Phan Il
TRUYEN NHIET

Chuong 3
DAN NHIET VA 81 LUU
_Q_Q. —Eq _
q= g Q=Fq; Q.=1.Fq

g - mat dé dong nhiét, W/m Q - dong nhiét, W; Q, - luong nhiét
truyén, J; F - dién tich bé mit, m?; 1 - thoi gian, s.

3.1 DAN NHIET

3.1.1 Dan nhiét on dinh mdt chiéu khéng cé nguén nhiét bén trong

3.1.1.1 Dén nhiét qua vich phing

w1 t"""(nJr]) 2 | |
q= , W/m (3.1)

q - mat do dong nhiét, W/m?, q = const qua cac I6p; §; - chiéu day cla 16p
l:hu' nhdt i, m; A; - hé s§ dan nhiét cla I6p that i, W/ m.K (gla thi€t A, = const);
- nhiét d6 bé mat trong; t,, , ,,- nhiét d6 bé mat ngoai cla 16p thit n. |

Phan bé nhiét d¢ theo chi€u day vach cé quy luat duong thing (kh1
A, = const).

3.1.1.2 Dan nhiét qua vich tru
t, —t

q, = . w] w(n+1) . W/m (32)
Z 1 dy
27, d

q, - mat do dong nhiét trén I'_[‘lQ[ mét chuéu dai, W/m; d, - dudmg kipir'cialép
that i.
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Phan bé nhiét do theo chiéu day vach cé quy luat duong cong-Logarit.

3.1.2 Dan nhiét 8n dinh mét chiéu khi co ngudn nhiét bén trong

3.1.2.1 Tdm phdng c6 chiéu day 26

qv5 q 2 2
t=1t,+ + —=(d" - X 3.3
r+ = 21( | ) ( ).
Nhiét do trén bé mat cia tam:
o
L= b+ (3.4)
- o
Nhiét do tai tam cla tam:
q,9 q. 2 _
t,=tr+ — + o} 3.5
d o 2A (3-)
xung quanh; o - he s6 toa nhiét, W/m2.K: q, - nang

t, - nhiét dé moi truong
suat phat nhiét cha ngudn nhi¢t bén trong, wW/m’.
Phan bé nhiét do theo chiéu day vach cé quy ludt dudng cong parabol.

3.1.2.2 Thanh tru déng chdt ban kinh r,

q.r Q. .2 2
t=tr+ —= + —(5 — T 3.6
f o A ( 0 ) ( )
Nhiét do trén bé mit thanh tru:
IR A LT (3.7)
20
Nhiét do tai tam:
quD qv 2
to=t+ —— + T, 3.8
t 20 an ° (3-8)
Mat d6 dong nhiét tai bé mat:
quo 2
w= ==, W/m
1 2

Phan bd nhiét do theo chiéu day vach c6 quy luat dudng cong parabol.
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3.1.3 Dan nhiét khéng 8n dinh
V6i tdm phéang day 25.
Nhiét do tai tAm tam:
0% _o = fi(Bi/Fo)  Tra dé thi hinh 3.1
Nhiét d¢ trén bé mat tam:
6y, = f2(Bi/Fo)  Tradé thi hinh 3.2

trong do:

. od i , )
Bi = T”L_ , l1a t1éu chuan Biot

) . ) A P :
1a tiéu chuan Fourter (a = C_ - hé s6 dan nhiét do)
p

at
Fo=

5 3

X = % : kich thiic khong thi nguyen .

Phén b6 nhi¢t d6 theo chiéu day vich ¢6 quy luat duemg cong parabol.

3.2 TRAO POI NHIET DOI LUU

Khi tinh todn luong nhiét trao d6i bing déi luu ta dung cong thitc Newton:
Q=o.FAL, W
trong do:
At=t, -t hoac At=t,-t, (At>0);
Q - Iuong nhiét trao d6i trong mot don vi thoi gian 1a mot giay, s:
F - dién tich b€ mat trao déi nhiét, m>;
t, - nhiét d¢ trung binh ctia bé mat vat ran; .
t; - nhiét d6 trung binh cia moi tridng (chat long hodc chat khi).
o - hé s6 tod nhiét, W/m>.K.

He s6 tod nhiét a duoe x4c dinh tir cdc phuong trinh tiéu chuin. Céc phuong
inh tieu chudn nay duoc xdc dinh tir thuc nghiém:
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Nu = f(Re, Pr, Gr, ...)

trong do:
a.l .. o
Nu = — - 11éu chuan Nusselt;
®.] . S
Re = — - tiéu chuan Reynold;
v
v - d
Pr = — - tiéu chuan Prandtl;
a
‘;
. A ,
Gr = gl At - tieu chuan Grashoft;
v
vOl:
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o - hé s6 toa nhiét, W/m2.K;

A - hé s6 din nhiét, W/m.K;

a - toc dd chuyén dong. m/s;

v - d6 nhdt déng hoc, m?/s;

a - hé s§ dan nhiét do, m?/s;

g - gia tdc trong truong 9,81 m/s%;
At = (L, - t);

B - hé s6 gian n& thé tich, °K ':

vGi chat 1ong tra bang.
v6ichatkhi: f= ;;— , °K’

| - kich thudc xdc dinh, m.

3.2.1. Toa nhiét ddi luu tu nhién
3.2.1 Tod nhiét doi luu tu nhién trong khong gian vé han
bé1 véi 6ng hoac tdm dat dimg, khi (Gr,. Pry) > 10”:

Pr 0.25
Nu; = 0,15 (Gr;Pr;)* " [Fr‘—]

w

(3.10)



Doi v6i 6ng hoac tdm dat nim ngang, khi 10* < (Gr,.Pr,) < 10°:

W

0,25
Pr.
= 0,5(Gr,Pr)*** [H—‘J S - (3.11)

Nhiét d6 xéc dinh la nhiét do chat 1ong hay khi t; kich thudc xdc dinh véi
ong hoac tdm dat ditng 1a chiéu cao h, véi éng nam ngang ]a duong kinh, v6i tAm
nam ngang la chiéu rong.

3.2.2 Toa nhiét d3i luu cudng birc khi chat Idng chuyén déng trong &ng
3.2.2.1. Ché do chdy ting (Re <2300)
.25
0,33 0,43 0,1 Pl'
Nu, = 0,15. Re ™ Pr>* Gr! [_—] . (3.12)
Pr | |

D6i v6i khong khi:

Nu,=0,13. Re,O P GroeLeg

3.2.1.2. Tod nhiét khi chdt long chdy réi (Re > 1.10°)

’ 0.25
Nu, = 0,021 Re}* Prfo‘“[-lz_)r_‘_J £.8¢ (3.14)

- hé s anh hudng chiéu dai 6ng, néu I/d = 50;

gg - hé s6 anh hudng d6 cong 6ng.

3.2.3 Chat 16ng chuyén déng ngang qua chum &ng

n - téng s6 hang 6ng; o, - hé s& toa nhiét hang &ng thi i;
1-tang; o - tang, nhung i > 3, o; = const (03 = 0, = Qs ...)
He s6 toa nhiét cia chiyn 6ng:

o, +o, +(n-2)a,

n

D€ xdc dinh a ta co:
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3.2.3.1. Péi vdi chum 6ng song song

PI' \0.25

Nu, = 0,26 Re{"* Pr,ﬂ’”(Pr—fJ E-E (3.15)

&, - hé s6 xét dén anh hudng géc va dap ¢, néu @ = 90°, g, = 1:

g, - hé s& xét dén anh hudng cla budc 6ng theo chiéu sau:

S 0,15 N
g = [—f) , o, =060, o,=090,

3.2.3.2. Péi véi chum ong sole

: : 0,25
Nu, = 0,41 Re{* Prf-”[ :‘ ) E¢-Es (3.16)

w

£, - hé s6 xét dén anh hudng géc va dap ¢, ¢ = 90°%, g, = 1

/e
. S, (S,
Khi gz— <2 g = [-S_z_) q‘] = 0,60-3
ASS_1.>2 ‘ g =1,12 o, = 0,70

2
S, - budc doc; S, - buSc ngang.

Trong cic cong thitc trén Re; = 10° + 10°. Kich thudc xdc dinh la dudn;
kinh ngoai. Nhiét d6 xac dinh 1a nhiét d6 trung binh cla chét long t;.

3.2.4 Toa nhiét khi cé bién ddi pha

3.2.4.1 Tod nhiét khi séi
Khi nuéce soi bot & dp suat p = 0,2 + 80 bar:
o = 46 AFp™ . W/m?K
At=t, -1
t,, - nhiét do bé mat viach dot ndng;
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t, - nhiét do bao hoa ng véi ap suat soi;
p - 4p sudt so6i, bar.

3.2.4.2 Tod nhiét khi ngurng mang

Ngung trén bé mat vich ditng hoac dng ding:

3
o, = 0,943 i/ Logr  wmiK (3.18)
v(t, —t,,
Ngung trén bé mat éng nam ngang:
r.p.gi’ ,
o, =072 4  W/m>K 3.19
’ \/v(ts -t )d fm (3-19)

trong do:
g - gia toc trong trudng, g = 9,81 m/s*;
A - hé s6 din nhiét ciia chat long ngung, W/m.K;
r - nhiét hoa hoti, J/kg;
p - khoi luong rieng cua chét 1ong ngimg, kg/m*;
v - d6 nhét dong hoc, m?/s;
h - chiéu cao clia vach hoic 6ng dat ding, m;
d - dudng kinh ngoai 6ng, m
t,, - nhiét d6 bé mat vach, °C;
t, - nhiét d6 bao hoa \ing véi 4p sudt ngung hoi, °C.
Trong cédc cong thifc trén, nhiét dé xac dinh la t,,= 0,5(t,, + ).

3.3 BAI TAP VE DAN NHIET

Bai 3.1 Vich buéng sdy duoc xay bang hai lo‘p Lop gach dé cé do day 250
mm, c6 hé s6 din nhiét bing 0,7 W/m.K; 16p ni boc ngoai c6 hé s6 din nhiét
bing 0,0465 W/m.K. Nhiét d6 mat tudng trong budng sdy bang 110°C. Nhiét do
mat tudng bén ngoai bang 25°C. Xic dinh chiéu day 16p ni dé t6n that nhiét qua
vich buéng sdy khong vuot qua 110 W/m?. Tinh nhiét d¢ ti€t xdc giita hai 16p. .

Lon giai
Mat d6 dong nhiét qua vach budng sdy theo (3.1) véi vich 2 16p:
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o, , 5
n oA,
-
t | o
6 — wi w1 _ _1 _AQ
’ q A :’

(110 - 25
5,= M—PE].O,O%S:O,OWm

110 0,7

Viay chiéu day 16p ni bang 19 mm.
Nhiét do uép xic giﬁa hai 16p dua vao diéu kién dong nhiét 6n dinh:

t — 1
q q] 6]

X,
)

— I
tW2 _tw] q

)"l

t,, =110 — 1109—’2—5—9 =70,7°C
0,7

w2
»

Bai 3.2 Vich phing hai 16p c6 do chenh nhiét d6 105°C, chiéu day va he
s6 dan nhiét trong ng cia hai 16p: 6, = 100 mm, 6, = 50 mm, A, = 0,5 W/m.K,
A, = 0.1 W/m.K. X4c dinh mat d6 dong nhiét din qua vich.

Lot giai
Mat do dong nhiét qua vach phing 2 I6p theo (3.1) véi 8, = 100 mm = 0,1
m; 8, = 50 mm = 0,05 m va At = tw, —t,., =105°C: |

At 105

q= = = 150 W/m”

1= % 5, " 01 003 /m
— + [ — + _

L, A, 05 o0l

Bai 3.3 Bi€t mat do dong nhiét qua vich phing day 20 cm c6 hé s6 dan
nhiet 0.6 W/m.K 12 150 W/ni*. Xdc dinh do chenh léch nhiet do gifia hai mat
vach.
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Loi gidi
Theo (3. 1) mat do dong nhiét qua vach phang 1 16p g = 150 W/m?, & = 2G

At
/N

0,2

q= At=q.—?:— = 50°C

>

Bai 3.4 Vich phang 3 16p. nhiét trd 16p tht 1 1A R,. 16p 2 1a R,, 16p 3 la
R, = 3R,. Xdc dinh hiéu nhiét d6 ciia 16p thit 3, At, néu biét 16p thit 1, At, = 40°C.

Lot gidi
Mait d6 dong nhiét q'ua cédc 16p la nhu nhau:
At, At,

ql:R—lqu::}R]

At
Aty =3R, - =3At, =3.40 = 120°C

1

Bai 3.5 Mot tudong nha day & = 300 mm, nhiét dé mit twong trong nha
t,, = 25°C, nhiét dé twdng mat ngoai t,, = 35°C. Véi A = const, néu bay gid wuong
chi con ddy & = 100 mm ma gilf nguyén mat doé dong nhiét (q = const) va nhiét
d6 mat ngoai (t,, = const). X4c dinh nhiét d6 mit trong t',,,.

Lc‘n'gicii |
Khi mat d6 dong nhiét khong ddiq =q'
_ S‘_t__ ' At
q R q R'
At' =§R’ = .t_‘iz__i.:_l_"l_-iz Mal
R §/h X S
Al = 35-25 0.1 =333°C

¥

Al =t -t t, =1, — A =35-333=317°C

wil

Bai 3.6 Vich tru dai 1 m, dudng kinh d,/d, = 144/120 mm, ¢6 do chénh
“nhiét d6 giita hai mat vdch 60°C, hé s6 dan nhiét cua vich-0,4 W/m.K. Xdc dinh
dong nhiét dan qua. vach.
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Lo gidi

- Dong nhiét ddy qua vach tru mot I8p theo (3.2) véil=1m, At =t,, - ly =
60°C:

LAt 1x60
Q=1q,= :

= =826,7 W
1 d 1 144
Inj =2 | =———In

2wk \d, ] 2x314x04 {120 |
Bai 3.7 Mot ong din hoi bang thép dudng kinh 6ng d,/d, = 110/100 mm,

he s6 dan nhiét A, = 55 W/m.K dugc boc mot 16p cach nhiét c6 A, =0,09 W/m.K.
Nhiét d6 mat trong &ng t,,, = 200°C, nhiét 46 mit ngoai 16p céch nhlet t,;= 50°C.

X4c dinh chiéu day 8, va nhiét dé t,, d€ tén that nhiét qua vach ong khong
vugt qua 300 W/m.

Loi gigi

Dong nhiét 1 m chi€u dai 6ng theo (3.2) véi vich 2 16p:

t,. —t
In :( m T e In dz} 2.7,
d d,

) q, 2.A,
In d; _[200-50 ! In 110 .2.3,14.0,09 = 0,282
d, 300 2.3,14.55 100
d |
d3 - e0,282; ,= dz.e(),Z&Z — 110.30'232 —_ 146 mm.
2

Chiéu day 16p cach nhiét §:
s_dy—d;, _ 146110

2 = = 18 mm.
2 2

D¢ tim nhiét d¢ giifa hai I6p t,, ta dua vao diéu kién trudng nhiét dé én dinh
9= qu = q,; const.

t, —t

qQ=q;= ——2
1 .4
2k, d

116



t —t. - L lndz
w3 wy ql 2-7[-}'1 dl

200 300 110

w - n =199,9°C
2 2x3,14x55 100

Bai 3.8 Dan nhiét 6n dinh qua 1 6ng c6 dudng kinh trong d; = 100 mm,
chiéu ddy & = 10 mm, h¢ s6 dan nhiét A -- 0,6 W/mK. Nhiét d6 mat ngoai 6ng
t,» = 300 K. X4c dinh nhiét d6 mat trong néu trong 1 phit nhiét din qua 10 m
chiéu dai ong 1a 60 kcal.

Loi gidi -

Dong nhiét img v6i 1 m chiéu dai 6ng:

_ Q. 604,18.10°

- = =418 W/m
T T T e0.10 't
q, :R—; At =q,.R, =q,. Inlz - 100

oy d, 2.314.0,6

At=20°C=t,, - t,,
t,, =20+ t,, = 20 + 27 = 47°C
(t., = 300 K = 300 - 273 = 27°C)

Bai 3.9 Mot thiét bj say bang dién dugc ché tao tir cic day hop kim niken
— crom dudng kinh d = mm, dai 10 m. Khong khi lanh théi vao thiét bi sdy c6
nhiét do 20°C. Tinh nhiét luong toa ra trén 1 m day, nhiét do bé mat va nhiét do
tdm cua ddy. Néu dong dién dot néng cé cudng do 25 A, dién 6 sudt p = 1,1
Qmm?*/m, hé s6 dan nhiét clia day A = 17,5 W/m.K, hé s6 tod nhiét tir bé mat day
tGi khong khi a = 46,5 W/m* K.

