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Evaporation Pressure Drop of Carbon Dioxide in Horizontal Tubes
with Inner Diameter of 4.57 mm and 7.75 mm
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Abstract : The evaporation pressure drop of CO, (R-744) in horizontal tubes was investigated experimentally. The
experiments were conducted without oil in a closed refrigerant loop which was driven by a magnetic gear pump. The
main components of the refrigerant loop are a receiver, a variable-speed pump, a mass flow meter, a pre-heater and
evaporator (test section). The test section consists of a smooth, horizontal stainless steel tube of 7.75 and 4.57 mm inner
diameter. The experiments were conducted at saturation temperature of -5°C to 5°C, and heat flux of 10 to 40 kW/m’.
The test results showed the evaporation pressure drop of CO; are highly dependent on the vapor quality, heat flux and
saturation temperature. The pressure drop measured during the evaporation process of CO; increases with increased
mass flux, and decreases as the saturation temperature increased. The evaporation pressure drop of CO; is very lower
than that of R-22. In comparison with test results and existing correlations, the best fit of the present experimental data
1s obtained with the correlation of Chot et al. But existing correlations failed to predict the evaporation pressure drop of
CO.. Therefore, it 1s necessary to develop reliable and accurate predictions determining the evaporation pressure drop
of CO; in a horizontal tube.

Key words : Carbon dioxide(©]4Fs}&t4), Design of heat exchanger( <8 2 8-7] 4 A)), Evaporation pressure drop(5:
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Nomenclature Xi  : Lockhart-Martinelli parameter

d . tube diameter, m dz  :sub-section length, m
f : friction factor
G  :mass flux, kg/m’s Subscripts
P : pressure, Pa e : evaporation
q : heat flux, exp :experimental
Re : Reynolds number, Gdi/11 f : friction
T  :temperature, °C i . inner

: quality, kW/m” in :inlet

1 : liquid phase
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Fig. 1 Schematic diagram of experimental apparatus for heat transfer test
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Table 1 Experimental conditions

Refrigerant R-744(COy)
Test section - Horizontal stainless tube
di(d,), [mm] 7.75(9.53) 4.57(6.53)
Gre, [KW/m?) 10, 20, 30, 40 10, 20, 30
Gre, [kg/m’s] 200, 300, 400, 500

Tesat, [°C] -5,0,5
Pe s, [MPa] 3.04 ~ 3.96

WA 7.75 mm &} 4.57 mm, 2 o] 5000 mm 2} 4200 mm
°l 9 HEFHo=Z A|Fs}Nrt 1L A PR
Q] - 72 A8, YTl AR-E 500 mm S} 400
mm¥ FUF o2 107] TR F3len, Z}
TZhl= Wl B9, Wk 22 9 xS 24
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Fig. 2 Schematic diagram of test section for evaporation heat transfer test
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Fig. 3 Variation of the measured pressure drop with respect
to mass flux at different heat flux in the evaporator of
inner diameter tube of 4.57 and 7.75 mm
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Fig. 4 Variation of the experimental pressure drop with
respect to mass flux at different saturation temperature
in the evaporator of inner diameter tube of 4.57 and
7.75 mm

Table 2 Thermophysical properti'es of refrigerants investigated

Refrigerant R-744 R-22

l -5°C 956.7 1298

| Liquid | 0°C 928.1 1282
Saturation 5°C 8967 | 1264

density, 5°C 83.14 | 18.09

[kg/m”]

Vapor 0°C 97.32 21.23

5oC 1141 | 2479

5°C 1152 | 2304

| Liquid | 0°C 1054 | 2182
Saturation 5°C 0584 | 2067
[;;S_csisig’sl 5°C | 1385 | 118
Vapor | 0°C 1431 115

55C 1483 | 1173
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Table 3 The errors between the calculated and experimental
pressure drop in the evaporator of inner diameter
tube of 7.75 mm

Deviation Averaged Mean
Author deviation (%) deviation (%)
Chishlom"'” -39.6 39.6
Friedel -41.2 41.2
Chishlom'” 433 433
Jung et al. -41.3 41.3
Choi et al. -13.9 19.5

Table 4 The errors between the calculated and experimental
pressure drop in the evaporator of inner diameter
tube of 4.57 mm

Deviation Averaged Mean
Author deviation (%) deviation (%)
Chishlom'" -41.19 41.19
Friedel -28.69 28.69
Chishlom'” -30.38 30.38
Jung et al. -25.26 26.25
Choi et al. -2.06 344
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