCH4'CCH4 {tg - t) = 108 . 0,527.30 =
=1707,5 keal/h
CHy de,m, = Meun,Copny Yo t) =
= 112,3.0,3617.30 = 1218,6 kecal/h
C,H,: e, = mc3“160C3H6 (¢, - t.) =55,4.0,361.30 =
= 600 kecal/h.
Nhiét dung cta cac cdu tu tra & 15°C la:

H,: 3,4 kcal/kg dg; CH: 0,527 kcal/kg d9;
C,H, : 0,3617 keal/kg d§; C,H: 0,361 kcal’kg do.
Nhiét dung cda hén hop khi propylen duge tinh:

10
15,55 - (16,42 - 15,55) —2-5= 15,2 keal/kmol d¢ =
15,2
=—— = 0,361 kecal/kg d6.

42,1
V4y nhiét tdi clia qua trinh la:
@ =qu, * don, * 9c,u, T 9 cpHg T
" = 44,6 + 1707,5 + 1218,6 + 600 = 4270,7 kcal/h.
c) Tinh théng s6 vat ly cia hén hop khi nong
- Kh6i lugng tiéng cta hén hgp khi & didu kién tidu chugn
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B 283 3 3
d didu kién 15°C:
6.273
p, = 0,809. " 5 = 4,6 kg/m?

- Nhiét dung ctia hén hgp khi & 15°C (bé qua 4nh hudng cia
4p suft):
Q 4270,7
= = = 0,503 kcal/kg do
mity - t) 283.30
- D% nhét cia hén hgp. Bé qua 4nh hudng cha dp sudt (vi véi
khong khi tang tit 1 at dén 20 at, do nhat chi tang 2%).
Cong thic tinh d6é nhét cia hén hop:
M VM Ty + pompV MyTy, +
m VM Ty, + myVM,Ty, + ...
O 15°C, 46 nhé6t ciia céc cdu ti trong hén hop:
H,: 87.104 ¢P; CH,: 106.10* cP; C,H,: 99.10% ¢P; C,H:
82.10 cP.

‘u=

trong d6 m,, m,, ... - phén thé tich cia H,, CH,, C,H, va C;H;
M,, M,,... - khéi lugng mol cia titng cdu ti;.
Ty Ty -+ - nhigt dé t6i han.

Gia tri VM.Ty. tra & bang PL.2 va M cia propylen tra & bang
PL.1. )

Viy ta cd:
87.0,233.8,134+106.0,429.55,1+99.0,255.89+82.0,083v42,1.364

" (0,233.8,13 + 0,429.55,1 + 0,255.89 + 0,083.¥42,1.364).10%
= 98,5.10" cP = 9,85.10° kg/ms.

Khi cd 6 nguyén tif nhidu c¢d thanh phan 16n nh4t trong hén
hep khi. Vi vy d€ tinh chudn s6 Prandtl cia hén hgp ta 14y khi
metan 1a hgp Iy, va ¢ Pr = 0,729,

Hn
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- Hé s8 din nhiét cia hén hop khi:

83600.c,u, 3600.0,503.9,85.106
" = = .= 0,0245 kcal/mh db.
Pr 0,729

d) Tinh céc théng s6 vat ly ciia khi lanh (luu thé duge lam
néng)

Nhiét dung cda kh{ lanh & nhiét do ~3,2°C tuong tu nhu cdch
tinh o 15°C;
me, + myc, + ...
C, = =
m,
7,3.3,39 + 108.0,517 + 112,3.0,346 + 55,4.0,347
B 283

¢, = 0,49 keal/kg do.

O day khéi lugng khi m, = 283 kg/h va nhiét dung cia cdc
cdu ti 4 -3,2°C la:

H,: 3,39 kcal/kg do; CH,: 0,517 kcal/kg do;
CzH4: 0,346 keal/kg do; C3H6: 0,347 kcal/kg dé6.

Lugng khi lanh can thist:
Q 4270,7

Tolt, -t | 0,49(20 - (-30))
Trong d6 lugng ctia céc cfu tif trong hén hop khi lanh:
H,: 7,3.174,3/283 4,5 kg/h.
CH,: 108.174,3/283 = 66,5 kg/h
C,H,: 112,3.174,3/283 = 69,2 kg/h
C,H,; 55,4.174,3/183 = 34,1 kghh.
Khéi lugng riéng cta khi lanh & 6 at la:

m, = 174,3 kg/h.

il

0808, 218 _ 46 ke/m3
= S —— = 4, m
L= 1.269,3 &

D6 nhét cta hén hop khi lanh (tinh nhu cong thic trén) ta
cg:
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83,4.0,23.8,13+101.0,429.55+93.0,255.89+77.0,083.124
104(0,233.8,13 + 0,429.55 + 0,255.89 + 0,083.124)

H =
#, = 95,6.10 cP = 95,6.107 kg/ms,
Ldy chuén s6 Prandtl: Pr = 0,729, ta tinh duge hé s6 dan

nhiét:
3600.c).1, 3600.0,49.95,6.10°7
= = 0,023 kcal/mh d3.

A =
Pr 0,729

d) Cép nhiét giita budng va thiét bi truyén nhiét

Can phan biét, khi duge lam lanh (kh{ nong) théi trong 6ng
va khi duge lam néng (kh{ lanh) théi ngoai 6ng. D& qu4a trinh
truyén nhiét t6t hon giga budng va thi&t bi ¢ thanh huéng dong.

Ta gia thi€t dong kh{ trong 6ng ¢6 Re = 30000. Ong c6

dudng kinh 25x2 mm, s§ 6ng duge tinh:

wd
Re = P
M
. m
v&i w =
3600.0,785.d2np

m
n =
3600.0,785 Reud
Ta biét 4 = 9,85.106 kg/ms, d = 0,021 m, nén
283
n = = 16 éng
30000.9,85.10-6.2826.0,021

Theo qui chudn ta ¢6 thé& chon 13 dng.

Véi s8 6ng chon ta ¢6 van t6c khi:
283
= 3,8 m/s.

W =
3600.4,6.0,785.0,0212.13

Chudn s6 Reynolds:
wdp  3,8.0,021.4,6
= = 37267

Re = =
' H 9,85.106
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Hé s6 cdp nhiét ben trong dng véi g =1

Nu = (,021.Re08 pr0.43

Nu = 0,021.372670.8,0,7290.43 = ga 2.
Vay Nul  83,2.0,245

a =
d 0,021

= 97kcal/m?h ds.

e) Cap nhiét giita phong va 6ng truydn nhieét
Gilta cdc dng cua thist bi trao
d3i nhiét c6 cdc t&m huéng. Gida
cic t&m hudng dai A = 200 mm.
Van téc dong khi théi ngoai

6ng {(chéo dong) duge tinh theo .’
dudng kinh ngoai ctia éng: X ! '
|

m
W =—
3600.p.¢
v8i s - tigt dién giita hai t4m ' P —
huéng nhu hinh 4.25. f
h(D - 3d) =

0,2(0,15 - 3.0,025) = / JJ (
0,15 m2. ik
174,3 u S

3600460015
= 0 7 m/s Hinh 4.25

L =200

, m/s,

8

Vay w

Chusn s6 Re duge tinh:

0,7.0,025.4,6
Re =% _ = 8420.
u 9,56.106

Hé s6 cdp nhiét:
&

Nu = 0,6.0,41.Re%6.Pr033 = 0,6.0,41.842006 0,729033 = 50,2

0
g Nuk _ 50,2.0,023 46,2 kcal/m?h do.
4 0,025
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f) Hé s¢ truyen nhiét
1 1
K = - =
1 3, 1 1 0,002 2 1
— +— +2r +— 4 + +
a; ) a, 97 40 2000 46,2

30,3 kecal/m?h dg,
trong dd 2r - trd luc cia can ban & hai bén 8ng duge tra tif bang

i

PL.12.
g) B2 mqt truyén nhiét
4270,7
F = J = = 7,7 m?,
KAt 30,3 182

Ta chon hai thiét bj truyzn nhiét, méi chigc 4 m2. Vay cdc
kich thugc chinh s& 1a: bs mat thist bi trao ddi nhiét 4 m2; dudng
kinh thi&t bj 159 mm; chidu dai 6ng truyen nhiét 4 m; dudng
kinh 6ng truygn nhiat 25 mm; ngan 32 mm: ap suit lam viéc 6
at. Khéi lugng 217 kg. Téng cong be mat trao ddi nhiét: 8 m?2 (cg
hai khdi).

4.3.3. Tinh thiét bj truyen nhiét loai 6ng chum dé& lam ngudi
khi nito & 4p sudt dv 0,5 at tir nhiét do 76°C xudng 31°C. Nudc
lam lanh ¢6 nhiét d6 dau 16°C. Nang sudt & digu kién tiéu chufin
1240 m3/h khi nito. )

Gidi:

Vi nuéc lam lanh ¢6 dé bén
cao hon nén cho chay bén 76
trong &ng. Hé s6 truyan nhist
cia hé khi - 1dng phu thude

chi y&u vao he s6 cdp nhiét 4 “”
caa pha khi. D€ tang h¢ s4 cip

nhiét phia pha khi cin cd két 48
cdu tdm hudng, nén khi tinh
toan van dung céng thde tinh

cho ddng chéo (truong hgp
chéo dong) véi géc 90° né&u

1

K

Hinh 4.26
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diing hé sé hiéu chinh 0,8.

D& ¢d thé so sdnh, trong vi du sé tién hanh tinh todn thiét
bi trao ddi nhiét khong cin dén tdm hudng.

a) Dién bién nhiét dé cia qud trinh

Chdp nhan, nudc lanh v6i nhiét d6 cudi 1a 26°C. Vﬁy sg db
bién thién nhiét 4o sé la:

Khi nito 7% - 31
Nuéc 26 « 16

Atl = 50 At =15
Hiéu s nhiét d6 trung binh:

50 - 15
Aty =——— = 29,1°C.
2,31 o0
0lg 15
Nhiét d6 trung binh cia nuéc:
26 + 16
t =—— = 21°C,
n 2

Nhiét dé trung binh cda khi nito:
= 21 + 29,1 = 50,1°C.

b) Nhiét tai
Lugng nhiét khi nito cdp cho nuédc la:
Q@ = 1240.1,25.0,25(76 - 31) = 17437,5 kcal/h.

v4i khéi lugng riéng caa khi nito & 0°C va 760 mm Hg la 1,25
kg/m3 va nhiét dung ¢, = 0,25 kcal/kg d¢ (tra & bang PL.1).

¢) Lugng nudc cin thiét
17437,6
m_ = @ = = 1743,8 kg/h.
ot -ty 26 - 16
d) Bé maqt truydn nhigt la
Q 17437,5

KAt, 60 .29,1

m2
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Theo bang 4.5 véi dong khong khi chay chéo dong sé cho ra-
hé s6 cdp nhiét ag = 70 kcal/m’h 46 nén hé s6 truyén nhiét tinh
duge K = 60 kcal/m?h do.

V6i két qua tinh duge cia F theo qui chufin cia thigt bi
truyén nhiét, ta chon thist bi cg dudng kinh 400 mm va s6 éng
n = 121 6ng, dudng kinh 6ng 25x2 mm.

e) Tinh nhiét trd hai bén éng truyén nhiét

Tit bAng PL.12 chon nhiét trd cia can bén ca hai phia: 1/r = 2000,
hé 6 din nhiét cta 6ng ldy 4 = 40 keal/mh do.

Vay

8 10,0020 1
2ry= 14— tr, = + +

i 2000 40 2000
1,05.10-3 m?h dd/keal

f) Tinh hé s8 cp nhiet phia nito (chéo dong)

Vi tri cla t4m d& va t4m huéng cho ta 6ng duge b6 tri thang
hang theo qui chuin & thist bi cd dudng kinh D = 400 mm, thi
khodng cach giita cde tim huéng 1a A = 300 mm. Theo hudng
cla dudng kinh c6 n’ = 13 6ng nim trong dong khi.

Tiét dign giita hai t4m huéng duge tinh dva theo dudng kinh
ong la:

S=haD-dn) = 0,3(0,4 - 13.0,025) = 0,0225 m?2.

Van téc dong khi chdy qua tist dien nay la (& nhist d¢
323,1°K va Ap suft 1,5 at) -

vV 1240.323,1.1

W= = : = 12,1
S 3600.273.1,5.0,0295 m/s
Khéi lugng rigng cua nito:
| of_ 27815 1,25= 1,58 kg/m3
P =p, = .1,25= 1,58 kg/m3,
TP, 323 1.
Chudn s§ Re: . " © !
Wdp  12,1.0,025.1,58
Re =—2F _ = 25155 .
“ 0,019.10-3
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T hinh PL.1 tra duge do nhét cia nito:
= 0,019.103 kg/ms.
Chuin s6 Nusselt:
Nu = 0,6.0,21Re°-65 = 0,6.0,21.25155%%5 = 91,4,

Hé s6 cdp nhiét phia nito:
0,0243

A
agx = Nu. — = 91,4. ———— = 88,8 kcal/m? h d¢
d 0,025

O day hé s6 cip nhiét cia nito § 50,1°C la:
A = 0,0243 keal/mh do.
g) Tinh hé 56 cdp nhiét phia nude lanh

Van t8c cla nudc chay trong 8ng:

v 1743,8
W=—o-=
S £.3600.n.0,785.d2
1743,8

= 0,012 m/s,

~1000.3600.121. 0,785.0,0212
trong dd p = 1000 kg/m> - khéi lugng riéng cia nudc;
= 121 - s8 luong 6ng truy®én nhiét;
= 0,021 m - dudng kinh trong cta dng.

Chuédn sé Re dugc tinh:

wd 0,012.0,021
Re = - = 256.
v 0,986.10-¢
Tit bang PL.16 tra dugc v = 0,986.10°% m2/s cia nude & 21°C.

Vi chay dong, nén cong tht'm tinh hé s8 cdp nhiét nhu sau:

Wo.33
— 0,25
a, = E. — UL t‘“(-—-)
Pr,
0,33
p =164,.0’0i__ 01( )025
n 0,021037

R
I

Pr
0,1y 0,25\
159.At2 (Prt)
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h) Nhiét tdi riéng q:

Két qua tinh nhist tai 2600 g
riéng g duge t8ng hop & 2600 - o
bang 4.12. 2400 -

Lan thd ba duge tinh ti 2200 1
két qua cita hai lan tinh dau < f""" 7
véi sy hé trg céia db thi hinh 1 990 -

4.27 d€ =xic dinh by = ng ] i
31,1°C. § 7400 4 ! A

) Bé mat truydn nhist < 7200 i
. . 7000 I
can thiét: i

800 - J 1%
Q 17437,5 T T T T T T T T
=— == 10,3 m?2 27 28 29 30 31 37 33 34 35
9 1700 s
Hinh 4.27

Bing 4.12.

- —— — :

86 [ Phia hoi nitor chiy xody | Nhiét 1r&, higu s& nhiét do

Iin ’—1[—«_ -

tinh ’Kﬁt’” Aty | ey K :1 2, T

t| s01l 35 | s -_sé,g} B70 | 000105
2 50,11 275 23 ‘ 888 | 2040 j 000105 J 2,2
3| so1] 3 19,4|J 888 120 | ogows | 18
. [ N N S

S5 r ‘ Phia nudre Ianh chay :iong

ldn ———— ——r— —T

. I T 01( P]“ 5

tinh : 'r12 1[3 j Ar j At [(.P;[)OZ | an ‘ a, iqlb

!
T ; 21 1 26| 120 | g 2198 Tz730 i
2 | 253 |21 | 43 16 | 102 ; 1881 J 800‘
3 29,3{ 21 r 83 f 124 i 105 f 2053| 1680/
i
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Theo qui chudn ta cd thiét bi trao ddi nhiét v6i F = 13m? va
F = 18 m2,
Tit két qua tinh, ta chon F = 13 m?
Nhu vay ta cé phan du trit la:
13 - 10,3
10,3
Céc kich thude co ban cha thit bj truyen nhist la:

100 = 26,2%.

F = 13 m? - bé mat truyén nhiét

n = 121 - s6 éng truyén nhiét

d = 25 x 2 mm - dudng kinh va chidu day dng truydn nhiét

D = 400 mm - dudng kinh thi&t bi

- L = 1,5 m - chidu cao 6ng truyen nhiét.

4.3.4. Nhu bai tap 4.3.3. Nhung thi&t bj khong cé két cdu
tdm hudng. Tuc la thiét bi cé dudng kinh D = 400 mm va s6 éng
121. Vay b8 mat truyén nhiét thay déi th& nao?

Gidi:

a) Cac s6 liéu tinh duge ctia bai 4.3.3 Ia: @, Aty b, by, 2T
va a .
b) Hé s6 cdp nhiét phia nito la:

Ti&t dién phin tréng giiia cdc 6ng truyén nhiét la:
S = 0,785(D% - d%n) = 0,785(0,42 - 121.0,0252) = 0,0662 m?2.
Van tdc cua nitg qua tiét dién S:

A4 1240.333,5.1

=— = = 4,2 m/s.
S 8600.273.1,5.0,0662
Dudng kinh tuong duong:
D, - nd? 0,42 - 121.0,0252
= = 0,0246 m.

WD T nd 0,4 + 121.0,025

Chuén s Reynolds:

wd,p 4,2.0,246.1,58
Re =— /_ = 8592.
u  0,019.10°6
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Gia tri Nu 6 Re = 8592 la:
Nu = 28/4.¢, Pr_‘)l-43 = 28,4.1.0,72043 = 24 7.

¥1é 8 cdp nhiét:

0,0243

———— = 24,4 kcal/m*°h dé¢.
0,0246

A
ay = Nu— = 24,7
d

H

c) Tinh nhiét tai riéng
Két qua tinh todn dugc t6ng hop & bang 4.13.

Bang 4.13
S6 Phia hoi nito chay xody Nhit tré, hiéu s3 nhiét dd
18n
tinh fx T Aty | oay qx 2 Ar,
50,1{ 315 19 244 462 0,00106 049
2 50,11 25 255 244 620 0,00106 0,66
S8

Phia nude lanh chay dong
1dn

) 01 Proozs
tinh o |t | Dl Arg (;;) a

n 9 4

—

31 21 10 126 107 2144 2120
2 2431 21 334 113 102 1833 605 612

d) B® mat truy®n nhist can thiét:

Q 17437,5
F = = = 28,5m?2.
4 612
So sdnh voi k&t qua tinh duge & trudng hgp cd tdm hudng
(bai 4.3.3), ta thdy, trudng hop khong dung t4m' huong be mat

truyén nhiét 16n gdp 28,5/10,3 = 2,8 1an so véi trudng hop ¢6 cdu
tao tdm huéng.
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4.3.5. Tinh toan thiét bi ¢
truyén nhiét ki€u 6ng chum thang
ding d€ ngung tu hoi benzen & 4p benzen
suiit thutng, v6i nang suit myp =
1000 kg/h. Hoi benzen di ngoai
6ng. Nude lam lanh chay trong
Ong tit dudi 1én ed nhiét do ty = 1

T T T [T

o > = 0 Vo
22°C va ¢ 320C, f,, - 8017 # c,
Do dia di€m b6 tri thist bi ° ZH - t,-22%
khong duge cao hon 3 m. ___I 5 I.._
Gidi:
Hinh 4.28

Dién bién nhiét d6 cda qui
trinh dugc thé hién & hinh 4.28.
1) Hi¢u s8 nhiét do trung binh gita hai luu thé la
Hiéu s6 16n At, = 80,1 - 22 = 58,1°C

Hiéu s8 bé: At = 80,1 - 32 = 48,1 °C
At, 58,1
Ty 86: =—— = —— =1,21 < 2, nén cd thé
At 48,1

tinh theo cong thic (trung binh c6ng):
At + At 58,1 + 48,1
Atlb = = = 53,1 dﬁ
2 2
Nhiét dé trung binh cta luu th€ lanh (nudc lanh)
t, = tg - Af, = 80,1 - 53,1 = 27 do.
2) Nhiét tdi
Q@ = mgr = 1000 . 94,5 = 94500 kcal/h.
O ap suit 1 at 4n nhiét cia hoi benzen la: r = 94,5 keal/kg.
3) Ché d¢ chuyén dong cia nude lgnh chdy trong ong

Chon kich thudc 6ng truy®dn nhiét 25x2 mm. Va ché& do
chuyén dong xo4y, nén ldy Re = 20000.

Tit cong thic tinh Re ta ¢é:

B
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Wdp m

Re = ; W = !
U 3600.0,785 .npd?
trong do m - khéi lugng cia nudc dugc ding;
Q] 94500
mn = = = 9450 kg/h
(t, - ty)e 32 - 22
Rit ra:
m 9450

n

n = =
3600.0,785.Re.u.d 2826.(2.104).0,854.10-3. 0,021
T bang PL.7 - tra duge d6 nhét cia nudc & 27°C la p =
0,854.10- kg/ms. Két qua tinh duge n = 9 6ng. Trong thuc t& sé
khéng cd thist bi truysn nhiét §ng chiim nhu vay. Disu d¢ ching
té nudc chiy & ché do xody voi Re = 2.10¢ 1a khong thye t8. Vi
vy, d€ cd dugc hé s6 truyén nhiét 1én & phia nudc lanh, cin
chon mét loai thigt bj truy&n nhist véi lugng 6ng (cho mot dong
chdy qua) nhé nhét cé thé.
Theo catalog ctia thiét bi truyen nhiét ta c6 cdc bo s8 lidu sau
day:
Thiét bj khong chia ngan:
D = 159 mm; n, = 13
D = 273 mm; n,= 42
D = 400 mm; n, = 121 hodc nhidu hon.
Thiét bi c6 hai ngan:

= 9,3.

D = 400 mm; n, = 110, n = 55 hoac nhidu hdn
Thiét bi ¢d bdn ngin:

D = 400 mm; n, = 104; n = 26 hoac nhidu hon
Thiét bi cd s4u ngan:

D = 400 mm; n, = 102; n = 17 hoac nhidu hon.
Vay ta chon loai ¢6 s6 6ng nhé nhat.
a) Véi thigt bi khéng chia ngin cd n, = 13 (b2 mat truyén
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nhiét chon: 0,9; 1,9; 4; 6 m2),

b) Thiét bi chia sdu ngadn cé n = 17 (b® mat truydn nhiét
chon 7; 11; 15; 19; 23; 31; 29; 47 m?)

Theo b) ta ¢6 kha ning chon b2 mit truyén nhiét dé hon, vi
cd nhidu phuong 4n. Do d6 ta chon thi&t bj chia sdu ngian d& tinh
toan. Tdc la D = 400 mm, tdng s6 6ng 102 va sd 8ng cia mot
ngan la 17.

Tinh lai chufin s6 Re:

Wdp 9450
4« 2826.0,854.10°3.17.0,021
Nhu vay ch& do chuyén dong ctia nudc vdn 6 ché do xody.
4) Hé s6 cdp nhiét ctia nudc tinh theo cong thic:
Nu = 0,021 Re%8. PrO43(Pr/pr )0.23

Ny = 0,021.109680’8.5,970'43.(5,97/Pr1)0’25 = 77,3 (5,97/Prl}°-25
Nu.A

Re =

= 10968 .

o =

A
=773 . — (5,97/Pr)%% =

= 77,3, 2223 (5,97/Pr 035 = 1935,3. (597/Pr,)05
0,021

Trong cong thic cd 4 = 0,626 kcal/mh d¢ tra & bang PL.16
tai 27°C va gid tri Pr = 5,97 cha nude & 27°C.