Len giai
Dién tro cia day dot néng:

R = l—_%.’&__l_g__ =35Q

ps_3,14x12

Nhiét do day phat ra:
Q=RI’=3,5x25"=2187,5W
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Nhieét luong phdt ra trén 1 m day:

q, = Q - 21873 = 218,75 W/m.
| 10 |
Nang sudt phat nhiét:
q, " 218,75

= 69,7.10° W/m*

T T 314x 0000

Nhiét do trén bé mat cia day theo (3.7):

t,= tp+ dvlo
200
6 -3
=20 + 69,7.10".1.10" _ 769°C
2.46,5

Nhiét d6 tam day theo (3.8):
qv'ro + qv r2

L=+

2o 4n °
69,7.10.1.1073 69,7.12.10%.107°
=1 +
2.46,5 4.17,5
t, = 770°C

Bai 3.10 Mot tdm cao su day 25 = 20 mm, nhiét d6 ban diu t, = 140°C,
duge lam ngudi trong moéi trudng khong khi ¢6 nhiét do & tAm va trén bé mat tdim
cao su sau 20 ph Bi€t do dan nhiét chia cao su A = 0,175 W/m.K, hé s6 dan nhiét
do a = 8,33.10 ¥ m?s. Hé s6 tod nhiét tir bé mat t&m cao su dén moi rudng
o = 65 W/m*.K.

Loi giai
Bi = a.d _ 65.0,01 =371
A 0,175
at _ 833.107°.20.60
Fo= — = =1
.8 0,012
Can ¢ Bi = 3,75 va Fo= 1, tir d6 thi hinh 3-2 va 3-1 ta c6:
9% _, =0,083

Ox_, =026
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Vay nhiét dé trén bé mat:
tx=3 = t1+ ex:a (t(') - tf)

t,_5= 15+ 0,083 (140 — 15) = 25,4°C

Nhiét do tai tam:
tx:nz [f+ 8)( -0 (to__tf)

t _.=15+ 026 (140 - 15) = 47.5°C |

Bai 3.11 Mot tuong gach cao 5 m, rong 3 m, day 250 mm hé s6 dan nhiét
cta gach A = 0,6 W/m.K. Nhiét dd bé mat tudng phia trong 1a 70°C va bé mat
tudng phia ngoai la 20°C. Tinh t6n that nhiét qua tudng.

Trd loi Q= 1800 W.

Bai 3.12 Vach phing 3 16p, biét 16p thit nhat ¢6 8, = 300 mm, A, = 0.6
W/mK, nhiét do6 mat trong t,, = 270°C, nhiét do6 gita 16p thit nhat va thi hai 1a
t,, = 200°C. X4ac dinh mat dé dong nhiét qua 16p thit ba.

Trdloi q,=q,=q, = 140 W/m’

Bai 3.13 Vich phang 2 16p biét 8, = 100 mm, A, = 0,7 W/m.K, &, = 200
mm, A, = 0,5 W/m.K, nhiét d6 mat trong t,, = 300°C, mat ngoai t,; = 50°C. Xdc
dinh nhiét d6 ti€p xiic gita hai 16p (1,,), nhiét ddn qua vach dién tich 10 m® trong
7 pid

) gidy.

Trdlon  t,=234°C, Q,=33.2MJ

Bai 3.14 Mot 6ng c6 duong kinh ngoai d, = 40 mm, hé s& dan nhiét A = 7
W/mK, nhiét tr& tng véi 1 m chi€u dai 6ng R, = 0,0654 mK/W. Xdc dinh dudng
kinh trong d,.

Traloi d, =30 mm

Bai 3.15 Mot ong thép dai 1 = 5 m, durong kinh d,/d, = 65/60 mm, A, = 72
W/mK boc mét I6p cach nhiét day & = 10 mm, A = 0,07 W/mK. Nhiét d6 mat
trong t,, = 145°C, mat ngoai t,,; = 45°C. Xdc dinh ddong nhiét dan qua.

Tralon Q=819W. '

Bai 3.16 Mot tdm thép ddy 26 = 100 mm, A = 50 W/mK, C = 0,6 kJ/kg.K,
p = 7800 kg/m’. Xac dinh th&i gian nung néng tam thép, biét khi nhiét dé tAm thép
tang tir 30°C dén 700°C, gid tri tiéu chudn Furié Fo = 6.

Traloi t=123,33phat -
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3.4 BAI TAP VE TOA NHIET 50l LUU

Bai 3.17 Bao hoi ciia 16 hoi dat ndm ngang ¢é dudng kinh d = 600 m
Nhiét d6 mat ngoai 16p bao 6n t, = 60°C nhiét do khong khi xung quanhe
te = 40°C. X4c dinh lugng nhiét toa ra tir 1 m” bé mait ngoai cua bao hoi t6i kh(?)ngE

khi xung quanh

Loi gidi
Tir nhiét do khc'mg khi t; = 40°C tra bang 7 trong phin phu luc cia khéng
khi ta cé:

A=0,0276 W/mXK; v=16,69.10°m?%s; Pr,=0,699
Ciing uir bang 7 vdi t, = 60°C ta ¢6 Pr,, = 0,696. Ta nhan thdy Pr, ~ Pr, nén
(Prrlprw)(}.ls = 1. :

__ 5
Tiéu chuin Gr: Gr,= g.B.zd At
v
1 1

G day g = 9,81 m/s%, = =0,0032, At =t, — t,= 20°C

T, 40+ 273

9,81.0,0032.0,6°.20
(16.69.107
Gr.Pr, = 4,87.10%.0,699 = 3,4.10°
Ta ding cong thire (3.11):
Nu; = 0,5.(Gr, .Pr)** = 0,5.(3,4.10%°% = 68

Gr = =4,87.10°

Nue= ==

Vay hé s6 toad nhiét dai luu:
_ Nu, A 68.0,0276

= = 3,13 W/m’K
d 0,6

. Nhiét toa ra trén 1 m? bé mat bay hoi:
q=o.At=3,13 x 20 = 62,6 W/m*
Bai 3.18 Tinh h¢ sG toi nhiét trung binh ciia ddu mdy bién dp chay trong

ong c6 dudong kinh d = 8 mm, dai 1 m. nhiét do trung binh cha vach 6ng
t, = 20°C. T6c do ddu chay trong dng o = 0.6 m/s.
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Lo gidi
Kich thuéc xdc dinh dudng kinh d = 8. 10 m.
Nhiét d6 xic dinh t, = 80°C.
Tra cdc thong s6 ciia ddu mdy bi€n ap theo 80°C, & bang 9 Phu luc:
A =0,1056 Wm.K; v=3,66.10°m?s.
B=7.2. 10%K"; Pr;=59,3; =298 (tfratheo t, = ZOOC)

-3
Tih:  Rej= 23 -20%x8 19 59
v 3,66. 10

Re, < 2300 ddu chdy tdng, do vay:

0,25
Nu, = 0,15.Re*¥ .Gr>' . Pr0¥ (gf—]

gfd’.At _ 9,81.7,2.107*.8°.107.(80 — 20)

2

vio (3.66.107¢
Gr, = 16198

Tiﬂh GI' =

59,3
Nu, = 0,15.1310°.16198°".59, 3°43( 203 J

Nu,A, 16,3 x 0,1056
d 8.107°
Bai 3.19 Bi¢t phuong trinh tiéu chuén trao déi nhiét d6i luu clia khongkhi
chuyén dong trong éng Nu = 0,021 Re’*. Néu t6c do cua khong khi giam di 2 14n
con cac diéu kien khic khoéng d6i, lic nay hé s6 tod nhiét o, s€ 1a bao nhiéu so
v6i a,. Nguoc lai néu téc do tang 1én 2 14n thi o, bang bao nhiéu?

Loi gidi

Tinh: o= =215 W/m2K

ViNu = %’E va Re = Eo—d nén ta co:
v

Nu = 0,012Re*?

od oozl(md]
x

v
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Khi chi cé t6c do thay dbi, cdc thong s& khiac khong déi, ta cé: ™
a~ao™  (atilévéi o)

05 0.5
Q, ~ o, A, ~ ©,

0.5
o, _ ‘”_z] N
, W, ‘\/5 ’ ) \6 1
Vay hé s6 to nhiét o, gidm di 2 lan so véi o,.
Nguoc lai, n€u t6c do tang 2 1an thi o, ting lén V2 so véi a,. Chi ¥ n€u téc

d6 giit khong déi con dudng kinh gidm di 2 lan thi o, tang lén v2 lan. khi duong

kinh tang len 2 lan thi o, giam v2 14n so véi o,

Bai 3.20 Khong khi & do 27°C ¢6 dod nhét dong hoc 16.10°° m%/s, trao déi
nhiét doi lvu nr nhién véi 6ng tru nam ngang dudng kinh 80 mm v4i nhiét do bé
mit 67°C. X4c dinh tiéu chudn déng dang Gr,.

Lo gidi

Tiéu chuan dong dang Gr, v6i 6ng tru nam ngang cé kich thuéc xdc dinh

| =d:
3
Gr, = g.B.d2 At
\Y)
6 day: g = 9.81 mis’ (gia 16 rong truéng). B = LIPS S
e £ e Trene) L 277 ~300°
d =80 mm =0.08m; At =t, ~t=67-27= 40°C; v = 16.10% m%s.
Gr - S18.008%40 o o

300.(16.10 °)?

Bai 3.21 Mot chum 8ng so le gém 10 day ong. Dudng kinh ngoai cha éng
d = 38 mm. Dong khong khi chuyén dong ngang qua chum &ng c6 nhiét do trung
binh t;= 500°C. Téc do cla dong khong khi 12 12 m/s. X4c dinh hé sg tod nhiét
trung binh ciia chiim 6ng.

Lot gidi
Kich thudc xdc dinh: d=38.10° m.
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Nhiét do xac dinh: t,=500°C.
Tra cdc thong s6 vat ly ctia khong khi tng véi S00°C & bang 7 Phu luc, ta

A=5,74.10"W/mXK; v = 79,38.10°m?/s; Pr, = 0,687.

wd 12.38.107°
v 7938.107°

Re. = 5745
Tinh theo (3.16) véi hang dng thu 3:

Tinh Re; =

Nu; = 0,41.Re!° Pr»"

(v6i khong khi coi Pr; = Pr,, va bo qua anh hudng bude Ong ¢, = 1).
Nu, = 0,41.5745"¢.0,687""
Nu; = 65,2.

Nu, A  652.574.107

Tinh o, = -
d 38.10™

o, = 98,5 W/m2.K.

Hé s& toa nhiét trung binh ciia chim 6ng so le vé1 o, = 0,60, o, = 0,70, va
n — s day ong:

a, +a, +(n—2)o,

o=
n

_ 060, + 0’70‘;()* (10 — 2oy _ 9’?33 = 91,6 Wim*K.

Bai 3.22 Xaic dinh hé s& toa nhiét va luong hoi nhan duge khi nudc so61
trén bé mat co dién tich 5 m?. Biét nhiét do cua vach t, = 156°C va 4p suéit hoi
p = 4,5 bar.

o

Lot gidi

Nhiét do soi (nhiét d6 bao hoa) tuong ing véi p = 4,5 bar la 148°C.

Nhiét hod hai r = 2120,9 kJ/kg (tra bang 4 Phu luc):
At=t,-t1,=156-148 = 8°C.
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Hé s& toa nhiét khi sé1 bot theo (3.17):
o= = 46. At>Pp*° = 46. 8%7°.4,5%°
= 12404 W/m’ K.
Luong nhiét bé mat vach truyén cho mréc
Q=aF (t, ~t,) = 12404.5.(156 —148)
Q=496160 W
Luong hoi nhan duge sau 1 gid:
496160.3600
~ 21209.10°

Bai 3.23 Khong khi chuyén dong trong 6ng dudmg kinh trong d = 60 mm,
chiéu dai 6ng 1 = 10 m, nhiét d6 mait trong 6ng t, = 40°C c6 hé s6 toa nhiét d6i

luru o = 40 W/m2.K va nhiét do t, = 160°C. X4c dinh:
1. Nhiét trao d6i cia khong khi v6i bé mat Sng.
2. T6¢c do khong khi trong 6ng

= 842 kg/h.

Loi giai
1. Nhiét trao déi giira khong khi va bé mit 6ng tinh theo cong thic:
Q = aFAt |
F=ndl =3,14.0,06.10 = 1,884 m’ | .
At=t.-t, =160 - 40 = 120°C
a =40 W/m.K

Q =40.1,884.120 = 9043 W
2. T6c do khéng khi @
Gia thiét tiéu chudn Re caa khéng khi: R@f >1.10%, nghia la khong khi chay
r8i trong 6ng nén ta c¢6 phuong trinh tiéu chudn:

Nu, = 0,018 Re®® ¢,&

3 day éng khéng bi udn cong € = 1, chiéu dai 6ng 1 = 10 m > 50d =
50.0,06 =3 mnén g, = 1. Vay ta co:
Nu - ad
RCO,S — f ; Nu _
‘70,018 2
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Tu bang 7 (phu luc) thong s6 vat Iy ciia khong khi kho, theo t, = 160°C ta e6
A =3,64.10° W/m.K; v = 30,09.10° m%s.

40.0,06

Vaytacéd Nu = — 5 =606
3,64.10°
Re®® = 90 _ 3667
0,018
Re; = 3667 = 2,8536.10* > 1.10* (diing nhir gi4 thiét & trén).
Vay ta cé: ‘
od Re,.v  2.8536.10%.30,09.10°°
Re,= —: o= =
Y d 0,06
o = 14,3 m/s

Bai 3.24 Mot chum 8ng, gém n = § diy 6ng (hay hang 6ng), biét hiéu s6
nh1ét do giita chét 16ng va bé mat dng At = 120°C, 16ng dién tich cdc ong F=10
m?, nhiét trao d6i bng d6i hu Q = 120 kW. Xdc dinh hé s6 toa nhiét cia hang

Ong thit 7 (o;) theo:
a) khi bé tri song song
b) khi b6 tri so le

Loi gidi
Nhu da biét tir hang 6ng tht 3 trd di hé s6 tod nhiét theo hang &ng sé khong
d01nentaco Oy =0; (O; =0, =....=0_)

Ta c6 cong thire hé s6 tod nhiét trung binh o cla toan bd chiim n - Sng:

o+ o, +(n-2),
n
o day n = 8, nén ta c¢d6:

o, + o, + 6a,

a =
8
Theo codng thitc Newton ta co:
3
_ Q ____120.10 — 100 W/m2.K
FAt 10.120 |
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-a) Khi b8 tri cdc 8ng theo so dd song song
Tacé o, = 0,6a;,0., = 09a; nén:
_060; + 0.9, + 6,
- 8

a 100
(13 = =
0,9375 00,9375

a = 0,9375a

=106,7 W/m’ K = o,

b) Khi bé tri cdc 6ng so le:

Tacd o, =0,60;,a, = 0,7a; nén:

B 0,6a; + 0,70, + 60,
8

a 100
aq = =
T 09125 09125

o = 0,9125a,

=109,6 W/m*’K = a,

Bai 3.25 Khong khi t6c do ® = 10 m/s, nhiét do t; = 100°C chuyén dong
trong kénh din chit nhat. 200 x 460 mm, dai 1 = 0,267 m. Xdc dinh h¢ s& toa
nhiét d&i lvu o, nhiét trao ddi véi bé mat trong cia kénh néu nhiét d6 bé mit
t, = 40°C.

Loi gidi
1. Hé s6 toa nhiét o .
- Pudng kinh tuong duong cia kénh chir nhét:

4f 40,2 x 0,4)
U 2(02+04)

= = 0,267m

1d

- Tiéu chudn Re:

Re = ody _ 10.0,267 1.154.10°

% 2313.10°°

- ViRe = 1,154.10° >1.10* — dong khong khi chay réi nén ta cé:
~ Nu=0,018Re"* ¢, £,

(J day 6ng thang nén £, =1, ty s6 I/d, =0,267/0,267 = 1 < 50.




Nén gia tri €, >1 tra bang 6.1 cia siach K thuat nhiét theo R, = 1,154.10°
~1.10° val/d=1tacé ¢, = 1,28. |

Vay: Nu = 0,018 (1.154.10%°%.1,28 = 258 .4

_N,.o _ 2584.0,0321
d, 0,267

0

=31 W/m?K

(Ti bang 7, thong s& vat 1y cia khong khi, theo nhiét d6 khong khi
t=100°C, tacé A =3,21.10 */mK). .

2. Dong nhiét trao déi gitta khong khi va vach kénh
Q = aFAt |
V61 a=31 Wim’K, At =t, - t, = 100 - 40 = 60°C.
F= chuvi x chiéu dai kénh
F=2(0,2+0,4).0,267 = 0,3204 m?.
Q =31.0,3204.60 = 596 W

Bai 3.23 X4c dinh hé s6 toa hhiet d6i Iuu cua khong khi chuyén dong trong
6ng thang c6 chiéu dai 1 > 50d véi t6c do. m = 12 m/s, dudng kinh d = 300 mm,
nhiét do khéng khi t = 60°C.

Trdloi o =29 W/m’K
Bai 3.24 Khong khi c6 R, = 2.10° chuyén dong trong 6ng thing dudng kinh
d = 100 mm, chiéu dai | > 50d, nhiét do t = 60°C. Xic dinh hé s6 toa nhiét a.
Trdloi o = 14,4 W/mPK
- Bai 3.25 Khéi chuyén dong trong Sng thing d = 200 mm, t&c do o = 10

m/s. nhiét d¢ t; = 300°C, chiéu dai | = 15m, nhiét do bé mit 6ng t, = 40°C. Xac
dinh dong nhiét déi Iuu.

