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The Effect of Environmental Parameters on Frost Formation on a Horizontal
Cylinder
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Abstract

It is known that frost formation on surfaces of the heat exchanger seriously affects the performance of the
refrigeration system. Accordingly, defrosting should follow, and effective defrosting is possible only when
both analytic tools and comprehensive experimental data on frost formation are available. An experimental
investigation was undertaken to characterize the effect of environmental parameters on frost formation on a
horizontal cylinder in cross uniform flow. Several experiments were carried out with various environmental
parameters such as inlet air temperature, inlet air humidity, air velocity and cooling surface temperature. Frost
thickness, mass, surface temperature and cylinder inner and outer temperature were measured at front and rear
positions of the cylinder. Thickness, mass, density, and effective thermal conductivity of the frost layer were
obtained from measured data and effects of environmental parameters on the frost formation were analyzed.
Data from experiments were correlated using dimensionless variables.
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Fig. 1 Schematic diagram of experimental apparatus;
1=orifice, 2=fan, 3=frequency inverter, 4=climate

chamber, S=test section, 6=CCD camera,
7=traversing equipment
C————"1 Brine Input
Brine Output

Fig.2 Schematic diagram of test section;
1=Thermocouple probe, 2=stainless steel
cylinder, 3=acryl, 4=tee
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Fig. 3 Schematic diagram of thickness measurement
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Table 1 Experimental conditions

Parameter Range
Air temperature (°C) 5.0t0 15.0
Alr humidity ratio 0.00300 to 0.00550

(kg/kgpa)

Reynolds number 5100 to 17000

Cooling surface

temperature (°C) 1501050
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Fig.4 The effect of air humidity on frost layer
thickness; T,=10.0°C, T,=-15.0°C, Re=17000
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Fig. 5 The effect of air humidity on frost mass quantity;
T.=-15.0°C, Re=17000, t=180 min; Group 1
T,=5.0°C, Group 2 T=10.0°C, Group 3
T,=15.0°C
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Fig. 6 The effect of cooling surface temperature on the
frost layer thickness; T,=10.0°C, Re=17000,
w=0.00455 kg/kgpa; case 1 T,=-5.0°C, case 2
T,=-10.0°C, case 3 T,=-15.0°C
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Fig.7 The effect of air temperature on frost mass
quantity; T,=-15.0°C, Re=17000, t=180 min;
Group 1 w=0.00300 kg/kgps, Group 2
w=0.00350 kg/kgps, Group 3 w=0.00455
kg/kgpa, Group 4 w=0.00500 kg/kgpa; filled
symbols are front, unfilled symbols are rear
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Fig. 8 The effect of the air temperature on frost layer
thickness; front, T,,=-15.0°C: case 1-1 T,=10.0°C,
Re=17000, w=0.00300 kg/kgpa, case 1-2
T,=15.0°C, Re=17000, w=0.00300 kg/kgpa, case
2-1 T,=10.0°C, Re=17000, w=0.00396 kg/kgpa.
case 2-2 T,=15.0°C, Re=17000, w=0.00396
kg/kgps, case 3-1 T,=10.0°C, Re=5100,
w=0.00455 kg/kgpa, case 3-2 T,=15.0°C,
Re=5100, w=0.00455 kg/kgpa
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Fig. 9 Air velocity effect on frost mass quantity; front,
t=180 min, T,= -15.0°C; filled symbols are
T,=10.0°C, unfilled symbols are T,=15.0°C
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Fig. 10 Air velocity effect on frost layer thickness; Ty~
-15°C, Ta=10.0°C, front; case 1 w=0.00455
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Fig. 11 Air velocity effect on frost layer thickness; Ty=
-15°C, T,=15.0°C, front; case 3 w=0.00455
kg/kgpa, case 4 w=0.00550 kg/kgpa
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