5) Tinh hé s6 edp nhiét phia hoi benzen ngung tu

D€ ¢d k&t qua nhanh hon ngudi ta cd th€ st dung bi€u dd
hinh PL.8 thay cho céng thuc: '

4] 15213.3600.
@ = 1,15 -2 £
HALH

Theo cdch tinh nay cin chon chi®u cao 8ng. GiAdu A = 1 m.
T4t nhién sau dd phai xdc dinh lai H chinh x4c hon. Nén, néu H
tinh lai khae H chon thi phai hiéu chinh két qua tinh toan.

6) Tinh nhiét tré ¢ thanh ong :

Tit bang PL.12 tra dudc nhiét & phia benzen la: 1/r; = 104
con d phia nuge 1/r = 1400 kcal/m?h d6. Hé s6 din nhiét cua
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F

thép 40 keal/m.h (tra & bang PL.14).
Vay 3. =y Lo, L0002 1
A o104 40 1400
= 0,864.103 m2 h dé/keal ,
7) Nhiét tdi rieng q
Ta biét @ ¢ hai luu thé deu phu thudc vao nhiét do tudng a
= f(¢,). Vi vay trong thyc t& tinh todan dugec tién hanh ting bude

d€ ti€p can din dén ket qua ding. S§ liéu tinh toan dugc tdng
hgp & bang 4.14.

Bing 4.14
Nhiét trd,
S8 Phia hoi benzen ngung ty hi€u s3 nhiét do
15n ‘
tinh e | fu | fm | A | Ayl Ung | Ing xrn A

1 80,1, 56,0 | 681| 24 | 24 | 760 18200 0862.107 158
80,1/ 50 | 65 |30 | 30 |720] 21600| 0862.103| 188
80,1| 534| 66,7 26,7 267 | 740 | 19800| 0862.103 172

S5 Phia nudce lanh chdy dong
I&n
" Pr P
. : 0.25
tinh e |t | A, Pr, (Prt) % dn | 9w

403 | 27 | B3| a3 108 2100 | 2800
2 312 | 27 | 42| 52 103 2000 | 8400
362127 | 92 | 48 105 2040 | 18800 | 19300

Theo dau bai voi 6ng truyén nhist 25x2 mm, thi did = 21/25
= 0,84 > 0,5, nén cd thé tinh chinh xdc hon 1a néu tinh theo

tuong phéng.
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B) B& mgt truyén nhiét sé la:

94500
F = @ = = 4,9 m?
q, 19300
Qua két qua tinh todn dua vao qui chufn chon thiét bj trao

d8i nhiét sdu ngan vdi:

dudng kinh thiét bi D = 400 mm
téng s6 dng truyén nhiét n, = 102
dudng kinh 6ng truydn nhiét d = 25x2 mm -
chidu cao éng truy2n nhiét H=1m

b& mit truygn nhiét F = 7m?

9) Theo phiong dn hai cd th€ chon thi&t bi véi s6 dng truydn
nhiét 13. Ta tinh duge b8 mat truyén ¢
nhiét gin tuong tu. Nén cd thé€ cheon
loai thi&t bj ¢ F = 6 m2 va cao 6 m. 9y

Vé6i loai nay theo didu kién dau
bai khong dugc phép vl cao qud 3 m.

4.3.6. Tinh toan thi&t bj truyén |
nhiét ki€u méng. Luu thé ndng la |
nudc tit nhiét dé 68°C ha dén 47°C.
Luu thé lanh tit nhiét d6 27°C tang ‘
48°C. Luu lugng cia hai luu thé | 534%
36m3/h va 4p sufit du 0,56 at. L~ —

L i °c
Gidi:
) , ) . Hinh 4.29. L3n tinh thit hai

1) Dién bién nhiét do cia gua
trinh

Hiéu s6 nhiét do gida hai luu thé:

At = 20 do.
VlAtl=20d¢v&Atn=20d{5
Nhiét d6 trung binl ctia luu thé ndng.
68 + 47

Ib,n = 2

Tng

¢ = 57,6 °C
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Nhiét d§ trung binh cta luu thé lanh

‘ 27 + 48
| ty, =——— = 37,5°C.

N 2) Nhiet tdi:
‘ Q = mclt, - ¢t} = 36000 (68 - 47) = 756000 kcal/h.
| .
3) Déi voi thiét bi logi mang theo qui chuén ¢6 hai logi, nhu
|

bang 4.15, ‘s
, C
Dé tinh todn
ta chon loai cd 68
b2 mat truyén
nhiét 30m?2. at=20
Van t8
. o #0 47
chuyén ddng cla
hai luu thé: At =20
Vv
.3600.S 27
36
= — = 2 m/s. F
3600.50.10-4
Hinh 4.30
Bing 4.15,
Kich thwdc chinh BE rong cua méng a, mm
375 750
BE mat truyén nhiét, m? 15 30
Chi€u dai méng, m 214 214
Tiét dién méng, cm? 25 50
BE diy thanh méng, mm 4 4
Ap suft 1am viéc S .25
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Véi loai thiét bi nay cho phép van t6c chdt long tit 1 dén
2 m/s. Nén van téc tinh dugc hop ly.
Du¥ng kinh tuong duong ctia méng:
4 - 48 _ 4.50.10*
' 2(a +b) 200,75 + 66,6.10%)
trong 46 § = 50.10'% - ti&t dién cia mang;

= 0,0132 m,

a = 750 mm - bé rong cia méng;

b - khoang cach gita 2 mang bang:
S 50.10-4

b = = = 66,7.10% m.
a 0,75

4) Tinh hé s8 cdp nhiét phia nudc nong

Chuin s6 Reynolds.

Wd, 2.0,0132
Re = =
v 0,498.10-6

Tit bang PL.16 tra dugc dé nhét déng hoc v = 0,498.10°6 caa
nuée d 57,56°C. Cho ch& d6 chay xo4dy, nén:

Nu = 0,021.Re®8Pr043 (pr/pr )05

= 53012 %

A
Rit ra: e, = ANu/d, = o .0,021. Re¥8pr043(pr/Pr 0,25 =
id
0,564

0,0132
= 8809.(3,12/Pr )05 keal/m?h d9.
v6i 1 = 0,564 keal/mh do - hé s6 din nhiét cia nude & 57,5°C

Pr = 3,12 - chudn s6 Prandth cta nuéc & 57,5°C (tra & bang
PL.16).

5) Tinh h¢ 56 ¢dp nhiét phia nude lanh
Chufin s6 Reynolds:

.0,021.530120.8 312043 (3’12/13,.[) =
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Wd,, 2.0,0132
v 0,695,106

‘ Tu bang PL.16 tra dugc v = 0,695.10° m2/s cta nudc &
37,5°C.

Hé s6 cdp nhiét phia nuée lanh duge tinh tuong tu:

Re = = 37986

A
a) =—— 0,021Re%8 Pro43(pr/py )0.25,
td
Tu bang PL.16 d6i véi nuée lanh & 37,5°C tra duge:
A = 0,5415 kcal/mh do
Pr = 4,59,

,5415
Vay o ~ 00135 0,021.37986%8 | 4,590.43 (4,59/Pr)0-25 =

= 7648(4,59/Pr)*25, kcal/m?h ds.
6) Nhiét tré cia thanh éng va cén bdm

Tu bang PL.12 ta chon 1/r = 2000 kcal/mZh ds.

Vay Erl =r +—6— +r, = ! + 0,004 + 1
A 2000 40 2000

0,0011 m?h do/keal .

7) Tinh nhigt tdi rieng ¢

Hé¢ s6 truyén nhiét duge tinh

il

1 1
K = X —
1 1 1
—+ 3¥r +— — + 0,0011 +
a, a., 8809 7648

K = 744 kcal/m?h do.

Vi bd qua huéng cia ddong nhiét nén cé (Pr/Pr) = 1, .
Vay nhiét tai riéng:

¢ = KAt = 744.20 = 14880 keal/mZh.
Néu tinh dén anh hudng cua (Pr/Pr,) lén nhiét tai riéng, tuc
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ta tinh dén A¢, = 14880/8809 = 1,69 do. Két qua tinh dugc téng
hop & bang 4.16.

Bdng 4.16
Luu thé néng chiy xody Nhiét trey
qua twdng, bin
Yo | i1 At ! (Pi"/l“rl)o‘25 a, 1, 2 A1,
575 | 5581 169 1 8809 | 14880 0,0011 1639

Luu thé 1anh chiy xody

0,25
ha [ty |Bry | PriPr)TT e g

3942, 375 | 192 1 7648 14900
i

Qua s6 ligu tinh duge & bang trén ta thiy bdé qua anh hudng
cua (Pr/Pr). ‘
8) B& mat truydn nhiét
Q 756000

F = e — = 50,7 mz,
q 14900

Theo k&t qua tinh todn ta chon hai thigt bj truy2n nhiét. M&i
c4i cd b& mait truyen nhiét (k€ cA du trit) la: 30 m? va méc néi
ti€p nhau.

4.3.7. Chn tinh thiét bi truy®n nhiét loai 6ng xo&n d€ dun
nong glyxerin, bang hoi thai & 4p sudt 3,2 at, tdc nhiét do 135°C.
Glyxerin chay trong éng xo4n bing thép véi duong kinh 51x2,5 mm,
nang suit 1500 kg/h, dude dun ndng tit 18 lén 90°C.

Gidi: |
1) Dién bién nhiét do ciia qué trinh nhu hinh 4.31.
Hiéu s6 nhiét do trung binh:
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Nhiét d& trung binh cia glyxerin; ty = 135 - 754 = 60°C,

t
135% B glprerin = at =45
E/E Z’sz 60 ¢ ” 90
é g; 4t =117
= 78
y )
Hinh 4.31

2) Nhi¢t tdi
@ = me(t, - £,) = 1500, 0,61(90 - 18) = 65880 kcal/h.

Nhiét dung caa glyxerin & 60°C la cp = 0,61 kcal/kg dé.

3) Tinh nhidt trd cia thanh va cdn bam

Tu bang PL.12 tra nhiét trd gheia hoi d6t 1/r| = 5000
keal/m?h d6 va phia glyxerin 1/r, = 5000 kecal/m?h do. Véi thép
A = 40 kcal/mh d¢. tra & bang PL.14.

Vay 5 N d 1 +0,0025 1

r=r —— 4 Py = — +
VAT 00 T a0 5000
0,463.103 '

4) Tinh nhiét tdi riéng -

Vi hé s6 cdp nhiét phia glyxerin nhd hon so véi phia hai, do
d6 khong doi héi tinh chinh xac hé s§ cdp nhiét phia hoi, nén ldy
gin ding «, = 10% keal/m?h d6. Ngoai ra ty s6 dJd,, = 46/51=
= 0,9 > 0,5 nén cdé thé tinh theo tudng phéng. I-%e s6 cdp nhiét
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phia glyxerin phy thuéc nhiét d¢ #,. Nhiét d6 nay chua biét, nén
phai dung phuong phap gia thiét ban dau. O dong d&i luu tu
nhién glyxerin, chdy trong éng thang ding cd hé s6 cdp nhiét
duge tinh theo céng thde:
Nu = 0,51(GrPr)%% (Pr/Pr)%%,
trong dé Pr, dugc tinh theo ¢, '
con cde chuin s8 khac dugc tinh theo nhiét do trung
binh cua glyxerin 1a 60°C.
Vay hé s8 cdp nhiét cia glyxerin la:
d3p2BAt,g Pr)o,zs Pr Yo.2s
.”2 Pr ’
trong dé A = 0,240 kcal/mh dé - hé s§ ddn nhiét cia glyxerin &
60°C;
d = 0,051 m - dudng kinh ngoai cia 6ng xoén;

051’1
= 051 - |

p = 1239 kg/m3 - khdi lugng riéng cia glyxerin & 60°C;

Pr = 909 - chudn s6 Prandtl cda glyxerin & 60°C;

u =102.10% kps/m? =0,1 kg/ms - d6 nhdt cia glyxerin &

60°C;

B - hé s6 gian nd thé tich, 1/d¢ duge tinh theo cong thic
alt, - t,) + b2 —¢2)

B8 = =a+ bt +1¢)
bt
véi a = 0,4853.10°3;
b = 0,4895.10°¢

Ldy t, = 61°C va t, = 59°C
Thay s8 vao tinh duge:
B = 0,4853.103 + 0,4895.10 (61 + 59) = 0,59.10 1/do.

Vay
0,240 (0,0513.12392.0,59.10‘3.9,81.909 ) 025
a =
0,12

70,051 .
x (At,)%25 . (909/Pr 025
43,4.(At,)%25 . (909/Pr)%25, keal/m?h d8.

f
Il
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86 ligu tinh toan dude tdng hop & bang 4.17.

Bang 4.17
0] Phia hoi ngung w Nhiét tre, hiéu s8 nhiét do
{an -
tinh fog | fu | A @y Tng >n At
1 | 'BS| B0 |5 1t | s0000 | 463107 23,1
B35, B3 |2 io* | 20000 | 463.10* 92
BS| 1332 2 * | 18000 | 46310 83
5] Fhia glyxerin d&i lwu ty nhién
tin
] 0.25] Pripzg
tinh T Aty | Pry | Aty (;E) : a, q
1 1009/ 60 | 469| 832 | 262 181 | 201 9450
1238 60 | 638! 368 | 283 223 | 268 17100
1249 60 | 649 354 | 284 225 | 272 17800

Trong qu4 trinh tinh lan tugt
nhv sau:

Truéc hét gia thist t,1» NG x4p
xi tog via, >> a;. Véi lan tinh
dau tién ldy t, = 130°C.

Sau khi da tinh duge 1an thu
hai ta lap db thj (hinh 4.32). Va
di€m c4t giita dudng 9y VA g, ta
tinh dugc ¢, va ¢

Ké&t qua dung 1a 1an tinh thg
ba.

7 keol/m2h

Hinh 4.32
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5) B mdt truyén nhiét:

65880
F = @ = = 3,7m2,

q, 17800
Heé s8¢ truyén nhiét:

17800
g =T _ = 236,1 kcal/m?h do.

At, 754
Chisdu dai éng:
F 3,7
L = = = 24,3m.
xd 3,14 . 0,0485

th
Chon chitu dai éng truyén nhiét (k€ ca dy trit) 1a 28 m.

6) Luogng hoi can thiét
Q 65880

mp =-= =
(lh-tng)x (652,3-135)0,95

Ti bang PL.17 tra [ham nhiét hoi & thg = 135°C 1a i = 6562,3
keal/kg. x dac trung d6 bio hoa ctaa hoi (ldy 95%)].

= 134 kg/h.

7. Tinh sé lugng 6ng xodn

Theo thyc t& van t6c hoi trong &ng xodn d€ lam ndng nudc
khong 1n hon 30 m/s, va ty 18 L/d ciing khong 16n hon gi4 tri sau:

6 6
Lid = 225, —— = 225.
‘ VAt V75,4
Duya theo thuc t& nay ta tinh cho trudng hgp bai nay, thiy
rdng van t6c ban diu cua hdi chdy trong mot dng duy nhit la:

134
w = h = = 13,1 m/s.
3600,,.0,785.d2  3600.1,71.0,785.0,0462

T bang PL.17 tra duge khdi lugng riéng cia hoi 6 135°C 1a
py = 1,71 kg/m3. Nhu vay, v6i vén téc tinh duge ch&p nhin mot
fng xodn.

Kiém tra ty 1& L/d:

= 155,5.

m

= 609 > 155,5.

L
d 0,046
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609
155,5

Chigu dai cla méi 6ng la: 28/4 = 7T m.

4.3.8. Qua mot s8 vi dy, ta thdy khi tinh todn thiét bi truyén
nhiét ta can biét trude nhi¢t d§ cia tusng, vach ngan gilta hai
luu thé, song trong thuc te ngudi ta khéng biét trude nhist do
nay, vi vay thudng phai gia thiét nd. Khai quit ciac buéc tinh
todn thi&t bj truy®dn nhiét trén co si lap trinh trén may tinh co
thé tién hanh céic bude sau:

1) Hiéu s6 nhiét do trung binh giita hai luu thé
Dvya vio so db hinh 4.33:

Do dd, ta nén dang: = 4 6ng xodn song song.

mang mang

(- [
i T
. TP = .

Loy #hér —] /fa’ang //E Iy the 2
0%y E thiek b T 2,

g /: ; J
R e —

I =7,

=7 t

=
1y -7 —]
Sl VI =y
_‘%/ 2
a) 5 F
Hinh 4.33

Hai so dd trén thé hien dién bigg nhiét d6 cha titng luu thé.
Hai luu th€ cd th& chuyén dong cung hodc nguge chigu. Dya vao
nhiét d6 diu va cuéi cia ting luu thé, diu vao va ra caa thiét

bi ta tinh duge: At, (higéu sg nhiét d6 16n) va At (hiéu s nhist
dé nho).

292



Tinh duge hiéu s6 nhiét d6 trung binh:

] , , Aty - At
> 2, tinh theo logarit; Af,, =——— "
t At
2,3 1g —
A n
At At +At_

L < 2, tinh theo trung binh céng; Az, =

n

Nhiét d6 trung binh cta ting luu thé:

Luu thé c6 chénh léch dau cudi nhoé: (hai luu thé ddu bign
thién nhist do)

p =td +f
bl 2
Luu thé kia:
Lipa = fipy * Aty hodc £, - Af, (n&u mét luu thé 13 hoi ngung

tu).
2) Tinh luong nhiét trao déi (nhiét tdi)
Q = m.c(t, - t,), kcal/h hoac J/s.
3) Tinh hé s6 clp nhiét cho ting luu thé 1 va 2
D& tinh « ta cin luu y:
a/ chon logi thiét bi (6ng chum, 6ng xoén, hai vé, ...);

b/ dic di€ém cua ting luu thé (hoi hoac léng, dun néng hay
lam nguéi, ...);

¢/ ch€ d6 chuyén dong cia luu thé;
d/ chon cong thic tinh truysn nhiét (tinh «).

4) Tinh nhiét tdi riéng J ting luu thé:

Néu coi mat mat ciia nhiét khi truyén tit luu thé nay dén luu thé
khic khong qua 5%, thi ta tinh nhiét tai riéng q, va g, cing khéng
Xa qui 5%. Day la didu kién dé xir ly trong qud trinh tinh toan.

Véy ta tién hanh nhu sau:

- Gia thit At
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N %

Ys 1
- Tinh a, q, = a At,. _ |
{ 9 124 at, -g oF, |~
- Tinh Az, —
= Aty
Aty =t -t, = q,2r, /§ =
A — &
P ! 2t
dXro=r +— + r
g 2 Hinh 4.34
(nhiét tra).
Aty =t - by, = by - Bt -
- Tinh ¢,.
2 . . . . %4
- So sdnh ¢, va g, néu sai s6 nhé hon 5%, tinh 9o ==

5) Tinh b& mat truyén nhiét

Q
F =t
9
6) Tinh s6 6ng truydn nhiét:
F
n =
nd.l

Co duge s6 6ng, d€ bao dim cho gia cong, nén cho theo qui
chudn (k€ thém s& ong du tri).

) Tinh lgi ven tée chia ngan

Vi khi tinh a cda luu the chay trong 6ng ta cd gia thist gia
tri cia Re, tdc gia thist ché do chuy&n dong. Qu4 trinh cdp nhiét
t6t nhdt & ché de x0ay, nén chon Re > 104. Vi vay sau khi tinh
xong ta cin tinh lai van téc thuc cda lyu thé. Néu sai sé giia
van téc thue va van téc gia thigt ta phai chia ngan [V (m¥s)]:

4V

T ZdZn3600 @ s

Wy

Reu

w
gt d.p
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Tinh hé s8 cdp nhiét & phia
lru thé trong dng

Tinh nhiét tai chung O

Chon lai Az, +¢

—d

¥

Gi4 thi€t A, tinh o phia
Iwu the kia

!

Tinh ¢, va q,

Tinh F, n, D

In k&t qua tinh todn

Hinh 4.35. So dd khdi [@p trinh
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wg‘—-w

Néu wgl/wl gua lén, tdc > 5%, ta can chia ngan, w

gt
. L
va s8 ngan duge tinh bing: wgt/wl.

8) Tinh dudng kinh thiét bi truydn nhiét

Chon cong thiéc tinh theo loai thiét bi.

Sau khi tinh todn xong, dua vao dudng kinh thiét bj truyan
nhiét va sd 6ng truyén nhiét, ta chon mot thiét bj theo qui chudn
va c6 dugc nhitng théng s6 chn thist d€ thidt k& thist bi truygn
nhiét.

Chuong trinh tinh toan thiét bj truysn nhiét dugce lap theo so
dd khéi nhu trong hinh 4.35.
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Chuong 5

BOC HOI VA KET TINH

5.1. Céng thic tinh todn

5.1.1. M6t hén hgp (dung dich) ¢ phin tram khéi lugng
{(ndng dd) dau x, va cudi %,, tic lugng hoi nude bay ra trong qud
trinh béc hoi dude tinh theo cong thie

*
w=m(l-—), (5.1)
x2
véi m khéi lugng cia dung dich ban diu, kg (hoac kg/h).

5.1.2. Lugng nhiét tiéu tén cho qu4 trinh béc hoi bing lugng
nhiét dé dun ndng, d€ blc hoi va t8n that:

R=@Q,+ Q) +Q; =me(t - ) + wr + aF(t, - t ), keal/h,(5.2)
trong do m - khéi lugng cia dung dich, kg/h;

¢ - nhiét dung cda dung dich, keal/kg d6;

t, - nhiét do séi cha dung dich, °C;

t, - nhiét do diu cda dung dich, °C;

w - khéi lugng cia hoi thd, kg/h;

r - nhiét b&c hoi cia nudc, kcal/kg;

a = a, + a, - hé s6 clp nhiét qua bic xa va déi luu,

kcal/m?h do;;

297




F - b& mat truyén nhiét, m?;

¢, - nhiét dé6 cia b2 mat truyén nhiét (mat ngoai 16p bao

on), °C; <

¢, - Nhiét d6 méi truong (khong khi bén ngoai thiét bi), °C.
5.1.3.Lugng hoi d8t cAn thi&t cho qu4 trinh:

= Q. = Q , kg/h, (5.3)
(:h - al)x r.x

trong dd i -ham nhiét cta hdi nuéc bdo hoa, keal/kg;
i, - him nhiét cia nuéc ngung tu, keal/kg;
x - d6 bao hda cta hoi nuéc;
r - 4n nhiét ngung tu, keal/kg.
Lugng hoi tiéu t6n riéng d la ty sé giita ludng hoi D va luong
hoi thad w , tdc 1a
D
d =— |, kg/kg. (5.4)
w

5.1.4. Néu dung dich 4 trang thai qu4 nhiét (nhiét d6 16n hon
nhiét do soi), thi dai lugng @, cd gia tri am, tidc 12 cd qua trinh
tu béc hoi cho dén khi nhiét do dung dich bing nhiét d6 s6i.
Lugng nhiét nay bang:

Q,, = m.cit, - t), keal/h, (5.5)

5.1.5. Nhiét lugng riéng (nhiét dung) cua dung dich dugc
tinh theo cong thic gan ding.

c=cyx +oex, o, (5.6)
€5 €5, ... - nhiét dung cia tiung cdu ti;
Xy X5, ... - phan khdi lugng cha cdc cfu tir.

