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Abstract: In response to the limited numerical simulations on the humidity field and the restricted
studies on heat-moisture barrier performance of air curtains in cold storage, a horizontal double-
layer air curtain in a cold storage facility was studied in this paper. An experimental measurement
system for heat and moisture transfer parameters of the air curtain was developed, and a numerical model
for heat and moisture transfer capable of characterizing flow and load characteristics was established. The
model was validated against experimental data, yielding average relative errors of 2. 86% (temperature) ,
1. 86 % (relative humidity), and 11.4% C(air velocity) at the measuring points. Based on this

model, key structural parameters of the air curtain, including the air outlet angle, outlet size,
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and outlet position, were optimized, leading to a significant improvement in heat-moisture barrier
efficiency. The effects of different operating modes, personnel passage, and goods stacking on
the internal temperature-humidity distribution and barrier performance of the air curtain were
analyzed. The results suggest that after structural optimization, the average temperature and
relative humidity inside the cold storage are reduced by 0.4 °C and 0. 6% , respectively, while the
heat-moisture barrier efficiency is increased by 9.7%. The heat-moisture barrier efficiency of a
single-layer cold air curtain is 15.4% higher than that of a single-layer hot air curtain. The
barrier performance of the double-layer configuration is superior to that of the single-layer one,
with the counter-flow mode achieving a 7. 9% higher efficiency than the co-flow mode. Although
the impact of personnel passage is position-dependent, the total heat load remains 41. 3% lower
than the baseline case without an air curtain even under the most significant impact. Furthermore, a
gradual attenuation in the barrier performance of the air curtain is observed as the stacking density of
goods rises, with the total barrier efficiency under high-stacking conditions dropping by 21%

compared to that under low-stacking conditions. These findings serve as a reference for the

%60 %

numerical analysis, structural design, and operational control of air curtains in cold storage.

Keywords: cold storage; air curtain; barrier performance; heat and moisture transfer
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Fig. 1 Dimensional and structural schematic of the cold

storage and air curtain
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Fig. 2 Schematic of measuring point positions
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Table 4 Air parameters at the air cooler return vent under

different personnel positions
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Table 6 Air parameters at the air cooler return vent under

different stacking conditions
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