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LOI NOI PAU
(Lan xudt bdn thu 4)

Tit nam 1991, Nha xudt bin Gido duc dé xudt bdin cuén bai
gidng "Co sd ki thudt nhiét". D€ c6 tai liéu hoan chinh va dong
b6, chiing téi bién soan cubn "Bai tap Co sd ki thudt nhiét", da
xudét bdn vao céc nam 1992, 1995, 1998 va l&n nay xin tai bdn cé
b6 sung va suta chita. :

Sdch gom hai phan : Phan "Nhiét dong ki thudt" ¢6 5 chuong
do PGS. PTS. Pham Lé Dan, nguyén Chu tich Hoi ddng mén hoc
Ki thudt nhiét cia Bé6 Gido duc va Dao tgo bién soan va phan
"Truy®n nhiét" c6 4 chuong do GS. TS. Dang Québc Phu, hién la
Chié nhiém B6 mén Mdy lanh va Thiét bi nhiét truong Dai hoc
Bdach khoa Ha No¢i bién soan. Méi chuong déu c6 phan tom tat ly
thuyét, céong thuc, dé bai, dip’ s6, va nhidu bai c6 huéng dén,
cubi sach c6 phan phu luc cung cdp du s6 liéu cbn thiét dé lam
bai tap.

Céc bai tdp c6 nhiéu muc dé khdac nhau, nén cuén sach con cé
thé diing cho cac truong trung cdp ki thugt, cao dang, va cang cé
thé ding cho sinh vién cdac ﬁgt‘znh hoc sGu, hoc vién cao hoc, hodc
nghién cuu sinh thuéc nganh nhiec.

Chung téi da hét suc c6 gang ké thita, cGp nhdat nhitng kinh
nghiém t6t ¢ trong nudc cing nhu ngoai nudc, da sua chita sau
cac lan xudt bdn, nhung chac vadn khéng tranh khéi nhitng thiéu
sot va nham lén nho.

Chung téi rat vui mung khi duoc ban doc su dung va goép
y kién.
Xin chan thanh cam on ban doc.

Céc tdc gia
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PHAN MOT

NHIET DONG Ki THUAT

CHUONG 1

NHUNG KHAI NIEM CO BAN VA PHUONG TRINH
TRANG THAI CUA MOI CHAT O PHA KHI

A - TOM TAT NOI DUNG

1. Dinh luat pha ctia Gibbs V=C +2 - P (1-10)

V - s6 thong s6 doc lap t6i thi€u can thist d€ xac dinh mét
trang thai ;

C - s6 thanh phan déng nhat trong hé ;
P - s6 pha cung tén tai trong hé.

2. Phuong trinh trang théi cta khi li tudng
Déi v6i 1 kg khi If tuéng :  pv = RT (1-12a)
Dé6i v6i G kg khi li tuéng : pV = GRT (1-12b)
Déi v6i 1 kmol (ukg) khi li tudng : pVu = Ru.T  (1-12¢)
P — 4p sudt tuyét d6i, don vi & day dung N/m? (Pa) ;
T - nhiét d6 tuyét déi, K ;
V - thé tich cia méi chat, m3 ;
G - khéi lugng ctia mai chat, kg ;
v - th& tich riéng ctia méi chat, m3/kg 3 P o= ;1,- - méat do cua

moéi chat, kg/mj -

# - phan ti lugng ciia méi chit ; u kg goi 1a mot kilomol.
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V/ - thé tich ctia 1 kmdl méi chit, thay ddi theo trang thai ;

3 diéu kién tiéu chufn (760 mmHg va 0°C), tdt ca khi li tudng
déu cd thé tich bing 22,4m3, nghia la Vy = 22,4m3tc/kmol.:

- R, - hang s6 phg bién cia méi chat, tat ca khi i tudng déu co
R/‘ bang nhau, va trong hé don vi trén bang 8314 J/kmoél.K.

R - hang s6 chét khi, méi chit cd gid tri khac nhau va bang :

R,u 8314
u

3. Phuong trinh trang thdi ciia hén hgp khi li tudng

Dé6i v6i hén hop khi li tudng, ¢6 thé dung ciac phuong trinh
(1-12a, b, ¢), chi cdn xdc dinh céc dai lugng tuong duong ctia hén
hop.

Riéng vdi ting chdt khi thanh phén, cé thé viét phuong trinh
trang thai :

p .V = G.R.T (1-18a)
hosc pV, = G.R,T | (1-18b)

trong dé : T — nhiét do tuyét déi cia hén hgp, bing nhiét do
cua tiing chdt khi thanh phén, K.
G - khéi lugng ctia hén hgp, bang tdng khéi lugng ctia cdc chit
G.

n
khi thanh phan : G = 3, G, va & = g (1-13a)
i=1

la thanh phan khéi lugng cua chdt khi thanh phéan thy i.

M - s6 kmdl cia hén hgp, bing téng s6 kmal cta cdc chat khi
n M.
thanh phan : M = Z M var = ﬁl (1-13b) 1a thanh phan kmaol
i=1l
cua chat khi thanh phén thuy i.
V - th€ tich cta hén hop, khi tach theo phan 4p suit thi bang
thé tich cia ting chdt khi thanh phan, con khi tach riéng ting

5
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- chdt ma van giit bang nhiét d6 va 4p suit cia hén hop thi bang
tdng phan thé tich cua cac ch4t khi thanh phan.

V.

n
- l i -
=2Vi vari=v (1-13b)
i=1

la thanh phan th€ tich cta ch4dt khi thanh phan thd i, bing
thanh phan kmél cia ng.

Cing cd thé tinh dé6i:

8i/H; AT ¥, /&
r, = = vag = =
2.(g/1)  2.(gR) 2rp; 2 (r/R)

p — 4p sudt tuyét d6i ctia hén hop. Khi tach theo phan thé tich

thi bang 4p suit cia ting chat khi thanh phén, khi tdach ma giit

bang nhiét do va thé tich cua h6n hop, thi bing tdng phan 4p sudt
theo dinh luat Dalton :

n :

i=1
déi v6i khi li tudng, cd thé ching minh duge (theo 1-18a, b) :

. = == (1_13(:)

n
# - phan td lugng tuong duong : u = z T, (1-15a)
i=1

1
hoac g (1-15b)
Z (8/14;)
i=1
& = ; o u g uE 8314
Hang s6 chat khi tuong duong, o6 thé tinh theo : TJ /kgK

n
1
hoac R = z gR, (1-16a) hoac R = ——— (1-16b)

= Zr/R
i=1
6
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n
Thé tich riéng tuong duong : v = E gV (1-17a) ;
: i=1
% 1
hoac B o= —— (1-17b)

n

@)

Ti=1

D&v&kﬁﬂmqhﬁz=£%¢lqwnmanm%c&pMWQ

trinh trang thai cta khi li tudng sé dua dén sai s6 qua gidi han cho
phép thi phai dung phuong trinh trang thii xay dung trén co sd
phuong trinh trang thai cia khi li tudéng, dua thém vao nhitng hé
s6 hiéu chinh x4c dinh bang thuc nghiém. Cho dén nay, phuong trinh
don gian thi thigu chinh x4c, phuong trinh kha chinh x4c thi lai phic
tap, nén thuong ding cic bang s6 hosc dé thi xay dung trén co sd
thuc nghiém ; tuy nhién dinh luat vé pha vin cd tic dung. Trong
phu luc gi6i thiéu bang bao hoa cia H,0 (16, 17), cia Hg (18,), NH,
(19), CO, (20), Fréon - 12 (21), bang nudc chua s6i va hai qua nhiét
ctia H,0 (22) ciing véi d6 thi i-s cua H,0.

B - DE BAI

1-1.* Can bao nhiéu thong sé doc lap dé xdc dinh mot trang
théi trong cac trudong hop :

a) don chit cé 1, 2, 3, pha cung ton tai.
b) hén hgp hai thanh phan 6 mét pha.

1-2.* Trong mot binh cd thé tich 0,625m3 chda 6xy cd dp suat
tuyét d6i la 23 bar va nhiét do 280°C. Hay xac dinh :

a) Ap suit thiua theo cdc don vi khac nhau : bar, N/m? (Pa) ;
mmHg (Tor), atm ki thuat, mmH,0 ; biét 4p sudt khi quyén bang
750 mmHg & 0°C.

b) Nhiét d6 cua 6xy theo do Kenvin, Farenhet va Rankin.

7
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: 4 20 & 3 Al tron
¢) Thé tich riéng va khéi lugng riéng cia oxy O trang Elugd &

binh va trang thai tiéu chuén.

d) Khéi lugng 6xy chda trong binh.

d) Thé tich cta o6xy quy ra diéu kién tiéu chuén.

1-3. Xéc dinh thé tich riéng va khéi luong riéng cia Nito &
diéu kién tidu chudn va diéu kién cd 4ap suit thia bing 0,2 atm
ki thuaé va nhiét do6 127°C. Biét 4p sudt khi quyén bing 780mmHg
3 0°C.

1-4.* Mot binh 6xy cd thé tich 0,006m3, 4p suit tuyét d6i la
120 bar, nhiét d6 27°C. Sau khi st dung, ap suit tuyét d6i con 22
bar, nhiét do khong déi. Hay tinh lugng 6xy da ldy ra.

1-5. Mot binh kin cd thé tich 0,5m3 chida khong khi & 4p suit
tuyét d6i 2 bar, nhiét d6 20°C. Héi lugng khong khi cdn 14y ra
bang bao nhiéu d€ d6 chan khéng trong binh bang 420mmHg ma
nhiét d6 khéng d6i, biét ap sudt khi quyén bing 768 mmHg & 0°C.

1-6.* Mot khinh khi cau cd thé tich 1000m3 chda hydrd dugc
tha vao khi quyén. Tinh luc nang khinh khi ciu lén, biét 4p suit
va nhiét do cia khong khi va khi cidu bing 1 bar va 27°C.

1-7. Pittong chuyén dong trong xilanh chda khi li tudng. Trudc
khi chuyén dong 4p sudt thua trong xylanh 1a 0,2at ; sau khi
chuyén déng, d6 chan khong trong xylanh bang 600mmHg & 0°C.
Biét ap sudt khi quyén bang 780mmHg & 0°C.

a) X4a¢ dinh su thay déi thé tich, néu nhiét do cua khi
khong déi.

b) Xac dinh su thay d6i thé tich, néu nhiét doé giam xudng con
moét nua.

1-8. Trong mot xylanh kin, & gilta ¢cé mot pittong o6 the dich
chuyén khong ma sat, bén trai pitténg chia 1 kg H,, bén phai
chita 1 kg CO,. Hay xdc dinh ti s6 thé tich cta hai chat khi khj
chingcan bang nhau vé ap suit va nhiét do.

1-9.7 T\/[ot kg khong khi kho ¢ thanh phan khéi lugng cua N,
la 76,8% ; cua O, la 23,2%.

8
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a) X4c dinh thanh phin thé tich, hing s6 chdt khi, phan tu
lugng tuong duong ctia hén hgp va phan 4p sudt cia ting chit
biét téng 4p sudt 1a 760mmHg.

b) Tinh phan thé& tich cta ting chit, néu nhiét d6 cia hén hop
la 27°C.

1-10. Thanh phadn thé tich cta sdn phdm chéay la :
CO, =12,3% ; O, = 7,2% ; N, = 80,5%. Hay xdc dinh phan tu
lugng, hang s§ chit khi, thé tich riéng va khéi lugng riéng cua
hén hop & 4p sudt bing 1 bar va nhiét do bing 800°C.

_ 1-11. Mot binh chda cé thé tich 1,28m3, hén hgp khi & trong
binh c¢d 4p sudt 5 bar, nhiét d6 18°C ; thanh phan thé tich cua
H, la 46%, cia CH, 1a 32%, cia CO la 15%, cia N, 1a 7%. Sau
kh1 st dung, ap suat trong binh con 3,2 bar, nhiét do con 12°C.
Hay xac dinh lugng hén hgp khi da 14y ra st dung.

1-12. Mot bong den dién chita khi N,, khi chua sing trong
béng dién cd nhiét do 25°C va d6 chan khéng 200mmHg ; khi
sang 6n dinh, nhiét d6 phan hinh cdu 13 160°C, phan hinh tru la
70°C. Hay x4c dinh 4p suit lic dd, biét thé tich phan hinh ciu la
90cm3, phan hinh tru la 15cm3 va 4p sudt khi quyén bing
760mmHg & 0°C. -

1-13. M6t binh kin hinh tru, phan trén chda khong khi cé
chiéu cao la 1m 4p sudt bing 4p sudt khi quyén la 1 bar, phan
duédi 1a nudc cé chiéu cao 2,24m. Cho nudc chay ra tu 16 nho &
ddy, hoi chiéu cao cot nudc sé la bao nhiéu khi nuéc khéng thé
chay ra khoi binh dugce nita, gia thiét nhiét do khong khi giit khong
dai.

1-14.* Xac dinh cac théng s6 trang thai cta hoi nuéc trong 2
truong hop : a) p = 12 bar ; t = 200°C ; :

b) p = 10 bar ; v = 0,17 m3/kg.

1-15. Hay x4c dinh bang bang va dé thi khoi lugng va entanpi
cia 0,5m> hoi bao hda &m cd 4p suit 10 bar va do kho bang 0,9.

1-16.* Hoi nuéc biao hoa &m & 4p sudt p = 0,05 bar, d6 kho
0,83, luu lugng la 25kg/s di vao binh ngung, ngung tu dang ap
thanh nudc biao hoa.
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a) Hay xdc dinh cdc théng s6 trang thai truéc va sau binh
ngung.

b) N&u nhiét d6 nuéc 1am mat tang lén 11°C, hay xdc dinh luu
lugng nudc lam mat.

1-17. Mot bao hoi c6 thé tich 12m3 chia 1800 kg nudc sb6i va
hoi nuéc bao hoa khé & ap sudt 110 bar. Hay xédc dinh khéi luong
nudc va hoi & trong do.

1-18. Tinh d6 khé cta hoi thiy ngan c6 ap sudt 14,34 bar va
thé tich bang 0,021 m3/kg.

1-19. X4c dinh théng s6 trang thii cta hoi améniac cd nhiét
do 0°C va entanpi bing 1050,2 kd/kg.

1-20. X4c dinh théng s6 trang thai cta hoi fréon - 12 c6 nhiét
do bang -10°C va entropi bang 4,63743 kd/kg.dd.

C - DAP SO VA HUONG DAN

1-1. DS :a)2;1;0.b) 3.

Theo dinh luat pha : V= C + 2 - P ta tinh dugc thong s6 doc
lap cdn thiét d€ xdc dinh moét trang thai :

a) Véi don chit (C = 1), mot pha (P = ) tacd: V=1+2-1=2
thong s6 doc lap.

Véi don chét, hai phacung tontaiP = 2, tacs: V=1+2-2=1;

Véi don chat, ba pha cung ton taiP = 3,tac6: V=1+2-3 = 0.

Nhu vay, véi don chat, mudén xac dinh trang thai 1 pha, can 2
théng s6 doc lap, trang thdi ¢6 2 pha cung tén tai chi cidn mot
thong s6 doc lap, thuong dung p hoac t ; con trang thai 3 pha
cung ton tai d6i v6i méi chdt 1a hoan toan xic dinh, khéng con
thong s6 doc lap nao cd thé€ chon, hoiac cd thé thay déi.

. b) Véi hén hogp 2 cdu tit (C = 2), mét pha (P = 1) ta cd
V =2+2-1 = 3), nghia la cdn 3 thong s6 doc lap, thi du ap
suidt, nhiét do va thanh phan khéi llwng hoac thé€ tich cia mot
cdu tu nao dg.

10
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1-2. DS : a) p, = 22 bar = 22 x 105 N/m? (Pa) = 21,57 at =
= 21,57 x 10* mmH,0 = 16500 mmHg.
b) t = 280°C = 553K = 546°F = 996°R.
¢) v = 0,0625 m3/kg; £ = 16 kg/m?; v, = 0,7 mkg; £, = 1,43kg/m’;
d) G = 10kg ; V_ = Tm3t.c.
750 x 133,32
10°
= 22 x 10 > N/m* (Pa) = 21,57 at
= 21,57 x 10*mmH,0 = 16500 mmHg (Tor).
280 x 9

HD:a)p;=p-p, =23 - = 22 bar =

b) t = 280°C = 280 + 273 = 553K = —— + 32 = 5460F =
+
_ (280+273)9 _ —
5
' T . 8314 x 553 1
Ove=—-= —— 2" =-0,0625 m3kg; P = — = 16 kg/m3;
p 32 x 23 x 10° g:r =3 g .
224
—_ T 3
Vo = 33 = 0,7 m3/kg
, RT, 1 P i
hoac tinh theo v = . Po = V_o = R_To = 1,43 kg/m
\Y, AV, 23 x 10° x 0,625
d)G=—p—Thoac=;;duch= 831’; ke
3—2(280+273)
0,625
hoac = 0.0625 ~ 10kg.
VL E h 3 — .9_ &= 1_0 = 7 t
d) VO = po T oac f) N 1,43 = {m7tc

. — 3 : == 3. = "
1-3. PS : v, = 0,8 m%kg ; £, = 1,25 kg/m? ; v = 0,96 m¥/kg;
P = 1,04 kg/m? ;

1-4. DS : AG = 0,76 kg.
11
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PiVi  120x 105 x 0,006

HD : G, = - = 0,93 kg;
1~ RT 8314 '
1 Fmiialy
35 (27+273)
o - P2z _ 22x10°x0,006 .
2~ RT, 8314 — PSSR
2 —3—2—(27+273)

AG = G, - G, = 0,93 - 0,17 = 0,76 kg hoac tinh AG = G, - G,
V i ol

1-5. bS : AG = 0,91 kg.
1-6. BS : F = 10800N.
HD : Khéi lugng H, trong khinh khi cau :

_1x10° x 1000
1~ 8314
2

G = 80kg ;

x 300

Khéi luong khong khi da bi khinh khi cdu thay thé :

1 x 10° x 1000
G, = gz, = 1160 kg
x 300

29

Lyc n2ng qua cdu : F = (G, - G)).g = (1160 - 80)10 = 10800N.

. pV _ 1x105x1000 ~
hogic tinh F = o (U~ My1)-8= 53125300~ (29~ 2)10 = 10800N.

1-7. PS : a) V,/V, = 5,16 ; b) V,/V, = 2,58
1-8. DS : Vjy /V = 22

12
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1-9. bS :
a) ry = 21%; ry = 79%; R= 287J/kg.dé; u = 29 kg/Kmol ;
, N .

Py 159,4 mmHg ; py = 600,6 mmHg.

Y

b) Vo = 0,16m3.

2 .

HD : a) Thanh phan thé tich cta 6xy tinh theo :

VOZ‘ M0 . /,u g():/,tl()2
r =
2 Z ZN[ ZG /,“ zgﬁ“‘j
_ 23,2/32 0 o1
= m = 0,21 = 21%.
32 28
BN /e, 76,8/28
Zg /ﬂ ~ 533 768 = 0,79 = 79%.
32 28
8314 8314
R = 2gR, = 0,232~ 35 + 0,768 —o— = 287 J/kg.do.

. 8314 . 8314
n = > ryu; hodc = R thay vao duge y = 287 = 29 kg/Kmol.

=rp—>py = 0,21 x 760 = 159,4‘mmHg.

P;

Py = 0,79 x 760 = 600,6 mmHg.

3

021 x 1x 8314 x 300
b) Té pV, = GRT = gGRT —»V,, = (6:/750)105 S, = 0l6m’
2 { ‘

VN, = IyVvV = rN: ; - = 2 = 0,61113
30,3 kg/kmol ; R = 274 J/kg.db ;

v = 294 m¥kg ; p = 0,34 kg/m3.
1-11. bS : G = 21,67 kg.

[u—y
ot
-
o)
n
Il

I

13

S6 héa boi Trung tam Hoc liéu — DHTN http://'www.lrc-tnu.edu.vn



1-12. DS : p = 785 mmHg.

1-13. bS : x = 2m.

1-14. PS : a) v = 0,1693 m%kg ; i = 2816 kd/kg -
s 6,588 kdJ/kg.do.
b) x = 0,875; i = 2525,825kd/kg; s, = 6,031 kJ/kg.do.
HD : a) Néu ding bang, so sanh thdy t = 200°C 16n hon nhiét
dd bao hoa & ap suit 12 bar (187,95°C) hoic p = 12 bar, nho hon
ap sudt biao hoa ¢ nhiét do 200°C (15,551) nén la hoi qua nhiét,
tra bang theo p = 12 bar va t = 200°C ta duge v = 0,1693 m%/kg ;
i = 2816 kd/kg, va s = 6,588 kdJ/kg.do ; mudn tinh u ta thay
u = i- pv, cdn chi y 12 i phai dung J/kg, p dung N/m? va v la
m3/kg, dugc u la J/kg ; cu thé 1a : u = 2816 x 103 - 12 x 105 x
x 0,1693 = 829400 J/kg = 829,4 kd/kg.
Né&u dung d6 thi, ta thdy giao di€m cua hai dudng p = 12 bar
va t = 200°C ndm trong viung hoi qua nhiét va dugc dép s6 nhu
trén.

b) Néu dung bang ta thdy v’ < v < v’ § dp sudt 10 bar nén la hoi
v-v’ 0,17 -0,0011273
v’ —-v’ ~ 0,1946 —0,0011273

i =1 +x(@ -i) =1 +xr= 7627+ 0875 x 2015 =
= 2525825 kJ/kg.

bdo hoa &m, cé d6 kho x : = 0,875

s, = s+ x(s” - §) = 2,138 + 0,875(6,587 - 2,138) =
= 6,031 kJ/kg.do.

Néu dung d6 thi i-s, tim giao di€ém cua dudng p = 10 bar va
v = 0,17 m3/kg. (ndi suy gita 2 dudng v = 0,01 m3/kg va
0,20 m3/kg) sé tim duge két qua nhu trén.

<
I

1-15. DS : G = 2,9kg ; I = 7520kJ.
1-16. DS : G = 1090 kg/s.

14
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HD : Dung phuong trinh can bing nhiét : G,(i, - i) = G c (&, - t),.
dugc
_ Gy(, _iz)
cn(tZ - tl).
i, =i+ X, =1 néni-i, = x;r, = 0,83 x 2423 = 2011kJ/kg.
C, = 4,18 kd/kg.do, t, - t, = 11°C nén thay vao dugdc :

25 x 2011
= 418x1l = 1090 kg/s.

Gn
1-17. PS : G, = 643,2kg ; G, = 1156,8 kg.
1-18. PS : x = 0,90.
1-19. DS : x = 0,50 ; p = 4,294 bar ; v = 0,145783 m3kg ;
s = 6,4981 kJ/kg.do ; u = 987,6 kd/kg.
1-20. PS : x = 0,80 ; p = 2,1910 bar ; v = 0,062644 m3/kg ;
i = 536,982 kJ/kg.

1

CHUONG 2

DINH LUAT NHIET THU NHAT VA CAC QUA TRINH
CO BAN CUA MOI CHAT O PHA KHI VA HOI

A - TOM TAT NOI DUNG

1. Tinh nhiét lugng

p ,
a) Theo sy thay ddi nhiet do : Tit ¢ = 3 2-1)
cd thé viét :
Psi voi mot qua trinh phan t6 cd : dq = cdt (2-5a) ;

15
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» 2
. DGi véi mot qua trinh hitu han, ¢ : |q, = [ cdt, c thé thay
: 1
c(t) réi 14y tich phan dugc g, hoac bang dién tich 12t,t, trén dé
thi c-t, hoac

t

=] =t (2-5d),
. 1
1, Y B 5
hoac =fcdtv—fcd1:=c].tz—c]‘tl (2-5e)
0 0 0 0

¢ - nhiét dung riéng cia moéi chit, tuy theo don vi do luong

moi chit va dac diém cla qué trinh ma chon cho thich hop.
% t t

1 2 2

c ] : 8 ] i e ] - nhiét dung riéng trung binh trong pham
0 0 t

vi nhiét do tu 0 dén t, ti 0 dén t, va tit t, dén t,. Trong céc bang
thudng cho nhiét dung riéng thuc hodc nhiét dung riéng trung
binh ti O dén t theo cong thic hoac bang ; lic d6 mudn tim -

ty t] + t2
€ ] thl thay t = ——
2
ll
vao nhiét dung riéng thuc hoac t = t; + t, vao nhiét dung
riéng trung binh ti 0 dén t. Néu khong phai mét don vi méi
ch4t, phai nhan thém sé don vi khi tinh nhiét lugng.

b) Tinh nhiét iuong theo su thay déi entrépi : dg = Tds.

S

Ta duge q, = f-Tds

S.
i

thay quan hé cia T vdj s sé tinh dugc |q,, thudng dung vai
qua trinh ding nhiét ; ,q, cing bing dién tich 12s,s, trén dé

thi T-s.

16
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2. Tinh cong :

Cong dan nd hoac cong thay déi thé tich : dl = pdv.

v

I = f pdv, thay quan hé p(v) 14y tich phan duge I, né cing

v
1

bang dién tich 12v,v, trén dé thi p-v. |
Céng luu dong dl,, = d(pv)
v Ly = P2v2 ~ Py
Cong ki thuat dl, = -vdp
P
Kkt

P,
bang dién tich 12p,p, trén d6 thi p-v.

(2-10)

(2-11)

I, = [ vdp (2-12), thay v(p) ldy tich phan dugc I, nd cing

3. Bi€éu thic caa di

h RAHERIBIATG it |
TRUNG TAM HOC LIEU (2-13a).

dq
={du + pdv (2-13b),
= di - vdp (2-14a)
= di +dl,, (2-14b).
Do6i véi khi li tuong : dq = ¢ dT + pdv (2-15a)
= cpdT - vdp (2-15b)
4. C4c qua trinh co ban cta khi li tudng
Phuong trinh chung ctia cdc qua trinh :
pv" = const (2-16)
c-c,
n =
8 — 8,

n = 0, duge phuong trinh qua trinh dang 4p : p = const (2-16a)
n = 1, duge phuong trinh qua trinh ding nhiét : pv = const

hoac T = const

T

2-BT

S6 héa boi Trung tam Hoc liéu — PHTN

(2-16b).
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(@]

n =k = EE’ dugc phuong trinh qua trinh doan nhiét p\}‘ = const
d (2-160)
n = + o, dudc phuong trinh qua trinh déng tich : v = const
(2-16d)
Quan hé giita cic thong s6 co ban : trudng hop chung co :
n—1 l
- -
T, P ° el
= - |5 = = (2-19c¢)
T, P V2
‘T, v,
Vé6i qua trinh dang dp duge : — = — (2-19d)
; . R Ty oy A
4 . T, p
Véi qua trinh dang tich : i (2-19e)
T, p
i A . | .
Véi qua trinh dang nhiét : ™ hodc p,v, = p,v, (2-19g)
1

[}

"\/fdi.qué trinh doan nhiét : thay k cho n trong cong thuic (2-19c).

Lugng thay déi cac thong s6 trang thai : D6i véi tat ca qua
trinh cta khi li tuéng :
T
Au=u,—u,= [ ¢dT (2-20b) = dién tich 12 s,.s, trén d6 thi T-s.

1]
T,
A= L= f[ ¢, dT (2-21ab) = dien tich 125, s, trén d6 thi T-s.
1
Ae = e, - e, = Ai - T As 5 (2-23)
T, v, T, P> v, o y
As=cln =—+Rln —=cln =~—Rln —=cIn —+cln — =cln =
L ¥ P T, P, P oY Py T,
(2-22a, b, c).
18
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Nhict lugng 6 thé tinh tit dq = cdt (2-5a, b, ¢, d, e), trong do

n —k
_ vy — {
theo gid tri cia n, tacé 1 ¢ < 0 khi 1 < n < k, cdc truong hop
khicc > 0 ;¢ = 0 doi vai qua trinh doan nhiét va ¢ = * « doi
v3i qua trinh dang nhiét. . -

¢ Ia nhi¢t dung riéng cta qua trinh da bién : ¢ = ¢ tuy

Nhiét lugng cing duge tinh tiu dq = Tds ; 9, = f_'l‘ds,
. .

bang dién tich 12s.s
tinh theo.

; trén do thi T-s. Nhiét lugng cing cd thée

dq = du + dl (2-13a) va ¢ = Au + 1] (2-24)
dq = di +dl, (2-14b) va q = Ai +1,  (2-24b)

Coéng dan nd dugce tinh theo : dl = pdv va

o n—1
%
| 1 Py¥ P> °
= §= — ;= ] e - | — ‘)—-‘7:‘
1 { pdv —T (P P-V,) — [1 15 ] (2-25a)

1
Riéng qud trinh ding nhiét n = 1, phai tinh theo :

v, v,
= pyvIn — = RT|ln — (2-25b)
\'l \'l

L

I cang bang di¢én tich 12v,v, trén d6 thi p-v. Vai kht 1l tuéng
c¢é the tinh

R

| = — (T, — T, (2-25by. Co th¢ tinh dl = dq - du va
n - .
| = q - Au (2-25¢), cung co thé bic¢u thi bang dién tich trén

do thi T-s.
M
Cong ki thuat : dl = -vdp va l = f vdp = nl  (2-26a),
P
bang dicn tich 12p,p, trén do thi p-v. Cang e¢d thé tinh theo
dl,, = dq - di va l,, = q - Ai, cing co thé biéu thi bang dién

tich tren do thi T-s.
19
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5. Cic ua trinh co ban caa khi thuc

Trude Lét phai xdac dinh dudge trang thai dau va trang thai cuoi
-cta qua trinh theo bang hoae do thi i-s hoac T-s. Trang thai dau
xdc dinh nhu trong chuong 1. trang thai cudi duge xdc-dinh theo
mét thong s6 doc lap da (»'hn. tl}()ng =0 thu hai lay th(:() d:)(: du’-m_
qua trinh. thi du qua trinh dang ap co p, = py. dang tich co
Wy = Vi ding nhiét co t, = t . doan nhiét ¢6 s, = s, v.v.... sau
dé co cac thong s6 ¢ cac trang thai @ p, t. v, 1, s, con u duoc
tinh theco u =i - pv.

Luong thay déi cdc thong so trang thai duge tinh :
Al = i, - i3 Au = u, = u; = 8i = (pyv, ~ pyVy), chu ¥ 1a déi
vdi khi thue. trong qua trinh dang nhi¢t Au va Ai khong bang 0.

As = 8. = 8 ; Ae = e, - e; = Al - T As.

Nhiét lugng q it tinh theo nhiét dung riéng, vi ¢ thay déi rat
nhiéu, gita cac pha va khi chuyén pha ¢ = % o ; thuong tinh
theo dq = Tds, nhat 1A qua trinh dang nhi¢t : hoac theo cong thie
(2-13a). (2-24) ; (2-14b), (2-24b) nhu phan trén. Nhiét luong
cing bang di¢n tich 12x.5 trén T-x.

o
Cong dan nd. tinh theo dl = pdv val = f pdv doi vai qua

\
|

trinh ding dp va dang tich : cie qua trinh khie ¢6 thé tinh theo :
Il = g - Au (2-25¢) no cung ¢o the bicu thi bang dién tich 12v v,
trén do thi p-v.

M
Cong ki thuat. tinh theo dl“ = =wdp vh IM = f vdp doi vai

P
qud trinh ding tich va ding dap. Vi cie qua trinh khie ¢d the
tinh theo : dl, = dq - di hoac I, = ¢ - Ai. Cong ki thuat cung

¢é the bicu thi bang dién tich 12p,p, trén do thi p-v.

B - DE BAI

2-1." Xdac dinh luong nhién licu dung trong 1 gig cia mot nha
may nhiét dién ¢ tua bin hoi vai cong suat 500kW, biét nhiét tri
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cua nhien licu bang 30000kd kg va hi¢u suat nhiét cha hé thon.:
bang 307 .

2-2.* Mot nha may nhiét dién trong 10 gis dung hét 100 tian
nhién licu ¢ nhict tri bang 28000 kJ/kg. Thit xidc dinh lugng diin
da =in xudt ra va cong sudt cia nha mdy, bi¢t hicu sudt cua nha
may nhi¢t dién bang 30%.

2-3." Dua mot dong khong khi ¢6 luu lugng bang 0,473m*h &
ap sudt tuyct doi 8,314 bar khong dai tu nhict do 200°C dén S00°C.

a) Tinh nhi¢t dung rieng khoi luong dang dp trung binh trong
pham vi nhi¢t do tu 200°C-dén 800°'C theo ciae dang nhiét dung
riéng co trong phu luc.

b) Tinh nhi¢t lugng cin thiét cung cdp trong mot gio.

2-4. Tim nhiét dung riéng khéi lugng dang ap trung binh va
nhi¢t dung riéng thé tich dang tich trung binh trong pham vi nhiét
do tir 200°C dén 800°'C cua khi nita.

2-5." Mot kg khong khi tu nhiét do 20°C, ap sudt tuyét doi 2
bar, tién hanh qua trinh dang dp dén nhiét do 110°C.

a) Bi¢u dién qua trinh trén do thi p-v va T-s ;

by Tinh thé tich & trang thai cudi cua qua trinh

¢) Xie dinh bang s6 va dién tich trén cie do thi cde dai lugng
sau @ Au. Al As, nhi¢t lugng, cong dan nd va cong ki thuat trao
d0i trong qua trinh : cho nhi¢t dung riéng la hang s6.

2-6. Nguai ta lay nhiét tu khong khi trong xi lanh ¢6 thé tich
o damg’ ap suat tuyét doi 5 bar, nhiét do 4007°C d¢ nhiet do giam
~aong dén 0V°C trong diéu kién dan suat khong doi.

a) Bicu dién qua trinh trén do thi p-v va T-s :

b) Tinh quang dudong pittong dich chuyén, cho biét duong kinh
cua xi lanh Ia 600mm ; :

¢) Xdce dinh bang s6 va dién tich 1rén ciac d6 thi p-v, T-s cic
dai lugng : Au, Ai, As, nhiét lugng, cong dan no, cong ki thuat

trao doi trong qua trinh, cho nhi¢t duny »ivn- 1a hang so.

21
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2-7.* Mot binh kin ¢ thé tich 0,12m?* chia khi oxy cd ap =u:t
tuvet d01 10 bar va nhiét do 50°C, 'sau khi tién hanh mot qua trinh
dang tich, nhiét do tang dén 150°C.

a) Bi¢u dién qua trinh trén do thi p-v va T-s

b) Xdc dinh khoi lugng oxy va ap suit cudi cung ;

¢) Tinh AU, Al AS, Q. L, L, theo con s6 va dién tich trén do
thi p-v hoac T-s.

2-8. Mot binh cé dung tich 90 lit chda khong khi ¢ dp suat
tuyét doi 8 bar, nhiét do 30°C. Hay xac dinh luong nhiét can cap
cho khong khi dé dp sudt tang lén dén 16 bar.

2-9." Co 12 kg khong khi & nhiét do 27°C, ap sudt tuyét doi 6
bar. tién hanh qua trinh ding nhiét dén thé tich bang 4 lan thé
tich ban dau.

a) Bidu dién qua trinh trén d6 thi p-v va T-s

b) Xac dinh cdc thong s6 co ban ¢ trang thai cudi :

¢) Xdc dinh bang s6 va dé thi cic dai lugng AU, AL AS. Q. L.
L.

%

2-10. Khi nén dang nhict 1.3 kilomol héli can thai mot nhiét
luong 3500J. Xdc dinh thé tich, dp suit diu va cudi cia qua trinh
¢ong nén néu qua trinh duge tién hanh o nhiét do 30°C khong doi
va dp sudt ban dau la 6 bar.

2-11." Hai kilogam khong khi dan nd doan nhiét tu nhiét do
327°C, ap sudt tuyét dGi 10 bar dén ap suat tuyét doi 1 bar.

ai Bic¢u dién qua trinh trén do thi p-v va T-s ;

by Xac dinh thong =6 ¢g ban d trang thai cuadi ;

¢) Ndc dinh bang =0 v do thi cac dai lugng AU, AL AS. Q. L. L

2-12. Khong khi c¢o thé tich 2.18m°, nhict do 15°C, ap suat
1 bar. khi bi nén dean nhict nhan duge lugng cong thay déi thé
tich 1a 471kJ. Hay xic dinh nhiét do cuéi, luong thay déi noi nang
va entanpi.

2-13." Mot kilogam khong khi ditoe nén da bién véin = 1.2
tu nhi¢t dé 20°C. ap suat tuver dai 0.981 bar dén 7,845 bar
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a) Bi¢u dién qua trinh trén dé thi p-v va T-s ;

b) Tinh nhiét do6 khéng khi sau khi nén ;

¢) Xdc dinh Au, Aj, q, I, I, theo s6 va dién tich trén do thi.

2-14." Co6 1,5 kg khong khi duge nén da bién tu ap suit 0,9
bar, nhiét do 18°C dén 4p suat 10 bar, nhiét do 125°C.

a) Xdc dinh s6 mi da bién, thé tich sau khi nén va lugng nhiét
can lam mat

b) Néu tién hanh nén dang nhiét thi tinh lugng nhiét can lam
mat la bao nhiéu ?

2-15." Mot kilogam hoi nude & ap sudt 20 bar, do khé bang
0.85 tién hanh mot qua trinh dang ap dén nhiét do 300°C.

a) Biu dién qua trinh trén dé6 thi p-v, T-s, i-s ;

b) Bang bang va d6 thi, xac dinh cdc thong s6 v, i, s, u d cac
trang thai dau va cuéi ;

c) Xac dinh Au, Ai, As, q. 1, 1 bang bang va do thi.

2-16. Hoi bao hoa dm cd luu lugng 2500kg/h & ap suat 20 bar
va do kho 0,98, qua bd qua nhiét, nhan nhiét ding ap dén nhiét
do 400°C. Tinh lugng nhiét va céng trao déi trong 1 gio.

2-17.* Mot kilogam hoi bdo hoa kho c¢d ap sudt tuyét déi 0,15
bar tién hanh qua trinh dang tich dén nhiét d6 bang 160°C.

a) Biéu dién qua trinh trén do thi p-v, T-s, i-s ;

b) Xac dinh théng s6 ¢ trang thai dau va cudi ;

¢) Tinh Au, Ai, As, q, 1, I, bang d6 thi va bang sé.

2-18. Mot binh kin ¢o thé tich 0.2m? chita lugng hoi bao hoa
Am cd do kho 0,95. Sau mot thoi gian téa nhiét ra xung quanh,
ap sudt trong binh con 9 bar. Hay xdc dinh thong s6 6 trang thai
cudi va lugng nhiét da thai ra, biét nhiét do6 ban ddu bang 180°C.

92-19.* Hoi nudc tu ap suat 10 bar, nhiét d6 300°C tién hanh
qua trinb dang nhiét dén ap sudt bang 1 bar.

a) Bicdu dién qua trinh trén dé thi p-v, T-s, i-s ;

b) Xdc dinh cdac thong s6 d trang thai dau va cuéi ;

c) Tinh Au, Ai, As, q, 1, 1, trao déi trong qua trinh.
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2-20. Hoi bao hoa kho & ap suit 10 bar, sau khi dan nd dang
nhiét, 4p suit bang 1 bar. Hay xde dinh lugng nhiét can cap cho
hoi cong dan nd va luong thay déi ndi nang.

2-21. Mot kilogam hoi nudc tu trang thai dau co ap suat 10
bar, nhiét do6 300°C gidn nd doan nhiét dén ap suit 0,2 bar.

a) Biéu dién qua trinh trén do6 thi p-v, T-s, i-s ;
b) Xac dinh cac thong s6 trang thai & ddu va cu6i qua trinh ;
c) Tinh Au, Ai, 4s, Al, q, I, 1.

2-22. Nam kilogam hoi nudc & ap sudt 20 bar, thé tich 0,5m?
dan nd doan nhiét dén ap suat 2 bar. Hay xdc dinh thé tich, do
kho & trang thdi cudi va cong dan nd, cong ki thuat ctia qua trinh.

2-23.° Nam kilogam hoi thiy ngan bao hoa kho cé nhiét do
bang 540°C, tién hanh mot qua trinh dan nd doan nhiét dén nhiét
do 320°C.

a) Bi€u dién qua trinh trén do thi p-v va T-s ;
b) Xac dinh thong s6 & trang thai ddu va trang thai cudi ;
¢) Xac dinh AU, Al AS. L, L, cua qua trinh.

2-24.* Hoi amédniac bac hoa dm & nhiét do -10°C, dugc nén
doan nhiét thanh hoi bao hoa kho cé nhiét do 20°C, sau do lam
mat dang ap thanh nudc bao hoa.

a) Bi€u dién cac qua trinh trén d6 thi p-v va T-s;

b) Xdc dinh thong s6 trang thai ¢ cac trang thdi dau, giua
va cudi ;

c) Xac dinh Au, Ai, As. g. 1. 1, cia tung qua trinh.

2-25.* Nam kilogam hai fréon -12 bao hoa &m & nhiét d6 -20"C
duge nén doan nhiét thanh hoi bao hoa khé & nhiét do 40°C, sau
do lam mat diang dap thanh nudc bao hoa.

a) Biéu dién cdc qua trinh trén d6 thi p-v va T-s;

b) Xac dinh thong s6 trang thai & cac trang thai dau giva
va cudi ;

c) Xac dinh AU, Al AS, Q, L, L, cta tung qua trinh.
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C - DAP $O VA HUONG DAN

2-1. DS : 200kg/h.

N x 3600 500 x 3600

~ g = 200 kgh
Q x4~ 30000 x 0,30 &

HD : B =

2-2. DS : W = 233333 kWh = 840 GJ ;
N = 23333 kW

10B.Q.
3600

B - lugng nhién liéu st dung trong 1 gio, kg/h ;

’1 r
HD : — kWh

Q - nhiét tri cia nhién liéu, kd/kg ;
y — hiéu sudt nhiét caa nha mdy nhiét dién ;

w
N = i kW. Trong do t - thoi gian, h.

S00

2-3. DS : a) Theo bang s6 tinh duge C ]W = 1,09 kJ/kg.do ;

theo cong thuc tinh dugce :

c, ]f”‘: = 1,0886 kJ/kg.do

Cing cd thé ldy theo bang 6 va tinh :

29,3 -
C, = 5¢ = LO1 kJ/kgK

b) Q = 18966 kJ/h.

HD : Theo bang, c¢é nhiét dung riéng khéi lugng dang ap trung
binh trong pham vi nhiét do tu 0°C dén 200°C la 1,0115 kd/kg.do
va tu 0°C dén 800°C la 1,071 kd/kg.dé nén theo céng thuc :

1 t

2 - L
& 192 Cl’ ]u by CP ]n by 4
, v == = (ge -
o ], t, -t t, - t, -

1 2
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= . ] .d’
200 300 — 200 = 1,09 kJ/kg.do

C ]x«m 1,071 x 800 - 1,0115 x 200
|\

Theo cong thidc cho trong bang phu luc : C.] :,= 0,9956 + 0,0000929 .
¢6 thé tinh :

200

C, o= 0,0956+ 0,0000929(200 + 800) = 1,08859 kdikg do

hodac tinh :

00,9956+ 0,0000929x 800) x 00— (0,9956+0,0000929x 200) x 200
Cp | =7 §00— 200

200

= 1,0886 kJ/kg.do

G 800 _ )
b) Q=GxC, ]m (800 — 200) ;
V 8314 x 10° x 0,473
Thay B = iy = —— = 29 kgh
RT 8314 .
59 (200 + 273)
dugce Q = 29 x 1,09 (800 - 200) = 18966 kJ/h

Thay C = 1,0886 duge Q = 18942 kJ/h.
Thay C = 1,01 duge Q = 17574 kJ/h.

2-4. DS :
800 - ;. 8OO j. B .
C, Lm = 1.11 ki/kgdo ;  C, ]m = 1,025 kJ/m*tc.do.
2-5. DS :
b) v, = 0,549 m¥kg
c) Au = 64,8 kl/kg = Sl\,25:sl\, trén T-s.

Ai = 90,9 kJ'kg = S12s,5, trén T-s ; AS = 0,271 kd/kg.do =

doan 58, trén T-s.

1
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q = Ai; 1= 26,1kJ kg = S12v,v, trén p-v hoac S12 15,53,
trén T-s.

l,, = 0.

HD : (Xem hinh 2-5
a) 1 Ia giao didm cua p, = 2 bar : t, = 20°C ; 2
cua t, = 110°C va p, = p,.

. RE T, B g 383 .
2 T2 2 8314 x 38 BB

Ty py T, pp 29 2% 10°

la giao diém

b) vo= v

7k
/ i
4
\¢e =110
\ ¥
NN 2
ke e ,\\ )r\/,
! \ \\ ;f \/-.\9
| *LL:-JC
PRI LI
Y, 2 o
Hinh 2-5
_ ._O 9 .
c) Au = ¢ty - t|) = S (110- 20) = 64.8kd/kg =
= q, = Sl\_ 288, trén T-s.

'3
(110=20) = 909 kJ kg = g, = = 512s,5,

l\J; P"\

tréen T—=.

T, 203 383
T _E e TS o = 271 kd /ko.dé
As = (Tpln T] 59 In 593 0,271 kJ/kg.do

= doan ss, trén T-s.

q=4ai =909 kd/kg = S I)S:l

1 =q - Au = 90,9 - 64,8 = 26,1 kd/kg = 512 18,8
trén T-s hoac
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]l = pivy, —v)) = 26,1 kd’kg = S 12 VLV trén do thi p-v

2-6. DS :x = 0,84m ; Q = Al = =425 kd = G lin 5 12 s.5
trén T-=

AU = -306 kJ = G lan S 12 $,.8, trén T-s.

L = -118kJ = G lan § 12v,v
T-s. G la khoi lugng khong khi.

2-7. DS :

b) G = 1.3kg ; p, = 13 bar.

¢) AU = 85kJ = G lan dién tich 12s,s, trén do thi T-s
Al = 119 kJ = G lan dién tich ...1 SipS2 trén do6 thi T-s
AS = 0,252 kJ/d6 = G lan doan s;s, trén T-s; L = 0 ;

172
L

én p- A 23 <. 2 tré
; trén p-v hoac S12s,s, 2 trén

-36kJ = dién tich 12p,p, trén p-v hoac G lan dién tich
21pslp.s|1.2 trén do thi T-s

HD : «(Xem hinh 2-7)

Kt

ar 1 la gino diém cta p; = 10 bar va t, = 50°C ; 2 la gine diém

cua t, = 150°C va v, - s

b4

| NI
\52
B ===,
G Q

el i
e
e 1
<0

Hink 2-7
28
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P,V 0 x 105 x 0,12 '
b) G = 1‘1=1"x1 X 0, = 1,3 ke
RT, = 8314 _ i
“‘BT (00 + 213)

_ T:—IO 150 + 273 _ o\
Py =P = A0 Hyyary T
20,9
¢ AU =Q, =GC, (t,-t) =13 —3—) (150-50) = 85kJ =

= G lan dién tich 12s,s, trén T-s.

Al = (J(II,H: -t = kAU = 119 kJ bang G lan dién tich

_]Pslps2
T, 20,9 150 + 273

S = G(edn=-) = 1,3 = oL = 0,252 kJ/do.
AS ( (L\,ln T]) 1.3 39 In 50 7 273 0,252 kd/do
L =0

L,, = Gv(p, = p,) = Vip, = py) = 0.12(10 - 13)10° = -36kJ

= G lan S 12p,p, trén p-v.
hoace :
L, = Q- Al = -31kJ = G lan di¢n tch :_’ll‘s]PSIIZZ.

2-8. DS : Q = 185kJ.
2-9. DS :

by v, = 1l4m kg ; v, = 5.6 m*V kg i p, = 6 bar:p, = 1.5 bar.

¢r AU = Al =0:Q =L =L, = 1450 kJ bang G lin dién
tich 12s.s, trén T-s.
hoae 12v,v, hoac 12p.p, trén do thi p-v.

1D : 0 1 1a gics diédm cua P = 6 bar va 4 = 27°C . 2 1a giao

dicm cta v, = 4v, vat, =t 1 (xem hinh 2-9).
~ GRTy g2 x 287 x 300 .
bV = = = — — = 1.726m"
ol 6 x 10
\"l
3,
v =g = 0.144 m~/kg ;

29
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V, =4V, = 1,725 x 4 = 69 m’ ;

v, = 0,57 1113/kg

1
I = 1,5 bar.
!A\’ 2 4
oy
Ly
My 77‘.( 4
f/ : 1§
‘ |
L L I8 e
1 3,75
Hinh 2-9
c) AU = Al = 0
v, , '
Q =L=L, =pyv, In V: =6 x 107 x 1.725.1n4

1
1450000 = 1150 kd,

bang G lan di¢n tich 12s,s, trén T-s hoac dién tich 12v vy hoac
12p,p, trén p-v.

2-10. DS : V, = 54m’ .
V, = 1.874m° ;
> = 1745 bar .

p
Llﬁ = '—3.5 l\e]
2-11. DS : L) s = 0,901\‘]“ kg z

T, = 312K = 39"C

¢) AU = ~415kJ = G lan dién tich 12,58, trén T-s.
Al = -580kJ = G lan dién tich 12\5:\51 hoac G k lan dién

tich biéu thi AU.

20
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AS =0;Q =0:L = 415 kJ bang G lan dién tich 12v,v, trén

p-v hoac G lan dién tich 12s,s, trén T -s.

L,, = 580 kJ, bang G lan dién tich 12p,p, trén p-v hoac
12[)Szps[ trén T-s.

HD : a) 1 la giao di€ém cta p; = 10 bar va t, = RIC;21a
giao diém cua p, = 1 bar va s, = s;, (xem hinh 2-11).

Hinh 2- 11
p] 1/k GRTI pl 1’k
by V, =V, (p—) = <P:>
n) () 2 A
- 2 IETR GO0 (10" = 1,797,
10 x 10°
V T
2 1.79 3
=% = g = 0.90 m" ke
P2V, 1x10%x 1,79

e _— :"2 = |)’
T, =Gr = 2x287 317K = 39°C

1

2 i B - =
c) AU—_—G.C2 (t: = tl‘) = 2 x 99 (39—3211) = =415 kJ

bang G lan dién tich 12, s, s, trén T-s.

Al :G.CP (t_,_ - t,) = k.AU = -580 kd, bang G lan dién
tich 12pszpsl hoac Gk lan dién tich 12 s, s, trén T-s.

AS = 0;Q =0
31
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1 10° (10%x0,345— 1x 1,79
= — - = : s 5000 J =
L P (plvl szz) 1.4-1 4l
= 415 kJ, bang G lan dién tich 12v, v, trén p-v hoac tu L = -AU

bang dién tich 12 s, s, trén T-s.

L, = kL = -Al = 1,4 x 415 = 580 kJ, bang dién tich

kt
12p, p, trén p-v hoac G lan dién tich 12p Sip S trén T-s.

2-12. PS : t, = 234°C ; AU = -471kJ ; AL = -659 kJ.
2-13. DS : b T, = 414 K = 141°C:

c) AU

= 87,2kd/kg ; Ai = 122,1 kd/kg ; q = -87,2 kd/kg ;
1 = -174,4 kd/kg.
1, = -209,3 kd/kg.
HD : a) 1 la giao diém cia p, = 0,981 bar va t, = 90“C 21la
giao di€m cua p> = 7.845 bar va
T. = T iy (n—1)n
p="0 )

b) Thay gia tri cta T\. p,. p, duge

. 7.845 (12112
Ty = 273 +20) (Foe)' =" = 414K = 141°C.
20,9 ,
c)Au =c (1, -t) = 59 (141 - 20) = 87,2 kd/kg.

Ai = ¢ (t, - t,) = kAu = 122,1 kJ/kg.

poe

Au va Ai duge bi¢u thi bang dién tich 12 5y, s, va 12 s, s

trén T-s, (xem hinh 2-13). s
q=c, (t, - 1)

-k
1

n—
e, —>
YV n-—

(t: —tl)

-87.2 kd/kg : bang dién tich 12s, s, trén do6 thi T-s
32

S6 héa boi Trung tam Hoc lieu — DPHTN http://www.lrc-tnu.edu.vn



I T
[l ~ -
|
[
fip==-7- e A
E
U A
Hinh 2-13
l =q - Au =- 87,2 - 87,2 = -174,4 kdJ/kg hoac

1 LS - 4
l = a1 (p;vy - P,v,) = -174 kd/kg bang dlép tich 12v, v,

trén dé thi p-v, hoac hiéu sé dién tich bi€u thi q va Au.

1, = nl hoac I, = q - Ai = -209,3 kJ/kg bang dién tich 12
p,p, trén d6 thi p-v va hiéu s6 dién tich bi€u thi q va Ai trén d6
thi T-s.

2-14. DS :n = 1,149; V, = 0,171 m?; Q_ = -195 kJ ;

Qp = -301,7 kJ. : '

¥2 P Ya
v,

' 1
HD : T¥ p, V" = n (A\"= — —>nl = lg —
¥ = Pyvy <V1) P, g , €5

lg(pl/p:)
T T Tg(vA)
. 2-15. S : b) i, = 2515 kd/kg ; v, = 0,085 m3/kg ;
: s, = 5,576 ki/kg. do.

u, = 2345 kd/kg ; v, = 0,1255 m’/kg ; i, = 3019 kJ/kg ;

s, = 6,757 kJ/kg. do ; u, = 2768 kJ/kg.

¢) g, = 504 kJ/kg bang dién tich 12 s, s, trén T-s hoac doan
trén i-s (Xem hinh 2-15).
1 = 81 kJ/kg bang dién tich 12v, v, trén p-v; 1 = 0.

1ils

33
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nl 7l
A
AN 7
2 S
I s X fia A
e g
Tﬂ I\'@;\\\\ / ,:\6\
| | |
1 1 1
v, 47D Z)
Hinh 2-15

HD : a) 1 1a giao di€m cta x; = 0,85 va p; = 20 bar ; 2 la
giao di€m cta t, = 300°C va p, = p,.

b) Néu dung bang, véi p; = 20 bar, va x; = 0,85 dugc :
=i, +x, r, = 908,5 + 0,85 x 1891 = 2515 kJ/kg.

=ty =

= 0,0011766 + 0,85 (0,09958 - 0,0011766) = 0,085 m3/kg.

s, =5, +x,(s,—5) = 2,447 + 0,85(6,340 - 2,447) =

5,756 kJ/kg do.
u, =i, - p, v, = 2515000 - 20 x 105 x 0,085 = 2345 kJ/kg.

Dung dé thi i-s, tu giao di€m 1 doc dugc cédc gia tri i, v 8
nhu phén trén va cing ti d6 tinh dugc u,.

Trang thai 2 ¢6 p, = 20 bar, t, = 300°C la hai qua nhiét vi
t, > t, (py).

Dung bang hoi qua nhiét, duge v, = 0,1255 m3/kg ; i, = 3019 kd/kg;

s, = 6,757 kd/kg. do ; U, =i, —p, Vv, =

= 3019000 - 20 x 10° x 0,1255 = 2768 kJ/kg.do

Néu dung d6 thi ti giao diém t, = 300°C va p, = p, = 20 bar,
doc dugc cic gia tri vV, 1y, s, va clng tinh duge u,.

c) qp = i, -1, = 3019 - 2515 = 504 kJ/kg, bing dién tich 12
s, s, trén T-s hoac doan thang i, i, trén i-s.

34
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1= p(v, - v) = 20 x 10° (0,1255 - 0,085) = 81000 J/kg =
81kd/kg, bang dxen tich 12 v v, trén p-v ;1 cling cd thé tinh theo

504 - 423 = 81 kJ/kg.

P
l, = fvdp =0
)

2-16. PS : Q = 1,25 x 10° kd/h.
2-17. DS : b) p, = 0,15 bar ; t, = 54°C ; v; = v, = 10,02 mi/kg;

Il =q- Au

i, = 2599 kJ/kg ; s, = 8,007 kJ/kg do ; p, = 0,20 bar ;
t, = 160°C; v, = 10,02 m’/kg; i, = 2801 kJ/kg; s, = 8,406 kJ/kg. do
c) Al = 202 kdJ/kg ; As = 0,4 kJ/kg. d6 ; Au = 152 kJ/kg ;
q = 152 kd/kg ; 1 = 0. 1, = -50 kd/kg.
HD : a) 1 la giao di€m cua P = 0,15 bar va duong gidi han
trén (x = 1) ; 2 la giao di€m cua dudng t, = 160°C va v, = v,.
b) Dung bang bzo hoa, véi p; = 0,15 bar duge v, = v'll = 10,02 m3kg;
i = i, = 25699 kd/kg ; s, = s, = 8,007 kJ/kg. do ; t = 54°C.
Dung d6 thi cing dugc két qua tuong tu.

Trang thai 2, voi t, = 160°C, v, = v, = 10,02 m%/kg > v, =
= 0,3068, nén 1a hoi qua nhiét, tra bang dudc p, = 0,20 bar ;

= 2801 kJ/kg ; s, = 8,406 kd/kg. do. Dung d6 thi i-s cing dugc
két qua tuong tu.

c) Ai =i, — i, = 2801 - 2599 = 202 RJ/kg.

<

As = s, - s, = 8,406 - 8,007 = 0,4 ki/kg. do.
Au = (i, - i) - v(p, = p,) = 152 k/kg.
q = Au = 152 kJ/kg; 1 =0; I, = q - Ai = 152 - 202 kJ/kg =~ 50 kJ/kg

2-18. DS : x, = 0,85 ; Q = 213 kJ.
9-19. DS : b) p; = 10 bar ; t; = 300°C ; v, = 0,2578 m%/kg;

i, = 3048 k/kg ; s, = 7,116 ki/kg o ; u, = 2790 ki/kg ;
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Trang théi cudi cd p, = 1 bar ; t, = 300°C ; v, = 2,638 m3/kg;
i, = 3074 kd/kg ; s, = 8,211 kd/kg. do ; u, = 2810 kJ/kg.

c) Au = 20 kd/kg ; Ai = 26 kd/kg ; As = 1,095 kJ/kg. do ;
q = 627,4 kd/kg ; 1 = 607,4 kd/kg ; 1, = 601,4 kd/kg.
HD : a) la giao di€ém cia p, = 10 barva t, = 300°C ; 2 1a giao
di€m cta p, = 1 bar va t, = t,.
b) Dung bang, vi t, = 300°C > tipy 1a hoi qua nhiét, tra bang
duge v, = 0,2578 m¥/kg ; i = 3048 kd/kg ; s; = 7,116 kd/kg. do.

u - p, v, = 3048000 - 10 x 10° x 0,2578 =

= 4
= 2790000J/kg = 2790 kd/kg.

Tit giao di€ém 1 trén do6 thi i-s cling tim dugc két qua tuong tu.

Trang thai 2 ¢ t, = t;, = 300°C > t(pZ)’ cing la hoi qua nhiét,
tra bang qua nhiét duge v, = 2,638 m¥/kg ; i, = 3074 kd/kg ;
s, = 8211 kd/kg do, u, =i, - p, v, = 3074 - 1 X 10° x 2,638
x 1073 = 2810 kJ/kg.

Tit giao diém 2 trén do6 thi i-s cling tim dugc két qua tuong tu.

c) Au = 2810 - 2790 = 20 kd/kg.

I
NS
I
e

Ai =i, - i, = 3074 - 3048 = 26 kJ/kg.

As =s, - s, = 8211 - 7,116 = 1,095 kd/kg. do.
q =T(s, —s,) = (300 +273) (8,211 - 7,116) = 627,4 kl/kg.
I =q - Au = 6274 - 20 = 6074 ki/kg.

I, = q- Al = 6274 - 26 = 601,4 kJ/kg.

q bi€u thi bang dién tich 12 s, s, trén T-s, | bang dién tich 12
v, v, va |, bang dién tich 12 p, p; trén d6 thi p-v.

2-20. DS : q-= 524 kJ/kg; Au =43,8 kJ/kg; 1 = 480 kl/kg;
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2-21. DS : b) p; = 10 bar ; t, = 300°C ; v, = 0,2578 m’kg;
i, =3048 kJ/kg ; u, = 2790,2 kd/kg ; s, = 7,116 kd/kg. do;
P, = 0,2 bar ; t, = 60,08°C ; x, = 0,89 ; v, = 6,806 m’/kg ;
i, = 2349,7 kJ/kg ; u, = 2213,6 kJ/kg.

¢)q =0;1 = 5766 ki/kg ; , = 6983 kJ/kg.

2-22. PS:V, = 3,95 m3; x, = 0,85;1 = 1781 kd.

2-23. DS : b) t; = 540°C ; p,; = 12,901 bar ; v = 0,02565 m>/kg ;
i, = 404,218 kJ/kg ; s, = 0,86898 kJ/kg do ; u, = 361127 J/kg =
= 361,127 kJ/kg ; t, = 320°C ; p, = 0,50320 bar ; s, = 0,86898
kJ/kg.d6 ; x, = 0,8 ; i, = 323,7128 kd/kg ; v, = 0,39024 m3/kg ;
u, = 304,076 kd/kg.

c) AU = - 285,255 kJ ; Al = -402,526 kJ ; AS = 0

L = 285,255 kJ ; L, = 402,526 kJ.