V6i dung dich c6 hai thanh phin 1a dung moi (nuéc) va chat
tan duge tinh nhu =au:

a) dung dich loang (ndng d6 x < 20%):

x
¢ =1-— kcalkg d9; i
100 cal/kg dQ (5.7
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b) dung dich dam dic (ndng dé x > 20%)

X X X
e=1l-—+¢,. —=1- —(1- ¢ ), keal/kg do, (5.8
100 2" 100 100 ta) g (5.8)

v6i x - ndong do chét tan;
¢, - nhiét dung chit tan (thé khan), kcal/kg do.
5.1.6. Nhiét dung cia lién k&t hda chit tinh:
Me =nie, + nye, + .5 (5.9)

v0i M - khéi lugng phan tu;
¢ - nhiét dung tinh theo don vi khéi lugng cta lién két,
keal/kg do;

n;, n,,... - s6 lugng nguyén ti clia nguyén té trong lién
két;
€y €3 ... - nhiét dung cda cdc nguyén td, kcal/kg -

nguyén tu, do.
Nhiét dung ciia nguyén td duge téng hgp & bang 5.1.

Bdng 5.1
Lién k&t | Lién két Lién k€t Lién két
< trang & trang & trang & trang
Nguyén t8 | théi rén thii long Nguyén 13 théi rin théi long

C 18 28 F 50 70

H 23 43 P 54 74

B 27 47 s 54 74

Si 38 58 Céc nguyén 6,2 8,0

0 40 60 td khdc

5.1.7. Nhiét do séi ctia dung djch va céc chit léng hitu co
duge tinh theo cong thdc cia Kirejew:

| -1
M = (5.10)
lgpg, - lgpg,
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(hoge tra theo bi€u dd hinh PL.17)
VO Pty Pan Pgy» Pgy - 4p sudt cia hoi bao hoa cia hai chat long
& nhiet do £, va ¢,;
¢ - hing ¢4,

5.1.8. Nhiét d¢ soi clia dung dich va cdc lidn két hitu co cing
cd thé duge tinh theo quan he tuyén tinh:
L - b
6, -8,
trong dd t, t, - nhiét d4 so6i cia dung dich hodac chit léng hitu
cd d 4p sudt P; VA P, ;

= K, (5.11)

6), 6, - nhiét d6 cia nudc hodc mot chat long tidu chudn
khéc § cing dp suft (c6 thé xac dinh theo bi€u dd hinh
PL.15 va PL.31).

D& xdc dinh nhiét d6 s6i cia mét chdt long (dung dich) bAt
ky & 4p sudt da cho theo phuong trinh (5.10) va (5.11), ngudi ta
cln biét trudc nhiét d6 sbi cia né & haj ap suft bdt ky. Riéng déi
voi dung dich thi chi cin bist nhiét do séi cta né & mot 4p sudt
nao dd, nén ta van dgng qui tdc cta Babo:

(—p- )l = const, (5.12)
Py
vG3i p - 4p sudt hoi bao hda cua dung dich;
P, - 4p sufit hoi béio hda cia dung moi nguyén chat &
. cung nhiét do ¢.

5.1.9. Nhiét bay hai ciia chét 1éng & 4p sust p dugc tinh theo
cong thitc ctia Clapeyron - Clausius:

Mch T2 a8
e (?) 77 » eallkg (5.13)

(& day ta van dung qui tAc tuy&n tinh, d€ xdc dinh d6/dT =
idem) '

trong d6 r, r, - nhiét bay hai cla chat Iéng can tim va ch4t long
chudn & cing mot Ap sufit, kcal/kg;

300



M, M, - khdi lugng phan t& cta hai chat 16ng;
T, 6 - nhiét do s6i & cung ap suft p, °K

5.1.10. Nhiét d¢ bay hoi cia chat léng khéng cuce & ap sudt
thudng duge tinh theo cong thuc cua Kistjakowski:

T
r = (8,75 + 4,58 1gT) 57 kealke,  (5.14)

T - nhiét d¢ soi, °K;
M - kh6i lugng phan ti cua
nudc.

5.1.11. Sy téng cao nhiét 4o séi cla
dung dich so véi dung méi (nudc)
nguyén chdt, ed th€ tinh theo cong thic
gan ding, dua vao cic cong thice (5.10),
(5.11) va (5.12). Ky hiéu At,,.

G bang PL.22 téng hop nhiét do sbi
cia mét sé dung dich mudi o 4p suft
thudng hoac cing cd thé xac dinh & bidu
dé hinh PL.30.

5.1.12. Sy tang cao nhiét dé séi do
ap sudt thay tinh phu thuge vao muyc
dung djch trong thi&t bi va khéi ligng
riéng cuia nd.

Hinh 5.1. Hi¢u qué thdy tinh

Ap suflt § mic giita dung dich trong éng truysn nhist:
Py =p, + Hgy, kp/m? (5.15)
v0i p, - 4p suft ¢ bd mat dung dich, kp/m?;

I-Ig - chidu cao tit mic dung dich d&n muc gita cla nd trong

&ng truyen nhidt, m;

p - kh6i lugng riéng clia dung dich, kg/m3.
Higu dng nhiét do qua 4p sust thuy tinh la:

AttZ - tg - to 3

(5.16)
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vai £, - nhiét dé soi tuong dng ap sudt Py

t, - nhigt do sbi tuong Ung 4p sudt p .

5.1.13. T8n th4t nhiét do trén dudng Ong tir thidt bi nay dén
thiét bi khac duge tinh:

Aty =t - t,, (5.17)
vGi ¢, - nhiét do tuong Ung dp sudt p:
p, =Py, + Op. (5.18)

Dai lugng Ap bi€u thj t8n thdt dp sudt ciia hoi qua trd luc
dudng dng duge tinh theo cong thic:

AL
Ap = - v (1 + 22 4 e ) kp/m?
2g d

5.1.14. Hiéu s6 nhiét d6 hitu ich Af, dugc tinh tit t8ng hidu
sd nhigt do tri téng nhiét do tén that.
- A, (5.19)
v6i At - hiéu s6 nhigt d¢ giita hoi d6t va nhiét d6 ¢ cudi hé
thdng (nudc ngung tu & thist bi ngung tu);
TAt = At + At, + At, = A + A” + A’ - t8ng nhiét
dd tdn thﬁt cia hé théng.
5.1.15. Higu s8 nhiét do hitu ich cia titng thi&t bi trong hé
théng.

a)} N&u t8ng bé mat truyén nhiét bé nhét, thl hidu s8 nhiét
do hitu ich ty 18 vai V@Q/K, tic la:
At VQ. /K.
At,. _ Ak, (5.20)
n A
_ZI(V Q,/K)
1=
b) Néu bé mat truyén nhiét cia tdt ca thiét bi béc hoi trong hé

thong déu bang nhau, thi hidu sd nhiét dé ty 1& vai Q/K, tdc la:

Aty 2 — (5.21)
1
K, )
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trong do @, - Iugng nhiét truyan trong ting thiét bi, kcal/mzh ds.
5.1.16. Lugng nuéc lam lanh diung trong thiét bi ngung tu
w(ih - il)
mn =——-'—.—- s kg/h, (5.22)
o
trong d6 w - lugng hoi thu trong thiét bi ngung tu, kg/h:
iy, i, - ham nhiét cia hai va 1éng, keal/kg;
{1, i - ham nhiét cia nuge lanh khi vao va ra, kcal/kg.
5.1.17. Lugng khong khi duge bom chan khéng hut phu
thudc vao lugng nuée lanh m_ (kg/h), dude xdc dinh:
0,25.3»1,n

L=—=—1 | kg, 5.23)
1000 & (

Nang suft clia bom chan khéng phu thude vao ap suit ngung
tu p, va trong thuc t& cd gia tri:
a) & p, > 50 torr = 50 mmHg
V=1(0,1+ 0,2)W, m3/h
b) & p, < 50 torr = 50 mmHg
V=1(0,8+ 1,2W, m3h .
5.1.18. Chigu cao cot nudc trong thiét bi ngung tu baromet

phu thu6c vao d6 chan khéng va duge tinh:

b .
H, =103 —  m, (5.24)
° : 760

v0i b - d6 chan khéng trong thiét bi ngung ty baromet, mmHg.
5.1.19, Lugng tinh thé tinh bing kilogam trong thist bi két
tinh duge tinh theo phuong trinh can bang chat:
m(x, - x)- Wx
my = —+2 "1 2 ke, (5.25)
Xy - Xy
trong d6 m, - khdi lugng dung dich dau, kg;

X, - ndng d6 dau cia dung dich, % phan tram khéi lugng;
X, - ndng dé chdt chufin & che do két tinh, % khai lugng;
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W - khéi luong dung moi, kg;

x, - M/M, - khéi lugng mol chdt hda tan/ khéi lugng

mol chidt két tinh), vi vdy néu ch4t k&t tinh hoan toan

X, = 1.

Né&u qua trinh két tinh ma dung moi khang bi tach ra tirng
phin (w = 0), thi:
x, - x,)
m =t (5.26)
Tu - *2
5.1.20. Nhiét hoa tan duge tinh theo cong thic

€
4,58lg—L
c
I == ; , keal/kg, (5.27)
M— - —)
TZ Tl

voi ¢, ¢, - d6 hoa tan d nhiét do T, va T, °K;
M - khéi lugng phan ti cia chat tan.

5.1.21. Nhigt ndng chay q,. duge tinh theo cong thuc gin
ding.

a) V6i cdc chit vo co:

q_ . = 6. Tc , keal/kg (5.28)
nc M
b) V&i cde chdt hitu co:
T
¢, = 10. -z\jlc , keal/kg, (5.29)

v0i T . - nhiét d6 néng chay, °K;
M - khéi lugng phan ti cha lién két.

5.1.22. Lugng nhiét trong qua trinh két tinh ma dung méi
khéng bi bay hai duge tinh theo céng thue:

Q@=mpelt, - t) +mq - (6.30
trong dd m, - khdi lugng dung djch diu, kg;

304



¢ - nhiét dung cia dung dich, kcal/kg do;

t),¢t, - nhiét d6 dau va cudi cta dung dich, °C;
m, - lugng tinh th&€ sau qud trinh két tinh, kg;
g - nhiét két tinh, kcal/kg.

5.2. Vi du

5.2.1. Tinh lugng nuée trong 1000 kg dung dich amon nitrat
bdc hoi, néu ndng d6 dung dich tang tit 12 d&n 60%.

Gidi:

Tt cong thic (5.1) tinh duge:

12
W = 1000(1 - —— ) = 800 kg.
60 &

5.2.2. Tinh ndng do cudi cia dung dich mudi (theo % khéi
lugng), néu thu duge 1200 kg nude tir 2000 kg dung dich & ndéng
dd 10% bang bédc hai.

Gidi:
Xudt phat tit cong thie (5.1):

10
1200 = 2000(1 ; —).-
. x2
Rut ra

20000
xz == 25% B

2000 - 1200
5.2.3. Tinh nhiét dung ctta dung dich axit 12% .
Gidi:
Tit edng thic (5.7) ta cd:

c=1- i = 0.88 kcal/kg do.
100
5.2.4. Tinh nhiét dung ctia dung dich mudi natri 25%.
Gidi:
Vi ndng d¢6 mudi 16n hon 20%, nén nhiét dung dugc tinh theo
cdng thic (5.8).
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Trudc tién cin tinh nhigt-dung cta mudi khan (th& rdn) theo
céng thic (5.9).
_-OH

Cong thic hda hoc chia mudi C,H, COON
- ~— a

Khai lugng phan ti 160.

Va 1,87 + 2,35 + 43 + 6,2.1
A = 0,264 keal/kg do.

! 160
Nhu vay nhiét dung cia dung dich mudi 25% la:
=1- 025 + 0,264.0.25 = 0,82 kcal/kg dé.
Nhiét dung cta titng nguyén td trong lién k&t duge xac dinh
& bang 5.1.

5.2.5. Can tinh nhiét d6 so6i ciia anilin & do chianikhéng 0,8at
(ép sudt 0,2 at). Bi&t nhiét d6 hoi bao hoa cta anilin & 390mmHg
1a 160°C va & ap sudt thudng la 184°C.

Gidi:

Van dung qui téc tuy&n tinh (5.11) va chon hexan lam chét
chuan dé tinh.

T bi€u db hinh PL.13 cta hexan cd:

¢ p, = 390 mmHg tra duge 6, = 49,2°C
4 p, = 760 mmHg tra dugc 8, = 69°C.
L -t 160 - 184
vay K = = = 1,21,

6,- 6, 49,2. 69

O 4ap sudt 0,2 at, tic 0,2.735 = 147 mmHg cd nhiét do sdi
cia hexan la 24,5°C (tra ¢ bi€u dd hinh PL. 13).

Theo qui tic (5.11) rit ra:
160 - ¢

49,2 - 24,5
= 160.- 1,21(49,2 - 24,5) = 130,1°C.

5.2.6. Tinh nhiét do s6i cia dung dich amoniac 20% & dp
sudt 1,5 at,

= 1,21 = 1,21(49,2 - 24,5) = 160 - ¢
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Gidi:

Tu bi€u dd hinh PL.17 ta néi cac di€m tuong ding NH, 20%
voi ap sudt 1,5 at (tdc 1,5.735 = 1102,56 mmHg) va kéo dai
dudng thing cat truc nhiét do tai ¢ = 60°C. Dd 1a nhiét do soi
cua amoniac 20%.

5.2.7. Can xdc dinh nhiét bdc hoi cia anilin & 0,2 at.

Gidi:

Vi cong thic (5.14) cia Kistjakowski chi ding & digu kién 4p
suiit thudng, nén ta s dung cong thic (5.13) voi hexan chon lam
chat chudn. Nhiét dd sbi cha anilin & 0,2 at 13 130°C, con ciia
hexan 1a 24,2°C. Nhiét bfic hoi cua hexan, tra tit bi€u db hinh
PL.29 la r; = 87,5 kecal/kg. Quan hg d7/d6 duge tinh tit vi du
5.2.5. Vi quan hé gitta 7 va 8 d 4p sudt khdong ddi theo tuyén
tinh, nén d7/d8 hoac do/dT = const.

Vay

Thay céc gia trj tinh dugc vao cong thie (5.13) ta cd:

B My T ,do
r=rys— = )— =
M 6 dT
86 273 + 130
87,5. ( )2.0,826 = 122,6 keal/kg

93 273 + 24,56
Néu ta chon chdt chuén khdc la nudc, ta tinh dugc:

& 0,2 at nhiét dd sdi cia nube 59,7°C va nhiét héa hei r =
562,7 keal/kg (tra & bang PL.18).

Ty s6 d8/dT dude tra tit biéu dd hinh PL.15 & dudng cong 12,
ta co:
dé 110 - 20

aT 200 - 80
Thay vao cong thic (5.13) ta dugce:

= 0,75.
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18 403
r = 562,7 — (——)2.0,75 = 119,6 kecal/kg.
93 333

5.2.8. Tinh lugng hoi d6t cia thist bi béc hoi d& co dac dung
dich NaOH vé8i nang sufit 2 tdn/h. Nong dé diu va cuéi cia dung
dich 1a 14,1 va 24,1% khéi lugng. Nhiét d6 cda hoi 150°C, nhiét
do cua hoi ngung ty 150°C. Nhiét tdn thit 1a 50000 kcal/h.

Tinh todn theo ba phuong 4n sau day:
a) dung dich duogc dua vao thiét bi bdc hoi & nhist do 20°C;
b) dung dich vao thiét bi béc hoi § nhist do6 soi;

c) dung dich dua vao thi&t bi béc hoi & nhiét d9 qua soi
130°C.

Gidi:
D€ tinh lugng hoi cin thiét, cin xdc dinh lugng nhiét tiéu
ton.

Lugng hoi thit bbe 1én trong qua trinh béc hoi duge tinh theo
cong thic (5.1):

mix, - x) 24,1 - 14,1
=— "2 17 9000 " " _ 829,9 kg/h.
x, 24,1

- Lugng nhiét ding d& béc hoi:

Nhiét b8c hoi cia nudc duge tinh theo nhiét d6 s6i ctia dung
dich trong thi&t bi.

Nhigt t6n that do ndng d6 A’ = 11 dé (tra & bang PL.22).
Cung véi cde t8n thdt nhiét d6 khéc tinh duge nhiét d6 soi cua
dung dich 1a 113°C. O nhiét d6 113°C nhiat bay hoi cita nudc 1a
r = 531 kecal/kg (tra & bang PL.17).

Vay nhigt lugng d€ bay hoi nudc:

Q, = Wr = 829,9.53]1 = 440677 kcal/h.
- Luong nhiét dé€ dét ndng dung dich:
Nhiét dung cia dung dich: Truge tien xdc dinh nhiét dung

cla cdc nguyén t8, gbm: 0-4, H-23, Na-6,2 kecal/kg nguyén td
(tra & bang 5.1).
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Theo cong thic (5.9) nhiét dung cia NaOH khan la:
4 + 2,3 + 6,2
¢ = = 0,3125 kcal/kg d9.
40
Nhiét dung ctia dung dich 14,1% dugc tinh (5.8)
¢ = 0,141.0,3125 + 0,859 = 0,9031 kecal/kg d6.

Nhjét tiéu tén d€ d6t ndng dung dich dugc tinh theo ba
phuong 4an:

a) Dung dich cd nhiét do daun 20°C:

@, = 2000 . 0,9031(113 - 20) = 167977 kcal/h;

b) Khi dung dich cd nhiét d6 soi:

Q, =10,
¢} Khi dung dich c¢d nhiét d¢ 130°C:
€, = 200 . 0,9031 . (130 -113) = 30705 kcal/h

[() trudng hogp nay dung dich sé tu béc hoi d€ ha nhiat d6 tit
130°C xudng dén nhiét d6 s6i 113°C, nén theo quan di€m tiéu
thu thi lugng nhiét nady mang diu - (am)].

Ngoai ra khi NaOH hoa léng sé cin mot lugng nhiét. Tit sd
tay hda ly ta cé nhiét lién k&t sé la (nhiét dé NaOH chuyén
thanh dung dich trong n phéan td nudc):

n 3 5 7 9 13,5
kdJ/gmol 456,6 4655 469,1 4695 470,23

Cin tinh s6 phan ti nuéc d€ hda tan mot phan t& NaOH.

¢ Trong dung dich dau:
56 mol NaOH trong 1 kg dung dich:

141
T = 3,525 (1 kg dung dich 14,1% bing 141 gmol).
S& mol nuéc trong 1 kg dung dich (& 14,1%):
1000 - 141
— = 47,72,
18
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38 mol cta nuée cho méi mol NaOH & 14,1%:
47,72

— = 13,

3,525
e Trong dung dich cusi (6 24,1%):

56 mol NaOH trong 1 kg dung dich 24,1%.
241

— = 6,025.
40

S8 mo!l nuéc trong 1 kg dung dich (24,1%)
1000 - 241

18

S8 mol nudc cho méi mol NaOH & 24,1%:
42,17
6,025

Nhiét thay phan cta NaOH duge tinh:

¢ 13,5 phan td& nudc va 7 phan ti nudc:

470,23 - 469,1 = 1,13 kJ/gmol NaOH.

= 42,17,

Bang 5.2
Phuong dn
Lugng nhiét tiéu t8n cho keal/h
a b c
B3c hoi mrée 440677 440677 440677
Thily phan NaQOH 2000 2000 2000
Ton that 50000 50000 50000
Cong 492677 492677 492677
DPun s6i dung dich 167977 0 -30705
660654 492677 461972
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Lugng nhiét toan bo cho qud trinh thdy phan:

3,25 . 2000 . 1,13 . 0,239 = 1901,3 = 2000 kcal/h
(1 kJ = 0,239 kcal).

Lugng nhiét tiéu tén trong thiét bi bc hoi dugce tdng hap &
bang 5.2

Qua bang tong hop tinh todn ta th4y nhiét thiy phan cia
NaOH qué nhd ¢é thé bo qua duge.

- Lugng hoi cin thigt cho qua trinh bée hoi:

Tt bang PL.17 tra duge iy, = 657 kecal/kg, i} = 151 kecal/kg.
Theo phuong trinh (5.3) véi x = 1 ta cd: '

660654
a) D = 57 — 150 - 1305,6 kgth;
492677
461972

5.2.9. Mot thi&t bi bdc hoi cé b8 mat truydn nhiét 40m? duge
dung d& c6 dac dung dich cd ndng d4 diu x;, = 5% va ndng dp
cudi x, = 50% khdi lugng. C6 déc gidn doan mot mé 20 tdn dung
dich. Nhiét dé diu cta dung dich 20°C. Cb dac & ap sudt chan
khéng. Nhiét do s6i cia dung dich vA hé s6 truydn nhiét phu
thudc vao ndng d6 nhu bang 5.3.

Baing 5.3

Nong dd dung dich, % khdi lrong | 5 10 20 | 30 | 40 | S50

Nhiét do sdi, °C 55 56 60 67 76 95

He¢ s3 truy&n nhiét, keal/m®h do 1850 1500 | 970 | 640 | 420 | 240
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Hé s6 truyén nhiét cho qua trinh dun ndng dung dich dén
nhiét d¢ sdi la K, = 300 kcal/m?h d¢. Nhiét do cia hoi dét
120¢°C.

Can xAc dinh:

a) lugng hoi cAn thiét, bigt ham lugng nude trong hai 5%;
b) th(‘?i gian bdc hoi,

Gidi:

a) Lugng hoi cin thiét

Lugng hoi thid béc ra:
Xx,-x 50-5
W=m = . 20.000 = 18000 kg
x, 50

Lugng nhiét tiéu tén d€ bée hoi (khéng k& t8n th4t ra moi
trudng)

Q@ = mc(L‘s - td) + Wr =

= 20000 . 0,95 . (55 - 20) + 18000 . 554 = 10637000 keal,
trong d6 0,95 - nhiét dung cta dung djch 5% (cong thie 5.7);

554 - nhiét b6c hoi ctha nudc § nhist d6é trung binh (55 +
95)/2 = 75°C tra & bang s6 PL.17.

Lugng hoi cin thist:
- D€ dun dung dich dén nhidt 46 so6i

Ql 20000.0,95.(55 - 20)
Dl =— - = = 1329 kg
(th - El)x 526,7.0,95
- D€ bée hoi
Q2 18000.554
D2 = = = 19929 kg.

G, - i)x  526,7.0,95

Ti bang PL.17 tra dugc 4n nhiét ngung tu cda hoi bao hoa
é 120°C 1a 526,7 kcal/kg.

b} Tink théi gian bée hoi
- Thai gian d& dun dung djch d&n nhiét d6 soi.
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Q, 20000.0,95.(55 - 20)
T = =
' KFat 300.40.82,5

At la higu s6 nhiét d6 trung binh cho thdi gian dun ndng,
dugc tinh

= 0,67 h.

Hoi 120 - 120
Dung dich 20 - 55
100 65
100 + 65
At = — = 82,5 do

- Thoi gian d€ béc hoi:

Trong thoi gian bdc hoi néng dd dung dich tang tit 5% dén

50%. Nhiét d§ s6i va hé sd truyeén nhiét thay ddi theo nhv 4 bang
5.3 da thé hién.

Theo phuong trinh truy&n nhiét:
d@ = KF(T - t) dz.
Trong phuong trinh c¢6 hai dai lugng khong déi 1a nhiét d6 ngung
tu cia hoi d6t T = 120°C, va bé mat truyén nhiét F = 40 m2
Tu phuong trinh nay suy ra:

d
Fdr =._..._.._?.._
K(T-t¢t

d
Fr, =f -—-—-—Q
0O K(T-1¢t

Tich phan dugc xdc dinh bang dd thi.

