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Abstract —The heat transfer coefficient and pressure drop during gas cooling process of CO, (R-744)
in inclined helical coil copper tubes were investigated experimentally. The main components of the refrigerant
loop are a receiver, a variable-speed pump, a mass flow meter, a pre-heater and a inclined helical coil
type gas cooler (test section). The test section consists of a smooth copper tube, which is specified as the
inner diameter of 4.55 mm. The refrigerant mass fluxes were varied from 200 to 600 kg/m’s and the inlet
pressures of gas cooler were done 7.5 to 10.0 [MPa]. The heat transfer coefficients of CO, in the inclined
helical coil tubes increase with the increase of mass flux and gas cooling pressure of CO,. The pressure
drop of CO; in the gas cooler shows relatively good coincidence with those predicted by Ito’s correlation
developed for single-phase in a helical coil tube. The local heat transfer coefficient of CO, is well coincident
with the correlation by Pitla et al. However, at the region near pseudo-critical temperature, the experiments
indicate higher values than the Pitla et al. correlation.
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Fig. 1. Schematic diagram of experimental apparatus for
cooling heat transfer with CO,.
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Fig. 2. Schematics diagram of inclined helical coil type gas
cooler.
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Table 1. Experimental conditions for cooling heat transfer

of CO,.
Refrigerant R-744(CO>)
Test section Inclined helical coil copper tube
di(d,), [mm] 4.55(6.35)
Gr, [kg/m’s] 200, 400, 600
Pyc,n, [MPa] 7.5~10.0
Tewins [°C] 15

90° ZHA it} 3R, S5 5o 3x A A5
a8l £ A0 g2 TR AT Aol 30 mme] 7}

£ FolA Q=g A o] F1klM &
AE 25 G459 UiRd T dFETE Hx9)
o7t FFo] AujH ol g, AAFR 1AL FHAd)e)
o S0 MAE HAag F UEE 3. ¥y
F 25T 2H7e] 2AIEE gETOIM SAEAT. ®
o AHSHL 7kad7y) el HXE o4 2=
2% F, AT YEF 4 Aol IYE REE
A A AAAE dA sl Tk FAAY Fol o
A7r3HE 2A 59t Table 1-& B Ao A=A
A2k Ao},

2.3. 4lo[E{ X2

2 dFoA AMEE coe ERE A AN
NISTA 7t Yol &7 AR T2 739<Q) REFPROP
(version 6.02)% ©]&3lR Y, W EAY EAS dots)
7l A8 AY Holeel BAole Thest e AL
ARSI W7 e Be) AF Ygozs| 9
GATE 2" 45 B TS vIXEE, 95
WeFo e A AGE ALY 2ot JdEd, oy
@ F2 QAPAFE the HoBRH ANY % 3ok

T m)

gc gc,w,in

'?/] /_‘_]0]]/\'}’ hgc.loc“‘;: 7]'1\— ‘@2}7]0]]}\19’] —/;\—?-Z_]: ;'IL—/;\—
ARAGASE UB, T 7t 977042 Yo
%Eo]j_’ Tgc,w,in‘f_ 7]"/—7\— %7—}'7101]}\—]9’] ‘TH_’@} LHEﬁ %
wolth. 28, #Y JEY 25E A4 AeM
1349 9 PP AR Adsic

. 23 o E8

3.1 giet £y
Fig. 3& W72 455 mme) AAR da)a gz

-3

—@~- G,7200 kg/m?s
10 [ | —@— G,=400 kgim’s
- & G,,=600 kg/m’s

P-Y
“E' 8 |- [Helically coiled tube
E P,.= 9.5 MPa
i of d;= 4.55 mm
%
£ .0
L &

9‘0 8‘0 7‘0 6‘0 50 4‘0 30

T, [°Cl
Fig. 3. Comparison of cooling heat transfer coefficients
with respect to mass flux variation in inclined

helical coil type gas cooler with inner diameter tube
of 4.55 mm.
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Fig. 4. Comparison of cooling pressure drop with respect

to mass flux and gas cooling pressure variation in

helical coil type gas cooler with inner diameter tube
of 2.45 and 4.55 mm.
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Table 2. Deviations between measured and calculated heat
transfer coefficients in inclined helical coil type
gas coolers with the inner diameter tube of 4.55

mm.
Correlations Oung AN Ot (%)
di=4.55 mm
Petuhkov et al. 46.1
Krasnoshchekov & Protopopov 50.3
Krasnoshchekov et al. 51.8
Baskov er al. 55.8
Petrov & Popov 50.8
Gnielinski 457,434
Pitla et al. 379
Fang 493
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A : heat transfer area

d : tube diameter

D : coil diameter

/. : friction factor

G : mass flux

h : heat transfer coefficient

x : thernal conductivity

L : length, mm

M : mass flowrate

P : pressure

Q : heat capacity

g : heat flux

T : temperature

t : thickness

AP: pressure difference

AT: temperature difference

Az : sub-section length
St

cw : cooling water
gc @ gas cooler
i :inner
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in : inlet
loc : local
o . outer
out : outlet
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re : refrigerant
sb : subsection
w : tube wall