HD : a) 1 la giao diém ctia dudng t = 540°C véi duong x = 1.
tdc 1a dudng gi6i han trén ; 2 1a giao diém cta duong t = 320°C
va dudng s, = s,.

b) Dung bang bao hoa cta thiuy ngan, ¢ t;, = 540°C, déi véi hai
bao hoa kho, duge p; = 12,901 bar ; v, = v'l' = 0,02565 m3/kg ;
i = 11 = 404,218 kd/kg ; s, = SI = 0,86898 kd/kg. do ; u, =i -
p, v; = 404218 - 12,901 x 10° x 0,02565 = 361127 J/kg ;

Né&u dung d6 thi cing tim dugc két qua tuong tu. ‘

Trang thdi 2co t, = 320°;s, =5, = 0,86898 kd/kg.ddo nam giita
s.'2 = 0,47260 kd/kg.do ; sl‘; = 0,97190 kd/kg. d6 ; nén la hoi bao hoa

i o6 do kho x, = o098 04N _ 65, p, = 0,50320 bar
m c6 do KhO X, = 597190 —0,47260 ~ P2 T ar.

v, = v.2 + xz(v;—v:,_) =
0,000077969 + 0,8(0,48779- - 0,000077969) =
0,39024 m3/kg ;
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i, =i, +x, r, = 86,788 + 0,8 x 296,156 = 323, 7128 kJ/ke.
u, = i, - p,v, = 323712,8 - 0,50320 x 10° x 0,39024 =

= 304076 J/kg = 304,076 kJ/kg.

Néu c6 d6 thi, ciing tim dugc két qua tuong tu.

c) AU = G(u, - u)) = 5(304,076 - 361,127) = -285,255 kJ.
Al = GG, - i) = 5(323,7128 - 404,218) = -402526 kJ.
AS=Q =0;L =Q-AU = -AU = 285,255 kJ.

L, = Q- A = -Al = 407,526 kJ.
2-24. PS : b) t; = -10°C ; p; = 2,909 bar ; x; = 0,92 ;

v, = 0,385603 m’/kg ;

i, = 1565,564 kJ/kg ; s, = 85658 kd/kg. do ;

u, = 1453,393 kd/kg.

t, = 20°C ; p, = 8,572 bar ; v, = 0,149 m*kg ; i, = 1699,4 kJ/kg;
s, = 8,5658 kd/kg. do ; u, = 1571,677 kd/kg.

= 20°C ; p, = 8,572 bar ; v; = 0,001639 m?¥/kg,

= 512,5 kJ/kg.

sy = 4,5155 kd/kg. 40 ; u, = 511,095 kJ/kg.

c) Au,, = 118,284 kd/kg ; Au,; = -1060,582 kJ/kg ;
Ai,, = 133,836 kd/kg ; Ai,; = -1186,5 kd/kg.
As , = 0; As,; = 4,050 kd/kg. do.

g, = 0; ,q; = 1186,5 kJ/kg ; 1,, = -118,284 kd/kg ;

l,, = 1263,178 kd/kg ;

L3 =051, = -133,836 kd/kg ;

HD : a) 3 la giao di€m cua t, = 20°C va x4 = 0 ; 2 1a giao
di€ém gida t, = 20°C va x, = 1; 1 la giao di€m cua t; = -10°C
va S; = S,.
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b)s, = 20°C ; v, = v, = 0,149 m¥/kg ; i, = i, = 1699,4 kd/kg;
s, = s, = 8,5658 kJ/kg. do ; u, = i, -~ p,v, =

= 1699,4 - 8,572 x 102 x 0,149 = 1571,677 kJ/kg.

t; = -10°C ; s, = s, = 8,5658 kd/kg. d0 ; d0 16n hon s’ = 4,0164
kJ/kg.do ; nhé hon s; = 8,9438 kJ/kg.do nén cd do kho :

_ 8,5658—4,0164
*1 = 8,9438—4,0164

= 0,92

v, = v, +x,(v, — v, = 0,001534 + 0,92(0,419 - 0,001534) =
0,385603 m>/kg ;

i, =i +x;r; = 372,6 + 0,92 x 1396,7 = 1565,564 kJ/kg ;
u, =i, -pv, = 1565564 - 2,909 x 10° x 0,385603 =
= 1453393 J/kg = 1453,393 kJ/kg.
t, =t, = 20°C ; p; = p, = 8,572 bar ;
v, = v, = 0,001639 m’/kg ;
i, = i, = 512,56 kd/kg ; 53 = s, = 4,5155 kd/kg. do.
U, = iy — pyvy = 512500 - 8572 x 10° x 0,001639 = 511,095 kJ/kg
c) Auy, = u, - u; = 1571,677 - 1453,393 = 118,284 kJ/kg ;

Au,y = u - u, = -1060,582 kJ/kg.
Aij, =1, -i, = 133,836 kJ/kg Aiyy = iy — i, =
-1186,5 kd/kg.

As, =8, =8 = 0; As,y; = s3 — s, = 4,050 kd/kg.-do.

&~

Il

l,, = 4z ~ Ay, = ~Auy, = -118,284 ki/kg ;

1, = P, (v3 = V) = 8,572 x 10° (0,001639 - 0,149) =
1263178 J/kg = 1263,178 kJ/kg.

1

[
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1
1

wiz = —Big = 1, - 1, = ~188,836 ki/kg.
w2z = 05 Gy = 05 ,q; = i, — iy = 11865 kd/kg ;
2-25. PS : b) t; = -20°C ; p, = 1,5098 bar, x, = 0,96
v, = 0,1063 m%kg.
i, = 557, 468 kd/kg ; s, = 4,74907 kd/kg.do ;
u, = 541,419 kJ/kg.
t, = 40°C ; p, = 9,5818 bar ; v, = 0,01882 m3/kg ;
i, = 590,09 kJ/kg ;
s, = 4,74907 kJ/kg.do ; u, = 572,057 kd/kg.
t, = 40°C ; p, = 9,5818 bar ; v, = 0,7968 x 107> m%/kg ;
i, = 458,08 kJ/kg ;
s; = 4,31940 kJ/kg.do ; u, = 457,316 kJ/kg ;
c) Au;, = 30,638 kd/kg ; Au,, =- 11,744 kJ/kg ;
Ai,, = 32,622 kd/kg ; Ai,; = -132,01 kJ/kg ;
As;, = 0; As,; = -0,42967 kd/kg. do.
9, =0
q; = 0; gy = -132,01 kJ/kg.
l,, = 30,638 kJ/kg ;-1,; = 17,269 kJ/kg ;

L2 = —32,622 kd/kg, 1, .5 = 0
HD : a) 3 12 giao di€m cua t; = 40°C va x; = 0; 2 la giao
di€ém cda t, = 40°C va x, = 1 ; 1 la giao di€m cta t, = -20°C
va s, = s,.
b) t; = 40°C ; trong bang tim dugc : p; = 9,5818 bar ;

vy = v3 = 0,7968 x 1073 m3/kg ; i, = i, = 458,08 kJ/kg ;

s; = 53 = 4,31940 kd/kg.do ; uy = iy - p,v, = 458080 - 9,5818
x 10° x 0,7968 x 1073 = 457,316 kd/kg ; t, = 40°C, cing tim
dugc trong bang p, = 9,5818 bar ; v, = v, = 0,01882 m3/kg ;

i, = i, = 590,09 kd/kg ; s, = s, = 4,74097 kJ/kg.d6 ;

u, = i, - p,v, = 590090 - 9,5818 x 10° x 0,01882 = 572,057 kJ/kg.
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Y} = -20°C ; p; = 1,5098 bar ; s, = s, = 4,74097 kJ/kg. do

nhd hon s; = 4,76449 va 16n hon s, = 4,11835 kJ/kg.do nén la

; - 5
hoi bao hoa &m ¢ dé kho X, = :’22223_2’11235 = 0,96 ;

vy =v‘l +xl(v.l. —v.l)= |
= 0,0006868 + 0,96 (0,1107 - 0,0006868) = 0,106300 m>/kg.
i, =1 +xr = 400,47 + 0,96 x 163,54 = 557,468 kJ/kg ;
u =i - pv, = 557468 - 1,5098 x 10> x 0,1063 =
= 541,419 kd/kg.
¢) Auj, = u, - u; = 572,057 - 541,419 = 30,638 kJ/kg ;
Auy, = uy - u, = 457,316 - 572,057 = -114,741 kd/kg ;
Aij, =i, - i, = 590,09 - 557,468 = 32,622 kJ/kg ;
Aiyy = iy — i, = 458,08 - 590,09 = -132,01 kJ/kg ;
q;, = 0; q,; = Ai,; = -132,01 kJ/kg.
lj, = -Au, = -80,638 kd/kg ; l,; = p,(vs - v,) =
= 17,269 kJ/kg.

Ly = -Aip =1, -1, =
0.

L2z =
CHUONG 3

MOT SO QUA TRINH KHAC CUA KHI VA HOI

A - TOM TAT NOI DUNG

1. T6c do cua dong luu déng qua dng ting téc : dﬁqm
tinh theo : w, = \l2lkl, thay 1., dugc cic cong thic : ’
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w, = V20, —1,) (m/s) (3-Ta) véi don vi cia i la J/kg.
= 44,8 \li1 —1i, (m/s) (3-7b) véi don vi cua i 1a kJ/kg ;

k k By ¥2
= 472 I{—: (I:)lv1 = p2v2) = '\[2 'ﬁ plvl [1— —p—l] k (m/s) (3"7C)

Khi ti s6 &p sudt giita mat cAt ra va vao Ong tang tdc :

P k 2
L. B= (k—‘_zl_l-)ﬁ thi téc do dong bang téc d6 am thanh, co thé

Py
tinh theo :
1’ k .
w, = 2mpl vy , /s (3-9)
hoéc

w, = \’2(i =1} , m/s (3-9a)

. dugc xdc dinh theo p, = f.p,. Day la trudng hgp téc do ¢ c8
ong cua 6ng tang t6c hén hgp hoac téc do clta ra &ng tang téc nho
. , P;
ddn khi dong phun vao méi trudng cé dp suit p, voi o < B
1
2. Luu lugng cua dong luu dong qua &ng tang téc : Luu
lugng ctia dong qua tdt cd mat cit cia 6ng déu bang nhau, ¢ thé
tinh theo :

f.
G = "2 ke/s (3-10a)

v
Thay gia tri cta téc do w va thé tich riéng ciia moi chat g tiét
dién khao sat bat ki f, duoc :
£, V2@, - 1) .
G=——"/—#— |, kgfs (3-10b)

hoac

— k Pt P2, p_z(k+l)/k
G= fz'\lzﬁv [( ) _(Pl) 1, kg/s (3-10c)
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Khi w = a (M = 1) thay p,/p, = B, dugc :

k P12
= = _— (l\ 1) -
G= G f-\l 2 k+1 v, (k+1) , bgls  (3-10d)

hoic
G=G = f\}2(i] —1i)
= Ymax "~ v,
) iy, v, xdc dinh theo p, = B.p, ; 1 va 2 la trang thdi & cia vao
va ra cta 6ng tang tdc.

, kg/s

3. Qu4 trinh tiét luu : 1a qua trinh doan nhiét khong thuan
nghich. Qua qu4 trinh tiét luu, 4p suit gidm, khong sinh cong,
entanpi trudc va sau khi ti€t luu bang nhau, i, =i, con su thay
d8i nhiét do tuy theo dac tinh va trang thai cia méi chat. D6i véi
khi li tudng, qua ti€t luu nhiét do khéng thay déi. D6i v6i khi
thue, nhiét d6 c6 thé tang, gidm hoic khong d8i. Khi thuc cd nhiét
d6 bang nhiét d6 chuyén bién T, hoac T, (v6i p rdt nho bang
khoang 0,75 va 6,75 1an nhiét d¢ t6i han T\. K), qua tiét luu nhiét
dd khéng d8i ; néu trude khi tiét luu ¢ nhiét do ndm ngoai hai
nhiét do chuyén bién, qua tiét luu nhiét do sé tang lén ; néu nam
gitta hai nhiét d6 chuyén bién, qua tiét luu nhiét dé gidm xudng,
day 1a truong hgp thudng giap. V6i hoi 4m, qua tiét luu do kho
thudng tang lén ; véi hoi qua nhiét, thuong thi nhiét do giadm
nhung do quéd nhiét tang lén.

4. Mot s6 quéa trinh ctia khéng khi &m

a) Cac théng s6 chinh cia khong khi dm :

G
h
- D6 &m tuyét déi : p, = v (3-15a).
- D6 4m tuong doi :
Pn Pp
= = (3-15b,c).
. i f)hmax Phmax
- Db chyda hoi
G P.p
t h
d =g = 0,622 ——— = 0,622 =~ kg/kg (3-16a,0).
k h hmax
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- Do bao hoa :

d
) = 3-16a)
Y d ( a

max

- Entanpi ctia khong khi 4m : véi khong khi chua bido hoa :
I =i +di = 1,0048t + d, (2500 + 1,93t) kJ/kgKKK  (3-17b)

Véi khong khi qua bdo hda vita ¢é nudc ngung vita c6 da :

I = 1,0048t +d (2500 + 1,93t)d, (4,19t) +d_ (=335 + 2,1t)

max

kJ/kg KKK (khong khi kho). (3-17a)
b) Luong khéng khi : Can thiét d€ lam béc hoi 1 kg &m trong
vat am :
1
Lugng khong khi kho dua vao : G = i-4d kgKKK/kg 4m (3-20a).
379

Lugng khong khi &m dua vao :
G, = G, (1 +d,) kg/kg dm (3-20b)

Luong khong khi &m thai ra : G5 = G (1 +d;) kg/kg &m (3-20c)

¢) Nhiét luong can thiét : Nhiét lugng cdn thiét d€ dua mét
lugng khong khi &m cd chia 1 kg khong khi kho tit trang thai 1
dén trang thai 2 (theo diéu kién ap suit, va do dd d6 chuia hoi
khong déi) :
q = I, - I, kJ/kg KKK.

Nhiét lugng can thiét d€ lam bdc hoi 1 kg 4m & vat &m :
L =1,

2
Q = Gk (IZ—II) = d?’—_dl, kJ/kg dm (3-21)

5. Qua trinh lam viéc cua mdy nén

a) Céong cua mdy nén : la cong ky thuat, céng tiéu thu cho
mdi cdp :

n—1

PV, [( I;—f ) n - 1] kd/kg (3-22)

n n
I=ly =7V —Pv) =53
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Ty s6 4p sudt trong mébi cdp bang :
p m_| P
. S '\’ i (3-24)
P P4

Cong tiéu thu cho miy nén m cédp bing :

1, = ml (3-25)

m

b) Nhiét thdi ra trong méi qué trinh nén béng :

9 = Cut; — tp (3-23a)
Né&u la khi ly tudng :
n -k n—k P, L
d=¢ =7 &-t)=6¢73T [(p—) n —1] . kJ/kg (3-23b)

- Nhiét thai ra d€ lam m4t sau mdi cdp nén bang :
q, = cp(t2 —-t,) . kdkg (3-23c)

Né&u 1a khi ly tudng :
n—1

G = cpTl[ (E—?)T—l] , kJ/kg (3.23d)

6. Qua trinh hén hgp khi. Xdc dinh théng sé sau khi
hén hogp

a) Hén hop trong thé tich da cho, ta c6 : U = ZUi (3-26a)

n
Véi khi ly tudng cd : Ge,T = Y Ge,T,
i=1

zgicviTi

va T = (3-26b)
) z‘gicvi
b) Nap n dong khi vao thé tich c¢6 dinh V,, ta cd :
U=U + 2T (3-27a)
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Véi khi 1y tudng, c6 : Ge,T = Gc,,T, +Z(},i,¢piTi
c.T, + c.T.
va : T = BT Zg' B! (3-27b)
. . Z‘gicvi
¢c) Hén hop theo dong ; tacs : 1= QL (3-28a)
mewwm&wmg=2@ﬁi
Zg.c Pt

va o s 5.0 (3-28b)

Zgicpi
Ap suit ctia hén hop xéc dinh theo phuong trinh trang thai cia
hén hop khi ly tudng.

B - DE BAI

3-1." Khi 6xy cd 4p sudt 60 bar, nhiét d6 100°C luu déng qua
ong tang téc nhé dan vao moi trudng cd 4p sudt 36 bar. Hay xac
dinh téc do va luu lugng cua dong 6xy, cho biét dién tich mat cat
clta ra cia 6ng bang 20mm?.

3-2. Mot Ong tang t6c nho didn cd mat cat cta ra 500mm?,
trude khi vao 6ng, khong khi ¢6 ap suit 1000 kPa va nhiét do
360K. Thu xdc dinh luu lugng khéi lugng cta dong trong hai
trudng hgp ap sudt moéi trudng phun vao la 800 kPa va 300 kPa.

3-3." Khong khi ¢6 dp suit 10 bar, nhiét do 300°C luu dong
qua Ong tang téc hén hgp vao méi trudng cd 4p suit 1 bar. Cho
biét lutu lugng cia dong la 4kg/s, xac dinh téc do luu dong cua
khong khi ra khéi 6ng tang tc va cac kich thudc co ban cta ong
néu chon gdc loe phan 16n dan bang 10°.

3-4. Tim téc d6 luu dong ctia khong khi va kich thude co ban
cua Ong tang téc hén hop, néu luu lugng caa dong la 2,9kg/s, ap
sudt cta nhiét d6 cua khong khi & cita vao l1a 8 bar va 127°C, ap
sudt cia moéi trudng sau 6ng bang 1 bar, géc loe phan l6n dan
bang 12°.

3-5." Hoi nuéc ¢ ap sudt 30 bar, nhiét d6 400°C, qua 6ng tang
téc nhé dan phun vao méi trudng cé ap suit bang 1 bar.
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a) Bi€u dién qu4 trinh luu dong trén dé6 thi i-s ;
b) X4ac dinh trang thai va téc d6 cua ho: ra khdi 6ng tang tdc.

3-6. Hay tinh t6c do va luu lugng cia hoi nuéc cd ap suit 10
bar va nhiét d6 300°C, qua 6ng tang t6c nhé ddn phun vao méi
trudng trong hai trudng hop :

a) cé 4p sudt bang 6 bar ;
b) c¢6 4p sudt bing 2 bar.

3-7.* Hoi nudc c6 4p sudt 16 bar va nhiét d6 400°C luu dong
qua Ong tang t6c hén hgp vao moi trudng cd 4p sudt 1 bar. Cho
biét luu lugng cua hoi nuée bang 4,5 kg/s.

a) Bi€u dién qua trinh luu dong trén d6 thi i-s ;

b) X4c dinh mat cit & c¢8 6ng va clta ra cia 6ng tang tdc.

3-8. Hoi nuéc cd dp sudt 20 bar va nhiét do 400°C luu dong
qua 6ng tang téc hén hgp vao moi trudng cd ap suidt 2 bar. Cho
biét luu lugng cia hoi bang 4 kg/s.

a) Bi€u dién qu4 trinh trén dé thi t-s va i-s ;

b)) Xac dinh kich thudc cdc mat cat co ban va téc do cia dong
3 cac mat cat dd.

3-9.* Do trd luc (tiét luu) ma 4p suit dong khong khi ti 8 bar
giam xuéng dén 6 bar. Hay tinh nhiét do cudi cung va do bién
thién entropi cia khong khi biét nhiét d6 ban dau bang 20°C.

3-10. Khong khi ¢6 4p sudt ban ddu 5 bar chay qua van vao
budng dét, do tiét luu lJam cho thé tich cia nd tang gdp doi. Hay
xdc dinh do bién thién nhiét do, ap suit va entropi cia khong khi.

3-11. Hoi nudc tu ap sudt 20 bar, dé6 kho 0,9 tiét luu dén ap
sufit 8 bar.

a) Biéu dién qua trinh trén dé thi i-s ;

b) Xac dinh théong s6 trang thai cta hoi nudc sau khi tiét luu
va néu nhan xét vé su thay d6i théng s6 trang thai.

3-12.* Hoi nudc tu ap sudt 16 bar va nhiét do 300°C tiét luu
dén 4p suét 1,2 bar.

a) Bi€u dién qu4 trinh trén d6 thi i-s ;
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b) Tinh va nhan xét vé nhiét dé va do qua nhiét cia hoi nuds
qua qué trinh tiét luu.

3-13.* C6 100m> khong khi &m & 4p sust 1 bar, nhiét do 35°C
va d6 &m tuong dsi bang 70%. Hay xac dinh bang cong thdc va
dé thi :

a) D6 chia hoi cta khéng khi ;
b) Nhiét d6 dong suong cia khéng khi ;
c) Khéi lugng cia khong khi khd va ciaa hoi nudc ;

d) Néu khéng khi dé dude lam mat dén 5°C trong diéu kién dp
sudt khong ddi, hay tinh lugng hoi nudc da bi ngung tu.

3-14. Trong phong cé dung tich 60m3 chia khong khi &m &
nhiét do 25°C, d6 4m tuong d6i 75%, ap suit tdng bang 980 mbars.
Hay x4ac dinh bing tinh toan va dé thi :

a) Phan 4p sudt cda hoi nuéc va do chda hoi ;

b) Khéi luong riéng va entanpi cia khéng khi ;

¢) Khéi lugng khong khi c¢é trong phong.

3-15. Cho khong khi &m cd th¢ng s6 nhu sau : 4p suit téng
bing 10°N/m? ; nhiét d6 15°C, phan 4p suidt cia hoi nudc
1270N/m?. Hay xdc dinh bing tinh toan va dé thi :

-~ D6 dm tuong d6i, do dm tuyét déi ;

- Mat d¢ khong khi kho, mat do khong khi 4m ; hing s§ chat khi ;

- Nhiét d6 dong suong, d6 chia hoi va entanpi cia khong khi Zm.

3-16. Cho biét trang thdi cia khong khi 4m cd nhiét do bang
50°C va do dm tuong d6i bang 70%. Hay x4ac dinh :

a) Do chua hoi ; entanpi, phan 4dp sudt cia hoi nudc, nhiét dé
dong suong cua khéong khi ¢ trang thai do ;

b) Néu dem gia nhiét trong diéu kién dp sudt khong dgi dén
90°C thi cdn bao nhiéu nhiét Wng v6i 1kg khéng khi kho.

3-17.* Trong mot thiét bi lam lanh, khéng khi 4m g 4p suit
10° N/m?, nhiét d6 4°C, d6 &m tuong d6i bing 80% cé luy lugng
100.000 m3/h dugc lam lanh dén 0°C. Hay x4c dinh nhiét luéna
cin thai ra va lugng hoi nudc da dudge ngung tu. "
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3-18. Cho khong khi c6 nhiét do 15°C, d6 chia hoi bing 8g/kg
thdi qua 16p hit &m (thi du nhu silicaghen). X4c dinh nhiét do ra
cia khong khi néu biét d§ chda hoi lic d6 1a 2 g/kg.

3-19. Ngudi ta dung khéng khi & trang thai ddu cé nhiét do
20°C va do 4m tuong d6i 40%, d6t ndng dén 80°C réi dua vao
budng sdy, sau khi sy nhiét d6 khong khi glém xudng bang 35°C.
Hay xac dinh :

— Thong s6 cua khong khi sau khi sdy ;

- Lugng dm da thoat ra tit vat sdy tuong tng véi ‘1 kg khong
khi khé.

- Lugng khong khi &m cdn cung cdp va nhiét lugng can thist
d€ lam bdc hoi 1 kg &m cta vat sdy.

3-20." Dem hén hgp hai dong khéng khi, dong thd nhat cd
khéi lugng la 10000kg, nhiét d6 20°C, do 4m tuong déi 60% ; dong
thi hai c6 khéi lugng 30000kg, nhiét d6 50°C, d6 &m tuong d6i
50%. X4c dinh thong s6 ctia khong khi sau khi hén hop.

3-21."* Cho mét mdy nén li twdng mot cdp lam viéc nhu sau :
khéng khi c6 4p sudt 1 bar, nhiét do 27°C dugc hit vao ddy xylanh
¢6 luu lugng la 100 m3/h, sau d6 nén véi qua trinh da bién cd

= 1,2 dén 4p sudt 8 bar, roéi thai toan bo vao binh chya.

a) Bi€u dién cdc qua trinh lam viéc trén d6 thi p-V va x4c dinh
cong sudt li tudng ciia may nén.

b) Tinh lugng nudc cdn d€ lam mat khong khi trong qua trinh
nén, cho biét nhiét dung riéng ctia khéng khi 1a hing s6, ctia nudc
bang 4,18kJ/kg.dd va nhiét dé6 nudc lam mat tang lén 11°C.

3-22.* Mot mdy nén oxy ki€u pittong cé dudng kinh xylanh la
120mm, chiéu dai cia xylanh 250mm, hanh trinh cda pittong la
240mm, méi phit truc may nén quay 240 vong, qua trinh nén coi
nhu la doan nhiét, 4p sudt sau khi nén bing 7 lan 4p sudt ban
ddu. Biét trang thai ban d4u cia khong khi c6 4p suit 0,98 bar,
nhiét d6 20°C, hiéu suidt cia médy nén bing 0,7. Hay tinh cong
suit thuc t€ cia may nén bing bao nhiéu ?
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4. BTCSKTN

S6 héa boi Trung tam Hoc liéu — DHTN http://'www.lrc-tnu.edu.vn



3-23.* Hén hop mot binh 5m® O, & 4p suét 3 bar, nhiét do
47°C vé6i mot binh 0,6m3 CO, & ap sust 12 bar, nhiét d6 127°C.
X4ac dinh théng s6 trang thdi cia hén hop.

3-24.* Mast dong khong khi cé khéi lugng 10 kg & nhiét do
127°C, dugc nap vao mot binh c6 thé tich 10m3 chita sin khong
khi & 4p sudt 1 bar va nhiét d6 27°C. Hay x4c dinh thong s6 trang
thai cua hén hop.

3-25." Dong khi O, ¢6 luu lugng 20 kg/s, nhiét d6 47°C hén
hop v6i deng khi N, cé luu lugng 300 kg/phit, nhiét do 147°C.

Hay x4c dinh nhiét doé cta hén hop.

C - DAP SO VA HUONG DAN

3-1. DS : w, = 304 m/s ; G = 0,25 kg/s.

. P2 36

HD : Vi ti s6 4p sudt — = =

P, 60

cla ra cua 6ng bang ap sudt cia mdi trudng, nén thay truc tiép

vao dudc :
Y 2igmn 1 - ()6
= Vz%.%fsmp - (%%)0'28"] = 304 m/s.
oV 2 2 [ - (9] -
RT

1
Thay v, = —= = 0,01647 m?/kg.
1

=0,6 > f = 0,528, 4ap suidt &

«w 2

G

_ 14 60x10° -, 36 36
- 6 ) 96\ /14, 96\ (14+1)y/1.4y _
r=vERa \/2 T4-1 001647 | ( 60) (%) 4] =
= 0,25 kg/s.
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3-2.PS: G = 0,87 kg/s ; G = G_,, = 1,065 kg/s.
3-3.PS : w, = T46m/s ; f , = 0,00241m? ; d_, = 5,5cm.

f, = 0,0046 m? ; d, = 7,7 cm ; 1 = 12,6cm.

min

HD : Ap suit va t6c do cia dong & c8 6ng l1a téi han, tinh duge

P; = Bp, = 0,528 bar va w, = ZT{—k_'jplvl = 438 m/s.
Dién tich & c8 6ng la nhé-nhé’t, dugc tinh theo :
G G

k+1'—1<k+1

trong do : W = ===

thay vao duge v; = 0,168 m/s. Thay tat ca cdc dai lugng, tinh
duge f . = 0,00241 m® va dudng kinh d_. = 5,5cm.

T6c do cta dong khi ra khéi 6ng, thay truc ti€p vao cong thuc ;

k P2\ (k-1)/k
= 2 — -_— A = / »
W, V x—1 P11 [ 1 ( P1> ] 746 m/s
' . : W, vV,
Mat cét ra duge tinh theo : f, = fmin"([): . —;,
Py 1k Prowk’ 3
=v, (=) =0264m’kg; v,=v (=) " = 3kg ;
thay v, Vl( pk) 0,264 m°/kg; vy = v, ( p2> 0,86 m’/kg ;
dugc :
f, = 0,0046 m* va d, = 7,7em.
d, —-d .
. 2
Chiéu dai doan loe dan : 1 = —amm = 12,6cm.
' 2tg2—

3-4. DS : d_;, = 48mm ; d, = 63 mm ;| = 70 mm ;
w, = 600 m/s.

o1
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3-5. DS : b) t, = 400°C ; p; = 30 bar ; i = 3229 kJ/kg ;
0,09929 m¥kg ; s, = 6,9160 kd/kg.do.

v, =
t, = 203°C ; p, = p; = 16,5 bar ; A :
s, = 6,9160 kJ/kg.do. 2 e

; . M p
i, = 3070 kJ/kg ; v, = 0,16 m/kg. Al
w, = 565 m/s. ﬁ:LS’SIr |:)\/
HD : a) 1 la giao di€ém cua ? ,=1/ba/'{ -

p, = 30 bar; ol }
P 1 48, B
- 0, 3 -
t, = 400°C. Vi P 30 < B, ‘
Hinh 3-5

nén 2 la giao di€m cta p, = p, =
= fp, = 0,55 x 30 = 16,5 bar va s, = s,.

b) Trén d6 thi i-s thdy 1 la hoi qua nhiét, trong bang cho
v, = 0,09929 m3/kg ; i, = 3229 kd/kg ; s; = 6,916 kd/kg.do.

s, = s, = 6,916 kd/kgd6 ; p, = p, = 16,5 bar

cd s”’, = 6,411 kd/kg.do.
s, > s”’, la hoi qué nhiét, trén bang hoac do thi thay

i, = 3070 kJ/kg ; v, = 0,16 m/kg.

W, = w, = \E)..(i1 —-i) = V2 x 10°(3229 — 3070)ms = 565 m/s.
3-6. DS : a) w, = 500 m/s ;G = 3,8 kg/s.

b) w, = w, =540 m/s ;G = G__ = 3,9 kg.
3-7.DS:b) f . =23 cm?; f, = 68 cm?.

min
HD : a) 1 la giao di€ém cia p; = 16 bar va t; = 400°C ; 2
la giao di€ém cta p, = 1 bar va s, = s, ; k l1a giao di€m cua
P, =Bp, = 88barvas =s = 7,233
G.v, G.v,
b) £ K k

min = o T V2@, -1y
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trong d6 : G = 4,5 kgfs ; v, = 0,30 m’kg ; i, = 3080 ki/kg ;
i, = 3253 kJ/kg.

4,5 0,30

£ . = 2 J = 2 2.

min = VZ(3253000— 3080009 _ 10028 m” = 2em
G.v, )

f = - Thay v, = 1,69 mPkg ; i, = 2630 k/ke.

o LU B hoR = 68 cm?.
V2 x 10°(3253 — 2630)
3-8. DS :f , =16 cm? ; f, = 36 —

) 580 m/s ; w, = 1050 m/s.

3-9. PS : t, = 20°C ; As = 82,6 kd/kg.do.
HD : Entanpi cia méi chit trudc va sau khi tiét luu bang nhau,
Ai = i, - i; = 0, va khong khi ¢S thé coi la khi li tuéng nén

At = t, -t = 0, doddt, =t = 20°C.

Do bién thién entropi
T, P2 T Py

2
As = cln— — Rln— = ¢ln— + Riln—.
p 'I‘1 P, P Tl P,

8
Thay s6 vao duge As = 287Ins = 82,6 kd/kg.do.

6
3-10. DS : At = 0; Ap = 2,5 bar; i4
As = 0,2 kdJ/kg.do. _-— )2
PN
3-11. DS : p, = 8 bar; t, = 170°C; L :—31(—\/:/25—\\
- V/‘ - I, ™
Nhan xét : i khong d6i ; 4p suit ‘ /_'5’ lz =
giam tu 20 bar dén 8 bar ; nhiét do g
giam tu 212,37°C xuéng dén 170°C ; Hinh 3-11

con x tang tu 0,9 dén 0,93.
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3-12. DS : b) p; = 16 bar ; t| = 300°C ; i, = 3030 kd/kg ; do
qué nhiét 98,64°C ; p, = 1,2 bar ; t, = 280°C ; i, = 3030 kd/kg ;
do quéa nhiét bang 175,19°C. Nhan xét : i khong d6i, p giam, t
gidm, con d6 qua nhiét tang.

HD : a) (1) la giao diém cia p, = 16 bar va t; = 300°C ;
(2) 1a giao di€m cta i, = i; va p, = 1,2 bar.

b) Tiu giao di€m (1), qua bang hoac d6 thi déu tim duoc
i, = 3030 kJ/kg ; d6 qua-nhiét cia (1) ;

At, = 300 - 201,36 = 98,64°C l- 4 t
(201,36°C la nhiét d6 bao hoa cua hoi n 11720 22
s o ' -
nudc d ap sudt 16 bar). 5\2' 7

) /

Tu giao di€m (2) tim dugc i, = i, = . ["L-L/ T}(l :
3030 kd/kg ; t, = 280°C ; p, = 1,2 bar, o
tuong Ung cd nhiét dé6 biao hoa bang = y :
104,81°C, nén d6é qua nhiét bang 4 B B
280 - 104,81 = 175,19°C. \

Hinh 3-12

Nhan xét : i khong d6i ; 4p suit gidm
nhiét d6 giam, con do qua nhiét tang lén.

3-13. DS : a) d = 25,5 gikg ; b) t_ = 29°C ;

¢) G, = 109 kg khong khi kho ; G, = 2,78 kg hoi nuéc.

d) G, = 2,18 kg.

HD : Cc thé bang phuong phap tinh todn theo cic cong thic
da hoc, néu dung d6 thi I-d phai cé d6 thi véi ap sudt khi quyén
la 1 bar, cing c6 thé dung tam dé thi trong phu luc véi ap

sudt khi quyén la 745 mmHg. Trang théi cdn tim la giao diém
cua t, = 35°C va p, = 70%.

a) Tu giao di€m 1, gidng xuéng truc hoanh duge
d; = 25,5 g/kg ; hoic tinh theo céng thic :

P pP
d, = 622—— = g2z M=
P~ Py P~ Phnax
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Thay s6 duge :

0,7.0,05622
~0,7.0,05622

(0,05622 1a 4p suit bao hoa
cua hoi nuéc dng véi nhiét do z
35°C cta khéng khi).

b) Nhiét d6 dong suong t_la
giao di€ém cua duong d, = 25,5
g/kg véi dudng ¢ = 100°C, trén
d6 thi I-d dugc t, = 29°C. D¢
ciing chinh 12 nhiét d6 bao hoa
Ung voi phan ap suit cua hai
nuéc trong khong khi p, =
= gP, . = 0,77 x 0,05622 =
=0,0394 bar, dung d6 thi i-s.

d

| = 6221 = 25,5 g/kg.

U max

Hinh 3-13

hoac bang hoi nudc bao hoa, duge t, = 29°C.

PV (1,0-0,0394910° x 100

c) G, = RT = 237 x 308 = 109 kg khong
khi khé. '
25.5 . .
Gh =G.d = 109 x 1000 = 2,78 kg hoi nudc.

d) Néu khong khi dugc lam mat, ban ddu d khong déi, dén
nhiét do6 dong suong (29°C), bién thanh khéng khi bao hoa, tiép
tuc lam mat thi hoi nudc dugc ngung lai va tach ra, khong khi
vin gitt 1a khong khi bao hoa, qua trinh tién hanh theo dudng
¢ = 100% cho dén t = 5°C ; trén d6 thi I-d tim duge d, = 5,5 g/kg
va p, = 0,872 kPa. Cing c6 th€ dung d6 thi I-s, hoac bang hai
nuéc bao hoa, theo t. = 5°C tim duge p; = 0,008719 bar ;
thay vao dudc d, = 622%= 5,5 g/kg. Nhu vay lugng
nudc ngung :

255-55

G, = G4, - d,) = 109—T00

= 2,18kg.
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3-14. PS : a) P, = 23,75 mbar ; d = 15,45 g/kg
b) p, = 1,135 kglem?® ; T = 4312 kJ.

c) G = 68 kg.
3-15. PS : p = 0,75 ; £, = 0,0096 kg/m? ;
P = 1,2 kgim? ; p = 1,2096 kg/m3 ; R = 287 J/kg. dd.

t, = 10,5°C ; d = 7,98 g/kg ; 1 = 35 ki/kg.

3-16. DS : a) d = 60 g/kg ; I = 200 kJ/kg ; p, = 65 mmHg ;
't, = 42°C ; b) q = 42 kd/kg.

3-17. PS. Q = -160 kW :
G, = 0,00867 kgls
HD : Q = G, - I);

: PV
tronng:Gk=ﬁ?pk=P‘Ph1;
Kk

i

31 kg/.

= o 2 -
pm — (plplmax = 0,8 x 820 = 650 N/m 5

thay vao dugc

10° — 650).100.000
G, = ) = 125.000 kg/h = 34,7 kg/s.

8314
W (4 + 273)

Py
I, = iy, +di, = Lt + (2500 +2t)d, ma d, = 0,622

_ph‘
d, = 0,00408 kg/kg ; t, = 4°C.

thay vao dugc :
I, =4+ (2500 + 2 x 4) x 0,00408 = 14,2 kd/kg.

Cing theo cach tinh tuong ty, duge d, = 0,00383 kg/kg va
I, = 9,57 kd/kg.

Cusi ciing, thay vao duge Q = 34,7(9,57 - 14,2) = -160kW.
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Lugng hoi nuéc da ngung tu :

G, = G (d; - d)) = 34,7(0,00408 - 0,00383) = 0,00867 kg/s
= 31 kg/h.

3-18. bS. t, = 31°C.

3-19. DS. d; = 24 g/kg; p; = 656% ; I; = 96 k/kg ;
G, = 18 g/kg ;
G, = 56 kg/kg ; q = 3400 kd/kg.

I

3-20. PS. d = 0,0338 kg/kg ; I = 130 kJ/kg.
t = 42,5°C, p = 60%.

HD : CJ thé€ diung d6 thi I-d hoac tinh todn theo céc cong thuc
da dung & céc bai trudc, duge :

Déi véi loai khong khi thi nhét c6 : t; = 20°C, ¢, = 60% ;

d, = 0,009 kg/kg ; I, = 41,87 ki/kg ; G, = 10.000 kg ;
Dé&i v6i loai khong khi thi hai cd : t, = 50°C ; ¢, = 50% ;
d, = 0,042 kg/kg ; I, = 159 ki/kg ; G, = 30.000 kg.

o . _ G2 80000
Ty 1é hén hop la a = Gl. = 10000 — o hén tin gc doi voi
hén hgp :
d, +ad
1 2 0,009 +3 x 0,042 ~ ’
de~Sga © 1TF3 = 0,0338 kg/kg = 33,8 g/kg.

I, +al,  41,87+3 x 159
= 1+a 1+3

= 130 kJ/kg.

3-21. PS. a) N = 6,78 kW.
b) G, = 187 lit/,

HD. a) Chi y day 1a dé thi chi thi, biu thi quan hé gitta ap
suit va thé tich trong xy lanh, khéng phai la d6 thi p-v biéu thi-
trang thai cia modi chat. Qua trinh nap 0-1 la qud trinh thay déi
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khéi lugng tit 0 dén mot khéi lugng
khong khi trong xilanh, thuong lay
bing 1kg. Cong do luc cta khong
khi ddy pittong tu 0 dén 1 khi nap
bang : lmp =1y, = p,.Fl, = pvy

= S4016(+) trén p-V.

Céng nén khong khi :

v,

lnen = J pdv =8 1256 _

v ) Hinh 3-21

1

la cong thay d6i thé€ tich cua lkg.

Coéng thai cia qua trinh 23 cing la céng thay d6i khéi
lugng con trang thai khong thay ddi dugce tinh theo :

Ly = —Ppv; = 54325,
Cong sinh ra khi tao nén 1 kg khéong khi nén :

v,

L=l tlently=pv — Py, + J pdv =
v
v ' v, !

d(pv) + f pdv =

i v

<
-

1

9,

2 2
f [ d(pv) + pdv] = —f vdp
| 1
Theo cong thuc trén, cong tinh ra 12 4m, nén nhiéu tai liéu quy
dinh d4u ngugc lai 14y cong bén ngoai cung cdp la duong va duge :

P: n p" n_—l
lr_{Vdp:n—lp‘vl[(p_l)n —l] kJ/kg
1
Cong li thuyét do mady nén tiéu thu trong 1 gio biang :

n pz 12
= — S = - ) S V1.,
=t (57) ™ ~1]=Taopx 1x 10°x 100 (80121,
= 2,44.107 J/h
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Coéng su4t 1i thuyét cia may nén :

L 2,44 % 10" x 1073

N = 3600 = 3600 = 6,78 kW.

b) Nhiét lugng khong khi thai ra trong qué trinh nén da bhién :
s k 3
Q, = G, . Cvz—_—l-(t2 — t,) bang nhiét lugng nudc lam mat
nhéan dugc :

G C . RS
Q = GC At =G,= ga = Tm
By M1
Nhiét d6 khong khi sau qua trinh da bién : T, =T, (p_> n
’ - Py

T, = (27 + 273). 8%¥1¥ = 494K = 151°C.
PV 1x10°x100

Cc = RT, = “287xs00 - !l4keh
C 20,93 1,2-1,4
Ry = 11455550 2508 = 5%
= -1,02 x 10* kJ/h.
Q, Q.  1,02x 10

Gn=Cat = Cat = 418x13 — 187ke/h =187lith.

3-22. DS : N, = 3474 kW ; .

HD : Cong suit thuc té€ : ' 4 )

N =3 ! Y,

Trong dd hiéu sudt cia mday
nén 7 = 0,7.

Cong sudt li thuyét N = G, L

Luu luong khong khi nap vao V

|
G p,(V—=Vyn ; ‘l/a vV Vv
: RT,60 ¢ Hinh 3-22

\

L

LT

T
A\
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%)
Py

vk wd?

. P, P2 1
Vo = Ve (5) " =V -V (5) 7 = T aew (3)

Thay s6 duoc V = 0,00282 m> va V_ = 0,00044 m>.

n la s6 vong quay trong 1 phut bang 240 v/phit
k-1

k

p
2 -1

P

k
| = =B

Cuéi cung dugc :

1 k pzT
N, = o0 - ) () (5 () [—] il

240 14
60% 0,7~ 1,4—-1

0,98 x 10°(0,00282 - 0,00044) x

1.4-1

% [7 L& 1] = 3474W = 3,474 kW.

3-23. DS: T = 348K = 75°C ; p = 4,1 bar.
HD : Day la hén hgp trong thé tich da cho, ta ¢ nhiét do cus

hén hop :
T = Zg‘lcviTi
Eicvi
Th Go, Geo,
A 80, G +G. Y2 8o = g 1o — » trong do
0, G01+ Gco: co, Goz*’ GC(),
3x10°x5x%32 12 10°% 0.Gx 44
. e - G - : _
0, = 831447 +273) ~ 18k8; Gco, 8314127 + 273) ~ 0 ks
o = 1—8 — 0 655. 3 £
0,7 18+95 " Bco, T Tg+g5 = 0,345
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20,9 29,3 :
v0, = e = 0,653kJ/kg.K; cvCOZ =4 = 0,665kJ/kg K;
Ta duge :
0,655 x 0,653 x 320 + 0,345 x 0,665 x 400
0,655 x 0,653 + 0,345 x 0,665

C

T = = 348K = 75°C

. GRT
Ap sudt tinh theo : p = v trong dg :
G= G +Geo = 18+9,5= 27,5kg; V="V, +V o = 5+0,6=5,6m>

8314 8314
R = g6 Ro, *Bco, Reo,= 0,655 g5~ +0,845—— = 235, 41/kg K
27,5x 235,4% 348
5,6

Thay vao dudc : p= = 409596N/m? = 4,1bar

3-24. DS : T = 419,6 K = 146,6°C ; p = 2,6 bar.

HD : Day la dong khi nap vao thé tich c6 dinh, ta ¢d nhiet do
cta hén hop :

g1c,i Ty +8:¢,T,

T =
glcvl + gZC\"-.Z

Vi déu 1a khong khi, nén

ta cd : " == CVZ; va cP2= kc\'l’ dods: T = ngl +kg2T2

- G,

trongdd:gl=m va g, =1-g,

‘ " PV 1108 x10x 29
o 17 RT,  831427+273)

= 11,6kg

11,6

cho nén B = m = 0,54 va g = 1-0,54=0,46.
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Cusi cing T = 0,54(27 + 273) + 0,46(127 + 273) = 419,6K =
146,6°C. - , :

Ap suit ctia hén hgp :

GRT  (11,6+10)8314 x 419,6
P="y - = 23,,(10" 2 = 2,6 x 10°N/m? = 2,6 bar.

3-25: DS : T = 342K = 69°C ;
HD : Day la hén hop theo dong, nhiét do cia hén hop béang :

gOz'chz'TOz e gNz‘cpNz'TNl

L= Bo B T Bl
0,7p0, N,"pN,
trong do :
G
o, 20
0,5 ¥6. - 300—0,8, BN, = 1-0,8=0,2
O, "N, 204+—
60
29,3 29,3
€0, = W.kJ/kg.K; CpNz =55 kd/kg K
Cuéi cung :

29,3 29,3 |
0,8x 2= (47+273)+ 0,2 5 =(147+273)

T = . 829,3+0229,3 = 342K = 69°C.
32 28
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CHUONG 4 VA CHUONG 5

DINH LUAT NHIET THU HAI VA CAC CHU TRIiNH

A - TOM TAT NOI DUNG

Dinh luat nhiét thd hai xac dinh diéu kién, chiéu huéng va mic
d6 chuyén hda nang lugng. D€ chuyén hda nhiét niang thanh co
nang hodc dién nang moét cach lién tuc, ngusi ta dung chu trinh
thuan chiéu, nhung mic d6 chuyén hda dé t6i da bang hiéu suit
nhiét cia chu trinh Cacné thuan chiéu thuan nghich :

T
2

tc = "

1. Chu trinh Cacné thuan chiéu thuan nghich

D& danh gia hiéu qua chuyén hda niang lugng cta chu trinh
thuan chiéu, thuong dung hiéu suit nhiét v8i dinh nghia :

,.=—'=—;=——=1— (4-1)
Tr = q, = q q, q,

q, - tong nhiét luong dua vao cho méi chét trong cic qua trinh
cip nhiét cia chu trinh, cé th€ bi€u thi bing téng dién tich phia
duéi dudng cdp nhiét trén d6 thi T-s.

qQ, - téng nhiét lugng moi chdt nha ra trong cdc qué trinh nha
nhiét cta chu trinh, c¢d thé€ bi€u thi bing téng dién tich phia dusi
dudng nha nhiét trén do thi T-s.

1 - t8ng cong dan nd cla tdt ca cdc qua trinh trong chu trinh,
biéu dién bang dién tich giéi han béi chu trinh trén d6 thi p - v,
ciing bang dién tich giéi han bdi chu trinh trén d6 thi T-s, vi trong
chu trinh c6 1 = q; - |q,].

I, - t6ng cong ki thuat cua tdt cad cic qua trinh trong chu
trinh, cing bing t6ng cong dan nd trong chu trinh.
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Vé6i chu trinh Cacné thuan chiéu thuan nghich ta ching
minh dugec :

Mo = ——— =1 - == (4-3)

NG la gi6i han cia cac chu trinh thudn cung pham vi nhiét dé6
ngudn nhiét.

2. Chu trinh dong co dét trong c&p nhiét ding tich : gom
2 qua trinh doan nhiét va 2 qua trinh dang tich tién hanh xen ké
nhau. Ching minh dugec.

Nhiét lugng cdp vao : q, =¢, . T, . &1 @-1) (5-1a)

v a
Nhiét lugng nhd ra : |q,| = ¢, T, 1 - 1) (5-1b)
Cong trong chu trinh : 1 =1, = q; - |q,|

o, T.0 - D - 1) ; (5-1¢)

Hiéu suit nhiét cta chu trinh :

1
=1 | (5-1d)

v _
Trong do : ti s6 nén £ = v—a;tisétanga’pk}ﬁcé'pn}ﬁétl = —

b Py
3. Chu trinh dong co dét trong cidp nhiét ding 4p : thay

qué trinh cdp nhiét ding tich cua chu trinh trén bang qua trinh
cdp nhiét dang ap.

Nhiét lugng cdp vao q, = cp - ;A e lp-1) (5-2a)
Nhiét lugng nha ra : la,] = ¢, . L, = P -1) (5-2b).
Cong trong chu trinh : 1 = L, =q; - lq,l.

Hiéu suit nhiét cta chu trinh :

1 -1
no=1- &1 k@=1) (5-2d)

trong do : hé s6 dan nd sém p = vy -
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4. Chu trinh déng co dét trong cdp nhiét hén hgp

Chia qu4 trinh c&p nhiét thanh 2 doan : moét doan cdp nhiét
dang tich va mot doan cdp nhiét ding ap.

Nhiét lugng cép vao : q; = ¢, T, 1[4 - 1) + ki(p - 1)]

(5-3a)
Nhiét lugng nha ra : |q,| = ¢, . T,(AF* - 1). (5-3b)
Cong trong chu tinh : 1 =1, = q; - 1q) : (5-3c)
. 1 APk — 1
Hie a iét : = 1~ 2
iéu sudt nhigt 1 1 S 1= 1) +1(p— 1) (5-3d)

trong dd, hé s6 dan nd sém P =

éﬁ |n<

; k 12 s6 mi doan nhiét.

5. Chu trinh tuabin khi cdp nhiét ding 4p : gébm hai qua
trinh doan nhiét va hai qua trinh ding 4p tién hanh xen ké nhau.

Nhiét lugng cdp véo: q; = Cp - Taﬂ(kT]) {(r— 1) (6-4a)
Nhiét luong nha ra : |q,| = ¢y T, -1k (5-4b)
k-1
Cong trong chu trinh : 1 =1 = cpTa(/O— 1)(ﬂ(T)_ 1) (5-4c)
Hiéu suit nhiét cta chu trinh :
1
gy == W (5-4d)

; Pp ]
Trong d¢ ti s6 ting ap khi nén g = = ; néu thay bang ti sé
# a
v

nén € = 2 ta dugc cong thic 5-1d.
Vv
b
6. Chu trinh tuabin khi cdp nhiét diang tich : thay qua
trinh cdp nhiét ding 4p cua chu trinh trén bang qué trinh cép
nhiét dang tich.
65
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Nhiét lugng cdp vao : q =¢,T, pEVEQ - 1), (5-5a)
Nhiét lugng nhé ra : |q,| = ¢, T, V% - 1). (5-5b)
LCong trong chu trinh : 1 =1 = q, - la,l. (5-5¢)
Hiéu suit nhiét cta chu trinh :
1 k@l/k-1)
=1 - -5d
r = 1 gDk A-1 (5-5d)

7. Chu trinh Rankin ctia hoi : cing gém hai qué trinh ding
ap va hai qua trinh doan nhiét tién hanh xen ké nhau.

Nhiét lugng cdp vao : q; = i; —i5 = i} - iy, (5-8a)
Nhiét lugng nha ra : 1q,) = iy = iy (5-8b)
Céng trong chu trinh : 1=1, =q,-lg,| =i;-1i, (5-8¢c)
. (i, —ig) = (; =1
Hiéu suét nhiét cta chu trinh : 5 = = =
_ i —i, g

1§ =lg

8. Chu trinh Cacnd ngugc chiéu thuan nghich

Dé danh gia hiéu qua cta chu trinh ngudc chiéu, ta dung hé
s6 chuyén héa nang lugng, khi lam viéc theo tdc dung may lanh
ta dung hé s6 lam lanh, khi lam viéc theo tdc dung bom nhiét ta
dung hé s6 lam ndng. Ta cé dinh nghia :

9, 9, 1

€=y = = : 4-2
M~ Tal=q, ~ Tal _, )
, %
gy B L (4-2b)
|1 lqll —q, - q,
| P 1
lq,
q, + 1] )
P = 1] =€ +1 (4-2¢)
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Véi chu trinh Cacné ngudc chiéu thuin nghich, ta ching
minh tuge : ;

. T
2 1
=T -T, " T, (A~da)
— -1
T2
T
1 1-
SDC - Tl _TZ == TZ‘ (4-4b)
=7

Ta ciing ching minh dugc trong cung pham vi nhiét d6 nguén
nhiét thi hé s6 chuyén hda nang lugng cta chu trinh Cacné nguge
"chiéu thuan nghich 12 16n nhAt. _
9. Chu trinh nguge chiéu duang khi li tuéng : gom 2 qua
trinh doan nhiét va hai qua trinh ding 4p ti€n hanh xen ké nhau.

Hé s6 lam lanh :

£=. T_,i, = Tbl = Tl (5-13a)
c b c
(tor.-) (x,-9 (g,° Y

Heé s6 lam ndng : ¢ = € + 1 (56-14)

10. Chu trinh ngugc chiéu dung khi thuc (c6 may nén va
van tiét luu)

iy - i, (5-15a)
Nhiét luong nha cho ngudén néng : |q,| = i, - iy (5-15b)

Cc

Nhiét ldqng nhan ti nguén lanh : q,

Cong cung cdp cho chu trinh :

11 = |4, | = lq;| -9, =i, ~ i; (5-15¢)
1=k, ,
Heé s6 lam lanh : € = T (5-15d)
c d
: i, —iy
He s6 lam ndng : ¢ =€ +1 = —— (5-15¢e)
. lc--ld
67T
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B - DB BAI CHUONG 4

4-1.* Chu trinh Cacné thuin chiéu thuan nghich dung
khong khi dugc tién hanh trong pham vi nhiét do T, = 900 K,
T in = 300K va pham vi 4p suét p_ = 60 bar ; P, = 1 bar.
Hay x4c dinh (bing s6 va dién tick trén cac d6 thi) :

a) Bi€u dién chu trinh trén d6 thi p-v va T-s;

b) Cac thong s6 co ban & cac dinh céa chu trinh ;

c) Nhiét lugng trao ddi giita moi chdt véi cac ngudn ;

d) Cong ctia moi chdt trong ca chu trinh ; '

d) Hiéu suit nhiét cta chu trinh ;

e) Néu tién hanh chu trinh Cacné nguge chiéu trong pham vi
thong s6 trén thi hé s§ lam lanh va hé s6 lam ndng bing bao
nhiéu ?

4-2. Mot kilogam khéng khi thuc hién chu trinh Cacnd thuan
chiéu thuan nghich trong pham vi nhiét do t__ = 250°C, t .. =
30°C va pham vi ap sudt p_ = 10 bar, p_.. = 1,2 bar.

a) Bi€u dién chu trinh trén dé thi p-v va T-s ;

b) Tinh cac théng s6 co ban & cdc dinh cia chu trinh ;

¢) Tinh nhiét lugng trao ddi gitta moéi chdt véi cac ngudn ;

d) Tinh cong cia moéi chét trong ca chu trinh ;

d) Tinh hiéu suit nhiét cta chu trinh bing s6 va dién tich trén
cac d6 thi ;

e) Néu tién hanh chu trinh Cacné nguge chiéu trong pham vi
thong s6 trén thi hé s6 lam lanh va hé s6 l1am ndng cta chu trinh
bang bao nhiéu ? '

- 4-3." Mot kilogam hoi nuéc thuc hién mo6t chu trinh Cacné
thuan chiéu thuan nghich trong pham vi nhiét do 250°C va
60°C. Cho biét nudc vao thiét bi sinh hoi 14 nuéc séi va hai ldy
ra 1a hoi bao hoa khé.

a) Bi€u dién chu trinh trén dé thi p-v va T-s ;
b) Xac dinh cac théng s6 co ban & cac dinh cta chu trink ;
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c) Tinh nhiét lugng trao ddi giita moéi ch4t va cdc ngudn nhiét ;
d) Tinh céng ctia méi chit trong ca chu trinh ;
d) Tinh hiéu su4t nhiét cta chu trinh ;

e) Néu tién hanh chu trinh Cacné ngudc chiéu thuan nghich
thi hé s6 1am lanh va hé s6 1am néng bang bao nhiéu ?

4-4. Mot kilogam hoi nuéc thuc hién mét chu trinh Cacnd
thuan chiéu thuan nghich trong pham vi 4p sudt 20 bar va 0,1
" bar. Vao thiét bi sinh hoi 14 nuéc bao hoa, ra khéi thiét bi sinh
hoi 1a hoi bao hoa khé.
a) Bi€u dién chu trinh trén dé6 thi p-v, T-s ;
b) X4c dinh cac théng s6 co ban & cac dinh cia chu trinh ;
c¢) Tinh nhiét lugng trao ddi giita m6i chdt va cdc nguédn ;
d) Tinh céng cia méi chit trong ca chu trinh ;
d) Tinh hiéu sudt nhiét cta chu trinh ;
e) Né&u tién hanh chu trinh Cacné ngugc chiéu thuian nghich
trong pham vi thong s6 trén thi hé s6 lam lanh va hé s6 lam ndng
" bang bao nhiéu ?

4-5.* Hoi amoéniac thuc hién moét chu trinh Cacné ngude chiéu
thuan nghich trong pham vi nhiét do +15°C va -15°C. Sau khi
nén la hoi bao hoa kho, sau khi thai’ nhiét 1a nudc bao hoa.

a) Bi€u dién chu trinh trén d6 thi p-y va, T-s ;

b) Xdc dinh cac thong s6 co ban ¢, céc dinh cia chu trinh ?

¢) Tinh nhiét<lugng va cong trao daéi gita moéi chét véi cdc nguén ?
d) Tinh hé s6 lam lanh va hé s6 lam ndng cta chu trinh ?

d) Néu thuc "l{ién chu trinh thuan nghich trong pham vi théng
s6 trén thi hiéu sudt nhiét bang bao nhiéu ?

4-6. Hoi fréon — 12 thuc hién mot chu trinh Cacné nguge chiéu
trong pham vi nhiét d6 -20°C va 40°C. Trudc binh lam mat 1a hai
bio hoa kho, sau binh lam maét la nudc béo hoa.

a) Bi6u dién chu trinh trén dé thi p-v va'T-s ;
b) X4c dinh cac thong s6 ca ban & céc dinh cta chu trinh ;
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c) Tinh nhiét lugng, cong trao ddi gitta moéi chat véi cic ngubn,
hé s6 lam lanh va hé s6 1am ndng ;

d) Né&u. thuc hién chu trinh Cacnd thuan chiéu thuén nghich
trong pham vi thong s6 trén thi hiéu sudt bing bao nhiéu ?

C - DAP SO VA HUGNG DAN CHUONG 4
4-1. HD :.
a) Trang thai (b) 12 giao diém cta p _, = 60barva T _ = 900K;
Trang thai (d) la giao diém cla p;, = 1 bar va T, = 300K.

r A

«}'\0
a “min 0"(>
1 <

I |
Ab-‘Aa Ac:dald

Hinh 4-1

Trang thai (a) 1a giao di€ém cua Ta =T, vas, _=-sh ; trang thai
(c) la giao di€m cia T = T, va s, = sy

RT, 287 x 900
b p, = 60 bar; T, = 900K ; v, = — =

- = 0,043 m’kg.
Py 60 x 105 ke
_
_ o\ K(k-1) _ 900, 1,4/(1,4-1) _
Pe = P, (TC) =1 % (35 = 46,76 bar.
RT, 287 x 900
P =T =800K:v = — = Z 0,0553 m3/kg.
Bk Ye T b, T 46,76x 10°. BT

Py = P, = 1 bar; Ty = T .. = 300 K.
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_ RTy  287x 300

= 3
4= o = aigr - 86l mks.
P, = TL = 1,284 bar ; T, = T, = 300K.
by k/(k-1)
(7))
RT,
v, = = 0,670 m3/kg.

a
c) Nhiét lugng cdp vao tlit nguén ndng.

Py
q = Qe = RTbln;;- = 64200 J/kg = 64,200 kd/kg = S bes,s,

trén d6 thi T-s.
Nhiét lugng thai ra cho nguén lanh :

P4 . )
q, =q4, = Rlenp—a = —21400J/kg = -21,400 kdJ/kg = S ads,s,

trén T-s.

d 1l =1, - |q,| = 64200 - 21400 = 42800 J/kg =
=42,8 kJ/kg = S abcd tren d6 thi p-v hoac T-s.

d) Hiéu sudt nhiét cia chu trinh :

1 Ly q; — |q,| Sabcd Sads)s, "

11,1, = — = — = = Sb = - Sb = 66.6 %
_ q; q q, CEySy CS,8)

Ciing c6 thé tinh truc tiép: By =1 — T""" = 66,6%.

max

e) Né&u lam viéc theo chu trinh Cacné ngugc chiéu thuan nghich
trong pham vi thong s6 trén ; ta c6 :

|q2|
E = W = %"g = 0,5
Ho#c v6i chu trinh Cacnd c6 :
€= - = - = 0,5.
SE R
Tmin
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Ghi chi : Cong & day cd thé tinh theo t8ng dai s6 cong dan nd
hoiac cong ki thuit cia tit cA cdc quéd trinh trong chu trinh, két
qua giéng nhau nhung tinh toan dai dong hon.

4-2. DS : b) py = p_, = 10bar; p_ = 8 bar; p; = P, = 1,2 bar;
p, = 1,5 bar ; v, = 0,15 m%kg ; v, = 0,185 m¥kg ; v, = 0,724 m’/kg;
v, =0582m’kg;t, =t =t =250°C;t,=t =t =30°;

c) q, = 32,3 kd/kg ; q, = - 18,6 kd/kg ;
d) 1 =1, =137 kd/kg ;
d) nr = 42,4%.

e) € = 1,36 ; ¢ = 2,36.

7l
b /, \.\ c
sl N
/] \
/
7 PN
N / | : \
v 44 A8y B
Hinh 4-3

4-3. HD : a) (b) la giao diém ciia x = 0 va t = 250°C ; (c) la
giao diém cua x = 1 vat = 250°C ; (d) 1a giao di€m cua t = 60°C
va Sq = S. 3

(a) 12 giao diém cua t = 60°C va s, = Sp-
b) Tu bang hoi nudc v8i nhiét dé6 bao hoa t, = 250°C va
x = 0 dugc :

p, = 40bar ; v, = 0,0012512 m3/kg; i, = 1085,7 kd/kg ;
s, = 2,7934 kJ/kg.do.

