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Abstract In recent years, modular liquid cooling plates have been increasingly used for thermal management in marine electronic
equipment. In addition to maintaining the cooling performance, preventing surface condensation is critical for device safety. This study
experimentally investigated the surface-temperature dynamics and condensation phenomena under various cooling conditions. A hybrid
model that combined a convolutional neural network (CNN) and long short-term memory network (LSTM) was developed to predict the
surface temperatures in condensation-prone regions of a liquid cooling plate. The results indicated that such areas are affected by edge
effects. Moreover, supercooling and delayed condensation were observed when the temperature fell below the dew point, as well as the
actual occurrence of condensation. The proposed model reduced the mean absolute error (MAE) by 41. 7% and 48. 8% and the root mean
squared error (RMSE) by 40. 7% and 49. 1%, respectively, compared to the standalone CNN and LSTM models, while also achieving a
higher coefficient of determination (R2).

Keywords cooling plate; condensation prevention; temperature dynamics; temperature prediction
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Fig.1 Heat source distribution
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Fig.2 Liquid cooling plate flow channel structure
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Fig.3 Principle of liquid cooling system
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Fig.4 Liquid cooling system test bench
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Fig.5 Distribution of temperature sensors
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Tab.2 Selection of experimental operating conditions
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Fig.6 Surface temperature variation of the liquid cooling

plate under thermal inertia testing conditions
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Fig.7 Condensation image after 30 minutes of water flow

operation in the liquid cooling plate
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Fig.9 Surface condensation phenomena of the liquid cooling

plate under different ambient relative humidity
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Fig.10 Structure diagram of the one-dimensional convolutional neural network
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Fig.12 Prediction process of the liquid cooling plate surface

temperature using CNN-LSTM
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Tab.3 Hyperparameter settings of the CNN-LSTM
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Fig.13 Surface temperature prediction results in
condensation-prone areas of the liquid cooling plate by

different models
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Tab.4 Comparison of prediction accuracy among different

methods
U A A MAE/C RMSE/C R?
CNN-LSTM 0.144 0.194 0.981
CNN 0.247 0.327 0.943
LSTM 0.281 0.381 0.932
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