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Effects on Refrigerant Maldistribution on the Performance of Evaporator
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ABSTRACT: An experimental investigation was conducted to study two-phase flow distri-
bution in a T-type distributor of slit fin-and-tube heat exchanger using R22. A comparison
was made between the predictions by previously proposed tube-by-tube method and experi-
mental data for the heat transfer rate of evaporator. Experiments were carried out under the
conditions of saturation temperature of 5C and mass flow rate varying from 0.6 to 1.2 kg/min.
The inlet air has dry bulb temperature of 27C, relative humidity of 50% and air velocity
varying from 0.63 to 1.71 m/s. Experiment show that air velocity increased by 85.2% is need
for T-type distributor with four outlet branches than that of two outlet branches under the
superheat of 5C, which resulted in air-side pressure drop increase of 130% for T-type dis-
tributor with four outlet branches as compared to two outlet branches.

Key words: Evaporator(3%7]), Refrigerant maldistribution(®v)¢) EF L% Eul) Superheat
(FE =), T-type distributor(TE ¥ul71), Tube-by-tube method(F+H)
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Fig. 1 Schematic diagram of experimental apparatus for evaporator test system.
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(a) Distributor for 2CL  (b) Distributor for 3CL (c) Distributor for 4CL

Fig. 3 Schematic drawing of refrigerant distributor configurations (all dimensions in mm).
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Fig. 4 Schematic drawing of combining junctions and slit fin-and-tube heat exchanger configura-
tions (all dimensions in mm).
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Table 1 Experimental conditions

Dry bulb temperature of air at the evaporator inlet 27C

Air-side Standard relative humidity at the evaporator inlet 50%
Face velocity at the evaporator inlet 0.63~1.71 m/s
Refrigerant R22
Quality at the evaporator inlet 0.1

Refrigerant-side | Refrigerant mass flow rate 0.6, 0.8, 1.0, 1.2 kg/min

Evaporation temperature 5C
Degree of superheat 5T

Table 2 Specification of measuring device

Manufacturer Model Range Error (full scale)
T-type thermocouple Omega FF-T-30 —60~200TC +0.17TC
Micro manometer Furness controls Inc. FCO12 0~19.99 mmH0| *1%/1.95Pa

Mass flow meter Oval D0255-S5-200 [ 0~10kg/min *£0.2%

Volume flow meter Kytora Gear meter 2950 0.04~4.0 L/min *1%
Pressure transmitter Setra C230 0~3447 kPa +0.25%
Thermocouple reference unit ISOTECH 1310 0C +0.01%

Humidity transmitter Sam won Eng. @;:10mm 0~100% +3%

L : 250 mm
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Table 3 Apply correlations of evaporator for simulation

Items Applying zone Correlations Remark
Refrigerant-side Two-phase Gungor and Winterton™” Smooth tube
heat transfer coefficient Single-phase Wang et al.®? Micro-fin tube

Heat transfer enhancement factor

Schlager et al®®

Two phase Haraguchi et al.*® . .
. ) Straight tube . P £ o Micro-fin tube
Refrigerant-side Single phase Carnavos
pressure drop Two phase ae
Bend tube . P Gearglﬂ Smooth tube
Single phase Ito
Penalty factor for micro-fin tube Schlager et al®®
Air-side heat transfer coefficient Wang et al.™® Slit fin
Fin efficiency McQuiston and Parker'®
Contact conductance Natio™®

Air property
Refrigerant property

ASHRAE handbook®
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Fig. 10 Comparison of heat transfer rate be-
tween the test data and the present
predictive results for arrangement 2,
3, 4CL.
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