Véi t, = 250°C va x = 1, duge : p. = 40 bar ;
v, = 0,05006 m%kg ;

i, = 2801 kJ/kg ; s, = 6,0721 kd/kg.d6.
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,,,
]

b 60°C ; sy = s. = 6,0721 kJ/kg.dg, ndm gilta s’ va s” dng
VOl t = 60°C, nén 1a hoi biao hda &m, tinh theo

‘ 84 ™Sy
x = - = 0,73 ; = 0,2 bar-
d 8"~y Pq
ig = i'y +x, .1y = 1973 kJ/kg.

Vg = Vg tx,(v’ - v, = 56 m>/kg.

t, =ty =60°C; p, = Py = 0,2 bar ; s, = s, = 2,7934 kJ/kg.do,
so sanh véi s’ va s”’, thdy a 1a trang thai hoi bdo hoa &m cd do kho :

’
Sa S

a " s
X, = g,,a—_—sTa = 0,28 ; 1, = la+xara = 911 kd/kg ;
v, = v’a + xa(v”a - v’a) = 2,15 m¥/kg ;
c) q; = qbc =i, - i, = 1715 kd/kg ;
qy-= qq, = i, - iy = - 1062 kd/kg.
d)l=q- |q2| = 653 kd/kg.
1 653 5 60 +273
d) np = q—l = 17153~ 0,37 hogc 7y = 1 — 5504973 — 0,37.
q, 1062 ] 1
e) & = ITI = ﬁ= 1,63h0308—m——— 1,7.
T = 1
min

4-4. DS : b) p, = 20bar ; t, = 212,37°C ;
= 0 0011766m"/kg :

= 908,5 kJ/kg ; s, = 2,447 kJ/kg.do.

p. = Pp = 20 bar ; t_ = t, = 212,37°C ; v, = 0,09958 m%/kg ;
i, = 2799 kd/kg ; s = 6,340 kd/kg.do.

P4 4 (0,1 bar ; td = 45,84°C 18y =8, = 6,340 kJ/kgd6 Xy = 0,76
= 2009 kJ/kg ; vy = 11,157 m3/kg.
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p, = Py =01 bar;t, =t, =4584°C;s, = s, = 2,447 kJ/kgdd.
x, = 0,24 i, = 766 kJ/kg ; v, = 3,542 m>/kg.
¢) q; = 1890,5 ki/kg ; q, = 1243 kJ/kg.
d)1 =1, = 6475 ki/kg ;
d) 7y = 0,34.
e) £ =192 ¢ = 2,92
4-5. HD : a) b la giao diém caa t = 15°C va x = 0 ; c la giao
"diém cia t = 15°C va x = 1 ; d 1a giao di€m cia t = -15°C va
sy = S.; a la giao difm cia t = -15°C va's, = s,
b) t, = 15°C, x, = 0 nén tim dugc trong bang : p, = 7,283 bar ;
v, = 0,001619 m%kg ; ', = 4,4346 kJ/kg/do ; I’y = 488,5 k/kg ;
t.=1t, =15°C ;x =1, ‘
nén tim trong bang duge p. = p, = 7,283 bar ;

v’ = 0,175 m¥kg ; s”, = 8,6240 kJ/kg.do ; i”, = 1695,6 ki/kg.
ty = -156°C ; s; = s_ = 8,6240 kJ/kg.do, ndm giita khodng s’
va s, 1a hoi bao hoa &m cé dé kho

S 7Sy 8,6240-3,9293
Xy = = =

s, =%, ~ 9,0150-3,0203 ~ 927

Vg = Vgt x4(v’ - vy = 0,001519 + 0,927(0,509 - 0,001519) =
= 0,472 m/kg ;

iy =iy +x,.1r, = 350 + 0,927 x 1312,6 = 1567 kJ/kg.

, ta‘=,§d = —1§°C 3 S, = Sp = 4,4346 kJ/kg.do, ndm gilta khoang
s’, va s”’,. 12 hoi bdao hoa 4m cé d6 kho :
s —s
x, = —— = 0,1 ;

o a_sa

v, =V, +x, (v’ - V) = 0,001519 + 0,1 (0,509 - 0,001519) =
= 0,0523 m3/kg ; '

i, = i’ +x,G”, - ') = 350 + 0,1 x 1312,6 = 481,26 kJ/kg.
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c¢) Nhiét lugng nha cho nguén cd nhiét do cao :
lq) =i, -i, = 16956 - 488,5 = 1207,1 kd/kg.
Nhiét lugng méi ch4t nhan tit nguén cé nhiét do thép :
4, = iy - i, = 1567 - 481,26 = 1085,74 kJ/kg.
Céng moi ch4dt nhan trong chu trinh :
1] = 1,| = |q,| - q, = 12071 - 1085,74 = 121,36 ki/kg.
- d) £ = T = o186 = &%
p=¢e+1 = 9095

d) Néu thuc hién chu trinh Cacné thuan chiéu thuin nghich thi :

T2
gr=1-= T, = 0,1.
4-6. DS : t, = 40°C ; p, = 9,5818 bar ; v, = 0,7968 dm>/kg ;
i, = 458,08 kd/kg ;

4,3194 kJ/kg.dd.

t =t =40°C; p, = p, = 9,5818 bar ; v_ = 0,01882 m%/kg;

"i, = 590,09 kJ/kg ; s. = 64,74097 kJ/kg.do.

t, = -20°C ; py = 1,5098 bar ; sy = s. = 4,74097 kJ/kg.do ;

d
xy = 0,96.
vy = 0,1063 m%kg ; iy = 557,47 ki/kg ; sy = 4,74097 kJ/kg.do.

t,=ty=-20°C;p,=py = 1,5098 bar ; s, = s, = 4,3194 kJ/kg.do.
x, = 031;v, = 0,034790 m3/kg ; i, = 451,167 kd/kg ;
¢) Nhiét lugng mdi cha&t nha cho ngudn cd nhiét dd cao :
lq,| = 132 kd/kg
Nhiét lugng méi ch&t nhén ti ngudn c6 nhiét d6 thép :
q, = 106,30 kJ/kg.
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Cong ctia moi cht nhan trong ci chu trinh : 1l =11} = 257 kJ/kg.

Hé s6 1am lanh £ = 4,136

Hé s6 lam ndng ¢ = 5,136. -

d) Néu thuc hién chu trinh Cacné thuan chiéu thuan nghich
thi hiéu suit :

n = 0,1947

D - DE BAI CHUONG 5

5-1.* Mot chu trinh dong co déf trong cdp nhiét dang tich, méi
ch4dt 1a khi 2 nguyén ti c6 R = 287 J/kg.dé va k = 1,4. Trong
chu trinh 4p sudt thdp nh4t 1a 1 bar, nhiét do thdp nhit la 320 K,
ti s6 nén bang 4 va ti s6 tang 4p khi cdp nhiét bing 4.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s :

b) X4c dinh théng s6 cd ban ctia trang thdi & c4c dinh cta chu trinh ;

c) Tinh nhiét lugng trao déi gita méi chdt v8i cdc nguén nhiét
tinh cong va hiéu sudt nhiét ctia chu trinh (bing s dién tich trén
dé thi) ;

d) Vé chu trinh Cacné trong cung pham vi nhiét d6 nguén nhiét
va so sanh hiéu sudt nhiét.

5-2. M6t chu trinh déng co dét trong c4p nhiét dang tich cé
ti s6 nén bing 8, trude khi nén khong khi ¢ 4p suit bing 0,1 MPa
va nhiét d6 la 15°C ; nhiét lugng cung cdp cho 1 kg khong khi
trong 1 chu trinh biang 1800 kJ/kg.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s. X4c dinh ap suit
va nhiét do & cac dinh cda chu trinh ; .

b) Tinh nhiét lugng, cong va hiéu suit cta chu trinh ;

c) V& chu trinh Cacnd trong cung pham vi nhiét d6 ngudn nhiét
va so sanh hiéu suit nhiét. -

5-3. Cho mot chu trinh dong co d6t trong cdp nhiét ding tich,
thé tich lam viéc 1a V; = 0,006 m?, thé tich thita V,, = 0,001 m3 ;
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moi ch4t 1a khong khi c6 théng s6 khi nap 1a 20°C va 1 bar ; 4ap
sudt lén nh4t trong chu trinh la 25 bar.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s ;

b) Tinh nhiét lugng va céng trao dgi trong chu trinh ;

c) Tinh hiéu suit nhiét cda chu trinh va so sanh véi chu trinh
Cacnd thuin chiéu thuan nghich trong cung pham vi nhiét dé cuia
ngudn.

5-4. X4c dinh hiéu sudt nhiét va cong cta chu trinh li tudng
dong co d6t trong cdp nhiét ddng tich. Mai chit 1a 1 kg khong khi
c¢é nhiét dung riéng béng hang s6, cac thong s6 & cac trang thai
dac biet la p, = 1 bar ; t, = 0°C ; p, = 53 bar va p; = 4,5 bar.

5-5." Mot chu trinh dong co d6t trong li tudng cdp nhiét ding
4p, moi chdt 1a khong khi cd nhiét dung riéng bing hing s8, cic
théng s6 co ban & trang thdi nap la p, = 1 bar ; T, = 350K ; ti
s6 nén bang 20, hé s6 dan ndé s6m bing 2.

a) Bi€u dién chu trinh trén dé thi p-v va T-s ;

b) X4c dinh cédc thong s6 co ban & cic dinh cia chu trinh ;

c¢) Tinh nhiét lugng va cong ciia moéi chat trao déi trong chu trinh ;

d) Tinh hiéu sudt nhiét va so sdnh v6i chu trinh Cacné trong
cung pham vi nhiét do. .

5-6. Mot chu trinh dong co d6t trong li tudng cdp nhiét dang
4p cd ti s6 nén bing 16, nhiét lugng ngudén néng truyén cho méi
chit khong khi trong mot chu trinh bang 1800 kJ/kg. Cho biét
truéc khi nén khéng khi cé 4p suidt bang 0,1 MPa va nhiét do
bang 15°C,

a) Bi€u dién chu trinh trén dé thi p-v va T-s ; xdc dinh ap
sudt va nhiét d6 & cac trang thai dic biét cia chu trinh ;

b) Tinh hiéu su4t nhiét cia chu trinh.

5-7. Hay xac dinh hiéu sudt nhiét cia chu trinh i tuéng dong
co dét trong c4p nhiét dang 4p clia 1 kg khéng khi cd nhiét dung
riéng 1a hang s6. Cho biét théng s6 & mdt s6 trang théi chu yé&u trong
chu trinh 1a p, = 1 bar ; t, = 0°C ; p. = 55 bar ; p; = 3,5 bar.

Fii
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5-8.° Mot chu trinh li tudng cia dong co d6t trong cdp nhiét
hén hap, moi chit la khﬁng khi c6 théng s6 khi nap l1a 1 bar va
27°C, ti s6 nén 12,7 ; ti s6 tang 4p bing 1,4, hé s6 dan nd sdm
bang 1,6 ; c, = 1,01 k_J/kg.d@ c, = 0,72 kJ/kg.do.

a) Bi€u dién chu trinh trén dé thi p-v va T-s;

b) X4c dinh théng s6 trang thai & céc dinh ctia chu trinh ;

¢) Tinh céng, nhiét lugng trao ddi v6i moi chdt va hiéu suit
nhiét cta chu trinh ;

d) So sanh véi chu trinh Cacné thuén chiéu thuan nghich trong
cung pham vi nhiét d6 cdc nguén nhiét.

5-9. Cho moét chu trinh li tuéng dong co d6t trong cip nhiet
hén hgp, moi chat 1a khﬁng khi cé nhiét dung riéng 1a hing s6,
cdc théng s6 khi nap la p, = 1 bar ; t, = 30°C, ti s6 nén bang 7,
ti s6 tang ap biang 2 va he s6 dan nd sdm bang 1,2.

a) Bi€u dién chu trinh trén dé thi p-v va T-s ; Xac dinh théng
s6 trang thai & cac dinh cua chu trinh ;

b) Tinh nhiét lugng trao ddi gita méi chit véi cdc ngudn nhiét ;

¢) Tinh céng va hiéu suit nhiét cia chu trinh.

5-10. Mot chu trinh li tudng cia dong co d6t trong cdp nhiét
hén hgp, moi chat 13 khéng khi, théng s6 thdp nh4t 1a 0,9 bar va
67°C ; ap sudt cao nhdt la 45 bar, ti s6 nén bing 10, nhan tu
ngudn néng mot nhiét lugng 1a 1090 kd/kg. Tinh ti 1é cdp nhiét
ding tich v6i toan bd nhiét lugng cdp vao.

5-11." Trong mét chu trinh tuabin khi li tudng cdp nhiét ding
ap, khong khi dua vao mdy nén cd 4p suit 0,1 MPa, nhiét d6 15°C,
ra khéi may nén cd 4p suit 0,5 MPa, nhiét d6 cao nh4t trong chu
trinh 1a 900°C.

a) Bi€u dién chu trinh trén dé thi p-v, T-s va x4c dinh 4p suit,
nhiét d6 & cac trang thai dac biét ;

b) Tinh céng va hiéu suit nhiét ctia chu trinh ;

¢) Néu dat thém bo héi nhiét li tudng d€ méi chat c6 th€ nhan
lai dén muc t6i da nhiét lugng cia qué trinh thai nhiét thj hléu
suit nhiét cia chu trinh bing bao nhiéu ?
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5-12. Cho mot hé théng thiét bi tuabin khi 1am viéc theo chu
trinh c4p nhiét va nha nhiét ding 4p, nén va dan né doan nhiét.
Moéi ch4t 1a khdng khi ¢6 nhiét dung riéng coi 1a hang s, cé thbng
s6 p, = lbar ; t, = 17°C ; p, = 8bar, t. = 600°C.

a) Bi€u dién chu trinh trén dé thi p-v, T-s va xdc dinh céc
théng s6 co ban & cac trang thai dac biét ;

b) Tinh nhiét lugng trao d6i giita mé6i chdt vdi cdc ngudn nhiét ;
c) Tinh céng va hiéu suit nhiét cta chu trinh ;

5-13.* M6t chu trinh tuabin khi li tudng cdp nhiét dang tich,
moéi chit 1a khong khi ¢d dp sudt va nhiét d6 lic nap vao 1a 1 bar
va 27°C, ti s6 4p sudt khi nén bing 10, nhiét d6 cao nh4t trong
chu trinh 12 1000K.

a) Biéu dién chu trinh trén d6 thi p-v, T-s va xac dinh thong
s6 co ban & céc trang thai dac biét.

b) Tinh nhiét lugng trao d6i gitta méi chét vdi cdc ngudn nhiét.
c) Tinh coéng va hiéu suit nhiét caa chu trinh.

5-14. Cho mot chu trinh tuabin khi cdp nhiét dang tich, 1 kg
khong khi cd nhiét do va 4p sudt ban ddu 1a 0°C va 1 bar, 4p sudt
sau khi nén 1a 9 bar va sau khi cdp nhiét 1a 13 bar. Hay xac dinh
nhiét d6 cia moéi chdt sau khi nén va hiéu sudt nhiét cta chu
trinh.

5-15.* Trong chu trinh Rankin, hoi nuéc ti thiét bi sinh hoi
vao tuabin 1a hoi bao hoa khd cd dp sudt 2MPa, 4p suit cua hai
tit tuabin vao binh ngung la 10kPa, ra khoi binh ngung la nuéc
bao hoa.

a) Bi€u dién chu trinh trén dé thi p-v, T-s va i-s ;

b) Tinh entanpi cia mdi chdt § cdc trang thai dac biét ;

¢) Tinh cong, nhiét luong trao dGi va hiéu sudt nhiét cla chu trinh ;

d) Tinh hiéu su&t nhiét cia chu trinh Cacn6 thuén chiéu thuén
nghich trong cung pham vi nhiét d6 clia nguén nhiét.

5-16. Trong chu trinh Rankin, hoi fréon - 12 tu thiét bi sinh
hei vao tuabin 1a hoi bao hoa khé cé nhiét d¢ 90°C, nhiét do cua
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noi tit tuabin vao binh ngurllg 12 20°C, ra khéi binh ngung la nudc
bao hoa.

a) Bi€u dién chu trinh trén d6 thi p-v, T-s va i-s ;

b) X4c dinh nhiét dd va entanpi ciia hoi & cic trang thai dac biét ;

c) Tinh cong, nhiét lugng va hiéu sust cta chu trinh ;

d) So sanh vdi hiéu suidt nhiét cia chu trinh Cacnd trong cung
pham vi nhiét do cia nguén nhiét.

5-17.* Mot hé thong thiét bi dong luc (TBDL) hoi nudc lam
viéc theo chu trinh Rankin li tudng vé6i thong s6 hoi vao tuabin
la 30 bar va 400°C, 4p suét trong binh ngung la 0,04.

a) Biéu dién chu trinh trén d6 thi T-s, i-s va x4c dinh nhiét
d6, entanpi ctia moi chit § cdc trang théi dac biét ;

b) Xac dinh hiéu suit nhiét va so sanh véi chu trinh Cacnd
trong cung pham vi nhiét d6 nguén nhiét.

c) Né&u giit nguyén 4p suit trong binh ngung, nhiét d6 hai mdi,
tang 4p sudt hoi vao tuabin 1én dén 100 bar thi hiéu sudt bang
bao nhiéu ?

d) Né&u giit nguyén 4p sudt binh ngung, 4p sudt hoi méi, nang
nhiét d6 hoi vao tuabin 1én dén 500°C thi hiéu suit bang bao
nhiéu ?

5-18." Mot hé thong TBDL hoi nuéc lam viéc theo chu trinh

Rankin v@i thong s6 ban d4u 1a 40 bar va 500°C, ap suit trong
binh ngung la 0,04 bar.

a) Bi€u dién chu trinh trén d6 thi T-s, i-s va x4c dinh entanpi
d cac trang théai dac biét ;

b) Xdc dinh cong va hiéu sudt nhiét ctia chu trinh. So sianh
hiéu sudt nhiét v6i chu trinh Cacnéd trong cung pham vi nhiét do
ngudn nhiét.

¢) Néu 4p suit trong qud trinh ngung bing 1,0 bar thi hiéu

sudt nhiét bang bao nhiéu ? néu nang dén 2 bar thi hiéu suit nhiét
con bang bao nhiéu ?

5—'1 9." Mot hé théng TBDL hoi nuéc lam viéc theo chu trinh
Rankin cai tién : thong s6 hoi ban d4u la 100 bar va 500°C, sau
khi dan nd doan nhiét trong tuabin dén 30 bar thi lai dem gia
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rhiét ddng 4p lén dén 500°C réi méi dan nd ti€p dén 4p sudt trong
binh ngung 1a 0,04 bar. _

a) Bi€u dién chu trinh trén dé thi T-s, i-s, xac dinh entanpi
clia méi chit & cdc trang thai dac biét va d6 khé cia hoi vao binh
ngung.

b) Tinh hiéu sudt nhiét ctia chu trinh va so sdnh véi chu trinh
Cacnd trong cung pham vi nhiét d6 ctia nguén nhiét.

¢) Tinh hiéu sudt nhiét va d6 khé cua hgi vao binh ngung néu
khoéng cé gia nhiét (qua nhiét) trung gian.

5-20.* M6t hé théng TBDL hoi nudc 1am viéc theo chu trinh
Rankin cai tién : hoi ban ddu c6 4p sudt 100 bar va nhiét do
500°C, dan nd dén 20 bar. dugc gia nhiét lai dén nhlet do 400°C
r6i ti€p tuc dan nd dén 0,04 bar.

a) Bi€u dién chu trinh trén d6 thi T-s, i-s, xdc dinh entanpi &
cdc trang thai dac biét va do khoé cta hoi vao binh ngung.

b) Tinh hiéu sudt nhiét va so sidnh v6i chu trinh Cacné cung
pham vi nhiét d6 cia nguén nhiét.

¢) So sanh hiéu suit nhiét va d khé cia hoi vao binh ngung
v6i truong hop chua cai tién.

5-21.* Mot hé théng TBDL hoi nudc 1am viéc theo chu trinh
Rankin véi tuabin cé cong sudt 6MW. Thong s6 hoi vao tuabin la
40 bar va 450°C, hoi sau tuabin cé 4p suidt 1,2 bar dua di cdp
nhiét cho ho dung nhiét, nudc ngung dua trd vé thiét bi sinh hoi.
Cho biét thiét bi sinh hoi dung nhién liéu cé nhiét tri 20 MJ/kg
véi hiéu sudt nhiét 1a 0,85.

a) Tinh lugng nhién liéu cén dung va nhiét lugng cdp cho ho
dung nhiét trong 1 gio ;

b) Néu dung tuabin ngung hai vdi ap suﬁt binh ngung la 0,04
bar dé san xuit dién va dung thiét bi sinh hoi c6 hiéu su4t 0,85
dé cdp luong nhiét nhu trén thi trong 1 gid can bao nhiéu nhién
lieu. Hay néu nhéan xét vé két qua.

5-22. M6t hé théng TBDL hdi nu6c lam viéc theo chu trinh
Rankin v6i tuabin ¢ cong sudt 8MW. Thong s6 hoi vao tuabin la
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40 bar va 500°C, hai sau tuabin c6 ap sudt 2 bar dugc dung de
cdp nhiét, nudc ngung duge dua trd vé, thist bi sinh hoi cd hiéu
suit bing 0,80 ; dung nhién liéu cd nhiét tri thap la 28,00 MJ/kg.

a) Tinh lugng nhién liéu cdn diung va nhiét lugng da cdp cho
hd dung nhiét trong 1 gio ;

b) Tinh va so sianh lugng nhién liéu cdn dung vdi trudng hop
dung tuabin ngung hoi cé 4p suit sau tuabin la 0,04 bar d&€ cdp
dién va 10 hoi d€ cdp nhiét cing cé hiéu suit 0,84.

5-23.* Mot he théng TBDL lam viéc theo chu trinh Rankin véi
hai moi chét : thuy ngan va hoi nuée. Tuabin thiy ngan cé cong
sudt 10 MW lam viéc véi hoi bao hoa khé d nhiét d6 540°C, nhiét
do cta hoi thiy ngan ti tuabin vao binh trao d6i nhiét (binh
ngung) 12 320°C, thiy ngan léng bao hoa sau binh trao ddi nhiét
dugc dua vé thiét bj sinh hoi, con nudc & binh trao d6i nhiét duge
bién thanh hoi bao hdoa khé cung nhiét d6 véi thuy ngan ngung
tu (320°C), sau dd dugc dua vao tuabin hoi, ddn nd doan nhiét
dén 4p suit 0,04 bar, dua vao binh ngung, ngung lai thanh nuéc
bao hoa réi bom vé binh trao déi nhiét.

a) Bi€u dién chu trinh trén dé thi T-s, xdc dinh cac thong s6
trang thdi cta ting méi chdt § cac vi tri dac biét caa chu trinh,
khéi lugng thiy ngan tuong dng véi 1 kg hoi nudc.

b) Tinh nhiét lugng trao d8i véi cac ngudn, cong va hiéu suit
nhiét ctia chu trinh ;

c) So sdnh v6i chu trinh Cacné trong ciing pham vi nhiét do
cia ngudn nhiét ;

d) Néu hai nude chi dan nd dén 100°C réi dua vao binh trao déi
nhiét véi fréon - 12, cho hoi fréon - 12 bao hoa & 100°C thuc hién
chu trinh Rankin dén nhiét d6 20°C. Tinh lugng fréon - 12 tuong
Ung v6i 1 kg hoi nudc va hiéu sudt téng cua hé théng thiét bi.

5-24.7 Cho mot hé théng TBDL hén hgp khéng khi va hai nuéc
lam viéc nhu sau : khong khi ¢ trang thdi a cé 4p suit 1 bar,
nhiét do 20°C, nén doan nhiét dén trang thai b cé 4p sudt
P, = 8 bar, dugc cdp nhiét ding 4p dén nhiét do 800°C réi dan
nd doan nhiét dén 4p suit Py = P.; sau dd qua bd gia nhiét dang
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dp dén trang thai ban ddu. Nhiét luong do khong khi thai ra dugc
cdp d€ tao thanh nudc sbi & 4p sudt 160 bar réi cdp nhiét thanh
hoi qua nhiét c¢6 nhiét d¢ 600°C. Hoi qua nhiét qua tuabin din
nd dén 30 bar, dugc dua vé bo gia nhiét d€ nang lén dén 600°C
roi ti€p tuc dan nd dén ap sudt 0,04 bar.

a) Bi€u di3n chu trinh trén d6 thi T-s va tinh ti lé gita khong
khi va nuéec.

b) Tinh hiéu sudt nhiét cua chu trinh va so sanh véi chu trinh

Cacné trong ciing pham vi nhiét d6 nguén nhiét.

5-25." Cho mét chu trinh thiét bi lam lanh (TBDL) biang khéng
khi, thong s6 vao mdy nén l1a 0,1 MPa va -20°C, ra khéi may nén
la 0,5 MPa, vao xilanh dan né la 15°C.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s.

b) Tinh hé s6 lam lanh, hé s6 lam ndng va so sénh véi chu
trinh Cacndé ngugc chiéu thuan - nghich trong cung pham vi nhiét
do ngudn nhiét.

¢) Xéc dinh luu lugng khong khi dua vao m4iy nén dé dugc
nang suft lanh la 1 kW.

5-26. Trong mot thiét bi lam lanh, khong khi ¢é nhiét do -5°C
tu budng lanh dua vao may nén, nén doan nhiét dén 5 bar, sau
dé duge lam mat didng dp dén 15°C réi qua xilanh dan nd doan
nhiét vé buéng lanh.

a) Bi€u dién chu trinh trén d6 thi p-v va T-s ;

b) Tinh cong cia chu trinh, nang sudt lam lanh, hé s6 lam lanh
va hé s6 1am ndéng néu lam viéc nhu la bom nhiét ;

¢) So sanh véi chu trinh Cacné ngugce chiéu thuan - nghich co
cing pham vi nhiét d6 cia ngudn.

5-27. Mot TBLL bang khong khi c6 niang suét lanh 1a 200.000
kcal/h, khong khi ¢ thong s6 khi vao mdy nén la 1 bar va -10°C,
ra khéi mdy nén la 4 bar, vao budng lai 1a -76°C.

a) Biéu dién chu trinh trén dé thi p-v va T-s ;

b) Tinh cong sudt li thuyét va hé s6 lam lanh cta TBLL :

c) Néu hé théng lam viéc nhu 1a bom nhiét thi hé s6 lam néng
bing bao nhiéu ?
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5-28.° Mot TBLL ding hoi améniac c6 m4y nén va van tiét luu.
Mbi chét c6 cdc thong s6 sau : sau bubng lanh (binh b6c hoi) cé
nhiét d6 —10°C, ra khéi méy nén cd nhiét d6 20°C va do kho bing
1, sau budng lam mat (binh ngung) 1a nuéc bio hdoa cung 4p sudt.
a) Bi€u dién chu trinh trén d6 thi T-s va lnp - i:

b) X4c dinh hé s6 lam lanh bing s6 va dién tich trén d6 thi
T-s ;

c) Né&u la bom nhiét thi hé s6 lam ndéng bang bao nhiéu ?

d) So sinh véi chu trinh Cacnd trong cung pham vi nhiét do
ngudn.

5-29.° M6t TBLL dung hoi améniac c6 mdy nén va van tiét
lvu. Céng suit li thuyét cia mdy nén la 50kW. Amoéniac cé céc
théng s6 sau : nhiét d6 sau buéng lam lanh la - 10°C, sau khi nén
doan nhiét 1a hoi bao hoa khé co nhiét d6 20°C ; sau buéng lam
mat 12 nudc bdo hoa cung ap suit.

a) Biéu dién chu trinh trén dé thi T-s ;

b) Xac dinh nang sudt lanh va hé s6 lam lanh bing s5 va biéu
thi bang dién tich trén dé thi T-s ;

c) Né&u la bom nhiét thi hé s6 ]1am ndng bing bao nhiéu ? Néu
nhiét dé sau buéng lanh la +10°C va nhiét d6 sau buéng lam maét
1a 30°C thi hé s6 1am ndng bing bao nhiéu ?

5-30.° Cho mét TBLL li tudng cé mdy nén va van tiét huu. Moi
chdt 1a fréon - 12 c6 nhiét d6 trong buéng lam lanh la -20°C ;
trong budng lam mat la 40°C, méi ch4t ti trang thai hoi bao hoa
kh6 thanh nudc bao hoa. Biét luu lugng clia méi ch4t 1a 0,03 kg/s.

a) Bi€u dién chu trinh trén d6 thi T-s ;

b) X4c dinh hé sd lam lanh, nang suit lanh va so sdnh véi chu
trinh Cacnd nguge chiéu thuan - nghich cung pham vi nhiét d¢ ;

¢) Néu lam viéc theo chu trinh bom nhiét thi hé s§ lam ndng

bang bao nhiéu ? né&u nhiét dé ngudn lanh tit -20°C thay bing
+10°C thi hé s5 lam ndng bang bao nhiéu ?
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D - DAP SO VA HUONG DAN CHUONG 5

5-1. HD :

a) a la giao di€m cua p,=1barvaT, =320K;b la giao
di€m cua

Va

V=?

b

. vé.st3= s, ; ¢ 1a giao di€m cha v_ = v, vap_ = p,. 4 ; d la giao
di€m clia vy = v, va sy = s_.

Hinh 5.1

b) Da cho p, = 1 bar ; T, = 320K. Dung phuong trinh trang
thai, tinh duogc :

RT
o _ Rl 287x320 oo o
2 P, 1 x 10°

v
v, = ?a' = &23 = 0,23 m%/kg ; p, = p,£ = 1 x 414 = 7,38 bar;

Po-Vs 7,38 x 105 x 0,23 _
X = = S5 = 592K

V.=V, = 0,23 m3/kg s Pe = Pbl = 17,38 >€ 4 = 29,6 bar >
T = T,4 = 2368K. F
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3 N ©_ _ 1340K
vd=va=0,92m/kg;Td=TC.(v—) =
a
RTy 287 x 1340
V4 0,92 x 10°

pd — = 4,17bar

c) Coéng dan nd trong chu trinh 1a cong trong qua trinh dan nd cd :
1 10° _
11 = m (pCVC - pdvd) = 'ﬂ (29,6)( 0,23 - 4,17x 0,92) =
= 742000 J/kg = 742 kJ/kg,
Cd thé bi€u thi 1, bang dién tich cdv,v _ trén d6 thi p-v.

Céng moi chdt nhan trong chu trinh la céng trong qua trinh
nén ab :

1 10° _

L= =7 %~ BV = 04 (1 x 0,92— 7,38 x 0,23) =
= -195.000 J/kg = -195 kJ/kg.

Cc thé bi€u thi 1, bang dién tich abv, v, trén dé thi p-v.

Nhiét lugng méi chat nhan dugc ti nguén ndng la nhiét nhan
dugc trong qua trinh nhan nhiét bc :

20,9
q = ¢, (T, = Ty) g (2368 — 592) = 1285 ki/kg, cd thé biéu

thi bang dién tich bc s s, trén dé thi T-s.

Nhiét lugng mdi chit nha ra cho nguén lanh trong chu trinh
1a nhiét lugng nha ra trong qua trinh da :

_ 20,9
q = ¢ (T, = Ty = S5 (320 — 1340) = —738 kJ/kg, c thé

bi€u thi bang dién tich ad s4S, trén d6 thi T-s.

Cong trong ca chu trinh 1 = L=l - |L] = q; - |q,| nén
cd thé€ bi€u thi bing dién tich abed trén dé thi p-v hoac trén
d6 thji T-s.

Thay s6 duge 1 = I, = |1,| = 742 - 195 = 547 kd/kg
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hoac1 = q, - |q,| = 1285 - 738 = 547 kJ/kg.
Hiéu suit nhiét cé thé tinh bing céng thuc chung :

cling cd thé tinh theo cong thic riéng cia chu trinh dong cd
dét trong cdp nhiét ding tich :

1
= 7 =
1 k-1
Thay s6 vao dugce :
_._547_0 3h = 1 = 0,43
7ZT_1285 4 oach— —W— )
Ciing c6 th€ bi€u thi bang dién tich :
Sabed Sads;s,

It = Sbes,s,, =L - Sbes s,

c) Vi qua trinh bc nhan nhiét td nguén, nén nhiét do nguén
phai 16n hon hoac bang T_ ; qué trinh da la qud trinh thai nhiét
cho ngudn, nén nhiét do ngudén phai nhd hon hoac bang T,. Do
vay chu trinh Cacndé trong pham vi nhiét d6 nguén la chu trinh
thuc hién trong pham vi nhiét d6 T, va T, thay s6 tinh dugc :

T 320
a
tre =1~ =1~ 5368 = 086,

16n hon hiéu sudt nhiét caa chu trinh dong co dét trong.

Ciling c6 thé ching minh trén dé thi T-s. Hiéu sudt nhiét cta
t4t ca chu trinh Cacné trong pham vi nhiét d6 T, va T, déu bang
nhau, dé dé& dang so s4nh vdi chu trinh dong co dét tlong ta vé
chu trinh ab.cd, vita bao ldy chu trinh abed.

Diung cong thuc :

ta thdy : q,. > q V& qp. < q; (dién tich trén d6 thj T-s)
nén : 7ZTC > 72’1‘
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5-2.PS : a) p, = 0,1 MPa ; T, = 288K ; v, = 0,827 m3/kg ;
P, = 1,838 MPa ; T = 662K ; v, = 0,103 m%/kg ;
p. = 8813 MPa; T = 3174K;v_=v, = 0,103 m/kg ;
Py = 0,4795 MPa ; T, = 1380 K ; v, = v, = 0,827 m’/kg

b) q, = 1800 kd/kg; q, = - 782 kd/kg ;1 = 1, = 1018 kd/kg;

nr = 56,5% ;

¢) e = 91%.

5-3. PS: a) p, = 1 bar ; p, = 15,24 bar ; p_ = p__ = 25
bar ; py = 1,6 bar ; v, = 0,84 m%kg ; v, = 0,012 m%kg ; v_ = 0,012
m3/kg ; vy = 0,84 m%kg ; T, = 293 K; T, = 640 K ; T_ = 1050
K; T, = 481K.

b) Q, =246kJ;Q,=-1,13kJ; L = 1,33 kJ ;

¢) ny = 54% ; Ny = T6%

5-4. PS : 5, = 54% ; | = 568 kJ/kg.

9-5. HD : a) a 1a giao di€m cia p, = 1 bar ; T, = 350 K ;
b la giao di€m cia s, = s, va

Va '
Vb = _S— §
c la giao di€m cua p_ = P, va v, = v,. P ; d la giao diém cua

Sd = SC va Vd = Va.

RT,
b)p, = lbar; T, = 350K; v = —* = 257X 350

= 1,0 m3%kg ;
P, 1 x 105 i
_ va _ 3 Va k
vb_—_2—0=0,05m/kg;pb—pd (V_b) =pa£k=
=1 x 20'* = 66,2 bar.
i Pb-Vb  66,2x 10°x 0,05
b= R = 587 = 1155K; p, = p, = 66,2 bar.
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v
vy, = 0,056 x 2 = 0,1 m¥kg; T, = T, -_:;

=T,.p=
= 1155 x 2 = 2310K.
3 Vey k-1
Vg = v, = 1,0 m¥kg; Ty=T, ()" = 2310x 0,174 = 920K
d
RTy 287 x 920
pd — —

vy 10° = 2,64 bar.
' , 1
c)ll—l +lcd=pb(vc_vb)+_k_1 (pcvc_pdvd)=

10°
66,2 x 10° (0,1 — 0,05) + 07 (66.2% 0,1-264x 1)=

1326000 J/kg = 1326 kd/kg.
cé thé bi€u thi bing dién tich bedv 4Vp, trén dd thi p-v.

1 10°
l2=lab:= k_.l(pava—pbvb) ='()’_4

(1 - 66,2 x 0,05) =

-578000 J/kg = -578 kd/kg
ciing cé thé bi€u thi bing dién tich abv,v, trén d6 thi p-v.

1 = ll + 12 = 1326 - 578 = 748 kJ/kg, cS thé bi€u thi bang
dién tich abed trén dé thi p—v hoac trén d6 thi T-s nhu da ching

minh & céac bai trudc.

' 29.3
4, = Qpe= ¢y (T~ Ty) = o~ (2310= 1955) = 1160 kil/ke,

¢S thé bidu thi bing dién tich bess, trén d6 thi T-s.
q = Q4 < c(T

»9
- Ty = S5 (350 — 920) = —412 kJ/kg,
¢6 thé biéu thi bang dién tich ads;s, trén dé thi T-s.

q=gq, +q, = 1160 - 412 = 748 kJ/kg, cd thé bi€u thi bing
dién tich abcd trén d6 thi T-s hodc trén dd thi p-v. Ta thdy, trong
chu trinh q =1 =1, vi Au = Ai = 0.
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hoac ciing cd thé tinh theo cong thidc riéng cua chu trinh dong
co d6t trong cdp nhiét ding 4p :

= ] = 1 Pl\ -1
T = g&-1 k(P -1)
5-6. DS : a) p, = 0,1 MPa; T, = 288K ; p, = 4,85 MPa ;
T, = 873K ; v, = 0,827 m%/kg ; p_ = p, = 4,85 MPa ; T_ = 2667K ;
v, = 0,052 m3kg ; v_ = 0,158 m%kg ; p, = 0,48 MPa ; T, = 1375 K;
vy = v, = 0,827 m%/kg
b) 71 = 56,7%
5-7. bS : nr = 62%.

5-8. HD : a) a la giao diém cta p, = 1 bar, t, = 27°C ;
b 1a giao di€m cua :

= 0,65

b

Va
v =
3

va s, = s, ; b’ la giao di€m cta v,. = v, va p,. = P-4
la giao di€m ctia p, = p,. va v, = V.- P 5 d la giao di€m cua

Sd = SC va Vd = Va.

RT, 28727 + 273

b) p,= 11bar; t,= 27°C; v,= = w1 %.86m’ke
_Va_ 0,86 3 Vay k-1
Vo= = 17~ 00678 m¥kg; T,=T, (V_b) = 300 x 12,74
= 828K.
RT,

b 287x 828
Vo 0,0678x 10°

Py, = 85bar ; v’ = v, = 0,0678 m3/kg

Py=PyA=35x 1,4= 49bar; T, = T = 828x 1,4= 1160K
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P. = P, = 49bar; v = v,.. p= 0,0678x 1,6 = 0,1085 m3/kg ;

Tc= b,;f)=1858K;
Vd=Va =O,86m3/kg; pd= = = 2,7ba1‘; Td= Ta <?) =
. d, k ~ a
(%)
= 300 . (—2-1—?) = 808K

1
Al =y tly =Py Oc — V) + -7 BYVe = PaVy) =

10°
= 49 x 10°(0,1085— 0,067 + 5= (49x 0,1085- 2,7x 0,86)
= 955000 J/kg = 955 kd/kg.
1, c6 thé bi€u hién bing dién tich b’edv,v,, trén d6 thi p-v.
o1 _ 10°
L= L= =7 (oY~ Pyv) = gz (1 % 0,86 0,0678x 35) =
~ -380000 J/kg = -380 kJ/kg.
1, cd thé bi€u thi bang dién tich abv, v, trén d6 thi p-v.

ql=qbb'+qb'c=cv(T'—Tb)+c (TC—Tb.)=

29
N 2099 (1160 — 828) + —5 (1858 — 1160) = 942 kJ/kg ;

c6 thé biéu thi bing dién tlch bb’ ss, trén d6 thi T-s.
20,9
Q= q, = ¢ (T, = T = g (300 — 808) = 367 kJ/kg,
c6 thé bidu thi bing dién tich adsgs, trén d6 thi T-s.
=1 +1, = 955 - 380 = 575 kd/kg ;
q=9q +q, = 942 - 367 = 575 kd/kg ;
Ta thdy 1 = q = 1, c6 th€ bi€u thi bang dién tich abb’cd trén
d6 thi p-v hoac T-s.
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N = = . 0,61 hoac c6 thé tinh truc tiép cho chu trinh
. q, q
dong co d6t trong c4p nhiét hén hop :
1 1.5 -1
o = 4 T k-1 @ -1) +EIpP -1) = bt

300
d) 'lTC =1 - T58 = 0,838.

5-9.DS : a) p, = 1 bar; p, = 15,2bar; p;, = p,, = P = 30,5 bar ;

Pg = 2,6 bar.

v, = 0,87 m%kg ; v, = v,. = 0,124 m¥kg ; v, = 0,149 m3kg;
vy=v, =087 m3/kg ; t, = 30°C ; t, = 387°C ; t,, = 1047°C;
t. = 1312°C ; t, = 511°C.

b) q, = 744 kJ/kg ; q, = -378 kd/kg ; q = 396 kJ/kg.

o 1=q = 396 kikg ; 7; = 53%.

5-10. DS : Cdp nhiet ding '
tich chi€ém 67,5% t6ng nhiét lugng
cdp vao.

5-11. HD : a) a la giao di€m cua
p, = 0,1 MPavat = 15°C ;b la giao
di€m cua p, = 0,5 MPa va S, =8, ;

c la giao di€m cda p, = p, va
t. = 900°C ; d la giao diém cua ’%A"’-’b 3% 8
Sq4 = S. va py = p,.
Hinh 5-11
P, =01MPa; t =15C; p, = 05MPa.
kk;‘ 14-1
b
T, = T, [—] 288 [E} = sk
3 0,1
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T
P = Py, = 0,5 MPa ; t, = 900°C ; Ty= — =7 = 740k;

=
Pc k
Pd

(1173 — 740) = 434 kJ/kg;

Py = p, = 0,1 MPa.
29,3

29

li;; cd th€ bi€u thi bing dién tich cdpyp_ trén dé thi p-v.

29
= iy= ¢, (T,~ Ty) = g (288 - 456) = —168 ki/kg ;

b) =i, —ig=c, (T~ Ty =

L= i,

c6 th€ bi€u thi bing dién tich abpcpa trén d6 thj p-v hoac T-s :

9= i iy= ¢, (t,— ty) = 293 1173~ 456) = 719 ki/ke.
1 266
fr = ;1' = 79 = 0,37
Ciing c6 thé tinh theo
|Q2|
] —
Mt q,

nhung con cén tinh thém q,, hoac tinh theo cong thic cta
tuabin khi c4p nhiét ding 4p.

1 1
r=1- G-p -1~ 50.286

Pp|] K
P,

d) Khi c6 héi nhiét li tudng, nhiét lugng cdp cho méi
chdt tt T, = 456K lén dén nhiét do T, = 740K la do 14y lai
td qud trinh nha nhiét khi nhiét d6 giadm tu T, = 740K dén
Ty = 456K nhiét lugng moi chdt nhan tit nguén nhiét chi
dua méi chat ti nhiét d¢ T,., = 740K lén dén T, = 1173K ;

do dd : q; = ¢ (T, - Ty,) = 434 kd/kg va

= 0,37
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nhu vay hiéu suit nhiét da tang lén ro rét.

5-12. DS : a) v, = 0,832 m%kg ; v, = 0,188 m’kg ; v, = 0,316
m3/kg ; vy = 1,38 m3kg; T, =290 K; T, =525 K; T = 873K;
- T, = 482K.

P, = lbar;pb=8bar;pc=8bar;pd= 1 bar.

b) q, = 352 kd/kg ; q, = - 194 kd/kg ;

ol=1,=q= 158 ki/kg ; np = 45%. |

5-13. HD : a) a la giao diém caa p, = 1 bar va 27°C;
b 1a giao diém p, = p,.@ va s, = s, ; c la giao di€m cia v_ = v,
va T, = 1000K ; d la giao diém cia py = p, va sy = s
RT, 287x 300 _
P,  10°

p, = l bar; T, =27 + 273 = 300K ; v, =

= 0,86 m3/kg.
(k=1

Pp| K )
Pp = Py X 10 = 10 bar; Tb= Ta [p_ = 300 x 10028 =
a
=580K.
RT
b 287 x 580
b T = = 0,17 m3/kg ;
i Py 10 x 10° Ll
T =1000K:v. =v, =0,17m3/kg : p = T 1000
e ’vC_vb— ’ m g’pc—pb'T—bz 10X——580=
= 17,25 bar.
pc -
Pg=Pp, = 1 bar; V4=V, (E;) 1/k= 0,17 X 17,25),7l4= 1,27m3/kg;
T - Pa-Va 1 x 10° x 1,27
d~ R 287 = 443K
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S6 héa boi Trung tam Hoc lieu — DPHTN http://www.lrc-tnu.edu.vn



20,
b) q, = Ay = cv( - b) = 29 (1000 580) -302 kJ/kg,

bi€u thi biang dién tich bes .S, trén dé thi T-s.

29,3
9y = qy, = - Ty) = 5g (300 — 443) = —144 ki/kg,

bi€u thi bing dién tich adsgs, trén dé thi T-s.

¢) Trong chu trinh 1 = I, = q = q; +q, = 302 - 144 = 158
kd/kg bang dién tich abcd trén dé thi p—v hodc T-s. Ciing c6 thé
tinh : 1 =1, +1,

1 10 |
ll= lcd= =1 (PV. — Pyvg) = '0,—4(17,25 x 0,17— 1x 0,27 =

400 kJ/kg, cd thé bi€u thi bang dién tich cdv v, trén d6 thi p-v.
1
l2 = lda + lab = P, (va - Vd) bl k-1 (pava - I'.’bvb) .

s
105(0,86 — 1,27) + — 10 7 (1 X086 —10x 0,17 =

= - 242 kJ/kg, c6 thé bi€u thi bang dién tich dabv,v, trén do
thi p-v. ‘

1 =1 +1, =400 - 242 = 158 kJ/kg, cing bang q, nén cd thé
bi€u thi bing dién tich abcd trén d6 thi p—v hodc T-s.

Ciing cd thé€ tinh theo :
{ k@Vk — 1)
r = ﬂ(k—l)/k @a-1
5-14. DS : T_ = 737 K ; 5, = 50%.
5-15. HD : a) Trang théi hoi vao tuabin (1) 1a giao diém cua
pl 2 MPa = 20 bar va x = 1, hai vao binh ngung 2 1a giao diém

cias, = s, vap, = 10 kPa = 0,1 bar ; nu6c ra khéi binh ngung
cé trang thai 2’ lé giao di€m cia p’, = p, = 0,1 bar vax = 0 ;

= 0,52
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trang thai nuéc bom vao 10 hoi 3 1a giao diém ctia p; = p;, = 20 bar
va s, = ¢, (hoic v; = v, vi nuéc khong nén dugc).

b) Hoi vao tuabin 1a hui bao hda kho, dp suft 20 ber, dung
bang bao hoa hoac dé thi i-s tim dugc iy = 2799 kJ/kg.

Hinh 5-15

Ra khéi tuabin, hgicé s, = s, = 6,340 kd/kg.dd va p, = 0,1 bar,
dung d6 thi i-s tim dugc i, = 2009 kd/kg, néu dung bang, thdy s,
nam trong khoang s’, va s, 1a hoi bdo hoa dm cé do kho

_ %75, 6,340-0,6492
*2 T §7 =%, T 8,149-0,6492

= 0,76

va i, = iy + x,r, = 191,9 + 0,76 x 2392 = 2009 kl/kg.

Nudc ra khéi binh ngung 14 nudc bao hda cé 4p suit 1 bar,
tim & bang bao hoa dugc i,. = 191,9 kd/kg. Nuéc sau khi bom
c6 p; = p; = 20 bar va s; = s,. = 0,6492 kJ/kg.dd hoac
vy = v', = 0,0010103 m3/kg, c6 th€ dung bang nudc chua sbi, ndi
suy dugc i; = 194 kd/kg hodc cd thé tinh i’y = i’,. + 1 = i'3. +
+v,(p; - p) = 191,9 + 0,0010103 (2000 - 10) = 193,9 kd/kg.

c) Coéng ki thu4t cua tuabin sinh ra trong qué trinh dan né
doan nhiét 1 = i - i, = 2799 - 2009 = 790 kJ/kg, bi€u thi
bing dién tich 12 p,p, trén d6 thi p-v hogc doan thing i i, trén
dé thi i-s.
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Cong ki thuat dung khi bom nuéc :

=iy - i, = v4(p; - p,) = 2kJ/kg, bi€u thi bang dién tich
32’ pm3 trén do thi p-v hoac doan 2’3 trén i-s (khong thé hién
trong dd thi i-s trong phu luc).

Coéng trong chu trinh | = L, =1 -1} =790 -2 = 788 kd/kg
bang dién tich 122’3 trén d6 thx p-v hoac T-s.
Nhiét lugng moéi chat nhan duge tit nguén nong :

q, =i, —i; = 2799 - 193,9 = 2605 kd/kg, bi€u thi bang dién
tich 31 szs trén T-s hoac khoang cach thang ding ti 3 dén 1
trén do thi i-s.

Nhiét lugng moi chit thai cho ngu6n lanh :

lg,| =i, - i, = 2009 - 191,9 = 1817 kJ/kg, cd thé bicu thi
bang dién tich 1’2’ s,8’, trén T-s hoac khoang cdch thang dung
tu 2’ dén 2 trén i-s.

Nhiét lugng da chuyén thanh cong trong chu trinh :

q=q, - |q,| =1=1, =1 -], =2605-1817 = 788 kd/kg,
bang dién tich 312a’ trén dé thi p-v hoac T-s.

1 Ly 9 9 788

Wi == = = = = = = — 030
Ir=q, g, q, 2605
Cing cd thé tinh theo cong thuc :
(=i -G, =13 i - , -
Ny = =~ ——, cac tri sé entanpi cc thé tim

i =i, i, =i,
truc tiép trén dé thi i-s, nhung trong d6 thi i-s trong phu luc,
khong c6 i,., cd thé tinh i,. = c.t,, trong dé nhiét dung riéng cta
nuéec C = 1 keal’kg.do = 4,18 kd/kg.do. Két qua tim dugc xap xi

cac két qua da cho & trén.

T | _273+4584 _
Ve =1 T = T g am -
5-16. DS : b) t, = 90°C = 363K ; pl = 27,564 bar ;
v, = 0,00564 m¥kg ; i, = 600,43 ki/kg ; s, = 4,71861 k/kg.do.
97
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t,=20°C =293K;p, = 5,666 bar ; s, = s, = 4,71861 kd/kg.do;
, =09 ;i, =568 kd/kg.

t,=t, =20°C =293K;p, =p, = 5,666 bar ;

s’, = 4,25371 kJ/kg.do ; i’, = 437,9 kd/kg ;

P; =P, = 27,564 bar ; s = 4,25371 kd/kg.dd ; t; = t, ;.

*
“ ro

iy =iy

el I = 32,42 kd/kg ; 1, =0

q, = 162,53 kd/kg ; q, = 130,1 kd/kg.
Ny = 0,2.

d) 7 = 0,2. Chu trinh Rankin dung haoi bao hoa d6i véi fréon 12

trong pham vi nhiét do6 ngudn chénh léch khong 16n co hiéu suit
nhiét x4p xi hiéu suit nhiét cia chu trinh Cacndé thuan chiéu
thuan nghich.

5-17. HD : a) Phuong phédp giéng nhu bai 5-15 : dugc cac
thong s6 trang thai :

p, = 30 bar ; t, = 400°C ; i, = 3229 kJ/kg ; v, = 0,09929 m*/kg;

s, = 6,9160 kJ/kg.do ; p1 = 0,04 bar ; t 29“C = 0,81 ;
s, = 6,9160 kd/kg.d6 ; i, = 2090 kJ/kg P, = O 04 bar ;
i,, = 121,4 kd/kg ; s 04225 kdJ/kg.dd ;v,. = 0,0010041 m- kg

Trang thai 8 : p, = p, = 30 bar ; vy = v,. = 0,0010041 m%kg;
iy = i, = 121,4 kJ/kg ; s, = s, = 0,4225 kJ/kgdo ; t; = t,. = 29°C.
i~ 3229-2090

1 = 17, = 3229-1214

= 0,366.

Hiéu suit cua chu trinh Cacnoé trong cung pham vi nhiét dé :
278 +29
Tre = 1 ~ 9735400 =
c¢) Néu tang p; = 100 bar, t, van gitt bing 400°C dugc
i, = 3093 kd/kg ; s; = 6,207 kJ/kg.do.

Véi s, = s, tim dugc X, va tinh dugc i, = 1880 kd/kg.

0,55.
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; 3093 — 1800 -
Hléu suit nhlét IZ.] — m = 0,41

d) Né&u giit nguyén p, = 30 bar, nang t, = 500°C, duoc
= 3460 kd/kg ; s; = 7,23 kJ/kg.do ; tinh duge x, va i, = 2180 kJ/kg.

3460 — 2180

It = 3360 -121,4 - 3%
5-18. HD : a) Véi P, = 40 bar ; t, = 500°C va p, = 0,04 bar.
Tim dugc i, = 3446 kd/kg ; 1 4 kJ/kg ;

Dya vao's, = s, tim duoc X, va i, = 2146 kJ/kg.

b e = L~ 3446-2146
Tr =5 =7, 3446-121,4

= 0,39

1 =1 -i, = 3446 - 2146 = 1300 kJ/kg.

1 - 273 +29

Tre = 273 + 500

c) Néu ap sudt trong binh ngung bang 1 bar thi i,. = 417,4
kd/kg, van theo s, = s, tinh dugc x, va i, = 2580 kJ’kg

. 3446 — 2580
va )h- = m = 0,286.

= 0,61

Néu 4p sudt trong binh ngung bang 2 bar, thi i’, = 504,8 kJ/kg,
tinh dugc i, = 2690 kd/kg
3446 — 2690

sk It = 3446-505 ©

o
) |
-1

5-19. HD : a) Vi p, = 100 bar, t, = 500°C, dugc i, = 3372
kd/kg ; v, = 0,03281 m/kg ; s, = 6,596 kJ/kg.do.
Véi p, = 30 bar ; s, = s, tim dugc x, va i, = 3040 kd/kg.

a
Véi p, = P, = 30 bar ; t, = 500°C, dugc i, = 3460 kJ/kg. Vai
p, = 0,04 bar va s, = s, tim dugc x, = 84,6%, i, = 2180 kd/kg
va i’, = 121,4 kJ/kg.
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L+l (3372 -3046) + (3460 - 2180) _ o0
q, (3372-1214) +(3460-3040) ~ .

b) nyp=

273 +29
e = 1 ~ gra+sop ~. 9600
¢) Néu khoéng cé qua nhiét trung gian, thong so trang thai
1 khéng d6i, theo s, = s, va p, = 0,04 bar, tim dugc x, réi
i, = 200 kd/kg ; i, = 121,4 kd/kg va x, = T7%.
3372 -2000

Hiéu suat nhiét tinh duagc Ny = m = 0,422.

5-20. HD : a) Vai p, = 100 bar 5 t, = 500°C, dugc cac thong
s6 v, 5, va i, = 3372 kd/kg.

Vsi p, = 20 bar va s, = s, tinh duge x, va i, = 2948 kd/kg.
Gia nhiét dang ap dén t, = 400°C, tim duge i, = 3250 kd/kg. Tu
b dan nd doan nhiét dén p, = 0,04 bar, véi s, = s, va p, = 0.04 bar
tinh duge x, = 83,2% va i, = 2150 kd/kg.

b) Hiéu suat nhiét :

hathe (3372 -2948) + (3250 — 2150)

. _— = — = 2
TS 4, Y4, | (3372-121.4) + (3250 — 2945 ~ 0429
Trong cung pham vi nhi¢t do nguén nhiét duge : Ny = 0,609.

¢) Néu khong cai tién co i, = 3372 kd/kg ; i, = 2000 kd/kg :

X, = WA T

3372 -2000

T = g% 29
r = FETR-1214 = 04%%

5-21. HD : a) Lugng nhién liéu can dung trong 1 gis cho
tuabin 6MW :

NG, —i",)

B = leq ; trong do suit tiéu hao hoi cho 1 kW la :
v
360
d = e = 4,61 kJ/kW.h
1 2
100
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Cach xdc dinh i, i,, iy nhu cac bai trudc, thay vao duoc .
_ 4,61 x6x10%2550-439,4)
N 20 x 10 x 0,85 -

Nhiét cung cdp cho hé dung nhiét trong 1 gio la :

Q., = dN (i, - i,) = 4,61 x 6 x 10% (2500 - 439,4) =

= 5,85 x 107 kJ/h.

b) Néu cdp hoi cho dién va nhiét riéng theo cdac thong s6 da
cho thay cac thong s6 i, = 3330 kd/kg ; i, = 2095 kd/kg ; i, =
121,4 kd/kg dugc lugng nhién liéu d€ cdp dién :

B 4,7 x 103 kg/h = 4,7T

_ AN, - 1) 3600 x 6 x 103%(3330 — 121,4)

e I - - = 3,303 T/h
Qtv.rz (3330 —2095) x 0,85 x 20 x 10
Lugng nhién liéu d€ cap nhieét :
Q, 85 x 107
cn — 5, X _ 3441 T/h.

B, =

QY 20x10°x0,85
Lugng nhién liéu tdng :

B =B, +B,_ =674 Th.
Nhu vay dung phdi hgp tiét kiém duge

AB  6,74-4,7

B ~ 674
5-22. DS : a) B = 4236,73 kg/h.

Q., = 832 x 107 kd/h.

b) B, = 3288 kg/h ; B, = 3716 kg/h ; BZ = 7004 kg/h

x 100% = 30%

AB/B = 39,5%.
5-23. HD : a) V6i thiy ngan cé t, = 540°C, tim dugc
P, = 12.91 bar ;
v’ = 0,02565 m¥kg ; i’ = 408,218 kd/kg ;

s, = 0,86898 kJ/kg.do.
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O nhist do 320°C cd p, = 0,50320 bar ; i’, = 86,788 kd/kg ;
i, = 382,944kJ/kg ; T, = 296,156 ki/kg ; s', = 0,47260 kJ kgdd ;
s”, = 0,97190 kJ/kg.do ; s, = s = 0,86898 kd/kgdo ;

s, =S, - 0,86898—0,47260
I Sk . ’ = 0,7938 = 0,8.
X2 = 9. -5,  0,97190-0,47260 07988

i, = i) + x,r, = 56,788 + (0.8 x 206,156) = 323 kJ/kg.
Voi H,0 : t, = 320°C, p, = 112,90 bar ; i”, = 2700 kJ/kg ;

8"y 5,56353 kd/kg.do.

p, = 0,04 bar ; t, = 29°C ; i’, = 121,4 ki/kg ; i”, = 2554 kd/kg ;
r, = 2433 ki/kg ; s, = 0,4225 kJ/kg.do ; s”, = 8,473 kd/kgdo.

= 55353 kd/ke.d6 ; x, = 752 _ 55353-04225 _ ) o0
s, =8 =9, /kg.dd; x, = s -5, 8473-04225

i, = 1214 + (0,635 x 2433) = 1666,6 kd/kg.

Khéi luong thiy ngan tuong dng véi 1 kg hoi nudce la :

(), =T 2700 — 121,42
= = = : = < / 1(
T G =T, | 323.7128- 86,788 I kg Hglkg M0

b) Nhiét lugng nguén cdp cho m kg thiy ngan :
Q). = mli, - iy)y;, = 10.915(404,28 - 86,788) =

= 3465,36 kJ/kg H,0
Nhiét lugng hoi nudc thai cho nguoén lanh :
Ao = (; — iy o = 1666,6 - 121,4 = 15452 kd/kg
Céng cua hoi nuéc sinh ra :
Lo = (i = iy = 2700 - 1666,6 = 1033,4 k/kg.
Céng cia mkg thiy ngan sinh ra :
Lyjg = MG, = i)y, = 10,915(404,28 - 323,7128) =

= 879,375 kd/kg H,0.
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T8ng céng cia 2 méi chit :

L =l + Ly, = 1033,4 + 879,375 = 1912,8 ki/kg H,0

Hiéu suit nhiét cia chu trinh :

L 1912,90

ey — T = —— — (’/
ir = Q, 3465,36'100% 55%

” _, _ 20+273
Trc = 540 + 273

d) Né&u hoi nudc chi dan nd dén
t, = 100°C, thi s, = s, = 5,5356 kJ/kg.do

) 5,5353 — 1,3071
Va8 X; = 73547-1.3071 = »70

= 0,63.

va i, = ', + xr, = 1997 ki/kg ; i, = 419,1 kJ/kg.

Véi F-12 ¢ 100°C c6 p, = 32,964 bar ; i, = 596,66 kd/kg ; &
20°C cd

p, = 5,6669 bar ; s, = s”, = 4,70102 kJ/kg.do.

_4,70102-4,25371
X2 = 4,74691 - 4,25371

i, = 437,9 + 0,90(582,47 - 437,9) = 569 kJ.

= 0,90 ; i’, = 437,9 kJ/kg ;

(; ~i)no  1997-4191

1 )2
LF— 2= m(, - R 9,939(596,66 - 569) = 274,714 kJ/kgHZO.

o = G = iy = 2700 = 1997 = 703 Lilkg H,0.

(G, ~iuo 2700 —419,1
Mug = G, —iy)y,  323,7128— 86,788

= 9,627 kg Hg/kg H,0.
Ls, = m(, - i), g = 9.627(404,28 - 323,7128) = 775,62 kd/kg H,0
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Hiéu suit tdng caa hé théng thiét bi ¢ thé tinh theo mot trong
hai cong thuc :

L+l +1

o Tlh-iz 0 Quuy— Qa2
S Ql“z; ) Qyy
Trong d6 Qp, = m,, (i, = ')y, = 9,627(404,28 - §6,788) =
3056,495 kd/kg H,0

Thay vao duge 7, = 0,57.

5-24. HD : a) Day la moét chu trinh ghép gém chu trinh tuabin
khi abed va chu trinh Rankin c¢d qud nhiét trung gian 1 AB22'3

Chu trinh tuabin khi c6 T, = 293K, p, = 1 bar, p, = 8 bar,
k-1

,=Tp ¥ =531 K;T, =800+273 = 1073 K;

-3
Il

Ty = Tz = 592 K.

