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Abstract — In order to study the heat transfer, effectiveness and pressure drop of an internal heat exchanger
(THX) for CO, heat pump under heating condition, the experiment and numerical analysis were performed.
Four kinds of IHXs were used. The section-by-section method and Hardy-Cross method were used for the
numerical analysis. The effects of THX on the flow rate of refrigerant, the IHX length, the operating condi-
tion of a gas-cooler and an evaporator and the type of IHXs were investigated. With increasing the flow rate,
the heat transfer rate increased about 25%. The heat transfer of the micro-channel tube was larger about
100% than that of the coaxial tube. With increasing the THX length, the heat transfer rate decreased. The
low-side pressure drop was larger compared with that of the high-side. And the pressure drop of the micro-
channel tube was larger about 100% than that of the coaxial tube. With increasing the high-side temperature
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and decreasing the low-side temperature, the heat transfer rate increased about 3%. From this study, we can
see that new correlation on CO, heat transfer characteristics and tube type is necessary.

Key words : CO,, Heat pump, Internal heat exchanger (IHX), Heating
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Fig. 1. CO; system used in the present study.
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Table 1. Classifications of IHX.

D-2 D-3 D-4
115 049 0.56

Specifications D-1
high-side tube A (m°x10™%) 29

low-side tube A (m?x10™) 44 29 042 0.32
# of the high-side tube 8 1 27 80
# of the low-side tube 1 8 60 18

Length (m) 0.5~2.0
Material copper aluminum

Power supply

Pre~heater 1 Pre-heater 2 Pre-heater 3
Test section (LH.X)

Mass flow meter

Mass flow meter Gear pump

Dielectric fitting

Main chiller
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Fig. 3. Schematic diagrams of experimental apparatus.
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Table 2. IHX inlet conditions.

Parameters Specifications

m (g/s) 40, 50, 60, 70, 80
T (°C) 39, 41, 43, 45, 47
T.n (°C) 2,5,7,9

Quality at 2°C 0.85~1.00

P, i (kPa) 12,000

P, (kPa) 3,673
Arrangement counter flow

¥ 40 mm LETF(Rubber foam)® shdsioiet.

3-2. A Y

Table 2% Wi du2s7] $£AHE2E Vehic), Ag
E2E 2As7] Ssle] depzed COZ 24 2
Y AR F =R T S 95T AR A
WM A stdsle ez 7S 28 24
A AYE Sasigc). e vka Fele] dFs
257 £0.2°C, b8 &27de] +0.5kPa o|WR kA g
=Hwl of sEzt dolEelE A&

AEE Fi 53 b o|el3 REFROP 6.01% ol
& B4AE B35, A (1) ¥ (% Al 9d
ekt 885 Akl

QFmc, AT=m(h o —hy ) (1)

e= QI =Tl,0ui-T/,in
Qmax Th‘in_Tl,in

(2)

4, FxjsiM

4-1. FTEUFY

WF- dasield zh fajatele] GAg el 2
Foz oo, o] wie] et sjAVES IS
o] g5le] BYE 4 qivh GRDE ol 23 ATPHY
3 FA 5l o3t AFAALE A G 2ol A}

A AAL 98 AYZ(low-side)ol| A= Dittus-
Boelter AF#A 8- 519 & (high-side)o A& Gniclinski
A G 2k ARgsigdo)

AT

szcpAT:Rcond+Rc0nv (3)
In(r,/t,) [
TIA m— o —
‘x] } —]’ Rcond 27'CkL ’ cOBY hA

42, B gfEzst
g qhdehs vhael ot Zhatel 2-EaF wldl

¥
H-

w//Estimate temperature and Q

\Deﬁnitiun property of COy
N

Input simulation condition
I

LPmDeny and thermal resistance calculated i‘—

:
[
No

Hardy-Cross method I

/

= Favision Q (4Q=0) >

a8

|

Calculate section Temperature

|
No -
current T=last T .~ Update T

Yes

" Q, heat transfer rate,
dP elc, calculated

(_ eno )

Fig. 4. Flow chart for numerical analysis.
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