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Abstract: The refrigeration performance of the air-conditioning system in heavy commercial vehicles is
severely constrained by specific driving conditions and the engine compartment layout. The thermal-flow
field model and AC cooling system model of a heavy-duty truck are built using Star CCM+ and AMESim,
respectively. The refrigeration performance is analyzed through simulations under high-temperature idling
and high-torque climbing conditions. Experimental validation is conducted in an environmental wind tunnel.
The effects of compressor speed ratio, condenser inlet air temperature and flow rate, and blower speed on the
refrigeration performance are investigated. The simulation results of the air conditioning system are in good
agreement with the bench test results, with a maximum error of 4.7%. At 5 000 r/min, the blower can
provide an air flow rate of 470 m’/h for the air conditioning duct. Under the idle condition, the average flow
rate on the inlet side of the condenser is 2.77 m/s. However, thermal reverse flow in the engine compartment

severely affects the COP and the high and low pressures of the air conditioning system. For the optimized
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and base versions of the B-type vehicle, the system COP decreases by 8.3% and 15.8%, respectively, compared

to the A-type vehicle.

Keywords: air conditioning refrigeration system; engine compartment; cooling module; thermal reversed

flow; coefticient of performance
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