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Characteristics of Evaporative Heat Transfer and Pressure Drop of
Carbon Dioxide and Correlation Development near the Critical Point
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ABSTRACT: In recent years, carbon dioxide among natural refrigerants has gained consider-
able attention as an alternative refrigerant due to its excellent thermophysical properties.
However, few investigations have been performed to develop useful correlations of heat trans-—
fer coefficients and pressure drop during evaporation of carbon dioxide. This study is aiming
at providing the characteristics of heat transfer and pressure drop during the evaporation pro-
cess of carbon dioxide. Heat is provided by a direct heating method to the test section, which
was made of a seamless stainless steel tube with an inner diameter of 7.53mm, and a length
of 5.0m. Experiments were conducted at saturation temperatures of —4 to 207, heat fluxes
of 12 to 20kW/m® and mass fluxes of 200 to 530 kg/mzs. A comparison of different heat
transfer correlations applicable to evaporation of carbon dioxide has been made. Based on the
experiments for evaporation heat transfer and pressure drop, new correlations were developed.
The newly developed empirical correlations for the heat transfer and pressure drop show
average absolute deviations of 15.3% and 16.2%, respectively.

Key words: Carbon dioxide(o}4}t3}€t4), Evaporative heat transfer coefficient(Z% g A gA$),
Pressure drop($t®7}8}), Correlation(’d#4])
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5. Test section

6. Heat exchanger
7. Liquid receiver
8. Syringe pump

1. Magnetic gear pump
2. Mass flowmeter

3. Subcooler

4. Preheater

Fig. 1 Schematic diagram of experimental ap-
paratus.

heating method)& ®38Hth Al@F= 1m ¢
Foz ¢tEwe AAIA 4 AHY ¢H€E &
BAe HAXEE A3 H39 50cm 3}
Ao 10%Y 4, 3, 3, 5, d A T ¢
AdE FAsAT. dAde] L 2% £3F
S AT, o)gA SHY LEERE 1Y &
A=A T8 WEALEE T3 AlE
&= 1948 HA " (dielectric fitting) & A3}
o Alzdd FAAZ .

22 MEXE Xa ¥ MAEHY

ojatstgtael FwEAEAFE He o8

3] T

_ ’e
h= Twi_ Tsat )

EGAPAY] 22 HQ)E FI49 #@T
Az & F3lx, olE o83 I4E
AeAsE Addn A ke APFY A4,
oldH, F&9, $3UE e

Ty = %gn @

gl ETaexe AgRe EIAL 23
3 & EAAA T219e REFPROPPS o) &

8t Alaksk .

B dFE= 944 123~189kW/m’, A
212~530kg/m’s9] B9 WM Age 5
o, ¥3125 HHE ~4~20To|th

Fr
#

&

3R A

31 dAds
¥ 439 ¥uesEs 54 A7 oFel 37
Fhge molt ol & 44A BRI

T it BEES Ve 9
w3te] Fig. 2ol YeEtgith. R22&
dALAF7 S AV vl
g AgS nole | Wty olitsiei s A
T YoM <zt F7HE Heoltprt §F Ax
o] FoN ZAFA Hoh ol FAFTL A2
= B2 7Y HYE $3F Bredesen
et al®e] o olv] AR wl it}

o, oo wet 57 AE oFe| olisgac)

ot B ARel o] Wulsl FwHo)A
A golATt A% Aol B RN B2
oz 9A Aol NPH YdPLEE 37
3 2AN7E Aoz #udy. dud H9d o
Fole 7137 B Wegel A7 go} dug &
Qo] WAs wolAA Atk old T WAL ©
%2 Ade Woldlq AE 09 ol4elA Kattan

et alPo] #AE ul 9ot ojAslEAE 7|&9]
YnlSo) vle) FAASFS ERFHo] vl Ro}

16 T T T T T T

14 | —e—R22

12

10 \ .

h (kW/mK)

[~ ~N L (- [
T
‘\
1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Quality

Fig. 2 Comparison of heat transfer coefficients
between R22 and carbon dioxide ( T,,=

50°C, G=318kg/m’s, ¢’ =16.4 kW/m>.
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Fig. 3 Prediction of flow pattern of carbon
dioxide during flow boiling.
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Fig. 4 Variation of heat transfer coefficients
with respect to quality ( T.;=5.0C, G
=318 kg/m’s).
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Fig. 5 Comparison of prediction of critical qual-
ity with inner wall temperature of test
section upper side ( T,,,=5.0T, G=318

kg/m%s, ¢ =16.4kW/m°).
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Table 1 The deviations between existing correlations and experimental data
Correlations err* (%) abs™ (%) rms™* (%)

Gungor and Winterton(1987)? —21.2 348 389
Jung et al.(1989)" 0.4 37.1 483
Liu and Winterton(1989)"® 227 447 76.1
Kandlikar(1990)% —-339 39.9 43.1
Modified Bennet-Chen(1997) —24.7 435 587
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Fig. 6 Comparison of predictions of the pre-
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