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Abstract: To ensure that the thermal management system functions effectively during changes in
gravitational flipping angle during the work process of the radar antenna array, a rotatable plug-in
box-type air conditioning experimental rig is developed. Through the simulation of the working
process of the radar antenna array, the dynamic operating characteristics of the rotatable plug-in
box-type air conditioners are analyzed. Variations in system performance under different tilt
angles are determined, and the dynamic distribution of refrigerant and its impact on electronic
device thermal management is investigated. The results demonstrated that the air conditioning
system remains highly reliable under tilted conditions. Compared to the non-tilted state, the
system showed minor performance decreases but maintained stable operation under the flipping

working condition. The maximum reductions in cooling capacity for forward and backward tilts of
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90° were 0. 29% and 6. 48% ., respectively, while the maximum reductions in the coefficient of

performance were 4. 11% and 6. 02%, respectively. Furthermore, the refrigerant distribution is

highly affected by gravity; forward and backward tilts of 90° resulted in uneven refrigerant

distribution within the evaporator, whereas left and right tilts of 90° had negligible effects. These

findings offer theoretical and practical reference for the design and application of plug-in box-type

air conditioning systems for radar arrays.

Keywords: vapor compression; radar array cooling; flipping angle; gravitational dependence
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Fig. 1 Flip-type plug-in box air-conditioning test stand
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Table 1 Technical specifications of the flip-type air-conditioning

system
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Table 2 Parameters of the flip-over air-conditioning box

system components
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Fig. 2 Design and selection of air-conditioning components

for plug-in boxes
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Table 4 Detailed parameters of the measuring instrument
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Fig. 3 Variation of thermodynamic dynamic parameters of
the flip-flop air-conditioner system (90° backward

tilt)
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Fig. 4 Dynamic performance variation of flip-flop air-

conditioner system
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Fig. 5 Effect of operating inclination on the performance of

air conditioner system
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Fig. 6 Effect of flip angle on the suction and discharge

temperatures of air conditioner system
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of air conditioner system
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on system performance
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