Trdloi  Q=534kW
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Chuong 4
TRAO DI NHIET BUC XA VA TRUYEN NHIET

4.1 TRAO BOI NHIET BUC XA GIJA CAC VAT

4.1.1 Hai tdm phing dit song song

4 ¢
Ei; =q, = 84C, [(-—I'—) - (“T_z_) } ; W/m? 4.1)
100 100

Do den quy dén:
l .
Eoa = (4.2)
1 1
LB B
& &
Hé s6 birc xa cua vat den tuyét doi: S

C, = 5,67 W/m* K"
4.1.2 Hai tim phing dit song song c6 man chin

Khi c6 m - man chin & giita v6i do den €, = €, = &, llic nay bitc xa tir tdm
phing 1 sang 2 s& gidm di (m + 1) lan:

qd;,
= 4.
.(qIZ)m (m + 1) | ( 3)

4.1.3 Hai vat boc nhau

T ¢ T o
12 = .CO.FI ed VN (RS e 2 W 4.4
Q2 =8y | [(100) [100] } 4.4)
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D6 den quy dan:

1
Sqd = (4°5)

1 F[1
e, Fleg,

F, - dién tich bé mat bi vat boc (vat nhd) m?;

F, - dién tich bé mat vat bi boc (vat 1dn) m?.

Chi y: Néu 2 tdm phang hodc hai vat boc nhau 1 vat trang tuyét dGi (vat ¢d
hé s phan xa R = 1, hé s6 hap thu A va do den €: A = ¢ = 0) thi d6 den qui din
€44 = O va nhiét trao déi bic xa q,, =0 hay Q,; = 0.

4.2 TRUYEN NHIET VA THIET Bl TRAO POI NHIET

4.2.1 Truyén nhiét

4.2.1.1 Truyén nhiét qua vdach 'pha?_ng
q = k(ty — tp), W/m?
Hé s6 truyén nhiét cha vich phing n 16p:

kK= - . W/m>.K
1 &5, 1
LR o

ty» tp - nhiét do cia moi chit néng va lanh;
a,, &, - hé s toa nhiét tir bé mit dén cdc moi chat, W/m2.K; |
d;, A, - chiéu day va hé sé dan nhiét cia 16p thit i.
4.2..1 .2 Truyén nhiét qua vdch tru
q; =ki(ty — tp). W/m

k, = 1 . W/mK.
1 = 1 d,,, 1
S Z e ln + -
al .T[.d} i 2.TC.A.i dl C(:.Tt.dnH

k, - hé s§ truyén nhiét qua vich tru n 16p.
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4.2.1.3. Truyén nhiét qua vdch co canh

Q=k.(t; — tn) , W (4.8) -
1 :
k.= 1 5 1

. - + + —
o).l AF o, F
k. - hé s6 truyén nhiét cia vdch cé canh. Ngudi ta lam canh & be mai
-phia c6 gid tri hé s6 o nhé.

Mat d6 dong nhiét phia khong 1am canh véi hé s& 1am canh: g, = %:
1
_Q _ 2
G = 7 =kltn ), W/m (4.9)
1
k — 1 W/mZK
18 1 ‘
[ —_ 4 ——
al :A" cx‘2 'SC
Mait do dong nhiét phia 1Am cadnh:
9= 2 = Ky(ty — tp) , W/m? (4.10)
F,
k, = 1 W/m* K
2 E(‘ S,Ec 1 E) - .
+ —= + -
o A a,
k,= —L
€

Ta thay khi h¢ s6 lam canh ¢, tang mat do dong nhiét phia khéng 1am canh
q, tang va ngugc lai khi €, giam thi q, giam. Con khi ting hé s& canh €. thi mat do
dong nhiét phia lam cdnh g, s€ gidm va nguoc lai khi €, gidam thi g, tang.

4.2.2. Thiét bj trao ddi nhiét

4.2.2.1 Cdc phuong trinh co bdn tinh todn thiét bi trao déi nhiét loai vach
ngan
a) Phuong trinh truyén nhiét |
Q=kFAt, W | (4.11)
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tfbng do:
Q - luong nhiét trao déi giita hai moi cha, W:
F - dién tich bé mit trao ddi nhiét, m?;
k - hé s& truyén nhiét ciia thiét b trao dg; ghigt, W/m’K;
At - do chénh nhiét d6 trung binh.
b) Phuong trinh can bang nhiét

Q=G,Cu(t) - 1) =GCpy (1% —1,) W (4.12)

Chi s6 1 14 clia chat 1dng néng, chi s6 2 14 cig cpdt 1ong lanh.

LA ] |

- ky hiéu cac thong sa di vao thiét bj

LA TR

- k¥ hiéu cac thong sé di ra thiét bi
G - luu luong, kg/s:
G=Vp
V - hru hrong thé tich, m?/s;
p - khéi lugng riéng, kg/m®
C, - nhiét dung riéng khéi luong ddng ap_y/keK.
Q=W,6t, =W,ot,; W, =GC,;; W,= Gchz
c) Do chénh nhiét d¢ trung binh logarit ciia (hiét bi cling chi€u vd ngugc
chiéu:
Ar= 2L~ At (4.13)
At

l _
At,

D6i v6i céc chat 1dng chuyén dong song song cyng Chicu:
At] - t‘l - t'z
A[z = tl - tz

D6i véi cac chat 1ong chuyén dong song song ngifdC chiéu:
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t

A, =t, -t,
4.2.2.2 Xdc dinh dién tich bé madt thiét bi trao déi nhiét

- Q
kAt

4.3. BAI TAP VE BUC XA NHIET VA TRUYEN NHIET

Bai 4.1 Mot thanh thép c6 nhiét d6 1a 727°C, d6 den £ = 0,7. Tinh kha
nang bifc xa cua thanh thép néu nhiét d6 giam di 2 14n thi kha nang buc xa giam
may lan.

Lot giai

Kha nang bic xa cta thanh thép:

4
E= a.c{ T
100

T =273+ 727 = 1000°K

1000] = 3,97.10°W/m?.

E = 07){567[
100

-

E =3,97.10°*W/m?.
Né&u nhiét do cua thanh thép giam 2 lan:

T=273+ Zgz- = 636,5'K

E=07x5.67 6365 ) _ 6514.4 W/m?
700

E = 6514,4 W/m?>

4
Kha ning bitc xa giam 3.27.10° = 6,09 lan.
6514,4 :

Bai 4.2 Hai tdm phang dat song song, tAm thi nhat c¢6 nhiét do t, = 527°C,
d6 den g, = 0,8. tdm thit hai ¢6 nhiét d6 t, = 27°C, d6 den &, = 0,6. Tinh khi nang
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biic xa cila mbi tdm, d¢ den quy dan va luong nhiét trao d6i bing birc xa giita hai
tdim phéng.

Lot giai
Kha nang biic xa cia timg tam:
4 4
E, =¢.C[ 1| =08x567 [@9]
100 100
E, = 18579 W/m?.

4 4
E, =¢,.C, 1 = 0,6 x 5,67 1(-)-9-
100 100

E, =275 W/m®

Lwong nhiét trao d8i bing bitc xa giifa hai tim phéng \ing v6i mot don vi
dién tich theo (4.1), (4.2):

' M 4
ql-2 = Sqd.co Tl —_ _IZ___
100 100

O3 day d6 den qui dan bing:

Eea= - —— =0,526

. 4 N4 I
q,.= 0,256 x 5,67 --8-9-9- — 20_(2 = 11975 W/m?
100 100

Bai 4.3 Xac dinh tén that nhiét do bic xa tir bé mat dng thép cé dudng
kinh d = 70 mm, dai 3m, nhiét d6 bé mat éng t, = 227°C, trong hai trudng hop:

a) 6ng dat trong phong rong c¢6 nhiét do trdng bao boc t, = 27°C.

b) ong dat trong cong ¢é kich thude (0,3 x 0,3) m va nhiét dé vach cong
t, = 27°C. Bi€t do den cia ong thép g, = 0,95 va cua vich céng &, = 0,30.

Loi giai
Trudng hop 6ng thép dat trong phong rong theo (4.4), (4.5), khi F, = oo
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Qo= 6 C.F, K}_’_J ) [1_) }
100 100

g€a=¢€; F =mdl=3,14%x0,07x3=0,66m*

4 4
Q,,=0,95x5,67x0,66 EO'_O B [i(-)_(.)_
100 100

Q,,=1934 W
Trudng hop ong thép dat trong 6ng hep d6 den quy dan theo (4.5):
1

'Sqd" _
L, R(1_
g, F, g,

F,=2(0,3 +0.3).3 = 3,6 m’

1
e =
« 1 066( 1 )
T S L — l
095 36103 |

( 4 4
Q,, = 0,675 x 5,67 x 0,66 @] - (@J
100 100

Q,,=1374 W .

Bai 4.4 Hai hinh hép lap phuong ¢é canh 5 cm va 20 cm boc nhau, trao
ddi nhiét birc xa, do den bé mar hinh hép boc ngoai 0,5. Xédc dinh do den quy din
cta hé théng 2 vat boc nhau.

Lot giai
D6 den quy dén ctia 2 vat boc nhau theo (4.5) véi g, = 0,4, &, = 0,5:
E = = = 0,39
““ 1 FR(1 | 1 +6x0,052[1 |
JE— + R —— — [ —- S — R —
g, F g, 04 6x02° 05

& day: F,=6x0,05m* F, =6x 0,20% m>.

F, va F; la dién tich cdc mat cua hinh lap phuong.
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Bai 4.5 Chat khi c6 nhiét do t, = 627°C, nhiét do bé mat chat rén 1, = 227°C.
Biét mat d6 dong nhiét trao ddi giita chat khi va bé mat vach ran q = 20 kW/m?,
hé s6 tod nhiét d6i lvu oy, = 30 W/m?K. Xac dinh nhiét trao déi bing bic xa g,
do den qui dan g, |

Lot gidi
He s& toa nhiét tong hop « (gdm toa nhiét do déi luu o, va do birc xa):

q  20.10°

o =-—==—""" =50 Wm’K
At 627 — 227

(At =t, —t, = 627 — 227 = 400°C)

o= Oy + Ay,
Gy = O - Oy = SO - 30 = 20 W/mK
Nhiét trao ddi bang bic xa gilta chat khi va bé mat ran:

Qi = Olyy. At = 20,400 = 8.10° W/m?

4 . 4
_ T T
. =C,.€ k — | =
qhx 0 qd{[looj (100] }

T, = 627 + 273 = 900 K:
T, =227+273=500K

Cp =Cogy = T, P T, 4] 9% _5% 1,348
100 100

_ Coq _ 1,348
“oc, 567

€ = 0,238

Bai 4.6 Tam phang kich thuéc 0,6x1,2m cé do den € = 0.6, nhiét do
t = 127°C. Biét trong 30 phit nhiét bitc xa dap t&i tam phang 720 kcal. Xac dinh
dong bic xa hiéu dung ciia tAim phang.

Lot gidi
Dong bic xa hiéu dung: Qha = F.Eyq
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F=0,6x1,2m = 0,72 m?
Ehd :E + (1 = A)E!

,
E - Q. _ 7204,18.10° _ 2322 KW/m?
tF 30.60.0,72

4 .
E=C. l_ = 5,67.0,6] — 4001 _ g7 W/m* = 0,871 kW/m?
100 100 \

E,g=0871 +(1-0,6)2,322=1,8kW/m?(6day gid trie = A =0,6)
Qu=FE =072.1,8=1,296 kW

Bai 4.7 Mot 6ng thep dai 1 = 10 m, dudng kinh ngoai d, = 100 mm cé
nhiét do t, = 427°C, heé s6 hap thu A, = 0,9 dugc dat trong 1 kénh dan béang gach
- kich thudc 400 x 400 mm c6 nhiét d6 t, = 27°C, hé s6 hdp thu A, = 0,85. Xac
dinh dong nhiét trao d6i bing biic xa giita bé mat 6ng va kénh dan.

Trdlot Q=36kW (chiy&oday A, =¢,, A, =¢,)

Bai 4.8 Trén bé¢ mat clia mot vat duc (D = 0) nguai ta do duoe biic xa dap
t6i 60 kW/m? va bic xa phan xa 3000 W/m?. Xic dinh hé s6 hap thu.

Traloi A =095

Bai 4.9 Mot tudng 16 bén trong 1a gach chiu ltra, day 250 mm, hé s6 dan
nhiét bang 0,348 W/m.K, bén ngoai la 16p gach dé day 250 mm, hé s6 dan nhiét
bang 0,695 W/m.K. Néu khéi trong 10 ¢6 nhiét do 1300°C, hé s& toa nhiét tir kKhoi
dén gach 1a 34,8 W/m? K; nhiét do khong khi xung quang bang 30°C. Hé s6 tod
nhiét tir gach dén khong khi la 11,6 W/m? K.

Tim mat d¢ dong nhiét truyén qua tudng 1d va nhiét do ti€p xiic giita hai 16p
gach. .

Loi giai

Mat d6 dong nhiét truyén qua tudng 1o

q=k (t; —tp), W/m’®

_ 1 B I
YR RS S s 1 T 1, 0250 030, 1
a A, A, @, 348 0348 0695 116

2

k =0,838 W/m2 K.
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q =0,838 (1300 — 30) = 1064 W/m*
Nhiét 4o bé mat nrong phia khoi:

b = by - g — = 1300 - 106454% = 1269°C

1 >
Nhiét d6 ti€p xiic giita hai 16p gach:
0,250

8,
L =1, - qI— = 1269 - 1064 a“él-—g
1 ’

ty, = 504°C.

Bai 4.10 Vach phing day 6 = 100 mm, hé s6 din nhiét . = 50 W/mK, mat
bén tra1 vdch ti€p xic v6i dong moi chdt néng véi t,, = 300°C, a, = 70 W/m’K, mat
bén phai vdch ti€p xic v6i dong méi chat lanh t, = 50°C, o, = 40 W/m?K. Xic
dinh nhiét d6 bé mit trdi va phai cta véich.

Loi gidi
- Mat d¢ dong nhiét truyén qua vach phing 1 19p:

Uty — U 300 - 50

1 S 11 L0111
I + o + —n -— + PO
o, A o, 70 50 40

= 6055 W/m”>

q:

V61 truong nhiét d 6n dinh ta c¢6 dong nhiét truyén qua vich khong d6i:

q=q; =0o,(ty - t,)

ty = tp, _1“300_9_2_(5)_5_2135 C

1
q=q;= o, (1, —1,,)

thy =t + & =50+ 2953 _o9140¢
o, 40

- Bai 4.11 Vich phang 2 16p, mat bén trong c6 dong moi chat néng véi

= 300°C, &, = 50 W/m’K, mat bén ngoai c6 dong moi chét lanh t, = 100°C,
ou. 50 W/mK, nhiét tr& din nhiét cua 2 16p R,, = 0,2 m*K/W. Xd4c dinh nhiét
d6 mat ngoai t,;.
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Tré loi  t,=137°C

Bai 4.12 Mot 8ng din hoi 1am bang thép, dudng kinh 200/216 mm, hé s6
din nhiét bing 46 W/m.K, dugc boc bang mot 16p cach nhiét day 120 mm, c6 he
s¢ dan nhiét bang 0,116 W/m.K. Nhiét dé clia hoi bang 300°C. Hé s6 toa nhiét
cta hoi trong 6ng 116 W/m? K, nhiét do cia khong khi bén ngoai 25°C. Heé s6 toa
nhiét tr bé mat ngoai 16p cach nhiét d€n khong khi xung qdanh bang 10 W/m?.K.
Xac dinh tdn that nhiét trén 1 m chiéu dai 6ng va nhié¢t do bé mait 16p cdch nhiét.

Loi gidi
Tdn that nhiét trén 1 m chiéu dai theo (4.7):
q = ki(ty - tp), W/m

k, = — ' , W/m.K
- P, 1 4 1 d, 1

o,md, 2mA, d, 2wk, d, a,.md,

d,=0,2m; d,=0,216 m
d,=d,+ 25 =0,216 + 2.0,120 = 0,456 m.

1
1 1 216 1 456 1
+ In + In +
116.3,14.0,2 2.3,14.216 200 23,140,116 216 10.3,14.0,456

kl = 0,9 W/m.K-
q, = 0,9 (300 — 25) = 247,5 W/m
Nhiét d6 bé mat ngoai 16p céch nhiét xic dinh tir diéu kién 6n dinh:

-~

qQ; = qys = amdy(t; — tp)

qd, 1
=ty + =25+ 247,5
M=l o, 10.3,14.0,456

t,, = 42°C.

Bai 4.13 Dong khi (3 nguyéu tr) néng chuyén dong trong ong dut‘mg kinh
d, = 120 mm, khi dong khi néng nay truyén nhiét qua vach ong, dong khi nay co
hé s6 toa nhiét d6i luu a 4 = 10 W/m?K. Xéc dinh nhiét trd truyén nhiét caa dong

khi néng img véi 1 m chiéu dai 6ng.
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Loi gigi
Nhiét trd truyén nhiét ctia dong moi chat néng véi 1 m chiéu dai ong:
1

R] =
nd]al

O day a, = oy + o, = 30 + 10 = 40 W/m>k.

l B
© 314x0,12 x 40

= 0,0664 mK /W

1

Bai 4.14 Mot 6ng dan hoi cé duong kinh d, = 100 mm duoc boc cach
nhi¢t. H¢ s6 toa nhiét d&i luu ciia khong khi bén ngoai a, = 10 W/m2K, hé s6 dan
nhiét cua vat liéu boc cich nhiét Aoy phai bang bao nhiéu?