Dé nhiét thai ra cia chu trinh tuabin khi di cdp cho bo gia
nhiét dua nuéc cdp thanh nuéc bao hoa & ap sudt 160 bar, thi
phai théa man phuong trinh can bang nhiét :

miiy - i) = i3 - i,

1650 — 121,4
Thay vao duge m = 9 = ®_ = 6,06 kg khong khikg H,0

b) i, = 3567 kd/kg ; i/\ = 3070 kd/kg ; i; = 3682 kd/kg ;
» = 2270 kd/kg ; i, = 121,4 kd/kg ; i’ = 1650 kd/kg.
mf(i, —iy) — (@, —i)] +(, - i,\) + (i —1y)

m(i, —i) + (1, —i) + (i —1i,)
" 5,06{1,01(1073-592)—1,01(531-293)] +(3567-3070)+(3682—-2270)

5,06.1,01(1073 — 531) + 3567 — 1650 + 3682 — 3070

3150,8758

= 59980450 — A0

Nr =
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_, _ 20+273
Trc = 800 + 273

N/ Npe = 0,82

= 72,69%

5-25. HD : a) Chu trinh lam lanh bang khbng khi l1a chu trinh
ngudc cuia chu trinh tuabin khi.

9, .
b) € = T % nhiét lugng moéi chat nhan duge tit nguén cd nhiét

do thdp : q, = i, - i, = cp(Td = T_J.

a
1 - céng trong chu trinh :
l= (ih - ia) i (ic B id) = Cp(Tb - T;: -7 Tc * Td)

Tacs: T, = -20°C = 253 K ;

Py, 571 , '
T, = T,d(—h> k= 25359414 = 401 K ; T, = 15°C = 288K.
b p.’| ¢
By, 20 ,
Ty=T.: (5) & =288:5"%% =182 K.
Py

Thay vao duge

Cp(Td = Tn) 253 - 182

& = = = = = 1.7
c(T,—T,~T,~T,) ~ 401 -253 288+ 182

p=c+1=27

T, 253 253
. =T T T 288-253 _ 35

= 7,28 ; ¢, = 823

c) D& cd nang suit lanh bang 1 kW, luu lugng khong khi bang :

Q, 1
= = 0,014 kg/s.
q,

G =
29,3
o (253 -182)

3

5-26. DS : b) 1 = 51,5 kJ/kg ; q, = 87 kd/kg ; ¢ = 1,7.
‘ €, = 13,4. :

Cc
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5-27. N =114 kw;e=2; ¢ = 3.

5-28. HD : a) Thong s6 trang thai c sau may nén la t . = 20°C
va x_ = 1 ; sau buéng lam mat la t, = 20°C, x, = 0 ; sau van

tiét luu co t, = -10°C va i, = i, ; sau budng lanh cé t; = -10°C
vis; =s,.
T v bp =~ _---
20°C é—b/ ,\\ C— = /b/’ \\Cr",
#7 \ ‘g&;, /,_’. J__,_,_JZ e
L e SN s

Theo t. = 20°C va x_ = 1, tra bang dugc i, = 1699.4 kd/’kg ;
theo t, = 20°C va x,, = 0, dugc iy = 512,5 ki/kg ; i, = i,
. _ . SaTSy  8,5658-4,0164
theo sy = s, ta co x; = S,,d_sad = 8,9438—-4,0164
i, = 3726 + 0,92.1296,7 = 1565,564 kJ/kg.
1565,564—-512.5
1699,4 — 1565,564

. N
¢ T 203-263 ~

= 0,92 va

Thay vao-duge : € = = 8,05

8,77.

c)p =c+1 =905
Nhiét lugng cdp cho nguén ndng :

q, = i. - i, = 16994 - 512,56 = 1186,9 kd/kg.
5-29. HD : a) Nhu bai 5-28.
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b) Nang suit lanh Q, = G.q, ; trong do luu lugng moi chat

¢=7--"=N
‘c _ld e .

Th a0 d G = a0 = 0,382 kg/
(Hhay vao duge & = 7699 4 - 1565,564 s
Q, = 0,382.1053,046.3600 = 14,482.10° kW.h.

qZ S'ads:asd
£=— = 805 = .

1 S.bcscsb p Sgds;is g

S.bcscsh

c)p = 9,05 =

Sbess, —Sads s,
c b ad

5-30. HD : a) Phuong phéap nhu cac bai 5-28 va 5-29.

(€ d
trong do :
t. = 40°C va x_ = 1, duge i, = 590,09 kd/kg ;
t, = 40°C va x, = 0, dugc i, = 458,08 kd/kg ; i, = i,

t, =t, = -20°C va s, - s, = 4,74097 kJ/kg.do,

nén tim dugce :
4,74097—4,11835
Xy = 776449-4.11835 = %%

i, = 400,47 + 0,96.163,54 = 557,468 kd/kg.

557,468 — 458,08
590,09 — 557,468 ~

" Thay vao dugc £ = 3,0

Nang suéit lanh : .
Q, = G.q, = 0,03(557,468 - 458,08).3600 = 10,734.103 kW h.

T, 253
¢ =T -T,  313-253 "

" 4,2
¢ Q, = Gl - i,) = 0,03(590,09 - 458,08).3600 = 14,257.103 kW.h.
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PHAN HAI

TRUYEN NHIET

CHUONG 6

DAN NHIET

A - CAC CONG THUC TINH TOAN CO BAN

§1. Dan nhiét on dinh
1. Dan nhiét qua vdach phing

PR
wl wn+| .
q == W’

n C

1.
&7
i=p !

q - mat do dong nhiét. W/m? ;

’

6, — chiéu day lép thd i, m ;

b

t,; — nhiét do bé mat trong ciung ;

tyn+ | — nhiét dé bé mat ngoai cua lop thu n.

2. Dan nhiét qua vach tru

2'—[“:\\'1 - t\\'n+l) ,
qy = d ; W/m

n
z ! In =
1= | 1_' d
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3. Dan nhiét qua vach cau
27A(ty,, — tyo)
Q= 1 ——1—

d, d

1

L]

4. DAn nhiét qua thanh
a) Thanh dai vé han

0 = 6™, °C;
Q = H”\IGIAE, W,

# =t -t (t, — nhiét d6 mai truong xung quanh);

[ o
6, — nhiét do thita ban dau, °C ;

a, .U

1
4.1

u - chu vi mat cat thanh, m ;
_— : - 2 5 2
f = dién tich mat cat ngang cua thanh, m~ ;

«, — hé s6 toa nhiét xung quanh thanh, W/m-K ;

)|
A - hé so dan nhiét, W/mK.

b) Thanh dai hitu han khi b6 qua téa nhiét dau thanh

& = B chm(x — 1) oC -
~ 7o ch(ml) * 77

1 (R}
e B ch(ml)’ G

c, . u

Q =0, th(ml), W ;

m

1 = chiéu dai thanh, m.
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5. Dan nhiét qua canh

a) Dén nhiét qua canh thing cé chiéu day khong doi khi boé
qua tdéa nhiét § dinh canh :

1
B =9 ch(ml)

Q = AmfH th(ml)
..:(ll
m = T

6,, 6, — nhiét do thita ¢ géc canh va dinh cdnh, °C ;

1 - chiéu dai cta canh, m ;

d - chiéu day cua canh, m.

Dé xét téa nhiét & dinh canh van cd thé dung cong thiuc trén

nhung khi d6 phai tang chiéu cao canh lén mot khoang bang 5 5.

b) Canh c6 chiéu day thay déi (canh hinh thang va canh tam giac).

Trong tinh todn thuc té, ngudi ta thuong dung cong thuc gin
dung sau day dé tinh lugng nhiét truyén qua canh hinh thang
hoac canh tam gidc :

Q = ¢ Fq
Q' - nhiét lugng truyén qua canh co chiéu day thay doi. W
F’ - dién tich téa nhiét cta cianh c¢6 chiéu day thay doi. m?;
q=7F-" mat do dong nhiét ciua canh cd chiéu day khong déi

ma chiéu dai, chiéu cao, chiéu day bang chiéu dai, chiéu cao, chiéu
day trung binh cua canh cd chiéu day thay doi ;

6, o,
& - hé s6 hiéu chinh tinh tdi su co hep cia canh, & = f( H—b g 3:)
(H6-1a) ; .
92
g~ — ti s0 nhiét do thita & dinh canh va géc canh thang tuong ung :
| ]

% 1

6, = ch(ml) °

' 8,, 8, - chiéu day & gdc canh va dinh canh.
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¢) Canh tron cé tiét dién khéng déi
Q” = E”.F”.q ,
Q" - lugng nhiét truyén qua canh tron ;

-~ - 2 A k) I’ s 2
F” - bé mat téa nhiét cia canh tron, m* ;

q= % mat d6 dong nhiét cia canh thang cd chiéu day, chiéu

cao bang chiéu day, chiéu cao cta cdnh tron va chiéu rong bang
mot mét.

a5 :
7/0—_21./; 70 | = |
J:J L z}'/a
J J do A j BT
0 02 94 06 0,6 5,0
Hinh 6-1la

,I, » | i M —]
¢ re /7740 [ N
| /
94, s ==
)9 a5 il
" : Z/‘_/_,l T
— 1 J/V/T/ |
N o =il O WS S I T
¥ e
! . |
=1 r = —j_ TL m_
q5 S N N Ml _J . ,2 L
i 42 94 9 94 170

Hinh 6-1b
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e

- r,
& =1 ((_)—h, f), hé s6 hiéu chinh xac dinh theo H.6-1b
1 1
f,
5: — ti s0 nhiét do thia d dinh canh va goc canh thang tuong ung :

I

o, - 1

6, ~ ch(ml)

6. D4An nhiét khi ¢6 nguon nhiét bén trong

Khi dong nhiét truyén theo phuong r va chiéu day vach la R
thi truong nhiét do trong ca ba loai vach duge bi€u dién mot cach
tong quat qua :

q\,.R' 2 9
M=t * i+, (!~ ")
trong dé : n = 0 d&i vdi tAim phang : n = 1 doi véi vach
tru va n = 2 d6i vai vat hinh cau.

Mat do dong nhiét trén bé mat vat q(W/m=)

Vv R
9= % Fy N1+
0 day : q\(\\';‘m"’) la mat do ngudon nhiét bén frong :

Fs(m*) dién tich toan phdn cia bé mat bao quanh

§2. Dan nhiét khong on dinh

1. Dan nhiét vai diéu kién bién loai 1

a) D6t néng (hodac lam nguéi) mét phia 1 tam phang day
Lo han

§ = tn 5 £
t“——t— =1 - 2 j; exp[—(§)71dE = 1 — erfs
(8] f
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X
E_ZVa‘L’

t, — nhiét d6 ban dau cta tdm, °C ;

t, — nhiét d6 bé mat bi d6t nong (hoac lam ngudi), °C ;

b) D6t néng cd hai phia mét tdm phdang cé chiéu day S :

I

Nu = -8 = ‘[Nuf_wc + NuZ_, = 'V (%)2 +

il
T Fo

.

a.t7

Fo = —ST ; @ — hé s8 téa nhiét trung binh cua tdm, W/m2K.

_¢) D6t néng thanh tru va hinh cau duong kinh d :
a .'t>

Dai v6i thanh tru dai vé han : (Fo = ?

a. 5 T 5B 4 1
Nu = 3 = \/Nuf_nc + Nu;_>0 = \[(E 7[‘“> + = ﬁ

Dé6i véi hinh ciu :

Nu = a.d - \/NUTZ_”C s Nu?—»o = \/ <§{12>2 "

.

d) D6t néng tam phcing. khi nhiét do bé mat thay déi mot cach
tudn hoan

Theo quy luat t, = t, + At cos(w?)

t(x,7) = Zw+ At.wexp( = %2 ga)— x) cos< = %z\lg X+ w‘()
Ew - nhiét do trung binh trén bé mat ;
S bién d6 dao dong nhiét do bé mat ;

2 1

w = —To tan 30, o 1T

, — chu ki cia dao dong.
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2. Dan nhiét véi diéu kién bién loai 3
a) Tém phang
Nhiét do ¢ tam cia tdm : 62 _ , = F,(Bi, Fo)
Nhiét d6 trén bé mat tdm : 6; _ , = F,(Bi, Fo)

a.o a.T

Bi = T H Fo = ?
d — moét nua chiéu day tdm, m ;
T - thoi gian gia nhiét, s ;
X = 5 toa do khong thi nguyen ;

a - hé s6 téa nhiét trén bé mat, W/m2K.
Céc ham F, va F, tra theo dé thi. (6-2a) va (6-2b)
b) Thanh tru

Nhiét do & tam : 6 _ |, = F’,(Bi, Fo) ;
Nhiét d6 trén bé mat : 6 _ | = ’,(Bi, Fo) ;
®3 1‘0 a.tT

Bi=—r;Fo= — 1 R =
1.1-

LS
O rn
r, — ban kinh thanh tru, m.
Cac ham F’, va F’, tra theo d6 thi. (6-2c) va (6-2d)
c¢) Vat thé hinh dang phic tap
- Vat hinh hop : 6 = 6 8;1 0y .

s N Zi X.T

- Thanh hinh chit nhat : H;,\’T = 6, 'BYT

- Hinh tru cut : 67 = O - B

3. Dan nhiét véi diéu kién bién lién hogp (diéu kién bién loai 4)
=g, = = tderf £ ;
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B - DE BAI

§1. Din nhiét 6n dinh

6-1. Tinh bé day 16p cach nhiét cia mot vich phing dé mat
mat nhiét khéng qua 450 W/m?. Biét nhiét d6 mait trong va mat
ngoai cua 16p cach nhiét t,; = 450°C, t , = 50°C. Tinh trong hai
trudng hop :

a) A = 0,09 + 0,0000872t W/mK ;

b) A = 0,109 + 0,000146t W/mK.

6-2. Cho mot vach phang cé bé day d hé s6 din nhiét cua vat
liéu lam vach phu thudc vao nhiét d6 theo quan hé A = 1 (1 + fSt),
W/mK. Nhiét do trén cdc mat vach lan lugt l1a t, t,, mat do
dong nhiét qua vach q, W/m?.

a) Ching minh rang, su phan bé nhiét do trén vach cd dang :

2 2qx 1

P4

1
VG -3 e

b) Vach lam biang gach sa mét ¢é bé day 6 = 250mm nhiét do
trén hai mat vach t, = 1350°C ; t , = 50°C. Hé s6 dan nhiét
cta vach 4 = 0,838(1 + 0,0007t) W/mK. Tim su phan bé nhiét do
trén vich, bi€u dién bang dé thi.

6-3. Mot tudng 10 xay bang hai
16p : 16p gach sa moét day S, = -
120mm, 16p gach dé 6, = 250mm. %
Heé s6 din nhiét cia gach sa moét va /
gach dé lan lugt bang :

A, = 0,93 va A, = 0,7 WmK

AN

%,

M

DI

a) Né&u thém vao gitta mot 13p bot

=
!

diatomit day 6, = 50mm cd hé s6 ¢ %
din nhiet 4 = 0,113 + 0,00023t, 7) 5)
W/mK thi be"z day lép tgach df’) sé la Hinh 6-3

bao nhiéu dé€ mat dé6 dong nhiét qua -
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tuong khong ddi. Biét nhiét d6 mat trong va mat ngoai cua tudng
16 luén ludén bang 1000°C va 50°C

b) Tinh nhiét d6 & cdc mat ti€p xuc.

6-4. Tudng 10 gém hai 16p : I6p trong bing gach chiu lua, 16p
ngoai bing gach cach nhiét. Chiéu day lop gach chiu l¥a 1a 200mm,
hé s6 dan nhiét 1, = 1,8 W/mK. Hé s§ din nhiét cia gach cich
nhlet A, =0,054 (1+0 ,0024t)W/mK. Nhiét do mat trong cia vach

= 800°C X4ac dinh bé day cua l6p gach cich nhiét d€ m&t mat
nhlet qua tuong khoéng qua 1100W/m? va nhiét d6 mat ngoai cia
tuong khong vugt qua 50°C.

6-5. Mot 6ng thép duong kinh d /d, = 100/110mm dugc phi
hai 16p céch nhiét

cd bé day nhu nhau i 4 lr-

4, = 0 = 50mm. A Ay A Al Ag
Nhiét do mat trong N R 7 o
cua 6ng t,, = 250°C by, \ %é%

va mat ngoai cua \ /§ A
16p cach nhiét thu \ g\\ﬁa—
hai t_, = 50°C. He % é\&
s6 din nhiét cua N\ ///\ bog_
16p cach nhiét thd & /\\7
nhdt va thd hailén 4 , Z N\
lugt bing A, = 006; 1 |& |5 515 |
1,=012WmK He  — T T '

s6 din nhiét cia 6ng Wik Bk
thép 1, = 50W/mK. S

a) Xac dinh m4t mat nhiét qua moét mét 6ng va nhiét do trén
mat tiép xuc gita cac 16p cach nhiét.

b) Né&u déi vi tri clda hai 16p cach nhiét cho nhau. Thi m4t mat
nhiét trén mot mét 6ng va nhiét do gitta hai 16p cach nhiét sé thay
ddi thé& nao ?

6-6. Mot day din cd dién trd R = 10Q/m dat trong mot
6ng xi mang hinh tru. Hé s6 din nhiét clia 6ng 13 ham cia
nhiét d6 4 = 0,159 Int W/mK. Ban kinh trong va ngoai cta 6ng :
r, =5mm;r, = 10mm.
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Dong dién chay trong day cd cuong do 9A tao ra nhiét do khong
d6i & mat trong ctia 6ng la 150°C. Hay xac dinh :

a) Nhiét d6 mat ngoai cia 6ng xi mang ;

b) Nhiét lugng téa ra trén mot mét ong ;

¢) Hé s6 dan nhiét trung binh cta ong.

6-7. Mot 6ng din hoi duge boc hai 16p cidch nhiét cd bé day
nhu nhau. Duong kinh trung binh cua 16p thd hai bang hai lan
dudng kinh trung binh cta 16p thd nhat. Hé s6 dan nhiét cta 16p
thd nh4t bang hai 1an hé s6 dan nhiét cta 16p thid hai. M4t mat
nhiét trén mot mét 6ng q, sé thay ddi thé nao néu ddi ché hai 16p
ciach nhiét cho nhau con cac diéu kién khac gitt nguyén.

D€ giai bai toan, khi tinh q, ta dung cong thic gan dung :

AL 1
4@ =73 1

Aldlbl AZdlhl

d,, - dudng kinh trung binh.

6-8. M6i khéi chit nhat duge ghép tit n tdm déng (A, = 372
W/mK), chiéu day méi tdm J, = lmm va n 16p gidy (AP = 0,12
W/mK), chiéu day moéi lop 6 = 0,2mm (Hinh 6-8).

a) Tinh hé s6 dan nhiét tuang duOng khi dong nhlet truy

theo chiéu vuéng goc (1)
va song song (4 ) voi be
mat tdm.

b) Ti lé giita chiéu day
lé6p dong va chiéu day
l6p gidy phai bang bao
nhiéu dé€ hé s6 din nhiét
tuong duong doc theo
cdc bé mat 16n hon 200
14n hé s6 din nhiét theo
phuong vudng gdéc voi
cac bé mat.

S6 héa boi Trung tam Hoc liéu — DHTN
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¢+~ 6-9. Truong nhiét d¢ trong 1 vach phing cé chiéu day J duagc
bi€u dién mot cich gidn duing bing bi€u thic t = ¢ + Va + bx
(a, b, ¢ 1a nhitng hing s6 chua biét). Nhiét do tai hai bé mat vach
lat, _, =1t vat _s =t, Hé s6 din nhiét cia véich thay doi
theo nhiét do :
khi t = t, thil =4 vat=t,thil =41,

a) Xac dinh ham 1 = A(t) (su phu thudc A vao nhiét do) ;
b) X4c dinh mat do dong nhiét truyén qua véch ;

c) Phai tinh véi gia tri 4, (hé s6 din nhiét trung binh) bang

bao nhiéu dé nhan dugc két qua nhu cau b.
2

6-10. L]

|
: 2
7
‘. S. L °C 4 é
W/mK | mm ’ 7 b/ b/ 2
T 2
c { g
1 1.2 125 1400 ] %
o 7, \4
3 5 100
11 0.3 125 110C 4 7_ ; 7;: 500(:
2
11 0.07 10 400
V6 thép| 50 2 - Hinh 6-10

Tudng budng lia gém 4 1dp, chiéu day, hé s6 dan nhiét va kha
nang chiu nhiét cia moéi 16p duge cho trong bang. Nhiét dé mat
ngoai cung cua tuong 1o khong ddi va biang 50°C.

a) Tinh mat d6 dong nhiét truyén qua tudng khi t, = 1200°C;
b) Kiém tra kha nang chiu nhiét cia tung lép ;

c) Néu vi 1 li do nao d6 nhiét do trong 16 tang lén thi nhiét do
mat trong cung cla tudng 1o 1a t, 16n nhat cho phép bang bao nhiéu ?

d) D€ ki€m tra nhiét do t, ngudi ta dat 2 cap nhiét, cach nhau
1 khoang la a trong 16p thu hai (Hinh 6-10). Tim quan hé giita
hiéu nhiét dé cua hai cap nhiét va nhiét dé t s
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e) Néu tudng chi gém 2 lép, 16p gach chiu lta (I) va 16p vo
thép thi 16p gach chiu l¥a phai day bao nhiéu ? D€ tén that qua
1m? tudng 16 gidng truong hop a.

6-11. Méi gio cd 35kg nudc chay qua 6ng thép boc cach nhiét
¢6 chiéu dai 10m. Nhiét do6 nudc khi vao 6ng la 90°C. 6ng thép
c6 duong kinh trong 50mm va chiéu day 5mm, 16p cach nhiét day
10mm.

Nhiét d6 mat ngoai 16p cidch nhiét bang 25°C. Nhiét d6 mat
trong 6ng thép cd thé xem bing nhiét do ciia nude. Tinh nhiét do
nudc ¢ dau ra va lugng nhiét tén thit trén dudng 6ng. Biét
Ay = 46W/mK, 1. = 0,12 WmK.

6-12. Thiét bi chita nudc ndng cd két cdu nhu hinh 6-12. Nhiét
do ctia nudc trong binh hinh cdu ¢é dudng kinh d = 1m duge git
mot cdch dong déu ¢ 80°C nho bod phan dét néng va canh khudy.
Boc ngoai binh chita hinh c4u la 1 16p cach nhiét day 10cm, tiép

Gichnhil ]
Ca'ch nkié?l

Bink chisl

‘Hinh 6-12

theo 1a 1 16p vo cdu chia nudc day 20cm. Ngoai ngan chia thua
hai 1a 16p cach nhiét cd chiéu day 20cm. Nhiét d6 mat ngoai 16p
cach nhiét thd 2, mét cach gan diing, dugc xem nhu bang nhiét
d6 moi truong t, = 10°C. _

a) Tinh céng suidt cia canh khudy va bo phan dét néng dé gii
nudc trong binh hinh cdu ¢ 80°C ;
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b) Tinh nhiét d6 cia hai bé mat tusng tiép xuc véi ngan chua
thd hai va néi nang cia nudc trong ngan nay :

c) Néu lop cach nhiét thd 2 day vo cung thi cong sudt canh
khudy va bo phan d6t ndng bang bao nhiéu ?

d) Vé phar b6 nhiét d6 trong thiét bi ¢ truong hop a va c.

6-13. Mot ong hinh tru dai ¢ dudng kinh R, va nhiét do bé
mat khong do6i t; dugc cach nhiét v6i moi truong bén ngoai co
nhiét do t, bé‘mg mot 16p vat liéu cach nhiét cé chiéu day S va hé
s6 din nhiét A. Ban kinh bén ngoai 16p cach nhiét R, = R, +S.

He s6 téa nhiét ti bé mat ngoai téi mdi truong xung quanh o
dugc xem la khong phu thudc vao ban kinh R,

a) Tinh mat mat nhiét tu 1 mét ong ra moi truong q, W/m
trong cdc trudng hgp Ri = Smm, Ri = 15mm ;S =0,5;10, 15,
20mm. Khi t, = 60°C ; t, = 10°C ; 1 = 0.3 WmK ; a = 20W/m°K.

b) Bi€u dién két qua tinh toan q, v6i R, = 5 va R, = 15mm
theo su phu thudc vao R .

c) Co kha nang mat mat nhiét tang lén do boc cach nhiét
khong ? giai thich nguyén nhan.

d) Néu cd ; hay tinh ban kinh R, d€ m4t mat nhiét 16n nhit.

6-14. Nhiét do trong binh khi nén dugc do bang moét nhiét ké
thuy ngan. dat trong mot 6ng thép han lién véi vo binh, trong éng
thép chia dau. Nhiét ké& chi nhiét do 6 ddu 6ng thép t; = 84°C,
nhiét do & goc 6ng thép t = 40°C. Chiéu dai 6ng thép ! = 120mm.
Bé day vach vé thép § = 1,5mm. Hé s6 téa nhiét ti khong khi
toi ong thép @ = 23.3W'm-K. Hé s6 din nhiét cta vat liéu lam
ong A = 55,8W/mK.

Xac dinh nhiét d6 cia khong khi trong binh va sai sé cua
phuong phap do.

6-15. D€ chong bam ban va an mon diu cap nhiét do dat trong
dong khong khi ngudi ta dung 1 6ng thép cd chiéu dai | = SOmm,
duong kinh ngoai d = 8mm va chiéu day S = 1,5mm boc ngoai
cap nhiét do (xem hinh 6-15).
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a) D€ danh gia sai s6 cua y
phép do do dan nhiét doc theo /7

6ng thép, hay thiét lap cong w
thic bi€u dién phan bé nhiét do A Z
doc theo thanh éng t(x) khi hé AN :
s6 téa nhiét td khong khi tdi / - é s
thanh 6ng « = 110W/m?K va 4 7 /
nhiét d6 & chan cta 6ng t(x = G o 3
1) bang nhiét d6 vach kénh dan —H (b~
khi tx = 1) = t, = 20°C. L

b) Né&u cap nhiét chi t, / ) \2‘70
= 220°C thi sai s biang bao Capnhiet

nhiéu ?

A

c) Cé thé giam sai s6 cua AANNANNAN e
phép do bang cach nao ? Hinh 6-15

Biét hé s6 dan nhiét cia ong
thép 1 = 50W/mK, bé qua trao d6i nhiét bang bdc xa va bé qua
lugng nhiét truyén qua dinh ong thép.

6-16. Cian cia mot chao nhém cd chiéu dai 1 = 0,4m, duong
kinh d = 25mm va hé s6 dan nhiét 4, = 60W/mK. L6p cach nhiét
boc ngoai can cd chiéu day S = 2mm va hé s6 dan nhiét
A, = 0,2W/mK.

Nhiét do6 ché tiép gidp gilta can va chao (tai x = 0) la ty, = 250°C.
Dudi can dugec xem la cach nhiét li tuéng. Hé s6 toa nhiét tu bé

Cch phiet li 74ang

Can cach nbrél s
-

Hinh 6-16
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mat cich nhiét t6i moi truong cé nhiét do t; = 20°C co thé xem
la khéng d8i va bing a = 20W/m2K.

a) X4ac dinh phan bs nhiét d6 doc theo can t(x) va doc theo bé
mat 16p cach nhiét tA(x).

b) Cé thé cdm cdn & khoang cich x, = 0,35m ma khong sg
béng khong ? (Nhiét do cuc dai tay cé thé so dugc ma khong bong
la 45°C).

6-17. Mat ngoai ctiia budng lam lanh ban din hinh vuéng cd
nhitng canh nhém thang ding. Bé rong cta tuong bén b = 800mm,
chiéu cao cta tuong h = 1000mm. Chiéu cao va bé day cua cianh
] = 30mm va & = 3mm. Méi tudng cd 40 canh. Nhiét do6 & goc
canh t_ = 30°C, nhiét do moi truong xunh quanh t, = 20°C. He
s6 din nhiét cia nhom 2 = 202W/mK, hé s6 téa nhiét tu vach co
canh dén moéi truong xung quanh a, = TW/m?K.

Hay tinh nhiét d6 ¢ ddu canh t, va nhiét lugng truyén qua 4
tudng cta budng.

Né&u mat ngoai ciia buéng khong ¢é canh thi nhiét lugng truyén
qua la bao nhiéu ? Biét hé s6 téa nhiét § mat phing géc canh
ag = ac.

6-18. D& tang cuong hiéu qua truyén nhiét cta thiét bi trao
ddi nhiét ki€u tdm, ngudi ta dung cac canh phang néi cic tdm
lai v6i nhau (hinh 6-18). Khong khi lam mat cé nhiét dé trung
binh t, = 20°C, con nudc chay trong cic tdm cd nhiét d6 trung
binh t = 90°C. Hé s6 toa nhiét déi luu gita nudc va bé mat
tdm «a 2000 W/m?K. Canh va tdm duge lam cung mot loai
vat liéu véi hé s dan nhiét 1 = 15 W/mK va cd chiéu day
S = 3mm. Hé sd téa nhiét gitta khong khi va kénh hinh
chi nhat do tdm va cdnh tao nén (1 = 30mm, b = 50mm) la
ag = 50 W/m?K.

a) Xac dinh phan bo nhiét d6 doc theo canh khi gia thiét chan
canh c¢é cung nhiét do v4i bé mat tdm ti€p xdc véi khong khi t .

b) Xdc dinh lugng nhiét canh téa ra la Q. theo nhiét do t.
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Hinh 6-18 o

c¢) Tinh ti s6 gita Q. va lugng nhiét canh téa ra trong-diéu
kién li tudng khi canh cd nhiét d¢ dong déu t  (ti s6 nay dugc goi
la hiéu suit cta cdnh 7).

d) Tinh hé sé truyén nhiét k giita nudc va khong khi khi dién
tich truyén nhiét dugc lay bing dién tich ctia bé mat tam tiép
xdic véi nude.

e) Nhiét do t, 6 chan cia canh bang bao nhiéu ? vé phan bo
nhiét do t(x) trong canh.

6-19. Mot canh tron cd bé day khéng ddi § = 3,6mm. Ban kinh
6 goc va dinh canh r; = 60mm ; r, = 120mm. Heé s6 téa nhiét tu
canh toi khong khi a = 35W/m?K. Hé s6 din nhiét cta vat liéu
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lam canh 1 = 35W/mK. Nhiét d6 thia tai goc canh 6, = 80°C.
'Hay tinh nhiét lugng truyén qua canh bing cong thuc gan dung.

6-20. B sdy khong khi dugc ché tao bang nhiing ong gang c6
canh mat cat hinh thang, b6 tri doc theo mat ngoai cua ong. Hay
xac dinh nhiét lugng téa ra tit bé mat canh va nhiét do dinh canh.
Biét chiéu dai 6ng 1 = 2500mm, chiéu cao cia canh h = 30mm,
bé day gbc canh, 6, = 3mm, bé day dinh canh &, = 1mm, hé sé
dan nhiét cia gang A = 52,3W/mK, nhiét d6 géc canh t = 450°C,
nhiét do khong khi t, = 350°C, hé s6 téa nhiét tU be mat canh
toi khong khi a = 23 3W/mzK

6-21. Tinh nhiét lugng truyén qua mét canh théng hinh thang.
Chiéu dai cénh ] = Im, chiéu cao h = 50mm, chiéu day
6, = 0,7mm ;¢ = = 0,3mm. Hé s6 tdéa nhiét ti canh t6i khong khi
a = 23,3W/m-“K, hé s6 din nhiét cua vat liéu lam canh
A = 46,56W/mK. Nhlét doé thua tai goc 6, = 80°C.

6-22. Thiét bi sdy bang dién, dudc ché tao tit cac day nicrom,
dudng kinh d = 2mm, dai | = 10m. Khong khi lanh can sdy dugc
thdi vao thiét bi cd nhiét do t, = 20°C. Tinh nhiét lugng téa ra
trén mot mét day, nhiét do bé mat va tam ctua day. Néu dong dién
d6t nong cd cudng do 25A, dién trd suit cta day p = 1,1 Qmm?2/m
va hé s6 dan nhiét cia day 4 = 17.5 W/mK. Heé s6 téa nhiét tu bé
mat day t6i khong khi « = 46.5 W/m?K.

6-23. Trong mot tdm phang day 5mm cd ngudn nhiét bén trong
phan b6 déu q, = 2,7.10" W/m>. Hé s6 din nhiét cia vat lidu
A = 25 W/mK. Hé s6 téa nhiét tit bé mat tdm t6i moi truong xung
quanh & hai phia la «| = 3000 Wm-“K va ¢, = 1500 W/m2K. Nhiét
dd cua moéi trudng tuong dng la t = 130°C va t,, = 140°C.

Xac dinh toa do6 va gia tri nhiét doé cuc dai tlong tim cing nhu
nhiét d6 cac bé mat tiép xdc véi moi trudng.

6-24. Mat do nguén nhiét bén trong, téa ra khi dong ran 1
tam bé tong (chiéu day dp hé s6 dan nhiet 4 g) trong thoi gian rat
dai la khong d6i, q = onst Tam bé tong duoc d6 trén 16p cép pha
bang g6 cd chiéu day d; va hé s6 dan nhiét 4,;. Nhiét do cdac bé
mat tu do cta gbé va bé tong déu bang nhau va bang t . Dong
nhiét truyén qua ciac mat bén khéng dang ké.
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a) Viét phuong trinh vi phan /
din nhiét trong hai tdm ; >

b) Cho biét diéu kién bién va
dang ctia ham phan bé nhiét do
trong méi tdm ;

c¢) X4ac dinh vi tri va gia tri
cia nhiét d6 cuc dai ;

d) Vé mét cach dinh tinh phan
b6 nhiét d6 trong hai tidm.

Hinh 6-24

6-25. Mat d6 ngudn nhiét bén trong tdéa ra trong qua trinh
dong rin 1 6ng bé tong la q = 120 W/m3. Hay xac dinh vi tri va
gid tri cia nhiét d6 cuc dai trong thanh 6ng (6 trang th4i 6n dinh).
Tinh trong ciac trudng hgp sau :

-a) Nhiét chi tda ra bé mat bén trong ; -

b) Nhiét chi téa ra bé mat ngoai ;

¢) Nhiét téa ra ca hai bé mat.

6-26. Khdi cd nhiét do trung binh 210°C chuyén dong trong
mot kénh dan dit ngdm duéi dat. Kénh dan lam bing bé téng cd
mat cat Sgne - 1M X 1m va chiéu day 0,2m. Hé s dan nhiét cta
bé tong A = 1,05 W/mK, hé s6 téa nhiét tit khdi té6i thanh kénh
a = 49 W/m?K.

Hay xac dinh trudng nhiét do trong thanh kénh va lugng nhiét
truyén ra méi trudng bang phuong phdp thang giang. Khi nhiét
do bé mat tiép xuc voi ddt cia kénh biang 50°C.

§2. Dan nhiét khong 6n dinh

6-27. Cé mot tdm cao su day 26 = 20 mm, nhiét d6 ban diu

t, = 140°C dugc lam nguéi trong moéi trudng khéng khi cd nhiét

do khéong ddi t; = 15°C. Xac dinh nhiét d6 6 tam va trén bé mat

tdm sau thoi gian 20 phit ti khi bat ddu lam ngusi. Hé s6 dan

nhiét cia cao sud = 0,175 W/mK hé s6 din nhiét dé cta cao su

. a=0,833.10"7 m?s, hé s6 tda nhiét tit b& mat tAm dén méi trudng
a = 65 WmZK.

8- BTCSKTN e
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6-28. Mot truc bang thép dai duong kinh d = = 120mm

co nhiét do ban ddu t = 20°C, dugc gia nhlet trong 1o co
nhiét do t, = 820°C. Tlnh thoi gian can thiét dé nhiét do ¢ -
tam dat den t_, = 800°C va xac dinh nhiét do trén bé mat

0
khi dy. Biét he s6 din nhiét va he sé dan nhiét do cua thép

A = 21 W/mK va a =6,11.10"% m?/s. hé s6 toa nhiét trén bé mat
truc « = 140 Wm?K.

6-29. C6 mot khéi thép hinh hop kich thudc 200 x 400 x 500
mm nhiét d¢ ban dau t_ | = 20°C, dugc nung nong trong 10 co nhiét
do t; = 1400°C. X4c dinh nhiét d6 & tam khoi thép sau khi nung
trong 1o T = 1,5h. Biét hé s6 dii nhiét va hé s6 dan nhiét do cia
thép A = 37,2 WmK va a = 6,94.10 %m?/s. Hé s6 toa nhiét trén
bé mat a = 186 W/m2K.

6-30. M6t hinh tru cut lam bang thép duong kinh d = 0,3m,
chiéu dai 1 = 0,6m, c6 nhiét d6 ban dau t_ = 20°C, dugc
nung trong lo cd nhiét d¢ t, = 1020°C, a = 232 W/m?K, biét
A, = 35 WmK, a_ = 0,0255 m?/h.

Tinh nhiét dé tai cac diém 1, 2, 3, 4 (Hinh 6-30) sau thai gian
nung la 1 gio.

6-31. DE xac dinh hé s6 téa | x
nhiét trung binh @, (7) ngudi ta

lam lanh dot ngét mo6t qua cau 1 _‘D
thép cd dudng kinh d = 20mm JT_—
va nhiét dé ban dau dong déu
t, = 460°C trong mot b€ dau cs 3 r
nhiét d6 t, = 30°C. Sau 120 giay o
nhiét d6 trung binh tich phan
cia qua ciu thép T = 52°C. V SN
a) Thiét lap moéi quan he U
gitta nhiét do trung binh tich '
phan theo thoi gian va hé s6 toa
nhiét bén ngoai @, (7). Hinh 6-30
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b) X4dc dinh hé s6 téa nhiét trung binh trong trudng hgp ndi
trén. Biét qua cdu thép cd tinh chat vat I sau day :

Hé s6 din nhiét 1 = 52 W/mK.

Khéi lugng riéng p = 7700 kg/m3.

Nhiét dung riéng ¢ = 0,55 kJ/kgK.

Hudng din : mot cach gan diing ¢ thé tinh hé s6 truyén nhiét
bén trong theo céng thic cta bai todn bién loai 1 véi nhiét do bé
mat khong d8i trong qua trinh lam nguoi.

6-32. Mot qua cdu bing thép cd dudng kinh d va nhiét d6 ban
ddu t,, & thoi diém T = 0 dugc treo vao trong 1d nung cd nhiét
dd khong déi t_. Hé s6 truyén nhiét gilta moi trudng va bé mat
qua ciu rit 16n, do d6 nhiét d6 bé mat cua qua ciu thép cd thé
xem bang nhiét d6 cua 1o t,-

a) Tinh lugng nhiét qua cdu nhan dugc sau thdoi gian rit dai ;

b) Giai thich khdi niém "nhiét dé trung binh tich phan" va x4c
dinh nhiét d6 nay tai hai thoi di€m 7, va 7,.

c) Bié’ix dién su thay d8i nhiét d6 trung binh theo thdi gian trén
dé thi.

d) Sau bao lau thi qua ciu nhan dugc 20% lugng nhiét ?

Biét a = 4,4.10°m?s ; c = 500J/kgK ; A = 16,7 WmK

P = 7600 kg/m® ; d = 105mm ; t, = 1300K.

t, = 800K ; 7, = 1s ; 7, = 100s,

6-33. Thiét lap cong thuc tdng quat tinh thdi gian lam nguéi
(hoac d6t ndng) 1 tdm phing rong vo han cd chiéu day d, 1 thanh
tru dai vé han va 1 vat hinh cdu cé dudng kinh d (bing duong
kinh thanh tru) ti thdi diém ban ddu cd nhiét do déng déu t,
dén khi hiéu gita nhiét d6 trung binh tich phan va nhiét do be
mét t bing moét phan n hiéu nhiét d6 ban dau t A to.

: 1 :
Tty =ty —t)
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Tinh ti s6 giita thoi gian 1am nguoi tdm phéang, thanh tru
d6i voi thoi gian lam ngudi vat hinh cdu khin = —1;n—>®
van = 2.

Goi y : Hé s6 tda nhiét quy dén cd thé tinh mot cach gin ding
theo céng thuc :

am = 4 VN, + N2

6-34. Trong nha may san xuit chit déo, san phdm sau khi tao
thanh duéi dang bang cd chiéu day S, chiéu rong b ; b = 1,5s,
duge 1am ngudi trong b€ nudc cé chiéu dai | va nhiét dé nudc
khéng ddi t . Qua trinh lam nguéi phai dugc tién hanh sao cho
nhiét do thita cia bang chdt déo & dau ra t, — t_ chi bing mot
phéan tu gid tri nhiét do thita ban déau t_ - t_.

Do thay d8i miat hang, chdt déo dugc san xudt dudi dang day
tron nhung san lugng, tinh theo m3 ch4t déo trong 1 gio khéng
thay ddi. C4ac day ch4t déo dugc kéo qua 1 tdm phang cd khoan z
16, dudng kinh cta 16 bing dudng kinh day va bing chiéu day cla
bang s, va vin dugce lam lanh trong b€ nudc vdi diéu kién

a o

1 ¢
t, -t = 1 (t. — t;). Hay tinh :

a) Ti 1¢ téc do chuyén dong cla bang u, va cia day chat déo u,
qua bé& nudc. ’

b) S6 16 khoan z
trén tim phing dé
kéo chidt déo qua
b&. Gia thiét ring,
do hé s6 tdéa nhiét
tu bé mat chdt déo
téi nudc 1l6n nén
nhiét do bé mat
chidt déo trong ca Hinh 6-34
hai truong hgp xem
nhu bang nhiét dé nuéc va dong nhiét ddn theo chiéu chuyén
dong cia bang (hoac day) chit déo cé thé bsé qua.
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6-35. Tinh thoi gian déng bang clia mot giot nudc cd nhiét do
ban dau tg = 0°C trong moi trudng khong khi khong chuyén dong
c6 nhiét dd t, = -10°C, hé s6 din nhiét 4, = 2,2.10"2 W/mK.

‘Cho biét : hé s6 d4n nhiét cia bang A, = 2,2 W/mK, nhiét dong
dac cia nude Ai = 333 kd/kg, duang kinh cda giot nuécd =1 ;
0,5; 0,2 va 0, lmm

Khi tinh toin cd thé bé qua bién thién entanpi cia 16p bang
vita hinh thanh dang vé cdu (so vdi nhiét dd cua nuéc) va su thay
d6i mat doé khi bién d8i pha. Trudng nhiét d6 "tai méi thoi diém"
dugc xem nhu 8n dinh (trang thai gia n dinh).

6-36. Khong khi lanh c6 nhiét d6 ty = -10°C thdi qua hé nudc
trén nii cao. O thdi diém 7 = 0 nhxet dd cua nudc trong hé bing
0°C va dudi tac dong cia ludng khﬁng khi lanh mat hé bit dau
déng bang.

a) V& phan bd nhiét d6 trong ludng khong khi, 16p bang va hé
nudc .

b) Tinh thoi gian d€ cd 1 16p bang day 0,1m va 0,2m dugc hinh
thanh trén bé mat hé.

¢) X4c dinh nhiét d6 trén bé mat 16p bang day 0,1m va 0,2m.
Biét hé s6 téa nhiét tit bé mat hé téi khong khi @ = 20 W/m?K
(cdc gia thiét va théng s6 vat li 1am co sé tinh toan giong bai
6-35).

6-37. Kénh khdi dat ngdm trong ddt khé (1 = 1,16W/mK;
¢ = 0,84 kJ/kgK ; P = 2000kg/m3. Khi khéi chua chuyén déng qua
kénh, d4t cé nhiét do déng déu t, = 0°C. Khi khdi chuyén dong
qua kénh, nhiét d6 bé mat d4t ti€p xdc vdi kénh tang 1én dot ngot
va gilt khong d6i & gia tri t, = 150°C.

a) Sau bao nhiéu lau thi 16p d4t cach kénh khéi mot khoang

= 2m dugc d6t nong téi nhiét do t = 50°C.

b) Sau 200 git thi nhiét do & 16p d4t trén bing bao nhiéu ?

¢) Xac dinh bién thién cia lugng nhiét truyén qua day kénh
theo thoi gian.
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d) Lugng nhiét truyén qua lgp dat cach day kénh 1 khodng
= 0,5m & thdi diém 7 = 5 gio bing bao nhiéu ?
e) Xac dinh mit mat nhiét q, qua 1m2 bé mat kénh trong 200
gio dau tlen k& ti khi kénh khdi bat ddu hoat dong.

6-38. Xic dinh nhiét do tiép xuc glua 2 tdm phang rong vo
han khi méi tdm cd cdc thong sb sau :

T4dm thd nhdt (nhom) t, = 60°C ; 1, = 230 W/mK ;

— 900J/keK ; p = 2700 kg/m>,
Tam thd 2 (déng thau) t, = 0°C; 1 = 115 W/mK;
— 900J/kgK ; p = 8600 kg/m3,

6-39. Mot qua cdu bang st c¢6 dudng kinh d = lem va nhiét
do ban ddu déng déu 27°C dugc d6t nong trong kénh khi néng
vai nhiét d6 cia khong khi 1800°K. Su truyén nhiét tit dong khéng
khi t6i qua cdu dugec xem nhu la khong d6i Nu = 10. Tinh thdi
gian d6t néng dé€ nhiét do trung binh tich phan cua qua ciu bing
600°K (tinh theo cong thic gian diung). Biét ring qua ciu sd cé
cc tinh chat nhiét vat li :

=1 kJ/kgK ; p = 2,5 glem? ; A, = 1W/mK, hé s8 dan nhiét
cia khéong khi A = 0,1 W/mK. N

6-40. Nudc chay trong 6ng ngam dat cach mat dat 0,5m. Nhiét
d6 cua khong khi trong 1 dém déng gid manh t, = —20°C. Hay
tinh ki€m tra xem liéu nudc ¢ bi ddng bang trong 6ng vao cuéi
dém khéng ? Né&u nhiét d6 cia nudc vao dau dém la 5°C. Cho
biét :

Thai gian ban dém 7 = 10h.

Hé s6 dan nhiét cua ddt 1 = 2,6 W/mK.

Tich s6 C.p cia dit C.p = 3600kJ/m3K

Hudng déan : A, >> a; nén co thé xem nhiét dé6 bé mat dit
bang nhiét do khong khi ; b6 qua anh hudng cia 6ng nudc tai
phan bé nhiét d¢ trong long dat.

6-41. Mot tdm nhua PVC c6 chiéu day 1,35mm va nhiét do
dong déu 20°C dugc dat trén mét tAm kim loai cd nhiet do bé
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mat 115°C. Hé s6 din nhiét d6 cua td&m nhua PVC la
a = 0,15.10°% m?%s. Hée s6 téa nhiét tit bé mat tdm nhua (khong
tiép xdc véi kim loai) ra méi trudng a = 4W/m?K.

Hay x4c dinh phan b6 nhiét d6 trong tdm nhya va dé chénh
nhiét do gita hai bé mat tdm sau 3 giay (k& ti khi dat tdm nhua
Binder trén t4&m kim loai) bing phuong phdap Binder-Schmidt véi
khoang chia Ax = 0,3mm. Gia thiét rdng ngay sau khi dugc dat
lén tdm kim loai ndng, nhiét do bé mat tiép xdc cia tdm nhua
bing nhiét d6 tdm kim loai va vi A/a 1n hon chiéu day cua tdm
nhua rat nhiéu nén cd thé xem A/a — «.

C - DAP SO VA HUONG DAN

6-1.PS :a)d = 100mm ; b) § = 130mm.
6-2. HD : Theo dinh luat Furier ta co :

tw

= 1
qdx = -A(t) dt — [ qdx = [ A(t)dt (a)

o] X

t. 12 nhiét do tai mot di€m bat ki trong vach cach mat trong
moét khodng 13 x.

Viid =2, (1+pt), dodé dAS = dt.
Thay vao phuong trinh (a) ta dugc :

'}1 A(t)dd/A B 4 )
qx = = —
! 24 B

Mat khac ta cd thé viét : 1 = /10 a1+ ﬂtx)
Thay vao cong thdc (b) va bién déi sé tim dugc phan bé nhiét
do6 trong vach :

t, = V(I/B +tw)? — 2qx/Af - /B , °C
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b) Mat d6 dong nhiét qua vach :
q = 4, (tw, - tw,)/d
Ay = A1 + Bltw, + tw,)/2]

1350+ 50

= 0,838 <1+ 0,0007— ) = 1,25W/mK ;

1,25
1= 0,25

"Su phan bé nhiét d6 trén vach

(1350 - 50) = 6500 W/m?.

2
1 2.6500x 1
b = \[ [0,007 + 1350) ~ 0,838.0,0007 _ 0,0007

t. = (V7,74 — 22,2x - 1,43)10% , °C.

X

Néu dinh truéc khodng cich x thi ta sé tim dugc nhiét dé tuong
ing. Két qua cho trong bang sau :

X. mm 0 50 100 125 150 200 225 250

, °C 1350 1145 940 795 670 385 230 50

6-3. Goi bé day 16p gach dd sau khi cho thém ldp bot diatonit
la 8, , theo diéu kién dé bai ta cg :

_ At _ At
1= 8,72, + 8,4, ~ 8,1, +8y/Ay,, + 871,

Trong d6 : 4, — hé s6 dan nhiét trung binh cua 16p bot diaténit.
Tu do ta rit ra :

O = B3/ = 5)/A A4
Mat d6 dong nhiét qua tudng khi co hai lép :

_tWMiTtw  1000-50 a 5
17 571, +3,71, T 0,120 0,250 - 19°0 Wim
093 ' 0,7
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Nhiét d6 & mat tiép xic thi nhit sé 1a :

0,12
tw, = tw, - g8/, = 1000 - 1950 gia3 = 750°C
Mat do dong nhiét qua 16p bot diatonit viét theo cong thic
A A1 +p(tw, + tw3)/2]l

290,/4, = (2/B + tw, + twy) (tw, - tw,)
Thay céc tri s6 da biét vao : 1, = 0,113 ; g = 0,00203).

2.1950.0,05 2

0,00203.0,113 ~ | 0,00203

Cuéi cung ta c6 phuong trinh : tw3 + 985tw; — 451000 = 0

+ 750 + tw,|(750 - twy)

Giai phuong trinh bac hai trén d&i véi tw, ta cd hai nghiém

—-985 + Y (985)% +4.451000

twy | = 5 = 343°C
-985 — \ (985)% +4.451000
bwys = ¢ 52) | <0

(khéng phu hgp thuc té).
Vay nhiét d6 ¢ mat ti€p xic thd hai 1a :
tw, = 343°C

Heé s6 din nhiét trung binh cia 16p thd 2 :

ﬁ(th +twy)

A 3

tb,

= Ao(l +
750 + 34
= 0,113 (1 + 0,00203——2——3> = 0,238 W/mK
Bé day lép gach do sau khi thém mot 16p bot diatonit sé 1a :

X

0,250 0,050
( 07 0,238] 0,7 = 0,102m
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6-4. DS : J, = 58mm.
6-5. DS : a) q, = 89 W/m ; tw, = 97°C
b) q, = 105,5 W/m ; tw, = 159°C
6-6. DS : a) tw, = 20,5°C ; b) q; = 810W/m ;c) A, = 0,685 W/mK
6-7. HD : M4t mat nhiét trong truong hgp thU nhat :

TAt 1
h = 73 1 1
Al AZdle
M4t mat nhiét trong truong hgp thd hai :
TAt 1
qu = 73 1 1
+
Al A

Trong diéu kién ban ddu cho d,, = Zthl vai, =4,/2
So sanh hai truong hop

1 1 2 1
A Adipr Aldpz Ay 2449y,
— = = = 1,25
qy 1 1 1 |
Ay A4, A1 4191

9 = /1,25 = 0,8q)
Vay nhiét lugng ton thit trong trudng hgp hai gidam di 20%.
6-8. DS : a) A, = 0,72 W/mK ; /lp = 310W/mK
b) §_/6p = 13,43
6-9. DS : a) A(t) = 4, (t - t,))/(t; — t;) = A,(t - tl)/(tl -t)
b) q = A; +2,)(¢, - t2)/25
Q) Ay = (A, +1,)/2
6-10. PS : a) q = 1732,6 W/m? ;
b) t, = 1200°C < 1400°C ; t, = 1019,5°C < 1100°C ;
= 297°C < 400°C
ot = 12955°C
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d) t; =t, +1,At/ak

e) 8* = 796,5mm

6-11. BS : t"w = 59,1°C ; Q = 4531,5kdJ/h

6-12. bS : a) Q = 57,7TW

b) tw, = 41,7°C ; tw, = 38,7°C ; Q = 2,077.10°kJ

¢ Q=Q,, = 21,9W

d) tw, = 65,5°C ; = 64,5°C

6-13. HD : a) Ket qué tinh toan dugc trinh bay trong béng

c) M4t mat nhiét cd thé tang do bé mat truyén nhiét tang lén

R; = 5Smm
r,,mm 5 10 ‘ 15 20 25
qe; W/m 31,4 43.0 449 44.1 42.7
R; = 15mm
R, mm 15 . 20 25 30 35
g.. W/m 94.3 90.8 84,8 79.0 73.9

6-14. HD : Sai s6 cua phép do la do

hién tugng din nhiét doc theo 6ng. Néu ey
coi 6ng nhu moét thanh tréon hitu han va Z
bdé qua téa nhiét & ddu thanh ta cd : N7 7
6, = 6,/ch(ml) hay 6,/6, = 1/ch(ml) = 2 He
%
(te - tf)/(to B tf) 4 2
ml =1 dalullf W ¢
(| Bl
, u =
Trongdou=nd;f=nd6——>?=1/6 1 ET
i:ﬁf—_ 2
(1= M-
ml = Nal//l = 0 12V23,3/55,8.0,0015 ;_:_-_i-/‘f[
= 2 ch(ml) = ch(2) = 3,76 _L_w
(t -t/ —tp) = (84 - t)/(40 - tp) a
1
= g8 = D58 Hinh 6-14
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84-0,2678.40 _
b= —T-pums L0 C

Sai s6 ctua phép do ; t; - t, = 100 - 84 = 16°C

6-15. DS : a) t - t, = (t, — t)(eAX + e”A9/(eAl + ™)

b) t, - tp = 143K

c) S cang bé thi lugng nhiét truyén theo thanh ong dén tuong
cang nhé va sai s6 cling sé cang bé.

6-16. DS : a) t(x) = t; + (t, - tp).

ml —ml
o w7 om
eml o e—r_nl eml 4 e—ml

ta(x) =t + (b, = tp).

ml —ml
ku o e—mx + € emx
a U, feml 4go-m ~ eml 4 o—ml

‘b) t, (x = 0,35m) = 43,2°C — cd thé cdm cén chéo tao vi tri
nay ma khong sg bdng.

6-17. HD : Né&u bd qua su téa nhiét & ddu canh thi nhiét do
ddu canh c6 thé tinh bing :

6, = t, -t = 6,/ch(ml) ; 6, = t, -t = 30 - 20 = 10°C

ml = Wauw/if = 0,03V7.2(1 +0,003)/202.1.0,003 = 0,1435
ch(ml) = ch0,1435 = 1,01 ; m = 4,78

th(ml) = th0,1435 = 0,1425
Nhiét do ddu cénh : t; = t; + 6,/ch(ml) 20 11—31 = 29,9°C

Nhiét lugng téa ra d bé mat mét canh

QCl = Amfg,ch(ml)

f =46h
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Q, = 202.4,78.0,003.1.10.0,-1425

Q, = 41W
Mot tudsng bén cé 40 canh, 4 vach, cd 160 canh
Nhiét luong truyén qua bé mat céac canh :

Q. = 160.4,1 = 656W
Nhiét lugng téa ra 6 bé mat khéng cé canh ciia 4 tudng
Qg = agGIFg theo dau bai a,
Fg - phan mat phing gilta cic cinh

Fg = 4.b.h - (160.hJ)

= 4.0,8.1 - (160.1.0,003) = 2,72m?’

7.10.2,72 = 190,4W

=aC

. Qg
Vay nhiét lugng truyén qua vach cia budng :
Q =Q +Q, =656 +190,4 = 8464 W

Trudng hgp buéng khéng lam canh, nhiét lugng truyén qua
vich : Q@ = af,F = 7.10.4.0,8.1 = 224W.

6-18. bS :

a) t(x) = tg + (t, - t) ch[47,14(0,015 - x))/ch (0,7071)

b) Q. = V2a/1S . Asz(t, - t¢)th0,7071

c)n = 0,861

d) k = 68W/m’K ; e) t, = 86,7°C.

6-19. DS : Q = 103W

6-20. DS : Q_ = 312W

6-21. PS : Q = 89W

6-22. HD : Dién trd cta day dét nong R = plimr? = 1,1.10/z1.= 3,5Q

Nhiét lugng do day phat ra : Q = I’R = 252.3,5 = 1285W

Nhiét lugng cia mot mét day phat ra :

_ 2185

q = QN = o = 218,5W/m
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q,

TS =
Nhiét d6 6 bé mat cua day t,, = oy ¢ v JTT?,

q 218.5
_ = - 2189 50 = 769°C
tw = 7ag T % = 70002285 20~ 7

q; 218,5
Nhiét d6 ¢ tam day : t, = ty + = 769 + m = 770°C
6-23. PS : x = 3,bmm ; t__ = 168,1°C ; t,, = 161,5°C;
t

w2 = 167°C
dt T d?%t
6—24.DS:a)—+1—=0;—=0
dx% dx%I
1 xp.dp dlB
b) Bétong : t = t_+ = + [ x? + it
o 971 I 1y O T dB]
1+ 1+
AH dB AB dH
. 1r n Xy '
G6 t=t +=-d
o) I B AH N c_l_}-_l
| g T dg
1
) X 2 %
c .
Imax . }‘B d_H
Ty dg
¢ _t_l_lr dg I° +lB.dH
Imax o 2 ¥ leH dH }‘H . dB
1+ 4(1 +—)
H 9B dg
¢) 6_1008 = Omax = 0,1

6-26. DS : q; = 3392W/m
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6-27. HD : Nhiét do thita khong thd nguyén & tam va trén bé
mat cia tdm cd thé xac dinh trén d6 thi tinh toan :

9;=0 = F,(Bi ; Fo)
6:_, = F,(Bi , Fo)

Trong trudng hgp nay ta cd : Bi = %6— ='-6—g—'19%} = 3,73

ar _ 0,833.107(120.60) _

Fo = — = 1,0
| 52 (0,01)?
Can cd theo cdc gia tri cia Bi va Fo theo dd thi tim dugc :
6., = 0,26
va
6, = 0,083.
t — t:f
Tu6,_, = t -t xac dinh dudgc :

b =t + 6l (b, — t) = 15 +0,26(146 - 15) = 49°C
va t_s =t + 6}, (t,—t)=15+0,08X140 ~15) = 25.4°C

Vay sau 20 phit 1am ngudi nhiét do & tam cua tdm t _ = 49°C
con nhiét d6 bé mat cua tdm bang t _s = 25,4°C.

6-28. PS : T = 51 phit ; t _ = 804°C.

6-29. HD : Nhiét do khong thi nguyén tai tam cua khai thép
¢é thé xac dinh theo phuong trinh :
t.— ¢

f =
>y.T. ( t-—Zt 0>'ZI
t o

t ot t ¢ thé tim theo d6 thi tinh todn cia tdm phang
x=0’' y=0’ 2=0

(trudng 1 chiéu).

t,— t b= te=o (tf ~ Yoo
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D6i voi tdm cé chiéu day 26x = 200mm
a9, 186.0,1

ar  6,94.10°.1,5.3600 _
Fo =t = = = 3,75; Bi,= —— = =05
5 0,12 A 37,2
Can cd theo Fo  va Bi, tra dé thi ta dugc :
t: — t _
<_f____x—_0) = 0,22
tf = to xT
Tuong tu ta cé 2y = 400mm va Fo = 0,937 ; Biy = 1,0
to — t,_
(_f__g) = 0,57
tf = tO VT

D6i véi tdim od chiéu day 25, = 500mm thi Fo, = 0,6 ; Bi, = 1,25

t —t_
(r__z_o) = 0,68
te — ty /21
tf -t
= 0,22.0,57.0,68 = 0,0852

<tf = to) Xyz1

Tu day ta tinh duge t = t; - 0,0852(t, - t ) =
= 1400 - 0,0852(1400 - 200) = 1282°C

6-30. DS : t, = 951°C ; t, = 908°C ; t, = 880°C ; t, = 792°C
6-31. DS : Bién thién entanpi cua qua ciu chinh bang luong
nhiét tda ra moéi truong :

40 _ Q(7) 1)

dr
Vi I(1) = CPVE(D) ; Q1) = K(MF[ (@) - t]
Trong do : K(7) hé s6 truyén nhiét tu qua cau tdi méi truong.
F - dién tich bé mat ngoai cua qua ciu.
t(t) - nhiét do trung binh tich phan tai thdi diém 7
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a;(T) - hé s6 truyén nhiét bén trong qua ciu.
_r 1 + 1
Ko).F ~ ¢@®.F  a@.F

Nén (1) tré thanh : '.

K@ . FIE®) - ] = —cpV.

