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Cooling Heat Transfer Characteristics of CO2 on Tube Geometry of Inclined
Helical Coil Type Gas Coolers
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ABSTRACT: The cooling heat transfer coefficient of CO2 (R-744) for tube and coil diameter
(CD), inclined angle of tube and coil pitch of inclined helical coil type copper tubes were inves-
tigated 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 of 245 and 4.55 mm inner diameter
(ID). The refrigerant mass fluxes were varied from 200 to 800 [kg/mZS] and the inlet pre-
ssures of gas cooler were 7.5 to 10.0 [MPal. The heat transfer coefficients of COz in inclined
helical coil tube with 245 mm ID are 5~10.3% higher than those of 4.55mm ID. The heat transfer
coefficients of 41.35mm CD are 8~32.4% higher than those of 26.75 mm CD. Comparison be—
tween 45° and 90° of coil angle, the heat transfer coefficients of 45° are higher than those of
90°. For coil pitch of gas cooler, the heat transfer coefficients of inclined helical coil gas cooler
with coil pitch of 5 mm are similar to those of 10 and 15 mm.

Key words: COz heat pump(e]Xt&tg4 F%971), Gas cooler(7F=¥2Z 719 A7), Heat transfer
coefficient of COz(0]4r3tetA 2] A ), Inclined helical coil type heat exchanger
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Fig. 1 Schematic diagram of experimental apparatus for cooling heat transfer with COa.
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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 CO2

Refrigerant R-744(COy)
Test section helical coil copper tube
di(do), [mm] 4.55(6.35) 2.45(4.55)
Gre, [kg/m’s] 200, 400, 600, 800
Pge, in, [MPal 75 ~ 100
Tew, in, [C] 15
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Table 2 Specification of measuring
instruments

Absolute pressure transducer

Model Druck, PTX611
Range 0~160 bar
Accuracy * 0.04% F.S.
Differential pressure transmitter
Model Druck, STX2100
0~3 bar (static pressure @ 140
Range
bar)
Accuracy + 01% F.S
Refrigerant pump
Model Micropump, Series 5000
Mass flow 0~135 L/min
range
Maximum
system 103 bar (1500 psi)
pressure
Mass flow meter
Model Oval, CT9401
Range 0~6 kg/min
Maximum
system 100 bar
pressure
Accuracy + 01%

Power meter
Model | Yokogawa, WT110-253401

Range 0~600V, 0~300A
Voltage : + 02% F.S. +0.2%
reading
Accuracy Current : = 0.3% F.S. +0.3%
reading

+ 0.05A(Clampmeter)
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Fig. 3 Comparison of cooling heat transfer coe-
fficients of CO2 In inclined helical type
gas cooler with inner diameter tube of
2.45 and 4.55 mm.
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Fig. 4 Schematic diagram of inclined helical
coil type gas cooler with coil diameter
of 26.75 and 41.35 mm.
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Fig. 5 Comparison of cooling heat transfer coef-
ficients of CO2 in inclined helical type
gas cooler with coil diameter of 26.75
and 41.35 mm.
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Fig. 6 Schematic diagram of inclined helical coil
type gas cooler with inclined angle of coil
of 45° and 90°.
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{a) Coil pitch = 5 mm {(b) Coil pitch = 10 mm

(c) Coil pitch = 15 mm

Fig. 8 Schematic diagram of inclined helical coil
type gas cooler with coil pitch of 5, 10
and 15 mm.
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Fig. 9 Comparison of cooling heat transfer
coefficients of CO2z in inclined helical
type gas cooler with coil pitch of 5, 10
and 15 mm.
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