L4y tich phan cgd:

. Tt bAng 5.3 ta tinh cdc gid tri cAn thi&t cho tich phan & bang 5.4.
Tit 88 liéu & bang 5.4 ta vé duge db thi 5.2:

Q;
J
0

=10.106
d

= F1, = 152m%h.
K(T-t)
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Bang 5.4

X% 5 10 20 30 40 50
W, kg 0 10.000 15.000 16700 17500 18000
r, kcal’kg 565 | 565 564 562 559 554
0.10°%, kcal 0 | 565 847 94 98 10
T4, 48 65 64 60 53 44 25
io° 83 104 17,2 295 542 166,7
K(T - ’ ’ ’
Rit ra:
152
1,'2 = —-40— = 3,8h
160
Thoi gian chung:
T = T, o+ '[2 = 140
= 0,67 + 3,8 = 4,47h.
120

5.2.10. So sanh nang -
lugng 1y thuy&t cita hai - 100
trudng hgp sau day: <

P

a) cia bom chén khéng X #
hit hoi thi & d6 chan khéng *

0,7 at; &

b) ngung tu hoi tht va a0
ding bom bom nuéc ngung.

Nang suéit tinh theo hoi 20 N
thi 1000 kg/h lugng nuéc 4 SN
béc hoi 2 mﬁ'\‘&\\ R\\‘\\ ‘

’ 5 we

Gidi:
a) Gia thiét, hoi thd
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dudc nén doan nhist trong
bom chan khéong. Trong
trudng hop nay céng duoe
tinh theo céng thie (5.13).
Luong nhiét nhan duge tit
dd thi I-S & bifu dd hinh
PL.25 va hinh 5.3.

{ 1,= 679 kealfhg

Vay:
L = 427G, - i) =

= 427(679 - 625) 3
L = 23058 kpm/kg Hinh 5.3. &r &b 75

Cong sudt ly thuyst cia
bom (khong ké hiéu suit bom):

1000.23058
N=—-—_— =628 kW.
102.3600

b) Cong sudt cia bom chdt 1éng ngung tu (khéng k€& higu
sudt bom):
QAp  1.7000
102~ 102.3600
1000 1 :
= im3/s;
3600.1000 3600 - -
Ap = 0,7 at = 7000 kp/m?2
Qua vi dy trén ta thdy bom hoi thit bing bom chan khéng rit
tén kém, vi phai tiéu t6n ning lugng lén hon (62,8/0,19 = 3305
lan) so véi dung bom hoi nudc ngung tu. Do d6é khéng bao gid
diing bom d€ hat hoi thd trong cde thist bj b6c hoi, ma cho
ngung tu.
5.2.11. Can xdc dinh t6n thé&t nhiét do do ndng do tdng cao
cta dung dich CaCl, 20% & 4p suét chan khong 0,5 at.
Gidi:
Ti bang PL.22 tra dugc nhiét do sbi cta CaCl, 20% la 105°C

N = = 0,019 kW

trong d¢ Q =
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8 ap sudt thuong. O nhiét do nay hoi nude bio hda cd dp sudt
1,232 at.

T¥ s6 ap suit hoi p cua dung dich va 4p suit p_ cla nuéc &
cung nhiét d$ la:

1
(i) = = 0,81,
p, /t=105°C 1,232

Van dung qui tic Babo (5.12) c6 quan hé:

(0;5) = 0,81
‘ ot

0,5
Rit ra: pO =0_8—i = 0,617 at.

Tu bang PL.18 & 4p sudt 0,617 at tra duge nhiét d6 6i cha
nudc la 86,2°C. Nhu vay, nhiét do sbi cia dung dich CaCl, 20%
& 0,5 at la: 86,2°C. Ta biét nhiét d9 sbi ctia nugec & 0,5 at la
80,9°C. Nén tdn thit nhist d6 do ndng do la:

A’ = 86,2 - 80,9 = 53 do.

5.2.12. Tinh t8n thdt nhiét d6 do 4p sudt thdy tinh khi dun

béc hoi dung dich cé khdi lugng riéng 1100 kg/m3. Chi®u cao muc

dung dich lic diu la 1m. D6 chan khong trong thiét bi 1a 0,6 at
(xem hinh 5.1).

Gidi:
Ap suft trén bs mit dung dich theo dAu bai la: 1 - 0,6 = 0,4

at. Mdc gitta cia dung dich 1a: 0,5 m tao nén hiéu sd ap suft la:
pgH 1100.9,81.0,5

T 981104  9,81.10°
Ap sufit tai mic giita dung dich:
p=p,+ Ap =04 + 0,055 = 0,455 at.
Tit dp suft tra duge nhiét d6 s6i cua nude:
dp = 0,4 at c6 t = 75,4°C
d p = 0,455 at ¢d t = 78,4°C ,

Ap = 0,055 kp/em? = 0,055 at

I
It
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Nhu vay tén th4t nhist do do ap sudt thay tinh la:
A” =784 - 754 = 3 do.

5.2.13. Tinh t8n th&t nhiét do do tréa lue duting 8ng néi giita
hai thiét bi. D¢ chan khong la 0,6 at. Ong néi dai 10m cd ba
khuyu 90° va mét van. Dudng kinh 6ng 200 mm. Van téc khi
(hoi) 40 m/s va hé s6 ma sit A = 0,02 ‘

Gidi:
Tré lyc dudng 6ng duoe tinh nhu & chuong moét. O ap suit
0,4 at hoi cd khdi lugng riéng p = 0,246 kg/m3 (tra bang PL.18).

Tré luc cuc bs dude tinh tuong duong cho dng thing, nén &
khiyu 90° c¢ L, = 50d, van L4 = 75d.

Vay
pWe 0,246.402 0,02(10 + 3.02.50 + 0,2.75)
Ap = 3E =
29,81 2.9,81 0,2
Ap = 130 kp/m? = 0,013 at.

Ap suit cia hdi di vao thist bi kia:

P, =p - Ap =04 - 0,013 = 0,387 at.

Tra bang PL.18 ta cg¢:

gp, = 04atcd ¢ 75,4°C
§p,=038Tates ¢, = 74,5°C
Vay t8n thdt nhist d6 qua trd luc dudng dng:
AN =154 - 745 = 0,9 do.

5.2.14. Tinh lugng tinh thé dugc két tinh trong thiét bi ké&t
tinh khi lam lanh 10 t4an dung dich K,CO, b&o hoa tit 80°C dén
35°C. Trong qua trinh két tinh khéng cd sy bay hoi cla nudec.
Tinh thé dugc két tinh ngam hai nuéc. -

Gidi:

Van dung cong thic (5.26) ¢€ tinh todn ltgng tinh thé duge
ké&t tinh:
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o omy ey )

mtl

X - %2
Tit 45 thi hoa tan hinh PL.16 cho KZCO3 tinh duge ndng dé

cia dung dich bao hoa:

mol K2003
4800°C1a 10 — 273
1000 g H,0
mol K2003
& 35°C 1a 8,15 ———=2——3
1000 g H,0
Kh6i lugng phan ti cda K,CO, 1a 138, nén
10.138 0,58 kg/k
x = =0, .
80°C 1000 + 10.138 ot
8,15.138

o = = 0,53 kg/k
25°C 71000 + 8,15.138 Erke

Khéi lugng phan tit cia tinh thé ngdm hai nuée K,C0,.2H,0
Ia 174.
Viy:
M 138

M, 174

Dua cdc 86 liéu vao phuong trinh tinh lugng tinh thé két tinh duge
104(0,58 - 0,53)
my =

0,793 - 0,53

5.2.15. Tinh nhi&t lugng téa ra trong thi&t bi k&t tinh lam

viéc lién tuc, néu trong qua trinh k&t tinh 500 kg/h dung dich

NaNO, duge lam lanh tit 90°C xudng 40°C. & 90°C dung dich cd

16g NaNO, trong 1000 g H,0. Luu y 1a trong qu4 trinh két tinh
¢d 3% khdi lugng nude bée hai.

Gidi:

Tu dudng hda tan cia NaNO, & bifu dd hinh PL.16 tra dugc

ndng d¢ bao hoa clia dung dich & 40°C 1a 12,3 g NaN 0,/1000 g H,O0.

Khi lam lanh dung dich dén 40°C c6 lugng tinh thé két tinh

= 0,793 = x,,.

= 1901 kg.
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dugc tinh theo cong thic (5.25):

mx, - x)- Wx
m, =-—1-2 "1 2 kg/h
X - Xy
Néng d6 dugc tinh:
16g NaNO3 16.85 ‘

x, = = = 0,576 kg/kg

1000 g H,0 1000 + 16.85

12,3.85

X, = = 0,511 kg/kg

¢ 1000 + 12,385
X, = 1, vi NaNO; tinh thé khéng chda nuéc;

85 - khéi lugng phan ti caa NaNO,
vay 5000(0,511 - 0,576) - 0,03.5000.0,511

n,
0,511 - 1

Lugng nhiét téa ra dugc tinh theo cébng thuc:
& = me(t, - £ + m.q - wr,

= 821,4 kg/h.

vl w - lugng nudc duge bdc hai, kg/h;
r - nhiét bée hoi cha nude, kecal/kg.

Tu bang PL.23 tra dugc nhi¢t két tinh cda NaNO, 1Ia
5030kcal/kmol.

Nhiét dung eva dung dich dugc tinh theo céng thic (5.8), va
trude tién xac dinh nhiét dung cda chdt khan (5.9):
6,2 + 6,2 + 3,4
¢ =

85
Nhiét dung cia dung dich (x = 57,6 %) la:
¢g = 1-0,576 + 0,287 . 0,576 = 0,59 kcal/kg dé
Lugng nhiét tda ra trong qud trinh két tinh:

= 0,287 kcal/kg do.

5030
@ = 5000.0,59(90 - 40) + 821,4 ek 0,03.5000.560
@ = 112108 kcal/h;

& day nhiét dung cia nude la 560 keal/kg, tra & bang PL.17 theo
nhiét d9 trung binh (90 + 40)/2 = 65°C.
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5.2.16. Céac didu kién tuong tu nhu & vi du 5.2.15. Can xic
dinh b& mat truydn nhiét va lugng nudc lanh can thist cia thist
bi két tinh. Hé s6 truyén nhiét 1a
90 kcal/m?h dé. Thiét bi loai hai
v0, gilta nude lanh chay qua véi
nhiét d6 vao 15°C va ra 20°C.
Qua trinh trao d8i nhiét nguge at, &
chizu.

20
Gidi: \ ot
Bé mat truyen nhiét duge 15

tinh theo céng thic

90 A

el £
T KAt, ~ Hinh 5.4 (vi dy 52.16)
Dién bién nhiét do hai luu thé
nhu sau:
90 » 40
20 « 15
(90 - 20) - (40 - 15) -
Aty = = 43,75 ds.
g1, 20 - 20
112’10: - 15
Vady F = ——— = 285m2,
90.43,75
112108

Lugng nudc lanh cin thist: m, = 22421,6 kgh.

20-15

5.2.17. Hé théng cd dac ba ndi lam viéc lién tuc xudi chidu
duge sit dung d€ c6 dac dung dich NaN03 tif ndng do6 12% dén
ndng do 40% khéi lugng. Nang suit tinh theo dung djch diu
5tdn/h. Dung dich trudc khi vao hé théng c6 dac duge dun ndng
d&n nhiét dé s6i. Hoi dét dung cho hé théng 1a hoi nudc bao hoa
& 4p suit 4 at va nhiét. do 143°C. D6 chan khong & thiét bi ngung
tu 0,8 at.

320



Gidi:
Hég théng c6 dac dugc th€ hién & hinh 5.5.
a) Luong hoi thit duge bée hoi & hé théng la

. 12
W = 5000(1 - E) = 3500 kg/h .
b) Su phan b6 hoi thu J ting ndi

Chon sy phan bé hoi thd & titng ndi dua vao thuc t&, nhyu
theo ty 1& sau day:

1:2:83=10:1,1:1,2
Tic 1a tit ndi 1 d&€n ndi 3 theo ty & 1; 1,1 va 1,2.

Tit cach chon ty 1¢ nay ta tinh duge lugng hoi thi béc ra 6
titng ndi:

3500.1 ‘
Noi 1: W, = = 1060 kg/h
1+ 1,1+ 1,2
Nbi 2: W 3500.1,1 1167 kg/h
BME I e &
3500.1,2
Nbi 8: W, = = 1273 kg/h
1+ 1,1+ 1,2

W =W, +W,+ W, = 3500 kg/h
c) Tinh ndng do dung dich ¢ ting ndi

Theo diu bai dung dich cd ndng do dau x4 = 12% va ndng do
cudi, tic khi ra & ndi 3 1a x, = 40%. '

Lugng dung dich ra khéi ndi 1, vao ndi 2 la:
my =m, - W, = 5000 - 1060 = 3940 kg/h.

Nbng d6 cta dung dich ra ndi 1 vao ndi 2 la:
myx, 5000.12
X = = = 15,2%
my - W, 3940
Lugng dung dich ra ndi 2 vao ndi 3 la:

my,=my- W - W, =5000- 1060 - 1167 = 2773 kg/h.
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Tuong dng ndng d6 cia dung dich vao nbdi 3:
5000.12
= 21,6% .

x S —————

2 2773
Lugng dung dich ra khdi ndi 3 la:
m;=m.=m,- W= >5000- 3500 = 1500 kg/h.

Tuong ty ndng do dung dich ra khdi ndi 3:
5000.12
Xy = X =——— = 40%
1500
Ding nhu dau bai da cho, ndng d6 cudi 1a 40%
d) Phén b6 dp sudt lam viée 6 méi ndi
Hiéu s6 4p sudt clia hé théng (phan biét dp sudt giita ap suédt
hoi d6t 0 ndi 1 va 4p sudt & thist bi ngung tu) dude tinh:
Ap=po-png=4— 0,2 = 3,8 at.
e

r=--

1hoe kb~

Ll

.W!: fﬂ50f‘9/ﬁ i

!

a.fooo_é ! .
o 2% oy |
4 =4 |
f-—Mg‘ =

1, = IR40kg/ A
Xe= 1529

Hinh 5.5 (vi dy 5.2.17)
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Gia du su giam 4dp sudt xAy ra dong thoi gita cdc ndi, tde
hiéu s6 4p sudt gilta céc ndi:

b

Ap; =——— = 1,27 at
Vay ap sudt lam vige & tung nbdi la;
6 ndi 3: p, = Py = 0,2 at.
gndi 2: p, =02+ 1,27 = 1,47 at
d ndi 1: p, = 1,47 + 1,27 = 2,74 at.
Ap sufit clia hoi d6t § ndi 1 la: P, =274 + 1,27 = 4 at.

Tit 4p suéit tinh dugc ta tra duge nhiét d6 hai thd & cic ndi
va nhiét bay hoi. 86 liéu duge téng hop & bang 5.5.

Bang 5.5
NBi Nhiét dg, Nhiét bdc hoi,
°c kcal’kg
1 130 520
2 110 533
3 60 563
Hot dét ndi 1 143 51

e) Ton thdt nhiét d6 ¢ mdi ndi
- Nhiét d6 tdn thdt do ndng d6 tang cao:

Tu bang PL.22-tra dugc nhist d6 s6i cha dung dich & ndng da
khac nhau két qua tra dugc téng hgp & bang 5.6.

Khi x4dc dinh nhiét dé s6i cia dung dich ta ldy & ap sudt
thudng, nhung thue t& 4p suidt & cdc ndi khde nhau. Su sai sdt
nay dude bé qua, coi 1a Anh hudng nhé.

Vay t8n thdt nhiét d¢ do ndng d6 & ba nbdi la:
SA =243+ 17=12 db.
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Bing 5.6

NBi | Nbng do NaNO;, | Nhiét do s6i, °C | Tbn thét nhiét do
% A d

1 152 102 20

2 216 103 30

3 400 107 70

- Nhiét d6 tdn thét do dp sudt thiy tinh:

Khoang céch tir b mat 16p dung dich dén khoang gitta cot
dung dich trong bs mat truyén nhiét H = 0,4 m. Khéi lugng
riéng cia dung dich 4 100°C duge tdng hgp & bang 5.7.

Bing 5.7
Nbi Ndng 46 NaNO,, | Khdi lwgng riéng,
% kg/m>
152 1056
216 1102
40 1255

Su tang 4p sudt thiy tinh & ndi 1:
0,4.1056
~ 104

Ap sufit ¢ khoang giita cot dung dich trong b mat truydn
nhiét

Ap, = 0,0422 at.

Py =p, + Ap, = 2,74 + 0,0422 = 2,782 at.

Nhigt d¢ sdi clia nuéc & 4p sust py la 130,93°C va 4 p, 12
131,520,

324




Nhu vay nhiét d6 t6n thdt do 4p suidt thuy tinh la:
A", = t, - ¢t = 131,52 - 130,93 = 0,59°C.
Tinh todn tuong ty ta nhan dudc nhiét d6 t8n th&t & ndi 2

va 3 do ap sudt thdy tinh la: A”, = 0,96 d¢ va A”y = §,32 d§.
T8ng nhiét do tén th4t do 4p suft thuy tinh cta toan hé
thong la:
AV = A7+ A7, + A7, = 0,69 + 0,96 + 5,32 = 6,87 db.
- Nhiét d6 t6n thdt do trd lyc thiy lwe. Tro lyc thiuy luc &
day chtt y&u 1a & cdc doan 6ng néi gida cdc thist bi. D6 1a doan
ndi giita ndi 1-2, 2-3 va 3 thi€t bj ngung tu. Nhiét da& t8n th4t
nay chon 1 da.
Vay t8ng nhiét dé tén thdt do trd luc la:
' A” = 3.1 = 3 do.
Téng nhiét do tén that cta hé théng:
A=A+ A” + A =12 + 6,87 + 3 = 21,87 do.
f) Hitu s6 nhiét do hitu ich
Duge xac dinh tit cong thic:
Aty =ty -t - YA = 143 - 60 - 21,87 = 61,13 do.
g) Nhiét d¢ s6i cia dung dich 6 ting ndi duge tinh theo cong
thic: ’
=“-[tmi + A+ AT+ A
cu thé€ cho titng ndi ta cd:
ndidecd ¢,=60+7+532+1=73°
ndi2cd t,=110+3 + 0,96 + 1 = 115 °C
ndi led ¢, =130+2+ 059+ 1= 134 °C

h) Hé¢ s6 truyén nhiét trong mébi ndi

Khi tinh nhiét d6 sb6i va nbng 49 dung dich trong titng ndi ta
tan dung s8 tay d€ tra cac thong sé vat ly cia dung dich (nhu
khdi lugng riéng, hé s6 dan nhiét, nhiét dung, 46 nhdt). Ngoai ra

¢

si
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ta cdn chon trudc dudng kinh 6ng truyén nhiét (thudng ti 25 dén
50 mm) va chidu dai (cao) 6ng truyén nhiét (tity theo c&u tao cia
ting loai thi&t bj b6c hoi cd thé chon 1 = 1,25 d&n 1,5 m va cd
thé cao nhdt dén 7 m nhu loai budng dét ngoai). Ti nhiing s§
lidu ¢6 dude ta tinh dugc hé s6 cdp nhiét phia hoi dét va phia
dung dich s6i, rdi tinh hé s6 truy®n nhiét gitta hoi d6t va dung
dich (cu thé xem lai cdc vi du da néu). Khi tinh todn ta ¢d thé
d& cap dén 16p tudng bao.

Két qua tinh toan la: :
ndi 1 c6 K, = 1470 keal/m?h do
ndi 2 e6 K, = 850 keal/m?h do
ndi 3 cd K, = 500 kcal/m?h do

(so sdnh két qua tinh dugc cdc hé s§ truydn nhist & cac ndi cua
qué trinh bSc hoi dung dich mu6i ta thiy c6 ty 16 K:K, K, =
1:0,58:0,34).

i) Can bdng nhiet trong titng ndi cia hé théng

Noi 1: theo didu kién diu bai thi dung dich vao thi&t bj co
ddac 1 & nhiét d9 s6i, nén lugng nhiét cn thi&t & ndi 1 la:

@, = W,.r, = 1060.520 = 551200 kcal/h.

‘N3i 2: O ndi 2 c6 hig¢n tugng qua nhiét cia dung dich. Trong
phuong trinh cdn bang nhiét can d& cp d&n nhiét nay, duge goi
14 hién tugng ty bay hoi.

Vay lugng nhiét cin thi&t & ndi 2 la:

Q, = W,.r, - me, (¢ - £,

@, = 1167.533 - 3940.0,88(134 - 115) = 556134 kcal/h
N&i 3: Tuong ty nhu ndi 2 ta cd:

Il

Qs = Wyry - myey(t, - ¢y)
Q; = 1273.563 - 2773.0,82.(115 - 73) = 621197 keal/h.
Hoi thd ndi 2 cung cfp mot lugng nhiét khi né ngung tu la:
1167.533 = 62011 kcal/h.
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k) Luong hai dot can thiét di vao ndi 1 duge tinh theo céng

thic:
Q 551200

T 511

Lugng hoi tiéu tén riéng (tinh theo 1 kg hoi thd cia hé
thdng):

= 1079 kg/h.

D 1079
W 3500

1) Phan b6 nhiét dé hitu ich trong ting ndi

Hiéu s6 nhiét dé hitu ich dugc phan bd trong ting ndi duge
tinh theo hai phudng 4n sau:

- theo phuong dn téng bd mat truy®n nhiét bé nhit;

d= = 0,31 kgkg ,

- theo phuong 4n bs mat truy®n nhiét cla cdc ndi bing nhau.
Digu d6 cé nghia ta coi hiéu s6 nhist d¢ ty 1& véi V@K .hay
1a ty 16 voi Q/K.

Bang 5.8
/K vO/K
551200
noi = 375 194
1470
N 556134
noi 2: = 654 25,6
850
- 621197
noi 3: = 1242 352
SQ/K = 2271 | SVOIK =802

Thita s6 ty 18 theo hai phuong 4n duge tinh nhu & bang 5.8.
Hiéu s6 nhiét do hitu ich trong ting ndi theo hai phuong dn
trong bang 5.9.
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Bing 5.9

B2 mat truyEn nhiét bing nhau

Tong b& mat truyen nhiét bé nhit

61,13375
Ary L

= 10,10

61,13.654

2271

61,13.1242
BT
Kiém tra S Ar =EL_l—ci-g$

¥

6113.194
At =
80,2
6L13.156
T 802
611335
ar3 113352
80,2
SA =611d0

= 148

A

=268

1) B& mdt truyn nhiét ciia ting ndi
Duge tinh theo hai phuong 4n nhu bang 5.10.

Bing 5.10

BE mat truyZn nhiét bing nhau, m?

Tong bé mat truy&n nhiét bé nhit, m?

551200

=372
1470.10,1
556.134
850.17,6
621197

=137

500334

ndi L Fi1=

ndi 2: Fz = =372

ndi 3: F3 =

>F = 1116 m2

551200
= =253
1470.148
556134
=— =336
850.195
621197
= =464
50026
3F =1053 m*

Qua két qua tinh todn ta thdy, theo phuong 4n b2 mat truydn

nhiét bing nhau cd téng bd mat truy®n nhigt lén hon theo
phuong 4n téng b2 mat trayén nhiét bé nhdt, tuy nhién chi l6n
hon 6%. Nén trong thuc t& ta thudng chon phuang 4n b2 mat
truygn nhiét bing nhau d&€ tinh todn, vi ¢d lgi cho thist k&, ché

tao va 14p dat. Cé ¥ nghia kinh t& hon.
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Bing 5.11

N&i | Nhiét o sdi, °C Nhiét d6 hoi thit, °C Ap suit, at
143 - 10,1 = 1329 1329 - 359 = 1293 2,7
1293 - 176 = 1117 | 1117 - 496 = 1067 131
1067 -334 =733 | 733 - 1332 =60 02

Kiém tra lai nhiét do soi, nhiét do hoi thi va dp sudit theo
bing 5.11.