Tdr
dlt(r) — t]
==V —F— .
di(r) - t] _E—K(‘L’) F g
T -t Cpv
f_-lr d[f(‘c') - tf] f K(r)d
gl A W g -
e () -t CAV 2,
Véi K1) = % ¥ K(i)dr ta cd :
o t@ -y K@) .F |
H(T)A= _t_A——trt = exp( = (Crf)’v .T) 2)

Hé s6 truyén nhiét trung binh K(7) dugc tinh theo :
1t 1
Ko F _ a®.F  a®F

@,(7) dugc tinh gan ding tit nghiém bai todn lam ngudi véi nhiét
d6 bé mat khong déi :

a(f)d 2 4 1
T e S

= Ai 2+4
a@®=3\3%7 TFo
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Thé (3) vao (2) ta co :

, -1
6(r) = exp 1 1 % 1
= + Cpv
(aa(f)F AIF 2 22 +i__l_)
d (5”) 7 Fo
_ [ —6Fo
B(r) = exp |— 1
+ 2 < 4 1
a2 = =
a0 \[(311) 22
Ai 1
2, = =3 | 6Fo
—— +
tnSi(E) 2 5" .41
( 3" ) 7 Fo
120
Vi Fo = —0 = o = 3,68
Cpd?  7700(0,02)% . 0,55. 103
= 52 — 30 22
Inf = m = lnm = —2,973

Nu = 6,606 — a, (1) = 357TW/m’K
6-32. PS : a) Q, = 2303 kJ.

b) T(z = 1s) = 427,3K
T(r = 100s) = 1174,6K
d 1=272

dZ
6-33.DS:a)T=—
a gNu?

{i'\l 1+(%Nur_m%f—ln(n))2 -1}
d

T— 0
T . T.
b)n—1thiz— =9; " =225
ciu ciu
T - T
n = 2 thi t“‘"‘ = 5,95 ; ?‘3 = 2,01
ciu ciu :
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tdm tlru
n — o thi = 4 ; = 1,71
tcﬁu rcéu
U1
6—34. D : —_— =
S :a) T2 0,376.
b) z=T1T.

6-35. HD : Bién thién
entanpi cia hé théng chinh
bang lugng nhiét truyén ra
moi truong, do do :

ol

Phian bé nhiélds
ht a/77 ne’ao

W - __Q (1) ., : .
trongdé : I, =1 +1I, Hinh 6-35

I, = M,[Cytg + Ai]
I, = M,C, ( — t) + M,C,t;

- Nhiét do goc dé€ tinh entanpi 1a 0 K

I, = MCyty + M,Cpty + MAI
Ihl = M.Cth + MnAin vi Mn # Mb = M
thl E)(tEM.Cb) D(Mn : Ain) _ . Z)Vn
ot = ot gt = Fobh T
oV A% ) | 4 3
n nJr ht . Jr° or . or
W_é“F:_a_r——fﬁ:nen:—af= JonAln'gn'Eﬁ:MPnAlnp-a—t (2)

Td (1) va (2) ta c6 :

Jr

-Q = 4th’nAinr2 = Q = aF (t, - ty) 3
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Vi khong khi khong chuyén dong nén :

A
aD K
AK
Q = R Ft, —tw = 4.71’R/1K(t0 =t (4)

Luong nhiét téa ra méi trudng cing chinh bang luong nhiét
din ti mat trong t6i mat ngoai 16p bang dang vé cau :

4n
Q=17 Aty —t) (5)

11
r R

Tu (4) va (5) rit ra : Q = 1 - R (6)

Két hgp (3) va (6) ta cd :

PnAinrzg_; S | R(tlE RtK)
I a0
hay :
[r(;—b—1>+R]rdr=—R—Ab.(t - t,)dtT (N
\ Ak p &L “E K

Phuong trinh (7) chuyén thanh :
Ay
X - 1) + 1{XdX = -
X -1 +1] .
x3 A’b xZ
TEog g -g €
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Vi 1/11) 1
11'('l7=0)=R,—>}((‘L’=())=].'nenC=-§,1—K g
1 4 1
e (13—1)( x3+1)+—(1—x2)
Thai gian déng bang :
' S0 >X =07 =2 ho =
' r=0-X=0->7 =3 (1; 3)
hay : 2. .. 2.
__ . B, RPS, l(’lb oL
0 — %) A (i — 1) . 3 Ik 2
T = 12742
Két qua tinh todn v6i cdc dudng kinh khac nhau :
d. mm 1 0.5 0.2 0.1
Ts 127 31.75 5.08 1.27

6-36. PS : b) 7z = 0,1m) = 88 3h
7(z = 0,2m) = 260,7h.

o)t (z = 0,1) = -4,76°C
t,(z = 0,2) = -6,45°C
6-37. DS : a) T = 853h _
b) t(x = 2m, T = 200h) = 6,8°C

) qlx = 0, 7) = o
c) q(x B =

d) q(x = 0,5, 7 = 5h) = 5,9 W/m?
e) q = 199800 kJ/m?
6-38. DS : t_ = 34,7°C
6-39. bS : T = 10,61s
6-40. DS : t(x = 0,5m ; 7 = 10h) = 4,1°C ; nudc khong bi
dong bang.
6-41. DS : At = 65K.
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CHUONG 7

TRAO POI NHIET POI LUU

A - CAC CONG THUC TiNH TOAN CO BAN

Cong thic Newton Q = aF|(t, - t])|

Heé s6 toa nhiét a chu y&éu duge xac dinh ti phuong trinh tiéu
chuin dang :

Nu = f(Re, Gr, Pr)

iy 1
Nu = %— : tiéu chudn Nusselt ; Re = 2= . tiéu chusn Reynolds
pRAt
Pr = ﬁ : tiéu chudn Prandtl ; Gr = gﬂz : tiéu chuin
Y
Grashoff.

§1. Téa nhiét doi luu ty nhién

1. Téa nhiét déi luu tu nhién trong khong gian vé han
u = CiGr Pr 3"

Trong phuong trinh nay cac thong sé vat li dugc chon theo

nhiét do xac dinh t_ = -;—(tw + ty) ; Kich thudc xac dinh : déi véi

vach ding hoac 6ng ding chon chiéu cao H ;1

= H ; d6i vai vat
hinh cdu, 6ng nam ngang chon duong kinh d, |1 =

d.
Cac hé s6 C va n duoc xac dinh theo bang sau :

(GrPr), C n
107 - 5.10° 1.18 1/8
5.10% = 2.107 0.54 1/4
2.107 - 1.10%3 0.135 1/3
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Khi t&m phang dat nim ngang bé mat d6t néng hudng lén thi
k&t qua tinh toan phai tang lén 30% ; ngugc lai, khi bé mat dét
nong huéng xuéng thi két qua tim dugc theo cong thuc trén phai

giam di 30%.
Ngudi ta ciing ¢6 thé dung cong thic sau day dé tinh toan

- D4i v6i 6ng dat ndm ngang duong kinh d ; 1 = d) :

Khi 10° < (Gr.Pr); < 108 :
' Pr,

_ 0.25 f 0.25_
Nu, = 0,5(Gr.Pry '(—Pr“)

- Déi véi 6ng dat ding hodc vach dat ding cd chiéu cao h,

h) :
Khi 103 < (Gr.Pr); < 10°

(1

Tty 025
Nu, = 0,76 (Gr.Pr)?-ZS.(ﬁ;)
Khi (Gr.Pr); > 10°
Pr
- pp033 /01025
Nu, = 0,15(Gr.Pr) '<Prw)

2. Téa nhiét déi luu tu nhién trong khong gian hiu han

)'td
q = _J_(twl - th)

Trong d6 : 4, = €44

1
A — hé s0 din nhiét cia chit long tra theo nhiét do t, = 5 by ¥ b

Khi (Gr.Pr), < 103 thig, = 1
10> - 10" thi £, = 0,18Gr.Pnd?

(Gr.Pr)f =
Kich thudc xac dinh trong cac cong thuc trén la chiéu day khe

hep’ 1 = .(5.
151
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§2. Téa nhiét d6i luu cudng bic

1. Chit long chay ngoai vat
a) Chat long chdy ngang qua éng don

10 —
Ey o oY
Khi Re, = 10 - 103 08 N
p AN
05 038, 1025 AN
Nu, = 0,50Rer‘ ; Prf' (P—r“') 96 -

g9° 70°  Ss0° 30° J10°

Re; = 10° - 2.10° H.7-1a. Hé s6 hieu chinh >y
d6i véi Gng don

Lo
Pr €y \
3 {\0.25
= 6 38 ()0 A
Nu = 0,25Rd"®. Pr{ <Prw) s} \
b6i véi khong khi, cac phuong a6 % A
trinh trén cé dang don gian hon : 7%5“ P

gatt. _ 1 L¥N
Re, = 10 - 103 thi Nu, = 0,44 Re®S 90° 70° 30° 30° 7o
f g Hinh 7-1b. He s6 hiéu chinh

Re; = 10° - 2.10° thi Ny, = 0,22 Re0 £y d6i vdi chum 6ng

Cédc cong thic tinh toan trén tuong ung véi géc ra y = 90°,
trong truong hop gdc ra y < 90° thi két qua tinh toan phai nhan
thém hé s6 hiéu chinh ey (gy tra theo dé thj).

ayr = aw =90-EY

b) Chat léng chdy ngang qua chum ong

Khi Re, = 103 - 10° :

Prr

0.25
Nu,f=CReP-P1‘?‘33<ﬁ) & E ey

-
€ ~ hé s6 tinh t6i anh hudng cia budc 6ng ;
€ — hé s6 xét t6i anh hudng cua hang ong ;

&y - hé s6 tinh t6i goc va gilta dong khi va chum ang ,
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Chum Song song So le
He s6
0.26 0.41
n 0.65 : 0.60
£ S, - 8 A
23§ T = (21
(d) Si/S; < 2%, \Sz)
Sy/S; 22—& = 112
g, £, =06;%5 =09 £,=006;8 =07
By=f=..=¢ =1 g3 =F=..=f =1

2. Chat lc;mg chay trong ong
a) Khi chdt long chdy tang Re < 2300

Nu, = 0,15. Re?33 P43 G9! Pr; 02
uf—"ef'rr'1f<W> £

w

Déi v6i khong khi phuong trinh tiéu chudn cd dang :

Nu, = 0,13.Rel3. Gl g

Hé s6 hiéu chinh tinh téi chiéu dai ctia 6ng dugc tinh theo
bang sau :

d 1 2 5 10 15 20 30 40 = 50

g 1.90 1.70 1,44 1.28 1.18 1.13 1,05 1.02 1

b) Khi chdt long chdy réi Relr > 104

Nu; = 0,021Re{*Pr)**(Re;/ Pr)"% ¢,

D6i voi khong khi phuong trinh tiéu chuén cé dang :

— 0.8
Nu, = 0,018.RelS¢
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Hé s6 hiéu chinh tinh téi chiéu dai (4 ch& d6 chay réi) &, :

Req I/d

1 2 5 10 15 20 30 40 = 50

1.10* | 1.65 156 | 134 | 1.23 | 1.17 1.13 1.07 | 1.03 1
2.10" | 1.51 140 | 127 | 118 | 113 | 110 | 1.05 1.02 1
5.10° | 1.34 127 | 1.18 1.13 1.10 | 1.08 | 104 | 1.02 1
1.10° | 1.28 1.22 1.15 1.10 1.08 1.06 1.03 1.02 1
1.10° | 1.14 1.11 | 1.08 | 1.05 1.04 1.03 | 1.02 | 101 1

Néu 6ng cong thi két qua tinh toan theo cac cong thic trén
day phai nhan thém v6i hé s6 hiéu chinh tinh téi d6 cong cia éng

C(R = a.ER

d
&R = 1+ 1,77§

R - ban kinh cong cta éng

Kich thudc xac dinh trong cac céng thic trén day la duong kinh
trong cia 6ng. Khi 6ng khéong tron thi kich thuéc xac dinh la
dudng kinh tuong duong d g

4F
dyg = U

F - dién tich mat cat ngang cua chdt léng chuyén dong, m? ;

U - chu vi uét, m.

3. Téa nhiét khi bién déi pha
a) Téa nhiét khi soi. Khi séi trong khong gian tu do p = 0,2 + 80 baf,
ddi véi nude trong truong hop soi bot cd thé dung cong thic :
a = 46 At2.33p0.5 , W/mzK
hoac a = 3,15p%° ¢*7 |, Wim?K
trong do : At =t - t, : — do chénh nhiét dg, K ;

t, — nhiét d6 bé mat vich ;

t, - nhiét do bao hoa tuong dng ap suit p, °C.
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p — ap sudt tuyét ddi caa hai, bar ;

q - mat do dong nhiét, W/m?.

b) Téa nhiét khi ngung

Ngung trén vach ding hoac 6ng dat dung :

_ ; 4’ r.pg. A3 2
a = 0,943 —_y.h.(ts—tw) , Wm“K

Ngung trén 6ng nidm ngang :

. 41{Lgﬂ3 2
a = 0,72 yd(ts—tw)’w/mK

‘trong d6 :

g - gia téc trong trudng, m/s? ;

A - hé s6 din nhiét ctia chidt 16ng, W/mK ;

r — nhiét &n hda hoi, J/kg ;

P - khéi lugng riéng cia chat 1ong, kg/m? ;

y — d6 nhét dong hoc ctia chat 16ng, m?/s ;

h - chiéu cao cia vach ding, m ;

d - dudng kinh ngoai cia 6ng ndm ngang, m ;

t, — nhiét d6 bao hoa tuong ung v6i ap sudt p, °C;

t, — nhiét do bé mat vach.

Cac théng sd vat i tra theo nhiét do trung binh t_ =

B - DE BAI

§1. Téa nhiét doi luu ty nhién
7-1. Hay tim tiéu chudn dong dang bi€u dién trang thai
chuyén déng cia chit 16ng trong ong bang phudng phdp phan tich
thi nguyén.
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7-2. Mot hién tugng dugc mo ta bdi cic dai lugng : kich thudc
hinh hoc I, (m), gia téc nang g, B (m/s?K), khéi lugng riéng p,
(kg/m3), d6 nhét dong hoc y, (m?2/s) hé s6 dan nhiét 4, (W/mK), do
chénh léch nhiét d6 At, K ; nhiét dung riéng c, (J/kgK). Hé s6 toa
nhiét d6i luu «, (Wm?K). Hay tim cac t8 hop khéng khi thd
nguyén cua hién tugng dd.

7-3. Mot day dan dién cd nhiét d6 bé mat t, = 90°C dat trong
khong khi cd nhiét do t;, = 10°C. Nhing day dd vao nudc cé nhiét
do t, = 10°C, dong thoi gilt nhiét d6 bé mat day khong déi. Hoi
hé s6 téa nhiét cua day thay ddi th€ nao ? dong dién trong day
tang giam bao nhiéu ldn ? Biét dudng kinh cua day la- 1 mm.

7-4. Tim hé s6 toa nhiét va mat do6 dong nhiét cho phép cia
mot sgi day nicrom ndm ngang cé dong dién chay qua. Dudng kinh
day d = 1mm dién trd suit cia day p = 1,1 Q mm?m. Nhiét do
cho phép ¢ bé mat day 1a 670°C va nhiét do khong khi xung quanh
la 30°C.

7-5. Xéc dinh hé s6 téa nhiét d6i luu ti bé mat tAm phing dat
thang ding H = 2m dén khéng khi xung quanh biét nhiét dé trén
mat tdm phang t = 100°C, nhiét do6 khong khi xung quanh & xa
tdm phang la t, = 20°C.

7-6. Trong h6 so cia nha san xudt hé sd téa nhiét tu bé mait
16 sudi dién dat ding cd chiéu cao H = 400mm, tong dién tich bé
mat F = Im?, khi nhiét do bé mat bang 60°C va nhiét d6 méi
trudng 1a 20°C cd tri s6 biang 11,86W/m2K.

a) O ché do da néu trén, cong suit dién bang bao nhiéu ?

b) Hé s6 téda nhiét d6i luu tu nhién ti bé mat 1o sudi ra méi
trudng bang bao nhiéu ? Giai thich sy khic nhau giita két qua
tinh toan va s liéu do nha san xuit dua ra vé hé sé «.

c) Khi nhiét 46 moéi truong (va nhiét do cta cac tuang bao
quanh) tang lén t4i 25°C bo phan diéu khién tu dong sé giam cong
sudt dién cua 16 sudi, do dé nhiét d6 bé mat gidm xudng con 55°C.
X4ac dinh cong sudt dién trong trudng hgp nay.

. 7-7.Xa4c dinh hé s6 téa nhiét d6i luu ti t4m phing nim ngang
dén khong khi xung quanh. Biét ring bé mat téa nhiét nidm quay
lén trén, kich thudc ciua tdm la : (a X b) = (2 x 3)m. Nhiét do
bé mat cia tdm phing t, = 100°C va nhiét d6 khong khi xung
quanh xa tdm phang t. = 20°C.
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7-8. Xac dinh hé s6 din nhiét tuong duong A, cla 16p khong
khi méng c6 bé day § = 25mm. N&u nhiét dd bé mat ndng
ty; = 150°C, nhiét do bé mat lanh t, = 50°C.

7-9. Xac dinh hé s6 din nhiét tuong duong va mat d6 dong
nhiét qua mét 16p khéng khi méng c6 chiéu dai § = 20mm, nhiét
dé6 mat nong t,, = 200°C, nhiét d6 mat lanh t, , = 80°C. He s6
dan nhiét tuong duong sé thay d6i th& nao néu be day lép khong
khi gidm di hai 14n, cdn cac diéu kién khac khong déi.

§2. Téa nhiét doi luu cudng bic

7-10. Mot day din bang déng dudng kinh d = 15mm dugc lam
ngudi bing dong khong khi chay ngang qua. Téc dé dong khong
khi @ = 1m/s, nhiét d6 khong khi t, = 20°C. Tinh hé s6 téa nhiét
tit bé mat day din dén khong khi va cudng do dong dién trong
day din. Biét nhiét do trén bé mat day t = 80°C va dién trd suit
cta day P = 0,0175Qmm?%/m. Hé s6 téa nhiét sé thay déi thé nao -
néu 4p suit cia dong khéng khi p = 4 bar, con cdc diéu kién khac
van nhu cd. :

7-11. Mot dong khong khi téc do @ = 2m/s. Thdi xién mot gée
¢ = 60° so vdi truc cua mot ong dudng kinh ngoai d = 15mm.
Nhiét d6 trung binh cia khong khi t, = 20°C, nhiét d6 trung binh
mat ngoai dng t, = 80°C. Tinh hé s6 toa nhiét ti 6ng dén khong
khi va mat d6 dong nhiét trén mot mét chiéu dai 6ng. Héi a thay
d8i thé niao néu w tang lén 2 va 4 lan, cac diéu kién khac van
nhu ci. '

7-12. Mot day din dién bang nhém cé dudng kinh d = 5mm
duge lam nguoi biang dong khong khi cd tdc do w = 1m/s. Nhiét
d6 khong khi t, = 10°C, nhiét do bé mat day t, = 90°C. Xdc dinh

" hé s toa nhlet ti day vao khong khi va cucng dod dong dién cho
phép chay trong day, biét dién trd suat cia day p = 31—5 Qmm?/m.
Né&u day dude lam ngudi bang nude, con céc diéu kién khac van
nhu ci thi hé sd téa nhiét bing bao nhiéu ?
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7-13. 6ng c6 dudng kinh ngoai d = 25mm duoc lam ngudi
bing ddu may bién 4p chay ngang qua véi téc d6 w = 1 m/s. Nhiét
do dau t, = 20°C. Xdc dinh nhiét do can thiét trén bé mat ong
d& mat do dong nhiét truyén qua 1a q = 45.000W/m? va hé s6 téa
nhiét khi &y bang bao nhiéu ?

7-14. Mot chim 6ng so le gom 4 hang 6ng dudng kinh ngoai
cia 6ng d = 38 mm. Dong khéng khi cd nhiét dé trung binh
t, = 550°C chuyén dong ngang
qua chim &ng véi téc do trung =

binh & mat cat x - x la 46:}7
w = 12 m/s (kich thudéc nhu 5 @ $
hinh v&). Tinh hé s6 téa nhiét o~ {{}
a. Néu géc va y = 60° thi hé

w
s6 téa nhiét bang bao nhiéu ? =t ‘6’}' ‘@‘

7-15. Xac dinh hé s6 tda

nhiét trung binh tit dong khdi {Df
chay ciat ngang chum 6ng so le &
cé buéc 6ng S, = S, = 2d.
1 r o 50

Dudng kinh 6ng d = 38mm, s6
day ong la 30, nhiét do khdi
trudec chum ong la 650°C, nhiét
dé khdi sau chum 6ng 1a 350°C. Téc d6 trung binh cua khdi ¢ mat
cat hep nhdt bing 10 m/s. Néu bé tri song song thi a biang bao
nhiéu khi cac diéu kién khac khong dai.

Hinh 7-14

7-16. Xac dinh hé s6 toa nhiét trung binh cua khdi, thanh phan
H,0 = 11%, CO,-= 13%, N, = 76% chay ngang qua chum dng
gom 8 day 6ng dat song song. Dudng kinh 6ng la 60mm, téc do
khdi & mat cat hep nhat bang 10 m/s. Nhiét do cta khdi & trudc
va sau chum &8ng la 1200°C va 800°C. Gdc va la 50°. Nhiét dé bé
mat 6ng la 311°C. So sanh hé s6 téa nhiét v&i truong hop chum
ong dat so le.

7 - 17. Dau mady bién 4p chay ngang qua chum 3ng dat so le
dudng kinh ngoai cia dng bang 20 mm. Budc 6ng ngang S, = 2,54,
buéc éng doc S, = 1,5d. Téc do trung binh tai mat cit hep nh4t
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14 0,6 m/s. Nhiét d6 trung binh ciia ddu bang 40°C. Tim hé s6 tda
nhiét tir bé mat ng t6i ddu d6i véi day ng thd 3 ctiia chum, biét
nhiét d6 cua bé mat 6ng bing 90°C. Tinh todn trong trudng hgp
gdc va bang 90° va 60°.

Heé s6 téa nhiét sé thay d3i th€ nao néu nuéc chay ngang qua
chum 8ng khi cac diéu kién khic khong déi.

7-18. Tinh hé s6 téa nhiét trung binh khi ddu mdy bi€n 4p chay
trong 6ng cd dudng kinh d = 8mm, dail = 1 m. Nhiét d6 trung binh
ctia ddu theo chiéu dai 6ng t, = 80°C, nhiét d9 trung binh cta vach
éng t, .= 20°C tdc do dau chay trong 6ng w = 0,6 m/s.

7-19. Tri s6 Nusselt va tri s6 a cia chat long khi chay tang
trong 6ng thay ddi thé nao néu dudng kinh 6ng tang lén 2 lan va
4 1an ? Nhiét d6 trung binh cta chit 16ng va nhiét d6 mat trong
cia 6ng khong ddi. Xét trong hai truong hop :

a) Khi téc d6 khong déi ;

b) Khi luu lugng khong déi.

7-20. Xac dinh hé sd téa nhiét ti vach 6ng binh ngung cia
tuabin hoi dén nudc lam mat, biét nhiét do trung binh cua
viach theo chiéu dai t, = 37°C, duong kinh trong cta 6ng
d = 16mm, nhiét d6 nuéc & clta vao t,; = 27°C va & cla ra
t,, = 33°C. T6c d¢ trung binh cta nuéc w = 2 m/s.

- X4c dinh nhiét lugng truyén cho nudc lam mat va chiéu dai 6ng.
- Heé s6 toa nhiét a thay ddi th€ nao khi tang téc do nudc lén
2 va 4 14n, cac diéu kién khac khong déi.

7-21. Khong khi chay qua éng cd dudng kinh d = 60mm, dai
] = 4m. Téc do chay w = 3,5 m/s. Xac dinh hé s6 téa nhiét o, biét
nhiét d6 trung binh cta khong khi t; = 50°C.

- Néu éng uén cong vdi ban kinh cong R = 0,5m thi hé sé toéa
rhiét bing bao nhiéu ?

- Hé s6 téa nhiét sé thay d6i thé nao khi d4p sudt khéong khi
p = 10 bar.

7-22. Xac dinh lugng nhiét truyén tit nudc vao thanh 6ng xoan
véi ban kinh cong R = 120mm, dudng kinh 6ng d = 20mm. Luu
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lugng nudc G = 0,25kg/s. Nhiét do trung binh theo chiéu dai 6ng
t; = 120°C. Nhiét do mat trong cua 6ng khong déi va bang
t, = 100°C, chiéu dai 6ng 1 = 2,5m,

w

7-23. Mot may bom méi gis bom duge 2880kg nudc cd nhiét
do t; = 80°C qua mot dudng 6ng dai 5m. Hay tinh hé s6 téa nhiét
gitta nudc va vach ong khi mat cit ngang cia 6ng khong déi,
nhiing hinh ddng ctia mat cat lan lugt 1a :

a) Mat cat hinh tron cd dudng kinh d = 4cm ;

b) Mat cat hinh vanh khuyén d, = 4cm, d, = 4V2 cm ;

c¢) Mat cat hinh cht nhat a = 4em, b = zem

d) Mat cat 1a khe tao bdi dudng tron cé dudng kinh d = 4cm
va mo6t hinh chit nhat ¢d kich thuéc a = 1,6ncm ; b = 5cm.

Cé thé bd qua 4nh hudng cua chiéu dong nhiét khi tinh todn.
Biét p = 972 kg/m? ; 1 = 0,67 WmK_; v = 0,364.10 °m?/s.

7-24. X4ac dinh nhiét do ra va vao cia nudc d moét thiét bi trao
ddi nhiét, biét rang nudc chay trong 6ng, nhiét do vach éng t, = 230°C.
Téc d6 nudc trong 6ng w = 1,2m/s, dudng kinh 6ng d = 16mm,
chiéu dai | = 3m, mat d6 dong nhiét q = 2,33. 10°W/m?.

7-25. Nhiét do trung binh cia nudc chay trong 6ng cé duong

- kinh d = 20mm va chiéu dai 1 = 2,3m la 150°C. Tinh téc d6 luu

dong ctia nudc trong 6ng d€ ¢ ché& do chay r6i va khi nhiét do6 bé
mat trong ctia 6ng t, = 170°C thi lugng nhiét cdp cho nuéc bang
9 kW. X4c dinh nhiét d6 cia nudc khi vao va ra khéi 6ng.

7-26. Nudc chay trong 6ng cé dudng kinh 8mm. 6ng dugc dét
nong déu theo chu vi va

theo chiéu dai voi mat do z =20d
dong nhiét q = 4. 10*W/m?. -4
Xac dinh hé s6 trao ddi : lllljl 111

nhiét cuc bd va nhiét do

cia thanh 6ng trén mot . T 1 1 1 f1 1 11
dcan x = 20d, tinh tu G = const
ddu vao cua doan dét

néng, bist nhist do cua Hinh 7-26
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nudc & dau vao t;; = 10°C va t6c d6 trung binh ciia nudc chay
trong 6ng w = 0,15m/s. Truéc doan dét ndng ché& do6 thuy dong
da 8n dinh.

7-27. T6c do chuyén dong trung binh cda nuéc chay trong 6ng
¢6 dudng kinh d = 20mm, chiéu dai 1 = 1m la 0,5m/s. Nhiét do
cia nudc khi vao ong t’ = 20°C.

1) Hay xac dinh nhiét d6 ctia nudc tai ctta ra khi :

a) Nhiét d6 bé mat trong cia dng khong ddi va bang 50°C ;

b) Mat do dong nhiét truyén tit 6ng téi nude q = 70.000W/m?.

2) Nhiét dé nudc tai cita ra thay ddi th& nao khi téc do chuyén
déng ctia nuéc tang lén 2 lan.

Biét thong s6 vat li cia nude r = 1000kg/m3 ; ¢ = 4,19kJ/kgK ;
y = 10°%m?%s, Pr = 6 ; A = 0,54 W/mK. Khi tinh todn cd thé& bé
qua anh hudng cua chiéu dong nhiét.

2 P

7-28. Khoi thai chuyén dong trong éng thép dat ding cao
120m, day 8mm, dudng kinh trong d. = 300mm véi liu ligng xudi
lugng G = 1290kg/s. Nhiét d6 khoi khi vao ong la 145°C. Ong
thép duge boc mot 16p cach nhiét phia ngoai day 100mm. Nhiet
do moéi trudng phia ngoai 6ng la 20°C. D& ngan ngia hién tugng
an mon kim loai, nhiét d6 mat trong cia &ng thép phai l6n hon
nhiét dd6 dong sudng axit tys = 130°C.
a) Hé s6 téa nhiét @ va hé s6 truyén nhiét tinh d6i véi dién
tich bé mat 6ng tiép xdc véi khdi bing bao nhisu ?
b) Hay x4dc dinh nhiét d6 khoi va nhiét dé bé mat tai ddu ra
cia ong dé ki€m tra xem liéu hién tuong an mon cd xay ra hay
" khéng ? '
'¢) Nhiét d6 khdi thai-khi vao 6ng phai bing bao nhiéu dé loai
tri hién tugng an mon d6i véi 6ng thép ?
Cho biét :
He s6 toa nhiét bén ngoai 6ng a, = 10W/m?K ;
Hé s6 dan nhiét cia 6ng thép A, = 20W/mK ;
Hé s6 dan nhiét cua l6p cach nhiét A = 0,07W/mK.
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Tinh chét nhiét vat li (gi4 tri trung binh) cua khdi & trong 6ng :
P = 0,88kg/m3 ; C_ = 1,062kJ/kgK ; 1 = 0,034W/mK ;

p
y = 24. 10" °m?%s

7-29. Nudc cd thong s6 vat li khéng d8id, £, ; C, ; v, chuyén
déng vdi téc dé trung binh @ qua mét 6ng thép dat nim ngang
¢6 duong kinh :

d,

T va hé s6 dan nhiét A_. Nhiét d6 cta nudc khi vao dng la t.
2

6ng thép dugc boc mot 18p cach nhiét (dudng kinh ngoai d,) véi

hé s6 didn nhiét A, hé sb téa nhiét téi m(‘)i trubng cd nhiét do t,

la khéong d6i va

PAnE e \\\\&\\‘? Do

w K
nhiét trung binh & = | X = (
s g i " C‘w ’_ d, aé q/’
gitta nudc va mat Yo l
///1/// VTP TSl

.trong cta 6ng khi \\\\\\\\
ong cd chiéu dai rat N\

l6n va hé s6 truyén
nhiét ti nuéc téi
moéi trudng (tinh
ddi véi dién tich bé mat trong cta 6ng) ;

Hinh 7-29

b) Xéc dinh nhiét d6 trung binh ctia nudc tai mat cit ciach ddu
vao cua 6ng mét khodng I = 10m va tinh lugng nhiét da trao ddi
trong khoang chiéu dai nay ;

¢) Nhiét d6 cua nuéc va lugng nhiét trao ddi trong khoang
I = 10m sé bang bao nhiéu khi dudng éng khong dugc boc cach
nhiét nhung hé s6 a, khong ddi.

Cho biét : d = 18mm ; d = 22mm ; d —52mm ,1 = 46 W/mK ;

A = 0,72 W/m;( a, —44 Wm’K ; @ = Im/s ; A_ = 0,66 W/mK ;
pn = 980kg/m ; C, = 4180J/kg K;v, = 042 10"*m?fs
T, = 70°C ; t. = 15°C.
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§3. Téa nhiét khi bién d6i pha

7-30. X4ac dinh phu tai nhiét khi nudc so6i, biét nhiét d6 bé mat
vach bing 115°C. Ap sudt méi trudng xung quanh bing 1,08 bar.

7-31. Xac dinh phu tai nhiét cia bé mit d6t ndng cia mot
thiét bi sinh hoi, trong dé nudc séi bot & 4p suit p = 6,2 bar,
nhiét d6 bé mat d6t ndng bing 175°C.

7-32. Hoi nudc biao hda khé c¢d ap sudt p = 2 bar duge sinh
ra trong binh sinh hoi dung sin phdm chdy cé nhiét d6 trung binh

= 600°C lam nguén nhiét d6t néng. Hé sd truyén nhiét tit san
phdm chéy t6i bé mat d6t nong a, = 80 W/m?K. Chiéu day bé mat
d6t néng 6 = 30mm. Hé s6 din nhiét cha vat liéu 1am bé mat dét
nong 4 = 52 W/mK. Xic dinh mat d6 dong nhiét truyen qua bé
mat dét ndong.

7-33. Nudc cd nhiét dung riéng c_ = 4kJ/kgK chay trong mét
chum dng cta moét thiét bi bay hoi véi luu lugng khéi luong
G = 2kg/s. Nhiét d6 nudc khi vao thiét bi la 20°C va khi ra khoi
thiét bi 1a 2°C. M6éi chit lanh séi bot ngoai 6ng & nhiét dé bao hoa
t, = —7°C. Hé s6 toa nhiét d6i luu phia nuéc a = 8000 W/m?K. He
s0 toa nhiét khi s6i bot méi chat lanh dugc tinh theo cong thic :

= 3 _ 7/3
a; = C(AY)R = C(t, - t)"

véi C = 10 W.m 2K 193 ; nhijét trd din nhiét ciua ng coi nhu
khéng ding ké.

a) Hay ki€m tra xem liéu c6 xay ra hién tugng ddng bang &
phia nuéc hay khéng ?

b) Thiét lap phuong trinh vi phan bi€u dién phan bé nhiét do
cua nudc theo dién tich trao déi nhiét F ;

c¢) Tich phan phuong trinh nay khi a — « va xac dinh dién tich
truyén nhiét toi thi€u F_,

7-34. Fréon bay hoi ¢ ngoai chum 8ng ciua mét thi€t bi sinh
hoi cé ap sudt p = 3 bar. Nudc chay trong ong véi téc d6 w = lm/s
va dugc lam ngudi ti nhiét d6 18°C & ddu vao téi 8°C § dau ra.
6ng cé dudng kinh trong d, = 38mm va chiéu day 3,5mm.
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Hinh 7-34

Nhiét do soi cua fréon trong thiét bi la 0°C. Hé s6 téa nhiét khi
soi cua fréon dugc tinh theo cong thuc :

a. = cq", Wm?K ; q, Wm?2.

S
O ché& do soi bot : Cy = 1,56 ; n = 7/10.
- O ch& do soi d6i luu : Cg = 36 ; n = 1/4.

. 1) Xac dinh db chénh nhiét d6 gitta nudc va fréon (t, — t, khi
chuyén tu ché& do sbi d6i luu sang ché& do s6i bot.)

2) Tinh dién tich truyén nhiét cdn thiét ctia thiét bi khi luu
lugng khéi lugng nuéc duge lam mat 1a G = 9kg/s. Tinh s6 6ng
trong mét dudng ngoat va s6 lan chuyén déng qua lai cia nudc
trong thiét bi khi méi 6ng cd chiéu dai 5m va téc d6 chuyén dong
cia nudc trong 6ng la 1m/s. Biét : Pr,=88;y =1239 107 %m?/s ;
1, = 0,59W/mK ; p. = 10%kg/m? ; c_ = ,19kd/kgK. Hé s6 din
nhlet cia 6ng 4 = 50W/mK.

7-35. Xac dinh hé s6 téa nhiét va lugng nudc ngung trong moét
giG khi hoi bao hoa khé c6 ap sudt p = 0,04 bar, nhung trén bé
mat ngoai mot 6ng ding co dubng kinh d = 30mm ; chiéu cao
H = 3m va nhiét do cta éng t, = 11°C. Néu 6ng dat nAm ngang
con cac diéu kién khac khong d01 thi l\wng nudc ngung trong 1
gio bang bao nhiéu ?
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7-36. Xac¢ dinh hé s6 téa nhiét va lugng nuéc ngung khi hoi
bdo hoa cd ap sudt p = 3,92 bar va do kho x = 0,7 ngung trén
bé mat ng ding cé chiéu cao H = 1,5m dudng kinh d = 65mm ;
nhiét d6 bé mat vach ngung t, = 55°C.

7-37. Mot 6ng dudng kinh 20mm dat ding, nhiét do bé mat
ong bang 15°C. Trén bé mat 6ng cd sy ngung ctia hoi bao hoa kho
¢ ap sudt p = 0,0392 bar. Xac dinh hé s6 téa nhiét khi hoi ngung
va lugng nuéc ngung sau 1 gio trén 1 mét chiéu dai 6ng.

7-38. Ap sudt trong thiét bi ngung hoi nudc gém cic éng so
le dat ndm ngang 1a 0,1 bar. Nudc lam mat chay trong 6ng kim
loai ¢é dudng kinh 19/23mm véi téc do trung binh la 1,6m/s va
dugc gia nhiét tit 10°C lén téi 30°C. Tinh lugng nhiét truyén qua
mot mét 6ng néu nhiét tré din nhiét cia 6ng xem nhu khéng
dang ké. - ' .

7-39. Hoi fréon néung tu & trang thai tinh ngoai cac dng dat
nam ngang cd chiéu dai 2m va dudng kinh ngoai 25mm. Nudc lam
mat chay trong 6ng cé nhiét do tai cita vao cia ongla t = 20°C.
Nhiét d6 bao hoa cua fréon trong thiét bi ngung tu t, = 100°C.

a) Xdc dinh ham bién thién nhiét d6é ctia nudc theo chiéu dai
ong khi bé qua nhiét tré dan nhiét cia viach 6ng va nhiét trd toa
nhiét giita nudc va ong. '

b) Tinh lugng nhiét trao déi giita fréon va nudc. Biét :

E HZO Fréon
Luu lugng, kg/h 360 -
Khéi lugng riéng, kg/m3 1000 850
D6 nhat, kg/ms - 2,1.1074
Hé s6 dan nhiét, W/mK - 0,06
Nhiét 4n hoa hai, kd/kg = 56

7-40. Hoi nudc bdo hda khé ngung tu ¢ 4p sudt p = lat trong
2000 6ng cua mdt thiét bi ngung tu dat ding. Téc d6 chuyén dong
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cua hoi d trong 6ng xem nhu khéng dang ké. 6ng c6 dudng kinh
trong d = 23mm chiéu day S = 1,5mm, chiéu dai 6m va hé s6
din nhiét 1 = 50W/mK. Hé s6 téa nhiét d6i luu tit nudc lam mat
tdi 6ng a = 340W/m2K.

a) Tinh lugng hoi ngung tu trong moét gis néu xem nhiét do
thanh éng la khéng d6i va bang 95°C.

b) Tinh chiéu day mang nudc ngung & chan dng ;

c) Tinh nhiét d6 trung binh ctia nudc lam mat & ngoai 6ng ;

d) Vé phan bo nhiét do tu hoi t6i nudc lam mat.

Biét rang mang nudc ngung chiy tdng va khi tinh toan cd thé
bé qua su thay d@i nhiét d6 ctia nudc lam mat doc theo chiéu dai

ong va su qua lanh cia mang nudc ngung. Nudc lam mat cd cac
thong s6 vat li sau :

y = 0,291. 107® m?/s ; p = 958,1kg/m> ; 1 = 0,681 W/mK ;
C, = 4,216 kJ/kgK.

C - DAP SO VA HUGNG DAN
7-1. HD : Céac dai luong vat li anh hudng t6i ché dé chuyén
dong cua chéit long trong 6ng :
téc do chuyén dong w, m/s ; dudng kinh éng d, m ;
d6 nhét 5, kg/ms ; khéi lugng riéng p, kg/m?3.
Céac t6 hgp khong thd nguyén mé ta hién tugng cé dang :
X = d%. 0% 7%, p4
Vi X khong ¢ thd nguyén nén :

X X X4 X, (x +x,-%x3-3%,) - (x,+x;)x,4x,
m (m/s) (kg/ms) (kg/m? =m s kg =1
Suy ra
X +x,-x%x;,-3x, =0
X, “X%X;, =0
X3 + x4 =0
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Ba phuong trinh chida 4 4n s6 do d6 c6 thé chon tuy y gia tri
cia mét 4n sé.

Khi chon x, = 1 thix; = -1;x, =1vax; =1

Thay cac gia tri x vao t8 hop X ta dugc :

_gt -1 @4 _w.d
X—dwqﬂ—’z/f)—y Re
7-2. BS : Nu, Gr, Pr.
: ) 90 +10 '
7-3. HD : O nhiét d6 xdc dinh t_ = 5 = 50°C, nudc co

cic thong sd vat li.
y, = 0,556.10°m%s ; B, = 4,49.107% 1/K, A = 0,648W/mK, Pr_ = 354
_ ghAtd®  9,81.4,49.107%90 —10)(107%)°

m 2

y 0,5562.10712

Gr

= 1140

(Gr.. Pr)_ = 1140. 3,54 = 4040 .
500 < (GrPr)_ < 2. 107 nén Nu_ = 0,54Gr.Pr)%2
Nu = 0,54. 4040%2° = 0,54. 7,96 = 4,3.
C4c thong s6 vat li caa khong khi & 50°C
) 1 R
v = 17,95. 107°m’s ; B = 555 UK ; A = 283.10 W/mK ; Pry, = 0,698,

9,81.(1073)3(90 — 10)
Cr¢ - Pridm = 393 17,052 1012

. 0,698 = 5,26 < 500

Nu,, = 1,18Gr . Pr)l/® =1,18.526% = 1,45

Vay khi nhing vao nudc a tang lén 68 lan.
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7-4. DS : a = 64W/m?K ; q = 41000W/m?

7-5. DS : a = 6,70 WmZK

7-6. DS :a) P = 474,4W ;
b) a = 5,25W/m?K, do khéng tinh tdi bic xa.
c) P = 331,9W.

7-7. PS : a = 8,45W/m?K
7-8. HD : Céc thong s6 vat li cia khong khi 6 nhiét do trung binh
£t 150+50

w2

i 52 e
2 2

A = 0,031W/mK ; y, = 23,13. 10 °m?%s ; Pr, = 0,688

= 100°C

9,81.0,025%150 — 50
Gr, Pr, = 2o 02T US9 =) g 6eg _ 533 10°
373(23,13.107%)?

Khi dg :
£y = 0,18Gr.Pnl? = 0,18.(5,33.10%% = 2,74

A, = €

W = &g A = 2,74. 0,031 = 0,0876W/mK.

7-9. DS : q = 448W/m? ; 1, giam di 1,68 lan.
7-10. DS : O t, = 20°C khong khi cd cac thong s6 vat li :
e = 15,06.100°m¥s ; 1, = 2,59. 1072W/mK

w.d 1.0,015

Re, = = — = 995 ; 10 < Re < 103 nén
Y 15,06.107°
Nu, = 0,44.Re}> = 0,44.995°° = 13,8

: A 102
f 13,8.2,59.10
- — 2 2 - 2
a =Ny .3 == 0,015 = 23,8W/m?2K
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Cudng d6 dong dién cho phép trong day dugc xic dinh theo
phuong trinh can bing nang lugng

Al
at, - t)nxdl = I’R = I?
w nd%/4

e ’ aAtd 23,8(80 — 20)0,015 _
Do dd : I= 10°zd P - 103.n.0,015V 4.00175 =

= 825A

Khi p = 4 bar thi mat d6 khéng khi thay ddi do d6 d6 nhét
dong hoc y, ciing thay d&i (vi y = u/P ma u va A cla khéng khi
khong phu thudc vao ap suit trong khoang p = 0 - 50 bar).

- L F e pm i—396'.
1 P’f = P nén f’f _Pf1,012 = 3,96p;. - |

Mat d6 P tang 3,96 1an thi do nhét y giam di 3,96 lin do do
tri s6 Reynolds tang 3,96 lan, tic 1a Re = 3,96. 995 = 3940.

O tri s6 Reynolds nay phuong trinh tiéu chuin cd dang :

Nu, = 0,22.Re{® = 0,22.(3940)°°¢ = 31,6

Vay khi p = 4 bar, a tang 2,3 lan.

7-11. DS : « = 33,8W/m’K ; q, = 95W/m ; a tang 1,51 va 2,3 lan.

7-12. PS : a, = 41,4W/m’K ; I = 188A ; a, = 14200W/m?K

7-13. DS : t, = 70°C ; a = 925W/m?K

7-14. DS : Thong s6 vat li cia khong khi & nhiét do 550°C :

A = 5,98. 1072W/mK ; y; = 88,1. 10" m?s ; Pr, = 0,693

S/S, =70/50 =14 < 2 » & = (z—;)‘/é = 1,4% = 1,058
w.d  12.0,038

; = = 5175
k 7t 88,1.107¢
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D6i vGi chum 6ng so le : .
Nu = 0,41 Re?f6. Pr?¢33. g = 041. 5175%6. 0,693%33. 1,058 = 62,5

_ Nk 62,5.0,0598
“ T 74d T 7 0,038
Hé s6 téa nhiét trung binh ctia chum (chim cd 4 hang 6ng) :
0,60, +0,7.a, + (4 —2)a
= - ? - 5’;—3% = 81,7W/mK

Khi géc vay = 90° = a, = ay;.&, véiy = 60° thi £, = 0,94

v=60o = 81,7.0,94 = 76,8W/m’K.

= 99W/m*K

dodo : @
7-15. DS : &

sole

= 995W/m?K; @

songsong

7-16. DS : @ = 64W/m?K;a_ . = 73,5W/m?K

songsong sole

= 097.a,

7-17. DS : Déu : a;, _ gy= 1180 W/m?K; ay , _ (o= 1060 W/m?K
Nude : ay |, _ g9 = 9950W/m?K; ay p=g0 = 9350W/mK.
7-18. DS : Khi t, = 80°C, ddu may bién dp cd thong sé vat li
ye = 3,66. 107°m?%s ; 8 = 7,2. 1004 1/K ; 1, = 0,1056W/mK ;
f f
Pr, = 59,3
Khi t, = 20°C — Pr_ = 298.

w
Re, = 4— = ————— = 1310

¢ < 2300 — dau chay tang trong 6ng

Nu, = 0,15. Rel-33. Gr¥1 . py043 P 025
U = 0,15.Ref>. Grp! . P ( 5= ™7,
w
1000
I/d = —g— =125 > 50 »¢ = 1

‘Nu, = 0,15 (1310)9:33,

9,81.7,2.1074.0,008%(80— 20)
[ (3,66.1076)2

]0,1. 59’30.43. (%3)0.25 = 15,7
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Hé sb téa nhiét « :

A
_ f 15,7.0,1056 2
a = Nuf. d = —O,W— = 207 W/m K.

7-19. HD : a) Nu tang 1,55 lan, a giam 1,29 lan khi dudng
kinh tang gdp d6i. Nu tang 2,4 14n, a gidm 1,67 ldn khi dudng
kinh ting g4p bén.

b) Nu gidm 1,02 14n, « gidm 2,04 l4n khi dudng kinh ting gip doi.
Nu gidm 1,04 14n, « gidm 4,16 1an khi dudong kinh tang gidp 4.
7-20. PS : Q = 10,1kW, 1 = 3,5m
Khi w tang 2 lan thi a tang 1,74 lan.
Khi w ting 4 ldn thi a tang 3,04 14n.
7-21. DS : a = 15W/m’K ; ap = 18,25W/m’K ; a, = 6,3a.
7-22. PS : Q = 25,3kW.
7-23. PS : a) a = 3758 W/m?K ; b) a = 4508 W/m?2K.
c) a = 3877 Wm2K. d) a = 4574 W/mZ2K.
7-24. PS : ', = 188°C ; t” = 226°C.
7-25. DS : w0 = 0,314m/s ; t’; = 138,5°C ; t”’; = 161,5°C

) G_P.cu.ndz _999,7.0,15. .(8.1073)?

7-26. DS = = = 17,54.1073kg/s
= 20d = 20. 8. 1073 = 0,16m
d 4.10% 3,14.8.1073
= te o = 10+ 128107 16 = 15,100
G.C, 7,54.1073.4187

To= (t, *+ tp)P/2 = (10 + 15,1)/2 = 12,5°C.
Cac thong s6 vat li cua nudc tra ¢ nhiét dé trung binh

T = 12,5°C.

w.d 0,15.8.1073
= = = 1040 < 2300 a
Re; ” 1.153.10° < — chay tang
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a.d Pry 25

B _ 033 043 GOl

Ny = 5= = 0,15. RP P2 G (5 ) o
_ q

tw - tf + a ®

Giai phuong trinh (1) va (2) biang phuong phap lap (chon a,
tinh t, theo (2), si dung gié tri t; nay vao (1) dé tinh ¢, so sanh
gia tri « gia thiét va tinh todn..)).

a = 885W/m’K, t, = 60°C

7-27. DS : 1. a) t”, = 26°C ; b) t”; = 26,68°C

2. a) t”, = 25,6°C ; b) t"; = 23,34°C.

7-28. DS : a) o, = 15,7W/m’K ; k = 0,85W/m?2K.
b) t” = 117°C ; t, = 111,6°C < 130°C

¢) t'; = 170,2°C.

7-29. DS : a) @, = 6816W/m’K; k = 13,8W/m’K

i
b) t(x = 10m) = 69,6°C ; Q = 427TW

c) t'(x = 10m) = 68,4°C ; Q* = 1632W

7-30. PS : q = 1,37. 10°W/m?

7-31. DS : q = 946200W/m?

7-32. DS : q = 37670W/m?

7-33. DS : a) t, = 0,82°C, khong x4y ra hién tugng dong bang

b)_GnCPn ﬂ+(_8£g ﬂ)3/10=t =
a ' dF C 'dr n s
¢) F . = 15Tm?

min
7-34. DS : a) t -t = 5,196K
b) F = 55,2m? ; s6 6ng trong mét 14n ngoat 12 ; s6 1an ngoat

8 — (F = 57,3m?).
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7-35. HD : Nhiét d bao hoa tuong lmg véi dp sudt p = 0,04 bar
la t, = 29°C.

Nhiét do xédc dinh t_ = %(ts +t,) = —;-(11 + 29) = 20°C.
0 nhiét d6 nay nudéc cé théng s6 vat li :

P = 998,2kg/m3. 1 = 59,9. 10"2W/mK ; y = 1,006. 10~ °m?s.

Nhiét 4n hda hoi & t, = 29°C 1a r = 2432,3kJ/kg.

Hé s6 toa nhiét khi ngung

& 4 T
o = 0,943 \/Pg_ﬂ 048 ,\/ 9,81.998,2.2432300.0,599
ARG 1,006.10° 3 .18

= 2928 26W/m?K

Nhiét lugng truyén qua vach ong :
Q = aFAt = 2928,26.3,14.0,03.3.18 = 14889,5 W

Lugng nudc ngung trong 1 gio :
14889,5. 3600

_ 9 _ 0. _
G = = T 2432300 LIS el

Khi 6ng dat nidm ngang con cac diéu kién khac khong thay

ddi thi :

4

9,81.998.2.2432300. 0,599

a, = 0,72 '\/ R = 7100W/m?K
1,006.107°.0,03.18

Lugng nhiét truyén qua vach :
Q = 7100.3,14.0,03.3.18 = 36000 W

Lugng hoi ngung trong 1 gio :

_36000.3600

9432300 ~ 034 kg/h.

7-36. DS : @ = 3772 Wm?K ; G = 67,42.1073 kg/s
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7-37. DS : @ = 7072,5 Wm?K ; G = 8,93 kg/h.m.
7-38. DS : q; = 5880 W/m.

1zd 1
n pn

b) Q = 5,69kW

7-40. DS : a) G = 34300 kg/ ;
b) 81) = 1,83.107% m ;
c) t = 29,74°C.

CHUONG 8
TRAO POI NHIET BUC XA

A - CAC DINH LUAT CO BAN

1. Pinh luat Planck
g .47
E =
o olcy/iT) _
E_; - cudng dd bic xa don sdc, W/m3
A - chiéu dai budc séng, m ; T - nhiét dé tuyét doi, K

C, = 0,374.1071° Wm? ; C, = 1,4388.10"* mK.

2. Dinh luat Wien : A___.T = 2,898.10>mK

max

max

A___ - chiéu dai budc séng tuong dng véi cudng doé buc xa cuc
dai ¢ nhiét do T. '
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3. Dinh luat Stefan - Boltzman

E, = C, (lrgo) W/m?

hé s6 bic xa clia vat den tuyet doi

E

[e]

= .o T— A

C, = 5,67 Wm?K* -
| E,
4. Pinh luat Kirchhoff A

o

&8 .

hodce ¢ = A

C
— - d6 den cua vat.

£=C

o

5. Dinh luat Lambert : E; = B, #

B, - dd chdi bic xa don séic.
Trao ddi nhiét bitc xa gida cac vat dit trong moi truong

trong sudt
a) Giza cdc tdm phdng ddt song song réng vé han

=¢..C Tie B2 W/m?
9—qd'°[(1oo) (100)]

T T,
Q = £y4-Co-F [(1010>4 (Eﬁﬂ W
1
‘0 T F -
5*F (51

Bic xa ciua chit khi
Mot cach gan ding, trong cac tinh toan ki thuat ngudi ta van
ap dung cong thdc cia dinh luat Stefan - Boltzman dé tinh bic
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Hinh 8-1. Do den ciia hdi nudc
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€40 — 40 den ctua hoi nudc tra theo d6 thi hinh 8-1 ;
2

£ - do den ciua khi cacbénic, tra theo d6 thi hinh 8-2 ;

co,

A¢ - mic gidm dé den khi xét t6i anh hudng cla sy x8p chong vé
quang phd bdc xa cia chit khi — cd thé tra theo d6 thi hinh 8-3.
Vi hé s6 nay bé nén trong tinh todn cd thé bo qua ;
- B - hé s6 hiéu chinh xét dén anh hudng cia phan 4p suit hui
nudc, tra theo d6 thi hinh 8-4.

030,
Eco pk |
e e
' === §§\vﬁﬁ~24 72,
915 S S 24,
’ e f&\\§
‘\’: ::fp 2$§§ |
79 = e P
ggé = 1 '\L\‘\ SNSS 2 o~ &:’
006 — ~ i\ \};\\\\\ ~E
405 [T e S A NN
PB==="c==- NGSURNSS =
R N N
= NN R N
NN RO
002 - RRNG NN S\
4 ™~
N N, VN N
2015 ™~ \ 4« L N§\\\
) ,__‘_N\Q\ ] \\ \\ QQ\\
901 RN Nl NN
.gﬂgg ~1 /s NN
4008 - ] .
a.007 NN N2
0,006 =N NANCONS SIS
SRR TS
g005 DN
0004 NN
1;003 14 \T&“(&\\ NN
S SEVSTESSEESETEEELE:
Hinh 8-2. D& den cua khi cacbénic
12- BTCSKTN 177
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: . 0,06
blbag, ™ 25 540°C m’t;, ;'gﬁﬂg;% a¢ -
205 |“‘v" P /A -

P oz rin:,

Y oS 004
0203 \f'\:/ 09/ 1: 's_alﬂlm_”‘ﬁé /' /@\\\\ 003
TN DN 17400
002 — A AT L =if N | /}’5\ \\ 0.02
A /] 0.5 _— /A /% //// \ \ a0
Ly Il 22250 W2 AN
//é TN = N2
0 52 0406 08 10 0 02 0% G608 10 O 42 04 06 48 10
p/-/zﬂ/ pﬂl” f’é-”a i ’oh’:ﬂ/ e/z” f&ot’ p”z ”/ p ”e” rp[ll

Hinh 8-3. At = f(py,o/P2. 1. )

\

I

5 |~ 7T A svattoinphan | | | A
15— FPo=1.02bar Mbaf' f
A P Imoltu//
14 e
A / 'mS / .
13 < b2 ]
' — o151
3 //2425 15—
, I =
s Z o

H'Lo

0 491 92 03 04 45 46 47 48 49bar

Hinh 8-4. He s6 hiéu chinh 8

Khi tinh toan lugng nhiét trao ddi bing biuc xa gita khdi khi
va vo boc cd thé€ dung cong thic gan ding sau day :

q = £,C, [g (T /100)* — Ai(t, /100)*], W/m?

£, =, +1)/2, ¢, - do den cua vé boc
= + - Ag
& = £co, T Py
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Ag = Acoz + AHZO - AAg

N 0,65 .
Ae::o2 = £co, (T / TY™ 5

trong d6 €., tinh theo nhiét do vo boc T, ;
2

A = fg :
HZO ﬂ HZO
trong d6 £, , tinh theo nhiét do v6 boc T, §
2
AAy = As
Khoang dudng tu do trung binh cia cic tia bic xa dugc tinh

theo cong thuc :

4V
1 = O,QT , I

V - thé tich khéi khi, m3 ; F - dién tich bé mat vé boc, m? ;
chiéu dai trung binh cta tia bdc xa xem bang sau :

Hinh dang khéi khi 1

Hinh cdu dudng kinh d 0.6d

Khéi hinh hop canh 1aa 0.6a

Ong hinh try dai dudng kinh d 0.9d

Chum 6ng c6 duong kinh d :

Dit tam giac véi x = 2d 2.8d
3.8d

Dit tam giac véi x = 3d
1,08d(s;.s,/d? - 0.785)

Ong b6 tri so le va song song c6 budc 6ng s, va s,

B - DE BAI

8-1. Tim kha nang bdc xa cia mat trdi, bi€t rang nhiét do cta
mat trdi 5700°C va diéu kién bic xa gin gidng vdi vat den tuyét
d6i. Tinh chiéu dai budc sdng tuong ing vdi kha nang bidc xa don
sic 16n nh4dt va nang lugng mat trdi phat ra trong mét don vi thai
‘gian néu dudng kinh mat trdi bing 1,391.10°m.
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8-2. Mot thanh thép co nhiét d6 1a t = 727°C do den £ = 0,7.
Tim kha nang bic xa cta thanh thép trong truong hop dy. Néu
nhiét d6 gidm di con mot nita thi kha nang buc xa giam di bao
nhiéu lan.

8-3. Dung cu do nhiét dé cao (hda k& quang hoc) dua trén co
sd so sanh do chdi cia vat nghién ciu véi do choi cua soi day tdc
dot chday sang. Dung cu duge khic dd theo su bic xa cia ngudn
vat den tuyét d6i, vi vay nhiét dd6 do duge chi 1a nhiét do vat den
tuyét d6i néu nhu nd cd ciing d6 chdi buc xa nhu vat nghién cdu.
Trong hoéa k& dung kinh loc mau dé (cé A = 0.65 um).

Nhiét do thuc té€ cua vat bang bao nhiéu néu hoa ké& khac do
1a 1400°C con d6 den cia vat khi &y bang 0,6.

Néu nhiét dé khac la t| = 1600°C, tim do den thuc.

8-4. Nhiét dé ctia vat dugc do biang héa ké bic xa so mau véi
kinh loc khac nhau, véi kinh loc mau dé (A = 0,65 um) véi kinh
mau xanh (1 = 0,5 ym). Nhiét d6 v6i hai kinh khac nhau la
t, = 1400°C va t_, = 1420°C. Tim nhiét d§ ctaa vat va do den

~cua vat.

8-5. Cd hai tdm thép dat song song, tdm thd nhit cé nhiét do
t, = 527°C, tdm thd hai cd nhiét do t, = 27°C. D6 den cua hai
tdm lan lugt la £, = 0,8, &, = 0,6. Tinh kha nang buc xa cia méi
tdm va nang lugng trao d6i nhiét bic xa giita hai tdm. Néu truong
hop gitta hai tdm dat mot tdm chan cd d6 den . =0,1 thi nang
lugng trao ddi nhiét buc xa giam di bao nhiéu 14n ?

8-6. Nhiét do cla hai tdm phang dat & mai trudng trong suét
lan lugt bang 127°C va 327°C, dé den cua hai tim nhu nhau va
bang 0.8. Gilta hai tdm cd diat mot mang chin song song cé do
den £ = 0,05. Tinh mat d6 dong nhiét bic xa trao ddi va nhiét do
cua mang chén. ‘

1) Néu mudn cé mat do dong nhiét giam di 79 lan so véi khi
khong c6 mang chin con cic diéu kién khac van nhu ca thi sé
mang chan la bao nhiéu ?

2) Néu mang chan cd do den la 0,1 thi mat d6 dong nhiét giam
di bao nhiéu lan (Né&u s6 mang chdn vdn nhu cau 1).
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8-7. Tinh m&t mat nhiét bdc xa cia mot 6ng thép co duong
kinh d = 50mm, chiéu dai | = 8m, nhiét d6 bé mat bang 250°C.

1) N&éu 6ng duge dat trong phong rong cd nhiét dé6 moéi truong

— 2700 «

2) Ong dat trong céng hep cé kich thude (0,2 x 0,2) m lam
bang gach c6 o den £, = 0,93 va nhiét do cong bang t, = 27°C.

8-8. Mot 6ng cé duong kinh d = 200mm, nhiét d6 bé mat caa
ong t = 527°C, do den cua 6ng £, = 0,735, 6ng cd chiéu dai
1 = 10m. Tinh :

1) M&t mat nhiét toan phén cia 6ng trong trudng hop éng dat
trong phong réng cd nhiét d6 méi trudng t, = 27°C.

2) Néu 6ng dat trong c6ng gach cd kich thude (400 x 500) mm
va dd den &, = 0,92, nhiét do t, = 27°C.

3) Né&u giita 6ng va céng dat mot mang chan cd dudng kinh
d, = 300mm, thi d6 den ctia mang chén bang bao nhiéu d€ mat mat
nhiét gidm di con moét phan tu (cic diéu kién khac vdn nhu ci).

8-9. Cé moét day dién trd dat ndm ngang duong kinh d = 0,5mm,
dién trd suit cia day £ = 1,2 Qmm?/m dat trong mdi trudng khong
khi cé nhiét do t, = 27°C. Tinh dong dién cho phép chay qua day
d€ nhiét do bé mat day khong vugt qua 527°C trong hai truong
hop sau :

1) day dat trong méi truong khong khi yén tinh.

2) Day dat trong méi trudng cd gid thdi ngang qua véi téc do

= 4m/s. Biét d6 den cua day € = 0,9. .

8-10. Mot day vonfram cé dudng kinh d = 3mm, chiéu dai
1 = 200mm dugc diat trong budng chan khéng cd kich thudce 16n
hon nhiéu so véi kich thudc day. Khi gitt nguyén nhiét d6 cia day
khéong ddi 6 800°C va nhiét do bé mat trong cua buéng chan khong
& 20°C, thi cong sudt dién tiéu ton la 20W. Hay xdc dinh d6 den

.ctia day & nhiét d6 800°C.