Trd Ioi  Aen 0,5 W/mK

Bai 4.15 Mot thiét bi trao d8i nhiét chat long néng duge lam ngudi tir
300°C dén 200°C, chat long lanh ducc d6t néng tir 25°C dén 175°C. Tinh do
chénh nhiét d¢ trung binh trong cic trudng hop sau:

a) Chat Iong chuyén dong song song ciing chiéu.

b) Chat 16ng chuyén dong song song nguoc chiéu.

Loi gidi

a) Trudng hop chat léng chuyén dong song song ciing chiéu:
At, =t - t', =300 -25=275°C

At,=t, —t, =200-175=25°C

A = At - AL 275-25

At, 25

= 104°C

b) Trudng hop chat 1ong chuyén dong song song ngudc chiéu:

At =1, —t, =300—175 = 125°C

At =t, — 1, =200-25=175°C
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At - A, 125-175

A TR
t, 175

=149°C

Bai 4.16 Trong mot thiét bi trao d6i nhiét can Jam nguoi 275 kg/h chat
16ng néng tx 120°C dén 50°C, chat 16ng néng c6 nhiét dung r¥éng C, = 3,04
kJ/kg K. Chat 16ng lanh (chat giai nhiét) c6 lwu hegng 1000 kg/h, nhiét do vao
‘thié€t b1 la 10°C, nhiét dung riéng C,, = 4,18 kJ/kg.K. Biét he s truyén nhiét cuia
thiét bi k = 1160 W/m*.K. Tinh di¢n tich truyén nhiét clia thi€t bi trong céc
truong hop sau: ,

a) Chat 1dng chuyén dong song song clng chiéu.
b) Ch4t 16ng chuyén dong song song ngugc chiéu.
Loi gidi
Nhiét luong do chat 1ong néng nha ra:

Q= Glcpl (t'x -t ]

Q= 212304.10° (120 - 50) = 16255,5 W
3600

Nhiét d6 ra clia chat 16ng lanh xdc dinh t phuong trinh can bang nhiét

(4.12): | .
Q=G..Cy (t'l -t ) =G,. sz(tzn - 1)
r /
=t 4 Gl-Cp.l(tl - tif)
2 =1y
G, C,,

275 x 3,04(120 — 50) _ 540¢
1000 x 4,18
Do chénh nhiét 46 trung binh logarit trong trudng hop chuyén dong song
song cung chiéu theo (4.13):
At =t, - t,=120—-10=110°C

t/ =10 +

Ay =tf — 1! =50-24=26'C
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At, — A,  110-26

At, 26

At = = 58,3°C

Dién tich bé mat truyén nhiét trong trudng hop chuyén déng song song cung
chiéu theo (4.14):

Q=k F. A,

_ Q16255
k.At,, 1160 x 58,3

= 0,24 m?

cC

P6 chénh nhiét do trung binh logarit trong trudng hop chuyén dong sohg
song nguoc chiéu theo (4.13):

Ay =1, — 17 =120-24=96°C

At =t/ —t/ =50-10 = 40°C

At _ At A, 96-40

ne Atl 06
In— In =~
At, 40

= 64°C

Dién tich bé mat truyén nhiét trong trudng hop chat 16ng chuyén dong song
song ngugc chiéu theo (4.14):

- Q=k. F.At,

Q 16255

F.= = =0,22 m*.
kAt. 1160 x 64

Bai 4.17 Thiét bi trao déi nhiét ding hoi nudc bao hoa cho ngung tu dé dot
néng nudc tir nhiét dd6 nuée vao t' = 30°C dén nhuét ddé nude ra t" = 70°C, nhiét
dung riéng cia nudc C, = 4,2 kl/kg K. Biét dién tich bé mat thiét bi F = 12m?, hé
s6 truyén nhiét k = 2120 W/m’K, doé chénh nhiét dé trung binh At = 100°C.

X4c dinh luu lugng nudc dugc dét néng.
Lot gidi
Phuong trinh truyén nhiét:  Q = kFAt =2120.1,2.100 = 2,544. 10 W,
Phuong trinh can bang nhiét:
Q=Q=G, x(,x(1"-1)
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G - Q 2544 x 10°

i = = 1,514 kg/s
C.(1"—t) 4.2x10°(70 — 30) s

Bai 4.18  Thiét bi trao déi nhiét vach ngan, moéi chdt nuée va khong khi, biet
lru luong cua nude G, = 3600kg/h, nhiét d6 nudc giam &t, = 7°C, nhiét d¢ khong
khi tang &t, = 20°C. X4c dinh lwu luong khong khi. \

Trdaloi G, = 1,463 kg/s
Bai 4.19 Thiét bi trao déi nhiét vich ngin, biét W, /W, = 0,6 (W = G.C)),

hiéu nhiét do ctia dong mo6i chat néng 8t; = 80°C, nhiét d6 ra cta dong moi chat
lanh t¥ = 78°C. Xéc dinh nhiét do vao cia dong moi chét lanh t. |
Tra loi  t,=30C
Bai 4.20 Hoi bio hoa khé NH; ngung tu & p = 20 bar = const trong thiét bi
ngung. Lugng khong khi 7200 m’/h thdi qua thiét bi ngung d€ 1am mat cé nhiét
do vao 303 K, nhiét do ra 40°C. Coi khéi luong riéng cua khong khi p = 1,2

kg/m®. Xac dinh dién tich bé mat céc Ong trong thiét bi néu biét hé s6 truyen
nhiét k = 50 W/m?K.

Trdléi F=333m%

4.4 CAU HOI VA BAI TAP TONG HOP VE PHAN TRUYEN NHIET

Bai 4.21 Tén that nhiét din qua vach 6ng s& ra sao néu:

a) Chiéu day vach 6ng khong déi, dudng kinh trong tang lén 2 1an (cic diu
kién khac khong déi)

b) Chiéu day vich 6ng va dudng kinh trong gidm 2 lan.
Loi giai
a) Chiéu ddy & = const, dudng kinh trong tang 2 lan: d', = 2d,.

Ta cé cong thifc dong nhiét tmg voi 1 m chiéu dai dan qua vich tru mot 16p
q, (W/m):

Q= At 1

= -~
1 In d, In d,
2nA 4, d,

142



d +23

1

d,=d, +28; d,d, =

1
Khi & = const,d', = 2d,,tacé6d,=d", + 26 = 2d, + 28 =2(d, + &)
d, 2(d,+98) _d,+38 _d, 125-5

d, 2d, d, d,
. d d 1
Tanhan thdy vi —% <—% néngq, ~ — >q
l1 1 d, |
Ino2
d',

Két luan: T6n that nhiét dan qua vich ng & tang jen.

b) Chiéu ddy giam 2 lan 8' = 8/2, dudng kinh trong giam 2 lan d', = d,/2.

] day ta cé:
. 1 d, d,+28
q, ~ q 5 =
h’l —2 dl dl
1
g, ~ | dtz _ d’ +28' _ d, 2 + 2(5"'2) _ dl +28
1 dr2 * drl d.} d 2 - Cl
In o ! !
d 1

oo dy, dy — . )
Ta nhan thay vi —= = j nén q'; = q,, nghia 13 & day 6n that nhiét din qua
1 1

vach 8ng s& khong déi.

Bai 4.22 Trong déng dang trao déi nhi¢t d6i Iy, bist ty 1& dong dang hinh
hoc gilta m6 hinh va vat that 1:30. Khong khi théi qua var that ¢6 t6c do o, = 5
m/s, nhiét do t, = 500°C, khéng khi thdi qua md hinh neu & nhiét do t = 100°C
thi phai c6 t6c do o, bing bao nhiéu?

Lot giai
Ta biét khi hai hi¢n wong vat 1y dong dang thi c4c tiéu chuén déng dang

ciing tén phai bing nhau. G day véi d6i lvu, tiéu chudn Re (Reynold) cia mo
hinh va vat that phai bang nhau:
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Irrl v |

(3 day 1., 1, 1a kich thudc xic ciinh trong d&i lwu cia vat va mo hinh, theo
dédu bai /1, = 1/30 hay 1,/1,, = 30. Tir bang 6 (Thong s6 vit ly cia khéng khi kho)
& t, = 500°C ta cé v, = 79,38.10° m?%s, & t,, = 100°C, v,, = 23,13.10"° m?/s. Vay:

n=530. 20 =437 mfs
79,38

Bai 4.23 Mot 6ng dai 1 = 3 m, dudng kinh ngoai d = 100 mm. Hé s6 toa
nhiét ngung mang bén ngoai khi 6ng dat ndm ngang o, = 10000 W/m”.’K. Néu
Sng dat dung lic niy hé s6 toa nhiét ngung mang s€ bang bao nhiéu?

Loi gidi
Heé sé toa nhiét khi ngung m'm}g bén ngoéi ong ding tinh theo cong thic
(3-18), 6ng ndm ngang theo (3-19). O day ta cé thé viét:
o, = 0,943. A0
o, = 0,724.A.d"#
Chiéu cao 6ng h =1 = 3 m, dudng kinh d = 100 mm = 0,1 mm = 0,1 m. Vay

*

ta co:

“1/4 /4
a, 0943 h7'/* ay” 01Y
= A =13 | =13 = 0,556
o 0,724 d h 3

il

oy = 0,556.0, = O 556.10000 = 556 W/m*."K

Bal 4.24 Biét nhiét toa do d6i lvu cda chim ong g()m 10 day ong (hang
éng) t6i chat khi Q = 180 kW. Dién tich bén ngoai cdc 6ng cua chum éng F = 50
mZ, hiéu nhiét do bé mat 6ng va chat khi At = 100°C. Tinh hé s& toa nhiét clia diy
ong thit 6 khi chim éng b6 tri so le va song song.

Loi giai

Ta biét rang hé s6 toa nhiét tir diy ong thit 3 tré di khong d6i o; = a, =
= a,. Hé s6 toa nhiét clia toan by cham 6ng gém n day ong o
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o, +o, +(n—=2)a,

n
Khi b6 tri 6ng so le:
o, = 0,60, o, =0,7a,
Khi b6 tri ng song song:
o, = 0,6a;; o, = 0,90,
T coOng thirc Newton ta xdc dinh dugc hé s6 toa nhiét cia toan bo chum
éng o
o = Q _ 180.10°
F.At  50.100
V61 cham ong so le:

0605 +0,7a; +(10-2)a,

=36 W/m>.K

ol = 0,93,
10
o= 2 = 30 a7 wimik
0,93 0,93
V61 chium éng song s.ong:
0,6 0, 0-72
o oy +0,90, +(10-2)a 4 — 0.95a,
10
3
= -2 = 3% _370wWimeK
095 095

O day o, = oy = 37,9 W/m*K.

Bai 4.25 Chat khi & nhiét do t, = 800°C c6 trao déi nhiét véi bé mat & nhiét
do 1, = 300°C 1a q = 50 kW/m?. Biét hé s6 t0a nhiét déi hru oy = 60 W/m?K.
Tinh nhiét trao déi do birc xa va do den quy dan cia hé théng gédm chat khi va bé
mat.

Loi gidi
Trao déi nhiét giira chat khi (tir 3 phan tir tr& 1én nhu CO,, H,O, ...) véi bé

mat chat ran la trao d6i nhiét hén hop gém d6i luu va buc xa, & day phuong thire
trao déi nhiét bing d6i luu 1a chinh nén nhiét s& tinh theo cong thitc Newton:
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50.10" 2
q-oat o= L - 2919 a0 wmik
At 800 — 300

Kh: ky hiéu hé s6 toa nhiét bang bic xa «, ta co:

a=o,+ o, op=0o-a,=100-60= 40W/m2K
Nhiét trao d6i bang bic xa:

q = 0, At = 40.(800 - 300) = 20000 W/m? = 20 kW/m?

Theo coéng thic tinh nhiét birc xa gz?in‘dl’mg gitta chat khi va bé mat chét rin

ta co:
(.Y (1Y
:S,WC'V K- =L
o= 5 OL[mo] [100}}

3 day: C,=5.67, g,, - d0 den quy dén; T, = 800 + 273 = 1073 K; T,, = 300
+ 273 =573 K. Vay ta co:

Ew = il = 20000 = 0,29

(, a 47
C, Tk _ TW 5,67. (1073} (573]
100 100 100 100
Bai 4.26 Khi nung tam thép phang c6 A = 45 W/mK, C, = 0,6 kJ/kg.K,

p = 7800 kg/m’ tixr 30°C dén 600°C ta xdc dinh dugc thdi gian nung t = 20 phiit
va tiéu chuan Fo = 8. X4c dinh chiéu day cua tdm thép.

Lot gidi
Khi k¥ hiéu nlra chi€éu day tam thép 1a 8 (m), chiéu day tam &' = 26. Ta cé
coéng thie tieu chudn Fo:
Fo= 2. §= |t

- 82 07 VFO
_ A 45
Cp 0,6.10°.7800
T=20.60=1200s

= 9.6.10°m?%s (hé s6 din nhiét do)

612107
S = V/E,_G_.—IO_._I.'Z_HA =0,38.10"m = 3.8 mm

3

146



Chiéu ddy cna tadm:
3 =28=238=7,6mm

Bai 4.27 Thiét bi trao ddi nhiét vich ngan v6i dong moi chat noéng. lanh
déu la nude. Biét ty s6 duong luong nudc ciia dong néng va lanh W,/W, = 0,2,
hieu nhiét do ctia dong néng 8t; = 80°C, nhiét d6 vao cha dong lanh ¢, = 30°C,
nhiét truyén qua vich Q = 40 kW. Xdc dinh nhi¢t do cia dong lanh t",, luu
lugng dong nuée néng G,, nudc lanh G..

Loi giai

Tir phuong trinh can bang nhiét:

W ot,
Q=W =Q,= W,0t,: W; = gt;]_

— Wi — _ Q
St, = &t, —- = 80.0,2 = 16°C
W

-

-

n 1 "

S,=1, ;. =t; +5t, =30+ 16 = 46°C
Tir phuong trinh cin bang nhiét:
Q=Q,= W, ot, = Gle16t1

Q40
'8, 41880

=0,12 kg/s = 0,432 m*/h

(& day nhiét dung riéng clia nudc coi nhu khong phu thuéc nhiét do va lay
C, = 4,18 kI/kg.K).

Tir phuong trinh can bing nhiét:
Q=Q;= Gchzatz

Q 40

G, = =
*UC,,0t, 41816

= 0,598 kg/s = 2,153 m’h

Bai 4.28 Thiét bi ngung tu (hay binh ngumg) gom nhiéu 6ng vdi téng chiéu
dai cdc 6ng 1 = 10 m. Luong hoi nudc bao hoa kho G, = 200 kg/h ngung bén
ngoai 6ng & 4p suat khong déi p = 1.5 bar. Luong nu6c lam mat G, = 1500 kg/h
chay bén trong cc 6ng v6i nhiét do vao t, = 25°C. Xéc dinh: |

147



a) D¢ chénh nhiét do trung binh logarit At va trung binh cong (s6 hoc) At,
b) He s6 truyén nhiét qua vach tru k, (W/m.K)
Lot giai
a) Tinh At va At
Nhiét do hoi nuéc bao hoa khé ngung tu toa ra:
Q.=G,(1"-1)=G,.r

Tl bang 4 hoi nudc bao hoa theo éB sudt p = 1,5 bar ta c6: nhiét d6 ngung
(hay so1) t, = 111,4°C, nhiét ngung tu (hay hod hoi) r = 2226 kJ/kg. Vay ta cé véi
Gy, = 200 kg/h = 200/3600 kg/s: .

Q.= 200 2226 = 123,67 kW

3600

Nhi¢t do hoi toa ra bang nhiét do nuéc lam mat nhan Q.:
h= Qn = Gn(:n(tr:l "tn )

Tt d6 nhiét d6 nuéc lam mat ra khoi binh ngung t_:

t: _ t'n + Qh — 25 + 15135,67 _ 960C
G, C, “2M 418
3600 .