K&t qua tinh todn b mat truy®n nhiét sé chinh xdc hon, néu
ta k& dén t&n thit nhiét ra moi trudng va sy thay déi do sy phan
b6& nhiét d6 va dp suéit trong ting ndi.

Tinh todn bidng cdch ldp trinh

Trong digu kién hién nay véi sy trg giip clia may tinh, ngudi
ta cd thé tién hanh tinh todn chinh x4c hon, bing cdch lap trinh.

Dé giip cho viéc 1ap trinh tinh toan hé théng cd dac ching
toi gi6i thidu de cuong chung sau day.

Loai dau d¥: Tinh hé théng c6 dac (b6c hoi) gdm n ndi d€ co
dac dung dich cd ndng d¢ diu x, (%) dén ndng do x_  (%). He
théng lam visc (lién tuc cung chidu, hodc nguge chidu). Ap suft
hoi d6t vao ndi 1 1a p, = p, (at), 4p sudt & thiét bj ngung tu p,
(at). Cdc buédc tinh toan dugc ti€n hanh say day:

1) V& s0 d3 hé théng (nhu & hinh cta vi du 5.2.17) gdbm thi&t
bi bde hoi, thiét bi ngung tu Baromet, bom dung dich, bom chan
khong, v.v.

2) Tinh cén bang vit liéu

a) X4c dinh l¢gng nuéc béc hoi (lugng hoi thi) toan he théng
va trong ting ndi;

b) Xdc dinh ndng 46 cta dung dich & titng ndi.

3) Tinh can bdng nhiét luong

a) Xdc dinh 4p sudt va nhiét do trong md&i ndi:
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gia thiét ty 1& 4p sudt & titng nbdi; .

- tinh hiéu s6 4p sudt toan hé théng va timg ndi;

- tinh 4p sudt 1am viéc va nhiét dd cta hoi d6t & titng ndi;
tinh nhiét d4 hoai thd ting ndi, suy ra d4p suft cia hoi thd.
Két qua tinh duge duge tdng hop & bang chung 5.12.

+

Bing 5.12
Lwong | Nong Ap 5'-‘?‘% f}h‘é‘ Ap sufit, nhiét 6 hoi thir
NBi | hoitha,| do, dd hoi dtt A”
kgh | % ppat 4, °C ppat 4, °C

b} Tinh tén thdt nhist dé

- t8n thdt nhiét do do nhiét d¢ s6i cta dung dich 16n hon
nhiét dd soi cia dung méi A’ @ tung ndi;

- t6n thdt nhiét d6¢ do 4p su4t thiy tinh cta dung dich A”
titng ndi;

- t8n th4dt nhiét dé do sic can thay luc A™ (thudng chon 1
+ 1,5°C),;

Bing 5.13

- va ¢ - ; A
Noi| P YAt PYr la | ol an| Hgass |Métdoso

. hoi 46t hoi thi - o cua dung
thir nhiét 4o dich

i : hiru ich

Pi. at fi, OC Pl’ at t,i, % AT=(3)_(10) 1345)-'{6)-"(7)

1 2 3 4 5 6| 7] 8 9 10
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- téng tén th&t nhiét do ting ndi va ca hé théng.
¢) Tinh hiéu s6 nhiét do hitu ich cda hé théng va ting ndi.
Lap bang tdng hop két qua tinh duge (bang 5.13)

Qua s6 lidu & bang tdng hgp ta thay nhiét do hitu ich AT =
t, - t, day chinh 13 nhiét 46 tuong dng véi nhiét lugng dang cho
qué trinh béc hoi & titng noi.

d) Lap phuong trinh tinh cin bing nhiét cia hé théng
Gia dy hé hai ndi ta cd so dd hinh 5.6

O4,,1, w, £, (Auntz) Wyt (£5)

(ma- W)tz

W, Cn

Hinh 5.6

Ndi 1: DA, + mgcsty = wi; + (my - w, et + Do, + Q1
Noi 2: wh, +img - w))et, =wqiy +(my - w)eyty +wy 6., +Qu
Tuong ty néu s6 ndi tang lén.

Ngoai ra: W =W, + W,

@, = 0,05D(, - 41900))
Q,, = 0,05W,(1, - 41906,).

Giai hé ba phuong trinh (cho hé hai ndi) trén ta tinh dugc
W,, W, va D. O day nén kiém tra lai W, va W , v6i két qua tinh
cAn bang vat liéu. Két quad chung 1a cac gia tri W, va W, dugc
tinh & day.

4) Tinh b2 mat trao déi nhiét

a) Hé s& truyén nhiét. D€ tinh hé sd truy®n nhiét ta cin tinh
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h¢ s6 cdp nhiét & phia hoi d6t va phia dung dich.

- Hé s6 cdp nhiét phia hoi dé6t. Véi nhitng thiét bj thudng gap
nhu loai phdng dét trong tuin hoan ngodi, phong dét trong tuin
hoan trung tam, phong dét treo, d8u 12 trudng hgp hoi d6t di bén
ngoai dng truy¥n nhist thang ding (hoi d6t 1a hoi biao hoa khong
chda khi tro), mang nuéc ngung chdy dong thi hé sd cap nhiét
phia hoi dé6t duge tinh theo cong thic:

r
ap = 2,04A( —— )02, W/m? do,
H.At

233, 0.25
A =(€__)
#
trong dd A ¢ thé duge tra theo nhist do mang ¢t = 0,5(¢, + ¢,);
t, - nhi¢t d¢ hai dét, °C;
f,; - nhiét d6 tudng phia hoi dét, °C;
At - hiéu s6 nhist d¢ giita hoi ngung tu va thanh éng
truyén nhiét do, At = TR A
r - 4n nhiét ngung tu cta hai dét, J/kg (tra theo nhist
dd hoi dét);

H - chidu cao 6ng truy®gn nhiét, m;

pAu - cac théng s6 vit Iy cla nude ngung 4§ nhiét do
mang nudc ngung.

- Hé s6 cdp nhist phia dung dich. Vi dung dich s6i cd thé
tinh theo cong thiec:

ay = 45,3p%5A1233y Wim2 ¢ ,

trong dd p - 4p sudt lam viéc (4p sust hoi thu), at;

At - hidu s6 nhiét d¢ gita thanh 6ng va dung djch séi,
At = t, - t);
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¥ - hé s8 hiéu chinh dugc tinh:

oS ) ] <

4 day A, p; ¢, u - thong s8 vit 1y cia nudc (n) va dung dich (d).

o
- Tinh trd luc >r = +r + 1y

- Tinh nhiét tai riéng phia hoi va dung dich:
q, = a,At; va g, = a,At,.

q, va g, gan bing nhau, cho phép sai s6 tuy ditu kién ma cd thé
dén 10% (thong thudng ldy 5%). Néu ndm trong giéi han sai s6
cho phép ta tinh ¢,, = 0,5(q, + ¢,). Cdch tinh nhu tinh thi&t bj
truyén nhiét, song st dung mday tinh ta dung phuong phap lap,
truéc tién chon At tinh a,, q,, @, ¢,, lap mai dén khi dat yéu
ciu.

- Tinh hé s8 truydn nhiét gitta hai luu thé:

K, =% Wm? do.
hi
vai q,,; - nhiét tai riéng trung binh & titng ndi;
At,. - higu s8 nhiét dé hitu ich titng nbdi.

- Tinh nhiét trao d8i 0 tung ndi: ; = D
Lap ty s0 Q /K, hoac V@Q/K;

b) Tinh hiéu s6 nhiét d¢ hitu ich & ting ndi, cé thé tinh theo
phuong d4n b® mat truydn nhiét bdng nhau hodc téng bé mat
truyen nhiét bé nhét (vi du 5.2.17).

r., d/h
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Bét dau

}

Nhép s3 liéu diu

¥ i
Tinh hrong hoi Gia thi€t phan b3 4p sudt ,
Ihu.wl’wz AppApzs---""fpfz;---

il !

Xéc dinh lai ty 1 Tinh hiéu s&
W /Wol nhi€t dd hiru ich Aty
¥ l
Tinh cén biing nhiét x4c
dinh D, W,, W, ...

-
-

Tinh hé s cdp phiét
a-l,az,..-“b ql,qz e

Tinh hiéu s3 nhiét do

hiru ich Aty
@ :
ding
Phrong 4n Tinh b& mat truy#n Phuong 4n
Z F» min nhiét F, - F =const

Hink 5.7. So d3 khdi tinh hé thdng ¢4 diic n ndj
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¢) Xac dinh b& mat truyén nhiét (vi du 5.2.17)

Chii y: Sau khi tinh dugc hiéu s§ nhiét d6 hitu ich cia ting
ndi phai so sdnh v6i hiéu sé nhiét do hitu {ch di tim dudc theo
ciach phan bd ap sudt. N&u cd sai s6 trong gidi han cho phép (tuy
chon 5% hoac 10%), thi chdp nhan k&t qui d€ tinh bé mat truyén
nhiét F. N&u sai s6 1dn hon gigi han cho phép thi phai gia thiét
lai phan b& 4p sudt, va cdc bude tinh lai ti€p tuc nhu ci.

So db khoi dé€ lap trinh tinh hé théng thi&t bi bdc hoi nhu
trong hinh 5.7 . Chudng trinh c¢é thé tham khao ¢ Bé6 moén Qua
trinh - thiét bi cong nghé hda va thuc phdm, trudng Dai hoc
Bach khoa Ha Néi.

(8]
(e
9]



PHY LUC

Bing PL.I. Tinh chat vit 1§ cia mét s& chit khf

Khdi

Kh&i | Hing Nhiét dung
ll.l.’?ng ‘ lrong s & 20°C
) ) 0’ %Ig,sc | phan | kb, 1at,
Chat Céng va tor kpm keal
thic 760 kgPK kgdd
torr3
kg/m % | e

Axetylen C2H2 1171 26,04 32,59 0,420 0323
Amoniac N H3 0,771 1703 49,79 0,53 040
Argon Ar L7820 | 3994 2126 0,127 0,77
Etan CHg | 1357 | 3007 | 2821 | 0413 | 0345
Etylen CZH 4 1261 2805 30,25 0365 0,292
Benzen C6H6 - 78,11 10,85 0,299 0272
n-Butan CqHyg | 2673 | 5812 | 1460 | 0458 | 0414
Clo 3271 7091, 1,96 0,115 0,0848
Mety! clorua CH3CI 2,308 5049 | 16,80 0,177 0,139
Heli He 0,1785 4,00 212,00 1,260 0,760
Cacbon diaxyt CO2 1976 4401 1927 0,200 0,156
Cacbon monooxyt| CO 1250 | 1801 | 3029 | 0250 | 0,180
Khéng khi - 1293 (2895) 1 2927 0241 0,172
Metan CHy | 0717 | 1604 | 5290 | 0531 | 0406
n-Pentan CHp, | - 725 | 1175 | o041 0376
Propan %HS 2020 44,1 19,25 0445 0,394
Propylen CH, 1914 4208 20,19 0390 0343
Oxy 02 142895 32 26,5 0218 0,156
Luu hujnh dioxyt | SO, 2927 | 6407 | B24 | 0151 | 120
Hydro sunfua H,S 1539 | 3408 | 2490 | 0253 | 0,192
Nitor NZ 12507 2802 30,26 0,250 0,178
Nitor dioxyt NO, ~ | 4601 | 1840 | 0,092 | 0147
Hydro H, 008985 2,016 | 4206 | 3408 | 242
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P nhét Nhigt | Nhiét | Gid trj t&1 han Hé 8
c ¥ 0°C dé bay dén nhiét
P R N . A N
= va lat, s0i hoi O 1atvd
% mP & & nhiét | dp 0°C,
760 760 dd, | suft, kcal
torr, tort, °c Gat ‘mh do
°C °c
124 93,5(198) - 83 66 | 198 57 | 616 0,0158
129 91,8(626) -334 1328 +H324 | 1115 00185
166 209(142) - 18587 | 389 12244 | 4800 | 00149
120 850(287) 88,50 |16 321 | 4885 | 00155
125 98,5(241) 21037 | 115 49,7 507 00141
11 72 802 |94 2885 | 477 0,0076
1108 810 (3 377) 05 923 +152 375 0,0116
136 129(16°C)351) 338 | 7295 +1440 | 76,1 0,0062
128 98,9 (454) 24,1 969 +148 66,0 0,0073
166 188(78) 26895 |466 26796 | 226 0,24
130 137(254) 782 | 137 1311 729 00118
140 166(100) -19148 |503 1402 | 3453 | 00194
140 173(124) -195 47 1407 | 372 0,021
131 103(162) -16158 | 122 82,15 14586 0,0258
109 874 43608 | 86 +197.1 | 330 0,0110
1,13 79,5(18°CY 278)| - 42,1 | 102 956 143 00127
117 83,5(20° C)(322)| -477 | 105 914 | 454 .
140 203(131) [18298 5092 | -11882 | 49,713 | 00206
1,25 117(396) -108 |94 +1575 | 77,78 | 00066
1,30 116,6 60,2 | 131 +1004 | 1889 00113
1,40 170¢114) 19578 | 4758 | -147,13 | 3349 | 00196
131 . +212. | 1700 + 1582 | 1000 0,0344
1407 84,2(73) 2252754 | 1085 2399 | 12,80 0,140
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. e

Bdng PL.2. Gié tri VMT cia chit khi

Khi M T, | vMT, Khi M T, | M1,
Hoi nuée 18 647 | 108 Metan 16 190 ; 55,1
Khong khi 29 1327|619 Etylen 28 283 | 890
Cacbon dioxyt 44 304 | 1155 | Etan 30 305 | 956
Niter 28 126 | 595 Propan 44 370 | 128
Oxy a2 154 | 702 || n-Butan 58 426 | 157
Hydro 2 33 8,13 nPentan | 72 470 | 184
Cacbon monooxyt | 28 134 | 614 n-Hexan 86 508 | 209
Bang PL.3. Tré bwc cuc b
Loai trér lue Hé s8 trd luc cuc bd
Cung 90° &N a =90° 120° 135° 150°
o —7 | £=11 055 035 02
Cung bén ki v 30°145° 1 60°| 75°| 90° | 105°| 120°
Rid
15 0,08/ 0,11] 0,14] 0,16] 0,175 0,19] 02
- 20 007 01 012] 0,14] 0,15 | 0,16| 0,17

Clravao =

Vi canh nhén: £ =05
Vi canh trom: § = 0,2

Cira ra —
-
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Tiép bdng PL3

Loai trdr luc | Hé s trdr lye cuc bd
! fi s
£x1- f—)
Y, 2
wl{/,iﬁ/ i f 1
Dot mo —Nar — lolo,0,2103 04|05} 06 0,710,809 10

2

‘ & 110.810.64 0,49 0,36 0,25/ 0,16/ 0,09/ 0,04 0,01 0

2 23)
DGt thu _,ﬂf?’f‘lﬁ/ ot i0,5|0,47|0,4310,38‘0,33l0,30'0,2510,20'0,15[0,09‘0
i

Durérng kinh, mm
13. 19 25| 32[38’ 50
Hésby

Van liy miu 4,212 222

Van nghing S1315 ] 5s[2s) 2
Pwirng kinh, mm
15-100 | 175-200 = 300

He 3 v
T&m chin 05 ‘ 025 ] 0,15

1) , va f, khong theo kich thuGe théing, ma theo b& mat tiét dién. Khi tinh toén
tr&r e, van 8¢ tinh theo ti€t dién bé nhdt f .
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Bdng PL.4. Ton that ip suit qua tré lye
(dwdmg kinh twong dwong L/y = nd)

Loai tré e n
Ong cong 90°
d =10 -64 mm 30
d=76-152 mm 40
d =178 - 254 mm 50
Ong chir T, d =25 - 100 mm 60 - 90
Ong chit thip 50
Van thurdng 100 - 120
Van nghiéng 10 -20
Van chin 0-15
Van chin mét chidu 75
Van hit 70
Cira ra cira bé 20
BPo lwu hegng 200 - 300
Ong venturie 12

Bing PL.5. Dwirng kinh tromg duong vi hé s§ 4 cho chuy¥n ddng dong

Dang ti€t dién d, d A
Hinb tron vé1 dudmg kinh o d 64
Hinh vudng canh a a 57
Tam giac déu canh a 0,584a 53
Vong v&i bE ngang a 2a 96
Hinh vudng canh a va b
=0 24 ‘
— 6
b 9
a
3= 0,1 181a 85
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Tiép bdng PLS

Dang tiét dién dyg : A
a
;=025 16a 73
a
— =03 13a 62
b
Hinh ¢lip (@ canh nhd
b canh i6m)
a
— =01 155a 78
b
a
— =03 14a 73
b
a
— =05 13a 68
Bang PL.6. Hing sd nguyén tir clia 49 nhét
Nguyén tir H | o [N |Q B |3 C
Hing s nguyén tir n 2,7 297 | 370 60,0 | 790 | 1100 | 502
Bang PL.7. D{ nhét clia nwéc
Nhiét d6, | DO nho, || Nhétd, | Donhér, || Nhiétdo, | Do nhé,
°C cP oC cP °C cP
1 2 3 4 5 6
0 1L,7921 3 16191 6 14728
1 17313 4 15674 7 14284
2 16728 5 15188 8 13860
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Tiép bdng PL.7

1 2 2 4 5 6
|

9 13462 39 06685 | 70 | 04061
10 13077 40 06560 | 71 0,4006
11 12713 41 06439 § 72 03952
2 12363 42 06321 § 73 | 03900
13 12028 | 43 06207 . 74 i 03849
i L1709 & 44 | 06097 ” 75 03799
15 L1404 | 45 05988 I 76 0,3750
16 L1l 16 0,5883 77 03702
0] 10828 47 0,5782 78 03655
8 L0559 | 48 | 05683 79 03610
19 10299 | 49 0,5588 80 03565
20 L0050 | 50 05494 81 03521
202 10000 51 05404 82 03478
21 0,9810 52 03315 83 03436
22 0,9579 53 05229 84 | 03395
23 0,9358 54 05146 85 ' 03355
24 09142 55 05064 86 0,3315
25 0,8937 56 04985 | 87 03276
26 0,8737 57 04907 | g8 03239
27 0,8545 58 04832 l 89 03202
28 0,8360 59 1 04759 | 90 03165
29 08180 60 04688 | 9 03130
30 0,8007 61 04618 ig 92 03095
31 0,7840 62 04550 | 93 03060
2 0,7679 63 04483 94 03027
33 0,7523 64 04418 95 0,2994
34 0,7371 65 04355 9% 02962
35 0,7225 66 04293 97 0,2930
36 0,7085 67 04233 08 0,2899
37 0,6947 68 04174 99 0,2868
38 0,6814 69 04117 100 0,2838
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Bing PL.8. Ong thép

Pudng | Chidu ddy || Dudng [Chidu day Pudmg | Chidu day
kinh dng, mm || kinh  {8ng, mm kinh 8ng, mm
ngoai, ngoai, Ngodi,
mm tr | dén | mm tr | d&n | mm T dén
A. Ong gia cong nong
57 35 i3 || 102 4 24 168 5 . 45
60 3751 4 108 4 28 180 6 45
635 3757 14 114 4 28 194 6 45
68 375| 16 121 4 28 29 6 45
70 375, 16 127 4 30 245 7 45
73 35 19 133 4 32 273 7 45
76 35 19 140 45 36 299 8 45
83 35 19 46 45 36 325 8 45
89 35 24 152 45 7| 36 351 8 45
95 4 24 159 45 36 377 10 35
) 426 | 1 | 35
B. Ong gia cong ngudi
5 105 | 15 | 29 075] 8 52 1 7)
6 | 0512 30 075| 8 53 1 2
7 | 05 | 251 31 075| 8 54 1 2
8 05 25 32 075 8 55 1 2
9 05 25 33 10 8 56 1 12
0 | 051 35| 34 0 | 8 57 1 10
1 | 05 35| 35 10 | 8 58 1 10
12 05 4 36 10 8 59 1 10
13 05 4 37 10 8 635 15 10
“ |05 4 39 10 |9 65 15 10
15 05 4 39 10 9 68 L5 75
6 | 05 { 45 | 40 0 |9 69 15 | 75
17 035 5 41 Lo 9 70 15 8
8 |05 |5 I 42 0 |9 73| 15 | 4
9 05 5 43 10 9 76 15 4
20 03 6 44 10 9 83 2 4
21 | 05 | 6 445 |10 | 9 89 2 45
2 | 05| 6 45 0 | 10 95 2 45
23 | 05| 6 46 0 | 10 102 2 4
24 05 7 47 10 10 108 25 4
25 | 05 | 7 48 10 | 10 110 25 | 4
26 05 7 49 10 10 120 25 4
27 075 7 50 10 10 130 25 4
28 | 0751 7 || 51 0 | 12 133 35
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Bdng PL.9. Khéi lwgng riéng chit iéng & 0 dén 20°C

Chét Iong Khdi lucrn% Chat 1dng Khdi ll.r(;mgj
riéng, kg/m riéng, kg/m
Axeton 810 Gidm 30% 1040
Axit formic 1240 Glyxerin 100% 1270
Amoniac 26% 910 Glyxerin 80% 130
Anilin 1040 Mazut 890 d&n 950
Alcol etylic 100% 790 Alcol metylic 100% 800 '
Alcol etylic 70% 850 Alcol metylic 90% 820
Alcol etylic 40% 920 Alcol metylic 30% 950
Alcol etylic 0% 980 Naphtalin, ndng chay 1100
Ete etylic 710 Nitrobenzen 1200
Etyl axetat 900 Di3u hoa 850
Etylen clorua 1280 Phenal, néng chay 1660
Dung dich este 10% 1110 Axit clohidric 1150
Dung dich este 30% 1330 Axit clohidric 1150
Benzin 760 Axit clohidric (hor) 1210
Benzen 900 Cacbon sunfua 1250
Alkol butylic 810 Axit sunfuric 98% 1830
Clobenzen 1130 Axit sunfuric 60% 1500
Cloroform 1530 Axit sunfuric 30% 1220
Dicloetan 1250 Cacbon tetraclorua 1630
D3u moé 790 d&n 950/ Toluen 870
Gidm 100% 1060 Nudre 1000
Gidim 70% 1070 Xylen 880
Bdng PL.10. Kich thwée d¢m |
Loai dém Kich thuéc | S8 wrong | The tich | BE mat | Khai luegmg
dém, mm | vong trong | ty do riéng, | cia Im
1m? m?’/m23 m?/m? | dém, kg

1 2 3 4 5 6
Vong gbm sir 8x8x 15 1465 000 | 064 570 600
Véng sanh 15x15x2 | 250 000 | 070 330 690
Vong sinh 25x25x3 53 200 0,74 204 532
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Tiép bdng PL.1I0

