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12-1 An air cooled condenser is to reject 70 kW of heat from a condensing refrigerant to air. The

Ao~
condenser has an alr-mde area of 210 m® and a U value based on this area of 0.037 kW/m? K; it is
supplied thh 6.6 m’/s of air, which has a density of 1.15 kg/m’. If the condensing temperature is to
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be limited to 55 °C, what is the maximum allowable temperature of inlet air? Ans.40.6 °C
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12-2 An air-cooled condcnser has an expected U value of 30 W/m2.K based on the air-side area. The
Wa »
condenser is to transfer 60 kW with an airflow rate of 15 kg/s gxﬁ:rmg at 35 °C. If the condensing

te
temperature is to bc 48 °C, what is the required axr—;:de area? Ans. 184 m?
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12-3 A refrigerant 22 condenser has-Fuquater passes and a total 60 copper tubes that are 14 mm ID
PATE AR P (L Y

| and have 2 mm wall thickness . The conductivity of copper is 390 W/m.K. The outside of the tubes is

|

finned so that the ratio of outside to inside area is 1.7. The cooling water flow through the condenser is
[ Shapd

[3.8L/s.e Nw ( Uit/ secord) &\\id\w) %f'

! a) Calculate the wateg- ,Side coefficient if the water is at an average temperature of 30 °C at which

' of

| temperature the propé?ges of water (k= 0.614 W/mK, p = 996 kg/m®, and p = 0.000803 Pa.s,

Cpu = 419 Ki/kg K). ho=hserd- ert Uo)

| b)Using the mean condensing coefficient of 1420 W/m2K, calculate the overall heat-transfer
| coefficient based on the outside area. Ans. 1067 W/m2.K
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12-4 A shell-and-tube condenser has a U value of 800 W/m?2 « K based on the water-
side area and a water pressure drop of 50 kPa. Under this operating condition 40 per-
cent of the heat-transfer resistance is on the water side. If the water-flow rate is
doubled, what will the new U value and the new pressure drop be? Ans. 964 W/m? * K,

200 kPa.

SO“—[“'?OH . GiV&H'.- UI- zgoowlml ) AP - 50 KPq 3
Hof- 04: Theymal veSistance ‘Coy watey Side s Wry=z2Wi-

Find Ufz_ and A\‘PZ -

Jodo D g S
| i x N \
= = i =
UiAi hoAo \KAm hiA;
b ] \ LA AT
Ui Ai" hoho  mAL U - *
1 Aj o Ao hi A Ui Avo hlA”/
] | . :
I, = A Rth - 60/ Rth + 407 Ry,

= + —
ho Ao h;

——— i ——

V6o ] __.>Ai ‘:}.5)(\5‘1

-_A_L— :60'/" R"ﬂﬂ -':60/#6":“‘ " Joo gc;; \;\:;O m‘,K/W
hoAo
n the fLow of woter 15

doubled = 556 aastro 45)
4 q\:)\j ¥1i2 "P“'\ (’(LOJ\

Whe
0:+3 K
hi = 00273 (.RC) (PY) "J——‘ L;J\}S

3 » T o3
@h;zo.ozsc‘%ﬁjgﬁ"—;ﬂ) ==>hi=c(V)

W:ﬁ\f‘:ﬁAV,[Wiz‘,ﬁAVl) WZ-:;JE),;AVZ] =y




31

Wy, =2W; =5 fFAVL=2FPAV, > V,=2Vv4
0.4 03
)T = cl2v)

hiy= cCuf? hi,=cCy,

) Y8 o3
hi. :/@i‘)’ﬁ = hl- :(2'3'8 h;l =(2) xJ000=3482.2
h"‘l Llw) - w/im* K

W = mass flow vate K9I/s.

V‘:: Volume 'FLow Yate mi/s .
A = tube CvosS Sectional Qrea M‘? -

Ap= Condensey outey suiface aya Mm% -

1 it 2
Inney Su¥~Fa(c ayeq m< -

Ar = condenser




32

12-5 (a) Compute the fin effectiveness of a bar fin made of aluminum that is 0.12 mm
thick and 20 mm long when hf= 28 W/m?2 - K, the base temperature is J_i_C, and the

air temperature is %9°C. Ans. 0.775

(b) If you are permitted to use twice as much metal for the fin as originally specified in part (a) and
you can'either double the thickness or double the length, which choice would you preferable in order
to transfer the highest rate of heat flow? Why?

Solution :- (a) Given:- bcxv‘?m, 23= 012 mm, L=20mm
h. = 23 W/ mt K ’(VI/) 77 » K= 202 W/m K
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12-6 Compute the fin effectiveness of an aluminum rectangular plate fin of a finned air- cooling
evaporator if the fins are 0.18 mm thick and mounted on 16 mm OD tubes. The tube spacing 40 mm
in the direction of airflow and 45 mm vertically. The air side coefficient is 55 W/m>.K. Ans. 0.68.
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12-7 What is the UA value of a direct- expansnon finned coil evaporator havmg the following areas:
refrigerant side, 15 m?; air-side prime, 13.5 m?; and air side extended 144 m 29 The refrlgerant-SIde
heat transfer coefﬁclent is 1300 W/m’K, and the air-side coefficient is 48 W/m®.K. the fin

effectiveness is 0.64. Ans. 4027 W/K
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R-ZZ.JJa.nJ M,p‘o 2= 23 za
128 A refngerant 22 system having a refrigerating capacity of 55 kW operates with an evaporating
O 5 p0 o200 <\ bitp
temperature of 5°C and re_]ect heat to a water- cooled condenser. The compﬁ‘sovs hcrmet:%ally sealed. The
ad 5 sS04
oondenser has a U value of 450 W/ m Kand a heat transfer area of 18 m® and receivesa flow rate of cooling