Hinh 4-1: nhiét do ngung tu t, = 111,4°C, ¢, = 96°C, nhiét do trung binh (s6
hoc) cta nuée t:

t,= 0,5, + t. )= 0,525 + 96) = 60,5°C

te
» | Aty
At '.},_(_’_i tr: T
th
Hinh 4-1.
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Do chénh nhiét d6 trung binh cong (s6 hoc) At,:
At. =t -t,=111,4-60,5 = 50,9°C
Do chénh nhiét do logarit dugce tinh véi:

Aty =1t -t =111,4-25=286,4°C
A=t,-1, =111,4-96=15.4°C

— A, —At, 864-154

At At 86,4 -
In —Y In —=2

At, 15,4

= 41,2°C

Chu y rang khi mot moi chat ¢é su chuyén pha (soi hay ngung) thi nhiét dé

moi chat d6 khong ddi (t, = const, t, = const) va thiét bi cing chiéu hay nguoc
chiéu 13 nhu nhau.

b) Xac dinh hé s6 truyén nhiét k;:

Tur phuong trinh can bing nhiét Q = Q, = 123,67 kW = 123,67.10° W véi
vach tru ta cé:

=9= At

q ] k,.At

- Q _12367:10°
' 1At 10412

=300 W/m.K
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Bang 3 Nudc va hdi nudc bao hoa theo nhiét do

Loy A hr; — — T
‘/<dﬁw /Wb\nﬂ WE

g p; v v, " I " r, s ")

°C | bar m¥%kg | m¥kg | kg/m?® | k/kg | kd/kg | kJ/kg | KVkg.d6 | kJikg.dd
0,01 (0,006108]0,0010002| 206,3 0,004847 0 2501 | 2501 0 9,1544
5 |0,008719|0,0010001| 147,2 (0,006793 21,05 | 2510 | 2489 | 0,0762 | 9,0241
10 |0,012277|0,0010004| 106,42 0,000398 42,04 | 2519 | 2477 | 0,1510 | 8,8994
15 10,017041(0,0010010| 77,97 |0,01282| 62,97 | 2528 | 2465 | 0,2244 | 8,7806
20 |0,02337(0,0010018| 57,84 [0,01729( 83,90 | 2537 | 2454 | 0,2964 | 8,6665
25 |0,03166 |0,0010030| 43,40 |[0,02304|104,81 | 2547 | 2442 | 0,3672 | 8,557
30 |0,04241)0,0010044| 32,93 |0,03037|125,71|:2556 | .2430 6,4‘366 8,4523
35 |0,05622 [0,0010061| 25,24 |0,03962 146,601 2565 | 2418 | 0,5049 | 8,3519
40 |0,07375|0,0010079| 19,55 |0,05115| 167,50 | 2574 | 2406 | 0,5723 I8,2559
45 10,09584 |0,0010099| 15,28 |0,06544|188,40| 2582 | 2394 | 0,6384 | 8,1638
50 |0,12335(0,0010121] 12,04 |0,08306| 209,3 | 2592 | 2383 | 0,7038 | 8,0753
55 10,15740|0,0010145| 9,.578 | 0,1044 | 230,2 | 2600 | 2370 | 0,7679 | 7,9901
80 |0,19917(0,0010171 .7,678 0,1302 | 251,1 | 2609 | 2358 | 0,8311 | 7,9084
65 | 0,2501 [0,0010199| 6,201 | 0,613 | 2721 | 2617 | 2345 | 0,8934 | 7,8297
70 | 0,317 [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 7,8615
80 | 0,4736 10,0010290| 3,408 | 0,2934 | 334,9 | 2643 | 2308 |1,0753 | 7,6116
85 | 0,5781 0,0010324,* 2,828 | 0,3536 | 3559 | 2651 | 2295 |1, 1342 | 7,5438
90 | 0,7011 |0,0010359| 2,361 | 0,4325 | 377 | 2659 |- 2282 | 1,1925 | 7,4787
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Tiép bang 3

t p. v v P i i"; r; s’ §
°C | bar mikg | mikg | kg/m® | kJkg | kikg | kdikg | kke.dd | kJ/kg.ds
95 | 0,8451 |0,0010396| 1,982 |0,5045 | 398 | 2668 | 2270 | 1,2502 | 7.4155
100 | 1,0132 |0,0010435| 1,673 | 0,5977 41‘9,1 2676 | 2257 | 1,3071 | 7,3547
105 | 1,2079 [0,0010474| 1,419 | 0,7047 | 440,2 | 2683 | 2243 | 1,3632 | 7,2950
110 | 1,4326 [0,0010515| 1,21 |0,8264 | 461,3 | 2691 | 2230 | 1,4184 | 7,2387
115 | 1,6905 |0,0010559| 1,036 |0,9652 | 482,5 | 2608 | 2216 | 1,4733 | 7.1832
120 | 1,9854 0,0010603| 0,8917 | 1,121 | 503,7 | 2706 | 2202 | 1,5277 | 7.1298
125 | 23208 [0,0010649( 0,704 | 1,208 [ 5250 | 2713 | 2188 | 155814 | 7,0777
130 | 2,7011 |0,0010697| 0,6683 | 1,496 | 546,3 | 2721 | 2174 | 16345 | 7,0272
135 [ 3,130 (0,0010747| 0,582 | 1,718 | 557,5 | 2727 | 2159 | 1,6869 | 6,9781
140 | 3,614 [0,0010798| 0,5087 | 1,966 | 589,0 | 2734 | 2145 | 1,7392 | 6,9304
145 4,155 [0,0010851| 04461 | 2,242 | 6105 | 2740 | 2130 | 17007 | 68830
150 | 4,760 [0,0010906] 03026 | 2,547 | 6322 | 2746 | 2114 | 1.8418 | 6,8383
155 | 5433 |0,0010962| 0,3466 | 2,885 | 6530 | 2753 | 2089 | 1,8924 | 6,7940
160 | 6,180 [0,0011021| 0,3068 | 3,258 | 6755 | 2758 | 2082 | 1,9427 | 6,7508
165 | 7,008 (0,0011081| 02725 | 3,670 | 697,3 | 2763 | 2086 | 1,9924 | 7081
170 | 7,920 |0,0011144| 0,2426 | 4,122 | 7192 | 2769 | 2050 | 2.0417 | 6,666
175 | 8,925 [0,0011208| 0,2166 | 4,617 | 741,1 | 2773 | 2032 | 2,0009 | 6.6266
180 | 10,027 [0,0011275| 0,1939 | 5,157 | 7631 | 2778 | 2015 | 21305 | 65858
185 | 11,234 |0.0011344| 0,1739 | 5750 | 7852 | 2782 | 1067 2,1876 | 6,5465
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Tiép bang 3

[+

H

1

p; vy v p"; i"; r; s, s";
°C | bar mkg | mkg | kg/m® | kJkg | kdkg | kdikg | kVkagdd | kikg.dd
190 | 12,553 |0,0011415| 0,1564 | 6,304 | 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 | 64318
205 | 17,245 |0,0011644( 0,1151 | 8,688 | 8750 | 2796 | 1921 | 2,3777 | 6.3045
210 | 19,080 [0,0011726| 0,1043 | 9,588 | 897,7 | 2798 | 1900 | 2,4246 | 63577
215 | 21,062'|0,0011812( 0,09465 | 10,56 | 920,7 | 2800 | 1879 | 24715 16,3212
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 10,0012187) 0,06527 | 15,32 | 10139 2804 | 1790 | 2,6561 | 6,1780
240 | 33,480 (0,0012291|0,05967 | 16,76 |1037,5| 2803 | 1768 | 2,7021 | 6,1425
245 | 36,524 |0,0012399|0,05462 | 18,30 | 1061,6 | 2803 | 1741 | 2,7478 | 6,1073
250 | 39,776 |0,0012512| 0,05006 | 19,98 |10857 | 26801 | 1715 | 2,7934 | 6.0721
255 | 43,25 (0,0012631/0,04591| 21,78 |1110,2| 2799 | 1689 | 2,8304 | 6.0366
260 | 46,94 10,0012755/0,04215| 23,72 |1135,1| 2796 | 1561 | 2,8851 | 6,0013
265 | 50,87 0,0012886|0,03872| 25,83 |1160,2| 2794 | 1631 | 2,9307 | 59657
270 | 55,05 [0,0013023]0,03560( 28,09 |1185,3| 2790 | 1605 | 2,9764 | 59297
275 | 59,49 (0,0013168|0,03274 | 30,53 |1210,7 | 2785 | 1574,2 | 3,0223 | 528938
280 | 64,91 0,0013321 0,03013| 33,19 |1236,9 | 2780 | 1542,9 | 3,0681 | 5,8573
1285 | 69,18 10,0013483/0,02774 | 36,05 |1263,1 | 2773 | 15102 | 3,146 | 58205

iy
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Tiép bang 3

t;
°C

P
bar

v
mkg

v

m3kg

P
kg/m®

kJ/kg

H .

kd/kg

kJ/kg

kJ/kg.dd

kJ/kg.do

290
295
200
305

310
315
320
325
330
335

340
345
350
355
360
365

370
374

74,45
80,02
85,02
92,14

98,70
105,61
112,90
120,57
128,65
137,14

146,08
155,48
165,37
175,77
186,74
198,30

210,53
225,22

0,0013655
0,0013839
0,0014036
0,001425

0,001447
0,001472
0,001499
0,001529
0,001562
0,001599

0,001639

0,02554
0,02351
0.02164

0,01802

0,01832
0,01683
0,01545
0,01417
0,01297
0,01184

0,01078

0,001686 rO,DDQ?ﬁ

0,001741
0,001807
0,001894
0,002020

0,00222
0,00280

0,008803
0,007869
0,006943
0,00599

0,00493
0,00347

39,15 y 1280,0

42,53
46,21
50,20

54,58
59,42
64,72
70,57
77,10
84,46

92,76
102,34
113.6
1271
1440
166,8

203
288

1317,2
1344.9
13731

14021
1431,7
1462,1
1493,6
1526, 1

15658,8"

1584,7
1639
1671
1714
1762-
1817

1893
485,3

2766
2758
2749
2739

2727
2714
2700
2684
2666

2646

2622
260¢
2565
2627
2481

2421

2331
512,7

1476,3
1441,0
1404,2
1365,6

1325,2
1282,3
1237,8
11980,3
1139,6

1085,7

1027,0
963,5
893,5
813.0
719,3
603,9

438,4
274

3,1611
3,2079
3,2548
3,3026

- 3,3808

3,3996
3,4495
3,5002
3,55622

3,6056

3,6605
3,7184
3,7786
3,8439
3,9162
4,0009

41137
1,0332

576827 |
5,7443
5.7049

5,6647

5,6233
5,5802
5,5353
5,4891
54412
5,3905

5,3361
5,2769
92,2117
5,1385
5,0530
4,9463

4,7951

4,5028 |
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Bang 4 Nudc va hoi nudc bio hoa (theo ap suat)

n

p; t V' VY p"; M I r s'; s";
bar | °C mkg m3kg | kg/m® | kd/kg | kikg | kd/kg | kJ/kg.dd | kd/kg.dd
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 0,028?3 121_,42 2554 | 2433 | 0,4225 8,473
0,045(31,033| 0,0010047 | 31,13 |0,03211 13.0,00 2557 | 2427 | 0,45Q7 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{1""
0,070| 39,03 | 0,0010075 | 20,53 |0,04871)|163,43| 2572 2&09 0,5591 8,274
0.080| 41,54 | 0,0010085 | 18,10 [0,05525 ﬁ@@ 2402 | 6582y | 8227
0,090]| 43,79 | 0,0010094 16,20 @ 183,3 | 2580 | 2397 | 0,6225 | 8,186
0,10 | 45,84 | 0,0010103 | 14,68 0,06312@? 2584 | 2392 | 0,6492 8,149
0,11 | 47,72 | 0,0010111 | 13,40 |0,07462 199,% <.2\588" 2388 | 0,6740 8,116
0,12 | 49,45 | 0,0010119 | 12,35 |0,08097( 207,0 | 2591 | 2384 0;6966 3,—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 2201 | 2596 | 2376 | 0,7368 | 8,031
0,15 | 54,00 10,02 | 0,0998 226,1’ 2599 | 2373 | 0,7550 8,007

0,0010140




Tiép bang 4

pp | b v v P i i r s'; s";
bar | °C mfkg mitkg | kgim® | kdikg | kdikg | kdikg kJfkg.do | kJ/kg.dd

0,20 | 60,08 | 0,0010171 7,647 | 0,1308 | 251,4 | 2609 2358 | 0,831 7,907

0,25 | 64,99 | 0,0010199 5,202 |0,1612| 272,0 | 2618 2346 | 08934 | 7,830
0,30 | 69,12 | 0.0010222 5226 10,1913 2893 2625 | 2336 | 0,9441 7,769
0,40 | 75.88 | 0,0010264 3,004 |0,2504 | 317,7 | 2836 2318 | 1,0261 7,670
0,50 | 81,35 | 0,001029¢ 3,230 | 0,3087 | 3406 | 2645 2304 | 1,0910 [ 7,593

0,5 | 85,85 | 0,0010330 2,732 0,3661 | 360,0 | 2653 | 2283 1,1453 7531
0,70 | 89,97 | 0,0010358 2,364 |0,4230 | 376,8 | 2660 2283 | 1,1918 | 7,479
0,8 | 93,52 | 0,0010385( 2,087 0,4792 | 391,8 | 2665 | 2273 1,2330 | 7,434
0,90 | 96,72 | 0,0010408 1,869 | 0,5350 | 4053 | 2670 2265 | 1,2696 | 7,394

1 | 9964 | 00010432 1,694 0,5903 | 417.4 2675 | 2258 | 1,3026 | 7,360
1,10 | 102,32 0,0010452 1550 |0,6453 | 428,8 | 2679 2250 | 1,3327 | 7,328
1,2 1104,81( 0,0010472 1429 |0,6999 | 439,4 | 2683 2244 | 1,3606 | 7,298

130 |107.14| 0,0010492 | 1325 | 07545 | 4492 | 2687 | 2238 | 1.3868 7,271
14 |109,33| 0,0010510| 1,236 |0,8080 | 458.5 2690 | 2232 | 14109 | 7,246
15 |111,38] 0,0010527 | 1,169 | 08627 | 467.2 | 2693 | 2226 | 1,4336 7,223
16 |113.32 00010543 | 1091 |09164 | 4756 | 2696 | 2221 | 1,455 7,202
17 |115.17| 0,0010559 | 1,031 | 00609 | 4832 | 2699 | 2216 | 1.4752 7,182
18 [116.94| 00010575 | 00773 | 1,0230 | 4907 | 2702 | 2211 | 1494 7,163

1,9 118,62} 0,0010591 09290 | 1,076 | 497.9 2704 | 2206 | 1,9126 7,145
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Tiép bang 4

p; t; v V', p"; i i, r; s'; s";
bar | °C m3/kg m¥kg | kg/m?® | kd/kg | kd/kg | kdrkg | kdikg.dd | kd/kg.dd
2.0 [120,23]0,0010605 | 0,8854 | 1,129 | 504,8 | 2707 | 2202 | 1,5302 | 7,127
21 {121,78/0,0010619| 0,8459 | 1,182 | 511,4 | 2709 | 2198 | 1,5470 7,111
2.2 [123,27{0,0010633 | 0,8098 | 1,235 | 517,8 | 2711 | 2193 | 1,5630 7,096
/2,(3; M | 0,0010646 | 07768 | 1,287 | 524,0 | 2713 | 2189 1,5783 | 7,081
2,4 |126,09|0,0010659 | 0,7465 | 1,340 | 529,8 | 2715 | 2185 | 1,5929 | 7,067
2,5 1127,43]|0,0010672 | 0,7185 | 1,392 | 5354 | 2717 | 2182 | 1,6071 | 7,033
26 1128,7310,0010685] 0,6925 | 1,444 | 540,9 | 2719 | 2178 | 1,621 7,040
2,7 {129,98(0,0010697 | 0,6684 | 1,496 “ 546,2 | 2721 | 2175 | 1,634 7,027
2,8 131,20 0,0010709 | 0,6461 1,548 551,4 | 2722 | 2171 1,647 | 7,015
2.9 1132,39]0,0010721 | 0,6253 | 1,599 | 556,5 | 2724 | 2167 | 1,660 7,003
@@ 0,0010733 | 0,6057 | 1,651 | 561.4 | 2725 | 2164 | 1,672 | 6,922
3,1 1134,66]0,0010744 | 0,5873 | 1,703 | 566,3 | 2727 | 2161 | 1,683 6,981
3,2 |135,75|0,0010754 | 0,5701 | 1,754 | 571,1 | 2728 | 2157 1,695 6,971
3,3 |136,82}0,0010765 | 0,5539 | 1,805 | 575,7 | 2703 | 2154 " 1,706 6,961
3,4 |137,66{0,0010776 | 0,5386 | 1,857 | 580,2 | 2731 | 2151 1,717 6,951
3,5 |138,88|0,0010786 | 0,5241 | 1,908 | 584,5 | 2732 | 2148 | 1,728 6,94i
3,6 [139,87|0,0010797 | 0,5104 | 1,959 | 588,7 | 2734 | 2145 1,738 6,932
3,7 1140,84| 0,0010807 | 0,4975 | 2,010 | 592,8 | 2735 | 2142 | 1,748 6,933
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Tiép bang 4

P t Vi vt e " " r s’ s
bar | °C m3kg m¥kg | kg/m® | kd/kg | ki/kg | kdikg | kd/kg.dd | kikg.do
40 (250,33 0,0012520 | 0,04977 | 20,09 |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| 2796 | 1654 | 2,898 5,991
50 |263,91]0,0012857 |0,03944| 25,35 [1154,4| 2794 |1640,0| 2,921 5,973
55 |269,94|0,0013021 {0,03564 | 28,06 |1184,9| 2790 |16046| 2976 | 5,930
60 |275,56|0,0013185 | 0,03243 30,84 1213,9| 2785 1570,8 3,027 5,890
65 |280.83|0,0013347{0,02973| 33,64 |12413| 2779 |1537,5| 3,076 5,851
70 |285,80|0,0013510 |0,02737| 36,54 1267,4| 2772 |1504,9| 3,122 5814
75 [290,50] 0,0013673 | 0,02532| 39,49 | 12927 27.66' 1472,8] 3,166 5779 )
80 |294,98|0,0013838 | 0,02352| 42,52 | 1317 | 2758 (1441, 11 3,208 5,745
85 |299,24] 0,0014005 | 0,02192 | 4562 |1340,8| 2751 |[1409,8| 3,248 5711
90 303;22 0,0014174 | 0,02048 48,83 |1363,7 274?3\, 1379,3| 3,287 5,678
95 |307,22}0,0014345 .0,01 919| 52,11 [1385,9| 2734 11348,4] 3,324 5,646 |
100 {310,96] 0,0014521 [0,01803| 55,46 |1407,7| 2725 |1317,0| 3,360 5615
110 |318,04| 0,0014890 | 0,01598| 62,58 |1450,2| 2705 1255,0| 3,430 5,563
120 1324.63| 0,0015270 | 0,01426} 70,13 | 1491,1| 2685 | 1193,5| 3,496 5,492
130 |330,81| 0,001567 |0,01277| 78,30 |1531,5| 2662 |1130,8| 3,561 5,432__;
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Tiép bang 4

p; t; v, V', p" " i"; r; s'; s

bar | °C mkg mikg | kg/m® | kdikg | kdkg | kd/kg | k/kg.d6 | kJ/kg.dé
140 |336,63| 0,001611 (0,01149| 87,03 | 1570,8] 2638 [1066,9| 3,623 5,372
150 |342,11| 0,001658 |0,01035| 99,62 | 1610 | 2611 {1001,1| 3,684 5,310
160 {347,32| 0.001710 |0,009318 107,3 | 1650 | 2582 | 932,0 | 3.746 5,247
170 [352,26| 0,001768 10,009682] 119,3 | 1690 | 2648 | 858,3 | 3807 5177
180 [356,96] 0,001837 0,007504 133,2 | 1732 | 2510 | 778,2 | 3,871 5,107
190 1361,44( 0,001921 |0,00668| 149,7 | 1776 | 2466 | 690 3,938 5,027
200 |365,71| 0,002040 |0,00585] 170,9 | 1827 | 2410 583 4,015 4,928