1 2 3 4 5 6
Viong sanh 35x35x4 | 20 200 0,78 140 505
Vong sanh 50x50x5 | 6 000 0,785 875 530
Vong sit 35x35x25] 19 000 083 147 -
Vong st 50x50x1 | 6 000 095 110 430
Vira (vo tron) 42 14 400 0388 805 | -
Antraxit 432 12 600 0565 68 1200
Than cdic 426 14 000 056 77 455
Than c8c 408 15 250 0545 86 585
Than cfc 286 27700 | 0535 | 110 660
Than cGc 244 64 800 0,532 120 600
Xiic tdc cho tOng
hop amoniac 6,1 5 200 000 0465 960 2420
Xiic tic cho hip phu | d =115,

CO ¢4 dang vién h=6 1 085 000 038 460 1100
Xiic tac cho lern huynh | d = 15
oxyt dang vién h =65 1 000 000 043 415 614

Bdng PL.11. Céc kich thwréc chinh cha thi€t b ling

Pudmg | Chidu Bé | Thdi gian | Cbng
kinh, cao, mgt, quay, sufit, TruyEén ddng
m m m ph kW
1 2 3 4 5 6
50 25 196 28 10 O giiva
60 25 283 39 17 O gitra
75 30 442 39 17 O gitra
90 30 63,0 47 28 ¥ gira
20 35 13,1 6,2 28 O giira
150 30 176,7 8,0 28 O pitta
150 30 176,7 8 28 Xung quanh
180 36 2545 10 28 Xung quanh
240 36 4524 2 45 Xung quanh
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Tiép bing PL.I1

1 2 3 4 5 6

30,0 36 7070 16 45 Xung quanh
500 45 1963,0 26 7.0 Xung quanh
75,0 6,0 44180 39 100 Xung guanh
100,0 7.0 78540 52 140 Xung quanh

Bdng PL.12. H¢ s§ din nhiét trung binh ciia ciin bhn
trong thi€t bj truyn nhigt (kcal/m>hdjl4,6] = 1,16 W/m? a5)

Chat tai nhiét hodic logi cn bin Hé s din nhiét
cla cdn bén YrV
Chd't tdi nhiét:
Nude bin 1200-1600(1)
Nudre ¢6 cin bin 1600-2500(1
Nudrc nhigu cin bin 2500-5000(1)
Nuéc dwge lam sach 2500-5000(1)
Nudc loc 10000
Diu md, san phim cia diu md
va hoi coa chil Bm lanh 2500
San phm d3u mé thd 1000
Céc chat hiu co, mudi dung dich
va chit lam lanh 5000
Hot nudc in diu 5000
Hoi chidt hivu cor 10000
Logi cdn bin c6 mang ngan Smm :
Gips 1200
Gi sft 1000
Vira 2400
Than cfc 1400
Nudc di - 4000
Diu (0,1 mm mang diu) 1200
Vién s6i 3000
Xi 2000
S4t lru huynh 12000
Camxi clorua 1200
Natri clorua 6000

1) V&i nude ¢6 hé s§ din nhd & nhiét 46 cao.
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Bang PL.13. H¢ s6 dan nhiét cia khi
(kcal/m h 46 & p = 1 at)

Khi Nhiét dg, °C
dén 0°C 50°C 100°C 200°C

Amoniac 0,018 0022 0,027 -
Etan 0,015 0,02 0,027 -
Etylen 0,014 0,018 0,023 -
Cacbon dioxyt 0,012 0016 002 0027
Cacbon monooxyt 0,019 0,021 - -
Khéng khi 0,021 0,024 0,028 0034
Metan 0,026 0,031 - -
Oxy 0,021 0,025 0,028 0,035
Nitor 0,02 0023 0,027 0,033
Hoi nudéce 0014 0,017 0021 0,028
Hydro 0,14 0,16 0,19 022

Bing PL.14. H¢ s6 din nhigt 1 ciia cde chét rén tir 0 d&n 100°C

Khdi lrgng riéng, Hé s3 din nhiét 1,
hodc khdi hrong keal/m h d6 = 1,16
Chit cua I6p hat , Wn do
kg/m’
1 2 3
Vira 600 0,13
Béidng 2300 L1
Nudc d4 ) 920 20
Gach chiu lira (800 - 1100°C) 1840 09
Thiy tinh 2500 0607
Thiy tinh dyc 200 003006
G6 (doc theo s¢i) 600 033
G (ngang qua soi) 600 0,12.0,15
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Tiép bdng PL.14
T T T r—————— B

Lép gach céch nhigt 0,1-:0,18
Soi 13
Magie 85% soi len 0,06
Di3u mau 02
Chét déo phenon 0,04
Main cwa 0,06-008
Cit khd 03407
S¢i len 0,065
Xi 0,6
Soi bong 021
bat sét 0,055
Chat déo vinyl 0,14
Léng 0,04
Vita xéy 0,6-0,7
Kim log
Nhém i75
Chi 30
Bac 55
Gang 40-80
Dang 330
St 80
Thép 40
Hop kim 15
Bdng PL.15. Hol béa héa clia amoniac
——
Khdi lwong | Khdi lrong | Nhiét
cia chit riéng cia bay
dg, long hoi hoi ,
o . -
P p ]
kg/1 kg/m® | keaykg
— | %
1 ' 5 6 7
I —— — ]
=50 07020 0,382 1 33797



Tifp bdng PLIS
1 2 3 4 5 6 7
45 05562 14367 20015 0,6960 0,500 334,68
40 0,7318 14493 15503 06900 0,645 33134
-35 09503 14623 L2151 0,6839 0823 32795
=30 1219 14757 0,9630 06777 1038 32749
25 1,546 14895 067712 06714 1297 320,94
-20 1940 15037 0,6236 06650 L604 317,29
-15 2410 15185 0,5087 06585 1966 313,53
-10 2,966 15338 04184 0,6520 2390 309,64
-5 3619 L5496 0,3469 0,6453 2,883 305,64
0 4379 15660 0,2897 0,6386 3452 301,52
+5 5259 1,5831 0,2435 06317 4,108 29726
+10 6,271 16008 0,2058 06247 4859 292,84
+15 7431 L6193 0,1740 06175 5718 28827
120 8,741 16386 | 0,1494 | 06103 6694 | 28355
+25 10225 16588 0,1283 06028 7,795 278,66
+30 11895 1,6800 0,1107 0,5952 9034 273,59
+35 13,765 1,7023 0,0959 05875 10,431 26832
+40 15850 L7257 0,0833 05795 12005 262,85
5 18,165 1,7504 0,0726 05713 13,774 257,18
+50 20727 L7766 00635 05629 15,756 25129
Bdng PL.16. Tinh chit vt I§ cha nirde & 4p sudt thwong
1, e | iy e, 2102 |10, | w109 0,105 g10% | 0.4 | pr
°C| kgm®|kealkg keal | keal |m/h kps | m%s | 1°C kp/m
kgdd | mhdo m?
1 2 3 4 5 6 7 8 9 10 11
0 1000 0 101 | 474 1471 | 182 L79 | 063 77,1 | 137
10 1000 100 (100 494 |494 | 133 131 +),70! 756 19,52
20 998 | 200 (0999|515 (516 | 102 101 182 1741 (702
30 996 | 30,0 |0997{53,1 |535 |82 091 | 321 [ 726 | 542
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Tiép bing PL.I6

1

40 | 992 | 400 431
50 | 988 | 500 354
60 983 | 600 298
70 | 978 70,0 04151 570 | 655 255
80 972 | 800 0365] 632 | 638 221
90 965 | 900 0326 [ 695 | 619 | 195
i _ I I A
Bdng PL.17. Hoi awéc bio hoda (theo nhiet do)
Nhiét Ap suit, | Th tich | Khai irong Ham nhigt , | Nniét héa hoi,
dé at hay riéng, riéng, kcal’kg = 4190 J/kg  kealkg =
3 3 — "
oC kp/cm® m>/kg kg/m long 4186 Nm/sg_
1 2 3 4 5 7
0 0,0062 2065 0,00484 0 5950 5950
5 0,0089 147.1 0,00680 5,0 5973 5923
10 0,0125 1064 0,00940 10,0 3996 5896
15 00174 779 0,01283 15,0 6020 5870
20 0,0238 578 0,01729 20,0 6043 5843
25 0,0323 43,40 0,02304 250 606,6 5816
30 0,0433 3293 0,03036 30,0 6089 5789
35 0,0573 2525 0,03960 350 6112 5762
40 0,0752 19,55 005114 40,0 6135 5735
45 0,0977 15,28 0,06543 450 6157 570,7
50 0,1258 12,054 0,0830 500 6180 5680
55 0,1605 9589 0,1043 550 6202 5652
60 0,2031 7,687 0,1301 60,0 6225 5625
65 02550 6209 | 01611 650 6247 | 5597
70 03177 5,052 0,1979 70,0 6268 5568
350



Tiép bdng PL.17

1 2 3 4 5 6 7

75 0393 4139 | 02416 750 6290 | 5540
80 0483 344 | 02929 80,0 6311 5512
85 0590 2832 | 03531 85,0 6332 | 5482
90 0,715 2365 | 04229 90,0 6353 | 5453
95 0862 1985 | 05039 95,0 6374 | 5424
00 | 1033 1675 | 05970 1000 | 6394 | 5394
05 | 1232 1421 | 07036 105,1 6413 | 5363
110 1461 1212 0,8254 110,1 6433 | 5331
15 1724 1038 | 09635 1152 6452 | 5300
20 | 2025 0893 | 11199 1203 | 6470 | 5267
25 | 2367 07715 | 1296 254 | 6488 | 5235
130 | 2755 0,6693 | 1494 1305 | 6506 | 520,
B5 | 3192 05831 | 1715 B56 | 6523 | 5167
140 | 3685 0,5096 | 1962 407 | 6539 | 5132
M5 | 4238 04469 | 2238 459 | 6555 | 5096
150 | 4855 03933 | 2,543 1510 6570 | 5060
160 | 6303 03075 | 3252 1562 | 6599 | 4985
170 | 8,080 02431 | 4,113 1718 6624 | 4906
180 | 1023 0,944 | 5,145 1823 | 6646 | 4823
90 | 12,80 0,1568 | 6378 929 | 6664 | 4735
200 | 1585 0,276 | 7,840 2035 | 6677 | 4642
20 | 1©55 0,1045 | 9567 243 | 6686 | 4544
220 | 2366 0,0862 | 11600 2251 | 6690 | 4439
230 | 2853 007155 | 1398 236,01 | 6688 | 4327
240 | 34,13 0,05967 | 1676 247,01 | 6680 | 4208
250 | 4055 0,04998 | 2001 2583 | 6664 | 4081
260 | 4785 0,04199 | 2382 2696 | 6642 | 3945
270 | 56,11 0,03538 | 2827 2811 | 6612 | 380,
280 | 6542 0,02988 | 3347 2927 | 6573 | 3646
290 | 7588 0,02525 | 39,60 3044 | 6526 | 3481
300 | 876 002131 | 4693 3166 | 6468 | 3302
30 | 1007 0,01799 | 5559 640,1 | 3108

3293
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Tiép bdng PL.17

1 2 3 4 5 6 7
320 | 1152 001516 | 6595 3430 | 6325 | 2895
330 | B3 001273 | 7853 3575 6235 | 2660
340 | 1490 001064 | 9398 3733 6135 2402
350 | 1686 0,00884 | 1132 3908 | 6011 2103
360 | 1903 000716 | 1396 4130 5834 1703
370 | 2145 000585 | 1710 4510 5498 | 0
374 | 225 000310 | 3226 50,1 | 5011 0

Bdng PL.18. Hoi nwée bdo hoa theo dp sudt
Ap sufft, | Nhi&t do, | The tich| Knéi lrong Ham nhiét, Nhiét héa
at hay °c riéng, riéng, kcal’kg hoi,
kp/em? m3/kg kg/m> Iéng hoi kcal/kg

1 2 3 4 5 6 7
001 | 66 13160 0,00760 66 5980 | 5914
0015| 127 89,64 0,01116 27° | 6009 | 5882
002 | 17,1 6827 0,01465 17,1 6029 | 5858
0025 207 5528 0,01809 207 6046 | 5839
003 | 237 4653 002149 237 6060 | 5823
004 | 286 3546 0,02820 286 6082 | 5796
005 | 325 28,73 0,03481 325 6100 5775
006 | 358 24,19 0,04133 358 6115 5758
008 | 411 1845 0,05420 411 6140 | 5728
010 | 454 1496 0,06686 454 6159 5705
0,2 | 490 12,60 007937 490 6176 5685
015 | 536 1022 0,09789 536 6196 | 5660
020 | 597 7,797 0,1283 59,7 6223 | 5627
030 | 687 5331 0,1876 68,7 6263 | 5576
040 | 754 4072 02456 754 6292 | 5538
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Tiép bdng PL.I8

1 2 3 4 5 6 7

050 | 809 3304 0,3027 80,9 6315 | 5506
060 | 855 2,785 03590 85,5 6334 | 5480
070 | 893 2411 0,4147 895 6351 | 5456
080 | 930 2,128 0,4699 93,0 6365 | 5436
090 | 962 1906 0,5246 96,2 63718 | 5417
10 99,1 1727 0,5790 99,1 6390 | 5399
12 1042 1457 0,6865 1043 | 6411 536,7
L4 1087 1261 0,7931 089 | 6428 | 5339
16 12,7 1,113 0,898 129 6443 | 5314
18 1163 0,997 1003 16,6 6457 | 529,
20 1196 0903 L107 1199 6469 | 5270
30 1329 | 06180 1618 B34 | 6516 | 5181
40 429 | 04718 2,20 437 | 6549 | s111

50 1511 03825 2,614 1522 | 6573 | 5052
6,0 158,1 03222 3,104 1594 | 6593 | 4999
70 642 | 02785 3591 1657 | 6609 | 4952
80 1696 | 02454 4,075 1714 6623 | 4909
90 1745 | 02195 4,556 1766 | 6634 | 48683
10 1790 | 0,1985 5,037 1813 6644 | 4831
1 1832 | 01813 5516 1857 | 6652 | 4795
2 187,1 0,1668 5,996 1898 | 6659 | 4761
B 1907 | 0,545 6,474 1936 | 6666 | 4728
14 94,1 | 0,438 6,952 ©73 | 6670 | 4697
15 974 | 01346 7431 2007 | 6674 | 4667
16 2004 | 0,264 7,909 2040 | 6678 | 4638
17 2034 | 0,192 8,389 207,1 | 6681 | 4609
18 2062 | 01128 8,868 2101 | 6683 | 4582
19 2088 | 0,1070 9349 230 | 6685 | 4555
20 2114 0,1017 9,83 2158 | 6687 | 4529
30 2328 | 006802 14,70 2391 | 6686 | 4295
40 2492 | 005069 1973 2574 | 6666 | 4092
50 2627 | 004007 2496 27127 | 6634 | 3907
60 2743 | 003289 3041 2861 | 6595 | 3735
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Tiép bdng PL.18

1 2 3 4 5 6 7
70 2845 0,02769 36,12 298,0 6553 3578
80 2936 002374 42,13 3088 6506 3418
90 30L9 0,02064 4845 3190 6456 326,7
100 3095 001815 551 3287 6405 3118
120 3231 001437 69,60 3473 6297 2824
140 335,0 001164 8591 3653 6186 2533
160 3457 0.00956 1046 3834 6063 2228
180 | 3554 | 000782 | 1280 4019 | 5926 1907
200 3642 000614 629 4256 5728 1473
225 3740 000310 3226 501,1 5011 0

Bing PL.I9. Dj den ¢ ctia mot s& chit
Nhém 005 - 007
Xi nhdm 04
Vira 096
Chi 028
Ssit 0,74 - 096
S84t kém 027
Gips 0,78 - 0.9
Thiy tinh 094
Gang 0,96
Gd 09
Pang 057 - 087
Nhya 08 - 098
Diu c6 mau 0,78 - 096
Nuée 093
Gach xay 093
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Bdng PL.20. Nhiét dung ciia dung dich natri clorua
va canxi clorua (keal/kgdd)

Khdi lrong Natri clorua Khéi lugng Canxi clorua
riéng & | riéng &
+15°C, kg/1 | 0°C |- 10°C | - 20°C] +15°C, kgt | 0°C |- 10°C| - 20° | - 30°C
101 0973 | -~ - | 1w 0836 — - -
102 0956 | ~ - L1 0822 - - -
103 0941 | - - L2 0808 — - -
1,04 0927 | - - L3 0795 0789 - -~
105 0914 | ~ - 114 0782| 0776| - -
106 0901 | - - L15 0770| 0764 — -
107 0889 | — - 1,16 0758 0,753 — -
1,08 0878 | ~ - 1,17 0747, 0742 -— -
109 0867 | - - 118 07371 0731 — -
110 0857 | 0855| — 1,19 0727| 0721 — -
L1t 0848 | 0845| - 120 0717 | 0711 | 0705 ~—
L12 0839 | 0836| — | 121 0,708| 0,702| 0696| —
1,13 0830 | 0828 — 122 0700] 0694 0688 —
L4 ° [0822] 0819 — 123 0692 0686 0680 —
115 0814 | 0811 =~ 124 0685 0679| 0673| 0667
L16 0,806 | 0803 -— 125 0678 0672| 0666 0,660
117 0,798 | 0796| 0,793 126 0671| 0665| 0659 0653
LI75 | 0,795 | 0,793} 0,790 127 0664| 0658 | 0652 0,646
1203 | 0776 | — - 128 0658 0652| 0646 0,640
1286 0654| 0648| 0642 0636
137 0604| — - -
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Bdng PL.23. Nhi¢t hda tan g cia mudi trong niréc
(1 kmol muéi trong » kmol niréec)

Cong thie mudi Khoi Irong kcal n
phén tir q,
kgmol
Na(Cl 58,5 +1180 100
NaSO4 142 460 400
NaZSO4.10H20 322 +18760 400
NaNO, . 85 +5030 200
K,C0;.15H,0 165 +380 400
KCl 74,6 +4190 100
KNQ3 101 48520 200
KOH.ZHQO 92 +30 170
(NH,),50, B2 +2370 400
CaC12.6H20 219 +310 400
MgCt, 6H,0 203 2950 400

Chd y: D&u + 6 nghia thu nhiét va diu - c6 nghia téa nhiét,

Bdng PL.24. Hing s8 ¢ va n cho cée logi cinh khufy

Puirng ) .- | P¥ic di¥m hinh hoc| Hain 83
cong 5§ | Deng canh khudly g Ghi chi
& hinh Hyd! Did| hd | ¢ | m -
1 2 3 4 5 6 7 8
1 Hai cdnh 2 2 036 | 1110 10 Re < 20
' 435! 031 | Re = 100+5.10°
2 Hai cénh 3 3 033 |68 02
3 Hal cénh nghiéng 45°| 3 |3 033 |405 | 02
4 B&n cinh 3 13 (033 852 02
5 Bdn cénh nghidng 45°)
. 1&n trén 3 3 033 |505 | 02
6 Bdn cénh nghiéng 60
© 1én trén k} 3 033 |630 | 0,18
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Tiép bdng PL.24

1 2 3| 4 5 6 7 8
7 Md neo hai cénh Lit| Ll o1 | 62 | 025
8 Md neo bn canh Li1| 11| 0,31 | 60 | 025
9 Chén vit v&i hai canh,
" nghiéng 225° 3 |3 |033| 0985 0,15
10 Chén vit v ba cédnh
nghiéng 35 (381 230 | 167 | Re<30
463 | 035 | Re<3.10°
L19 [ 0,15| Re > 3.10%
11 Tuabin vé&i ba canh,
cra m& 37 mm 3 3 033 390 | 02
2 Tuabin sdu cinh c6 ’
vong din 178 24| 025| 598 | 0,15
Bing PL.25. S§ 6ng x€p theo hinh lyc gidc va hinh trdn
Phén b3 Ong theo hinh lgc gidc Phén b3 dng theo hinh tron
. - Phan bd &ng
p Phan b3 theo hinh iyc gidc theo hinh trin
Ong S8 | Téng S& lugng Sng
tlren vong 6 Téng S8
c
?éc trén fng, o 8 s§ |56 ong s6 6ng 6133 4 .
f p dudng | tru dng 6ng ong | 9 14t trong | YO"E Téng
vgnc chéo | d8y |4 pang |8 hang | & hang | €3 cAc cham, | 'ron |s6 dng
g | cia &ng O hi hit hang ngoai
tron i t 1 dng >
lue bén tien hai ba cung
gidic | ngoai
1 2 3 4 5 6 7 8 9 10
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Tiép bdng PL.25

1 2 3 4 5 6 7 8 9 10
1 3 7 - - - - 7 6 7
2 5 9 - - - - 19 12 19
3 7 37 - - - - 37 18 37
4 9 61 - - - - 61 25 62
5 m | o9 |- - - - 91 | 31 | 93
6 3 27 |- - - - 127 | 37 | 130
7 15 169 | 3 - - 18 187 | 43 | 173
8 17 | 217 |4 - - 24 | 241 | 50 | 223
9 19 | 271 |5 . - 30 | 30t 56 | 279
10 21| 331 |6 - - 36 | 367 | 62 | 341
1 23 | 397 |7 - - 42 | 439 | 69 | 410
127 27| 469 | 8 - - 48 | 517 | 75 | 485
B3| 27 ) 547 |9 2 - 66 | 613 | 81 | 566
141 29| 631 {10 | 5 - 9 | 721 | 87 | 653
5] 31| 721111 | 6 - 102 823 | 94 | 747
161 33 | 817 |2} 7 - 4| 931 | 100 | 847
7| 35 919 |13 | 8 . 126 | 1045] 106 | 953
8| 37 1027| 14 | 9 - B8 | 11657 113 | 1066
19| 39 | 14115 2| - 162 | 1303| 119 | 1185
20! 41 | 12611 16 B3| 4 198 | M459| 125 | 1310
21 43 | 1387 17 LA 2281 1615| 131 | 1441
220 45| 151918 5! 8 246 1765 138 | 1579
23 47 1657 | 19 16 9 264 | 1921) 144 | 1723
Bing PL.26. Chuy®n dbi don vj
Ning lrong Tkeal =427 kpm = 4185 Nm
1 PSh = 6323 kcal
INm =1Joule =1 Ws =107 Erg = 0239 cal
Lcal (20°C) =4,181J
Ap sufit 1 kp/cm? =981 Njem® =1at = 7356 torr =

360

=10 mH20 = 7356 mm Hg = 10000 kp/m?

1kp/m? = 1 mm WS
Latm (vat If) = 760 torr = 1,033 kp/em?

I N/m® = 0,102 kp/m?



Tiép bdng PL.26

Chigu dai

Pd nhét ddng lye

Pé nhét ddng hoe

¢ s8 din nhiét
Hé 50 truyén nhiét
Nhiét bic xa

Cong suit

| P’ (Zoh engl) =254 mm; 1um = 10‘6m

1-Fug =0,3048 m;1 A (Angstrsm) = 0%

1 P (Pobe) = 100 cP = 0,1 Ns/m? = 00102 kp s/m?
1kp sim* =981P = 9810 cP

1¢P = 102.10°* kp s/m?

