Au|gee=E 3 A 168 Al 5 5(2004)/pp. 397-407 397

719 dHFse A Filv 4F
2

29,2 4 8,4 4 87,4 3 5
(FAFe /€A TL, AFAERL AT, “RF/ETSANR AR FAE, A GT 71 A T}

Effects of Relative Humidity on the Evaporator Pressure Drop

Chang-Duk Kim', Shin-Hyung Kang’, I-Hwan Park™, Jinho Lee'*
Department of Research & Development, Century Corporation, Chungnam 336-842, Korea
*Department of Mechanical Engineering, Korea University of Technology & Education, Chungnam 330-708, Korea
*Department of Mechanical Engineering, Konyang University, Chungnam 383-870, Korea
" Department of Mechanical Engineering, Yonsei University, Seoul 120-749, Korea

(Received January 26, 2004; revision received February 26, 2004)

ABSTRACT: It is well known that some key parameters, such as evaporating temperature,
refrigerant mass flow rate, face velocity and inlet air temperature, have significant influence
on the evaporator performance. However performance studies related to a humid environment
have been very scarce. It is demonstrated that the refrigerant mass flow rate, heat flux, wa-
ter condensing rate and air outlet temperature of the evaporator significantly increase with air
inlet relative humidity., As the air inlet relative humidity increases, the latent and total heat
transfer rates increase, but the sensible heat transfer rate decreases. The purpose of this
study is to provide experimental data on the effect of air inlet relative humidity on the air
and refrigerant side pressure drop characteristics for a slit fin-tube heat exchanger. Experi-
ments were carried out under the conditions of inlet refrigerant saturation temperature of 7°C
and mass flux varied from 150 to 250 kg/mzs. The condition of air was dry bulb temperature
of 27T, air velocity varied from 0.38 to 1.6 m/s. Experiments showed that air velocity de-
creased 8.7% on 50% of relative humidity 409 of that at degree of superheat of 5C, which
resulted that pressure drop of air and refrigerant was decreased 20.8 and 8.3% for 50% of re-
lative humidity as compared to 4096, respectively.
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Fig. 1 Details of the slit fin configuration (all
dimensions in mm).
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Table 1 Specification of the test heat exchanger

Height X Width X Depth (mm) 400 X 400% 80
Heat exchanger Number of tubes for row 16

Number of tube rows 3

Tube rows alignment Staggered type

Outside diameter (mm) 9.52

Fin root diameter (mm) 8.52

Equivalent diameter (mm) 8.54

Minimum wall thickness (mm) 0.3

Number of fins 60
Tube Helix angle (°) 180

Fin angle (°) 53

Fin height (mm) 02

Expansion rate of tube 1.05

Material Copper

Horizontal tube spacing (mm) 25

Vertical tube spacing (mm) 21.65
Fin Fin density (fins/m) 493

Fin type Slit

Material Aluminium
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Table 2 Experimental conditions

Dry bulb temperature at the evaporator inlet 27C
Air-side Relative humidity 40, 50%
Face velocity at the evaporator inlet 0.38~1.6 m/s
Refrigerant R22
Quality at the evaporator inlet 0.2
Refrigerant-side Refrigerant mass flux 150, 200, 250 kg/m’s
Evaporation temperature 7C
Superheat at the evaporator outlet 5C

Table 3 Summary of estimated uncertainties

Parameter Uncertainty
Temperature *0.75%
Pressure drop of air 1%
Pressure +0.25%
Mass flow rate of refrigerant £0.2%
Mass flow rate of air +4.09%
Humidity +0.3%
Heat transfer rate of refrigerant +1.29%
Heat transfer rate of air +4.21%
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Fig. 10 Air-side heat transfer coefficient and
f-factor against air face velocity of
evaporator.
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Fig. 11 Refrigerant pressure drop and friction
factor at various mass flux of evapo-
rator.
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