210 1369,79| 0,002210 |{0,00498| 200,7 | 1888 | 2336 | 448 4,108 4,803
220 1373,70] 0,002730 |0,00367 | 272,5 | 2016 | 2168 | 152 4,303 4,591
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Bang 5

Nudc chua sdi va hdi qua nhiét

p, bar [t°C 20 40 60 80 100 120 140 160 180
v | 0,0010018 36,12 3845 | 4075 4307 | 4539 | 47,69 | 50,01 | 5231
0,04 | i 837 2574 2612 2650 2688 | 2726 | 2764 | 2807 | 2841
5 0,2964 8,537 8,651 8,762 8,867 | 8,966 | 9.060 | 9,150 9,238
v | 0,0010018 | 0,0010079 19.19 20,34 215 | 2266 | 2382 | 24,97 | 26,13
008 | i 83,7 167,5 2612 2650 2688 | 2726 | 2764 | 2802 | 2841
s 0,2964 0,5715 8,331 8,441 8546 | 8645 | 874 | 8,830 |8917
v | 0,0010018 | 0,0010079 15,35 16,27 172 | 18,13 | 19.06 | 19,98 | 20,90
010 | i 83,7 167,5 2611 2649 2688 | 2726 | 2764 | 2802 | 2841
s 0.2064 05715 8,227 8,337 8442 | 8542 | 8636 | 8,727 |8.814
e
v | 00010018 | 0.0010079 12,79 13,55 1433 | 151 | 1587 | 1664 |17.42
012 | i 83,7 167.5 2611 2649 2687 | 2725 | 2764 | 2802 2841
s 0.2964 0,5715 8143 8253 82358 | 8457 | 8552 | 8,643 | 8,73
v | 0,0010018 -| 0,001007¢ 10,95 1161 1227 | 1204 | 136 | 14,26 | 14,92
044 | i 83,7 167 .5 2611 2649 2687 | 2725 | 2763 | 2802 | 2840
s 0,2964 0,5715 8,071 8,181 8287 | 8386 | 8,481 | 8572 |8.659
v | 0,0010018 | 0,0010079 9,573 10,16 1074 | 1132 | 11,899 | 12,478 13.057
016 | i 83,7 167.5 2610 2649 2587 | 2725 | 2763 | 2802 | 2840
s 0,2964 0,5715 8.009 8,12 8225 | 8324 | 8419 | 851 |8,597
v | 0,0010018 | 0,0010079 | 0,0010171 8,119 8584 | 9,049 | 9,513 | 9,977 |10441
020 | i 83.7 167.5 251.1 2648 2687 | 2725 | 2763 | 2801 | 2840
s| 072964 0,5715 0,8307 8,015 8,12 822 | 8315 | 8406 |8,493
v | 0.0010018 | 0,0010079 | 0,0010171 540 5713 | 6,025 | 6,335 | 6645 | 6,955
030 | i 83.7 167.5 251,1 2646, 2685 | 2724 | 2762 | 2801 | 2839
s 0,2964 0,5715 0.8307 7,825 7931 | 8,031 | 8126 | 8217 | 8304
v | 0,0010018 | 0,0010079 | 0,0010171 [0,0010289] 1695 | 1,795 | 1,889 | 1984 |2,07€
10 | i 837 167,5 251.1 3349 2676 | 2717 | 2757 | 2796 | 2835
s 0,2964 05715 0,8307 10748 | 7.361 | 7.4665| 7.562 | 7,654 | 7,743

G chai:

thang 12 cda hoi qud nhidt, v - m'/kg, i - kifkg, s - kifkg.do
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Tiép bang 5

200 | 220 | 240 | 260 | 280 | 300 350 | 400 | 450 | 500 | 600
54,63 | 56,93 | 59.24 | 61,56 | 6387 | 6618 | 71,96 | 77.73 | 8531 | 89.28 | 100.84
2880 | 2918 | 2058 | 2997 | 3037 | 3077 | 3177 | 3280 | 3384 | 3400 | 3707
9.321| 9402 | 9479 | 9554 | 9627 | 9698 | 9866 |10024| 10174 |10317 | 10,585
27.29| 2844 | 296 | 3075 | 319 | 3306 | 3594 | 3884 | 4172 | 4461 | 50.38
2880 | 2918 | 2057 | 2097 | 3037 | 3077 | 3177 | 3280 | 3384 | 3490 | 3707
9.000| 9.081 | 9159 | 9.234 | 9,306 | 9377 | 9546 | 9704 | 9854 | 9,997 | 10265
2183 | 2276 | 2368 | 246 | 2553 | 2646 | 2876 | 3108 | 33390 | 357 | 40.32
2879 | 2918 | 2967 | 2997 | 3037 | 3077 | 3177 | 3280 | 3384 | 3490 | 3707 |
8.897| 8978 | 9.056 | 9131 | 9203 | 9274 | 9443 | 9601 | 9751 | 9,895 | 10,162
1819 | 1896 | 1973 | 205 | 2127 | 2204 | 2396 | 2589 | 2782 | 2074 | 336
2897 | 2918 | 2057 | 2996 | 3036 | 3177 | 3177 | 3280 | 3384 | 3490 | 3707
8813| 8894 | 8972 | 9047 | 9119 | 919 | 9359 | 9517 | 9667 | 981 | 10078
1558 | 1624 | 169 | 17.56 | 1822 | 1888 | 2053 | 2218 | 2083 | 2549 | 28,79
2879 | 2918 | 2957 | 2997 | 3037 | 3077 | 3077 | 3280 | 3384 | 3490 | 3707
8742| 8823 | 89 |[8975 | 9048 | 9119 | 9,288 | 9445 | 9596 | 9,739 | 10,007
13635 14.213 | 14.79 | 15367 [ 15943 [ 1652 | 17.96 | 1941 | 2085 | 2229 | 25.18
2879 | 2918 | 2957 | 2997 | 3037 | 3077 | 3177 | 3280 | 3384 | 3490 | 3707
868 | 8761 | 8833 | 8,913 | 8986 | 9057 | 9226 | 9384 | 9534 | 9678 | 9.945
10.905| 11,369 | 11,832 | 12295 [ 12758 | 1322 | 14376 | 1553 | 1668 | 17.82 | 2015
2897 | 2918 | 2957 | 2996 | 3036 | 3077 | 3177 | 3280 | 3384 | 3490 | 3707
8,576 | 8,657 | 8735 | 861 | 8883 | 8954 | 9,123 | 9281 | 9431 | 9575 | 9,842
7246 7573 | 7.882 | 8191 | 85 | 8809 | 958 10351 11121 | 11891 1343
2878 | 2917 | 2956 | 2006 | 3036 | 3075 | 3177 | 3280 | 3384 | 3400 | 3707
8388 | 8469 | 8547 | 8622 | 8685 | 8766 | 8935 | 9093 [ 9244 | 9388 | 9.655
2172 2,266 | 2,358 | 2452 | 2545 | 2638 | 2871 | 3102 | 3334 | 3565 | 4,028
2875 | 2014 | 2054 | 2003 | 3033 | 3074 | 3175 | 3278 | 3382 | 3488 | 3706
7828 791 | 7988 | 8064 | 8139 | 82% | 8381 | 8541 | 869 | 8333 | 9007
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Ti8p barg 5

opalec] = | a0 & B - 100 12 140 160 | en
| T nnotopin | naoicors [cooa? | Qo0oRE | cisiddsd | e 1672 185 1729
;1 aza 187 & 2511 3143 410 2715 oTES 2HS 7814
|
g | azez | 0EMs | oo Lo | v e TITH TATE 7.588 | T.BST
o | cposoes | 00D1007E | 0001MES | 00010287 0001432 | o106t | GoHOTE? [ 0A1ET | name
g 1| B | iELD 251.5 13852 4181 2031 LR mpga | zson
' 2| ozsee | ereis | omse | tamae | 130D | 153 1732 gra7 | Gage
o | 0o01ams | oooaTe | a0010167 [ Donwmees | 000I0431 | na0106 | DODI0TER | A 0OTIOR Q2479
so|i| 243 1£8.1 51,7 1.3 a19.z 554,E 5B, 1 6753 | TR
o | oz | 05714 R 1.0747 1,305 15085 1737 1M1 | EME
o | npmoaie | nooinoss | oomomns [ cieazes | 000143 | 0010552 | 0ME0TH | ONTISIE i1, 134
wlif w7 165 251 A 054 4183 513 9 G 1 T34 2T7H
e | A piriz | o228 10T a0 | 15251 L7ar a1 | &5
v | cpoundz | popnoes | 0001065 | 00010524 ne e § 00010557 | 0601870 | 000 104G | 01845
jali| ma 125 | 2514 155 4124 LY LLER E755 | 20
s | nzmm | osrd aRzeT | taran | 1305E 15250 1737 1. B34
Vo L aoarcniz | sonmes | anones | pootozez | 20010427 | cnowsse  D00107S2 | 06013015 001127
11 25,1 1E8,F 2221 | 1ERT 135 .2 SE3,5 BTe T Tl
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w | 3D -:L:rn1u-:|?llﬂ_m1u1e.z'u,cu1u?31 000104325 | 00010534 § 0CO1078R | 00011012 1,007 1068
g | 0| ERS 1€4 25%.4 am 4198 .5 cgag: | etse | mead
5| 0,2867 &.5700 et 1.07135 1,515 1520 1,735 15 & 2
Voo |opdonrs | 0a0icdr | Qomal | o2 s A 05AIRd | GDISESY | Da0i0raTal ananén b 001 ki
i 25,7 1642 25326 amz | 400 . SE3,0 Gl TERE
5| o295 | nAeed | RE:Ed 1073 vaMa | 1aeke l 1,736 1a18 | 2%
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Tiog b &

w0 | zo | ze0 | 0 | a0 § s { soo | e | 4w | son | eeo
LEUT (| 16 | 1004 | 20dz | 22 | 2987 [ 2300 | 2584 | 2777 | 297 | 3aE
pars | 2913 | 2083 | 2000 | 3083 | 3073 [ MW | X9 | 2082 | MMBE | 3705
7742 | 724 | Tooe | 7omm | o0ed | m126 | 8299 | 8456 | 8608 | 4T | 6013
02520 | 03688 | 0,385 | 04018 | 04181 | 4342 | 04741 | 05136 | o552 |osstn | opee
| mop | za0v | 2920 | 2075 | 3017 | 2089 | M4 | F27D | 357 | 463 | ANGA
| ooes | 7061 | 7135 | rate | 7 | 7388 | 7ser | 2ooe | raer | oo | s |
o8 | 02735 | nzeer | nasey | caves [osoe |oases [namez | os1wr [ouaaz | o.sote
ap3n | coa | 2o | 2909 | 2011 p duS4 | 3160 | 3T | XNY | ME1 | 3699
aa1d | 8oos | g | vava | 7osa | rade| va0d | 7R | 7z | Taee | BaAR
oz |nz1es | o227 | 02377 | 0247 | us7a | 02822 | namoes | 0aa0n {03 | Dao
szt | 2ava | ze | 262 | 2005 | 3ose | 88 aE3 | 337D | 34T | As3R
gemr | eree | esry | aser | T | Tate | 7208 | Teer | TEAB | TR | BT
DAGES | 0.1788 | 1579 | 01067 | G205 | 0.9130 | 02343 | 028 | 02747 | 02944 | 0232
sai8 | 2885 | o9it | 2065 | 2999 | 3042 | MS1 | 3260 | KM | MTT | 3606
gsee | 6088 | G678 | euss | a7 | oS | T20b | TaTE | rEE | TEM | 7842
04428 | 04515 | 01506 | 0173 | 01748 | 0.9823 | 02000 [ 02178 | 0EME | D262 [ G265
2606 | 1eas | 2802 | Zeed | 2082 | 3036 | M7 | Ad%6 | 3985 | M ) 3685
sdo7 | Beoe | eser | E7B4 | 6887 | SdE | T3 | TN | TASS | TAM | TAF
lo.0011585| 01200 | 0.9382 | 0,0452 | 0.1818 | 01585 | 0074z | ogee | 02050 |oded | oaeg |
gpegd | 2sed | 252 | 2040 | 2oes | 2030 | 3142 | 3254 | M3 | M| WY
200 | esid | Gam ] 671 | G706 | 6AIT | T0GD ) TR | 758 | LMWT | TAM
o.o0iae2| 04940 | 0206 | 0128 | 0134 | 00401 | 01545 | 0,1683 | 0B | 0105 | 021
anzd | goas | 2eed | mew | 2o | 3025 | 338 | e | 3380 | M0 | 3600
233 | 8452 | 9554 | 6546 | 9732 6814 | Y003 | TATE | TAR T A T. 7S
00011581 0ozt | 1084 Jorias] 092 |04255 |0 64 | B4 | DieM [DITES | G
B524 | zaP1 | 2ems | a4 | 2072 | dDMo | 3134 | 3& | XMET ) M08 | 3550
aaon | ssas | e4wt | w508 | 6674 | st |epde | 7aZ2 | TaA2 | TAR | 70
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2 a0 Bl BO i 2 143 1 16D 180
par | % | - - -
v |anneid | 00oes § DocA0sT | cofuiETs | 0wk ve | AO0WEIT ooowafed | oo | ood112se |
g u| i 1B8G 7 ) I 2505 ar ol F sS4 oG G54 mar
g | o5 pEmaT 0,28 1 4758 1.0 1L s 1008 | 214
o | avooreaa lopoiveoas| ceotonsd | oomsa | oneinaee o oti0sed | deatcora [ 002122
| 1.3 1745 T E 4412 4248 £, L9 4 &7 RS T
_ e | Gandy | conEBS 023 1.0e08 1,2956 19154 1,7% 151 L1
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14 | o 0 174 2D I8 4 4735 512 ¥ EA7.d 1P TEAT
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Bang 5 Hai qua nhiét (bd sung)

p,bar | t,°C 150 200 250 300 400 500 600
v 09596 | 1,0803 | 1,1988 | 1,3162 | 1,5493 | 1,7814 2,013
2 i 2768,8 | 2870,5 2971 30718 | 3276,6 | 34871 3704
s 7.2795 | 7,5066 | 7,7086 | 7,8926 | 8,2218 | 85133 8,777
v 06339 | 0,7163 | 0,7964 | 0,8753 | 1,0315 | 1,1867 | 13414
3 i 2761 2865,6 | 2967,6 | 30693 3275 3486 3703,2
S 7,0778 | 7,3115 | 7,5166 | 7,7022 8,033 8,3251 | 8,5892
v 0,4708 | 0,5342 | 0,5951 | 0,6548 (5,7726 0,8893 4 1,0055
4 i 27528 | 2860,5 | 2964,2 | 3066,8 | 32734 | 34849 | 3702,4
s 69299 | 7,1706 | 7,3789 | 7,5662 | 7,8955 | 8,1913 8,458
v 0,3749 | 0,4249 | 04744 | 0,5226 | 06173 | 0,7109 | 0,8041
5 i 27487 | 2855,4 | 2960,7 | 3064,2 | 32719 | 34839 | 37017
S 6,8213 | 7,0592 | 7,2709 | 7,4599 | 7,7938 | 8,0873 | 7,3522
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Bang 6 Bang hoi bao hoa cia R12