8-11. M6t qua cdu bang dong cé dudng kinh d = 5cm va nhiét

d6 ban ddu T, = 1000K dugc treo trong binh chan khong lén.
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Hay xac dinh bién thién nhiét d6 ctia qua cadu theo thdi gian khi
nhiét d6 thanh binh nhé hon nhiéu so véi nhiét d6 qua cau T, <&.
Sau bao nhiéu lau thi qua cdu dugc lam ngusi toi 800K. Cho biét
tinh ch4t vat li cia déng € = 0,7 ; p = 8900 kg/m> ; C = 393J/kgK.

8-12. Hay xdc dinh hé s6 géc bdc xa va bé mat buc xa tuong
hé gita cdc bé mat tudng cia kénh khdi cé mat cat 1a hinh tam
giac can vdi kich thuéec b = ¢ = 2a = 4m.

8-13. Cong suit bic xa trung binh cta mat trai 1a 3,85.10%6W.
50% nang lugng buc xa vé phia trdi ddt xuyén qua dugc khi quyén
va téi dugc bé mat trai dat.

a) Mat do6 dong buic xa & bé mat mat troi bang bao nhiéu ?

b) X4ac dinh nhiét do trung binh cia bé mat mat troi ;

c) Nhiét d6 trung binh cia bé mat trdi d4t sé bing bao nhiéu,
néu khi tinh todn budc xa cia bé mat qua d4t bé qua anh hudng
cia 16p khi quyén bao quanh. Giai thich su chénh léch lén giita
gia tri nhiét do tinh todn va nhiét d6 thuc t& cia bé mat trai dit
(nhiét d6 trung binh trong thuc t& la 287 K).

d) Xdc dinh mat d6 dong nhiét bdc xa trung binh cua mat troi
tai ' bé mat trai d4t. (Tinh déi véi mét don vi dién tich cta bé mat
trai dat), cho biét : khodng cach gita mat troi va trai dat
S = 1,5.10''m, ban kinh cta mat troi R, = 695,3.10°m. Xem mat
troi, trai dat 1a nhitng vat den tuyét don va bé qua nhitng nguén
nhiét bén trong cia qua dit. Ban kinh cia mat troi, qua dit va
chiéu day 16p khi quyén bao quanh trai d4t bé hon rat nhiéu so
v3i khodng cach gitta mat troi va trai dit.

8-14. Bo phan f)hét nhiét hinh cdu bing vonfram (cia mét
bdng dén) cé dudng kinh d, = 0,002m va cd cong suit dién 5 W.
98% nang lugng phat ra dugc truyén cho béng thiy tinh bao quanh
dudi dang nhiét.

Béng thuy tinh c6 dudng kinh d; = 0,01m va nhiét do
T = 380°K ; 2% nang lugng con lai dugc phat ra dugi dang
anh sing thdy dugc. :

Nhiét d6 & tAm ngudn phat vonfram hinh ciu bing bao nhiéu ?
Néu gia thiét su phat nhiét xay ra dong nhit trong toan bo thé
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tich vonfram va hé s6 din nhiét ctia vonfram la hing s61 = 8 W/mK.
Biét d6 den cia bdng den thuy tinh € = 0,94 va cta vonfram la
e = 04, '
- :

Huéng dén :
Nghiém t8ng quat cua phuong trinh vi phan

2 A Cy
y'+Iy =Alay-= Co+-6-x2 + =

8-15. D& tao mot 16p vo cich nhiét cho binh chia, ngusi ta co
thé : hoac st dung loai vé hai 16p & gifta 14 chan khong va hai bé
mat tiép xtc véi chan khong duge trang guong, hoac dung vat liéu
cach nhiét dién day gitta hai 16p vé. Néu do den cua ciac bé mit
trang guong £, = 0,035 va hé s6 dan nhiét cia vat liéu cach nhiét
A = 0,04 W/mK thi chiéu day cta 16p cach nhiét phai bing bao
nhiéu d&€ hiéu qua cda hai loai v6 cach nhiét 1a nhu nhau khi nhiét
d6 cdac bé mat cia vé lan lugt bang

1) T, = 310K T, = 290K
2) T, = 210K T, = 190K
3) T, = 110K T, = 90K

U
N

i

N

C6 nhan xét gi vé két qua thu dugc trong
ba trudng hop trén. Khi tinh todn xem cac \

16p v6 1a nhitng vich phang song song rong b o% L
vd han. _ fo* -
8-16. C6 mot phich dung nudc d4 dudng a=100 _||\&

kinh d = 100mm, dién tich bé mit thuy tinh
ctia méi lop F, = F, = 0,15m, giita hai l6p v
vé duge rat hét khong khi gdn nhu chan
khéng ; bé mat trong dudc trang mot 16p bac. :
Nut phich 1am bang nhya réng, day 6 = 20mm.
Tinh nhiét lugng truyén tit ngoai vao phich,
bi&t rang d6 den cua thiy tinh trang bac € = 0,02, nhiét do
mdi trudng xung quanh t, = 35°C, nhiét dé nuéc d4 tp, = 0°C
(trong qué trinh tinh todn xem nhiét d6 bé mat ngoai va bé mit

Hinh 8-16
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trong bing nhiét d6 méi trudng tuong ing va nhiét truyén qua
nut phich 1a bang din nhiét).

Néu trong phich dung 1kg da thi trong bao lau nudc da sé tan
hét (biét nhiét nong chay cua nudc da bang 334 kJ kg’

8-17. C6 mot binh hai ldp (dién tich bé
mat gian nhu nhau) dung day o6xi long, bé
mat trong cua vdch hai lgp 40 ma 1 ldp bac,
d6 den cua bac € = 0.02. Khong khi gita 2
lI6p bi huit bsi bom chan khéng, ap suit
khéong dang ké. Nhiét do bé mat trong cua
vach ngoai tw, = 20°C. Nhiét d6 bé mat
ngoai cua vach trong tw, = -183°C. Tinh
lugng nhiét bén ngoai tru-_vén vao. biét dién
tich bé mat binh F = 3.10"" cm-.

Hinh 8-19

8-18. Mot dudng 6ng dan khi ¢ dudng ’
kinh D = 500mm nhiét d6 dong khi ndng dugc do bang nhiét ké
dién tré cd dudng kinh d, = 5mm. xung quanh dat mot mang
chan c6 dudng kinh d, = 10mm. Nhiét ké& dién trg chi t, = 300°C,
nhiét dé bé mat trong cua 6ng t. = 200°C. dé den cua nhiét ké
va mang chan &, = £ = 0.8. Tinh sai s6 khi do va nhiét do
thuc t& cua khi néu biét hé s6 toa nhiét d5i v4i bé mat nhiét
k€ va mang chin bing ¢ = 58 W m-K.

8-19. D€ do nhiét d6 dong khi ndng chuyén dong trong ong.
ngudi ta dung mot cap nhiét dién. Khi 6 ché do nhiét dn dinh,
nhiét k& chi t, = 300°C con nhiét do vach t, = 200°C. Tinh%ai
sé khi do do trao d4i nhiét bic xa va nhiét d-{) thuc té cua dong
khi. Biét d6 den cua dau cap nhiét dién €, = 0,8 va hé sb toa
nhiét d6i voi bé mat ddu cap nhiét dién @ = 58 Wm-K. Néu
doan 6ng do dugc bao 6n d€ nhiét do vach 6ng bang 250°C thi
sai s6 do luong la bao nhiéu ?

8-20. Van diéu kién tuong tu bai trén (8-19) nhung nhiét ké
chi t, = 200°C. d6 den dau cap nhiét dién € = 0.8 nhiét dé vach
ong t, = 100°C. hé s6 toa nhiét ¢ = 46,4 W/m-K thi sai s6 khi
do la bao nhiéu ?
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Dé giadm sai s6 khi do, nguéi ta dat
nhiét k& trong mét vé boc (Hinh 8-20), néu
nhiét ké& chi t; = 200°C d6 den cua vé boc
£, = 0,8, hé s6 téa nhiét cia dong khi doi
voi ddu nhiét k& 1a a = 46,4 W/m2K va hé
s6 téa nhiét cua dong khi déi véi vé boc 1a
a, = 11,6 W/m?K thi sai s6 s& biang bao
nhiéu ? _

8-21. X4c dinh d6 den cia mot khéi khi
phéng day § = 5m. O nhiét do 1000°C. °
Hén hgp khi ¢é thanh phan nhu sau : 11%
CO, ; 4% H,0. Ap suit khi 1a lat.

8-22. Tinh mat dé dong nhiét buc xa Hinh 8-20
cia khdi 10 hoi téi vach éng cua mot bo
quéd nhiét bs tri so le, dudng kinh éng d = 83mm, budc 6ng doc
Sy = 350mm va budc ong ngang S, = 200mm. Khdi cd thanh
phan : 15% CO, ; 7,5% H,0. Nhiét do khdi lic vao t’, = 1020°C,

lic ra t.f' = 950°C, nhiét d6 cta bé mat vach ong t, = 500°C, do
den cua vach ong € = 0,8, ap suit cua dong khdi p = 1 at.

8-23. Khdi c6 thanh phan 8% CO, ; 10% hoi nudc chuyén dong
trong mot 6ng tron dudng kinh d = 0,6m nhiét d6 khdi 6 ché vao
t'f = 1000°C va & chd ra t'[' = 800°C. Nhiét d6 bé mat éng ché vao
t;v = 625°C va & ché ra t;, = 575°C. Do den bé mat la ¢, = 0,8.
Tim mat dé dong nhiét bic xa trén bé mat 6ng khi 4p suit toan
phéan cua khi la lat.

8-24. Tinh hé s6 téa nhiét buc xa cia khdi cé thanh phan 15%
CO,, chuyén dong ngang qua by ham nudc cia 156 hai b tri so le
c6 dudng kinh d = 38mm, budc 6ng ngang S, = 95mm, budc 6ng
doc S2 = 75mm, nhiét do cta khdi vao bd ham
t'f = 680°C va ra t'f' = 395°C. Nhiét do va do6 den vach 6ng bang
t, = 300°C ; ¢, = 0,8.
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8-25. Khdi ¢ thanh phan 15% CO,, 10% hoi nuéc, nhiét do
khéi lic vao 6ng T; = 1400K va ra khéi 6ng T; = 1100K nhiét
d6 bé mat vach 6ng ché vao T, = 900K va ché ra T, = 700K bé
den cia bé mat 6ng £, = 0,85, 4p sudt cia khdi p = lat. Xdc dinh
mat d6 dong nhiét bic xa cia khdi truyén cho bé mat dng va hé
s6 toa nhiét bic xa, biét dudng kinh cta 6ngd = 1m.

8-26. Trong mot
10 hoi cia nha médy

dién nguyén tu ' d-34
chat tai dung la khi '_@ %—
CO, duéi 4p sust 7at. @, @

Tim hé s6 téa nhiét —

biic xa trong diéu kién

sau : Nhiét d¢ trung 700

binh cia khi trong

bo qua nhiét 1a 377°C, 7777777777 77 77 7 7777 7 I 777
ap sudt tuyét déi
cia hoi p = 15at,
nhiét do caa hoi ra

Hinh 8-26

t. = 310°C. Do den cua éng ¢, = 0,82, dudng kinh 6ng d = 38mm,
budc 6ng §; = 96mm, S, = 100mm.

8-27. Mot 16 nung cé thé tich 12m3 va dién tich bén trong cia
cic bé mat bac quanh F = 28m?. Hay x4ac dinh d6 den va
ning sudt bdic xa riéng cua san phidm ch4dy trong lo, néu lo
cd nhiét d6 dong déu 1200°C, 4p suit ciia san phim chay trong
1o p = 98,1 Kpa va phan 4p sudt cia hoi nuée va khi CO, la
PHZO = 8kPa, PCOZ = 12 kPa.

8-28. Mot nhiét ké thiy ngan duge treo trong phong réng cé
nhiét d6 tudng bao quanh t, = 14°C, d6 den cia bau nhiét k&
thiy ngan &, = 0,94. Hé s6 toa nhiét d6i luu gilta khong khi trong
phong va ddu nhiét k& @y = 3,94 + 0,093 (t, - t,)W/m?K.

a) Nhiét d6 khong khi trong phong bang bao nhiéu néu nhiét .
ké& chi 18°C.

186

http://'www.lrc-tnu.edu.vn



b) Nhiét d6 tudng nhé nhit phai bing bao nhiéu dé khi nhiét
d6 khéng khi bing 20°C thi sai s6 (gilta két qua do va nhiét do
thuc) nhé hon 1K.

¢) Cho biét cic bién phap cdn 4p dung dé€ giam sai s6.

8-29. D€ giit nito 16ng d ap suit bang 4p sudt moi trudng ngusi
ta dung binh chda hinh cdu gém 2 18p vé bing thuy tinh. Khéng
‘gian gilta hai 1dp v6 c6 d6 chan khong rit cao va cac bé mat thuy
tinh déu dugc trang guong. D& gili 4p sudt trong binh luén luén
bing 4p sudt moéi trudng, lugng hoi nito xudt hién duge dan thai
ra mdi trudng. Mat mat nhiét qua miéng binh, cé kich thudc bé
hon rdt nhiéu so véi dién tich xung quanh cda binh, vao khoang
0,2W. Khoang cach giita hai 16p vé thuy tinh bé hon rit nhiéu so
v6i dudng kinh cua binh.

a) Tinh lugng nito m&t mat trong 1 gio khi bé mat ngoai cung
cia binh chda chi trao ddi nhiét bing bitc xa véi méi trudng rong
l6n xung quanh. Nhiét dé6 cua moi trudng t; = 20°C, d6 den cua
vé binh chia £ = 0,4.

b) Lugng mit mat nito sé bang bao nhiéu néu nguoi ta lam
thém mot vdch ngan trong khodng chian khéng giita hai 16p vo.
Nhiét d6 mat ngoai cung cua binh trong trudng hop nay sé bang
bao nhiéu ?

c) Co thé dat dugc hiéu qua nhu cau b khéng néu ta si dung
mot 16p cach nhiét bang loai vat liéu cach nhiét tét A = 0,03 W/mK
(Khi tinh cdu nay cé thé€ bd qua nhiét trd cta qua trinh truyén
nhiét ngoai cung) cho biét ban kinh cta binh R = 0,5m.

D6 den cia mat trang guong va cia vach ngan & = 0,04;
ry = 200 kJ/kg, nhiét d6 bdo hoa cua nito long ¢ p = lat la

-196°C, bé qua nhiét tré din nhiét cia vach thuy tinh.

8-30. D€ van chuyén nito long trong pham vi cia nha may,
ngudi ta dung loai 6ng dan cach nhiét bing chan khong (gitta hai
16p v6 1a 16p chan khong). Pudng kinh ngoai cua éng trong
d; = 0,03m dudng kinh trong cia 6ng ngoai d, ='0,1m va dudng
kinh ngoai cia 6ng ngoai d; = 0,11m. Cac bé mat 6ng tiép xiic
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v6i chan khong c6 d6 den & = 0,2 ; d6 den wat ngoai cung cla
ong £, = 0,4 ; nhiét d6 cia moi trudng xung quanh T = 313K
a) Xac dinh nhiét

do6 mat ngoai cung cua —
ong va mat do dong 77777777 7 777 777
nhiét & mat ngoai kl;ll 4 d| d | le o .
b6 qua Su thay dOl . LLLLLL //////7////t////
nhiét do cua mat & &
ngoai theo chiéu dai LR
dudng dng. €a ¢

b) Chiéu dai dudng . Hinh 8-30

éng din chi dugc phép

bang bao nhiéu n&u d6 ting nhiét d6 cuc dai cua nito khi chuyén
qua dudng 6ng khong dugc vugt qua 0,5°C. Khi tinh toan bd qua
nhiét trd cta hai l6p v6 6ng va nhiét trd qua trinh truyén nhiét
gitta chat long va mat trong cua 6ng. Biét nhiét d6 nito khi vao
ong 75K, luu lugng khéi lugng ctia nito biang lkg/s, nhiét dung
rieng nito ¢y = 1990 J/kgK.

Huéng dan : Tuyén tinh hda phuong trinh bing cich thay :
AT

™ = T (1+4T—E>.

8-31. Mot dia bang st moéng (ki hiéu K) dugc nung trong mot
1o dién (ki hiéu O). O thoi diém 7 = 0 dia s cd nhiét do déng
déu t = 20°C. Tuong 1o (F  >> F,) cd nhiét d6 dong déu nhung
dugc diéu chinh thay ddi theo thoi gian t . D& dia khong bi nit
téc d6 d6t ndng va lam nguoi 16n nhit duge phép la :
dt,

el 100K/h

a) Nhiét do cuc dai caa 1o toa ducc phép bang bao nhiéu khi
dua dia vao lo.
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b) Xac dmh gian dé nang nhiét do cua 1o (t, = f(¥)) néu
t (T = 0) =t vadia duge d6t nong voi téc do khong déi :

dt‘K
el 100 K/h

Khi t, = 700°C thi nhiét do dia bing bao nhiéu ?

c) Sau khi dugc lam ngudi rat lau t10ng 16 dia dugc dua ra
méi trudng rong bén ngoai cd nhiét do t, = 20°C. Nguoi ta chi
dugc phép dua dia ra ngoai sém nhét kh1 nhlet do cua dia bang
bao nhiéu ?

Sau bao nhiéu lau ké tu khj dua dia ra khéi 10 nhiét do cua
dia bang 60°C (Chi tinh téi toa nhiét bang bic xa) Biét : G, = 1kg;

= 2kJ/kgK ; d = 180 mm ; & = = 0,8 ; Khi tinh toan xem nhiét
do trong dia & m01 thoi diém la dong nhat.

C - DAP SO VA HUONG DAN

8-1. DS : E, = 72,2.10° Wm2 A = 0,485m ; Q_ = 4,38.10%W

mix

Q
8-2. DS : E, = 3,97.10' Wim? ; g~ = 6,7
: 2

8-3. DS : t = 1467°C ; & = 0,65
8-4. HD : D6 chdi cua vat nghién ciu

-5
8 _Ei_ lg.C .4
AT T R CHIT) o

D6 chdi cia vat den tuyét dai :

-5
Eo,. lg, C1 A

B, = o et
ol P €2/ _
Vi C,/AT, = 13,2 nén e(C2/AT) > 5 1
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1

1 A 1
T—+'6—2'ln£l

o

KhiBl=Bdtaco’:T=

DGi vai trudng hop cu thé caa bai tosn ta cé hé phuong trinh :

1 1A 1

—_—— = = — ln —
Tol T 2 &
11 _ A1
T, T C, )

DGi vai vat nghién ciu g, = &, = € do d6 tit hé phuong trinh

trén ta rat ra :

02

_ Z(Tol - ToZ)
Tol ’ ToZ ('11 - '{2)

1
2 Ty Tt
C

Ing
Thay gia tri cu thé vao ta dudc :
T = 1765K ; € = 0,61

8-5. DS : E, = 18925 Wm? ; E, = 279 W/m?
q, = 11920 Wm? ; q, giam 11 lin

8-6. DS : ¢
n = 3 ; q gidam 38 lan

146 W/m? ; t_ = 254°C

8-7. DS : 1) Q,, = 3760W ; 2) Q,, = 3740W

8-8.DS: 1) Q= 105000W ; 2) Q = 103000W ; 3) £. = 0,24
8-9.PS:1) I=2348A;2) 1= 6,23A

8-10.PS: &= 0,132
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Ta

~11. DS : = ——— ;7 =233

8-11. DS : T(t) = g=—m s

1 1 N

8—120 DS H ¢ab = ¢ac = 5 > ?ba = ¢ca Z w = ‘Pcb - Z
H, = H,, = Im*m ; H, = 3m*m

8-13. DS : 6,33.10* kW/m?2 ; 5780K ; 234K ; 170 W/m?
8-14. PS : T = 2061,4K
8-15. PS : 0,367m ; 1,237m ; 9,877m
8-16. PS : Q = 0,652W ; T = 142 gid
8-17. PS : Q = 0,125W
8-18. HD : Thiét lap phuong trinh can bang nhiét
a) Déi v4i nhiét k€ dién tra :
T, i
nd,C, [(100)4 B (1000>4]

1 4 1
5+ (1)

b) Dé&i v6i mang chan :

and; (t; — t)) =

f T2, 4
and, (t;—t)) + Zaytdz(t t) = g Co [(100) - (EB> ]

Tl 2 phuong trinh trén ta rit ra :

Co[ WY - (10C0)4]
"TTU 4 Th
a [8_1 + d_z <£—C = 1)]
T
2ad,t_ + ad;t, + dZECCo (Tog)— B5G, (;I(‘)zo)
b = %ad, + ad,
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Thay cic gia tri da cho vao cic phuong trinh trén ta duoc :

T
377 ~ 0,071 ( “)“

b = 100
= 443 - 0,0314 i“ + 0.8t
t = 44,3 ~ 0,0314 (55)" + 08¢,

Giai hée phuong trinh trén bang phuong phap d6 thi ta thu
dugc t; = 309°C va sai s6 do dac t = 309 - 300 = 9°C
8-19. BS : Saij s6 45,5°C ; t; = 345°C
Sy

— = 132%; t/ = 326,6C
[

5
o 81
tl'
. 5!(
8-20. DS : t, = 230°C - = 137
£
5lf
t, = 208°C = = 4

f
8-21. DS : Chiéu dai trung binh cua tia bdc xa
1= 1,8 = 1,85 = 9m

Puo -1 = 0119 = 0,99tm

.1 0,049 = 0,36at.m

PCO,

3 1000°C do den cta cac khi thanh phan tim dugc theo d6 thi
= 0,2 €4.0 = 0,2 vapg =1.

€co

y

D6 den cia hén hgp khi : £ = £.5 +f&,; 5= 0,2+ 0.2= 0,4
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8-22. PS : q = 1892 W/m?.
8-23. DS : Nhiét d6 trung binh cia bé mit :

1 .
t, = 3 (625 + 575) = 600°C — Tw_ = 873K

w

Nhiét d6 trung binh cta khdi : te = 890°C ; T, = 1163K
Quing dudng di trung binh cua tia bdc xa trong 6ng :
1=09d = 0906 = 054m

.1 = 0,08.0,54 = 0,043at.m

P
co,

P 1 = 0,1.0,54 = 0,054at.m

H,0 -

Tra do thi ta tim duoc :
Khi t, = 890°C thi:£co = 0,08 f.&, o= 1,08.0,07= 0,076

t, = 600°C thi ECOz = 0,08 ; 6 . £H20 = 1,08.0,08 = 0,087
Ag; rdt nhé nén cd thé bd qua do d6 :
& = £co, + B Eyo = 0,08 + 0,076 = 0,156

A =A., +BA,, = Tryoes £
t = Aca, * BAug = Eco, (Tw> Beuo

= 0,08 ( 1817%3>"’65 + 0,087 = 0,096 + 0,087 = 0,183.
o - £w2+ 1 _ 0,82+ 1 _ 0.8
Mat d6 dong nhiét bic xa :
o i Tw | .
q= fw_-Co [sf (m)4 - Ar("lﬁc%)4]
=0,9.5,67 [o 156 ( 111063 ) -0 183(?33) ] = 9260 W/m?.
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Heé s6 toa nhiét buc xa ti khéi dén bé mat :
Qi 9260 9260
“ox Tt —t, ~ 890 — 600 290
8-24. PS : q = 1440 Wim? ; o, = 6,67 W/m?K
8-25. PS : g = 21300 W/m? ; a = 47,3 Wm’K
8-26. DS : a,, = 7,61 Wm’K ;
8-27.PS: &= 0,215; E = 57400W/m?
8-28. PS : a) t, = 23,2°C ; b) t, = 18,3°C
8-29. PS : a) 460g/h ; b) 237,6g/Mh ; t = 18,2°C
c) Khong dat dugc hiéu qua nhu céu b
8-30. DS : a) T, = 305K ; q = 21,5 W/m?
b) 1 = 134m
8-31. DS :a) Ty, = 143°C

= 32 W/mZK

_ 10 T \4
b) T0 T = \/2,106. 10" + (293 + 36 >
¢) t,, 148°C ; T = 6926s

CHUONG 9

TRUYEN NHIET VA THIET BI TRAO DOI NHIET

A - CAC CONG THUC TiNH TOAN CO BAN

§1. Truyén nhiét

1. Vach phing
Q = kF(ty - t), W
k - hé s§ truyén nhiét, W/m?K
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F - dién tich bé mat truyén nhiét, m?
tgs t;; — nhiét do chat 16ng ndng, nhiét d6 chat 16ng lanh, °C ;
1

n 5 1

*Zrn

d; — chiéu day 16p thd i, m ;

A; — hé s6 dan nhiét 16p thd i, W/mK ;

k =

QI»—-

2. Vach tru :
q = 7kt - tp), Wm

trong dg :
1

k = ,  W/mK

n d.
1 + 2 1 In i+1 1
d, o i=12’l. d; d,+19;
3. Vach cé6 cianh

1

Q = 1 61 lo(tfl_tfz)’w

+ o
a, F 1F, F, a, F,
F, - dién tich bé mat khong lam cénh, m? ;

F, - dién tich bé mat lam canh, m2.

§2. Thiét bi trao do6i nhiét

Phuong trinh truyén nhiét : Q = k. F.At, W
Phuong trinh can bing nhiét : Q = G,.Al, = G,AL, W
Khi khong cd bién d6i pha trong cdc chdt mang nhiét phuong
trinh can bing nhiét c6 thé viét dusi dang :
Q = £,/ Cpy = £°) = 0,£0,CH(t", - £,), W
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trong do :
k - hé s6 truyén nhiét caa thiét bi, W/mZK ;
F - dién tich bé mat truyén nhiét, m? ;

At - d6 chénh nhiét do trung binh logarit, K ;

—_— At — At”
At = T . EA[
In

Khi chit 1dng chay cung chiéu :

At =t - t, ; ALY = £ = 75 5 By = 1

Khi chdt long chay ngugc chiéu :

p =P BT = B, =ty By = 1

w, va w, — t6c do trung binh cia chit 16ng ndng va chat léng
lanh trong thiét bi, m/s ;
f, va f, - dién tich mat cit chat l1éng luu dong, m? ;

Py va ,0% - khéi lugng riéng cta chiat 1dng ndng va chit long
lanh, kg/m- ;

- nhiét dung riéng cua chit long ndng va chat l(’)ng

c,vac
pl 2
lanh, J/kgK _ ;
t’, va t”’, — nhiét d6 vao va ra cla chit l1éng ndng ;

t’, va t”’, — nhiét dd vao va ra cua chit léng lanh ;
Khi chit long chay hén hgp hoic giao nhau thi :
At = g, . At

Eng - d6 chénh nhiét do trung binh logafit tinh theo so dé
ngudc chiéu ;
1~

gy = f(P, R) trong d6 P = Py

- R =
b y
2 )

Tri s6 €, tra can cd theo P, R trén cdc d6 thi cd so d6 tuong dng

vy -ty
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9-1. Tinh nhiét lugng truyén tu trong phong qua tudng, bigt
nhiét do khong khi trong phong t;, = 25°C, nhiét do khong khi
ngoai troi t,, = 8°C. Tudng xay bing gach day § = 250mm, c6 hé
s6 dan nhiét 1 = 0,5 W/mK. Hé s6 tdéa nhiét cua bé mat trong
a, = 13 W/m?K va bé mat ngoai 1a a, = 8 W/m?K

9-2. Mot vach 16 hoi lam bing thép day 20mm, hé s6 dan nhiét
A = 58 W/mK, nhiét do khi 10 l1a t;; = 1000°C, nhiét d6 cia nudc
trong 10 1a nhiét dé bao hoa cia nudc & ap sudt p = 33,48 bar.
Hé s6 téa nhiét caa khi 16 téi vach la a, = 116 W/m?2K va hé sé
téa nhiét tit vach néi hoi téi nuéc 1a @, = 2320 W/m?K. Tinh mat
d6 dong nhiét truyén qua q va nhiét d6 bé mat tw, va tw,.

9-3. M6t dung dich mudi c¢é nhiét do -21°C chay qua méot bé
chia hinh chit nhat kin kich thuéc 1,6 x 0,9 x 0,7m3. BE chda
nhan nhiét tit moéi trudng khong khi cé nhiét d6 14°C ; thanh bé
lam bang thép day 4mm cd hé s6 dan nhiét A, = 48,83 W/mK. Hé
s6 toa nhiét tit dung dich muéi tdi thanh bé 1a a, = 515,5 W/m?K,
hé s6 toéa nhiét tu thanh bé& tdi méi truong khong khi xung quanh
la a = 24,36 W/m?K. Tim :

- Nhiét trd tung phan va nhiét tré toan phan ;

2

Xac dinh hé s truyén nhiét ;

Xac dinh nhiét lugng ma dung dich nhan duoc ;

b

Nhiét do6 bé mat ngoai va bé miat trong thanh bé.

9-4. Mot tudng 16 bén trong l6t gach chiu l&a cé chiéu day
0, = 250mm, hé s6 dan nhiét A, = 0,348 W/mK, bén ngoai la mot
16p gach dé day 6, = 250mm, cd hé s6 din nhiét A, = 0,695 W/mK.
Néu khdi trong 16 c6 nhiét do t;; = 1300°C, nhiét dé6 khéng khi
xung quanh t,, = 30°C, hé s6 téa nhiét ti khdi dén gach
a, = 34,8 W/m?K va tit gach dé6 dén moéi truong khong khi xung
quanh 13 @, = 11,6 W/m?K, thi mat do dong nhiét truyén qua
tudng q, va nhiét do bé mat ti€p xic gitta hai l6p gach bang
bao nh_iéu.
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9-5. Tinh mat do dong nhiét truyén qua mét vich gach cua 1o, vat liéu
1am véch c6 hé s6 dén nhigt A = A (1 +pt) = 0,07(1 +0,3.10t) W/mK.
Chiéu day cua vach gach § = 0,25m nhiét d6 khdi t;; = 850°C
va nhiét d6 khong khi xung quanh t,, = 50°C. Hé s6 toa nhiét
ti khdéi dén gach @, = 20 W/m2K, va tit gach dén khéng khi :

= 10 W/m?K.

9-6 Dé giit nhiét do trong phong luén luén bing 20°C khi
nhiét d6 modi trudng xung quanh la 0°C ngudi ta dung mot 10 sudi.
Nhiét d6 cia bé mat 16 sudi la 40°C. Hay xdc dinh dién tich bé
mat cta 1o sudi, khi dién tich bao quanh cta phong la 25m?, trong
d6 c6 5m? cita s8, biét hé s6 truyén nhiét qua tudng k, = 1 W/m?K,
qua cla s8 kp = 4 W/mZK va tit bé mat 1o sudi tdl moi truong
ky = 10 W/m?K.

9-17. Mgt ban la dién cd cong sudt 1200 W, tu dong dong va
ngat dién & cac nhiét do t, = 130°C, t = 170°C. Nhiét do cua
moi trugng xung quanh 1a 20°C. Hé s6 truyén nhiét giita bé mat
ban la khi dat ding va moi truong k = 20 W/m2K. Ban la cé dién
tich bé mat F = 0,04m?, khéi lugng (phan dét néng) M = 1kg va

" nhiét dung riéng ¢ = 0,6 kJ/kgK.

a) Sau bao lau k& tiu khi bat ddu d6t ndng, thi ban la sé tu
déng ngat dién 7,.

b) Tinh thdi gian tit khi ngit dién dén khi dong dién trd lai 7,
va thoi gian d6t nong lan hai : 7,.

c) Hay vé bién thién nhiét dé cua ban la theo thai gian.

9-8. Mot binh gia nhiét cd canh khudy va bo phan dét néng bing
dién ki€u xo0dn rudt ga chdia méot lugng nudc khong déi la 1kg vai
nhiét do ban ddu la 14°C. Luu lugng nudc vao va ra khoi binh luén
bing nhau va bing 0,5kg/s. Nhiét d6 nudc vao binh t’ = 14°C va ra
khéi binh t” = f(r). Hay xac dinh bién thién nhiét do trung binh
ctia nudc theo thdi gian va nhiét dé dn dinh cua nudc t . Biét

T—>®
nhiét do cia méi trudng t; = 20°C. Nhiét dung riéng cta binh va
ctia bd* phan dét nong ¢ = 0,5 kdJ/kgK. Dién tich bé mat xung
quanh ctéa binh F = 0,1m?. Khéi lugng cia binh va cia bo phan
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dot néng G = 400g. Hé s6 truyén nhiét ti nuéc téi moi truong
k = 10 W/m2K. Cong suit canh khudy N, = 700W, cong sudt dién
cua bd phan dét ndng N, = 1000W.

9-9. Trong mdt thiét bi thi nghiém, ch4t 16ng dugc bom tudn
hoan tit binh chda téi vung do réi lai trd vé binh chiya bang mét
bom dién cé cong sudt 2kW véi hiéu sudt n = 70% . D€ nhiét do
chat 16ng khong ddi trong qua trinh thi nghiém t, = 25°C, ngudi
ta phai dit bo phan lam mat bing nudc trong binh chda (bd phan
lam maéat 12 mot 6ng xodn rudt ga, nudc lam mat chay trong ong).

Hay x4c dinh chiéu dai cia 6ng lam mat, khi gia thiét rang
t4dt ca nhiét thita déu dugc truyén cho nudc lam mat. Cho biét :
dudng kinh 6ng xodn d, = 18mm, d, = 20mm. Hé s6 din nhiét
cia vat liéu lam 6ng xodan A = 350 W/mK. Hé s6 téa nhiét dai
luu & phia trong va phia ngoai 6ng xo0dn a; = 900 W/m?K ;
a, = 400 W/m2K. Nhiét dé ctia nudc vao va ra khéi 6ng xodn
t’, = 12°C ; t”, = 15°C.

9-10. D€ do nhiét d6 khong c6 dinh cta dong khi ngudi ta dung
d4du cap nhiét cd thong s6 p = 10,5.10% kg/m3, C = 0,235 kJ/kgK.
Dudng kinh 16n nhit cia dau cap nhiét bang bao nhiéu dé€ 5 giay
sau khi nhiét d6 dong khi bién thién dot ngot thi sai sé6 tuyét daéi
cua phép do nho hon 5% do6 bién thién nhiét d¢ cia dong khi. Biét
hé s6 truyén nhiét tit ddu cap nhiét t6i dong khi k = 100 W/m?K

9-11. Mot duong 6ng din gid ndng cho 16 cao, cd téc dd gio
trong 6ng w, = 35 m/s, nhiét d6 trung binh cua gis t;, = 800°C.
Bén ngoai dugc bao boc bang 3 1dp : 16p gach chiu lia cd chiéu
day 8, = 250mm, hé s§ dan nhiét 1, = 1,17 W/mK, vé thép day
8, = 10mm, hé s6 din nhiét A, = 46,5 W/mK, va 16p cach nhiét
bén ngoai cd hé s6 din nhiét A3 = 0,17 WmK, chiéu day é; = 200mm.
Dudng kinh trong cia éng d; = 1000mm, 6ng dit nim ngang 16
thién c6 gid thdi ngang véi téc d6 w, = 4m/s, nhiét d6 khong khi
xung quanh t, = 10°C. Tinh nhiét lugng t6n thit trén 1 mét
dudng 6ng (bd qua mat mat nhiét buc xa).

9-12. Mot day dién trd dé€ tran dudng kinh d = 1mm nhiét do
khong dugc vugt qua 600°C. Xac dinh dong dién cho phép 16n nhat
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chay qua khi diy dat ndm ngang néu nhiét d6 khong khi xung
quanh t; = 30°C va dién trd suit cia day £ = 1,2 Qmm?/m. Trong
trudng hgp day dy dat thing ding thi cé gi thay ddi khéng ? Dong
dién cho phép chay qua lic d6 bang bao nhiéu ?

9-13. Mot 6ng dan hoi bing thép od hé s§ din nhiét 1, = 46,44 W/mK,
duong kinh 200/216mm, dugc boc mét 16p cach nhlet day 120mm
cd hé s6 dan nhiét 1, = 0,116 W/mK. Nhiét do cia hoi t;, = 300°C,
nhiét d6 khong khl xung quanh t, = 25°C. Heé sg toa nhiét cua
hoi dén bé mat a; = 116 W/mzK va hé s6 téa nhiét tit bé mat
ngoai dén khong khl a, = 9,86 W/m2K. Tim nhiét luong mat mat
trén mot mét chiéu déi ong trong mot don vi thoi gian va nhiét
d6 bé mat 16p cach nhiét.

9-14. Mot doan 6ng hoi d€ tran chiéu dai | = 5m, dudng kinh
6ng d = 100mm dat trong mai truong khong khi yén tinh c6 nhiét
dd t, = 40°C, bé mat dng cd nhiét do t, = 200°C. Hoi chuyén
dong vao trong 6ng nadm ngang la hoi bao hoa kho cé 4p suit
p = 19,08 bar, véi téc d6 w = 5m/s. Tinh m&t mat nhiét trén toan
bd dudng dng, hé s6 téa nhiét toan phan va thong s6 caa hoi lac
ra khéi 6ng (D6 den cua dng € = 0,8)

9-15. Co mot vach phing day § = 10mm, vat liéu lam vach cé
hé s6 din nhiét A = 40 W/mK, néu 1 bén vach duge lam canh véi
F
2 ”
hé s6 lam canh F = 13, hé s6 téa nhiét tuong dng a; = 200
1
W/m2K va a, =10 W/mZK Nhiét d6 chit 16ng ndng va lanh tuong
Ung t;, = 75°C va t, = 15°C. Tim m4t do dong nhiét truyén qua
vach tlong hai truong hOp co canh va khong cd canh.

9-16. Mot day dién dé€ trdn duong kinh d, = 2mm, nhiét do

= 80°C dugc lam nguéi bdi khong khi khong chuyén dong co

= 20°C. Né&u day dudc boc bing mot l6p cach dién, dong dién

trong day van git khong ddi, thi day sau khi boc cich dién cé

nhiét do t, bang bao nhiéu ? Biét hé s§ din nhiét cta vat liéu boc

A=0,15 W/mK dudng kinh ngoai cta vé boc cach dién d, = 30mm,
hé s6 téa nhiét trén bé mat 16p cach dién a, = 20 W/mZK

9-17. Trong mot thiét bi trao d8i nhiét, chat long néng bi
lam ngudi tu nhiét do t’, = 300°C dé&n nhlet do t”, = 200°C va
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chat Iong lanh dugc gia nhiét tu nhiét do t', = 25°C dén nhiét do
t”, = 175°C. Tinh do chénh léch nhiét dé trung binh trong 3
trudng hop :

a) Chart long chuyén déng cung chiéu ;

b) Chit long chuyén dong ngugce chiéu ;

¢) Chat l1ong chuyén dong giao nhau.

9-18. Trong mét thiét bi trao ddi nhiét méi gid cdn lam lanh
250 lit chat 16ng ndng co khéi lugng riéng p; = 1100 kg/m3, nhiét
dung riéng By = 3kJ kgK tu nhiét dé6 120°C xuéng 50°C. Nudc
vao lam lanh c6 luu lugng 1000 lit/gis va nhiét dé6 vao 10°C. Xac
dinh bé mat trao ddi nhiét can thiét khi b6 tri thuian chiéu va
nguoc chiéu Biét hé s6 truyén nhiét cua thiét bi k = 1161 Wm?’K.

9-19. Xac dinh bé mat gia nhiét va s6 phan tu cia mot thiét
bi trao déi nhiét ki€u 6ng boc. Nuéc nong chuyén dong bén trong

d:. 35

ong thép 4 = 45 W mK). duong kinh d—ﬁ = 3, Mm. nhiét do vao
] 2

cia nude nong t;, = 95°C. luu luong nuéc nong G, = 2130 kgh.

Nudc duge gia nhiét (nudc lanh) chuyén dong ngugc chiéu trong
ranh hinh xuyén gifia hai 6ng va dugc gia nhiét tu nhiét do
t';» = 153°C dén t", = 45°C. Duong kinh trong cua éng boc
D = 45mm. luu luong chat long lanh G. = 3200 kgh. chiéu dai
moéi phan t¢ L = 1.75m. tdn thit nhiét qua bé mat ngoai cua thiét
bi co thé bo qua.

Néu chait long chuyén dong cung chiéu (cdc diéu kién khic van
khong thay déi) thi s6 phan tu la bao nhiéu ?

9-20. Tinh dién tich truyén nhiét cua bd siy khéng khi 16 hai.
Khong khi chuyén dong ngang bén ngoai éng. khdi chuvén dong
trong ong v6i luu luong trung binh VvV, = 35m>'s va nhiét dé vao
£ 0= 345°C bi lam ngudi dén t7'p = 160°C. Luu luong trung binh
cua khong khi V. = 23m> s. nhiét do khong khi tang tu t'~ = 20°C

dén t’ = 250°C. Tong s6 ong n = 2079, dudng klnh ong
d. d = a3aOmm Ong bé tri so le, btroc ngang, x; = 70mm va
buoa doc ¥, = 60mm. s 6ng sap theo chiéu ngang n, = 77 va

theo chiéu doc n, = 27, chiéu rong cua duong khoi b = 5.4m
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9-21. X4c dinh kich thuéc nhé nhit cia mot thiét bi trao doi
nhiét ding nuéc dé lam ngudi den chan khong cta dai phat, biét
rang nudc c4t tit den chan khéng vao thiét bi trao ddi nhiét cd t,
= 60°C. Trong thiét bi trao d8i nhiét nudc c4t dugc lam ngudi bai
nudc may, nhiét d6 nuéc may khi vao thiét bi la t’c, = 21°C va
ra khéi thiét bi la f’, = 24°C. Nhiét do ra cia nudc cit
t;, = 49°C. Nhiét lugng thiét bi cdn truyén di la Q = 1,39.10W.

Thiét bi lam bing 6ng thép ¢ ma kén bé mat trong 6ng dan
nudc may cé bim mot 16p cdu day 1mm, hé s6 dan nhiét cua cdu
a1 = 1,16W/mK. Trong thiét bi téc do6 nudc khéng dugc vugt qua
2m/s. Gia thiét a; = a, ; bd qua nhiét tré vach éng.

- 9-22. Luu lugng nudc chay qua mét thiét bi trao ddi nhiét
chuyén dong ngudc chiéu la 10kg/s. Nhiét d6 nudc ti 26°C tang
lén 100°C sau dé s6i va qua nhiét dén 126°C. Toan bo qua trinh
tién hanh trong diéu kién 4p sudt p = 1,013 bar. Nuéc dugc gia
nhiét nho khi chdy. Khi vao thiét bi khi cé nhiét d6 650°C, luu
luong khi chay 45kg/s. Hé s6 truyén nhiét trén toan thiét bi bang
197 W/m2K. Tinh dién tich thiét bi trao déi nhiét (déi véi khi chay
c6 thé dung thong sé vat li cia khong khi).

9-23. D4u vdi luu lugng M = 150kg/h duge 1am ngudi tiu 130°C
dé&n 30°C bang nudc chiy qua dng xo4dn rudt ga, nhiét do nudc khi
di vao 6ng xodn t, = 15°C. Cong sudt cla thiét bi khudy dau la
1kW. Tén that nhiét khong ding ké.

a) Luu lugng nuéc lam mat cdn thiét nhé nhit phai bang bao
nhiéu M_. ?
b) Dién tich bé mat 6ng xo4n phai bang bao nhiéu, khi thiét bi

hoat dong vdi luu lugng nudec My, = 1,5M . ?

c) Néu xay ra sy c¢6 mat nudc lam mat thi thiét bi con hoat déng
dugc bao lau khi nhiét d6 ddu sau khi lam mat cho phép tai 50°C.
Bi&t lugng ddu chia trong binh M = 1000kg ; Codiu = 1 kd/kgK,
khéi lugng binh chita M, = 200kg ; c . = 0,5 kdJ/kgK, hé s6 truyén
nhiet ti nutc t6i ddu K = 200 W/mPK

9-24. Mot hén hop (luu lugng khéi lugng M) duge dét néng
trong thiét bi trao d8i nhiét ngugc chiéu ti nhiét do tyy = 20°C;
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dén nhiét do ty,

= 70°C va dugc 4,7,

didn vao binh P ﬁ

trao ddi nhiét cd ?F-f\ﬁ—s«

canh khudy Ui M1 o L
tudng (mic xdo £%2 7 TM_iI ==
tron li tudng)

(Hinh 9-24). " Hinh 9-24

Tu nhiét do
70°C trong hén hgp bat ddu xay ra phan iing téa nhiét. Nhiét phan
ing duge dung dé nung néng nudc tudn hoan lén nhiét do T, ,,
khi di qua thiét bi trao d6i nhiét ngudc chiéu nudc bi 1am ngudi
téi nhiét do T ,. Coéng suit nhiét phadn dng phu thudc vao nhiét
d6 theo quan hé : q = a(t + b) khi t > 70°C véi a = 4280 W/m3K
va b = 273°C.

a) Tinh hiéu nhiét d6 cia nuéc tuan héa T}, - T, ;

b) Tinh nhiét d6 T,,; cia hén hgp khi ra khéi binh trao déi nhiét ;

c¢) Tinh nhiét d6 T;, va T, trong hé théng tuin hoan khi hiéu
sudt d6i véi nudc & thiét bi trao déi nhiét ki€u khudy biang 80% ;

d) X4c dinh dién tich bé mat truyén nhiét cia hai thiét bi trao
déi nhiét trén. Biét :

M = 2,5kg/s ; c,, = 1680 J/kgK ; L = 1 ke/s ; ¢, = 4200J/kgK.

Thé tich cua hén hgp trong binh trao d8i nhiét canh khudy
V = 0,2m3. Hé s6 truyén nhiét trong ca hai thiét bj 1a nhu nhau
va bing 1000 W/m?K.

9-25. M6t hén hgp chit long (m = 500kg, ¢ = 2kJ/kgK) dugc
dua vao binh khudy ¢ nhiét do t, = 7°C. Dién tich xung quanh binh
laF, = 3,5m?. Ong xo4n dung dé€ d6t nong dat trong binh khudy co
dién tich bé mat F = 0,785m?2. Chit léong ndng la ddu chuyén
dong trong 6ng xoin. Heé s6 truyén nhiét tit ddu t4i hén hop
k =1000W/m2K. Bat d4u tit nhiét d6 t, = 17°C, phan @ng dugc tao
thanh trong hén hop. Lugng nhiét phan ng tinh ddi véi mot don
vi khéi lugng va 1 don vi thai gian w chi phu thudc vao nhiét dé

0 khit < tp, w/kg

-] 088 (t—t)khit =t

w
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Nhiét d6 moi truong xung quanh t, = 30°C. Hé s6 truyén nhiét
gita chit 16ng va moi truong k, = 40 W/m?K. Luu lugng khéi
lugng cta diu chdy qua é6ng M = 9 kg/s, Coq = 3,5 kJ/kgK, nhiét
dd cta dau t; = 92°C.

a) Xac dinh :
NTU =

kE g6 voi dau, gis tri d6 ndi lén didu gi ?
MCp _

b) Sau bao nhiéu lau thi hén hgp dugc nung ndng lén téi nhiét
do t = 77°C.

c) H6n hgp cd thé dat dugc nhiét d6 cuc dai bing bao nhiéu &
trong binh gia nhiét ki€u khudy nay. Gia thiét ring hén hgp luon
luén dugc xdo tron li tudng va bién thién entanpi cia thép lam
thiét bi cd thé bé qua.

9-26. Mot thiét bi ngung tu ki€u chum 6ng dat ding gém 10
6ng v6i chiéu dai méi 6ng | = 1m va dudng kinh 6ng d,d, =
16/12mm. Nuéc lam mat chay vao ng cd nhiét do t’, = 10°C va
nhiét dé6 nuéc khi.ra khdi 6ng la 15°C. Tinh téc do nuoc lam mat
chuyén dong trong 6ng néu méi git cé 40kg hai bao hoa khé dugc
ngung tu § ap suit p = 0,074 bar.

9-27. D€ xac dinh su truyén nhiét trong hai thiét bi trao déi
nhiét nguge chiéu W, va W, ¢ (k,F, = k,F,), xem hinh 9-27 :

Hinh 9-27
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Trén hinh 9-27 vi tri cac di€m do nhiét d6 dugc ki hiéu tu T,
dén T,. Dong M bi phéan thanh hai dong bing nhau sau T, va nhap
lai lam mot trude Ts. Gia tri Ty do dugc 1a 75°C. Gia tri nhiét do
l6n nhat cia moi chat trong hé théng 1a 100°C va gia tri nhé nhit
la 0°C. Bé qua ton th4t nhiét cia hé théng.

a) Vé phan bé nhiét do ctia moi chit trong hé théng & trang
thai 6n dinh (phan bé dinh tinh) ;

b) Tinh nhiét d6 T, va T ;

c) Xdc dinh hiéu sudt cta dong di phia ngoai trong thiét bi W, ;

d) Xdc dinh cac dai lugng :

QW
va
M.Cp M.Cp

e) Xac dinh ti s6 lugng nhiét truyén trong hai thiét bj :
Q
Q,
9-28. Hé thong gom 2 thiét bi trao d8i nhiét (1 va 2) dugc
trinh bay trén hinh 9-28 c¢d cic théng s6 sau :

tpe = 10°C; tp,, = 60°C, t, = 25°C;t = 100°;t, = 50°C.

; L
a) Ti 1é luu lugng khéi luong cua hai dong F bang bao nhiéu
- @ trong mdi thiét bi trao ddi nhiét ?

b))'Xéc dinh t; . va vé phan b6 nhiét do trong 2 thiét bi ;

’

Z, fz,e , 2

ly-20 L% 5
F/“/"la. 3 1 F '7;2,3
2F, lr g
Hinh 9{-28
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KF; _ kR,

L.

d) Gia tri N TUL cua thiét bj trao d6i nhiét ngugc chiéu sé bang
bao nhiéu khi cho hoat dong & cac thong s6 : luu lugng khéi lugng
& cac dong la L va 2F va nhiét d6 vao thiét bi cia ching la t; o V2
tz . va nhiét do cua dong L ra khai thiét bi t o dat gia tri tinh toan
d cau b. .

Gia thiét C, = C ; k = const va bd qua mit mat nhiét.

9-29. Chit long lanh duge nung ndng ti nhiét d6 20°C lén 65°C
bing mot chit 1ong ndng cd nhiét dd6 120°C va cd nhiét dung toan
phén bang nhiét dung toan phan cia chit léng lanh (C; = C,).

a) Tinh ti 1é dién tich truyén nhiét ctia thiét bi trao déi nhiét
cung chiéu va thiét bi trao d8i nhiét hoat dong theo so dé giao
nhau so véi thiét bi ngugc chiéu :

F Fon

cc

F_2F

nc nc

-

b) V& phan b6 nhiét dé cia cdc dong mdi chit trong thiét bi
cung chiéu va thiét bi ngugc chiéu trén cung mot do thi t — F.

9-30. D€ nung ndng dong nudc cd luu lugng G, = 500 kg/h tu
nhiét do t’, = 20°C ngudi ta st dung thiét b1 trao ddi nhiét ki€u
chum 6ng 6 dién tich truyén nhiét F = 2,5 m? va hé s6 truyén nhiét
k = 8320 W/m2K - Ch4t ldng ndng la nudc thai cé luu luong
G, = 1000 kg/h va

nhiét d¢ vao thiét bi tZ,T 1 Ce  Cachnbies hoin 1oin

t', = 80°C. Cé the A

dun ndng nudc dén 7, // ]J. K

nhiét d6 cuc dai bing e fw

bao nhiéu, (- ﬁmmm G,
9-31. Trong 1! : '-,7:

thiét bj trao d6i nhiét [ 11

(Hinh 9-31) chat l

long ndng cdé luu Z:Z,a’ Ge 2xGy , Le

luong Gl dugc lam Hinh 9-31

ngudi tu nhiét do
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t,. = 85° xudng it nhit la t6i 65°C nhs mét chat long lanh cd luu
lugng 2G,, chuyén déng vita cung chiéu vita ngude chiéu véi chat
l6ng nong. Nhiét d6 cia chat léng lanh tai cita vao la t, . = 12°C.
Biét nhiét dung toan phan GLCpl = GrzCp2 va sé don vi truyén cia
phan thiét bi cung chiéu

k.F

GI.Cpl

NTU, = = 0,22

a) Vé (1 cach dinh tinh) phan b6 nhiét dé cta cac dong chat
long trong hai phan thiét bi.

b) Xdc dinh nhiét do trung gian t, va gid tri nhiét d6 cia cac

chat long khi ra khdi thiét bi : t,, ty g o

Khi tinh todn cd thé xem hé s6 truyén nhiét ¢ hai phan thiét
bi 1a nhu nhau va tén thit nhiét ra moéi trudng bén ngoai la khéng
dang ké.

9-32. D€ d6t ndng khong khi bang khdi thai ta st dung 1 thiét
bi trao d6i nhiét c¢d cdu tao dugc trinh bay trén hinh 9-32. Nhim
khong ché&€ nhiét d6 bé mat caa thiét bi trao déi nhiét khéng vugt
qua nhiét do cuc dai cho phép, & phan dau cua thiét bi khdi thai
va khong khi dugc b tri chuyén dong cung chiéu, con & phan cudi
khdi chuyén dong ngugc chiéu véi khong khi.

(Cach nbiét //'7(/0’//_9_

‘ 7
¢ 6/7 ’ /
Z ' W{’éo‘n_y ki
Y e
Khor Khor
Hinh 9-32

a) Tinh nhiét d6 cia khi va khong khi khi ra khéi thiét bi va
vé phan bé nhiét d6 cia ching trén bé mat thiét bi, khi phan bij
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hoat dong theo so d6 ngudc chidu cd chiéu dai bang chiéu dai caa
phdn hoat dong theo so d6 ciing chiéu.

b) O vi tri ndo cta thiét bi nhiét do cia bé mat vat liéu dat
gia tri cuc dai va hay tinh gid tri dd, néu nhiét do vat liéu duge
xem mot cich gin ding bing trung binh céng cia nhiét do khdi
va nhiét d6 khong khi tai cing mot mat cat.

c) Nhiét dé cuc dai cia vat liéu thay ddi nhu thé& nao khi phan
thiét bi hoat dong theo so d6 cung chiéu cd chiéu dai chi bing mot
ph4dn nam chiéu dai cia toan thiét bi.

Cho biét : |

Nhiét do khi vio thiét bi t’,, = 50°C

Sécﬁcddnxdtmyénfb’ngo@nga&akhﬁngldﬁNTUkk=Gc = 4

Nhiét dd cua khdi khi ra khoi thiét bi t”k = 800°C
kF

S6 don vi truyén tdng cong ctia khdéi NTU,, = Gc = 2,4
k~pk

Heé s6 truyén nhiét dugc xem 1a khong ddi trén toan b bé mat
ctia thiét bi trao dé6i nhiét.

C - DAP SO VA HUGNG DAN

9-1. PS : q = 28,3 W/m?

9-2. PS : q = 80900 W/m? ; t , = 304°C, t, = 278°C

5-3. DS : R = 0,042 m?K/W ; K = 17,24 Wm?K ; Q = 1387TW ;
t,, = -129,5°C ; t,, = -19,3°C

9-4. DS : q = 1150 W/m? ; t,, = 440°C

9-5. PS : q = 243 W/m?

9-6. PS: F = 4 m?

9-7.PS:a) 7, =79s;b) T, = 233s; 75 = 21,9
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9-8. bS :

t, = 14,81°C.

9-9. DS : I = 7,76m.

9-10. bS

9-13. DS

9-15. DS

9-16. bS
9-17. bS

9-18. bS :
9-19. DS :

9-20. bS :

R =

ng = 160 - 20

:d . = 0,406 mm.
9-11. bS :
9-12. bS :

m

q, = 2330 W/m.
Dat ndm ngang I, = 11,5A

Day dat ding I__, = 8,56 A.

1 q, = 248,24 Wm ; t,, = 42.5°C.
9-14. bS :

Q, = 2966 W ; o, = 11,8 Wm’K.

Thong s6 vat Ii cia hoi gdn nhu khong dai.

: Khi cd canh q; = 4620 W/m?2.

Khi khong lam canh q’, = 570 W/m?.

Tt = 48,5°C.
:a) At, = 104 K ; b) At = 149K c) At, = 134 K.

F, =024 m?; F =022 m’

2 . — 2
an 1,22 m“; F, = 2,47 m~.

nng=7;n = 14

D6 chénh nhiét dé trung binh :

_ (160 —20) — (345 — 250)

= 115 K

Ing 5 =250

'y —t 345 -160
= 25020 - 280
tn —tp N

t"n —tn 250 -20

P = = 0,71
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Tra d6 thi g, = f(P, R) duge &, = 0,9.
Do d6 At = 0,9.115 = 104,5 K.

Dién tich thuc t& khdi chuyén déng qua :

4 _
F, = njd? = 20795”-’41—.(50.10 3 = 4,1 m?

| ot , Vi 35
Tdc d6 trung binh cia khdi : v, = Sl B 8,5 m/s.
1 b

Nhiét d6 trung binh cua khdi :

ty = -;—(345 + 160) = 252,5°C
Can cd theo nhiét dé nay tra dugc cac thong s6 vat li cia khdi :

vy = 39,3.100° m%s ; 1, = 4,44.107% K/mK ;

Pr, = 0,660

Déi véi khdi ta co :
@ d; 8550103
Yo 393.10°

Re;, = = 10800.

Nu,, = 0,021Rel8P1%*3 = 0,021(10800)°5(0,660)*43 ~ 29,4.

4.4,44.1072
_ Bt = 26 Wm?K.

x
: 50.107
Dién tich dong khéng khi chuyén dong :
F, = Ib - nd,) = (54 - 77.0,053)1 = 1,321, m’

Téc d6 trung binh ciua dong khi :

Nhiét d6 trung binh cua ddng khong khi :

| 1
b = 5(250 + 20) = 135°C
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Thong s6 vat li cia khong khi tuong ing véi t, 1a
A = 3,46.102 W/mK ; v, = 27,20.10"% m?/s ; Pr, = 0,685

wd, 53 10‘3 17,4 34200
Re,, = - =
Ve,

e 27210 1 = 1

Khi dong khong khi chuy&n déng ngang qua chum 6ng tri s6

\ Bie o - n
Nug, bang : Nu,, = a,Rep

D6i véi chum 8ng b6 tri so le trong truong hdp nay ta cd
n =06 vaC = 0,37

n,

1

— a (a + a, + 25a,)
N nz; ok

= 57(0,6 + 0,7 + 25)a, = 0,975 a,
3420 186
Nu, = 0,37.0,975(—1—9)0'6 = —

186.3,46.102 122

(04 = =
2 16531073 10.6
Heé s6 truyén nhiét cia thiét bi :
- 1 _ 1 122
1 8 1 1 15103 1 4,7 +106
I 7 T +
1 2 26 465 | 122
106
Q = kFAt ; F

= 2z dnl la dién tich téa nhiét
Q = 2rd, nlkAt(*)
Q =[C,P Y, 6 £)110° =
[1,012.0,865.23.230] 10° = 4,60.10° W
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& day C,, = 1,012.10° J/kgk ; £, = 0,865 kg/m’

Thay CPz va p, vao cong thic (*) ta dugc

2.3,14.51,5.103.20791.122.104,5
| 4,7+106

4,60.10° =

196 = 1861 - 4,7

Giai phuong trinh siéu viét nay bing phuong phap d6 thi.

Giao diém ctia hai dung cong f,(1) = 126 va £,(1) = 1,861 - 4,7
cho ta tim duge 1 ;1 = 3,72 m ; F = 2560 m”.

9-21. PS : F = 46,8 m?
- 9-22. PS : F = 530 m?
9-23. DS : a) M, .. = 238 kg/h ; b) F = 2,289 m’
c) T = 4644 s

9-24. PS : a) AT = 50 K; b) t,,; = 950°C ; c) t;, = 32,5°C;

t,, = 82,5°C

d) Fg = 6,759 m* ; F__ = 16,80 m’

9-25. DS : a) NTU = 0,025 ; NTU <1 =t = t,. = t;
b) T = 1499s ; c) t_. = 142,1°C

max

9-26. PS : w = 1,14 m/s
9-27. PS : b) t, = 50°C ; t, = 50°C

g & = T,-T, _ Ty—-Ty _ 2
Ty =Ty Te="D, 3
Q Q
d) M.Cp = M.Cp = 33,3 K
e) Q,/Q, = 1,5
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a

9-28. DS : a) (L/F), = (L/F), = 1
b) t,,, = 35°C ;

) NTU | = 1,25 ; NTU,, = 0,69

d) NTU,, = 1,67

F F
9-29. DS : a) 7 = 1,408 ; %
nc nc

9-30. bS : t”, = 60°C

9-31.DS :b)t, = 72°C; t, = 6L2°C; t, = 25°C ; £, , = 228°C
9-32. DS : a) ", = 522,7°C, t, = 516,4°C.
b) Nhiét do cuc dai ¢ cusi phan thiét bi nguge chiéu,

t

W.max

526,5°C

et 583,1°C.

