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Abstract In this study, the heat transfer and pressure drop characteristics were evaluated for multi-tube CO, water
-NTU method, and the results were
compared with experimental data. Water flows through the shell side of the water heater, while CO, flows through

heaters with lengths of 4.5 m and 7.5 m. The evaluation was done using the

8 inner tubes. The heater uses a counter-current design to maximize the heat transfer efficiency. The energy balance
equation describing the flows of CO, and water for each node is set up using the section-by-section method. The
calculated heat transfer rates agree well with the experimental data within £5 % error. The outlet water temperature
decreased linearly with the increase of the water flow rate. The calculated heat transfer rates agreed well with the
experimental data within £3 % error. The results show that the heat transfer rate increases almost linearly with the
increase of water flow rate or CO, inlet temperature in both the 4.5-m and 7.5-m water heaters, whereas the water
outlet temperature linearly decreases with the increase of the water flow rate. The comparison of the CO, pressure
drop between the calculation and experiment results shows good agreement at the high CO, flow rate within 5 %
error, but the value is about 20 % higher in the experimental pressure drop at the low CO, flow rate.
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CO2 CO2 Pass Water pass

Water
Fig. 1. Shape of the heat exchanger for water heating.

Table 1. Specifications of CO, water heater

Tube Ttem Unit Value

dii mm 3.10

Inner tube do m 4.00
EA - 8

Length m 4.5 7.5

doi mm 17.05

Outer tube doo mm 19.05
Length m 4.5 7.5

n+1 n n-1

[J The n-th control section for H2O
Il The n-th control section for CO2

Fig. 2. Control volume of section-by-section method.
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Fig. 3. Flow chart for simulating the water heater with

section-by-section method
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Fig. 5. Comparison of numerical results with experimental
results on heat capacity

Fig. 6= 4u3t7]2] CO, Y7E%E 100 C, CO, W
S 70 gs, B YTLES 17 TR 39S 1 &
ke wale] vig ddGHY B 72 WitE

R Aol

mollA BT &

o
A ow st ARkt
It £3 % ol A x5}
astdeh
Fig. 7 Aug7)9] €O, ol #3S 70 gfs, &
B 539 74 gs® 95 el Co,
PTeE Wzt dist ddggy & E72% 9
7

=
2
o
=
o
r

Q
®
to,
d
o

=
a2

~
~
o
~
lo
Q
@



Reynold’s <]
t}. Fig. 82] CO,
ZFE 0.899 ~ 1.74
(2(13)) 28RS ool Bt} AukH oz Azt
Azt v Co, AEAsES ~ 20 % aA Y
Ehgtom s ek AGgel A o7t o AA) et
o} Akl Altatrct sk Aet A vEhd 2

xé_l:L

ARA 2 s ) AR7)e] ol nhade ) 2
doll M) ghEA S arefshA] edshy] wjEo Belth
20
| numerical  experimental
L] L=4.5m
§ L] — . L=7.5m
=<
N’
I 16 |
2
]
% 14F
33
N
]
-5}
= 12F
Tco.in=100°C mco.=70g/s Twaterin= 17 °C
10 n 1 n 1 n 1 n 1 n 1 1
45 50 55 60 65 70 75 80
Water flow rate (g/s)
(a) Heat capacity
85
numerical ~ experimental
~ N u L=4.5m
£ 8or o o S N L=7.5m
£
S 751
N
.
<
= 70F
=
.
[}
N
g 65
Tco:in=100°C mico.=70g/s Twater in=17°C
60 1 1 1 1 1 1
45 50 55 60 65 70 75 80
Water flow rate (g/s)

(b) Water outlet temperature

Fig. 6. Effects of water rate on Q and Ty ou

20
numerical
. L=4.5m °
§ 18 . L=7.5m °
M L}
N’ L]
£ 16k .
[>) L]
] [
=¥
5] ‘ .
- l4F
]
D [ ] [ ]
==
pEto*~ L .
mco.=70g/s mw=74g/s Twaterin=17 C
70 80 90 100 110 120
COzinlet temp. (C)
(a) Heat capacity
80
[ numerical .
o T5F u L=4.5m °
8 ° L=7.5m
g 70 ‘ .
n
E 65 N
Dt L]
-
S 0 . .
2
~N—
< n
g 55+
mco,=70g/s mw =74g/s Twaterin=17 T
50 1 n 1 n 1 n 1 n 1 n 1
70 80 90 100 110 120
COzinlet temp. (C)
(b) Water outlet temperature
Fig. 7. Effects of CO, inlet temperature on Q and Ty oy
120
[ numerical  experimental .
100 | . L=4.5m ’
= | - . L=7.5m o
g 80 .
=
2
= 60
)
=
2 40t
v
2 .
=9
20F »
Tco2in=100T mw = 74g/S Twaterin = 17°C
0 1 1 1 1 1
0.8 1.0 1.2 1.4 1.6 1.8

CO:2 Reynold's number( x 10°)
Fig. 8. Effects of CO, flow rate on pressure drop

4. A&
& ATelAE Co, H#F dudtr)e] ddg 3 4
et 548 B8] 98 eNTU WS AH-E 814

28



=38 CO,

HEEuEr]e] G deel

AT

—

2 ddoro B8 ofl

(1]

(2]

(3]

(4]

(5]

(6]

olN
N
-
i)

-4 o 2

o v mx

it

e

2
of
-

8B H‘é o = of
it}
o
ot
-
o\
N
=
2,

o .