oc | pbar |, P | P v v W o ; s s
‘ kg/dm’ | kag/m’ | dm¥kg m°/kg kd/kg | kJ/kg | kJ/kg kJ/kgK kJ/kgK
1 2 3 4. 5 6 Zogdo @ 9 10 11
-50 |0,39130| 1,5462 [ 2,6091| 06467 | 0,38327 | 4551 | 62884 | 173.74 | 08193 | 15979
- -49 10,41207]|.1,5435 | 2,7377 | 06479 | 036528 | 45597 | 629,31 | 173,33 | 08232 | 15965
-48 10,43372| 1,5407 | 2,8712 | . 06491 | 0,34829 | 456,85 | 629,77 | 172,92 | 08271 1,6052
- 47 ]0,45627| 5379 | 3.0097 | 10,6502 | 033226 | 457,73 [630,24 | 172,51 | 08310 | 1.5938
-46 10,47974| 15351 | 31534 | 0,6514 | 0,31712 | 458,61]630,71 | 172,10 | 0,8349 | 15925
-45 |0.50416]1,5323 | 3,3025 | 0,6526 | 0,30280 | 459,49 631.17 | 171.69| 08387 | 1.5913
-44 [0,52956( 1,5294 | 34570 | 06538 | 028927 | 460,37 | 631,64 | 17127 | 08426 | 1.5900
-43 |0,55596 1,5266 | 3,6171 | 0,6550 | 0,27647 | 461,25 (632,10 | 17086 | 08464 | 15888
-42 |0,58340| 1,5238 | 3,7829 | 0,6563 | 026435 | 462,13 |63257 17044 | 08502 | 15876
-41 10,61190| 1,5209 | 3,9546 | 0,6575 | 0,25287 | 463,011 633,03 | 170,02 | 08540 | 15864
-40 /0,64148| 1,5181 | 4,1323 |. 0,6587 0,242 | 463,89 | 633,50 | 169,60 | 0,8578 | 1,5853
-39 |0,67219] 1,5152 | 4,3161 | 0,6600 | 0,23169 | 464,78 | 633,96 | 169,18 | 0,8616 | 15841
=38 |0,70404| 1,5123 | 4,5063 |. 0,6612 | 0,22191 | 465,66 634,43 [ 168,76 | 0.8654 | 15830
-37 10,73708| 1,5095 | 4,7029 | 0,6625 | 021263 | 466,55 | 634,80 | 16834 | 08691 | 15820
-36.10,77131/ 1,5066 | 4,9061 | 0,6638 | 0,20383 | 467,44 | 635,35 [ 167,92 | 08728 | 15809
_-35 |0,80679| 1,5037 | 5,1161 | 0,6650 | 0,19546 | 46832 | 6358116749 | 08766 | 15799
-3410,84353| 1,5008 | 5,3330 | 0,6663 | 0,18751 | 469,21 | 636,28 | 167,07 | 08803 | 15789
-33 |0,88158| 1,4979 | 55569 | 0,6676 | 0,17996 | 470,107 636,74 | 166,64 | 08840 | 15779
32 10,92095| 1,4949 | 5,7881 | 0,6689 | 0,17277 | 470,99'| 637,20 | 166,21 | 0,8877 1,5769
=31 ]0,96168 1,4920 | 6,0266 | 0,6702 | 0,16593 | 471,88 | 637,66 | 165,78 | 08913 | 15759
-30| 1,0038 | 14891 [6,2727 | 0,6716 | 0.15942 | 472,77 | 638,12 | 165,34 | 08950 | 15750
-20 11,0474 | 14861 | 6,5265 | 06729 | 0,15322 | 473,66'| 638,57 | 164,91 | 0,8987 | 1,5741
-28 | 1,0924 | 14832 | 6,7881 | 0,6742 | 0,14732 | 474,56 | 639,03 | 16447 | 09023 | 1,5732
-27.11.1389 | 14802 [ 7,0579 | 10,6756 | 0,14169 | 47545 | 639,49 | 16404 | 09050 | 15723
-26 | 11869 { 14772 | 7,3357 | 0,6769 | 0,13632 | 476,35 | 639,95 | 163,60/| 09095 | 15715
1 -26 |1,2365 | 1,4743 | 7,6220 | 0,6783 | 0,13120 | 477,24 | 640,40 | 163,16 | 09131 | 15708
-24 | 12877 | 14713 | 7,9168 | 0,6797 | 0,12631 | 478,14 | 640,86 | 162,72] 09167 | 15698
-23 | 1,3405 | 1,4683 | 8,2203 | 0,6811 | 0,12165 | 479,04 | 641,31 [1162,27 | 09203 | 1,5690
-22 | 13949 | 14652 | 8,5328 | 0,6825 | 0,1172 |479,94 | 641,76 161,83 | 09239 | 15682
-21 | 1,4511 | 1,4622 | 8,8543 | 0,6839 | 0,11294 | 480,84 | 64222 [ 16138 | 0,9275 | 15675
-20 | 1,5090 | 1,4592 | 9,1851 | 0,6853 | 0,10887 | 481,74 | 642,67 | 16093 | 09310 | 15667
-19 | 1,5686 | 1,4561 | 9,5253 | 06867 | 0,10498 | 482,64 64312 [ 16048 | 09345 | 15660
-18 | 1,6301 [1,45311/ 9,8752 | 0,6882 | 0,10126 | 483,55 | 643,57 [ 160,02 09381 | 1.5653
-17 11,6933 | 1,4500| 10,235 | 0,6896 |0,097705 | 484,45 | 644,02 | 15957 | 09416 | 15645
-16 | 1,7585 | 1,4469 { 10,605 | 0,6911 |0,094298 | 485,35 | 644,47 | 159,11 | 09451 | 15639
-15 | 18256 | 1,4439 | 10,985 | 0,6926 |0,091037 | 486,26 | 644,91 | 15865 | 09486 | 1,5632
-14 | 1,8946.| 1,4408 | 11,375 | 0,6941 | 0087912 | 487,17 | 64536 | 158,19 | 09521 | 1,5625
-13 | 1,9655 | 1,4376 | 11,776 | 10,6956 |0,084919 | 488,08 | 64580 | 157.73 | 09556 | 15619
-12 | 2,0385 | 1,4345 | 12,188 | 0,6971 |0,082050 | 488,99 | 646,25 | 157,26 | 09590 | 15612
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Tiép bang 6

1 2 3 4 .5 6 7 8 9 10 11
-11 | 21136 | 14314 | 12,611 | 0,6986 |0,079298 | 489,90 | 646,69 | 156,79 | 0,9625 | 1,5606
- 10 [2,1907 | 1,4283 | 13,045 | 0,7002 |0,076660 | 490,81 | 647,13 | 156,32 | 0,9660 | 15600
-9 | 2270014251 13,490 | 0,7017 |0,074128 | 491,72 | 647,57 | 155,85.| 09694 | 1,5594
_8 | 23515 | 14219 |13.947 | 0,7033 |0,071698 | 492,64 | 648,01 | 155,37 | 0,9728 | 1,5588
-7 | 2435144188 | 14,416 | 0,7048 |0,060365 | 493,55 | 648,45 | 154,90 | 09763 | 15583
-6 | 25210 | 14156 | 14,898 | 0,7064 |0,067125 | 494,47 |.648,89 | 154,42 | 09767 | 1,5577
_5 | 26002 | 14124 | 15,381 | 0,7080 |0,064973 | 495,39 | 649,32 | 153,93 | 0,9831 | 15572
-4 | 26997 | 14001 | 15,897 | 0,7097 |0,062904 | 496,31 | 649,76 | 153,45 | €,9865 | 1,5566
_3 | 27925 | 14059 | 16,416 | 0,7113 |0,060916 | 497,23 | 650,19 | 152,96 | 09899 | 1,5561
-2 | 2887814027 | 16,948 | 07129 |0,059004 | 498,15 | 650,62 | 152,47 | 09933 | 1,5556
-1 | 29855 | 1,3994 | 17,493 | 0,7146 |0,057165 | 499,08 | 651,06 | 151,98 | 0,9966 | 1,5551
0 |30856 13962 |18,052| 0,7163 |0,055396 | 500,00 | 651,48 | 151,48 | 10000 .| 1,5546
1 | 31883 1,3929 | 18,624 | 0,7179 | 0,053693 | 500,93 | 651,91 | 150,99 | 10034 | 1,5541
2 32036 1,3896 | 19,211 | 0,7196 |0,052054 | 501,85 | 652,34 | 150,49 { 10067 | 1,5536
3 [3.4014|13883|19.812| 07214 |0,050476 | 502,78 | 652,77 | 149,98 | 1,0101 | 1,5532
4 [35119]1,3830 | 20,427 | 0,7231 |0,048955 | 503,71 | 653,19 | 149,47 | 10134 | 15527
-5 |36251]1,3796 | 21,057 | 07248 | 0,047490 | 504,65 | 653,61 | 148,97 | 10167 | 15523
& |37410|1,3763 | 21,702 | 0,7266 |0,046078 | 505,58 | 634,03 | 148,45 | 1,0200 | 1,5518
7 38596 [1,3729( 22,363 ] 07284 {0,044717 | 506,52 | 654,45 | 147,94 | 10234 | 15514
8 |39811| 13695 |23030] 0,7302 |0,043405 | 507,45 | 654,87 | 147,42 | 1,0267 | 1,5510
o |4,1054 | 1,3861 | 23,731 | 0,7320 |0,042138 | 508,39 | 655,79 | 146,89 1,0300 | 15506
10 | 42326 | 1,3627 | 24,440 | 0,7338 |0,040917 | 509,33 | 655,70 | 146,37 | 1,0333 | 1,5502
11 | 43627 | 1.3593 | 25.165 | 0,7357 |0,039738 { 510,28 | 656,11 | 14584 | 1,0365 | 1,5498
12 | 4,4958 | 1,3558 |.25,907 | 0,7375 |0,038600 | 511,22 | 656,53 | 145,31 | 10398 | 1,5494
13 | 46319 |1,3524 | 26,665 | 07394 |0,037502 | 512,17 | 656,94 | 144,77 | 1,0431 1,5490
14 {47710 | 1,3489 | 27,442 | 0,7413 |0,036441 | 513,11 | 657,34 | 144,23 | 1,0464 | 1,5487
16 | 49133 | 1,3454 {28,236 | 0,7433 |0,035415 | 514,06 | 657,75 | 143,69 | 10496 | 1,5483
16 | 5.0587 | 13419 | 20.049 | 0,7452 |0,034425 | 515,01 | 658,15 | 143,14 | 1,0520 | 1,5479
17 | 52072 | 13384 | 20.880 | 0,7472 |0,033468 | 51597 | 658,56 | 142,59 | 1,0562 | 1,5476
18 | 5.3501 | 1,3348 | 30,720 | 0,7491 |0,032542 | 516,92 | 658,96 | 142,03 | 1,0594 | 1,5472
19 |5,5141{1,3313 [ 31,598 | 0,7512 |0,031647 | 517,38 | 659,35 | 141,47 | 1,0626 | 1,5469
20 |56725/|1,3277 | 32,487 | 0,7532 |0,030781 | 518,84 | 659,75 | 140,91 | 1,0659 | 1,5466
21 |5.8343{ 1,3241 | 33,396 | 0,7552 |0,029944 | 519,80 | 660,15 | 140,34 | 1,0691 1,56462
22 159995 | 13205 | 34,325 | 0,7573 |0,029134 | 520,77 | 660,54 | 139,77 | 1,0723 | 1,5459
23 86,1681 13169 | 35,274 | 07594 |0,028349 | 521,73 | 660,93 | 139,19 | 10756 | 1,5456
24 |6,3402 | 1,3132 | 36,245 | 0,7615 |0,027590 | 522,70 | 661,32 | 138,61 | 1,0788 | 1,5453
25 |6,5158 | 1,3095 | 37,237 | 0,7636 |0,026855 | 523,67 | 661,70 | 138,03 | 1,0820 | 1,5450
| 26 [6,6951 | 1,3058 | 38,252 | 0,7658 | 0,026143 | 524,65 | 662,09 | 136,44 | 10852 | 1,5447
27 | 68779 | 1,3021 | 30,280 | 0,7680 |0,025453 | 525,62 | 662,47 | 136,84 | 1,0884 | 14,5444
:Zza 7.0645 | 12984 | 40,348 | 0,7702 |0,024784 | 526,60 | 662,84 | 136,24 | 10916 | 1,5441
| 29 | 72547 1,2946 | 41,431 | 0,7724 |0,024136 | 527,58 | 663,22 | 135,64 | 1,0949 | 15438
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Tiép bang 6

1 2 3 4 5 6 7 8 g 10 11
30 | 7.4488 | 1,2909 | 42,538 | 0,7747 |0,023508 | 528,57 | 663,59 | 135,03 | 1,0981 | 1,5435
31 | 7,6466 | 1,2871 | 43,670 | 0,7770 | 0,022899 | 529,55 4 663,96 | 134,41 | 1,1013 | 15432
32 |7,8483 | 12832 (44,826 | 0,7793 |0,022309 | 530,54 | 664,33 | 133,79 | 1,1045 | 1,5429
33 |8,0539 | 12794 | 46,007 | 0,7816 |0,021736 | 531,54 | 664,70 | 133,16 | 1,1076 | 1,5426
34 | 8263512755 | 47,215 | 0,7840 |0,021180 | 531,53 | 665,06 | 132,53 | 1,1108 | 15423
35 |8,4770 | 1,2716 | 48,449 | 0,7864 |0,020640 | 533,53 | 66542 | 131,80 | 1,140 | 1,5420
36 | 8,6947 | 1,2677:{ 49,700 | 0,7888 | 0020117 | 534,53 665,78 [ 131,25 | 1,1172 | 1,5418
37 |8,9184 | 1,2638 {50,998 | 0,7913 |0,019609 | 535,54 | 666,13 | 130,60 | 1,1204 | 15415 |
38 | 9,1422 | 1,2598 {52,315 | 0,7938 |0,019115 | 536,55 | 666,49 | 129,94 | 1,1236 | 1,5412
39 19,3723 | 1,2558 {53,661 | 0,7963 |0,018636 | 537,56 } 666,83 | 129,28 | 1,1268 | 1,5409
40 |9,6065 | 1,2518 | 55,036 | 0,7989 |0,018170 | 538,57 | 667,18 { 128,61 | 1,1300 | 1,5407
41.19,8451 | 1,2477 | 56,441 | 08015 |0,017717 | 539,59 | 667,52.|1 127,93 | 1,1332 | 1,5404
42 |10,088 | 1.2436'| 57,878 | 0,8041 |0,017278 | 540,61 | 667,86 | 127,25 | 1,1363 | 1,5401
43 |107335 (1239559346 | 0,8068 |0,016850 | 541,64 | 668,19 | 12656 | 1,1395 | 1,5398
44 110,587 | 1,2354 | 60,847 | 08095 |0,016435 | 542,67 | 668,52 | 12586 | 1,1427 1,5395
45 10,843 | 12312 [ 62,380 | 08122 |0,016031 | 543,70'[ 668,85 | 125,15 | 1,1459 | 1,5393
46 111,104 | 1,2270 | 63,948 | 08150 |0,015638 | 544,74 [ 669,18 | 124,44 | 1,7491 1,5390
47 | 11,369 1,2228°'65,551 | 0,8178 | 0,015255 | 545,78 | 669,50 | 123,72 | 1,1523 | 15387
a8 [ 11639 1,2185 [ 67,189 | 0,8207 |0,014883 | 546,82 | 669,81 | 122,99 | 1,1555 |.1,5384
49 | 11,914 | 1.2142 | 68,864 | 0,8236 |0,014521 | 547,87 | 670,12 | 12225 | 1,1587 | 15381
50 | 12,193 | 1,2000 [ 70,576 | 0,8265 |0,014169 | 548,93'|670,43 [ 121,50 | 1,1619 1,5379
51 | 12,478 | 1,2055 | 72,328 | 0,8295 |0,013826 | 549,99 £670,73 | 120,75 | 1,1651 1,6376
52 12,767 | 1,2011 | 74,118 | 0,8325 | 0,013492 | 5651,05.{ 671,03 | 119,99 | 1,1683 1,6373
53 | 13,061 | 1,1967 | 75,950 | 0,8356 |0,013167 | 552,12 |'671,33 [ 119,21 | 1,1715 | 1,5370
541 13,360 | 1,1922 | 77,823 | 08388 '| 0,012850 | 553,19} 671,62 | 118,43 | 1,1747 | 15367
55 13,664 | 1,1877 [ 79,739 | 0,8420 |0,012541 | 554,27 | 671,90 | 117,63 | 1,1811 | 1,5364
56 | 13.072| 1,1832 [ 81,699 | 08452 |0,012240 | 555,35 [ 672,18 | 116,83 | 1,1811 |, 15360
57 |14,287.|1,1786| 83,705 | 0,8485 |0,011947 | 556,44 | 672,46 | 116,02 | 1,1843 | 15357
58 |14,606 | 1,1739 [ 85,758 | 0,8518 | 0,011661 | 567,53 | 672,73 | 115,19 | 11,1875 | 15354
59 | 14,930 | 1,1692 87,859 | 0,8563 |0,011382 | 558,63 | 672,99 | 114,36 | 1,1908 | 15351
60 | 15,260 | 1.1645 [ 90,000 | 0,8587 | 0,01110 | 559,74 | 673,25 | 113,51 | 1,1940 | 15347
61 | 15,595 | 1,1597 | 92,211 | 08623 |0,010845 | 560,85 | 673,50 [ 11265 | 1,1973 [ 15344
62 | 15,935 | 1,1549 | 94.465 | 0,8659 |0,010586 | 561,97 | 673,75 | 111,78 | 1,2005 | 1,5340
63 | 16,281 | 1,1500 | 96,775 | 0,8695 |0,010333 | 563,00 | 673,99 | 110,89 | 12038 | 1,56337
64 | 16,633 | 1,1451 | 99,140 | 0,8733 |0,010087 | 564,22 | 674,22 | 110,00 | 1,2070 | 1,5333
65 | 16,989 | 1,1401 | 101,56 | 0,8771 {0,009846 | 565,36 | 674,45 | 109.09 | 12103 | 1,5329
66 | 17,352 | 1,1351 | 104,05 | 0,8810 |0,0096109| 566,50 | 674,66 | 108,16 | 1,2136 | 1,5325
67 |17.720 | 1,1300 | 106,59 | 0,8849 |0,0093813| 567,65 |674,88 | 107,22 | 12169 | 15321
68 | 18,004 | 1,1249 | 109,21 | 08890 |0,0091570| 568,81 | 675,08 | 106,27 | 1,2202 | 15317
69 [18,474 | 1,1197 | 111,88 | 0,8431 [0.0089378| 569,98 | 675,28 | 105,30 | 1,2235 | 1,5313
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Bang 7 Thong s& vatly cira khdng khi kho (P = 760 mmHg)

