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Performance Analysis with Change in Design Parameters
of CO2 Heat Pump Gas Cooler

Young-Soo ChangT, Min—-Seok Kim

ABSTRACT: The outlet temperature of gas cooler has a great effect on the efficiency of
carbon dioxide heat pump system. In order to obtain a small approach temperature difference
at gas cooler, near—counter flow type heat exchanger has been proposed, and larger heat
transfer area is demanded. The optimum design of gas cooler involving the analysis of
trade-offs between heat transfer performance and cost is desirable. In this study, the effects
of geometric parameters, such as the circuit arrangement, tube diameter, transverse tube
spacing, longitudinal tube spacing and the number of tube rows and fin spacing on the
performance of heat transfer were investigated using the developed model. This study
suggested various simulation results for optimum designs of gas cooler.
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Fig. 1 P-h diagram of CO; cycle.
Table 1. Simulation conditions
Inlet conditions Value
Temperature(C) 35
Air Flow rate (CMM) 82.65
Frontal velocity (m/s) 1.5
Temperature(C) 93.1
CO; Pressure(kPa) 9000
Mass flow rate(g/s) 70
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2. Various circuit arrangements



(a) 2 rows

(b) 3 rows

Fig. 3. Heat transfer rate with changes in circuit arrangement

3. MM 2
3.1 5|2 yigol W M5 #E

Az W wE Al WS dotrr] s
o} 2@ 389 A%l datel Fig. 29 & o
okt 87 wjdolAe AF AEE 1 -8 Fast
o dAadgars 290 39 A7t A & WEF
me e vFoR FUE we Hlﬂ?i i
gct, 2d3 349 7+ 7719 modelF 7M€
o) AT model 1Wo] thaks, 2Wo] FAF
0. dEsy ASA 223 3dd A 2F
g ge 45e ngor, dFR 4%
Zog g o -‘éag‘n‘«l A9 2= 70%, 34

A

A

APt/ AP *

& i N L NI 00D

(a) Heat transfer (b) Refrigerant

rate pressure drop

Fig. 4. Simulation results with ch

- 641

AP.ir/APai *

M= 75%L AZT Ag%g wolm, o2 3
WAel s 90%0 el Ao BETERER
ArZele Ase dEgFRd W A2 4
wolo], tlakFel fAMR ohe wdedAE Ae

O JUU———

ATwin [T]

(¢c) Air-side {(d) Minimum

pressure drop temperature diffrence

anges in tube outside diameter



JE ol

1.05 : 8

1.00 7
0.95 6
— 5
. 090 3]
(=4
= £ 4
< 085 g
< 3
0.80
2 b A
075 + .l
0.70 L L L L 0 L 1 L L
0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.4 05 0.6 07 0.8 0.9 1.0
A/A* AJA*
(a) Heat Transfer Rate ' (b) Minimum Temperature Difference
Fig. 5. Simulation results with changes in frontal area
2.2 12
20 10 -
1.8 8 r
b}
& L
1.6 - el 6
© &
4
14 4 r
12} 5 L
1-0 0 | i
1 2 3 4 5 1 2 3 4 5
Number of Circuits Number of Circuits
(a) Heat Transfer Rate (b) Refrigerant Pressure Drop
Fig. 6. Simulation results with changes in number of circuits
B ol As3lth Fig. 40 &40l 7 mm¥d W 3.3 MHH Hslo] B Ms HE
ZlEom o w #Ho] 5mm¥ W AlEolA
A%E YeERAY. #Ho] 7TmmelAd 5mmE AUAS FaAd A AEdFd Yol
ZoEJS A EdddHEHL A9 W gl Qojot 37 2225 Fig. b0l Yehddth

A
Bl AofAmz YrlZ f&ol A Frietol 7\
ol g Adss 10 o) Fokstm, V59 e
T+ HAxfEdo]l sovA HERZ IVE @ B
dats 80% 7k o ® Fhagith

- 642 -



3.4 3=2% W0 e M5 Wt

DIZ s9e A%l dE A5 THel,
Fig. 69) vhehsich el 339% )
GEEEC IR ISR LR R EE N ]
A4S A% AA o) WEow saE gue
FF Wokere) 4ol st v H2g
HolA® wmol EEi WuFe] Frka @
o duiel Fobsd dagAsE A,
YRS w375 Ak @ 87 7 ol
3

=
{

A 3e® Zhad A = Zadka,
257t 291 A gHAsFE 10 A Fot
sta, AEEE 10% 7tEon A7 sk

3.5 ZHy ®isto| mE M5 #3l

i
A ]

------ Fin Pitch
oss | |7® )

———4——Transverse Tube Pitch
086 - | _ _A— — Longitudinal Tube Pitch
0.84 ' t .

1.0 1.1 1.2 1.3 1.4

X/X*

(a) heat transfer coefficient

© o2 32 A X A o

ol R D 32 o

(3 o] ek A

B N o

®/D*

N

oo LN B

o AN 2 N orr o iz
oMl

e 1) (R P < R =

RS

O

rE

o]

ol\
N =

0.84

0.80

0.76

off L

o

Y
B
olr

i

el

sl
2

=
®

e
ey

-

Q ol
rN
i

ol

l:o{'

! lo it

o+ L

_éﬂgomﬁow_
>

oz

c
)
)

B
B ox

N

ol
o2
o
b

=2

— 2 o

2

A3} @ziAe] Fohsh
Lojnf, 30% 3t
AFes 2 4%, 10%
o dAPAGe W o
S EEERER
A%t ha7kA =

iy ot pot N opft
of
N
r’\l Jl)ll
Q
2
i

A=y
15|

7E

=)
of
o

Agzol 3F
o] F7tsa

- - -@- - - Fin Pitch

~——a— Transverse Tube Pitch

— —A— — Longitudinal Tube Pitch

1.0

1.1 1.2
X/X*

(b) fin efficiency
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