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ABSTRACT

An air-cooled condenser used in vapor-compression refrigeration cycles relies on a forced convection by fan and is widely
adopted due to its advantages in ease of construction and maintenance. The operating point of an air-cooled condenser fan is
defined by the intersection of the fan unit's performance curve and the system resistance curve. Therefore, a system-level
characteristic analysis is necessary to fully understand the condenser fan's operating characteristics. This study conducts a 3D
Reynolds-averaged Navier-Stokes analysis to evaluate the cooling performance of a radar cooling system condenser. To simulate
the flow resistance inside the cooling system, the entire cooling system must be modeled; therefore, simplified momentum and
heat source term models are applied to the fan and condenser to reduce the computational cost of the numerical analysis. The
numerical results are validated against experimental data provided by manufacturers. The condenser's performance is primarily
influenced by the volume of incoming air; thus, a parametric study is conducted by varying the intake area and location of
the cooling system. The internal flow structure was analyzed to identify factors affecting changes in cooling performance. The
results indicate that the intake area and location of the cooling system significantly affect the flow rate and temperature of the

air entering the condenser fan.
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Fig. 2 Computational domain and boundary conditions

Table 1 Uncertainty analysis by grid convergence index

Number of nodes NNJN; [ 441x10° / 2.33x10° / 1.30%10°
Grid refinement factor /rs 13/13
focror;iuﬁi Zig’?} oo/, 159 / 159.8 / 16322
Apparent order p 4.187
Extrapolated values Dolext 158.6
Approximate relative error €1a 0.50%
Extrapolated relative error €lext 0.25%
Grid convergence index GCLfine 0.31%
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Table 2 Condenser and intake facial area of tested cases

Location(Fig. 4) | Absolute area [m?] | A/Acons [%)]
Condenser A(X2) 5.04 100
Reference B/C/D/E/F 5.69 112.9
CASE1 B 0.98 194
CASE2 C/D/E 2.67 53.0
CASE3 F 2.04 40.5

Fig. 4 Definition of condenser and window
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