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Cooling heat transfer characteristics of
supercritical CO2 in smooth and micro—fin

tubes

Lee Dae Hun

Department of Refrigeration & Air-Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

As the environmental concern is being increased, the use-of CFCs
and HCFCs is suppressed. In response to environmental problem, the
use of the newly developed HFCs or natural refrigerants is discussed.
But, HFC refrigerants are listed together with five other gases by the
Kyoto Protocol as greenhouse gases. The other natural refrigerants
have a zero ozone depletion potential(ODP), and most of them also
have zero global warming “potential(GWP). Among  natural
refrigerants, CO2 is“ not .a.new refrigerant and -has. a -successful
history of the use as a-.refrigerant. It has many advantages as a
working fluid. Namely, the most-relevant characteristics of CO, are
no toxicity, inflammability, no ODP and no GWP. The gas cooling
process of CO; system i1s different with the existing process. Due to
low critical temperature(31.1°C) and critical pressure(7.38 MPa) of
COgy, the COq cycle takes place at transcritical state when the ambient

temperature is near or higher than the critical temperature. Therefore,

- il -



the system needs attention of the stability, efficiency and durability.

In the present study, the local cooling heat transfer characteristics
of COy are investigated experimentally for smooth tube with inner
diameter of 4.95 mm and micro—fin tube with inner diameter of 4.6
mm. The experiment consists of three parts; a refrigerant loop, a test
section and cooling water loop. The main components of the
refrigerant loop are a receiver, a sight—glass, a mass flow meter, an
expansion valve, an evaporator, a compressor, a relief valve, an oil
separator and a gas cooler(test section).

The test section consists of 12 subsections. Each subsection is a
tube-in—-tube type and a counterflow heat exchanger. The CO: flows
in the inner tube and water flows in the annulus. The gas cooler
contains 12 subsections with 200 mm in length of each subsection. In
the inlet and outlet of each subsection, T-=type thermocouples are
used to measure the CO. temperature. The experiment of “the CO;
cooling heat transfer at a supercritical condition is ‘conducted as
respectively varied mass fluxes and inlet pressure of the gas cooler.
Mass fluxes are controlled at 1200, 1600 and 2000 kg/m’s by a
compressor andlan expansion valve. The inlet pressure is varied from
8.0 to 10.0 MPa.' The cooling water loop for the test section consists
of circulation pump, water flowmeter and constant temperature bath.

The main results are summarized as' follows; the variation of the
heat transfer coefficient tended ‘to.decrease as cooling pressure of CO»
increased. The heat transfer coefficient with respect to mass flux
increased as mass flux increased. In comparison with the heat
transfer coefficient of test sections for smooth and micro—fin tubes at
the same mass flux and cooling pressure, the cooling heat transfer
coefficients of the micro-fin tube are about 12~39% higher than

those of the smooth tube. Also, as the experimental data compared
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with the existing correlations for the supercritical heat transfer
coefficient, which generally underpredicted the measured data.
However, the experimental data showed a relatively good agreement

with correlations by Pitla et al. except for pseudo critical temperature.
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NOMENCLATURE

SYMBOLS

A Area

c, Specific heat at constant pressure
?p Mean specific heat at constant pressure
d Diameter

Ja Friction factor

G Mass velocity

h Heat transfer -coefficient

: Enthalpy

k Thermal conductivity

L Tube length

M Mass flow rate

) Number of local tube

P Pressure

Q Heat capacity

q Heat flux

T Temperature

z Tube length

- viil -

[m’]
[k]/kg-K]
[k]/kg-K]

[m]

[kg/m’-s]
[kW/m’- K]
[k]/kgl
[kW/m- K]
[ml]

[kg/h]

[MPa]
(kW]
[kW/m?]
(K]

[m]



GREEK SYMBOLS

A

Difference
Dynamic viscosity [Pa-s]
Density [kg/m’]

Parameter in Petukhov'’s correlation

Deviation

DIMENSIONLESS NUMBERS

Nu Nusselt number
P Prandtl number
Re Reynolds number
SUBSCRIPTS

avg average

b bulk

bottom bottom

cal calculated

s source water of gas cooler
exp experimental

gc gas cooler

: inner

m

inlet
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1~2 : compression process
2~3 : condensation process
3~4 : throttling process

4~1 : evaporation process

Temperaure

Entropy
(a) Conventional vapor compression cycle.

1~2 : compression process
2~3 : cooling process

3~4 : throttling process 2
4~1 : evaporation process

Temperaure

Entropy
(b) Supercritical vapor compression cycle
for carbon dioxide.
Fig. 1.2 Temperature-entropy diagram for conventional and
supercritical vapor compression cycle.
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Table 2.1 Experimental conditions for cooling heat transfer of

CO2

Refrigerant R-744(CO,)

Test section Smooth tube Micro—fin .tube
di(do), [mm] 4.95(6.35) 4.6(5.0)
Gre, [kg/m’s] 1200, 1600, 2000

Pgcin, [MPal 8.0, 9.0, 10.0

Teein, [T] 100

Tewin, [T] 17
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(b) Micro—fin tube, Pin= 10.0 MPa, G=2000 kg/m’s

Fig. 3.1 Local cooling heat transfer coefficients with respect to
CO; temperature for constant cooling pressure in a
micro—fin tube.
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Fig. 3.2 Heat transfer coefficients with respect to refrigerant
temperature for different cooling pressures in a
micro—fin tube.
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(b) Micro-fin tube, Py,= 9.0 MPa

3.3 Heat transfer coefficients with respect to refrigerant

temperature for different mass fluxes in a micro-fin

tube.
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Fig. 3.4 Comparison of heat transfer coefficients for smooth and
micro—fin tubes.
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Fig. 3.5 Average heat- transfer coefficients with respect to

refrigerant massfluxes-for -smooth-and micro-fin tubes.
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Table 3.1 Deviation of measured and calculated heat ‘transfer

coefficients of CO; in smooth and micro—fin tubes.

%al{ions

Petuhkov et al. (1961)

Krasnoshchekov-Protopopoy (1966) -45.7 -57.6
Krasnoshchekov et al. (1970) =g N -59.5
Baskov et al.(1977) —6le -64.8
Petrov-Popov (1985) -50.6 -585
Gnielinski (1994) -33.8 -40.2
Pitla et al. (1998) -25.5 -30.7
Fang (2000) -36.6 -44.3
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