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Abstract: The configurations of the evaporator and condenser of a water chiller can be determined from the trade-off between the
heat transfer area, which is related to the capital cost and the pressure drop, which is associated with the operational cost. In this
study, the design of the water chiller focused on minimizing the water pressure drop of both condenser and evaporator for given
cooling capacity and requirements. Commercial enhanced tubes were employed to simulate real-life conditions. The results of the
present analysis were compared with those obtained by HTRI software for verifying them. The results indicated that a reduction in
the water pressure drop, which is associated with the short length of a tube, can be effected by decreasing the number of tube
passes and increasing the number of tubes and the tube diameter. However, using a large number of tubes with smaller diameters
can reduce the capital cost because the tubes are short. The reduction of the capital cost is due to the fact that a small-diameter tube
has low internal thermal resistance and hence contributes to a decrease in the overall thermal resistance per unit length.
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Jd2|AZ2Xt Table 1 Design parameters of present water chiller
cSAERY 58
b ° N Parameters Values
u : A3 Al (Pa.s) . .
N 2 (kg/m?) Cooling capacity 3000 kW
. 3 F7(m) Condensation temperature 40°C
Evaporation temperature 2°C
SHE Rt Inlet water temperature into condenser 30°C
O =
c o= . o
. : %% Exit water temperature from condenser 35°C
i SR = A Inlet water temperature into evaporator 12°C
o DR EE S Exit water temperature from evaporator 7°C
r D] R
sat : 23
1
1. M & b \
pe————— 3 ~
= W7 49 dusVE SH R AR

shul, Ao ARelA WY WA Hek o] 2% ' isentropic
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Stk $E719 F/el ojF Fee ATES -

o =
A EH oS3 o

W HAe dig F 7HAEN A 7t
Aye] A3} Soltan 5] 4833} o] A
ol A= AA ALHE &olstAl st flste] A
AAS 2338l Serna and JimenezZ®: Bell-
Delaware ®Holl 7] %3k 7HA3SE 345 AQbsksd
o} o] FAE 2k E A ojugt P Aol disiA
T AAAL Y HE HA S| AHEE & dTh
FrAHE=#1 7} Ravagnami and Caballero® ] 2]&f =
AtEllom, ALke dudy] WM4ES TEMA &
3 AX3ES Ho]FQt} Allen and Gosselin®-S
# uF g oA FHHE FAE LHE 11
Nel MG4E Algste] §F%7|E A st oF
134 7je] 7hed 5o diete] FHA eary
F(GAs)y= AH&3tgiow, ALAIES  FoleH
GAs 7} F&8%S BT Ho 43 Eu
7)) HAHdA s GAs 7F thAl AFEE S
]:],'(576)

g, 9o dES A dudrE
(single-phase) 25 A= F st A, wEg o
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2= 9 Ri34a 74 SH(EF7DAY SEEET
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<R g @ SHAstE Akl feke] A
A% 73} FH(enhanced tube)2] % 1A A|PES =
sttt
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= W47l AE&H = WAV sAelE)E
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= AH&skslth - n(D? -D?)
4D,
N, =0.9343-0.04478 2 (1)
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o] Fig. 1 & & WZAFo| S Table 1 o A7)
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Length of a tube [m]
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= Table2 o Al A =] 9l Fig. 2 Tube length vs. number of tubes and tube passes
Table 2 9] No. 12(-‘4' 14175 D= 15 52 mm)gh= A
ARl o diste, 5 ¥ Fof I $2 Fo &
Z o], Reynolds —}F, ?}@1 L'Eﬂ'oﬂ gk d3Fo] Figs. ¢
24 o AAH QT Aa B Fz ol B 35
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1
Table 2 Low fin tube for condenser; Ny= 26 fpi, 1= 05l -
0.33 mm. Smooth bore. * ; 7
No. D; (mm) D, (mm) A, (m*/m) 800 400 600 800 1000 1200
1 10.08 13.386 0.15 Number of tubes
B 10.90 13.386 0.15 Fig. 3 Reynolds number vs. number of tubes and tube passes
3 11.25 13.386 0.15
4 11.61 13.386 0.15
5 11.96 13.386 0.15
6 12.34 16.561 0.182
7 13.26 16.561 0.182 _
8 14.07 16.561 0.182 L
9 14.43 16.561 0.182 §
10 14.78 16.561 0.182 S
11 15.14 16.561 0.182 <
12 15.52 19.736 0215 @
13 16.43 19.736 0.215 S
14 17.25 19.736 0.215 s
15 17.60 19.736 0.215 =
16 17.96 19.736 0.215
17 18.31 19.736 0.215 i
18 18.69 22911 0.247 } ‘
19 19.61 22911 0.247 200 400 600 800 1000 1200
20 20.42 22911 0.247 Number of tubes
; ;?Zg ;;gﬂ 8;3; Fig. 4 \;\;a;tse;spressure drop vs. number of tubes and tube
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Table 3 Comparison of result between this work and
HTRI software

This work  HTRI Error, %
Duty, kW 3412.4 3281.3 4
B
&  Water
S pressure 4274 4273 0.023
S drop, kPa
Duty, kW 3000 2998.3 0.06
g
s  Water
% pressure 4.329 4.518 4.2
5 drop, kPa
|
| ‘ 3360 m ,
—t |
S

(a) HTRI condenser

—  794.000 mm

(b) HTRI evaporator

Fig. 12 Graphical results from HTRI software
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No 12 tube in Table 2

7] 4™ W
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HTRI Z e} 2 AlE# el Aade 23k 5%0]
s welel A 2 AAFE Table 394 & 5 Sl
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