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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—~
condenscr has an a1r-s1de area of 210 m? and a U value based on this area of 0.037 kW/m? K;itis
supplied w1th 6.6 m’/s of air, which has a density of 1.15 kg/m’. If the condensing temperature is to
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 condenser has an expected U value of 30 W/m? .K based on the air-side area. The

tiw
condenser is to uansfer 60 kW with an airflow rate of 15 kg/s exft:rmg at 35 °C. If the condensing

te v
temperature is to be 48 °C, what is the required air-side area? Ans. 184 m?
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12-3 A refrigerant 22 condenser has-Fuwrwater passes and a total 60 copper tubes that are 14 mm ID
PAVEAR SV K

| and have 2 mm wall thickness . The conductivity of coppcr 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

] Shpo
| 3.8 Lis.« Vw (Thr/sccond) (hicha) R

’ Cpw = 4.19 ki/kg K). ho -hcml-
| b)Using the mean condensing coefficient of 1420 W/m*K, calculate the overall heat-transfer
| coefficient based on the outside area. Ans. 1067 W/m.K
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12-4 A shell-and-tube condenser has a U value of 800 W/m2 - 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.
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12-5 (a) Compute the fin effectiveness of a bar fin made of aluminum that zs 0.12 mm
thick and 20 mm long when hf= 28 W/m? - K, the base temperature is -}_ C, and the
air temperature is 20°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?
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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/m2.K. Ans. 0.68.
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12-7 What is the UA value of a direct- expansion finned coil evaporator having the following areas:
refrigerant side, 15 m2; air-side prime, 13.5 mz; and air side extended 144 m>? The refrigerant-side
heat transfer coefficient is 1300 W/m2K, and the air-side coefficient is 48 W/m2K. the fin
effectiveness is 0.64. Ans. 4027 W/K
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12-8 A _F_efngerant 22 system having a refngeratmg capacity of 55 kW operates \v;%h ﬁn t;vaporatmg
c.p\n)
temperature of 5°C and reject heat toa water- cool condenser The compressor is hermetically sealed. The
Up 20 s\o £ Jaos
condenser has a U value of 450 W/ m K and a heat transfer area of 18 m” and receives a flow rate of cooling

<
water of 3 2 kg/s at a temperature of 30 °C. What is the condensing temperature? Ans. 41.2 °C & Teond. 77
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12-9.Calculate the mean condensing heat-transfer coefficient when refrigerant 12 condenses on the
i aaif el el ol et P oz
outside of the horizontal tubes in a'shell-and-tube condenser. The outside iameter of the tubes is 19
eSHganl Loasy A JAs 120=5 2005 Sapeb 4 ypes

: 2905
mm, and in the vertical rows of tubes there aré; respectively, two, three, four, three antf two tubes.
: . . ~> >
The refrigerant is condensing at a tempergture of 52 °C, and the temperature of the tubes is 44 °C.

Ans. 1066 W/m2K
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Table A-S _(’cont‘nmed)

Enthalpy, Entropy,
kifkg Kifkg+ K

1,°C _ P, kPa hy hy 3 s

50 1219.3 248.884 370396 1.16170 1.53770  0.82573 141701
-y 52 12766 (251004 310.991) 1.16810 153712  0.83179 13.4931
54 13359 253.144 371581 1.17451  1.53651  0.83804 12.8509
56 1397.2 255304 372.145 1.18093 153589  0.84451 12.2412
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Table 15-5 Thermal conductivities and viscosities of saturates remng-
erant fiquid and vapor!

Viscosity,Pa*s Conductivity, W/m * K
_&; . —p—

Refrigerant t,°C Liquid Vapor  Liquid Vapor

-40 0.000922 0.106
-20 0.000694 0.100
0 0.000546 0.0943
20 0.000441 0.0000103 0.0890
40 0.000367 0.0000119 0.0832 0.00841
60 0.000312 0.0000127 0.0777 0.0093

0.000409 0.0931

0.000325 0.0000108 0.0857 0.00734
0.000267 0.0000118 0.0784 0.00838
0.000225 0.0000126 0.0711 0.00938
0.000194) 0.0000135 (0.0637 0.0105 .
0.000169 0.0000148 0.05 00118

0.000330  0.0000101 0120  0.0069

0000275 00000110 0110  0.00817

0.000237 00000120 0100  0.00942

0 0.000206  0.0000130  0.090 _  0.0107

oGl 5N 357 > 40 (0.000182)  0.0000144 (0.0805) 0.0119
"1 A 60 0000162 00000160 00704  0.0133

40 0.000356 00000100 0.0898 0.00796
-20 0.000284 0.0000111 0.0820 0.00907
o 0.000233 0.0000120 0.0742 0.0102
20 0.000193 0.0000132 0.0665 0.0114
40  0.000153 0.0000146 .0.0585 0.0124
60 0.000117 0.0000161 0.0486 0.0144

-40 0.632
0.000236 0.0000097 0.585 0.0204
0 0.000190 0.0000104 0.540 0.0218
20 0.000152 0.0000112 0493 0.0267
40 0.000122 0.0000120 0.447 0.0318
0.000098 0.0000129 0.400 0.0381
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12-10 A condenser manufacturer guarantees the U value under operating conditions to be 990 W/m2.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

outon: Uiope.= Operating U value.
1 1 N 1
- U;r.. = Factory U value.
UiOpe.Ai UiracAi hffAi iFac. y

1 _ Aj A; 1 _ 1 1
Vione,  Utrach; | npra; ™= = th
iOpe. iFac.43i ffai iOpe. iFac. ff

L 1 10.000176 =

990 UiFac. UiFac.

1

=8.3411x 10" wemmp U;pye= 1198.89 W/m2.K

»
»

A
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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:-
q = ho Ao (to — tos) from example solution mmmmp 101.6 = 1528 x 8.43 x At
At=7.88°C

(tc = f,') - (tc - IO)
In [(z, - (i, -t)]

(45 - 30) - (45 - 35)
TD =
tM (45 - 30)

In
(45 - 35)

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

U, W/m 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. Ans. 8600 W/m2K

VU, | 43x10* | 4.8x10* | 5.18x10* | 5.68x10™ | 6.36x10™ | 7.35x10™ | 8.84x10™* | 1.15x10°
1/v'e 0.85 1.02 1.135 1.28 1.48 1.775 2.23 3.09
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