1P =1dyn s/m* ‘

1 Ns/m? =1kg/ins= 10P = 1000 cP = 0,102 kp s/m”
I St (Stokes) = 1 cmzls = 100 ¢St

1 m¥/s = 3600 m¥/h = 10 000 cm?/s

. 3
1 kcal/mh dd _3600 kcal/ms dd = 2,778.107° cal/cm dd
1 keaym?h do = 2778, 10° cayem? s do =

= 1,163.107 W/cm 49 = 1163, 1073 kW Jem? g

1 keal/m?h CK)* = 2778 1075 calfem?®s CK)* =
=1,163.10% W /em? CK)*

1 kW = 136 PS = 1000 Nm/s

1 KW = 860 kcal/h

1 kW = 102 kp s

1 Nm/s = 1 W = 0,102 kp m/s

Bédng PL.27, Chuykn

46! don vi gidra hé Anh va h¢ théng thwomg

Chigu dai
Dién tich
The tich

Lyc

Thé tich riéng
Khéi hrgmg riéng

1yard =3 fect =36 inches
1 inch (in) = 2,54 cmy; 1 foot (ft) = 03048 m
lyard () =051 m
sc& uare inch (m 6452 cm?
Lfe? = 00929 m'; 2 = 0836 m*
t cubie inch ) = 16,387 o’
163 =283168 cm® =2832 |
1 ton (short ton) =2000 pounds (Ibs)
1 poud (Ib) = 16 Ounces (0z)
1top = 907,184 kp; L1b =04536 kp = 462 N
1 n3nb = 006243 m fkg
1 /S = 160185 kgm™; 1 az/ft® = 10 kg/m>
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Tiép bdng PL.27

Ap sudt 1 oz/in® = 44 kp/m? (mmH,0)

1 ll‘)/m2 = 2,04 Zoll QS 00703 kp/cm = 51712 toor
llb/m = 7030 kp/mZ(mmH,Q)

11b/ft? = 4,88 kp/m®

2992 in QS =760 torr = 1 atm

DG nhot 1 Ib/ft s = 14,882 g/cms
11b §/ft> = 4,882 kp s/m?® = 478,66 Poise =
= 47,866 kg/ms
Lirong nhiét 1 British thermal unit (Btu) = 0,2520 kcal =
107,529 kp m

1 Bu/ft’h = 2,71 keal/m®h

Nhiét d6 N °C; AF =4 °c
18
Nhiét dung 1 Bw/Ib°F = 1 kealkg 46
Dén nhiét 1 Buw/fth°F = 14882kcal/mh 0 = 4,134.107 ems do
1 Btu/mh°F 17,88 kcal.lrnh ag
TruyEn nhiét 1 Btw/ft*h °F = 4,88 keal/m*h do

Bdng PL.28. Nbng 49 cén bing 1éng hoi cho hén hop hal cu tir & = = 1 at

Alcol metylic - mrée Cloroform-benzen
% khét lwong alcol metylic % khi lwong clorofarm
trong chit trong hoi trong chit | trong ho ¢ °C
Iong ' 1ong !

1 73 10 136 799
4 235 20 272 790
6 315 30 40,6 78,1
10 434 40 530 712
20 610 50 650 760
30 705 - 60 750 746
40 76,7 70 830 728
50 812 80 90,0 705
60 848 90 96,1 670
70 883
80 92,1
90 - 96,0
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Tiép bdng PL.28

Nudre - gidm

Nitor - oxy

% khéi lwgng nudc

% khdi lrong nitor

trong trong trong trong T,°K
Iong hoi 16ng hoi
3 63 345 B3 889
10 16,1 71 2365 879
20 296 1,05 336 870
30 418 15,25 42,7 86,1
44 528 20,0 509 852
50 620 2515 | 584 842
60 700 309 65,0 833
70 716 373 711 823
80 850 4445 | 766 814
! 90 925 533 824 804
63,6 874 794
7605 | 926 784
90,7 974 776

Bdng PL.29. Hing s6 K (K.l(l‘6 theo mmHg) cho dung djch khi léng

Cac
chit khi 015 10 |15 | 20 |25 {30 |40 [60 |80 {00°C
1 2 3 4 5 6 7 |8 9 j10 |11 |12
Hydro 44 |462 | 483 | 50,2| 51,90 53,7|554 | 57,1 58,1 | 57,4| 56,6
Nitd 40,2 | 454 | 508 | S6,1| 61,1 657|702 | 79,2 90,9| 95,9| 95,4
Khong khi 32,8 37,1 | 41,7 | 46,11 50,4 54,7 58,6 | 66,1 76,5 | 81,7! 81,6
Cacbon oxyt | 26,7 |30 | 33,6 | 37,2| 40,7 44 |47,1 | 529 625! 64,3| 643
Oxy 193 | 22,1 | 249 | 27,7| 30,4| 333|361 | 40,7 47,8 52,2| 53,3
Metan 17 | 19,7 | 22,6 % 256 285| 31,4|34,1 | 39,5476 51,8 533
Etan 955 | 11,8 | 14,4 | 17,2| 20 123 |26 |32,2429| 502 52,6
Etylen 4,19 496 | 5841 68 | 774 867|962 | - | - - -
Cacbon dioxyt | 0,553| 0,666 0,792| 0,93| 1,08] 1,24} 1,41 | 1,77 2,59} - .
Axetylen 0,55 | 0,64 | 0,73 | 0,82| 092 101|111} - | - - -
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Tiép bdng PL.29

1 2 3 4 5 6 7 8 9 10 11 12
Co 0204 1025 0297|0346 |0402 10,454 0502 106 0.731 [073 |-
Hydro
sunfua 0203 10230 10278 | 0321 10367 |0414 0463 | 0566 10782 |1,03 | 1,12
Brom 0,0162 | 0,0209 | 0,0278 0,0354 {0,0451 | 0,056 00688 0,101 (0191 [0307 .
Luu huynh
diceeyt 0,0125 | 0,0152 | 0,0184| 0,022 |0.0266 |0.031 | 0.0364 00495 | 00839 0,128| -
Hydro
clorua 0,00185 0,00191| 0,¢197:0,00203 | 0,00209| 0,00215 0,0022 | 0,00227( 0,00224| - -
Amoniac | 0,00156! 0,00168" 0,0018|0,00193 0,00208 0,00223;0,00241| - - - -

Bing PL.30. H¢ 56 khuéch tan D cia khf va hoi trong khong khi
& T, =273K vap, =1 at

Chéit khi va hoi D, Fm?/h || Chift khf va hoi D, , m?h
Oxy 0,064 Xang (benzin) 0,0277
Nito 0,0475 Alcol metylic 0,0478
Hydro 022 Alcol etylic 0,0367
Cacbon dioxyt 0,0497 Cacbon sunfua 00321
Luwu huynh dioxyt 0,037 Ete etylic 0,028
Amoniac 0,0612 Hydro clorua 0,0467
Hoi nuée 0,079 Ly huynh trioxyt 0,034

Bdng PL.31. H¢ s& khuéch tdn D, cia Kkhf trong awéc & 20°C

Khi D10% m¥n | Kni D108, m?/h
Cacbon dioxyt, nitor dioxyt 6.4 Hydro 19
Clo Hydraxid Itru huynh 58 Nitcr 69
Hydro clorua (& 12°C) 83. Oxy 75
Amoniac 66
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Bang PL.32. Ap suit p ciia hoi bao hda & nhiét d¢ tir -20°C d&€n 100°C.

t°C | pytorr | £°C|p,torr] £°C | p,torr | 4°C p,tor || t°C| p,torr
-20 | 0772 5 6,54 30 3182 55 118,0 80 355,1
9 1080 | 6 (701 |31 | 3370 | 56 | 1238 | 81 369,7
18 0935 7 751 32 35,66 57 1298 82 3849
17 1027 8 8,05 33 37,73 58 136,1 83 4006
16 1,128 9 8,61 34 3990 59 142,6 84 4168
15 1,238 0 |921 35 42,18 60 1494 85 4336
4 1357 11 9.84 36 4456 6l 1564 86 4509
13 1486 12 | 1052 | 37 4707 | 62 163,8 87 4687
iz 1627 3 1123 | 38 4965 63 1714 88 4871
1 1,780 14 11199 § 39 5244 | 64 1793 89 506,1
10 1946 15 12,79 | 40 5532 65 1875 90 5258
9 2,125 6 | 1363 | 41 5834 66 196,1 91 546,1
] 2321 17 1453 | 42 6150 67 2050 92 5676
7 2532 18 | 1548 | 43 6480 | 68 2142 93 5886
6 . 2,761 19 1648 || 44 6826 69 2237 94 6109
5 3,008 20 11754 || 45 7188 70 2337 95 6339
4 3276 21 11865 | 46 75,65 71 2439 96 6570
313566 | 22 | 1983 47 | 7960 | 72 | 2546 || 97 682,1
2 3879 23 | 2107 | 48 8371 73 265,7 98 7073
-1 4216 24 | 2238 49 8802 | 74 2772 ||. 99 7332
0 4579 25 2376 | 50 9251 75 289,1 104 760,0
+ | 493 26 | 2521 51 | 9720 | 76 | 3014
2 529 27 126,74 | 52 102,1 77 3141
3 569 28 | 2835 | 33 1072 78 3273
4 6,10 29 3004 | 54 1125 79 3410
Bdng PL.33. Nhiét hdp phy cia than véi cfic chit hiru co
Chét Cong thirc Nhiét hip phy
kcal/kmol _ kecal/kg
1 2 3 4
Alcol etylic C,H,OH 15000 326,1
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Tigp bdng PL.33

1 2 3 4

Ete etylic (C;Hg),0 15500 2095
Etyl bromua C,HBr 13900 1276
Ety! clorua G H,Q 12000 186,0
Etyl formiat HCOOC, H; 14500 1959
Etyl iodua G, H,J 14000 898

Xang - 12000 1500
Benzen CeHs K700 1885
n-Butyl clorua CH,3(CH,),C1 | 15600 1686
sec-Butyi clorua CH;CHCIC,Hg | 14400 1557
tert-Butyl clorua (CH3),CCl 13600 1470
Cloroform CHCly 14500 1213
Diclometan CH,Cl, 12400 1459
Metan CH, 4500 2815
Mety! clorua CH,Ql 9200 1822
Alcol metylic CH,0H 13100 4094
Alcol propylic C;H,0H 16400 2733
i-Propyl clorua CH,CHCICH; | 13100 166,9
n-Propyl clorua CH,(CH,),Cl 14600 1860
Cacbon sunfua cs, 12500 1645
Cachon tetraclorua ca, 15300 99,1

Chi §: Nhi¢t hip phy cho qua trinh hdp phu cia 1 kmol hoi trong 500 kg than &

0°C (ngodl xing).

Bdng PL.34. Gié trj cta d va d1-46

dm d1:46 dm dl46 dm d1:46

1 2" 3 : 4 . 5 6
010102 | 00417.103 ! 030.10°2 02072.10°3 || 050.10°2 0,4369.10-3
0,15.102 | 00753.103 || 035.102 02595103 | 0,55.10°2 0,5022.10°
020.10% | 0,1147.103 | 040.10-2 03154.10°% || 060,102 0,5702.10°3
025102 | 0,1588.103 || 045.102 0.3747.10-3 | 065,102 0,6409.10°3
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Tiép bing PL.34

1 2 3 4 5 6
070 102 | 0714110 | 085.102 09481103 || 100.10-2 12020.103
075102 | 07897103 | 090.10°2 10306.10°3
080 102 | 08678103 || 095.102 11152.10°3

Bing PL.35. Gid trj ciia » va +0:34
vm¥s |05 ym?/s W54 | s |05 yomiys | 4954
0,10.107* 0200.102|| 0,14.10% | 0,239.10%] 0,18.107 | 0.274.102] 0,22.10*|0,306.10°2
0,1110410210.102 || 0,15.10 0.248.10°%0,19.10™* | 0282.10°2] 0,23.10%/0313.10°2
0,12.10% 0220.107%| 0,16.10* |0.257.10°% 020.107] 0290.10°2]| 0.24.10%/0320.102
0,13.10'% 0.230.10°2] 0,17.10"* 0,266.10'2‘ 0211074 0298.10%) 025.10%/0327.10°2
Bédng PL.36. Gii trj ctia w/60 va (/60)%54
{vn tdc & tinh theo m/ph)
0,54 0,54 0,54 0,54
» » » » » » » »
60 [60] 60 [60] 60 [60] 60 [60]
1 2 3 4 5 6 7 8
8 1 4
— | 0262 — | 0337 — | o401 || — 0,456
60 60 60 60
9 2 15
— | 0289 — | 0359 — | 0420 | — 0473
60 60 60 60
10 , 16
— | 0314 . — | 0380 — | 0438 || —| 0490
60 60 60 60
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Tiép bdng PL.36

| 2 3 4 5 6 7 8
17 21 25 29

— | 0507 = | 0568 — | 0624 | — | 0676

60 60 60 60

18 22 26 30

—_— 0,523 —_ 0,582 _— 0,637 —_— 0,688

60 60 60 60

19 23 27

— | 0538 = | 059 = | 0650

60 60 60

20 24 28

_— 0,553 _— 0610 — 0,663

60 60 60

Bing PL.37. P trich ly ciia hé trich ly nhi¥u 1%n véi cing lwgng
dung méi dwa vio & tirng 15n
Quan hé S8 lin rira
cha
céc dong a 2 3 4

1 5000 | 1 75,00 2 8750 3 0375 ¢ 4
2 6667 | 2 [ 8889 | 4 96,30 6 9876 | 8
30075003 |9375| 6 | o844 9 9961 | 12
4 80,00 | 4 96,00 8 9920 2 9984 | 16
5 8333 | 5 97,22 10 9954 15 9992 | 20
6 8571 | 6 97,96 12 99,71 18 9996 | 24
7 8750 | 7 98,44 14 9981 21 9998 | 28
8 8889 | 8 98,76 16 9936 24 9998 | 32
9 9000 | 9 99,00 18 9990 27 9999 | 36
10 9090 | 10 | 99,17 20 9992 30 9999 | 40
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Bdng PL.38. Do trich ly cda he trich Iy chit rén
theo nguyén Iy ngusce chien

Quan hé cic 86 bac frich v & j
déng a T
] " 2 3 4 5 | 0
\
1 000 6667 75.00 &0.00 83.33 R3.71
2 6667 R3TI 93.00 96,77 98.42 w2
3 7R L 923 97.50 99,17 99,73 99,91
4 RO00 5 9321 9882 99.71 99.93 -
3 43.33 ’ Y77 9936 49 87 99.97 -
o 8371 | 9767 99.01 99,04 - -
7 87.50 . 9,24 99,75 99,96 - -
8 R8O 98,63 99.83 99 98 - -
Y 90,00 Y8,90 99,88 99,99 - -
10 %090 9910 99.9] - - -
L

Bdng PL.39. Hitu chinh biing s6 nguyén ti ciia dé nhot

Loai lien két v nhom chiie . P
1y Lien két dai ~ 155
2) Véong 50 - 240
3) Vong 6C - 210
4) Nhém canh el mot vong o€
khéi lyong mal < 7 - 9.0
khéi lugng mal > 16 - 17.0
5) Vi tri orte va para cla nhém chiie thi hai + 30
&) Vi tri meta cla nhom chife thi hai + 1.0
R R
7 eH - o’ + 8.0
Vs ~
R R
R
8) R - (E.‘ -R + 130
| .
R
0
9R-c? ' + 160
H
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Tiép bing PL.39

1oai Hen k& v nhom chie p
0O
0y R - (:’f + 50
ClHx
11y - CH = HCHLX + 40
(X nhém am)
R
~
12y CH-X
R
(X nhom am) + 6.0
13) OH + 24.7
14) COO - 196
15) COOH -9
1oy NC»» - 104
— 2000
C — a7 :
— 1500 I 2 4
C e 668 7 ‘
L — 0,07 0 e’
_ 1000 F gos .
— 300 '_ 77
. 500 v [o%s s ° £
C 7a0 L F 004 1] ,
- g00 S E Z
$ oo 2 Eau ¥
- . B P ,m
PP ™ F
‘g. B 400 _e :—092 “ o og
. {-Jo0 ‘E - ° o/l
g 208 N
E QL 2
3 C_naro P
- 100 £ 5,009 s
E_s0 0,008
E 0,007
oy - 0,006
E — 0,005
= 0,004
E—W — 8,003

Hinh PL.1. D5 thi xdc dinh d) nhdét cia khi:

1- O% 2= NO; 3- COx 4- HCL 5- khong khi; 6- N2 7- SOy 8- HCx 9- TRO;
10- NH3; 11- Cille; 13- Colbley 1= 91112 15 31Nz Lo- CO; 17- Ci
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Hinh PL.2. D thi xéc dinh dO nh6t cta chit ibng

Chdt

Axeton

Ete

Ety! axetat
Aleol etylic 100%
Alcol etylic 40%
Etylen clorua
Erylen glycol
Amoniac

Alcol amylic
Anilin

Benzen

Alcol butylic
Clobenzen

Diém 58

Chdt Piém 56
Cloroform 19
Giim 100% 18
Gilm 70% 12
Heptan 31
n-Hexan 36
Glyxerin 100% 1
Glyxerin 50% 7
Cacbon dioxyt 40
Metyl axetat 32
Alcol metylic 100% 26
Alcol metylic 90% 24
Alcol metylic 30% 13
Naphtalin 9

Chélt Ditm 58
Nitrobenzen 14
Octan 28
Pentan 38
ngan
Caggong_sunfua 33
Axit sunfuric 110% 2
Axit sunfuric 98% 3
Axit sunfuaric 60% 6
Axit sunfuric hydrat 35
Terpentin 16
Cacbon tetraclorua 21
Toluen 27
Nude 20
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D3 thj xdc dinh he s cdp nhigt trong &ng thing Re > 10000
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Hinh PL.4. DO thi xdc dinh tich cia chuln s§ Gr.Pr. cho nwdc:
d- dudmg kinh cia 8ng, mm; ¢ - nhiét O wung binh ctia mang: 0,5 (¢, +1), °C
t- nhiét 49 trung binh cia tudng, °C; ¢- nhigt 46 trung binh cia nwde, °C; ¢y -
nhiét 49 trung binh gira wrdmg va nude, °C
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Hink PL.5. D6 thi x4c dinh « khi ddi lvw wr do theo oong thic
Nu =0354VGrPr, v&i GrPr < 2010°%
- Dhiét d§ trung binh cda mang: 05¢, +1), °CG !,- nhiét ¢ trung binh cflaA
twrong, °C; 1,- nhi¢t d6 trung binh cia chit long hofic khi; Az- hiéu 53 nhiét” dd )
trung binh giira twdmg va chit Idng; a- hé s§ cfp nhit, keal/mh do; p- dp sudit khi,
at; D- dwdng kinh dng din, mm

o e

Chdt ldng.-. . Diém 58  Cacbon tetraclorua 27 -
Etylaxetat 21 Toluen 20
Etyl etylic 16  Nudc 2
Alcol etylic 18 Chdt kht Diém s&
Anilin 25 Amoniac 9
Axeton 10 Cacbon dioxyt R
Benzen 23 Cacbon monoaxyt 7
n-Alcol butylic 19 Khdng khi ‘ 7
Gidm 28  Metan 4
n-Pentan 17 Oxy 5
Axit clohydric 30% 3 Luu huynh diaxyt 3
Cacbon sunfua 15 Nitor oxyt 8
Axit sunfuric 111% 24 Niter 6
Axit sunfuric 98% = 22 Hot nwrée 11
874 Axit sunfuric 60% 36 Hydro 1
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Hinh PL.6. Db thj xi c dinh & khi d&i “hru W do lhgo cong thirc
Nu =0, v GrPr, véi GrPr > 20.10% :
a- hé s& cip nhtét kcal/mh do; p, 4p sudt khi, ar; !m- nhiét A) trung binh cia
mang: 0,5(r, + ’l) C, t,- nhiét do trung binh cua tu'd'ng, °c; 1~ nhiét df trung binh '
cta ldng hodc khi, ©

Chd't long Digm 58
Axeton 10 Cacbon tetraclorua 25
Ete etylic 14 Toluen 22
Aleol etylic 21 Nudc 3
Anilin 26 Chdt khi Diém 58
Benzen 24 Amoniac 28
n-Alcol butylic 23 Cacbon dioxyt 2
Gidm 27 Cacbon monooxyt 8
Alcol metylic 15 Khang khi 7 .
n-Pentan 19 Metan 4
Cacbon sunfua 11 Oxy 5
Axit sunfuric 111% 18 Nitor oxyt 9
Axit sunfuric 98% 17 Niter 6
Axit sunfuric 60% - 16 Hoi murére 13
Hydro 2
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Hinh PL.7. Db thi x4c dinh hé s§ cdp nhiét khi ngumg ty hoi bdo hoe:
! ThiGt 4O trung binh ciia mang: 05(¢, +1,), °C; ¢

]

wrong; °C; {n- Dhiét d9 ngung ty; As- higu s3 nhiét d[(‘)

chit ong; a- hé s3 cap nhiét,

Chdt
. Axeton
Ete etylic

bi

Alcol etylic

Ety!
Azmniac
Anilin
Benzen
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nhiét &) trung binh cla
trung binh gitra tudmg va

kcal/mh do; L- chitu cao cia 8ng, m; D- dudrng

kinh dng, mm
Chd't Diém 56
Cloroform 3
Gifm 1
Alcol metylic 2
Nitrobenzen 53
< n-Alcol propylic 5
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Nudc
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Hinh PL.9. D3 thi x4c dinh chulin 8 Prandt):

Chdt

Axeton

Etyl axetat

Etyl etylic

Alcal etylic 100%
Alcal etylic 50%
Etyl bromua
Etylen glycol
Etylen iodua
Amoniac 26%
Amyl axetat
i-Alcol amylic
Antilin

Benzen

n-Alcol butylic
Canxi clorua 25%
Clobenzen
Cloroform

Gifm 100%
Gifim 50%

G Chd't

erin
ngx n
Alcol metylic 100%
Alcol metylic 40%
Natrt clorua 25%
Octan

- n-Pentan

i- Aleol propylic
Axit clogjrdﬂ{
Cacbon sunfua.
Axit sunfuric 111%
Axit sunfuric 98%
Axit sunfuric 60%
Cacbon tetraclorua
Toluen

Nudce

Xylen

N
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Hinh PL.10. He s6 din nhiét cua chdl 16ng
Chdt  Duong s6 Chdt  Duong 0 Chat Puong so
Axelon 8 Amoniac 26% 3l Ddu xirin 5
Ete etylic 29 Anilin 6 Axit clohydric 30% 27
Alcol etylic 100% 4 Benzen 12 Cacbon luu huynh 23
Aleol etylic 80% 19 Alcol butylic 9 Axit sunfuric 98% 30
Alcol ctylic 60% 20 Canxi ciorua 25% 17 Cacbontetraclorua 2
Alcol etylic 40% 21 Natriclorua 25% 18 Toluen 13
Alcol etylic 209% 22 Giam 7 Vazdlin k5
Axitformic 2 Glyxerin 1 Nuac 16
Kylen 14
10 :
g e
<
E
e
&
o
9
e
~
2() 700 400 600 &0 10D,
t, %

finh PL.11. He s dz'm nhi¢t ctia kKhoi:
thanh phin coa l\hﬁl tinh theo % thé tich : 1‘3 (0 5 (O; 82 N2 +H:0
|- thanh phan hoi w = 0; 2- thanh phén hoi w = 15%; 3 thanh phin w = 20%
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Chdt
Axeton
Eiyl axetal
Fte etylic
Alcol etylic
Etyl bromua
Etylen clorua
Etvlen glycol
Eiyl iodua
Amyl axetat
Anilin
Benzen
i=Alcol butylic
#=-Alcol butylic
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Hinh PL.12. D8 thi xic dink nhi®t dung cita chat long

Diém 56

18
13
17
31
1

th g —
o -

[ R —
O e

-
£

Chaty
Canxi clorua 25%
Clobengen
Cloroform
Diphenyt
Giam 1007%
Glyxerin
n=-leptan
Alcol metylic
Nalriclorua
n=Qctan
i—I*¢ntan
i=Alcolpropylic |
® - 5°0)

Piém sd

34
O
3
8
16
21
19

~
.

