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ABSTRACT: An experimental study on the refrigerant-side pressure drop of slit fin—tube
heat exchanger has been carried out. A comparison was made between the predictions of pre-
viously proposed empirical correlations and experimental data for the pressure drop on design
conditions of condenser in micro~fin tube for R22 and its alternatives, R407C (R32/125/134a,
23/25/52 wt.%) and R410A (R32/125, 50/50 wt.%). Experiments were carried out under the con-
ditions of inlet refrigerant temperature of 60C and mass fluxes varying from 150 to 250
kg/mzs for R22, R407C and R410A. The inlet air conditions are dry bulb temperature of 35T,
relative humidity of 40% and air velocity varying from 0.68 to 1.43m/s. Experiments show
that pressure drop for R410A and R407C were 17.8~20.2% and 5~6.8% lower than those of
R22 respectively for the degree of subcooling of 5C. For the mass fluxes of 200~250 kg/mzs,
the deviation between the experimental and predicted values for the pressure drop was less
than *£20% for R22, R407C and R410A.

Key words: R22, R407C, R410A, Condenser(-8-%7]), Design condition(d A1Z73), Fin-tube heat
exchanger(# -3 dx287)), Pressure drop(¥37#43l)
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Fig. 1 Schematic diagram of experimental apparatus for condensation test system.
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Table 1 Properties and characteristics of refrigerants in this study

Name R22 R407C R410A
R22 100 - -
. R134a - 52 -
Composition (Wt.96) R1%5 ) % 50
R32 - 23 50
Molecular mass (kg/kmol) 86.47 86.20 7258
Critical temperature (C) 96.15 86.74 72.13
Critical pressure (kPa) 4990 4634 4770
Critical density (kg/m’) 513 527.3 4889
. Saturated liquid 1082 1014 9116
Density (kg/m’) Saturated vapor 85.96 91.09 140.0
L . . Saturated liquid 123.1 108.3 82.78
Dynamic viscosity at 50T (4#Pa:s) o o ted vapor 14.18 14.39 16.40
Temperature glide® - 7.2 0.1
GWP (Global Warming Potential) (COz=1) 1500 1526 1725
ODP (Ozone Depletion Potential) (R11=1) 0.055 0 0
P, at 50C (kPa) 1943 2210/1985 3061/3053
? Temperature glide=dew temperature—bubble temperature at P=0.1 MPa
Table 2 Experimental conditions
Dry bulb temperature of air at the condenser inlet 35C
Air-side Standard relative humidity at the condenser inlet 40%
Face velocity at the condenser inlet 0.68~1.43m/s

Refrigerant-side

Refrigerants
Refrigerant mass flux
Condensation temperature
Degree of superheat
Degree of subcooling

R22, R407C, R410A
150, 200, 250 kg/m’s
50T
10T
5C
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Fig. 3 Characteristic geometrical parameters of inside micro-fin tube.

Table 3 Test conditions and geometric parameters of the micro-fin tube

Parameter This study Haraguchi et al.® Choi"®V
Outside diameter d, mm 952 10.0 95
Fin root diameter d; mm 852 8.48 891
Equivalent diameter d. mm 854 8.36 878
Minimum wall thickness ¢ mm 0.3 0.3 0.3
Number of fins ”n - 60 60 60
Helix angle B ° 18.0 180 18.0
Fin angle ¥ ° 53 39.8 50
Fin height kA mm 0.2 0.16 0.2
Expansion rate of tube - 1.05 1 1
Refrigerants - R22, R407C, R410A R22, R123, R134a Rzz’RfZ%%’c?gfl’oils“a'
Range of G* kg/m’s 150~ 250 99~295 80~470
Operating pressure kPa 1943 ~3061 346~1870 900~ 2300

? Based on fin root diameter.
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Table 4 List of correlations used in this study

Items Applying zone Correlations Remark
Two phase Haraguchi et al.,(s) Choi' %
Straight tube . Vapor Carnavos"® Micro-fin tube
Refrigerant-side Single phase Liquid Kuo and Wang®®

pressure drop

Two phase

Geary(ZO)

Bend tube

Single phase

o' Smooth tube

Penalty factor Two phase

Schlager et al®

Air property

ASHRAE handbook"?

Refrigerant property

REFPROP 6.01"%
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Fig. 7 Refrigerant pressure drop with the
change of mass flux.
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