W, +;
water of 3 .2 kg/s at a temperature of 30 °C. What is the condensing temperature? 4ns. 41.2 °C & Teomi- 27
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12-9. Calculate the mean condensing heat-transfer coefficient when refrigerant 12 condenses on the
i Eord B A A P S A P2\ lazsy
outside of the honzo'ntal tubes in a shell-and-tube condenser. The outside diameter of the tubes is 19
. &S sanll oast SA MAs, 1395 2355 Sapes 4 E
mim, and in the vertical rows of tubes there ar"é:"‘;-espye’éavcly, two, tl'free, four, th’rg an{iwo tubes.
~> ~
The refrigerant is condensing at a tempergturc of 52 °C, and the temperature of the tubes is 44 °C.

Ans. 1066 W/m2K

Solution b, ot Bsleaie

YA YOy Vg ) s
h = o-F25 ( 3/ -Mg - ) e A\ b
‘eond. A . bt.N.D

. Ty "\
3‘:: G"“’;"U acceleveation 9-8\%3?,'5‘(3:?‘_‘_’

; oy aey
/: s % - = . pest b ' d’é\w

' » N = 3 {#\;‘bj .
e h - '(T (_/‘,_p)—: U}:j'“ m\mo; |
hg =(g he) (% e ap oo e
K = Conduc+‘\v\‘-\~3 Q&‘,&,J{C S Uﬁj«f*‘ *"lp ‘J e
T ‘W/M-K \5f5 ~e

gt AsRoa e ]

M = Niscosity Pars (-5 .
No .o §4tubes c,-;\'»’u

Mz'tc‘_t-tube ’_N:

naf -~
No. \c—;u}$ Ew-c%‘

D= oD C outside d\ ameter)

e

dilsgd pgi s ~:53all e 2



+t.=52¢c ~= R-2 Vb ds b o gt
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Table A-5 (continued)

1,°C P, kP2

Enthalpy,
kifkg

Kifkg - K

h,

hy

i

Y 1

50 1219.3

- 52 1276.6
1335.9

56 1397.2

g - es- -

Table 15-5 Thermal conductivities and viscosities of saturatec remng-

248.884

(251.004

253.144
255.304

e smr

erant liquid and vapor!

370.396

370.997)

371.581
372.145

~eyn S

1.16170
£.16310
1.17451
1.18093

1.53770
153712
1.53651
1.53589

 EACAL

—iva’ Pa*s

Liquid

Vapor

Conductivity, W/m * K
e

Liquid

Vapor

0.000922
0.000694
0.000546
0.000441
0.000367
0.000312

0.106
0.100
0.0943
0.08%0
0.0832
0.0777

0.00841
0.0093

0.000409
0.000325
0.000267
0.000225
0.000194
(0.000169

0.0931
0.0857
0.0784
00711
0.0637

(o.os

0.00734
0.00838
0.00938
0.0105
00118

0.000330
0.000275
0.000237
0.000206
(0.000182)
0.000162

0.120
0.110
0.100
0.090

( 0.0805)
0.0704

0.0069
0.00817
0.00942
0.0107
0.0119
0.0133

0.000356
0.000284
0.000233
0.000193
0.000153
0.000117

0.0898
0.0820
0.0742
0.0665
_0.0585
0.0486

0.00796
0.00907
0.0102
0.0114
0.0124
0.0144

0.000236
0.000190
0.000152
0.000122
0.000098

0.632
0585
0.540
0493
0.447
0.400

0.0204
0.0218
0.0267
0.0318
0.0381

14.1701
13.4931
12.8509
122412
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12-10 A condenser manufacturer guarantees the U value under operating conditions to be 990 W/m? K based on
the water-side area. In order to allow for fouling of the tubes, what is the U value required when the condenser

leaves the factory? Ans.1200 W/m?.K

Solution:- Uiope.= Operating U value.
1 1 1

= +
UiopeAi  UiracAi  hefA;

Uirqac.= Factory U value.

1 A Aj 1 1 1
UiOpe. Uirac.Ai hffAi UiOpe. Uirac. hff

1

L =1 10.000176 =8.3411x 10* wummp Ujpye = 1198.89 W/m2.K

990 UiFac. Uirac.

»
»

A

12-11 In Example 12-3 the temperature difference between the refrigerant vapor and tubes (to, — tos) was initially
assumed to be 5 K in order to compute the condensing coefficient. Check the validity of this assumption. Ans. At
from 8.2 °C to 12.3 °C

Solution:-

g =ho A, (to —tos) from example solution s 101.6 = 1528 x 8.43 x At

At=17.88 °C
(¢, -t)-(,-1,)
LMTD = —¢
In [(z, - )/, -1,)]
_ (45 -30) - (45 -35)
LMTD = | @530
" (@5 - 35)

40
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12-13 The following values were measured on an ammonia condenser.

U, Wm'.K |2300

2070

1930

1760

1570

1360 1130 865

V, m/s

1.22

0.975

0.853

0.731

0.610

0.488 0.366 0.244

Water flowed inside the tubes, and the tubes were 51mm OD and 46 mm ID and had a conductivity
of 60 W/m.K. Using a Wilson plot, determine the condensing coefficient. Ars. 8600 Wim’K

Solution:-
VU, | 4.3x10* | 4.8x10* | 5.18x10™ | 5.68x10™* | 6.36x107* | 7.35x107 | 8.84x10™ | 1.15x107
/v 0.85 1.02 1.135 1.28 1.48 1.775 2.23 3.09