35
15

3
=

32

Chdt
i~ Alcol propylic
(-507 = 0°C)
Alcol propylic
Axit clohydric 30%
Cacbonsunfua
Axit sunfuric 1007%
Cachontetraclorua
Toluen(- 60 — 40"
Nudic
Xvlen (o vi m)
n=-Xylen

Diém sd
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Hinh PL.13. Ap sufit hoi bo hoa clia hexan phu thudc vao nhiét do

‘;ﬁ N / //I ’/ :
Z \\/3 / / 5/ 7/6/
~§ 500 / 2/ A\Z 7 y / ///
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a0 &y f0 re0 70 760 160 200
NbEF FF, °C
Hinh PL.14. Ap sut hoi bio hda cla chit 1ong hitu co phy thude nhiét dd (chat
long khong tan trong nudc):
I- cacbon sunfua; 2- hexan; 3- cacbon tetraclorua ; 4- benzen; 5- toluen;
6- terpentin; 7- anilin; 8- cresol; 9- nitrobenzen; 10- nitrotoluen
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Hinh PL.15. DO thi xic dinh nhiét d6 soi (dwa vao nwdc): 1- ete etylic; 2- cacbon
sunfua; 3- axeton tetraclorua; 4- cloroform; S- cacbon letraclorua; 6- benzen;
7- toluen; §- clobenzen; 9- oxylen; 10- brombenzen; 11- benzaldehyt; 12- anilin

150
e
3 |
100 ] // //f : , \lf‘i‘i g
~ oy ' K R03
7’ *_k/ L —r
é“ P
N v A
g. A /|
; « “‘SJ // -
b WA
arE IIRY,
a2 r e

14 .
s o * L aw gn ! s
Néng d¢ cov dung diich bae hoa, %m
Hinh PL.16. D0 hda tan cda mudi trong nude phu thude vio nhigt do
382




Chi't
Axeton
Axetylen
Etlan
Etyln axetat
Alcol etylic
Etyl bromua
Ethca haol

en
Egl formiat
Alen

Ammoniac
Anilin
Benzen
Brombenzen
«-Bromnaphtalin
1.3-Butadien
n‘%utalll
¢ -putylen
,BABut[)}/len .
n-Buylenglicol
Clobenzen
Cloroform

lin
n-Decan
Ete dietylic
1.2-Dicioetan
B

=
Gipmny

a

Flobenzen

erin
n- an
nHa
G(‘Xll 1zobutiric

ren
Iodlt)\enz.en
m-Crezol
a-Crezol |
Alcol metylic
Metylamin
Metyl clorua
Metylen clorua
Metyl formiat

n-octan(
n-Pentan

Cacl gtelraclorua

Tetralin

=60

Fink theo hexan
t"r ” R, me [}

r
Z

R}éb\..'\,,‘k
H
e

Xy

20—+ S00p ‘|

Tk Theo nddc

T

o

3

Trr T [T T T T 7T

&

T[TFv T
¥ 3§ '

R

s

WALE LA LR KL LA RARENERER] RAR

..,.,
g8

E-720

rlll‘l HI" ‘]
838

L |
iy
83

3

Hinh PL.17. D9 thi xdc djnh ap sufit hoi bio hoda va nhiét 4§
(cOt s3 bén phal theo phin tram khdi lwgng cha amoniac)

!
3

2

383



D 1g kinh d,

mm
fog — ZUIﬂ' /ddﬂ‘g K
._ misg
400 — P
000 —
i c80d0 :_[—.faooa
300 _| —_1 304460
20000 —
- 10000 = 2000
| §900 =
= o 5
3 2000 ~—
n reoo = 800
7 f;: = o0
108 — - sa0
20 — 200 —
do — 00 —
70— i =t a0 -
6o 4: = —
— 37 — -
Fo —| w =
] — - —]
4o PRl [ =_ 7
N -7 =
- - 4 ~— 3
30— =
2 —
1 —
=
20 -E a4 = 45
| —T 43
3 42—
J a7 =
. =
po4 — 29F
70 j 404 o3

Hinh PL.18. DD th] tinh dwong dng din

384

B
«

K-S
“wy
|
™
] -
%

IIII'

RL

I
&
RN

|
&
Ay

)
~N

™

o]
~



&
d¥nig

£, =

P
0 700
20
L 60
= 50
«a &0
E 0
i 1¢
oL} 4
A 10
== =5 ]
S !
in= 4
: -~ j
2 L2 L et /2, 2
o & =
2 171 = = g o 72]1
24 ! = = 10
] FHre = g ==l
a5 H ¥ THas
a7 e o 3 lar
PR r”
8.3 = .—-: ~H I ?"“0.3
52 SR 5,
I 11
}l ? 1 [H_ a7
s arn £ 3 4568m? 2 F4s6d1d 2 345wt 2 3458 8nF 7 34
Re, =
Hinh PL.19. Quan hé gifa K va Re trong thiét bj khufly twong phing
¥
? :
s XA owmon S
o g PR po
-‘-:: v, ¥ = liT:ﬁiJ;:
m LA 170
= 1T/ 4do
" ’!”L - K T2
o H H } 430 150
, M0 + + +— 20
o L »al i
o™ f’ i'""“w./ o ~/ 39-.'—-"" 190
10 r * o # 3 q::
" - f—r
- L 'h\ st ‘k)
sl tH L H [feogley >
A X /] >
” l A 1 L B
g . ,‘;,( H 1901 1Hre .
T T L P
3 BRI Y ] P
sa 3 PETANVGEZON) H qne =
40 = Y TR o } o
20 & lre i ‘X u 3 7. 30
N
2
P AN N J AP vse 10
) \ A A Fia il
9 o A gauiNg ')
v - P ATRY X l“ “/i‘” -1
h
4o NN NNNNNNNNAL . _‘;
A NS
- = S\ “.a\%’ R Rty S -5
83 atag fe xf  4f 43 £4 15 18 1T 18

Enfrapi S
Hinh PL.20. DB thi t-S cho amoniac

385



-

Yo 1 J8p 7240 pr 7314y

L) o = = - u o
T 3 % 5 3 % 3 & =% 3 3 % 8 =»
)

NECARTNLN .
o T

. JIWWNM‘HU’ .rimm “I ~

L~

Jfr.... I o T4 T ” 3 -
o ey s 1] ~ Al -
»lfL S 14 T 1 B ”

SN Gy i T A I Ry
g - = F 1% =
T IR TR

o o ~J/] B [ B
<24 LA T | e AT TN R & LA
o &‘ll =y, ~ M.. Plrlh WP, N N o/
A T | LA y y. A » & ("
y v. [y n
S ﬂ_l”hd alibnsSWZg NG VAI d P i NS W =
hd .Ifl - -1 d ig
BN Edn2 oz si s U Tl
= % » T T ST N T T N3
3 __ ?w .MM,M. T n\X\\\v.. N\\\\‘ N
o = g RY N By e Pyl
] m 5 ~ hAY » 4\_ N -« i\khm. f
N wf - » ¥
- h- N 1 = - e
s KPR ivz gt
> |1 |
] h Y b1
e gty
& ] &, h e ~
- b2 = - ﬁ [ i
TR E eI
<L RSN T 12
< '~ (2™ Ui £
e A tt
~
w (]
NES x: LI
[, A7
U] M.
L
3 &8 8 8

Enfrops S

Hinh PL.21. DY thj +-5 cho khdng khi

386




1000 dopséa 4a¢ joo {J‘lfffﬁﬂquﬁﬂu Jo za/na Iﬂ! £ 4 2 244 IZ.«!OQ‘HJ'

i i

e,

e,

\%&\

Wy e e
Foo #, %%% 777 g{ A

/_//// VAN A 7?/[7_

3
NOANVANS
~

j,,/;fl/,//%é/ )

r g,

s&\
N

NN :\R

Yk %Zz

A X7 S XEZ X Z V. . -£2
Entropi § ‘
Hinh PL.22. DD thj +-§ cho khing khi (¢ nhiét dd can)
\F' “ / /,40
AT T
% OO A ro
S
’I
: SN,
3 A
e 3 WA i =
<532 AKX . L
40 =y W N T &
"y 5% I ~
20 Y DO i 0 s
0 o Py aliititivig PSSR 3
) VI AATAVAVIVCRVA Y @ A 0 ¥
’ LI TMULITRITL LY ‘1° ’ a
2 " AN 5
s AT AVEATATAVAAUIRAN AV VA B V T
u_“ :’—u’o 1L Ay ‘\ \_\\\\\\ Y } W e iy 8 40
',‘%“ﬁci s TN Ly 117 Al
. s TR IR TR ATITTIAR IS
’!\‘\ AVRYAYAY PSS BIANANANY v '35"5 60
A W A T A e W Y . W - W, 1
'Jdk‘\\\\\ N % 5 b ‘é’-ﬂﬂ
K \\ v < ST, s 8 ~Pied 4 &
-0 X LW Y P P k. [\\-.l'\\]l.: - :!':' l\r\ | - 100
9 A zo o7 %2 13 14
Entropi §

Hinh PL.23. D6 thi rS cua cacbon dioxyt
387



R - S 1
= s % % M M; 2 S
mmﬂ Loy S el =
= T L WANGT..
SRR ||

A et Y {8
) Sl RSV > I.I/W,V/u g
Vr.n....r..lwm.. M A . -|Vf/ '

B e gy S i s
1 A1 e . - P S
-l q.l.nl.. ] rlﬂlnm .Qmw o -.H.Ur . o Lﬂﬁ
e - SV ‘..Tr.%i% QA

- Vlﬂ‘l—ﬂ. mrurrn’..ll N At R A
.|nu \\\.\JJ.JIﬂl‘l-.. n = o=~ . - .’Wn
e e e A e U s ey S
_llﬁu_l 3 or_rf -mn.l.lfl“ “r A ....l.l. X - N
/l-f“. KFAFJT&MT% —— - X ] WJ
—h—{ N TR AT .w_..A,V..m_l T : %
A\ JI.T/...!..& A O R 1] S Ay P
NI NN RS S el
PR i e WY NN RYESY N A1 N
“ 72N v e YA, TENRY NI
—y < VENAENIIANA A,r.....IJ‘_
N~ T L N LR TR \ N
. oL. NS l..rlfll,AI./u.zn.VIVr.Y..l,
o -l.l’%' hSAN RN N ®
o |~ LTRSS N o~ .lﬂJFﬂ
“ ok ~ ~ ~ NN Y
/ nvm. ~. — - ~ //// ~ //r//”:
ST e DRI Y
R ~ ~ SN NN
S A T NS SRENNE
s ~ oﬂu..l.l.. -H....H
/..F.I.Ix.:.l.... N
M TI.IWHWMM
=
&
T Y SHINITR S RO} % owTT
b

Jo O pons dy

Hinh PL.24. DD thj igp cha freon 12

388.



850

>~

el L T,
WV
TV s ss sl i

s 0
87/ s i e

LT 0 i
7 577 s/ 94

700 '7 //

Naiet [veng, ic‘a[/ kg
o
3
N

% AN
soo %, /' /1///&\/,0\3 0° 0060“1.\ o —
L 7 = 00 58752
X7 // x= 0
W~ _ o
7 o
29
% *2es
500 7
g,
“50 *’22_,-
400 .
15 16 77 18 79 20 7

Entropi §
Hinh PL.25. D6 thi i-§ cho hoi nuwéc

389



400
AT
600 ’/ ‘/ / f l/
ERIRIEVEVAY

E 400 / // / / / /

Sl NS

S /| // /9/ o
MN244P

=T

0 19 20 30 40 50 60 70 40 90 100 710 728 130
Nhigt do't, o

Hinh PL.26. Ap suft hoi bdo hoa cla mét 83 chét 1ng hiu cor
phy thudc vao nhiét do:
I ete; 2- axeton; 3- aleol metylic; 4- alcol etylic; 5- axit formic; 6- gifm

100

fg0 % /!
9% !
&0 ! T §01—- Y
7o LA // 70 —F
62 42 1 6 R V,
50 v 30 £
7 ™ol d
v / 7
20—/ T ; Vi
20 20 v
0 10 1
& 10 20 30 40 50 £0 70 20 90 100 0 1o 20 30 40 50 €0 70 80 90 100
X =t X ———
Hinh PL.27. Dudmg cin bling & Hinh PL.28. Duwdmg can bing &
x = 1at x = 1at véi ditm ding phi:
1- axeton-nurérc; I- nudre-axit formic
2- cachon tetraclorua-toluen 2- alcol metylic-benzen
390



8

90 \
\\
ke
N
%Jf S~
*
-
&0 \“*
-
75
r 10 20 30 %0 50 60 70
t °c

Hinh PL.29, Nhiét bay hoi cia hexan phu thude vao nhiét do

50
4a ne=

: L clz
Jo B‘/

NONGJ —_

y
2\
‘l."'i

A

At
-~

O
NAENANG
A\
NN\ N\

NN

$ S
L
-

N
NN

-
e
™
N
\

&
b

~
~
~

2 12 20 Jo “«0 50
Nong 0 thea phin trsm khioi lvdng, %,

Hinh PL.30. nhi€t d0 s6i cha dung dich & 4p sufit thuedmg phy thude vao ndng do

391



_Oj M 4,0
2 02
] tars
an- 919
L g 45 4 _]|—3,f5
218+ 9% 1325
. 4
917 1 917 30
0,16 - 076 4
__0,50 A i 2,75-
g15 75 -
2,55
Q14+ 055 a14
213 013 1225
p E
972 S 412 -__2 , Ny
g11 1960 3 g4 8
1 2 7 e &
gro{ % 6101160 §
. & 19y
0091065 909 1170
008 008 4160
7 +
gar 979 007+150
a0 -_--3’75 006+ 740
405 - g05-
T 0,60 I A
904 Qo4+
- - " —
0,03 1985 gos {120
E +
0021090 9024 110
001 1095 - 001105
0-Lg0 oLyo

Hinh PL.31. Bitu 03 tra d6 nhot clia chdt ldng hitu co

392



Noél di hexan, T

g0

g0

70

60

50

40

30

20

70

/

> \\\

W

/
/.
/

/ )4
/ /// //
7
0 20 30 4@ S50 60 780 80 gF0 10

Nhiét do chat long, °C

Hinh PL.32. DO thi xéc dinh nhiét dd sdi (theo hexan):
1 - alcol etylic; 2 - cacbon sunfua; 3 - cloroform; 4 - cacbon tetraclorua;

5 - benzen; 6 - toiuen

393



TAI LIEU THAM KHAO

1. D& Van bai, LNg‘uyén Trong Khu(‘)ngl » v.v. Co s8 cac quéd trinh
va thiét bi cong nghé hda hoc. Tap 1. NXB Dai hoc va Trung hoc
chuyén nghiép, Ha Noi, 1970.

2. Tap thé tac gid: B6 moén Qua trinh — Thiét bi céng nghé hda
va thue ph&m. S8 tay qua trinh va thist bj cong nghé hoa chat,
NXB Khoa hoc va Ky thuat, Ha Ngi, 1982 - 1992,

3. A.G Kassatkin. Chemische Verfahrenstechnik. Band I. VEB
Deutscher Verlag fiir Grundstoffindustrie, Leipzig, 1961.

4. Autorenkollektiv. Lehrbuch der chemischen Verfahnrenstechnik.

VEB Deutscher Verlag fiir Grundstoffindustrie, Leipzig, 1980.

5. K. F. Pawlow, P. G. Romankow, A.A. Noskow. Beispiele und
Ubungsaufgaben zur chemischen Verfahrenstechnik. VEB Deutscher
Verlag fiir Grundstoffindustrie, Leipzig, 1966.

6. Technische Hochschule. Oltovon Guericke Magdeburg.
Mechanische Verfahrenstechnik (Lehrbriefen), 1964,

7. Autorenkolletiv. Verfahrenstechnische Berechnungsmethoden.

Band I, II und III. VEB Deutscher Verlag fiir Grundstoffindustrie,
Leipzig, 1981.

394



MUC LUC

Trang
Lti néi dau 3
Chuong 1. Cc qué trinh va thiét bj thay luc
1.1. Gioi thiéu khai quat vé thay lye 7
1.2. Cong thic co ban 11
1.3. Vi du 25
Chuong 2. Bom, quat, miay nén
2.1. Cong thic tinh todn - 75
2.2, Vidy 82
Chuong 3. Phuong phap phan riéng hé khong dong nhit
3.1. Cong thidc tinh toan 106
A. Lang dudi tdac dung cua trong luc 106
B. Liang dudi tac dung cia lyc ly tam xyclon 110
C. Loc 112
D. Ly tam 116
E. Thiy déng luc 16p soi 120
F. Khudy tron trong moéi trudng long 124
3.2. Vidu 125
Chuong 4. Qud trinh va thiét bj trao ddi nhiét
4.1. Céng thuic tinh toan 190
4.2. Vi du 222
Chizong 5. Bic hoi va két tinh
5.1. Céng thic tinh todn 297
52. Vidy 305
Phu luc 336
Tai liéu tham khao 394



GS, TSKH NGUYEN BIN

TINH TOAN QUA TRINH, THIET BI TRONG
CONG NGHE HOA CHAT VA THUC PHAM

TAP 1
Chiu trgch nhiém xudt bdn: PGS, TS TO DANG HAI
Bién tdp: NGUYEN KiM ANH
Vé bia: HUONG LAN

NHA XUAT BAN KHOA HOC VA KY¥ THUAT
70, TRAN HUNG DAO - HA NOI

In 700 cuon, khé 14,5 x 20,5cm tai Xi nghiép in Thuong mai
Giay phép xuit ban 469-42, ngay 19-4-2004
In xong va nép luu chiéu thang 11 nam 2004.

396



	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 
	Page 75 
	Page 76 
	Page 77 
	Page 78 
	Page 79 
	Page 80 
	Page 81 
	Page 82 
	Page 83 
	Page 84 
	Page 85 
	Page 86 
	Page 87 
	Page 88 
	Page 89 
	Page 90 
	Page 91 
	Page 92 
	Page 93 
	Page 94 
	Page 95 
	Page 96 
	Page 97 
	Page 98 
	Page 99 
	Page 100 
	Page 101 
	Page 102 
	Page 103 
	Page 104 
	Page 105 
	Page 106 
	Page 107 
	Page 108 
	Page 109 
	Page 110 
	Page 111 
	Page 112 
	Page 113 
	Page 114 
	Page 115 
	Page 116 
	Page 117 
	Page 118 
	Page 119 
	Page 120 
	Page 121 
	Page 122 
	Page 123 
	Page 124 
	Page 125 
	Page 126 
	Page 127 
	Page 128 
	Page 129 
	Page 130 
	Page 131 
	Page 132 
	Page 133 
	Page 134 
	Page 135 
	Page 136 
	Page 137 
	Page 138 
	Page 139 
	Page 140 
	Page 141 
	Page 142 
	Page 143 
	Page 144 
	Page 145 
	Page 146 
	Page 147 
	Page 148 
	Page 149 
	Page 150 
	Page 151 
	Page 152 
	Page 153 
	Page 154 
	Page 155 
	Page 156 
	Page 157 
	Page 158 
	Page 159 
	Page 160 
	Page 161 
	Page 162 
	Page 163 
	Page 164 
	Page 165 
	Page 166 
	Page 167 
	Page 168 
	Page 169 
	Page 170 
	Page 171 
	Page 172 
	Page 173 
	Page 174 
	Page 175 
	Page 176 
	Page 177 
	Page 178 
	Page 179 
	Page 180 
	Page 181 
	Page 182 
	Page 183 
	Page 184 
	Page 185 
	Page 186 
	Page 187 
	Page 188 
	Page 189 
	Page 190 
	Page 191 
	Page 192 
	Page 193 
	Page 194 
	Page 195 
	Page 196 
	Page 197 
	Page 198 
	Page 199 
	Page 200 
	Page 201 
	Page 202 
	Page 203 
	Page 204 
	Page 205 
	Page 206 
	Page 207 
	Page 208 
	Page 209 
	Page 210 
	Page 211 
	Page 212 
	Page 213 
	Page 214 
	Page 215 
	Page 216 
	Page 217 
	Page 218 
	Page 219 
	Page 220 
	Page 221 
	Page 222 
	Page 223 
	Page 224 
	Page 225 
	Page 226 
	Page 227 
	Page 228 
	Page 229 
	Page 230 
	Page 231 
	Page 232 
	Page 233 
	Page 234 
	Page 235 
	Page 236 
	Page 237 
	Page 238 
	Page 239 
	Page 240 
	Page 241 
	Page 242 
	Page 243 
	Page 244 
	Page 245 
	Page 246 
	Page 247 
	Page 248 
	Page 249 
	Page 250 
	Page 251 
	Page 252 
	Page 253 
	Page 254 
	Page 255 
	Page 256 
	Page 257 
	Page 258 
	Page 259 
	Page 260 
	Page 261 
	Page 262 
	Page 263 
	Page 264 
	Page 265 
	Page 266 
	Page 267 
	Page 268 
	Page 269 
	Page 270 
	Page 271 
	Page 272 
	Page 273 
	Page 274 
	Page 275 
	Page 276 
	Page 277 
	Page 278 
	Page 279 
	Page 280 
	Page 281 
	Page 282 
	Page 283 
	Page 284 
	Page 285 
	Page 286 
	Page 287 
	Page 288 
	Page 289 
	Page 290 
	Page 291 
	Page 292 
	Page 293 
	Page 294 
	Page 295 
	Page 296 
	Page 297 
	Page 298 
	Page 299 
	Page 300 
	Page 301 
	Page 302 
	Page 303 
	Page 304 
	Page 305 
	Page 306 
	Page 307 
	Page 308 
	Page 309 
	Page 310 
	Page 311 
	Page 312 
	Page 313 
	Page 314 
	Page 315 
	Page 316 
	Page 317 
	Page 318 
	Page 319 
	Page 320 
	Page 321 
	Page 322 
	Page 323 
	Page 324 
	Page 325 
	Page 326 
	Page 327 
	Page 328 
	Page 329 
	Page 330 
	Page 331 
	Page 332 
	Page 333 
	Page 334 
	Page 335 
	Page 336 
	Page 337 
	Page 338 
	Page 339 
	Page 340 
	Page 341 
	Page 342 
	Page 343 
	Page 344 
	Page 345 
	Page 346 
	Page 347 
	Page 348 
	Page 349 
	Page 350 
	Page 351 
	Page 352 
	Page 353 
	Page 354 
	Page 355 
	Page 356 
	Page 357 
	Page 358 
	Page 359 
	Page 360 
	Page 361 
	Page 362 
	Page 363 
	Page 364 
	Page 365 
	Page 366 
	Page 367 
	Page 368 
	Page 369 
	Page 370 
	Page 371 
	Page 372 
	Page 373 
	Page 374 
	Page 375 
	Page 376 
	Page 377 
	Page 378 
	Page 379 
	Page 380 
	Page 381 
	Page 382 
	Page 383 
	Page 384 
	Page 385 
	Page 386 
	Page 387 
	Page 388 
	Page 389 
	Page 390 
	Page 391 
	Page 392 
	Page 393 
	Page 394 
	Page 395 
	Page 396 