Q
=

2 0 ro

,—ﬁ‘r)f H-T
o o
e
o &l rlo
Hurk% ki

References

Boewe, D. E. et al., “The role of suction line heat
exchanger in transcritical R744 mobile A/C system”,
SAETP 01-0583, 1999.

Chen, Y. and Gu, J., “The optimum high pressure for
CO, transcritical refrigeration system with internal heat
exchanger”, Int. J. of Refrig, vol. 28, no. 8, pp.
1238-1249, 2005.

DOI: http://dx.doi.org/10.1016/].ijrefrig.2005.08.009

Development of environmentally benign and high
efficiency CO, heat pump system, The 3 stage report
on the development of next generation new technology,
Ministry of Knowledge Economy, 2011.

Yu, P, Lin, K., Lin, W. and Wang, C., “Performance of
a tube-in-tube CO, gas cooler”, Int. J. Refrig., vol. 35,
pp. 2033-2038, 2012.

DOI: http://dx.doi.org/10.1016/].ijrefrig.2012.06.010

Neksa, P., Rekstad, H., Zakeri, R. and Schiefloe, P.,
“COp-heat pump water heater: characteristics, system
and environmental results”, Int. J. Refrig., vol. 21, pp.
172-179, 1998.

DOI: http://dx.doi.org/10.1016/S0140-7007(98)00017-6

R., "Options for a
carbon dioxide cycle", 5th
Natural ~ Working  Fluids

Y. and Radermacher,
transcritical
Lorentzen

Hwang,
two-stage
[IR-Gustav

29

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

Conference at Guangzhou, pp. 143-149, 2002.

Fernandez, N., Hwang, Y. and Radermacher, R.,
“Comparison of CO, heat pump water heater
performance with baseline cycle and two high COP
cycles”, Int. J. Refrig., vol. 33, pp. 635-644, 2010.
DOI: http://dx.doi.org/10.1016/j.ijrefrig.2009.12.008

Oh, S. et al., “Experimental study on compact CO, gas
cooler”, ISSN 1226-9549, vol. 34, no. 1, pp. 30-36,
2010.

Park, Y. et al., “Optimization design of the HX in the
CO, heat pump water heater”, KSME 11TE087, pp.
332-340, 2011.

Kim, Y. R., Development of heat exchangers for a heat
pump for simultaneous refrigeration and water heating,
The 2™ stage report on the development of next
generation new technology, Ministry of Knowledge
Economy, 2007.

NIST, REFPROP version 6.01, NIST thermodynamic
and transport properties of refrigerants and refrigerant
mixtures, US Department of Commerce, Gaithersburg,
Maryland, USA, 1998.

Gnielinski, V., International Chemical Engineering, 16,
2, pp- 359, 1976.

Incropera, F. P. and DeWitt, D. P., Introduction to Heat
Transfer, 3"%d., NewYork, John Wiley & Sons, 1996.

Petukhov, B. S., Advanced Heat Transfer,
503-565, 1970.
DOI: http://dx.doi.org/10.1016/S0065-2717(08)70153-9

6, pp.

<+ (Keun-Sun Chang) (439

*1979d 24 :
(F3h

* 19861 59 : FolX ot 7]
A8 (FEAAD

©19891d 84 : m[Fo|X o)
717488 (& SAD

© 1989 10¥ ~ 1995\ 29 : 3=
A A7 ALATIEH

AMetietal 7] A1get

AR AR 5

wg7] gAIAE A7



kel & et =T A] A|178 A8E, 2016

A “J(Youn-Sung Choi) (43

02002 29 : FAkQVIE st
71AIE 8 (F8Hh

020079 29 : FAkQvIE st
71 A8 (F3HAAD

02005 39Y ~ A : FHYFF
29548 Addrd

*2013d 24 : Mgt 7| A

o AR

71 9 Al(Young-Jae Kim) 439

*1980d 2¢ : A et 3stgst

(&b
¢1982d 2¢¥ : KAIST 3}staah(&
A

©1982:d 3¢ ~ 1987 104 : ¥
Axolg g

*19914d 102 : 5¢Y TE2ELETY
skl (F3HEah

¢ 199241 39 ~ @A) : AFieta BAAYSSTS w

30



