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Heat Transfer Performance Variation of Condenser due to Non-uniform Air Flow
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Abstract Heat transfer performance variation of a condenser caused by non-uniform distribution of air flow was investigated

using a numerical simulation method. A heat exchanger used for a outdoor unit of a commercial heat pump system and

represented by a numerical model was selected. Non-uniform profile of air-velocity was constructed by measuring the air

velocity at various locations of the outdoor unit. Simulation was conducted for various refrigerant circuits and air flow

conditions. Simulation results show that the heat transfer capacity was reduced depending on the air-flow rate and the refrigerant

circuit configuration. It is also shown that the capacity reduction rate is increased as the average air velocity decreases..
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Table 1 Specification of heat exchanger

List Value
Rated Capacity 3.5(kW)
Coil type Fin-Tube HX
Tube configuration Staggered 22 Stepx<2 Row
Tube length 653.2(mm)
Tube OD 7(mm)
Tube thickness 0.25(mm)
Tube horizontal pitch 12.7(mm)
Tube vertical pitch 21(mm)
Tube material Cu
Fin type Louver
Fin thickness 0.1(mm)
FPI 18
Louver pitch 0.7(mm)
Louver height 0.7(mm)
Fin material Al

Table 2 Used correlations

Items Zone Correlations
air side Wang et al.(2000)
Heat liquid refrigerant  Ditttus-Boelter(1930)
transfer -
coefficient two-phase refrigerant Shah(1979)
vapor refrigerant Gnielinski(1976)
air side Wang et al.(2000)
Pressure liquid refrigerant Churchill(1977)
drop in two-phase refrigerant .
matrix side Friedel(1979)
vapor refrigerant Churchill(1977)
Pressure liquid refrigerant 1to(1959)
drop in  two-phase refrigerant Chen(2004)
U-bend vapor refrigerant 1to(1959)
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Fig. 1 Heat exchangers with various circuit.

Table 3 Operating conditions

List Value Unit
Refrigerant R410A
Pressure at inlet 2.84 MPa(A)
Superheat at inlet 35 T
Refrigerant mass flow rate 71.8 kg/hr
Air temperature 35 (¢
Air humidity 40 %
0.99
Air velocity 1.27 m/s
1.55
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Fig. 3 Non-uniform air velocity profile.

Table 4 Operating conditions

velocity uniform non-uniform
level % AMD v AMD
low 0.99 0 0.99 0.42
middle 1.27 0 1.27 0.42
high 1.55 0 1.55 0.42
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Fig. 4 Simulation results.

Table 5 Heat transfer performance reduction rate by
non-uniform air velocity(%)

m/s 4CSU 3CNe 4DBe 2PUU 2CNe 2CUU
099 352 320 410 228 3.04 284
127 254 055 353 082 1.31 1.44
1.55 145  0.40 1.04 044 035 032
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