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Pu Liang’

Abstract Condensers, a critical component in refrigeration and heat pump systems, require rapid and accurate performance prediction,
which is crucial for system selection and design optimization. Conventional condenser performance evaluation methods, such as
computational fluid dynamics simulations and experimental testing, suffer from computational inefficiency and prolonged cycle times. To
address their technical limitations, this study developed a synergistic optimization framework integrating genetic algorithms with the
simulation modes of the condenser. This approach refined the heat transfer correlations in the single-phase region to enhance the
predictive accuracy of the model. The results show that under this optimization method, the average absolute errors in the degree of under
subcooling for the plate and finned tube condensers are 1.83 “C and 2.23 “C, respectively. In addition, validation results based on
32 sets of experimental data covering a wide range of operating conditions showed that the average relative errors for both the heat transfer
capacity and outlet temperature of the refrigerant were maintained within 5%. This method improved the prediction accuracy of simulation
models to some extent, providing effective technical support for the rapid simulation and engineering applications of refrigeration systems.
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Tab.1 Common correlations for signle-phase heat transfer in condenser
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Fig.1 The plate and finned-tube condensers
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Tab.2 Geometric dimensions of the studied condensers
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Fig.2 Iterative solution program based on energy

conservation
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Fig.3 Flowchart of the condenser simulation model is

optimized by using the genetic algorithm
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zone within the condenser
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Tab.3 Detailed information of each sensor in the

experimental test system
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Tab.4 Operating conditions and experimental data of water-cooled plate condensers

ik s T/C T../C m/(kg/h) T, /T T,..JC Q/kW m/(m*/h) T.,./C
1 52.7 72.0 138.3 46.8 49.99 9.59 2.60 48.7

R32 2 46.4 65.0 114.4 422 44.99 8.35 2.60 42.4
3 47.0 73.5 2335 39.0 45.00 18.0 2.59 42.0
1 56.4 64.6 193.4 49.6 54.99 16.28 2.60 52.4
2 422 50.3 88.2 37.8 42.11 8.14 1.62 38.2

R290 3 53.4 723 138.0 452 51.97 12.85 1.62 49.4
4 57.2 75.1 139.9 483 54.95 12.63 1.62 53.2
5 36.3 59.1 105.8 30.8 34.49 11.00 2.60 323

RS RUSE R ERESRMIEIT TRMLREE

Tab.5 Operating conditions and experimental data of the air-cooled finned tube condenser

ik 5 T/C T../°C m/(kg/h) V,./(m*h) Q/kW T, .JC T../C
1 45.3 85.6 247.0 7 600 20.0 43.3 435
2 45.5 86.1 249.1 7 600 20.1 43.4 43.6
3 45.6 82.6 254.9 7 600 20.2 434 44.0
4 46.4 83.6 248.8 7 600 20.3 435 40.7

R32
5 42.6 75.3 183.6 7300 14.5 412 41.6
6 42.6 78.6 180.0 7300 14.4 412 417
7 423 82.3 175.7 7300 14.3 41.2 41.7
8 425 83.0 175.3 7300 14.4 41.2 41.4
1 46.6 73.3 258.9 6 400 16.8 432 43.8
2 45.9 73.7 255.8 6700 16.8 42.9 43.1
3 37.7 56.0 166.8 4200 11.0 35.2 34.7
4 37.9 59.1 168.1 4200 113 35.4 34.9
5 37.8 62.2 165.3 4200 11.3 35.4 34.8
6 375 64.1 159.0 4200 11.0 35.2 34.5
7 36.1 61.8 158.8 5200 11.1 337 33.2
8 37.7 62.2 162.7 4700 11.2 34.5 34.0

R454B
9 37.8 62.5 164.9 4200 11.3 35.4 34.8
10 27.5 41.4 108.4 3700 7.5 253 24.4
11 27.1 37.1 105.2 3700 7.1 25.0 24.1
12 273 38.6 106.3 3700 73 25.1 24.2
13 27.4 39.8 107.5 3700 7.4 252 24.3
14 275 42.1 108.4 3700 7.5 25.4 24.4
15 27.2 45.0 102.1 3700 7.2 25.1 24.1
16 26.1 51.4 83.8 3700 6.2 24.2 233
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Fig.6 Genetic algorithm optimization results of the Fig.8 Genetic algorithm optimization result of the simulation
simulation model of the plate condenser model of finned tube condenser
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