Example 12-3 The condensing area is to be specified for a refrigerant 22 con-
denser of a refrigerating system that provides a capacity of 80 kW for air con-
ditioning. The evaporating temperature is 5°C, and the condensing temperature
is 45°C at design conditions. Water from a cooling tower enters the condenser at

30°C and leaves at 35°C.

A two-pass condenser with 42 tubes, arranged as shown in Fig. 12-15, will be
used, and the length of tubes is to be specified to provide the necessary area.
The tubes are copper and are 14 mm ID and 16 mm OD.
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Solution:- Given (Water cooled refrigeration condenser, Refrigerant 22, Qe = 80 kW, Te = 5 °C,
Tc = 45 °C, Cooling water Tin=30°C and Tout = 35 °C, Two-pass 42 Tubes, copper tubes ID= 14
mm , OD = 16 mm, Hermetic compressor, (1/h# = 0.000176 m? .K/W) Find condenser area and

tube length.

Heat rejection ratio = —

Qe

Qc = Heat rejection ratio X Qe

Qc=1.27 X80=101.6 kW
QC= Uo Ao LMTD
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Clagn s

A, =m X 0D X L (Outside surface area)
1 1 xA A A
—=—+ P+ A; = xID XL (Inside surface area)
A, = % (Mean area)
x = ODZ_ID (Wall thickness) R
g (e D7)
In [(z, - 1)/, -1 )] T
QOutside
Diameter
4
Finding ho

Condensing coefficient From Eq.(12-24)

Zh k3 1/4
h g=0725 (20 1E
con pmm

g = Gravity acceleration 9.81 m/s?

hig= Latent heat of vaporization ( hg —hs) J/kg , R-22 table of properties at 45 °C
htg = (417.308 — 256.396)= 160.912 kJ/kg = 160912 J/kg

p = Refrigerant density (1/vs) kg/m3

p =(1/(0.90203 x 103)) = 1108.6 kg/m?3

k = Refrigerant thermal conductivity W/m.K (from table 15-5 by interpolation)

40 0.0805

k—0.0805 _ 0.0704—-0.0805 _ W ]
45k [ SO SRR k= 0.0779W/ ¢
60 0.0704

U = Refrigerant viscosity (liquid viscosity) Pa.s

40 0.000182
—0.000182 0.000162-0.000182
5w [“ - .1 = 0.000177 Pa. s]
45-40 60—40
60 0.000162

At = Temperature difference between refrigerant vapor and outer surface of tube. K (At =5 K)
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D= Qutside diameter of tube (OD) m. (OD =0.016 m)

The average number of tubes in a vertical row ¥ is
2+3+4+3+4+3+4+3+4+3+4+3+2
) 13

=3.23

N

h =

cond

[9.81(1 1092) (160,900) (0.0?7931 1/4
0 0.000180(5) (3.23) (0.016)

= 1528 W/m?2 + K

L esaax 107t ml KW
— = = 6.544 X .
h, 1528 m*.K/
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x4, (ODZJ X (m X 0D X L X No.of tubes) M 0D
= = X
kA, k X((mr XODXLXNo.)+ (r XID XL XNo.))/2 k (OD +1D)
2

(0.016 — 0.014)

x4, — 2 X 0.016 = 2.735x 107 = 0.000002735 m?. K /W
kA,, 390 (0.016 + 0.014)
2
A 1 ODXLXNo. tub 0.016 _
0o = 1 IXODxLxNooftubes _ 00176 x 220 = 2.0114 x 10~* m2.K/W
hrrA; hgg T XIDXLXNo.of tubes 0.014
Finding h;
Nu = C Re" Pr™”

hD

Qc =my, X Cpy, X (T, — T})
101.6 = m,, X 4.19 X (35 — 30)
m,, = 4.85kg/s
m
V= —
pX(21xZx (0.014)?

4.85

V= =
1000 x (21 X 7 X (0.014)?

VDp 0.8 ¢
— =0.023\—
k K

(129)

Clasia g
m=pxV
: kg
m = mass flow rate?

3
) m
V = Volume flow rateT = (Tubes cross section area) X Velocity

No.of Tubes
A= ————

X Tube cross sectional area
Pass

V:Axv=(21x§ (0.014)2) x V

5 s
=15m/s m:pr:px(mxZ (0.014)>) x V

Water properties at temperature average temperature (35+30)/2 = 32.5 °C

pw= 995 kg/m3, Cpw =4190 J/kg.K , pw = 0.000773 Pa.s, kw = 0.617 W/m.K
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h; X ID V X ID X X C
L = 0023 (—'D)O.S X (U)OA
k k
h; x 0014 1.5 X 0.014 x 995 0.000773 x 4190
——— =0023 08 % 04
0.617 0.000773 0.617
hi = 6910 W/m2.K
A,  (@XxO0DXLxNo.of tubes) 0016

= = =1.653 x107* m2.K/W
h; XxA; h; X (@ XIDXLXNo.of tubes) 6910 x 0.014 m=. K/

Ui —6.544%x 10 +2735x 1076+ 2.0114 X 10™* + 1.6539 x 10~* = 1.0236 x 103

2 U, = 976.88W/m?.K

The LMTD is
' - - -35 o
LMTD = M________L) =1233C
(45 - 30)
In
(45 - 33)
QC= Uvo LMTD
101.6 =976.88 X Ap X 12.33
00w
A = _._-———-—‘.IlCl‘ll’6 U = 8,43 m2
©  977(12.33)
Ao =t XOD X L X No. of tubes
8.43=mX0.016 XLX42
2
843 m
BY1 ™ (42 tubes) (0.016m)
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