W.max
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PHU LUC

: Bdng 1
Tich phan xdc suit
’ 2
erfz = -— | exp(—
= { p(—£7)dk
z erfz z erfz z erfz oz erfz
0,00 0,00000 0,64 0,63459 1.28 0.92978 1.92 0,99338

0,02 0,02256 0.66 0,64938 1.30 0,93401 1.94 0.99392
0,04 0,04511 0,68 0,66378 1.32 0.93807 1.96 0.99443
0.06 0.06762 0.70 0,67780 1,34 0,94191 1.98 0,99489
0.08 0,09008 0,72 0.69143 1.36 0.94556 2,00 0.99532
0,10 0,11246 0.74 0.70468 1,38 0,94902 2,05 0.99626
0,12 0,13476 0,76 0,71754 1,40 0.95229 2.10 0,99702
0.14 0,15696 0.78 0.73001 1.42 0.95538 2.15 0.99764
0,16 0.17901 0,80 0.74210 1,44 0.95830 2.20 0.99814
0,18 0,20094 0.82 0.75381 1.46 0.96105 2.25 0,99854
0,20 0.22270 0.84 0.76514 1.48 0.96365 2.30 0.99886
0,22 0,24430 0.86 0.77610 1,50 0.96611 2.35 0.999111

0.24 0,26570 0.88 0,78669 1.52 0,96841 2,40 0.999115
0,26 0.28690 0,90 0.79691 1.54 0,97059 2.46 0.9994966
0,28 0.30788 0.92 0.80677 1,56 0,97263 2,48 0.9995472
0,30 0,32863 0.94 0.81627 1.58 0.,97455 2,50 0.9995930
0,32 0.34913 0.96 0.82542 1,60 0,97635 2.55 0.9996893
0.34 0.36936 0,98 0,83423 1,62 0.97804 2.60 0.9997640
0,36 0,38933 1.00 0.84270 1,64 0,97962 2,65 0,9998213
0,38 0.30901 1.02 0.85084 1,66 0,98110 2,70 0.9998657
0,40 0.42839 1,04 0.85865 1,68 0.98249 2,75 0,9998994
0,42 | 0,44747 1.06 0.86614 1,70 0,98379 0,80 0.9999250
0.44 0.46623 1.08 0.87333 1,72 0,98500 2.85 0.999943
0,46 0,48466 1.10 0.88020 1,74 0,98613 2,90 0,9999589
0,48 | 050275 1.12 0.88679 1,76 0,98719 295 0.9999698
0,50 0.52050 1,14 0.89308 1.78 0.98817 3,00 0.9999779
0,52 0,53790 1.16 0.89910 1,80 0,98909 3,20 0.9999939
0.54 0,55494 1,18 0.90484 1.82 0,98994 3,40 0.9999985
0.56 0.57162 1.20 0.91031 1,84 0,99074 3.60 0,9999996
0,58 058792 | 1,22 0,91553 1,86 0,99147 3.80 0.9999999
0,60 0,60386 1,24 0,92051 1,88 0,99216 L 1.0000000
0,62 0,61941 1.26 0,92524 1,90 0,99279 & %
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Bdng 2

Tinh chit nhiét vat li caa khong khi kho ¢

P = 760 mmHg

L. °C P. cp. 4.10? a.10® w108 v.10° Pr
kym® | Pki/kgK | W/mK m¥/s N.s/m? m?/s

-50 | 1.584 1,013 2.04 12.7 14,6 9.23 0.728
-40 | 1515 1,013 2.12 13.8 15,2 10.04 0.728
-30 | 1.453 1,013 2,20 14.9 15,7 10.80 0.723
-20 | 1.395 1.009 2,28 16.2 16,2 12.79 0.716
-10 | 1.342 1.009 2,36 17.4 16,7 12.43 0.712
0| 1293 1.005 2.44 18.8 17,2 13.28 0,707

10 | 1.247 1.005 2,51 20,0 17,6 14.16 0,705
20 | 1205 1.005 2.59 21.4 18,1 15.06 0,703
30 | 1.165 1,005 2.7 22.9 18,6 16.00 0,701
40 | 1128 1.005 2,76 24.3 19,1 16.96 0,699
50 | 1.093 1.005 2,83 25.7 19,6 17.95 0,698
60 | 1.060 1.005 2,90 272 20,1 18.97 0,696
70 | 1.029 1.009 2.96 28.6 20,6 20.02 0,694
80 | 1.000 1.009 3,05 30.2 21.1 21.09 0,692
90 | 0.972 1.009 3.13 31.9 21,5 22.10 0.690
100 | 0.946 1.009 3.21 33,6 21,9 23.13 0,688
120 | 0.898 1.009 3,34 36.8 22,8 25.45 0,686
140 | 0.854 1,013 3.49 40.3 23,7 27.80 0,684
160 | 0.815 1.017 3.64 439 24,5 30.09 0.682
180 | 0.779 1.022 3.78 475 253 32.49 0,681
200 | 0.746 1.026 3.93 51.4 26.0 34.85 0,680
250 | 0.674 1.038 427 61.0 27.4 40.61 0,677
300 | 0.615 1.047 4.60 71.6 29.7 48.33 0674
350 | 0.566 1.059 4.91 81.9 314 55.46 0.676
400 | 0.524 1.068 5.21 93,1 33,0 63.09 0.678
500 | 0.456 1.093 5.74 115.3 36,2 79.38 0.687
600 | 0.404 1.114 6.22 138.3 39.1 96.89 0.699
700 | 0.362 1,135 6.71 163.4 41,8 115.4 0.706
800 | 0.329 1.156 7.18 188.8 443 134.8 0.713
900 | 0,301 1.172 7.63 216.2 46,7 155.1 0.717
1000 | 0.277 1,185 8.07 245.9 49,0 177.1 0.719
1100 | 0,257 1,197 8.05 276.2 51,2 199.3 0.722
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¥ Bdng 3

Tinh ch&dt nhiét vat li cia nudc trén dudng bao hoa

1°. C|px107| P, i, Cp  |[AX107|ax10%| x10° | vx10° |fx10*|ox10*| Pr
Pa |kg/m® [kJ/kg|kI/kg.K|WmK| m¥*s | Nsm? | m¥s | /K | N/m

0 1.013(999.9 ( 0 4212 | 55.1 13,1 | 1788 | 1.789 | -0.63 | 756. | 13.67
10 | 1.013]999.7 | 42,04 4.191 | 57.4 | 13,7 | 1306 | 1,306 [ +0.70 | 741.6 | 9.52
20 | 1.013]998,2 183,91| 4,183 | 59.9 | 143 | 1004 | 1.006 | 1.82 |726.9 | 7.02
30 | 1.013(995,7 | 125.7| 4.174 | 61.8 | 14,9 | 801.5 | 0.805 | 3,21 |712.2|5.42
40 | 1.013(992,2 | 167.5| 4.174 | 63,5 | 153 | 653.3 | 0,659 | 3.87 |696.5 |4.31
50 | 1.013 | 988.1 [209.3] 4.174 | 64.8 | 15.7 | 549.4 | 0.556 | 4.49 |676.9 | 3.54
60 | 1,013(983,1|251.1f 4,179 | 65.9 | 16.0 | 469,9 | 0.478 | 5.11 |662.2 |2.98
70 | 1,013(977,8 |1 293.0] 4.187 | 66,8 | 16,3 | 406.1 | 0.415 | 5.70 | 643.5|2.55
80 | 1.013|971.8 | 355,0] 4.195 | 67.4 | 16.6 | 355.1 | 0.365 | 6.32 [625.9|2.21
90 | 1,013 (9584 | 419.1|- 4,220 | 68,3 | 16.9 | 282.5 | 0.295 | 7.52 [588.6 | 1,75
100 1,013|958,4 | 419.1] 4.220 | 68.3 | 16.9 | 282.5 | 0,295 | 7.52 |588.6 | 1.75
110( 1.43 |951,0 [461.4| 4.233 | 68.5 | 17,0 | 259.0 | 0.272 | 8.08 |569.0 | 1.60
120] 1,98 |943,1 [503,7| 4.250 | 68,6 | 17.1 | 2374 | 0,252 | 8.64 |548.4 |1.47
130{ 2,70 |934,8 [ 546,4] 4.266 | 68,6 | 17.2 | 217,8 | 0.233 [ 9.19 |528.8 | 1.36

140| 3.61 |926,1 |589.1] 4.287 | 68,5 | 17.2 | 201,1 | 0,217 | 9.72 [ 507.2 | 1.26
150/ 4.76 |917.0 | 632.2] 4.313 | 68.4 | 17.3 | 1864 | 0.203 | 10.3 | 486.6 | 1.17
160] 6.18 | 907,0 | 675.4| 4.346 | 683 | 17.3 | 173.6 | 0,191 [ 10.7 [ 466.0 | 1.10
170] 7,92 1897.3 |719.3] 4.380 | 67.9 | 17.3 | 162.8 | 0.181 [ 11.3 | 443.3 | 1.05
180| 10.03|886,9 | 763.3| 4.417 | 67.4 | 17.2 | 153,0 | 0.173 | 11.9 | 422.8 | 1.00
190| 12.55(876.,0 [ 807.8] 4.459 | 67.0 | 17.1 | 144.2 [ 0.165 | 12.6 |400.2 {0.96
200| 15.55|863,0 | 852.5| 4,505 | 663 | 17.0 | 136.4 | 0.158 | 13,3 |376.7 [0.93
210 19.08 [ 852.8 | 897.7| 4.555 | 65.5 | 16.9 | 130.5 | 0.153 | 14.1 {354.1 (091
220| 23.20(840,3 | 943.7| 4.614 [ 645 | 16.6 | 124.6 | 0.148 | 14.8 | 331.6 | 0.89
230 27,98|827.3 1990.2] 4.681 | 63.7 | 16.4 | 119.7 | 0.145 | 15.9 | 310.0 | 0.88
240| 33.48|813.6 [1037.§ 4.756 | 62.8 | 16.2 | 1148 | 0,141 | 16.8 | 285.5 | 0.87
250] 39.78| 799.0 |1085.1 4.844 | 61.8 | 159 | 109.9 | 0.137 | 18.1 | 261,9 | 0.86
260| 46.94|784.0 [1135.7 4.949 | 60.5 | 15.6 [ 1059 [ 0.135 | 19.7 | 237.4 |0.87
270 55.05(767,9 {11857 5.070 | 59,0 | 15.1 [ 102.0 | 0.133 | 21.6 |214.8 | 0.88
280 64.19750.7 (1236.4 5.230 | 574 | 14.6 | 98.1 0.131 | 23.7 | 181.3 [ 0.90
290| 74.45(732.3 {1290. 5485 | 558 | 13.9 | 942 | 0.129 | 26.2 | 168.7 | 0.93
300 85.92( 712.5 (13449 5.736 | 54.0 | 13.2 | 91.2 | 0.128 | 29.2 | 144.2 | 0.97
310 98.70 691,1 (1402.3 6.071 | 523 | 12.5 | 883 | 0,128 | 329 |120.7 {1.03
320] 112,90 667.1 [1462.1 6.574 | 50.6 | 11.5 | 853 | 0.128 | 38.2 | 98.10 | 1.11
330] 128.65 640.2 1526.1 7.244 | 484 | 10.4 | 81.4 | 0,127 | 43.3 | 76.71 | 1.22
340 146,08 610.1 [1594.4 8.165 | 457 | 9.17 | 77.5 | 0.127 | 53.4 |56.70 | 1.39
350| 16537 574.4 |1671.4 9.504 | 430 | 788 | 72,6 | 0.126 | 66.8 | 38.16 | 1.60
360| 186.74 528,0 {1761.§ 13.984| 395 | 536 | 66.7 | 0.126 | 109 |20.21 |2.35
370| 210,53 450.5 (1892.§ 40,321 33,7 | 1,86 | 569 | 0,126 [ 164 [4.709 | 6.79
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Bang 4
Tinh chéit nhiét vat li caa khéi
(B = 760 mmHg = 1,01 x 10° Pa ; P.g = 0,13; Py o=0,11;
Py = 0,76)[A.1]

2

L X 10, ,
t.°C | p. kg/m* % ’ ww' 2 x210°. il x,m" Pr
kJ/kgK == m-/s Pas m-/s
mK
0 1.295 1,042 2.28 16.9 15.8 12.20 0.72
100 0.950 1.068 3.13 30.8 20.4 21.54 0.69
200 0.748 1,097 4.01 489 245 32.80 0.67
300 0.617 1,122 4.84 69,9 28.2 45.81 0.65
400 0.525 1.151 5.70 94.3 31.7 60.38 0.64
500 0.457 1,185 6.56 121.1 348 . 76.30 0,63
600 0.405 1,214 7.42 1509 379 93.61 0.62
700 0.363 1,239 8.27 183.8 40.7 112,1 0.61
800 0.330 1.264 9.15 219.7 434 131.8 0.60
900 0.301 1.290 10.0 258.0 459 152.5 0,59
1000 0.275 1,306 10.90 3034 48.4 1743 0.58
1100 0.257 1,323 11.75 3455 50,7 197.1 0,57
1200 0.240 1,340 12.62 392.4 53.0 221.0 0,56
Bdng 5
Tinh chit nhiét vat li cia ddu mdy bién 4p

L oC p- Cpr s puox 10% v x 10° [a x 105 |8 x 10°. p

’ kgm® | kJ/kgK | WmK | Pas m¥/s m¥/s k! 3
0.0 892.5 1.549 0.1123 629.8 70.5 8.14 6,80 866
10 886.4 1.620 0.1115 335.5 37.9 7.83 6.85 484
20 880.3 1,666 0.1106 198.2 22,5 7.56 6.90 298
30 874.2 1.729 0.1098 128.5 14,7 7.28 6.95 202
40 868.2 1,788 0.1090 89.4 10,3 7.03 7.00 145
50 862.1 1.846 0.1082 65.3 7,58 6,80 7.05 111
60 856.0 1.905 0.1072 49.5 5,78 6.58 7.10 87.8
70 850.0 1.964 0.1064 38.6 4,54 6.36 7.15 71,3
80 8439 2,026 0.1056 30.8 3.66 6,17 7.20 59.3
90 837.8 2,085 0.1047 254 3,03 6.00 7.25 50.5
100 831.8 2,144 0.1038 213 2,56 5.83 7.30 439
110 825.7 2,202 0,1030 18.1 2,20 5.67 7.35 388
120 819,6 2.261 0.1022 15.7 1.92 5,50 7.40 349
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Bdng 6

Nhiét dung riéng hing sé

Nhiét dung riéng trung binh phu thuéc vao
nhiét dé (trong khoang 0° + 1500°C)

B kcal/mol,d§ kJ/kmol,dd
- Khi
uC, ,uCP uC, ;th
Mot nguyén i 3 12,6 20,9
Hai nguyen wi 5 7 20.9 29,3
. Ba va nhiéu nguyén 7 29,3 37,7
Bdng 7

Khi Nhiét dung riéng khéi lugng Nhiét dung riéng thé tich
kJ/kg,do kI/mg, . d6
0, | Cpw = 0,9203 + 0,00010651 By = 1,3138 + 0,00015771
Cup = 0.6603 + 0,00010651 C,p = 0,9429 + 0,0001577t
Cpp = 1,024 + 0,00008855t Clyp = 1,2799 + 0,0001107t
Nz Cup = 0,7272 + 0,00008855t Clp = 0,9089 + 0,0001107¢
Khong | e = 0:9956 + 0,00009299¢ Cpo = 1,2866 + 0.0001201¢
khi | Cww = 0,7088 + 0.00009299t C,p = 0,9757 + 0,0001201t
H,0 | Cpp = 1,833 + 0,6003111t Cpp = 14733 + 0,00024981
Cup = 1,3716 + 0,0003111t C,p = 1,1024 + 0,0002498t
Cpip = 0,8654 + 0,0002443t Gy = 1,6990 + 0,00047981
CO; | c, = 06754 + 0,0002443t C,p = 1,3281 + 0,0004798
co | Cew = 1,035 + 0,00009681¢ Cpw = 1,291 + 0,000121t
C., = 0,7331 + 0,00009681t C, = 0,9173 + 0,000121t
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Bdng 8
Nhiét dung riéng cua 4xy

Nhiét dung riéng | Nhiét dung riéng

N:[el Wi S’/:g “lé;g s kh6i luong, thé tich,
¢ s kJ/kg.K KJ/m K
B #Cy #C | #Cuw | #Cw | Cpy Co Cons Cu
0 29,274 | 20,959 | 29.274] 20,959 | 09148 | 0,6548 | 1,3059 | 0,0349

100 29,877 21,562 | 29,538| 21,223 | 0,9232 | 0,6632 | 1,3176 | 0,9466
200 30,815 | 22,500 29,931| 21,616 | 0,9353 | 0,6753 | 1,3352 | 0,9642
300 31,832 23,517 | 30,400 22,085 | 0,9500 | 0,6900 | 1.3561 | 0,9852
400 32,758 | 24,443 | 30878 22,563 | 0,9651 | 0,7051 | 1,3775 | 1,0065
500 33,549 | 25,234 31,334| 23,019 | 0,9793 | 0,7193 | 1,3980 | 1,0270

600 34,202 | 25,887 31,761 23,446 | 0,9927 | 0,7327 | 1.4168 | 1,0459
700 34,746 | 26,431 32,150 23,835 | 1,0018 | 0,7448 | 1,4344 | 1,0634
800 35,203 | 26,888 32,502| 24,187 | 1,0157 | 0,7557 | 1,4499 | 1,0789
900 35,584 | 27,269 | 32,825| 24,510 | 1,0258 | 0,7658 | 1.4645 | 1,0936
1000 35,914 | 27,599 | 33,118| 24,803 | 1,0350 | 0,7750 | 1,4775 | 1,1066
1100 36,216 | 27,901 | 33,386( 25,071 | 1,0434 | 0,7834 | 1,4892 | 1,1183

1200 36,488 | 28,173 | 33,633| 25,318 | 1,0509 | 0,7913 | 1,5005 | 1,1296
1300 36,752 | 28,437 33,863| 25,548 | 1,0580 } 0,7984 | 1.5106 | 1,1396
1400 36,999 | 28.684 | 34,076 25,761 | 1,0647 | 0,8051 | 1.5202 | 1,1493
1500 37,242 | 28,927 | 34,282 25967 | 1,0714 | 0,8114 | 1,5294 | 1,1585
1600 37.480 | 29,165 | 34.474| 26.159 | 1,0773 | 0,8173 | 1,5378 | 1.1669
1700 37,715 [ 29,400 | 34,658| 26,343 | 1,0831 | 0,8231 | i.5462 | 1,1752

1800 37,945 | 29,630 | 34.834| 26,519 | 1,0886 | 0,8286 | 1.5541 | 1,1832
1900 38,175 | 29,860 | 35,006 26,691 | 1,0940 | 0,8340 | 1.5617 | 1.1907
2000 38.406 | 30,091 ; 35.169( 26,854 | 1,0990 | 0,8390 | 1.5692 1,1978
2100 38,636 | 30.321 | 35,328 27.013 | 1.1041 | 0,8441 | 1.5758 | 1.2050
2200 38,858 | 30.543 | 35.483| 27,168 | 1,1087 | 0,8491 | 1.5830 | 1.2121
2300 39,080 | 30.765| 35,634 27.319 | 1,1137 | 0.8537 | 1.5897 | 1.2188

2400 | 39,293 | 30978| 35785| 27.470 | 1,1183 | 08583 | 1.5964 | 12253
2500 | 39,502 | 31,187 | 35.927| 27612 | 1,1229 | 0.8629 | 1.6027 | 12313
2600 | 39,708 | 31.393 | 36,069| 27,754 | 1,1271 | 0,8675 | 1.6090 | 12380
2700 | 39,909 | 31,594 | 36,207| 27,892 | 1,1313 | 08717 | 1.6153 @ 12443
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Bdng 9

Nhiét dung riéng caa nito

o . ' Nhiét dung riéng | Nhiét dung riéng
Nhiét Nhiét dung riéng mol,

- b ke kh6i lugng, thé tich,
g Rl KI/kg.K kJ/m’ K
1°C #C, #C, “Co | H#Cu Cpu, Cow C;nb C;lb

0 29,115 | 20,80 29,115| 20,80 | 1,0392 | 0,7423 | 1,2987 | 0,9278
100 |- 29,199 | 20,884 29,144| 20,829 | 1,0404 | 0,7427 | 1,3004 } 0,9295
200 29471 | 21,156 29,228 20,913 | 1,0434 | 0,7465 | 1,3038 | 0,9328
300 | 29,952| 21,637| 20,383| 21,068 [ 1,0488 | 0,7519 | 1,3109 | 0,9399
400 30,576 | 22,261 | 29,601| 21,286 | 1,0567 | 0,7599 | 1,3205 | 0,9496
500 31,250 | 22,935| 29,864| 21,549 | 1,0660 | 0,7691 | 1,3322 | 0,9613

600 31,920 | 23,605| 30,149 21,834 | 1,0760 | 0,7792 | 1,3452| 0,9743

700 32,540 | 24,225 30,451 22,136 | 1,0869 | 0,7900 | 1,3586 | 0,9877
800 | 33,101 24,786 | 30,748| 22,433 | 1,0974 | 0,8005 | 1,3716 | 1,0006
900 33,599 | 25,284 31,037| 22,722 | 1,1078 | 0,8110 | 1,3845 | 1,0136
1000 34,039 25,724 31,313 22,998 | 1,1179 | 08210 | 1,3971 | 1,0178
1100 34,424 | 26,109 | 31,577| 23,262 ( 1,1271 | 0,8301 | 1,4089 | 1,0379

1200 34,773 | 26,448 | 31,828| 23,513 | 1,1359 | 0,8395 | 1,4202 | 1,0492
1300 35,070 | 26,745 | 32,067| 23,752 | 1,1447 | 0,8478 | 1,4306 | 1,0597
1400 35330 | 27,005| 32,293| 23,978 | 1,1526 | 0,8558 | 1,4407 | 1,0697
1500 35,556 | 27,231} 32,502 24,187 ( 1,1602 | 0,8633 | 1,4499 | 1,0789
1600 35,757 27.432| 32.699| 24,384 | 1,1673 | 0,8704 | 1,4587 | 1,0877
1700 35937 | 27,612 32,883| 24,568 | 1,1736 | 0,8771 | 1,4671 | 1,0961

1800 36,100 | 27,775 33,055| 24,740 1,1798 0,8830 | 1,4746 | 1,1036
1900 36,247 | 27,922 33.218| 24,903 | 1,1857 | 0,8889 | 1,4821 | 1,1112
2000 36,377 ( 28,052 33,373 25,058 1,1911 | 0.8943 | 14888 ( 1,1179
2100 36,494 | 28,169 33,520f 25,205 | 1,1966 | 0,8997 | 1,4955 | 1,1246
2200 36,603 | 28,278 | 33,658| 25,343 | 1,2012 | 0,9048 | 1,5018 | 1,1304
' 2300 36,703 | 28,378 | 33,787| 25,472 | 1,2058 | 0,9094 | 1.5072 | 1,1363

2400 36,975 | 28.470| 33,909| 25,594 | 1,2104 | 09136 | 1,5127 | 1,1417
2500 36,879 | 28,554 | 34,022| 25,707 | 1,2142 | 09177 | 1,5177 | 1.1468
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Bdng 10
Nhiét dung riéng cua khi CO

Nhiét dung riéng | Nhiét dung riéng

Nhiét Nhiét dung riéng mol, kh6i Iudng. thé de,
dé kJ/kmol.K Ki/kg K K/ ll'l;‘.:-K
t°C KC, #C, KCpp | #Cus CPtb . Cite C;” Cois

(1] 29,123 | 20,808 | 29,123| 20,808 | 1,0396 | 0,7427 | 1,2992 | 0,9282
100 29,262 | 20,947 | 29,178 20,863 | 1,0471 | 0,7448 | 1,3071 | 0.9307
200 29,647 | 21,332 | 29,303| 20,988 | 1,0463 | 0,7494 | 13071 | 0,9362
300 30,254 | 21,939 29.517| 21,202 | 1,0538 | 0,7570 | 1,3167 | 0,9458
400 30,974 | 22,659 | 29,789| 21,474 | 1,0634 | 0,7666 | 1,3289 | 0,9579
500 31,707 | 23,392 ( 30,099| 21,784 | 1,0748 | 0,7775 | 1,3427 | 0,9718

600 32,402 | 24,087 | 30,425]| 22,110 | 1,0861 | 0,7892 | 1,3574 | 0,9864
700 33,025 | 24,710 | 30,752 22,437 | 1,0978 | 0,8009 | 1,3720 | 1,0011
800 33,574 | 25,259 | 31,070| 22,755 | 1,1091 | 0,8122 | 1,3862 | 1,0153
900 34,055 | 25,740 31,376 23,061 | 1,1200 | 0,8231 | 1,3996 | 1,0287
1000 34,740 | 26,155 | 31,665( 23,350 | 1,1304 | 0,8336 | 1,4126 | 1.0417
1100 34,826 | 26,511 | 31,937 23,622 | 1,1401 | 0,8432 | 1,4248 | 1,0538

1200 35,140 | 26,826 | 32,192 23,877 | 1,1493 | 0,8566 | 1,4361 | 1,0651
1300 35,142 | 27,097 | 32,427 24,112 | 1,1577 | 08608 | 1,4465 | 1,0756
1400 35,646 | 27,331 | 32,653| 24,338 | 1,1656 | 0,8688 | 1,4566 | 1,0856
1500 35,856 | 27,541 | 32,858| 24,543 | 1,1731 | 0,8763 | 1,4658 | 1,0948
1600 36.040 | 27,725 | 33,051 24,736 | 1,1798 | 0,8830 | 1,4746 | 1,1036
1700 36,203 | 27,888 33,231 24,916 | 1,1865 | 0,8893 | 1,4893 | 1,1116

1800 36,350 | 28,035| 33,042 25,087 | 1,1924 | 0,8956 | 1.4901 | 1,1191
1900 36,480 [ 28,165 ( 33,561 25,246 | 1,1983 | 0,9014 | 1,4972 | 1,1262
2000 36,597 | 28,282 33,708 25,393 | 1,2033 | 0,9064 | 1.5039 | 1,1329
2100 36,706 | 28,391 | 33,850| 25,535 | 1,2083 | 0,9115 | 1.5102 | 1,1392
2200 36,802 | 28,487 ( 33,980| 25,665 | 1,2129 | 09161 | 1,5160 | 1,1451
2300 36.894 | 28579 | 25.791| 1,2175 | 0,9207 | 1,5215 | 1,1505 | 1.5215

2400 | 36.978 | 28,663 | 34,223 25908 | 1,2217 | 0,9249 | 1.5269 | 1.1560
2500 | 37,053 | 28,738 34,336| 26,021 | 1,2259 | 0,9291 | 1.5320 | 11610
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Bdng 11
Nhiét dung riéng cua hydré (H,)

Nhiét dung riéng | Nhiét dung riéng
khéi lugng, thé tich,
kl/kgK kJ/m}.K

Nhiét Nhiét dung riéng mol.
do kJ/kmol.K

t°C #C, #Cy | HCpuy | #Cyw | Cy Coh Cite G

0 28,617 | 20,302 | 28,617 | 20,302 | 14,195 | 10,071 | 1,2766 | 0.9056
100 29,128 | 20,813 | 28,935 | 20,620 | 14,353 | 10,228 | 1,2908 | 0,9198
.| 200 29,241 | 20,926 | 29,073 | 20,758 | 14,421 | 10,297 | 1,2971 | 0,9261
300 29,299 | 20,984 | 29,123 ; 20,808 | 14,446 | 10,322 | 1,2992 | 0,9282
- 400 29,396 | 21,081 | 29,186 | 20,871 | 14,477 | 20,353 | 1,3021 | 0,9311
500 29,559 | 21,244 | 29,249 | 20,934 | 14,509 | 10,384 | 1,3050 | 0,9341

600 29,793 | 21,478 | 29,316 | 21,001 | 14,542 | 10,417 | 1,3080 | 0,9370
700 30,009 | 21,784 | 29,408 | 21,093 | 14,587 | 10,463 | 1,3121 | 0,9412
800 30,472 | 22,157 | 29,517 | 21,202 | 14,641 | 10,517 | 1,3167 | 0,9458
900. 30,869 | 22,554 | 29,647 | 21,332 | 14,706 | 10,581 | 1,3226 | 0,9516
1000 31,284 | 22,969 | 29,789 | 21,474 | 14,776 | 10,652 | 1,3289 | 0,9579
1100 31,723 | 23,408 | 29,944 ( 21,629 | 14,853 | 10,727 | 1,3360 | 0,9650

1200 32,155 | 23,840 | 30,107 | 21,792 | 14,934 | 10,809 | 1,3431 | 0,9722
1300 32,590 | 24,275 | 30,288 | 21,973 | 15,023 10,809 ( 1,3511 | 0,9801
1400 33,000 | 24,685 | 30,467 | 22,152 [ 15,113 | 10,988 | 1,3591 | 0,9881
1500 33,394 | 25,079 | 30,647 | 22,322 | 15,202 | 11,077 | 1,3674 | 0,9964
1600 33,762 | 25,447 | 30,832 22,517 | 15,294 | 11,169 | 1,3754 | 1,0044
1700 34,114 | 25,799 | 31,012 | 22,697 | 15,383 | 11,258 | 1,3833 | 1,0124

1800 34,445 | 26,130 | 31,192 22,877 | 15,472 | 11,347 | 1,3917 | 1,0207
1900 34,763 | 26,448 | 31,372 | 23,957 | 15,561 | 11,437 | 1,3996 | 1,0287
2000, | 35,056 | 26,741 | 31,548 | 23,233 | 15,649 | 11,524 | 1,4076 | 1,0366
2100 35,332 | 27,017 | 31,723} 23,408 | 15,736 | 11,611 | 1,4151 | 1,0042
2200 35,605 | 27,290 | 31,891 | 23,576 | 15,819 | 11,694 | 1,4227 | 1,0517
2300 35,852 | 27,537 | 32,058 | 23,743 | 15,902 | 11,798 | 1,4302 | 1,0593

2400 36,090 | 27,775 | 32,222 23,907 | 15,983 | 11,858 | 1,4373 | 1,0664
2500 36,316 | 28,001 | 32,385 | 24,070 | 16,064 | 11,937 | 1,4449 | 1,0739
2600 36,530 | 28,215 | 32,540 | 24,225 | 16,141 | 12,016 | 1,4516 | 1,0806
2700 36,731 | 28,416 | 32,691 | 24,376 | 16,215 | 12,091 | 1,4583 | 1,0873

i
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Bdng 12
Nhiét dung riéng cua khi CO:

; : . Nhiét dung rieng | Niét dung riéng
Nhiét Nhiét dung riéng mol,

) s L kh6i lugng, thé tich,
a4 R KI/kg K KI/m K
°c 'HCP ,qu '“CPlb "‘Cvtb Cp[b C“b C;ub C;lh
0 35,860 | 27,545 | 35,860 27,545 0,8148' 0,6259 1,5998 1.2288

100 40,206 | 31,891 38,112 29,797 | 0,8658 | 0,6770 | 1,7003 | 1,3293
200 43,689 | 35374 40,059 31,744 | 0,9102 | 0,7214 | 1,7873 | 1,4164
300 46,515 | 38,200 ( 41,755| 33,440 | 0,9487 { 0,7599 | 1,8627 | 1,4918
400 48,860 | 40,515 43,250 34,935 | 0,9826 | 0,7938 | 1,9297 | 1,5587
500 50,815 | 42,500 44,573| 36,258 | 1,0128 | 0,8240 | 1,9887 | 1,6178

600 52,452 | 44,137 | 45,753| 37,438 | 1,0396 | 0,8508 | 2,0411 [ 1,6701
700 53,826 | 45,511 46,813| 38,498 | 1,0639 | 0,8746 | 2,0884 | 1,7174
800 54,977 | 46,662 | 47,763| 39,448 | 1,0852 | 0,8964 | 2,1311 | 1,7601
900 55.952| 47,637 | 48,617 40,302 | 1,1045 | 0,9157 | 2.1692 | 1,7982
1000 56.773 | 48,458 49,392 41,077 | 1,1225 | 0,9332 | 2,2035 | 1,8326
1100 57472 49,157 | 50,099 41,784 | 1,1384 | 0,9496 | 2,2349 | 1,8640

1200 58,071 | 49,756 | 50,740| 42,425 | 1,1530 | 0,9638 | 2,2638 | 1.8929
1300 58,586 | 50,271 | 51,322| 43,007 | 1,1660 | 0,9772 | 2,2898 | 1,9188
1400 59,030 | 50,715 | 51,858| 43,543 | 1,1782 | 0,9893 | 2.3136 | 1,9427
1500 59,411 | 51.096 | 52,348| 44,033 | 1,1895 | 1,0006 | 2.3354 1,9644
1600 59,737 | 51.422| 52,800 44,485 | 1,1995 | 1,0107 | 2.3555 | 1.9845
1700 60,022 | 51,707 | 53,218| 44,903 | 1,2091 | 1,0203 | 2.3743 2,0034

1800 60,269 | 51,954 | 53,604 45280 | 1,2179 | 1,0291 | 2.3915 2.0205
1900 60,478 | 52,163 | 53,959| 45,644 | 1,2259 | 1,0371 | 2.4074 2,0365
2000 60,654 | 52,339 | 54290| 45,975 | 1,2334 | 1,0446 | 2.4221 2,0511
2100 60,801 | 52,486 | 54,596| 46.281 | 1,2405 | 1,0517 | 2.4359 2.0640
2200 60,918 [ 52,603 | 54.881| 46,566 | 1,2468 | 1.0580 | 2.4484 2.0775
2300 61,006 | 52,691 | 55,144 46,829 | 1,2531 | 1,0639 | Zz.4602 2,0892

2400 | 61,060 | 52,745 | 55391| 47,076 | 1,2586 | 10697 | 2.4710 | 2.100]
2500 | 61,085 52,770 | 55.617| 47,302 | 12636 | 1,07481 | 2.4811 | 21101
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Bdng 13
Nhiét dung riéng cua hoi nudc (H;0)

Nhiét dung riéng | Nhiét dung riéng
kh6i lugng, thé tich,
kJ/kg.K kJ/m} K

Nhiét Nhié¢t dung riéng mol,
do kJ/kmol.K

°C /‘Cp H Cv K Cptb H“ Cvtb Cptb Cvtb C‘p(b C;'tb

0o - 33,499 | 25,184 | 33,499 | 25,184 | 1,8594 | 1,3980 | 1,4943 | 1,1237
100 34,055 | 25,740 | 33,741 | 25,246 | 1,8728 | 1,4114 | 1,5052 | 1.,1342
200 34,964 | 26,649 | 34,118 | 25,803 | 1,8937 | 1,4323 | 1,5223 | 1,1514
300 36,036 | 27,721 | 34,575 | 26,260 | 1,9192 | 1,4574 | 1,5424 | 1,1715
400 37,191 | 28,876 | 35,090 | 26,775 | 1,9477 | 1,4863 | 1,5854 | 1,1945
500 38,406 | 30,091 | 35,630 27,315 | 1,9778 | 1,5160 | 1,5897 | 1,2188

600 39,662 | 31,347 | 36,195 | 27,880 | 2,0092 | 1,5474 | 1,6148 | 1,2439
700 40,951 | 32,636 | 36,789 | 28,474 | 2,0419 ‘| 1,5805 | 1,6412 | 1.2703
800 42,249 | 33,934 | 37,392 | 29,077 | 2,0754 | 1,6140 | 1,6680 | 1,2971
900 43,513 | 35,198 | 38,008 ( 29,693 | 2,1097 | 1,6483 | 1,6957 | 1,3247
1000 44,723 | 36,408 | 38,619 | 30,304 | 2,1436 | 1,6823 | 1,7229 | 1,3519
1100 45,858 | 37,543 | 139,226 | 30,911 | 2,1771 | 1,7158 | 1,7501 | 1,3791

1260 46,913 | 38,598 | 39,825 | 31,510 | 2,2106 | 1,7488 | 1,7769 | 1,4059
1300 47,897 | 39,582 | 40,407 | 32,092 | 2,2429 | 1,7815 | 1,8028 | 1.4319
1400 48,801 | 40,486 | 40,976 | 32,661 |2,2743 | 1,8129 | 1,8280 | 1,4570
1500 49,639 | 41,324 | 41,515 33,210 | 2,3048 | 1,8434 | 18527 | 1,4817
1600 50,409 | 42,094 | 42,056 | 33,741 | 23346 | 1.8728 | 1.8761 | 1,5052
1700 51,133 | 42,818 | 42,576 | 34,261 |2,3630 | 1,9016 | 1,8996 | 1,5286

1800 51,782 | 43,467 | 43,070 | 34,755 | 2,3907 | 1,9293 | 1,9213 | 1,5504
1900 52,377 | 44,062 | 43.539 | 35224 | 24166 | 1,9552 1,9423 | 1,5713
2000 | 52,930 | 44,615 | 43.995| 35,680 | 2,4422 | 1,9804 | 1,9628 | 1,5918
2100 53,449 | 45,134 | 44,435 36,120 | 24664 | 2,0051 | 1,9824 | 16115
2200 53,930 | 45,615 | 44,853 | 36,538 |2,4892 | 2,0281 | 2,0009 | 1,6299
2300 54,370 | 46,055 | 45255 36,940 | 2,5121 | 2,0503 | 2,0189 | 1,6479
2400 54,780 | 46,465 | 45,644 | 37,320 | 2,5334 | 2,0720 | 2,0365 | 1,6655
2500 55,161 | 46,846 | 46,017 [ 37,702 | 2,5544 | 2,0926 | 2.0528 | 1,6818
2600 55,525 | 47,210 | 46.381 | 38,066 | 2,5745 | 2,1131 | 2,0691 1,6982
2700 55,864 | 47,549 | 47,729 | 38,414 |2,5937 | 2,1323 | 2,0864 1,7137
2800 56,187 | 47,872 | 47,060 | 38,745 | 2,6121 | 2,1508 | 2,0997 | 1,7287
2900_ | 56,488 | 48,173 | 47,387 | 39,063 | 2,6297 | 2,1683 2,1135 | 1,7425
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Bdng 14
Nhiét dung riéng caa khéng khi

. ) . Nhiét dung riéng | Nhiét dung ri¢ng

Nhiét Nhiét dung riéng mol, kh6i hugng, thé tich,
do kJ/kmol.K KI/kg.K K /mecx
c | uc, | #C, | KCps | #Cuws | Cpu | Cwo | G | Cuw
0 29,073 | 20,758 | 29,073| 20,758 | 1,0036 | 07164 | 1.2971 | 0926
100 29,266 | 20,951 | 29,152| 20,838 | 1,0061 | 0,7193 | 13004 | 0,9295
200 29,676 | 21,361 | 29,299 20,984 | 1,0115 | 0,7243 | 13071 | 0,9362
300 30,266 | 21,951 29,521 21,206 | 1,0191 | 0,7319 | 1,3172 | 0,9462
400 30,949 | 22,634 | 29,789| 21,474 | 1,0283 | 0,7415 | 1,3289 | 0,9579
500 31,640 | 23325| 30,095| 21,780 | 1,0387 | 0,7519 | 1,3427 | 0,9718
600 32,301 | 23,986 | 30,405| 22,090 | 1,0496 | 0,7624 | 1,3565 | 0,9856
700 32,900 | 24,585| 30,723| 22,408 | 1,0605 | 0,7733 | 1,3708 | 0,9998
800 33,432 | 25117 31,028 22,713 | 1,0710 | 0,7842 | 1,3842 | 1,0312
900 33,905 | 25,590 | 31,321 23,006 | 1,0815 | 0,7942 | 1,3976 | 1,0362
1000 | 34,315 | 26,000 | 31,598 23,283 | 1,0907 | 0,8039 | 1.4097 | 1,0387
1100 | 34,679 | 26,394 | 31,862 23.547 | 1,0999 | 0,8127 | 1.4214 | 1,0505
1200 | 35002| 26,687 | 32,109\ 23,794 | 1,1082 | 0,8215 | 1,4327 | 1,0618
1300 | 35,291 | 26,976 | 32,343| 24,028 | 1,1166 | 0,8294 | 1.4432 | 1,0722
1400 | 35,546 | 27,231| 32,565 24,250 | 1,1242 | 0.8369 | 14528 | 1,0819
1500 | 35,772| 27,457| 32,774 24,459 | 1,1313 | 0,8441 | 14620 | 1,0911
1600 | 35977| 27,662 | 32,967| 24,652 | 1,1380 | 0,8508 | 1.4708 | 1,0999
1700 | 36,170 | 27,855| 33,151| 24,836 | 1,1443 | 0,8570 | 1.4788 | 1,1078
1800 | 36,346 | 28,031 | 33,319| 25004 | 1,1501 | 0,9633 | 1.4867 | 1,1158
1900 | 36,509 | 28,194 | 33,482| 25,167 | 1,1560 | 0,8688 | 1.4939 | 1,1229
2000 | 36,655 | 28340 | 33541| 25326 | 1,1610 | 0,8742 | 1.5010 | 1,1296
2100 | 36,798 | 28,483 | 33,787( 25472 | 1,1664 | 0,8792 | 1.5072 | 1.1363
2200 | 36,928 | 28,613 | 33,926| 25611 | 1,1710 | 0,8843 | 1.5135 | 1.1426
2300 | 37,053 | 28,738 | 34,060| 25,745 | 1,1757 | 0,8889 | 1.5194 | 1,1484
2400 | 37,170 | 28,855| 34,185| 25870 | 1,1803 | 0,8930 | 1.5253 | 1.1543
2500 | 37,279| 28,964 | 34,307| 25992 | 1,1804 | 08972 | 1.5303 | 1.1593
1
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Bing 15
Nkiét dung riéng cua khi SO, '

Nhiét dung riéng | Nhiét dung riéng

N:‘e' Rbigt :_;'lzfn :lel';g mol; khéi ludng, thé tich,

® ' KJ/kg K KJ/m3.K
t°C I‘Cp /‘Cv ¥ Cptb w Cvt.b Cpu, Cv(b C;;tb C;'lb
0 3883 | 3052 | 3885| 3052 | 0607 | 0477 | 1.733 | 1,361

100 42,41 34,08 40,65 | 32,32 | 0,636 0,507 1,813 1,440
200 45,55 37,22 42,33 | 34,00 | 0,662 0,532 1,888 1,516
300 48,23 39,90 43,88 | 35,55 | 0,687 0.557 1,955 1,587
400 50,24 41,91 4522 | 36,89 | 0,708 | 0,578 2,018 1,645
500 51,71 43,38 46,39 | 38,06 | 0,724 0,595 2,068 1,700

600 52,58 44,55 47,35 | 39,02 | 0,737 0,607 2,114 1,742
700 53,76 45,43 48,23 | 39,90 | 0,754 0,624 2,152 1,779
800 54,43 46,10 48,97 | 40,61 | 0,762 0,632 2,181 1,813
900 55,01 46.68 49,61 | 41,28 | 0,775 0,645 2,215 1,842
1000 55,43 47,10 50,16 | 41,83 | 0,783 0,653 2,236 1,867
1100 55,77 47,44 50,66 | 42,33 | 0,791 0,662 2.261 1.888

1200 56,06 47,73 51,08 | 42,75 | 0,795 0,666 2,278 1,905

22
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Bdng 16

Nudc va hoi nudc biao hoa (theo nhiét do)

t, P v, v, g, i’ i, I, s’. s
oC bar m’kg | m¥kg | kgm® | kJ/kg | ki/kg | ki/kg | kKI/kg | ki/kg
do do

0,01 0.006108 | 0,6010002| 206,3 | 0,004847 0 2501 | 2501 0 9,1544
5 0.007819 | 0,0010001 | 147,2 10,006793 | 21,05| 2510 | 2489 | 0.0762 (9,0241
10 {0.012277 [ 0,0010004 | 106,42 ]0,009398 | 42,04 2519 | 2477 | 0.1510 | 8.8994
1S [ 0.017041 | 0,0010010| 77,97 | 0,01282 | 62,97 | 2528 | 2465 | 0.2244|8,7800
20 |0,023337|0,0010018| 57,84 | 0,01729 | 83,90 2537 | 2454 | 0,2964 | 8,6665
25 0,03166 | 0,0010030] 43.40 | 0.02304 | 104,8 | 2547 | 2442 0.3672|8,5570
30 0,04241 | 0.0010044 32,93 | 0,03037 | 125,71| 2556 | 2430 | 0,4366 | 8,4523
35 0,05622 | 0,0010061| 25,24 | 0,03962 | 146,60 2565 | 2418 | 0.5049|8,3519
40 0,07375 | 0,0010079| 19,55 | 0,05115 | 167,50 2574 | 2406 | 0.5723(8,2559
50 0.12335 | 0,0010121| 12,04 | 0,08306 | 209.3| 2592 | 2383 | 0,7038|8.0753
55 0,15740 | 0,0010145| 9,578 | 0.1044 230,2( 2600 | 2370 | 0,7679|7,9901
60 0.19917 | 0.0010171| 7.678 | 0,1302 251.1| 2609 | 2358 | 0,8311]7,9084
65 0,2501 | 0,0010199| 6,201 | 0,1613 272,1| 2617 | 2345 0,8934(7,8297
70 03117 | 0,0010228| 5,045 | 0,1982 293,0 | 2626 | 2333 0.9549| 7,7544
75 0,3855 ] 0,0010258| 4,133 | 0.2420 314,0| 2635 | 2321 1.0157|7.6815

80 0,4736 | 0.0010290| 3,408 | 0,2934 3349 | 2643 | 2308 | 1,0753|7.6116
85 0.5781 | 0,0010324| 2,828 | 0,3536 355.9| 2651 | 2295 ]1.1342|7.5438
90 0.7011 | 0,0010359| 2,361 | 0,4235 377.0( 2659 | 2282 1,1925(7,4787
95 0,8451 |0.0010396| 1,982 | 0.5045 398,0 | 2668 | 2270 | 1.2502(7.4155
100 | 1,0132 | 0,0010435( 1,673 | 0.5977 419.1 2676 | 2257 1,3071|7,3547
105 | 1,2079 | 0.0010474| 1.419 | 0.7047 440.2 | 2683 | 2243 1,3632(7.2959
110 | 1,4326 | 0,0010515| 1.210 | 0,8264 4613 2691 | 2230 | 1,4184 |7,2387
115 1,6905 | 0.0010559| 1,036 | 0.9652 4825 2698 | 2216 | 1,4733|7.1832
120 | 1,9854 | 0,0010603| 0,8917| 1,121 503.7| 2706 | 2202 1,5277|7,1298
125 | 2,3208 {0.0010619| 0,7704| 1.298 5250 2713 | 2188 1,5814|7.0777
130 | 2.7011 | 0.0010697| 0.6683| 1,498 546.3 1 2721 | 2174 | 1,6345(7,0272
135 3,130 | 0,0010747| 0,5820| 1,718 567.5( 2727 | 2159 | 1,6869|6,9781
140 3,614 | 0.0010798| 0,5087| 1.966 589,0 | 2734 | 2145 1,73926.9304
145 4.155 0.0010851 | 0.4461( 2.242 610.5| 2740 | 2130 | 1.7907| 6.8839
150 4,760 | 0.0010906| 0.3926| 2.547 632.2( 2746 | 2114 | 1,8418| 6,8383
155 5.433 1 0.0010962| 0.3466 2.835 653,9 2753 | 2099 | 1,8924|6.7940
160 6,180 0,0011021| 0.3068| 3.258 6755 2758 | 2082 | 1,9427}6.7508
165 7.008 | 0.0022081| 0,2725| 3,670 697.3| 2763 | 2066 1,99246.7081
170 7,920 0.0011144| 0,2426| 4,122 719.2| 2769 | 2050 | 2,0417 | 6.6666
175 8,925 0.0011208| 0,2166| 4,617 741.1 2773 | 2032 ( 2,0909]6.6250
180 | 10,027 | 0,0011275| 0,1939| 5,157 763,11 2778 | 2015 | 2,1395|6.5858
185 | 11.234 | 0.0011344| 0.1739| 5,750 785,21 2782 | 1997 | 2.1876 | 6.5465
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Tiép bing 16

t’ p! v” v"! P”i i’! * i"’ r! S” S”7
°C bar mi/kg | mPkg | kgm® | ki/kg | ki/kg | kI/kg | kI/kg | KJ/kg
do do

190 | 12,553 | 0,0011415| 0,1564 | 6,394 | 807,5 | 2786 | 1979 |2,2357|6,5074
195 | 13,989 | 0,0011489| 0,1409 | 7,097 | 829,9 | 2790 | 1960 |2,2834 |6,4694
200 | 15,551 | 0,0011565( 0,1272 | 7,862 | 852,4 | 2793 | 1941 | 2,3308 |6.4318
205 | 17,245 | 0,0011644| 0,1151 | 8,688 | 875:0 | 2796 | 1921 | 2.3777 |6,3945
210 | 19,080 | 0,0011726| 0,1043 | 9,588 | 897,7 | 2798 | 1900 | 2,4246|6,3577
215 | 21,062 | 0,0011812| 0,09465 | 10,56 | 920,7 | 2800 | 1879 |2.4715|6,3212
220 | 23,201 | 0,0011900| 0,08606 | 11,62 | 943,7 | 2802 | 1858 |2,5179 |6,2849
225 | 25,504 | 0,0011992] 0,07837| 12,76 | 966,9 | 2802 | 1835 | 2,5640 |6,2488
230 | 27,979 |0,0012087| 0,07147| 13,99 | 9904 | 2803 | 1813 | 2,6101 |6,2133
235 | 30,635 | 0,0012187| 0,06527 | 15,32 | 1013,9 | 2804 | 1790 |2,6561 |6,1780
240 | 33,480 | 0,0012291| 0,05967 | 16,76 | 1037,5 | 2803 | 1766 |2.7021 |6,1425
245 | 36,524 | 0,0012399| 0,05462 | 18,30 | 1061,6 | 2803 | 1741 |2,74786,1073
250 | 39,776 | 0,0012512 0,05006 | 19,98 | 1085,7 | 2801 | 1715 |2,7934|6,0721
255 | 4325 |0,0012631( 0,04591| 21,78 | 1110,2 | 2799 | 1689 |2.8394 |6,0363

260 | 46,94 | 0,0012755| 0,04215 | 23,72 1135,1 | 2796 | 1661 |2,8851 16,0013
265 50,87 | 0,0012886| 0,03872| 25,83 1160,2 | 2794 | 1634 |2,9307 [5,9657
270 55,05 | 0,0013023| 0,03560 | 28,09 1185,3 | 2790 | 1605 |2,9764 |5,9297
275 59.49 | 0,0013168| 0,03274 | 30,53 1210,7 | 2785 |1574,2|3,0223 [5,8938
280 64,91 0,0013321| 0,03013 | 33,19 1236,9 | 2780 [1542,9(3,0681|5,8573
285 69,18 | 0,0013483( 0,2774 | 36,05 1263,1 | 2773 |1510.2( 3,1146 |5,8205
290 74,45 | 0,0013655( 0,02554 | 39,15 1290,0 | 2766 |1476,3( 3,1611 |5,7827
295 80,02 | 0,0013839( 0,02351| 42,53 1317,2 | 2758 |1441,0| 3,2079 |5,7443
300 85,92 | 0,0014036| 0,02164 | 46,21 1344,9 | 2749 |1404,2| 3,2548 |5,7049
305 92,14 0,001425 | 0.01992| 50,20 1373,1 | 2739 |1365,6]3.3026 |5,6647
310 98,70 0,001447 | 0,01832 | 54,58 1402,1 | 2727 [1325,2( 3,3508 5,6233
315 | 105,61 | 0,001472 } 0,01683 | 59,42 1431,7 | 2714 |1282,3| 3,3996 | 5.5802
320 | 112,90 | 0,001499 | 0,01545 | 64,72 1462,1 | 2700 |1237,8| 3,4495|5.5353
325 | 120,57 0,00529 | 0,01417 | 70,57 1493,6 | 2084 |1190,3]|3,5002 15,4891
330 ( 128,65 | 0,001562 | 0,01297 | 77,10 1526,1 | 2666 [1139,6]3,5522|5,4412
335 | 137,14 | 0,001599 | 0,01184 | 84,46 1559,8 | 2646 |1085,7| 3,6056 |5,3905
340 { 146,08 | 0,001639 | 0,01078 | 92,76 1594,7 | 2622 [1027,0] 3,6605 |5,3361
345 | 155,48 | 0,001686 |{90,009771| 102,34 1639 | 2595 | 963,5|3,7184|5,2769
350 | 165,37 | 0,001741 |0,008803| 113,6 1671 | 2565 | 793,5(3,7786|5.2117
355 | 175,77 | 0,001807 [0,007869| 127,1 1714 | 2527 | 813,0 | 3,8439(5.1385
360 | 186,74 | 0,001894 | 0,006943] 144,0 1762 | 2481 | 719,3 | 3,9162 [5,0530
365 | 198,30 0,00202 | 0,00599 | 166,8 1817 | 2421 | 603,5 | 4,0009 | 4,9463
370 | 210,53 0,00222 | 0,00493| 203 1893 | 2331 | 438,4|4,1137| 4,7951
374 | 225,22 0,00280 | 0,00347 | 288 485,3 | 512,7 | 27,4 |1,0332(1,0755
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Bdng 17
Nudc va hoi nudc bio hoa (theo ap suit)

p1 l) v’v v."! P"! il? i”) rY SY‘ s"'
bar | °C mi/kg |mikg| kgm® | ki/kg | ki/kg | ki/kg | ki/kg | ki/kg
K K

0.010| 6,92 0,0010001 | 129,9| 0,00770 | 29,32 | 2513 | 2484 (0.1054 8,975
0.015| 13,038 [ 0,0010007 | 87,90 0,01138 | 54,75 | 2525 | 2470 (0,1958 8,827
0,020| 17,514 | 0,0010014 | 66,97 | 0,01493 | 73,52 | 2533 [ 2459 [0.2609 8,722
0,025 | 21,094 | 0,0010021 | 54,24 | 0,01843 | 88,50 | 2539 | 2451 |0.3124 8,642
0,030| 24,097 | 0,0010028 | 45,66 | 0,02190 | 101,04| 2545 | 2444 (0,3546 8,576
0,035 26,692 | 0,0010035 | 39,48 | 0,02533 | 111,86 2550 | 2438 |0.3908 8,521
0,040| 28,979 | 0,0010041 | 34,81 | 0,02873 | 121,42| 2554 | 2433 0.4225 | 8,473
0,045 31,033 | 0,0010047 | 31,13 | 0,03211 | 130,00 2557 | 2427 |0,4507 | 8,431
0,050| 32,88 | 0,0010053 | 28,19 | 0,03547 | 137,83| 2561 | 2423 |0,4761 | 8,393
0,060| 36,18 | 0.0010064 | 23,74 0,04212 | 151,50 | 2567 | 2415 |0,5207 | 8,328
0.070] 39,03 | 0.0010075 | 20,53 | 0,04871 | 163,43 2572 | 2409 |0,5591 | 8,274
0,080| 41,54 | 0,0010085 | 18,10 | 0,05525 | 173,9 | 2576 | 2402 |0.5927 | 8,227
0,090| 43,79 | 0,0010094 | 16,20 | 0,06172 | 183,3 | 2580 | 2397 |0,6225 | 8,186
0.10 | 45,84 | 0,0010103 | 14,68 | 0,06812 | 191,9 | 2584 | 2392 |0,6492 | 8,149
0.11 | 47,72 | 0,0010111 | 13,40 | 0,07462 | 199,7 | 2588 | 2388 |0,6740 | 8,116

0.12 | 49,45 0,0010119 | 12,35 | 0,08097 | 207,0 | 2591 | 2384 |0,6966 | 8,085
0,13 | 51,07 | 0,0010126 | 11,46 | 0,08726 | 213.8 | 2594 | 2380 (0,7174 | 8,057
0.14 | 52,58 | 0,0010133 | 10,69 | 0,09354 | 220,1 [ 2596 | 2376 |0,7368 | 8,031
0,15 | 54.00 | 0,0010140 | 10,02| 0,09980 | 226,1 | 2599 | 2373 |0.7550 | 8,007
0,20 | 60,08 | 0,0010171 | 7.647| 0,1308 251,4 | 2609 | 2358 |0,8321 | 7,907
0.25 | 64,99 | 0,0010199 | 6,202 | 0,1612 272,0 | 2618 | 2346 {0.8934 | 7,830
0.30 | 69,12 | 0,0010222 | 5,226 | 0,1913 289,3 | 2625 | 2336 (0.9441 | 7,769
0,40 | 75,88 | 0.0010264 | 3,994 | 0,2504 317,7 | 2636 | 2318 |1,0261 | 7,670
0,50 | 81,35 | 0,0010299 | 3,239 0,3087 340,6 | 2645 | 2304 |1,0910 | 7,593
0,6 85,95 | 0,0010330 | 2,732} 0,3661 360,0 | 2653 | 2293 [1,1453 | 7.531
0.7 89.97 | 0,0010359 [ 2,364 | 0,4230 376,8 | 2660 | 2283 |1,1918 | 7,479
038 93,52 | 0.0010385 | 2,087 0.4792 391.8.| 2665 | 2273 |1.2330| 7,434
0,9 96,72 | 0.0010409 | 1,869 | 0,5350 405,3 | 2670 | 2265 |1.2696 | 7,394
1,00 | 99,64 | 0,0010432 | 1,694 | 0,5903 417,4 | 2675 | 2258 |1.3026 | 7,360
1,1 10232 | 0,0010452 | 1,550 | 0,6453 4289 | 2679 | 2250 13327 7,328

2 104.81 | 0,0010472 | 1,429 | 0.6999 439,4 | 2683 | 2244 |1.3606 | 7,298
1.3 107,14 | 0.0010492 | 1,325| 0.7545 4492 | 2687 | 2238 |1.3866 ! 7,271
1.4 109,33 | 0,0010510 | 1.236| 0.8080 458,5 | 2690 | 2232 |1.4109 | 7,246
1.5 111,38 | 0.0010527 | 1,159 | 0,8627 467,2 | 2693 | 2226 |1,4336 ; 7.223
1,6 113,32 | 0.0010543 ; 1.091| 09164 475.4 | 2696 | 2221 |1,4550| 7.202
1,7 115,17 | 0,0010559 | 1,031| 09699 | 433,2 | 2699 | 2216 |1,4752| 7.182
18 116.94 | 0.0010575 | 0,9773| 1,023 490,7 | 2702 | 2211 |1,4943 | 7.163
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Tiép bdng 17

e | o w1 1l e - el s | o
bar | °C m’/kg m¥kg | kg/m® | kl/kg | kJ/kg |kJ/kg| kI/kg | ki/kg

K K

1.9 118.62 [ 0.0010591 | 0.9290 | 1.076 | 497.9 | 2704 |2206| 1.5126| 7.145
2.0 120.23| 0.0010605 | 0.8854 | 1.129 504,8 | 2707 |[2202| 1.5302] 7.127
2l 121.78 1 0.0010619 | 0.8459 | 1.182 511.4 | 2709 | 2198 1.5470| 7.111
22 123,27 | 0.0010633 | 0.8098 | 1.235 517,8 | 2711 | 2193 1.5630; 7.096
23 124,71 0,0010646 | 0.7768 | 1.287 524.0 | 2713 | 2189 1.5783| 7.081
24 126.09 | 0,0010659 | 0.7465 | 1,340 529.8 | 2715 | 2185 1.5929( 7.067
25 127.43( 0,0010672 | 0.7185 | 1.392 535.4 | 2717 | 2182 1.6071| 7.053
2,6 128.73] 0,0010685 | 0.6925 | 1,441 540.9 | 2719 |2178| 1.621 | 7.040
2.7 129.98 | 0,0010697 | 0.6684 | 1,406 546.2 | 2721 | 2175 1.634| 7.027
2.8 131,20 | 0.0010709 | 0.6461 | 1.548 5514 | 2722 |[2171| 1,647 | 7.015
2,9 132,39 0,0010721 | 0.6253 | 1,599 556.5 [ 2724 |2167| 1.600 | 7,003
3.0 133,54 0,0010733 | 0.6057 | 1,651 5614 | 2725 | 2164 1.672| 6.992
31 134.66 | 0.0010744 | 0.5873 | 1,703 5663 | 2727 |[2161] 1.683 | 6.981
3.2 135,75| 0,0010754 | 0.5701 | 1,754 571,1 | 2728 | 2157| 1.695| 6.971
33 136,82 0,0010765 | 0.5539 | 1.805 575.7 | 2730 |2154| 1.706 | 6.961
3.4 137.86 | 0,0010776 | 0.5386 | 1,857 580.2 | 2731 |2151| 1,717 | 6,951
3.5 138,88 0.0010786 | 0.5241 | 1,908 5845 | 2732 | 2148 1,728 | 6.941/
3.0 139.87| 0,0010797 | 0.5104 | 1,959 588.7 | 2734 |2145| 1,738 | 6.932
3.7 140,84 | 0,0010807 [ 0.4975 | 2,010 592,8 | 2735 |2142| 1.748 | 6.923
38 141.79 - 0.0010817 | 0,4852 | 2.061 596.8 | 2736 |2139| 1,758 | 6.914
3.9 | 142,71 0,0010827 | 0.4735 | 2,112 600.8 | 2737 | 2136| 1.768 | 6.905
4.0 143.62| 0.0010836 | 0.4624 | 2,163 604,7 [ 2738 |2133| 1.777| 6.897
4.1 144,51 0,0010845 | 0.4518 | 2,213 608.5 | 2740 |2131| 1,786 | 6.889