ol op | G | A | aref p108 vio8 |, P
c | kgm' | Wrkgdo | Wmdo | mY |  Nsm® m/s o
50 | 1584 | 1013 2,04 127 | 146 9,23 0,728
40 | 1515 | 1013 | 212 | 138 152 | 1004 | 0728
30 | 1453 | . 0013 | 22 14,9 157 10,8 0723
20 | 1395 | 1000 | 228 16,2 162 1179 | 07116
40 | 1342 | 1008 | 236 174 16.7 12,43 0,712
0 | 1293 1,005 2,44 18.8 172 | 1328 |- o707
10 | 1247 1005 | 251 20 17,6 1416 0,705
20 | 1205 | 1005 | 259 214 | 181 1506 | 0703
30 1,165 1006 | 267 29 | 186 | - 16 0,701
40 1,128 1005 | 276 24,3 19,1 1669 | 0699
50 | 1093 1,005 283 257 196 | 1795 | 0698
60 | 106 1005 | 29 27,2 201 | 1897 | 069
70 | 1029 1005 { 296 | 286 .| 208 2002 | 0694
8o | 1 1005 | 305 | 302 | 214 | 2109 | 0692
o0 |“o0e72 | 1008 | 313 | 39 | 25 | 221 089
100 | 0946 | 1009 | 321 336 | 219 | 2343 | og88
120 | 0,898 1900 | 334 | 38 | =228 | 2545 | 0886
140 | ogsa | 1013 | 349 | “403 | 237 | 278 | 0,684
160 | 0815 | 1017 364 - | 439 245 | 3009 | o682
180 | o779 | 1022 378 | ars | 253 | 3249 | 0881
200 | o746 | 1026 | 3¢ | s14 | 26 | 348 0,68
256 | oera | 1038 | 427 | 61 274 4081 | - oe77
300 | 0615 1,047 46 | - T16 207 | 4833 | 0674
350 | 0586 | 1,059 agt | 819 | 314 | 8546 | 0676 !
400 | 0524 | 1068 521 | 931 | 33 63,09 0,678
500 | oa4se | 1093 | 574 | 1153 362 | 7938 ‘| 0687
goo | o404 | 1414 | 622 | 01383 391 | 9689 0699
" 700 | 0362 | 4185 671 | 1634 | 418 1154 07060
g0 | 0329 | " 1.156 718 | 1888 | 443 | 1348 0713
200 | 0301 | 1472 763 | 282 | 467 | 1851 | 07470
‘000 | 0277 | 1485 | sor | 2459 | 49 | 177 0.719
1100 | 0.257 1997 | 8s | 262 | 512 1993 | 0722
1200 | 0,239 |.. 121 915 | 3165 | 635 2337 | 0724
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Bang8 Théng s8 vét ly clia khél (P = 760 mmHg; P, =0,13; A, =0,11; P, =0,76)

.plO(';:

f 2 C, A0, all® v 108 Pr
°C - kglm’ kI fkg.d Wim.dé s “Ns/n? ni*/s
o | 129 1042 | 228 16,9 158 12,2 0,72
100 095 .| 1068 | 313 30,8 204 | 2154 0,69
200 0,748 1007 - 4,01 48,9 245 328 0,67
300 0,617 1422 | 484 69,9 282 45,81 0,85
400 | 0525 1151 | 57 943 317 | 6038 0,64
500 | 0457 | 1185 6.56 1211 | :348 | 763 0.63
600 0,405 1,214 7.42 1509 379 | 9361 0.62
700 | 0,363 1230 | 827 1838 40,7 1124 0,61
800 033 1,264 9,15 2197 | 434 | 1318 0.6
900 0,301 1,29 10 258 459 152,5 0,59
1000 | 0275 1.306 109 | 3034 | 484 1743 0.58
1100 | 0,257 1323 | 1175 3455 . 50,7 197,1 0,57
© 1200 024 1,34 12,62 3924 | . 53 221 0,56
Bing Thdng s& vat Iy clia du méy bign 4p theo nhigt do
t P, G v ok [ oy | e | pio Pr
oo | kgm' | Wkgdo | wimas | Nem' | e | mis | 10 |
0 | 8925 | 1549 | 01123 629.8 705 | 814 .| 68 866
10 | 8ss4 | 182 | o115 | 3385 | 379 783 .| 685 484
20 | 8803 | 1666 | 01106 | 1982 225 | 786 | 69 208
30 | 8742 | 1729 | 01098 | 1285 1.7 728 |1 695 | 202
40 | 8682 | 1788 | 0,09 89;4 103 703 o7 146
50 | 8621 | 1846 | 01082 | 653 | 758 | 68 | 705 11
60 | 856 | 1.905 01072 | 495 | 578 | 688 | 74 878
70 | 850 1964 | 01064 | 386 | 454 636" | 715 | 713
80 | 8439 | 2026 | 0105 | 308 | 366 617 | 7.2 593
oo | 8378 | 2085 | 01047 | 254 | -~ 308 6 725 | 505
100| 8318 | 2144 | 01038 | 213 | 25 | 583 73 | 43¢
110 | 8257 | 2,202 0,103 18.1 2,2 567 7.35 38,8
120 | 8196 2261 | 01022 15.7 1,92 55 7.4 349
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Bang 10 Théng s vat ly clia nude trén duding bao hoa

H 105!'

B 10*

al0?

I, P P i Cp A104 | «a 10° vl(l@ P,
°’C bar kg/nt’ kitkg | kIfkg.ds| Wim.dp | ni'ls Ns/m’ n'’ls i/ds Nim

1 2 3 4 5 6 7 8 g9 - 10 11 12
0 | 1,013.] 9999 0 4,212 55,1 131 1788 | 1,789 | 0,63 | 7564 13,67
10 | 1.013 | 999,7 | 42,04 | 4,17 57,4 37 1306 | 1,306 0.7 7416 | 9.52
20 | 1013 | 9982 | 8391 | 4,183 59,9 14,3 1004 | 1,006 1,82 726.9 7,02
30 | 1013 | 9957 | 1257 | 4,174 61.8 149 8015 | 0,805 3,21 7122 542
40 | 1,013 | 9922 | 1675 | 4,174 €35 15,3 6533 | 0,659 | .3,87 696,5 431
50 | 1013 | 9881 | 2093 | 4,174 64,8 157 | 5494 | 0556 4,49 6769 | 354
60 | 1013 | 983,2 | 2521 | 4,179 65,9 16 4694 | 0478 5,11 662,2 2.98
70 | 1,013 | 9778 293 4,187 66,8 16,3 4061 | 041% 57 6435 2,55
80 | 1013 | 971,8 335 4195 | 674 16,6 355,1 | 0,365 6,32 625,9 221
90 | 1,013 | 965,3 377 4,208 68 16,8 3149 | 0,326 6,95 607,2 1,85
100 | 1,013 | 958,4 | 4191 422 68,3 16,9 2825 | 0,295 7,52 588.,6 1,75
110 | 143 951 | 4614 |} 4,233 68,5 171 259 0,272 8,08 569 16
120 | 198 | 943,1 | 503.7 4,25 68.6 171 | 2374 | 0,252 8,64 5484 147
130 2.7 9348 | 546,4 | 4,266 68,6 17.2 217.8 | 0,233 9,19 528,8 1,36

1140 | 3.61 926,1 | 589,1 | 4.287 68.5 17,2 2011 | 0,217 9,72 507.2 1,26

150 | 4,76 917 632,2 | 4,313 68.4 17,3 1864 | 0,203 10,3 486.6 117
160 | 6,18 | 907.4 | 6754 | 4,346 68,3 17,3 1736 | 0,191 10,7 466 1.1
170 | 7,92 897,3 719,3 4,38 67.9 17.3 1628 | 0,181 11,3 | 4434 1,05
180 10,03 | 8”6, | 763.3 | 4,417 674 17.2 163 0,173 11,9 | 4228 1
190 | 12,55 876 8078 | 4459 67 17.7 1442 | 0,165 12,6 | 400,2 0,96
200 15,65 863 B852,5 | 4,505 66,3 17 1364 0.158 13.3 3767 0,93
210 | 19,08 | 8528 | 897,7 | 45655 65,5 16.9 136.5 0,153 14,1 3541 0,91
220 | 23,2 | 8403 | 943,7 | 4614 64,5 16.6 1246 | 0,149 14.8 33186 0,89
230| 2798 | 8273 | 990,2 | 4.681 63,7 16,4 1197 | 0,145 15,9 310 0,88
240 | 3348 | 8136 | 1037.5| 4,756 62,8 16,2 | 114,81 | 0,141 16,8 2855 0.87
250 | 39,78 799 | 1085,7 | 4,844 61.8 15,9 1099 | 0,137 18,1 2619 .0,86
260 | 46,94 784 1135,1 | 4,949 60,5 15,6 1059 | 0,135 19,7 | 2374 0.87
270 | 55,05 | 7679 | 11853 5.07 59 15.1 102 0,133 21,6 214.8 0,88
280 | 64,19 | 750,7 | 1236,8 | 5,23 574 14,6 98.1 0,131 237 191,3 0.9
290 | 7445 | 7323 1290 | 5485 55,8 13,9 94,2 0,129 26,2 168,7 0,93
300 8592 | 7125 | 13449 | 5,736 54 13.2 91,2 0,128 29,2 1442 0,97
310 98.7 | 691,11 | 1402,2 | 6,071 523 12,5 88,3 0,128 32,9 120,7 1.03
320 1129 | 6671 | 1462,1 | 6,574 50,6 11,5 85,3 0,128 38,2 98,1 1,11
330|128,65| 640,2 | 1526,2 | 7,244 | 484 10,4 81.4 0.127 433 76,71 1,22
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Tiép bang 10

1 2 3 4 5 6 7 8 9 10 | M 12
3401 146,08 | €101 | 15948 | 8,165 | 457 9,17 775 | 0127 | 534 56,7 1,39
350 [ 165,37 | 5744 | 16714 | 9,504 | 43 788 | 726 | 0,126 | %68 | 38,16 16
360 | 186,74 ,528 | 17615 13,981 | 395 | 536 | 667 | 0126 | 109 | 2021 | 235
3701210,53 | 450,5 | 1892540321 | 33,7 | 186 | 569 | 0126 | 164 | 4.71 6,79
Bang 11 Thoéng s6 vat ly clia hoi nudc trén dudng bio hoa

1 P o ", ', C, Al al0® 1100 viod | P,
°c bar kgt | kilkg | kifkg | kifkg.ds | Wim.ds m?ls Nsim’ ni'ls

100 | 1,013 | 0,598 | 26759 |2256,8| 2,135 2372 18,58 179 | 20,02 | 1,08
110 | 143 | 0,826 | 26914 | 2230 | 2177 2,489 13,83 1246 | 1507 | 1.09
120 | 198 | 1,121 | 2706,5 | 2202,8| 2.206 2,593 10.5 1285 | 1146 | 1.10
130 2,7 1496 |2720,7 (2174 3| 2,257 2,686 7,752 13,24 8,85 1,11
140 | 361 | 1,966 |2734,1| 2145 | 2,315 2,791 6,13 1354 | 689 | 1,12
150 | 4,76 | 2,547 | 2746,7 | 2114,3| 2,395 2,884 4,728 1393 | 547 | 1.16
160 | 6,18 3,258 | 2758 [20826] 2479 3,012 3,722 14,32 439.1 1.18
170 | 7,92 | 4,122 | 2768,9|2049,5| 2,583 3,128 2,939 14,72 | 3,57 | 1,21
180 | 10,03 | 5157 | 2778,56 120152 2,709 3,268 2,339 1511 | 2,93 1,25
190 | 12,55 | 6,397 | 27864 | 1978,8] 2.856 3,419 1,872 15,60 2,44 1,3
200 | 15,55 | 7,862 | 27931 [1940,7| 3,023 | 3,547 1,492 1599 | 203 | 136
210 | 19,08 | 9,588 | 2798,2 (19005 3,199 3722 | 1,214 16,38 1,71 | 141
220 | 232 | 1162 [28015|1857,8] 3,408 3,896 0,983 16,87 1,45 1,47
230 | 2798 | 1369 | 28032 | 1813 | 3,634 4,094 0,806 17,36 | 1,24 | 154
240 | 3348 | 16,76 | 2803.2 |17656] 3.881 4,291 0.658 17,76 106 | 1861
250 | 39,78 | 19,88 | 2801,1 |17158| 4,158 4,512 0.644. 18.26 0913 | 1,68
260 | 46,84 | 23,72 | 2796,5 | 16614 | 4,468 4,802 0453 | 18,84 0,794 1,75
270 | 55,05 | 28,09 |2789,8 |16044| 4,815 5,106 0,378 19,32 | 0,688 | 1,82
280 | 64,19 | 33,19 | 2779,7 | 15429 5234 5,489 0,317 1991 | 06 1,9
200 | 7445 | 39,16 | 27664 | 1476,3| 5,694 5827. | 0,261 20,60 0526 | 2,01
300 | 8592 | 46,21 | 2749,2 | 1407.3 6.28 6._268" ‘1 0,216 21.29 0,461 2,13
310 | 98,7 | 54,58 | 27274 |13252| 7,118 6,838 0,176 21,98 | 0403 | 2,29
320 | 112,9 | 64,72 | 2700,7 |1238,1| 8,206 7,513 0,141 2286 | 0353 | 25
330 | 128,65 | 77.1 | 26659 |1139,7| 9,881 8,257 0,108 2394 | 031 | 2,86
7 340 | 146,08 | 92,76 | 26219 |1027,1| 1235 9,304 0,0811 25,21 0,272 | 3,35
35&\» 165,37 | 113,6 | 2564,5 | 893,1 16,24 10,7 0,058 26,58 0234 | 4,03
360 | 86,74 144 | 24812 | 719.7 23,03 12,79 0,0396 29,14 0202 | 523
370 | 210,53 203 123309 ] 4384 56,52 17.1 0,015 33.75 0116 | 111
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MUC LUC

Ldi ndi dau

PHAN I. NHIET PONG KY THUAT

Chuong | Phuong trinh trang thai va cac qua trinh nhiét dong cda chat khi

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12

1.13

Théng s6 trang thai

Phudng trinh trang thai caa khi ly tudng

Nhiét dung riéng cla chat khi

Rang va do thi clia mdi chat

Cac qua trinh nhiét déng cd ban cua khi ly tudng
Cac qua trinh nhiét dong cd ban cuta khi ly thuc
Qua trinh hén hdp cla khi hoac hai

Qua trinh luu dong va tiét luu cha khi va hoi
Qua trinh khi nen

Khéng khi am

Bai tap vé phuong trinh trang thai va cac qua trinh nhiet déng cd ban
Rai tap vé hén hgp khi va luu dong

Bai tap vé qua trinh nén khi va khéng khi am

Chuong 2 Chu trinh dong co nhiét va may lanh

2.1
2.

~y
P

-~

Chu trinh nhiét déng

Chu trinh ddéng co dét trong

Trang

o Or O,

10
12
16
17
20
23
25
30
58
68

76
76
77



23

2.4

25

26
2.7
2.8

Chu trinh tuabin khi

Chu trinh déng ¢o phan luc

Chu trinh Rankin cia nha may nhiét dién
Chu trinh may lanh va bam nhiét

Bai tap chu trinh nhiét déng

Cau hoi va bai tap téng hap vé phan nhiét déng

PHAN Il TRUYEN NHIET

Chuong 3 Dan nhiét va déi luu

3.1
3.7
33

3.4

Dan nhiét
Trao déi nhiét déi luu
Bai tap vé dan nhiét

Bai tap vé toa nhiét dai luu

Chuong 4 Trao ddi nhiét biic xa va truyén nhiét

41
4.2
4.3

4.4

Trao d8i nhiét blc xa gitta cac vat
Truy@n nhiét va thiét bi trao déi nhiét
Bai tap vé blc xa nhiét va truyén nhiét

Cau hoi va bai tap tdng hop v& phan truyén nhiét

PHAN Ill PHU LUC

Tai lidu tham khao

79
79
80
80
81
94

105

105
105
109
113
120

128
128
129
132
142

150

179



BAI TAP KY THUAT NHIET

Tdc gia: Bui Hai

Chiu trach nhiém xudt ban PGS. TS T4 Pang Hai
Biéen tap Ngoc Khué

Hong Thanh
Sua bai Hong Thanh

Vé bia Pang Ngoc Quang

NHA XUAT BAN KHOA HOC VA KY THUAT
70 TRAN HUNG DAO - HA NOI

In 1.000 cudh khé 14,5 x 20,5 cm tai Xudng in NXB Van hod Dan toc
Quyét dinh xuat ban sd: 136-2006/CXB/51-06/KHKT ngay 10/8/2006

In xong va ndp luu chiéu Quy lHl nam 2006.
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