4.2 145.39 | 0.0010855 | 0,4416 | 2.264 612,3 | 2741 |2129| 1.795 | 6.881
4.3 146.25 | 0.0010865 | 0,4319 | 2315 | 616,1 | 2742 | 2126 1.804 | 6.873
4.4 147.09 0,0010874 | 0.4227 | 2,366 619.8 | 2743 |2123| 1.812 | 6,865
4.5 147,92 f 0,0010874 | 0,4227 | 2,366 619.8 | 2743 |2123| 1,812 | 6.865
5.0 151,84°  0.0010927 | 0.3747 | 2,669 640.1 | 2749 (2109 1.860 | 6.822
6,0 158.84| 0,0011007 | 0.3156 | 3,169 670.5 | 2757 |2086| 1,931 | 6,761
7.0 164.96| 0.0011081 | 0,2728 | 3,666 697.2 | 2764 [2067| 1,992 | 6,709
8.0 170.421 0,0011149 | 0.2403 | 4.161 720.0 | 2769 [2048| 2.016 | 6.663
%0 175.35] 0.0011213 | 0.2149 | 4,654 742.8 | 2774 |2031| 2094 | 6.623
10 179,88 0.0011273 | 0.1946 | 5.139 762.7 | 2778 | 2015| 2.138 | 6.587
11 184,05 0,0011331 | 0.1775 | 5,634 781.1 | 2781 |2000| 2.179 | 5.554
12 187,95 0,0011385|0,1633 | 6,124 7983 | 2785 | 1987| 2,216 | 6.523
13 191.601 0,0011438 | 0.1512 | 6,614 814.5 | 2787 |1973| 2.251 | 6.495
14 195,041 0,0011490 | 0.1408 | 7,103 830.0 | 2790 | 1960| 2.284 | 6.469
15 198,28 0,0011539 | 0,1317 | 7,593 844,6 | 2792 | 1947| 2.314 | 6.445
16 201,36 0,0011586 | 0.1238 | 8,080 8583 | 2793 | 1935| 2.344 | 6.422
17 204,301 0.0011632 | 0.1167 | 8,569 871,6 | 2795 |1923] 2371 | 6.400
18 207,10| 0,0011678 | 0,1104 | 9,058 884.4 | 2796 |1912| 2.397| 6,379
19 209,78 | 0.0011722{0.1047 | 9,549 896,6 | 2798 | 1901| 2.422 | 6.359
20 212.37| 0.0011766 | 0.09958 | 10,041 908.5 | 2799 |1891{ 2.447| 6.340
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' Tiép bing 17

p. t. v, v, P i i, r. s’ s,
bar | °C m'/kg m¥kg | kgm® | KkI/kg | KI/kg | ki/kg | KIikg | Kl/kg

. K K
21 | 214.84 | 0.0011809( 0.09492 | 10.54 919.8 | 2800 | 1880 | 2.470 | 6.322
22 | 217.24 | 0.0011851| 0.09068 | 11.03 930.9 | 2801 | 1870 | 2.492 | 6.305
23 | 219.55 | 0.0011892| 0.08679 [ 11.52 941.5 | 2801 | 1860 | 2.514 | 6.288

24 221.77 | 0.0011932| 0.08324| 12.01 951.8 | 2802 | 1850 | 2.534 | 6.272
25 22393 | 0.0011972] 0.07993 [ 12,51 961.8 2802 | 1840 | 2.554 | 6.256
26 226.03 | 0.0012012( 0.07688| 13.01 971.7 2803 | 1831 | 2.573 | 6.242
27 228.06 | 0.0012050| 0.07406| 13.50 981.3 2803 | 1822 |2.592 | 6.227
28 230.04 | 0.0012088] 0.07141| 14.00 990.4 2803 | 1813 | 2.611 | 6.213
29 231.96 | 0.0012126] 0.06895| 14.50 999.4 2803 | 1804 | 2.628 | 6.199
30 233.83 | 0.0012163] 0.06665 | 15.00 1008.3 | 2804 | 1796 | 2.646 | 6.186

32 237.44 | 0.0012238] 0.06246  16.01 10253 | 2803 | 1778 | 2.679 | 6.161
34 240.88 | 0.0012310( 0.05875| 17.02 10419 | 2803 1761 | 2.710 | 6.137
36 244.16 | 0.0012380| 0.05543( 18.04 1057.5 | 2802 | 1745 | 2.740 | 6.113
38 247.31 | 0.0012450( 0.05246| 19.06 1072.7 | 2802 | 1729 | 2.769 | 6.091]
40 250.33 | 0.0012520( 0.04977 | 20.00 1087.5 | 2801 | 1713 | 2.796 | 6.070
42 253.24 | 0.0012588] 0.04732| 21.13 1101.7 | 2800 | 1698 | 2.823 | 6.049

44 256.05 | 0.0012656] 0.04508 | 22.18 11153 | 2798 | 1683 | 2.849 | 6.029
46 258.75 | 0.0012724| 0.04305| 23.23 1128.8 | 2797 | 1668 | 2.874 | 6.010
® 48 261.37 | 0.0012790] 0.04118 | 24.29 1141.8 | 2706 | 1654 | 2.898 | 5.991
50 26391 | 0.0012857| 0,03944| 25.35 11544 | 2794 | 1640 [ 2921 | 5.973
SS 269.94 1 0.0013021| 0.03564 | 28.06 1184.9 | 2790 | 1604.6( 2.976 | 5.930
60 275.50 | 0.0013185] 0.03243 | 30.84 1213.9 | 2785} 1570.8| 3.027 | 5.890

65 280.83 | 0.0013347] 0.02973| 33.64 1241.3 | 2779 | 1537.5| 3.076 | 5.851
70 285.80 1 9.0013510] 0.02737 | 36.54 1267.4 | 2772 | 1504.9] 3.122 | 5.814
75 290.50 | 0.0013673] 0.92532| 39.49 1292.7 | 2766 | 1472.8| 3.166 | 5.779
80 294.98 | 0.0013838| 0.02352| 42.52 1317.0 | 2758 | 1441.1} 3.208 | 5.745
85 299.24 | 0.0014005| 0.062192 | 45.62 1340.8 | 2751 | 1409.8| 3.248 | 5.711
90 303.32 | 0.0014174] 0.02048 | 48.83 1363.7 | 2743 | 1379.3| 3.287 | 5.678

95 307.22 | 0.0014345| 0.01919 | 52.11 1385.9 | 2734 [ 1348.4| 3.324 | 5.646
100 | 31096 | 0.0014521| 0.01803 [ 55.46 1407.7 | 2725 | 1317.0| 3.360 | 5.615
110 | 318.04 0.001489 | 0.01598 | 62.58 1450.2 | 2705 | 1255.4| 3.430 | 5.553
120 | 324.63 | 0.001527 | 0.01426| 70.13 1491.1 | 2685 | 1193.5| 3.469 | 5.492
130 | 330.81 0.001567 | 0.01277| 78.30 15315 | 2662 | 1130.8( 3.561 | 5.432
140 | 336.03 0.001611 | 0.01149 | 87.03 1570.8 | 2638 | 1066.9| 3.623 | 5.372

150 [ 342.11 0.001658 |1 0.01035 | 99.62 1610 | 2611 | 1001.1| 3.684 | 5.310
160 | 347.32 0.001710 | 0.0093i8| 107.3 1650 | 25821 932.0 | 3.746 | 5.247
170 | - 352.26 0.001768 | 0.008382| 119.3 1690 | 2548 | 858.3 | 3.807 | 5.177
180 | 356.96 0.001837 | 0.007504| 133.2 1732 | 2510 | 778.2 | 3.871 | 5.107
190 [ 361.44 0.001921 10.00668 | 149.7 1776 | 2466 | 690 | 3.938 | 5.027
200§ 365.71 0.00204 |0.00585 | 170.9 1827 | 2410 | 583 4.105 | 4928

2101 309.79 0.00221 | 0.00498| 200.7 1888 | 2336 | 448 [ 4.108 | 4803
LZZ“ 3737 0.00273 | 0.00367 | 2725 2016 | 2168 152 [4.303 | 459
4

o —d
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Bdng 18
Thuay ngan bao hoa

t T p v'.10° v i i’ r s’ s”

°c| K bar m’/kg kJ/kg kJ/kg.K

100 | 373.15 3.745.10': 7.48984| 413.0 | 56.936 | 360.253 | 303.317 | 0.40969 | 1.22255
110 ] 383,15 6.247.10'3 7.50337| 254.2 | 58,306 | 361.289 | 302.983 | 0.41331 | 1,20408
120 393,15 1.015.10'3 7.51693| 153.6 | 58.674 | 362.336 | 302.652 | 0.41684 | 1.18065
130 ] 403.15 1.608.10'3 7.53052| 103.9 | 61,039 |-363.362| 302.323 | 0.42027 | 1.17017
140 | 413.15 2.491.10'3 7.54415| 68.75 | 62.403 | 364,397 | 301.994 | 0.42361 | 1.15456
150 423.15 3.778.1()'3 7.55780( 46.43 | 63.765 | 365.433 | 301.668 | 0.42687 | 1.13978
160 | 433.15| 5.618.107, | 7.57148| 31.96 | 65.125 | 366.469 | 301.344 | 0.43004 | 112575
170 443.15) 8.204.107| 7.58520( 22.39 | 66.484 | 367.504 | 301.020 | 0.43314 | 1.11242
180 453,15 1.178.107,| 7.59897| 15.95 | 67.842| 368.539| 300.697 | 0.43647 | 1.09975
190 | 463.15 1.664.10'; 7.61277| 11.54 | 69,198 | 369,574 | 300.376 | 0.43913 | 1.08768
200 473,15f 2,315.1077] 7.62662| 8,469 | 70.553 | 370,609 | 300.056 | 0.44203 | 1.07619
210 | 483.15 3,177.10'; 7.64051| 6.301 | 71.908 | 371.642 | 299.734 | 0.44486 | 1.06524
2201493,15( 4.304.10]| 7.65444| 4,748 | 73.261 | 372.676 | 299.415 | 0.44763 | 1,05468
230]503,15( 5,758.10° ]| 7.66843( 3.621 | 74,614 | 373.708 | 299,094 | 0.45035 | 1.04479
240 513.15| 7.614.10°,] 7,68247| 2.793 75.967 | 374,740 | 298.773 | 0.45301 | 1.03525
250(523.15| 9.959.10"| 7.69656| 2.176 77.319 | 375.771 | 298.452 | 0.45562 | 1.02611
260 [ 533.15 0.12892 | 7,71071( 1.7132 | 78,671 | 376,800 | 298,129 | 0.45818 | 1,01737
270)543,15) 0.16527 | 7.72491|1.3613 | 80.023 | 377.829 | 297.806 | 0.46069 | 1.00899
280 553.15| 0.20993 | 7,73918{1,0922 | 81.375 | 378.885| 297.480 | 0.46316 | 1.00095
290 [ 563.15| 0.26435 | 7.75351|0.88213( 82.728 | 379.880 | 297.152 | 0.6558 |0.99324
300 573.15| 0.33015 | 7.7679 [0.71874| 84,080 [ 380.904 | 296.824 | 0.46796 | 0.98584
310 583.15| 0.40910 | 7.7823 {0.59002| 85,434 | 381.922 1 296.491 | 0,47030 | 0.9787 > !
320 593.15| 0.50320 | 7.7969 |0.48779| 86.788 | 382.944 | 296.156 | 0.47260 | 0.97190
330(603,15| 0.61460 | 7.8115 |0.40600{ 88,143 | 393,960 | 295.817 | 0.4787 | 1.96532
3401 613.15 0.74567 | 7.8262 |0.34008| 88.499 | 384,973 295 474] 0.47709 | 0.95899
350 623.15 0.89896 | 7.8409 |0.28660( 90.856 | 385,984 | 295 128 0,47929 { 0,95289
360 | 633.15| 1.0772 7.8558 10.24291| 92.215 | 386.991 | 294.776 | 0.48145 | 0.94702
370(643.15| 1.2834 7.8707 [0,20702| 93.575 | 387.994 | 294.419 | 0.48358 | 0.94135
380 653.15| 1.5207 7.8858 [0.17735] 94,937 | 388.994 | 294.057 | 0.48568 | 0.93589
390 [ 663.15| 1.7925 7.9008 ]0.15269| 96.300 | 389.989 | 293.689 | 0.48774 | 0.930061
400 | 673,15 2.1024 7.9160 | 0.13207| 97,766 | 390.980 | 293,314 | 0.48978 | 0.92552
410 | 683.15 2.454 7.9313 10.11476| 99.033 | 391.966 | 292.933 | 0.49180 | 0.92059
420 693,15 2.852 7.9467 [ 0.10014| 100.403| 392.947 | 292.544 | 0.49378 | 0.1583
430 703.15 2.299 7.962210.08775; 101.775| 393.923 | 292.148 | 0.49574 | 0.91123
440 713,15 3.801 7.9778 10.07719( 103,150| 394,893 | 291.743 | 0.49768 | 0.90677
450( 723,15 4.362 7.9935 (0.06815| 104.428| 395.858 | 291.330 | 0,49959 | 0.90245
460 733,15 4.986 8.0094 10,06039| 105.908] 396.816 | 290,908 | 0,50148 | 0.89927
470 743,15 5.679 8.025210.05369( 107.292| 397.767 | 290.475 { 0.50335 | 0.89422
480 753,15 6.446 8.0413 [0,04789| 108.679( 398.711 | 290.031 | 0.50519 | 0.89029
490 763,15 7.292 8,0574 (0,04285] 110.069] 399.649 | 289.580 | 0.50702 | 0.88647
500) 773,15 8,222 8.074 (0,03846| 111.463| 400,579 | 289.116 | 0,50882 | 0.88277
510)783.15( 9.242 8.090 [0,03462| 112,861| 401,501 | 288.640 | 0.51061 | 0.87917
520|793,15] 10.358 8,106 [0.03124| 114.262| 402.415 | 288,153 | 0.51238 | 0.87568
530(803.15| 11.576 8.123 (0.02827] 115.668| 403,321 | 287.653 | 0.51412 | 0.87228
540 813,15 12,901 8.140 10,02565( 117,078 404,218 | 287.140 | 0.51586 | 0.86898
550 823,151 14.340 8,157 10,02333| 118,492 405.106 | 286.614 | 0.51757 | 0.86576

Thong s6 t3i han : pg = 140 bar ; tg = 1210°C. P = 5.7 gem® |
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Bang 19
Amoniac bao hoa (NH3) (Cp = 0,0599 kd/kg.K, k = 1,32

°C bar nl’/kg kJ/kg.K kl/kg

~75 0,0750 | 0,001368 | 12.89 | 2.7771 | 10,2287 | 87.5 1563.8 | 1476.3
-70 0.109 |0,001379 | 9.01 2,8797 | 10,0906 | 108.,4 1573.0 | 14645
-65 | 0,157 |0,001399 | 646 | 2.9823| 9.9621 129.8 1582.2 | 14524
-60 0,219 |[0,001401 | 4.70 | 3,0840 | 9.8407 151,1 1591.0 | 1439.8
=55 0.302 |0,001413 | 3,49 | 3.1824 | 9,7272 172.5 1599.8 | 14273
=50 0,409 |0,001425 | 2,62 ! 3.2791 | 9.6204 193.4 1608.1 1414.7
-45 0,546 |0.001437 | 2,01 33767 | 85199 215.6 1616.5 1400.9
-40 0,718 10.001449 | 1,55 | 3,4730 | 9.4245 237.8 1624.9 | 1387.1
-35 0,933 10,001462 | 1,22 | 3,5672 | .9,3341 260,0 16329 | 13729
-30 1,195 |0,001476 | 0,963 | 3,6601 | 9.2486 282.2 1640.8 | 1358.0
-25 1.516 ]0.001490 | 0.772 | 3.7514} 9.1674 3044 16483 | 1344.0
=20 1,902 |0.001504 | 0.624 | 3.8410 [ 9.0895 327.4 1655.9 | 13285
-15 2,363 ]0,001519 | 0,509 | 3,9293  9,0150 350.0 | -1662.6 | 1212.6
-10 2,909 |0,001534 | 0,419 | 4.0164 | 8,9438 372.6 16693 | 1296.7

=5 3,549 |0.001550 | 0,347 | 4.1022 | 8.8756 395.7 1675.1 1279.5
-0 4,294 10.001566 | 0.290 | 4.1868 | 8.8094 418.7 1681.0 | 12623
0 4.294 |0.001566 | 0,290 | 4,1868 | 8,8094 418.7 1681.0 | 1262.3
5 5,157 10.,001583 | 0,244 | 4,2705 | 8.7458 441.7 1686.4 | 1244.7
10, 6.150 |0.001601 | 0,206 | 4.3530 | 8.6838 465,2 1691.0 | 12259
15 7,283 10,001619 | 0.175 | 4,4347 | 8,6240 488.,6 1695.7 | 1207.1
20 8,572 10.001639 | 0.149 | 4,5155 | 8.5658 512.5 1699.4 | 1187.0
25 10.03 | 0.001659 | 0.128 | 4,5954 | 8.5093 536,3 1703.2 | 1166.9
30 11.67 [ 0.001680 | 0,111 | 4,6746 | 8.4536 560.2 17057 | 11455
35 13.50 ]0.001702 {0.0959 | 4,7529 | 8.3991 584.9 1708.2 | 11233
40 15,54 ]0.001726 [0.0833 | 4,8307 | 8.3455 | 609,2 1709.9 | 1100.7
45 17.81 |0,001750 [0.0727 | 4.9078 | 8.2928 6339 1710.7 | 1076.8
50 20,33 [ 0.001777 |0.,0635 | 4,9840 | 8.2400 659,0 1711.1 1052.1
236
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Bdng 20
CO; bso hoa (Cp = 0,825 kd/kg.do, k = 1,31)

.°C | p.bar [P, kgm®|P", kg/m®| . kI/kg |i", kJ/kg |s.. kI/kgK [s”. kl/kgK

Dudng can bing ran — hoi

-130 |0,00308 | -1626 | 0,01139 | 92,54 693.6 1.2167 5.414
-125 |0.00652| 1621 | 0.02326 | 97.87 696.4 1.2535 5.293
-120 [0,01311| 1616 | 0.04525 | 103.28 699.1 1.2895 5.180
-115 | 0.02514| 1610 | 0.08416 | 108.78 702.3 1.3251 5.078
-110 | 0,04620 | 1605 0.1504 | 114.37 705.2 1,3599 4,981
-105 |0.0817 1600 0.2582 | 120,05 7082 1.3942 4.892
-100 |0.1397 1595 0.4298 | 125,84 711.3 1,4281 4.809
-95 |0.2315 1589 0.6944 | 131.74 714.1 1.4616 4,730
-90 | 0.3727 1582 1.0902 | 137.75 717,1 1,4951 4.658
-85 | 0.5847 1574 1.673 143,88 719,9 1.5282 4.590
-80 | 0,8962 1565 2.515 150.14 722,4 1,5608 4,523
-75 | 1,345 1555 3,708 | 156,55 725,0 1.5931 4.462
-70 | 1,981 1545 5.386 163.1 727.1 1,625 4.401
-65 |2.870 1534 7.721 169.8 728,3 1.689 4.281
-60 | 4,097 1522 10,962 | 176,6 728.7 1,689 4,281
-56,6 | 5,179 1513 13,797 181.4 729.0 1.721 4,250
.°C | p.bar |F. kg/m? |/ kgm?| i, kI/kg [i7. kI/kg |5 kI/kg.K [s”. kI/kg.K

Dudng can bing 1ong - hoi

-56.6 | 5.179 1177.8 13,797 380,5 729.0 2.641 4.250
-50.0 | 6.831 | 1152.6 18,03 392.5 730.2 2.691 4,203
-40.0 | 10,051 1113.6 26.21 4113 7324 2.712 4.149
-30.0 | 14,281 1072.7 37.04 430.8 734.4 2.851 4,100
-20.0 | 19.691 1029.3 51.33 451.0 735.0 2.930 4,052
-15.0 | 22.896 1006.2 60.16 461.5 734.5 2.970 4,028
-10,0 | 26,466 981.9 70.33 472,2 733.6 3,010 4.003
-5.0 30.431 956.1 82.26 4833 731.8 3.050 3.977
-0.,0 34,817 928.5 96,26 495.0 729.4 3.092 3.950
1,0 35,747 922.7 99,90 497.5 727.8 3,101 3942
2.0 36,697 916.8 103.11 500.0 7270 3,109 3.935
3.0 37,664 910.7 106.53 502.4 726.1 3,118 3,929
4.0 38,651 904.5 110,15 505.0 725,2 3,127 3,922
5.0 39,657 898.2 113.78 507.3 7242 3,130 3915
6.0 40,683 891.8 117.66 510.0 7233 3.144 3,908
7.0 41.729 885.2 121.61 512.5 722.3 3,152 3,901
8.0 42.795 787.4 125,83 515,3 7213 3.161 © 3,894
9.0 43.881 871.4 130.19 518.0 720.2 3.170 3,887
10.0 44,988 864.2 134.59 5204 718.5 3.179 3.879
12.0 47.267 849.4 144.26 526.0 716.5 3.196 3.865
14.0 49,633 833.5 154,51 531,5 713.9 3,215 3,850
16,0 52,090 816.4 166,22 537.5 710,9 3.235 3.835
18.0 54.641 | 797.9 179,11 5437 707.5 3.256 3.819
20,0 57.289 777.7 193,9 550,4 703,6 3.278 3.800
22.0 60.037 754.8 210,8 5578 699.1 3.303 3.782
24.0 62.889 728.6 231,0 566.5 694,1 3.331 3.760
237
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Bdng 21
Fréon - 12 bao hoa (C.CL2F2)

Nhiéet do | Ap |Thé tichrieng| Matdo | Entanpi |Nhiet|  Entropi
o B ol I B I I I R PO B s
°C S | ke | mYkg | ke/lit | kg/m'| kiZkg | KIKg | g |KI/KRgK | KIkgK

dai

p.bar

'ZOJ 253.15[1.5098 [0.6868 | 0.1107 |1.456 [9.034 | 400.47 {564.00|163.54 [4.11835 | 4.76449
-191254.15| 1.5695| 0.6882| 0.1067 | 1.453|9.372 | 401.39 | 564.51|163.12| 4.12182| 4.76387

- 18(255.15 | 1.6306 | 0.6897| 0.1030 [1.450| 9.709 | 402.27 | 565.01| 162.74 | 4.12530 | 4.76324
-17256.15 | 1.6941| 0.6911] 009938 1.447| 10.06 | 403.15 | 565.49| 162.32 | 4.12877( 4.76261
-16[257.15 | 1.7593| 0.6925] 009597 1.444 | 10.42 | 404,03 | 565,93| 161,90 | 4.13220| 4.76198

-15/258.15 | 1.8262| 0.6940]0.09268(1.441| 10.79 | 404.95 | 566.43|161.48 | 4.13564| 4.76135
-14]1259.15| 1.8947| 0.6954/0.08952|1.438| 11.17 | 406.04 | 566.89/161.07 | 4.13907| 4.76077
-13(260.15 | 1.9662| 0.6973]0.08650!1.434| 11.56 | 406.75 [ 567.40]160.65 | 4.14250| 4.76018
-12261.15 | 2.0391] 0.6988]0.08361(1.431| 11,96 | 407.63 [ 567.86]160.23 [ 4.14598| 4.75964
-11[262.15| 2.1138] 0.7003|0.08082(1.428| 12.37 | 408,55 [ 568,36|159.81 | 4.14941| 4.75905

-101263.15{ 2.1910{ 0.7018(0.07813|1.425] 12.80| 409,47 | 568.86|159.39 [ 4.15280| 4.75859
-9 1264.15| 2.2700] 0.7032(0.07558|1.422| 13.23| 410,39 | 569.32|158.93 | 4.15624 4. 75805
-81265.1512.3520] 0.7047(0,07313|1.419| 13.68 411.27 | 569.78| 158.51 | 4.15963| 4.75759
-7 [266.15] 2.4353| 0.7062(0,07078{ 1.416( 14.13| 412,19 | 570.24| 158.05 [ 4.16302| 4.75704
=6 1267.15] 2.5215| 0.7077|0.06852| 1.413| 14.60| 413.11 | 570.74{157.63| 4.16645| 4.75658

-5 1268.15| 2.6088| 0.7092(0.06635{1.410( 15.08 414.03 | 571,21|157.17 [ 4.16984| 4,75612
-4 1269.15] 2.6999| 0.7107(0,06427[1.407 | 15.57| 414.95 | 571.67|156.71| 4.17323| 4,75562
-3 (270.15|2.7928| €.7127(0.06226|1.403 | 16.07 | 415,87 | 572.13[156.25 [ 4.17663| 4.75516
-2 1{271.15] 2.8870| 0.7143(0.06028/1.400| 16.59| 416,84 | 572.63|155.79 | 4.18006| 4.75478
-1 [272.15|2.9857| 0.7158|0.05844|1.397| 17.11| 417.76 | 573,09/ 155.33 | 4.18341| 4.75432

273,15 3.0857( 0.7173]0.05667|1.394| 17.65| 418.68 | 574.55|154.87 | 4.18680| 4.75394
274.15| 3.1882] 0.7189(0.05496|1.391| 18.20 419.60 { 574.01{154.41| 4.19019| 4.75348
275.15]3.2934| 0.7205]|0.05330{1.388 | 18.76| 420,56 | 574.47|153,91| 4.19354| 4.75302
276.15| 3.4006| 0.7220/0.05166|1.385| 19,35| 421.49 [ 574,93|153.45| 4.19693| 4.75265
277.15( 3:5112( 0.7241{0.05012/1.381 19.95 | 422.45 [ 575.39| 152,94 | 4.20028| 4.75227

0
1
2
3
4
5 |278.15] 3.6244| 0.7252(0.04863|1.378| 20.56 | 423.37}575.85/152,48 1 4,20363| 4.75189
6 [279.15]3.7398(0.7273|0.04721|1.375( 21.18 { 424,33 | 576.31| 151,98 | 4,20702| 4.75152
7 [280.15}3.8587(0.7239{0.04583|1.372| 21.82{ 425,30 [ 576.77|151.484.21037( 4.75118
8 [281.15]3.9797( 0.7310{0,04450[1.368(22.47| 426,22 [ 577,19(150.98 | 4,21372| 4.75080
9 |282.15{4.1044| 0.7320/0,04323[1.365| 23,13| 427,18 | 577.65|150.47 4,21707| 4.75043

10 (283.15|4.2301{ 0.7342|0,04204|1.362| 23.79( 428.14 | 578,11(149.97 | 4.22042| 4.75013
11 [284.,15]4.3606{ 0.7358/0.04086|1,359| 24.48 | 429,14 | 578.53(149.43 | 4,22377| 4.74976
12 (285,15 4.4354(0.7380/0.03970{1.355{ 25.19| 430,07 | 578,99(148.92 | 4.22712| 4.749406
13 [286.15|4.6296| 0.7396|0.03858{1.352| 25.92| 431,03 | 579,41/ 148.38 | 4,23043| 4.74909
14 1287.15[ 4.7681] 0.7413[0.03751/1.349| 26.66 | 431.99 [579.83]|147.84 [ 4.23378| 4. 74875

S6 héa boi Trung tam Hoc liéu — DHTN http://'www.lrc-tnu.edu.vn



Tiép bing 21

Nhiét 40 | Ap |Thé tich rieng| Mat do Entanpi Nhiét Entropi
suat

AT 1 v v po|op . . . . o

0 tuyét | . By beodiiees Ehstine | s |t 1o |t )

C g6 lit/kg | m°/kg m'/kg [ kg/lit | kg/m” | kl/kg KI/kg kJ/kg.K| kJ/kg.
p,bar

15| 288.15| 4.9108]0.7435/0.03648( 1.345[ 27 41| 433.00 580.33]147.33| 4.23708{ 4.748¢
16 | 289.15| 5.0553]0.7472(0,03547] 1.342| 28,18 433.96/ 580.71|146.75| 4.24043 4.748
17 | 290.15| 5,2041}0.7468(0.03449(1.339( 28,99| 434,92 581.17|146.24|4.24378 4,747t
18 | 291.15| 5.3549;0.7491|0.03354( 1.335( 29.87| 435.93] 581.59|145.65]|4.24709 4.747"
19 | 292.15| 5.5086|0.7507{0,03263(1.332| 30.65| 436.89 582.01|145.11(4.25040(4.7472

20| 293.15| 5,6669(0.7524(0,03175|1.329| 31.50| 437.90| 582.47| 144.57|4.25371(4.7469
21 294.15| 5,5883|0.7547(0.03089| 1,325| 32.38| 438.86| 582.84|143.98(4.25705(4.7466
221 295.15| 5.9930{0.7570{0.03005| 1,321| 33.28| 439.87| 583.26| 143.40(4.26036{4.7463
231296,15; 6.1610]0.7587(0,02925|1,318| 34,19| 440,83 583.64| 142.81(4.26363]4.7460
24 [ 297.15} 6.3335|0.7605/0.02848| 1,315| 35.11| 441.83| 584.06(142.23|4,26694 |4.7457

251298.15] 6,5080]0.7628(0.02773]| 1.311] 36.07| 442.84 584.52|141.68(4.27024] 4.745:
26 1299.15| 6.6857]0.7645(0.02700] 1.308| 37.04| 443.84 584.90( 141.05 [4,299934.7451
27 1 300.15] 6.8666)0.7669(0.02629| 1,304| 38,04| 444,85 585.27(140.43(4.27686|4.7448
28 1 301.15| 7.0542{0.7692(0.02560] 1.300] 39.06| 445.85 585.69(139.84(4.28012(4.7445
29 130215 7.2435|0.7710(0,02494| 1.297| 40.10| 446.86[ 586.07(139.21(4.2833914.7442

30| 303.15| 7.4344)|0.7734]0.02433(1.293( 41.11| 447.80| 586.49|138.62| 4.28674] 4.744
31| 304,15) 7.6321]|0.7758]0,02371{1,289| 42.18| 448,87 586.82|137.96/4.29000(4.7436

32| 305.15) 7.8352{0.7782(0.02309, 1,285{ 43.31| 449.87| 587.20| 137.33|4.2932714.7433
33 (306.15| 8.0417(0.7800(0.02250( 1.282| 44.45| 450,88] 587.58]|136.70]4.296494.7430
34 1307,15| 8,2461/0,7825/0,02192(1,278| 45.62| 451,92| 587.95|136.03| 4.29980y 4.742!

351308.15| 8.4596| 0.7849;0.02136{ 1,274| 46,81| 452.93| 588.29|135.36| 4.30311| 4.742!
40 | 313.15| 9.,5818(0.7968(0,01882) 1.255| 53.13 | 458,08/ 590.09(132.01  4.31940| 4.740¢
451318,15| 10.810(0.8104(0.01656| 1,234 60.38 463.31{ 591.72{128.41( 4.33568 4.739:
50| 323.15| 12.147{0.8244(0.01459]| 1.213| 68.56| 468.54| 593.10|124.56( 4,35189 4.737.
551328.15| 13.600{0.8410({0.01316| 1.189]| 75.98| 474.16| 595.07{120.91( 4.36876] 4,737;
60 [ 333.15| 15.182|0.8568[0.01167| 1,167| 85,69 479.68| 596.58|116.90| 4,38509 4.738:

65 | 338,15 16.883|0.8741/0.01036] 1.114| 96.52 485.33( 597.96(112.63| 4,40142| 4.734"
70 | 343,15| 18.717|0.8936[0.00919] 1,102{108.81 491,07| 599.09(108.02| 4.41787| 4.732.
75 | 348.15| 20.727(0.9149(0.00814| 1.093{122.85 496,93] 600,01| 103.08] 4,43432] 4.730:
80 | 353,15| 22.840|0.9498|0.00724] 1.064{138.31 502,96/ 600,64| 97.68|4.45099 4.727(
85| 358,15/ 25.124]0.9680|0,00649{ 1.033{156,49 509,16 600,85| 91,69|4.46765| 4,723«
90 | 363.15| 27.564| 1.0009|0,00564(0,999(177.30 515,48 600,43| 84,95|4,48469 4.718(

95 | 368.15| 30.176] 1.0416{0,00497,0,960(201,2Q0 522,05{ 599,17| 77.12|4.50202 4.711¢
1001 373,13{ 32.964( 1,0952)|0,00437|0.914/228,83 529,04 596,66| 67.62|4,51986] 4.701(
105 378.15| 35.945] 1.1736(0.00359|0,852(278,48 536,46/ 592,47 56.,01|4.53878 4.652(
110 383,15| 39.103| 1.3513]0,00266/0,742(374,93 50,31| 581,50| 31.19|4,57065| 4.652(
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Bdang 22 -

Nudc chua s6i va hoi qua nhiét

p LC 20 40 o0 80 100 120 | t40 . 100 | 180
bar ' { |
!

v 10.0010018][ 36.12 38.45 40.75 43.07 | 45.39/47.69150.01 (52,31

0.04] i 83.7 2574 2612 2650 2688 |2720 | 2704 12803 |284]

s | 0.2904 8.537 8.651 8.762 8867 |8.900/9.06019.15019.238

v 0.001001810.0010079]] 19.19 20.34 21.50 | 22.66123.82(24.97(26.13

0.08| i 83.7 167.5 2612 2650 2688 2726| 2764 12802 12841

s | 0.2904 | 05715 8.331 8.441 8.546 |8.045|8.740(8.830 (8.917

v 0.0010018/0.0010079}| 15.35 16.27 17.20 | 18.13{19.06(19.98 |20.90

0.0 i 83.7 167.5 2612 2650 2688 2726 2764 | 2802 (2841

s | 0.2964 | 05715 8.33] 8.441 R.546 |[8.645(8.740(8.830(8.917

v 0.0010018/0.0010079{ 12.78 13.55 14.33 | 15.10/15.87]16.04 [17.42

0121 i 83.7 167.5 2011 2649 2687 2725| 2764 | 2802 |2841

'S 0.2964 0.5715 8.143 8.253 8.358 8.457|8.55218.64318.730

v 10.0010018]0.0010079]f 10.95 11.01 12.27 12.94/13.00(14.26 {14.92
0.14 i 83.7 167.5 2611 2649 2687 2725) 2763 [ 2802 (2840
S 0.2964 0.571S 8.071 8.181] 8.287 8.380]8.481(8.572 |8.659

v [0.0010018]0.0010079|f 9.573 10.160 10.740 113200 11599 12.47513.057
0.10 1 83.7 167.5 2610 2649 2087 2725|2763 | 2802 |12840
S 0.2964 0.5715 8.009 8.120 8.225 8.324/8.419(8.510 [8.597

v [0.0010018{0.0010079]0.0010171|| 8.119 8.584 9.049] 9.513 [ 9.977 {10441
020 i 83.7 167.5 2511 2648 2687 2725( 2763 {2801 (2840
s 0.2964 0.5715 0.8307 8.015 8.120 8.220{8.315(8.406 18.493

v 10.0010018]0.0010079{0.0010171]| -5.400 5.713 6.025/6.335(6.645 16,955
0301 1 83.7 167.5 251.1 2646 2685 2724 2762 ; 2801 |2839
S 0.2964 0.5715 0.8307 7.825 7.931 8.03118.126(8.217 {8.504

v [0.0010018]0.001007910.0010171{0.0010289] 1.695 | 1.795|1.889|1.984 |2.078
Lo | i 83.7 1675 | 251.1 334.9 2676 2717 | 2757|2796 |2835
s | 02964 | 05715 | 0.8307 | 1,0748 || 7.361 |7.4657.502|7.6054]7.743

v 0.0010018]0.00100790.0010171|0.0010289] 0.0010434 (| 1.491| 1.572{1.050 |1 729
2| i $3.9 167.5 |251.1293 | 3349 419.0  |[2715] 2755|2795 Irx34
s | 02904 | 05715 | 0.8307 | 1.0748 | 1.3067 |[7.376|7.4757.56% | 7.057
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Tiip bing 22

~N = ‘17_——-‘
LT al >
paelCl 20 40 60 80 100 | 120 | 140 | oo | 180
: V| 0.00009992 | 0.0010053 [0.0010113 | 0.0010202 | 0.0010404 [0,0010572 | 0.00107es | 0 0n9nd] 0.0011238

60 i 89.18 | 172.50 | 255.81 | 239.55 | 423.28 | 507.44 | 592.43 | 678.20 | 765.35
S | 0.2948 10.5694 | 0827 | 1.070 | 1.3017 | 1480 | 1.732 | 1.934 12.129

v 0.0009988 10.001¢049 [0.0010139 | 0.0010257] 0.0010399 [0.0010566 | 000107381 10010977} 0.0011226
70 i 90.43 | 173.33 | 256.65 | 339.90 | 423.7 |508.27 | 593.26 | 675.68 | 765.76
S 0.294 0.568 | 0.826 1.060 1.300 1.521 1.731 1.933 |2.127

V| 0.000083 10.0010043 [0.0010134 | 0.00102541 0,0010398 [0.6010564 | 0,0010754] 0.0015072] 0.0011220
80 i 91.3 174.6 | 1578 | 341.2 | 4249 | 509.1 | 593.4 | 679.6 [766.7
s | 0.2943 [0.5686 | 0.8260 | 1.0689 | 1.2996 | 1.5198 | 1.730 | 1.931 |2.12

V| 0.0000978 [0.0010038 [0.0010129 | 0.0010249 | 00016303 [0.0010559 | 0.0010719 | 0.0010966| 0.0011213
90 i 92.3 175.5 | 258.7 | 342.1 | 4257 | 509.8 7| 594.6 | 680.3 |767.4
s | 0.2941 | 05681 |0.8253 | 1.0682 | 1.2988 | 1.5189 | 1.729 | 1.930 |2.125

Vo[ 0.0009975 {0.0010031 |0.0010125 | 0.0010245 | 0.0010386 [0.0010552 [ 00010741 | 0.6010956 0.0011201
100 | i 93.2 176.9 | 259.6 | 342.9 | 426.5 | 510.5 | 593.3 | 681.0 |768.0
s | 0.2939 105674 | 0.8247 | 1.2982 ] 1.5182 | 1.728 | 1.929 2,123

Vo 0.0009965 10.0010024 10.0010116 | 0.0010236| 0.0010379 [0.0030544 | 0.0010732] 0.0010916! 0.0011180
120 | i 951 1782 | 2614 | 344.6 | 428.1 | 512.0 | 596.7 | 682.4 {769.1
s | 0.2935 10.5668 | 0.8236 | 1.0662 | 1.2967 | 1.5165 | 1.727 | 1.927 |2.121

V| 0.0009961 |0.0016020 (0.0010112 | 0.0010231{ 00010573 [0.0010538 | 00010725 | 0.0010939 0.00111K2
130 | i 96.0 179.0 | 262.2 | 3454 | 4289 | 5127 | 597.4 | 683.0 {769.7
s | 0.2931 10.5664 | 0.8230 | 1.0655 | 1.2959 | 1.5256 | 2.726 | 1.926 [2.119

V| 0.0009957 10.0010016 [0.0010108 | 0.0010368 |0.001053300.00107190 | 0.0010932| 0.001117:] 0.6011174
140 | i 96.9 1 179.9 | 263.0 | 346.2 | 429.6 | 513.1 | 598.0 | 683.6 [770.2
s | 0.2930 10.5660 | 0.8224 | 10648 | 1.2951 | 1.5148 | 71.724 | 1.925 [2.118

Vo[ 0.0009948 [0.0010007 | 0.0010099 | 0.0010217| 0.001035 [0.0010522 | 0,0010707| 0.0010918! 00611157
160 | i 98.9 | 181.7 | 2647 | 3479 | 431.2 | 5149 | 599.4 | 684.9 1771.3
s | 0.2925 [ 0.5653 | 0.8212 | 1.0634 | 1.2937 | 1.5131 | 1.722 | 1.922 {2.116

V| 00000912 10.0009973 1 0.0010063 | 0.0010182 | 0.0010320 [0.0010479 | 0.0010660| 0.001080 | 0661109
240 | i 106.4 | 188.8 1 271.5 | 354.3 | 437.2 | 5208 | 604.6 | 689.9 1774.14
s | 0.2911 | 0.5625 | 0.8169 | 1.0582 | 1.2881 | 1.5062 | 1.715 | 1.915 |2.108

V.| 00009886 [ 00009919 10.0010041 | 0.0010156 | 0.0010293 [0,0010450 | 0.0010626| 0.0010825 | 0.6611605¢
300 | i 1120 ] 1941 | 2765 | 359.1 | 4419 | 525.1 | 609.0 | 693.6 |779.1 !
s 102902 10.5603 | 0.8140 | 1.0545 | 1.2834 | 1.5024 | 1.709 | 1.90 ' 2100
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200 | 220 240 | 260 | 280 | 300 | 350 | 400 [ 450 | 00 | 600
0,0011522 | 0.00118S7 [ 0.0012251{ 0.0012729| 0.003405 [ 0.03711 004324 | 004545 | 0.05327 _0.05785 0.06658
853.69 | 944.12 | 1037.49] 1134.20] 2809.31] 2884.70 | 304.29 |3176.52|3301.29 342271 | 3638434
2321 |2.508 | 20693 | 2.880 | 5.940 | 6,076 | 6339 | 6.540 | 6.726 | 6.888 | 7.175
0.0011513 | 0.0011045 | 0.0012236| 0.0012709 [ 0.0613308 | 0.03029 0.03615 0.04084| 0.04513 | 0.04918 [ 0.05675
854.10 | 944.54 | 1037.49| 1134.20 | 123594 | 2841.58 | 3015.75 |3157.26{3287.05 {3410.98 | 3650.00
2319 | 2506 | 2.691 | 2.876 | 3.063 | 5.943 | 6.235 | 5.455 | 6.640 | 6.806 | 7.097
00011504 | 0.0011833 [ 0.001221 | 0.0012689 0.0013275 | 0.02429 0.03003 003438 | 003821 0.04177 0.04844
855.0 | 945.1 | 1037.9| 1134.4 | 1235.4 [ 2784 | 2985 | 3135 | 3270 | 3397 | 3040
2317 | 2504 | 2.688 | 2873 | 3.059 | 5.788 | 6,126 | 6.358 | 6.552 | 6.722 | 7.019
0.00‘1 1496 | 0.0011822| 0.0012207| 0.0012609 [ 0.0013246 0.0014016 | 0.,02586 | 0.03001 | 003354 0.03680 | 0.04285
8555 | 9452 | 1038.1| 1134.2| 12349 | 13443 | 2954 | 3114 | 3254 | 3380 | 3631
2316 | 2502 | 2.686 | 2.870 | 3.053 | 3.244 | 5,940 | 6,207 | 6.416 | 6.596 | 6.901
0.0011482 | 0.0011805 | 0.0012185| 0.0012650 0.0013217.| 00013970 | 0.02247 0.02646 | 0,002979 | 0.0328] 0.03837
8560 |945.8 | 1038,3| 1134.2| 12345 | 1342.2 | 2920 | 3093 | 3239 | 3372 | 3621
2314 2500 | 2.684 | 2868 | 3.053 | 3.244 | 5.940 | 6.207 | 6.416 | 6.596 | 6.901
00011622 | 0.0011788 | 0.0012164| 0.0012612 | 0.0013164 | 0,0013836 | 0.01726 | 0.02113 | 0.02414 0.02081 0.031063
9015 | 946.6 | 1038.7 | 1133.9 | 1233.7 | 1340.0 | 2844 | 3049 | 3206 | 3347 | 3603
2404 | 2.497 | 2680 | 2863 | 3.040 | 3235 | 5755 [ 6.07116.298 | 6.487 | 6.803
0,0011458 | 0.0011777 [ 0.0012150| 0.6012593 0.0013137] 0.0013847 | 0,01514 | 0.01905 | 0.02197 | 0.02450 | 0.02903
8574 |946.9 | 1038.9| 1133.8| 12333 | 1339.0 | 2799 | 3026 | 3189 | 3334 | 3294
2309 | 2495 | 2,678 | 2860 | 3.043 | 3230 | 5657 | 6.006 | 6.243 | 6.438 | 6.758
0.0011448 | 0.0011766 | 0.0012136| 0.0012575| 0.0013111 | 0.0013808 | 0.01325 | 0.01726 | 0.02010 | 002252 0.02683
857.9 | 9473 | 1039.8| 11338 | 12329 | 1338.0 | 2750 | 3000 | 3172 | 3321 | 3585
2308 | 2493 | 2.676 | 2.858 | 3.040 | 3226 | 5.550 |5.942|6.190 | 6.390 | 6.716
B 4
0,0011430 | 0.0011744 | 0.0012109| 0.0012539| 0.0013061 [ 0.0013735 | 0,00078 | 0,01429 | 0.01704 .| 0.01930 | 0.2322
8588 | 9480 | 1039.5| 1133.7| 12322 | 1336.2 | 2612 | 2845 | 3137 | 3294 | 3567
2305 | 2489 | 2.672 | 2.853 | 3.035 | 3218 | 5302 | 5.816 | 6.090 | 6.303 | 6.740
0.0011357 | 0.0011658 [ 0.0012004 | 0.0012401]0.00122883] 0.0033475 | 0.001612 | 0.00676 | 0.00977 0.01174 0.01478
862.6 | 950.9 | 1041.3 ] 1134.0 | 12303 | 1331.2 | 1625 | 2638 | 2971 | 3174 | 3493
2295 | 2.477 | 2057 | 2835 | 3.011 | 3.190 | 3.684 |5.236]5.724 {5999 | 6.394
0.0011305 | 0.0011507| 0.0011931| 0.0012315] 00012704 0.00133>11 0.001556 | 0.002&3 | 0.00672 | 0.00859 | 0.01144
865.4 | 9533 | 10429 | 11347 | 1229.0 | 1329.0 | 1608 | 2155 | 2816 | 3073 | 3434
2287 | 2468 | 2647 | 2822|299 | 3171 | 3640 |4.476 | 5.446 | 5.799 | 6.242
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Tiép bdng 22

200 220 240 260 280 300 350 400 450 500 600

0.3520 [ 0.3688 | 0.3855(0.4019]0.4181{0.4342| 0.4741| 0.513¢ 0.5528]0.5919 | 0.66
2849 2891 2933 | 2975 | 3017 | 3059 | 3164 | 3270 | 3370 [ 3483 | 3701
6.963 7.051 7.135 | 7.215 | 7.292| 7.3066| 7.541 | 7.704| 7.857 | 8.001 | 8.26

0.2609 | 0.2739 | 0.2867 [0.2993] 0.3118( 0.3240| 0.3542| 0.3842 0.4137|0.4432 0.5
2839 2883 2926 | 2969 | 3011 | 3054 | 3160 | 3267 | 3373 | 348l 369¢
0.814 6.905 6.991 | 7.073 | 7.151 | 7.226| 7.404 | 7.568| 7.722 | 7.866 | 8.13

0.2060 | 0.2169 | 0.2274]0.2377(0,2478| 0.2578| 0.2822| 0.3003 0.3303|0.3539 0.4
2827 2874 2918 | 2962 | 3005 | 3048 | 3156 | 3263 3370 | 3479 309¢
6.692 |6.788 6.877 | 6,961 | 7.040 | 7.116 | 7.296| 7.401| 7.615| 7.761 | 8.02

0.1093 | 0.1788 | 0.1879 | 6.1967( 0,2054] 0.2139| 0.2343( 0,2547] 0.2747| 0.2944 0.3.
2816 2865 2911 | 2955 | 2999 | 3042 | 3515 | 3200 3364 | 3477 | 309¢
6.588 6,688 | 6.780 | 6.866  6.947 | 7.025| 7.206 ( 7.373| 7.529| 7.674 | 7.94

0.1429 [ 0,1515 | 0.1596|0.1673] 0.1748| 0.1823| 0.2001| 0.2176 0.2349(0.2520 2
2803 2855 2902 | 2948 | 2992 | 3036 | 3147 256 3365 [ 3474 | 3069
0.497 | 6.602 6.697 | 6.784 | 6.867 | 6945 | 7.130 | 7.299| 7.455| 7.601 | 7.87

00011565 0.1309 | 0.1382 [ 0.1452 [ 0.1519| O.I585| 0.1743 | 0.1899| 0.2051| 02201 | 0249
852.4 2844 2893 | 2940 | 2986 | 3030 [ 3142 | 3253 | 3303 | 3472 3692
2.329 6.524 6.622 | 6.711 | 6,796 | 6.877| 7.063 | 7.233| 7.390| 7.537 | 7.80

00011563} 0.1149 | 0.1216 | 0.1280 | 0.1341| 0.1401| 0.1545| 0.1683]| 0.1819 | 0.1953 0.22
852.4 2833 2884 | 2932 | 2979 | 3025 | 3138 | 3249 | 3360 | 3470 3691
2.328 6.452 6.554 | 6.646 | 6.732 | 6.814| 7.003 | 7.175| 7.333 | 7.480 | 7.75

00011561 0.1021 1.084 |0.1143[0.1200{ 0.1255| 0.1384] 0.1511] 0.1634{0.1755 0.19¢
852.4 2821 2875 | 2924 | 2972 | 3019 | 3134 | 3246 3357 | 3468 369C
2.328 6.385 6.491 | 6.585 6.674 | 6.757| 6.949 | 7.122| 7.282| 7.429 | 7.70

0.0011551 | 00011891 | 000826 | 007294 [ 0.07720 | 0.08119 | 009051 | 0.09929[ 01078 | 0.1161 0.132
825.6 | 943.5 2823 | 2882 | 2947 | 2988 | 3111 | 3229 3343 | 3456 | 3082
2326 | 2.5146 | 6.255 | 6.337 | 6.438°] 6.530| 6.735| 6.916| 7.080 | 7.231 | 7.50

0.0011542 | 0.0011880{0.0012282] 0.05302 | 0.,05679 | 0.06022] 0.060782( 0.07490] 0.08162| 0.08116 | 0.100:
82585 | M3T70 | 103749 | 2838.65( 290145 295839( 3089.44( 321211 3330.18| 3H5.73| 3047,
2324 | 2512 | 2.698 | 6.148 | 6.262 | 6.364| 6.585| 6.773| 6.943| 7.098 | 7.37

4

0.0011532 | 0.001186& [ 0.0012260[0.0012751f 0.04330 [ 0.04046 | 0.05310 | 0.05004| 0.00162| 00699 | 00807
85321 [ 99412 | 103749 [ 113504 285833] 2924.06| 306557| 3194.1d 331594 3434.43| 3666,
2322 [ 2510 | 2696 | 2.883] 0.097| 6.214| 6.453| 6.651| 8.825| 6.984 | 7.2¢
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Tizp bing 22

¥ | ;
paelCl 20 40 00 80 100 120 140 | 1ov 150

|

v [ 0.00000992 [0.0010053 |0.0010113 | 0.0010262{ 00010404 |0.0010572 n_(l('l"'fu‘; nooinend] 0.0011238
00 i 89.18 | 172,50 | 255.81 | 239.55 [ 423.28 | 507.44 | 592.43 | 078.20 | 765.35
s | 0.2948 [ 0.5694 | 0.827 | 1.070 | 1.3017 | 1.480 | 1.732 | 1.934 (2.129

V| 0.0009988 [0.001¢049 [0 0010139 | 0.0010257] 0.0010399 |0.0010566 | 0.001075x | 0 0010977 0.0011226
70 i 90.43 | 173.33 | 256.65 | 339906 | 423.7 |S508.27 | 593.26 | 678.68 | 765,76
s 0.294 [ 0.568 | 0.826 | '1.060 | 1.300 | 1.521 1.731 | 1.933 |2.127

v 0000083 100010043 1 0.0010134 | 0.0010254 0.0010398 |0.0010504 | 6.0010754] 0.0010972] 0,0011220
80 i 91.3 174.6 | 1578 | 341.2 | 4249 | 509.1 593.4 | 679.6 [766.7
s | 0.2943 10.5086 | 0.8260 | 1.0689 | 1.2996 | 1.5198 | 1.730 | 1.931 |2.12

V| 0.000997R |0.0010038 [0.0010129 | 0.0010249 [ 0.0016393 [0.0010559 | 0.0010749| 0.0010966 | 0.0011213
90 i 92.3 175.5 | 258.7 | 342.1 | 4257 | 509.8 | 594.6 | 680.3 [767.4
s | 0.2941 | 0.5681 | 0.8253 | 1.0682| 1.2988 | 1.5189 | 1.729 | 1.930 [2.125

V| 0.0000975 10.0010031 |0.0010125 | 0.0010245 [ 0.0010386 |0.0010552 | 0.0010741 | 0.0010956 0.0011201
100 i 93.2 176.9 | 2596 | 3429 | 426,5 | 510.5 593.3 | 681.0 |768.0
s | 0.2939 10.5674 | 0.8247 | 1.2982| 1.5182 | 1.728 1.929 2.123

V| 0.0009965 10.0010021 [0.0010116 | 0.0010230 [ 0.0010379 |0.0010544 | 00010732 | 00010946 0.0011180
120 i 95.1 178.2 | 261.4 | 344.6 | 42811 | 512.0 | 596.7 | 682.4 [769.1
s | 0.2935 [0.5668 | 0.8236 | 1.0662 | 1.2967 | 1.5165 | 1.727 | 1.927 |2.121

v | 0.000991 [0.0010020 |0.0010112 | 0.0010231(0.0010572 [0.0010538 | 0,0010725| 0.0010939( 0.00111K2
130 i 96.0 179.0 | 2622 | 3454 | 4289 | 512.7 597.4 | 683.0 1769.7
s | 0.2931 | 0.5664 | 0.8230 | 1.0655 | 1.2959 [ 1.5256 | 2.726 | 1.926 |2.119

V| 6.0000957 [0.0010016 [0.0010108 | 0.0010368 [0.00105330[0.00107190 [ 0.0010032| 0.0011173] 0.0011174
140 i 96.9 179.9 | 263.0 | 346.2 | 429.6 | 513.1 598.0 | 683.6 |770.2
s | 0.2930 | 0.5660 | 0.8224 | 1.0648 | 1.2951 | 1.5148 | 71.724 | 1.925 [2.118

v | 0.000904% |0.0010007 |0.0010099 | 0.0010217| 0.001035 |0.0010522 | 0.0010707 | 0.0010918! 0.0011157
160 i 98.9 181.7 | 264.7 | 3479 | 431.2 | 5149 | 599.4 | 6849 1771.3
s | 0.2925 | 0.5653 1 0.8212 | 1.0634| 1.2937 | 1.5131 | 1.722 | 1.922 [2.116

V| 00000912 10.0009973 {0.0010065 | 0.0010182] 1.0010320 |0.0010179 | 0.0010660| 0.001086 | 0.0011099
240 i 106.4 | 1888 | 271.5 3543 1 437.2 | 520.8 | 604.6 | 689.9 |774.14
s | 0.2911 [0.5625 | 0.8169 | 1.0582| 1.2881 | 1.5062 | 1.715 | 1.915 |2.108

V| 0000088 [0.000991910.0010041 | 0.0010156 | 0.0010293 [0,0010150 | 0.0010626] 0.0010823| 0.0011065¢
300 i 112.0 | 194.1 | 276.5 359.1 | 4419 | 525.1 609.0 | 693.6 [779.1
s 0.2902 10.5603 | 0.8140 | 1.0545 | 1.2834 | 1.5024 | 1.709 1.90 l 2.100
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200 { 220) 240 | 200 280 300 350 | 400 450 | 500 | 600
0.0011522 | 0.0011857 | 0.0012251 | 0,00127291 0.003105 | 0.0371] 004320 | 004238 | 003327 | 0.0S788 0.066°8
853.69 | 944.12 | 1037.49] 1134.20| 2809.34|2884.70 | 304.29 |3176.52 3301.29 2271363842
2321 12508 | 2693 | 2.880 | 5.940 | 6.076 | 6.339 | 6.540 | 6720 | 6.888 | 7.173
0.0011513 | 0.0011015 | 0.0012236 | 0.0612700] 0.00133G8 | 0.03029 0.03615 0010841 0.04313 004018 | 005678
85410 | 944.54 | 103749 1134.20 | 123594 | 2841.58 | 301575 [3157.20|3287.05 3410.98 | 365000
2.319 | 2.500 2.691 2876 | 3.063 | 5.943 | 6.235 | S.455 | 6.640 | 6.800 7.097
0.0011504 | 0.0011833 [ 0.001221 | 0.0012689 [ 00013275 0.0242¢ 0.03003 003438 | 003821 0014177 0.04814
855.0 | 945.1 1037.9 | 11344 12354 2784 2983 3135 | 3270 3397 3640
2317 | 2.504 2.688 2.873 | 3.059 | 5.788 | 6.126 | 6.358 | 6.552 | 6.722 | 7.019
0.0011190 | 0.0011822] 0.0012207 | 0.0012609 0.0013246 | 0.0014016 | 0.02586 0.03001 | 0.03354 0.03680 0.04285
855.5 | 945.2 1038.1 | 1134.2| 1234.9 | 13443 | 2954 3114 | 3254 3386 | 3631
2.316 | 2.502 2.086 2870 | 3.053 | 3.244 | 5940 | 6.207 | 6.416 | 6.596 | 6.901
0.0011482 | 0.0011R0S | 0.0012185 ] 0.0012630( 0.0013217 | 0,0013970 0.02247 | 0.02046 | 0.002979 | 003281 0,03837
856.0 | 945.8 1038.3 | 1134.2 | 1234.5| 1342.2 | 2920 3093 | 3239 3372 3621
o 2314 1 2,500 2.684 2.868 | 3.053 | 3.244 | 5940 | 6.207 | 6.416 | 6.596 | 6.901
00011622 | (LO011788 | 0.0012164 [ 0.9012612 | 0.0013104 | 0.0013836 0.01726 | 002113 | 002414 0.020R] 0.03163
901.5 | 940.0 1038.7 | 11339 1233.7 | 1340.0 | 2844 3049 | 3200 3347 3603
2404 | 2,497 2.680 2.863 | 3.040 | 3.235 5.755 | 6.071 1 6.298 | 6,487 | 6.803
Q0011458 | 0.0011777 1 0.0012150] 0.6012363 1 ¢.0013137] 0.0013847 | 0.01514 | 0.01905 | 0.02197 0.02430 | 0.02003
857.4 | 946.9 10389 ) 1133.8 | 1233.3 | 1339.0 | 2799 3026 | 3189 3334 3294
2.309 | 2,495 2.678 2860 | 3.043 | 3.230 | 5.657 | 6.006 | 0.243 | 6,438 | 6.758
0.0011448 | 00011760 | 0,0012136 ] 0.001287¢ [ 0.0013111 ] 0.0013808 0.01325 | 0.01726 | 002010 002252 002683
8579 19473 1039.8 1 11338} 12329 1338.0 | 2750 3000 | 3172 3321 3583
2.308 | 2493 2.676 2.858 | 3.040 226 5.550 15942 ] 6.190 | 6.390 | 6.716
. “
0,0011430 | 00011741 | 0.0012100] 0,0012539 ] 00013001 | 0.0013735 0.00078 | 0,01429 | 0.01704 .| 0.01930 02322
8588 | 9480 | 10395 | 11337 ] 1232.2 | 1336.2 | 2612 | 2845 | 3137 | 3294 | 3567
2305 | 2489 | 2672 | 2833 | 3.035 | 3218 | 5,302 | 5.816 | 6.090 | 6.303 | 6.740
00011387 | 00011658 | 00012004 ] 0.001210 1] 0.00122883) 00073475 | 0.001612 | 0.00076 | 0.00977 | 0.01174 | 001478
§02.6 19509 | 10413 ] 1134.0 | 12303 | 1331.2°| 1625 | 2638 | 2971 | 3174 | 3493
2295 | 2477 | 2057 | 2835 | 3.011 | 3190 | 3.684 |5.236 | 5.724 | 5.999 | 6.394
Q.0011305 | 00011807 0.0011037 | 00012318 [ 000127041 0.0013311 | 0.001550 | 0.00283 | 0.00672 | 0.00859 | 0.01144
Q654 9533 | 10429 1134.7] 1229.0 | 1329.0 | 1608 | 2155 | 2816 | 3073 | 3434
2a87 | 2468 | 2047 ] 2822 2996 | 3171 | 3.640 | 4.476 | 5446 | 5.799 | 6242
L e
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MUC LUC

Trang
Loi néi dau _ : 3
Phan mot
NHIET DPONG KI THUAT
Chuong 1. Nhing khdi niém co ban va phuong trinh
trang thdi cua méi chit & pha khi
A - Tom tat ndi dung 4
B - Dé bai 1
C - Dap s6 va hudng dan 10

Chuong 2. Dinh luat nhiét tha nhat va cac qua trinh co
ban ctia mdi chit & pha khi va hoi

A - Tom tat noi dung 15
B - Dé bai 20
C - Dap s6 va huéng dan 25

Chuong 3. Mot s6 qua trinh khdc cua khi va hoi

A - Tom tat noi dung 41
B - Dé bai 46
C - Dap s6 va hudéng dan 50

Chuong 4 va chuong 5. Dinh luat nhiét thi hai va cdc chu trinh
A - Tom tat ndi dung 63
B - Dé bai chuong 4 68

S6 héa boi Trung tam Hoc lieu — DPHTN http://www.lrc-tnu.edu.vn



Trang

C - Dap s6 va hudng dan chuong 4 70

D - Dé bai chuong 5 76

D - Dap s6 va hudng dan chuong 5. 85
Phan hai

TRUYEN NHIET

Chuong 6. Dan nhiét

A - Cdc cong thuc tinh toan co ban 108
B - Dé bai } 119
C - Dap s6 va hudng dan 135

Chuong 7. Trao déi nhiét déi luu

A - Cdc cong thic tinh toan co ban 150
B - Dé bai 155
C - Dap s6 va hudng dan 166

Chuong 8. Trao déi nhiét bic xa

A - Cac dinh luat co ban 174
B - Dé bai 179
C - Dap s6 va hudng dan 189

Chuong 9. Truyén nhiét va thiét bi trao do6i nhiét

A - Cac cong thidc tinh toan co ban 194
B - Dé bai 197
C - Dap s6 va hudng dan 211
Phan phu luc 217
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Chiu trach nhiém xudt ban:
Chu tich HDQT kiém Téng giam déc NGO TRAN Al
Phé Tong Giam ddc kiém Téng bién tap NGUYEN QUY THAO

Bién tdp lan ddu:
THANH HUONG

Bién tap tdi ban:
THANH BINH

Trinh bay bia:
DOAN HONG

Stza ban in:
MINH THU

Sua ché ban:
TRAN THU HUONG

BAI TAP CO SO KI THUAT NHIET
Ma so: 7B240Ts-DAI
Ir 2000 b2n, kho 14,3 x 20,3 cm, tai Céng ty CP In Phuc Yén
S6 xuit ban: 04 - 2006/CXB/49 -1860/GD
In xong va nop luu chiéu qui II nam 2006
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