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Abstract: At present, the function of positive pressure protective clothing is relatively single, the
high internal temperature and difficult pressure control resulted in low safety and comfort. Therefore,
a supporting device integrating supply/exhaust, filtration and cooling functions was proposed. The da-
ta required to maintain a slightly positive pressure state within the protective clothing was tested, and
the structure of the air-supply backpack was designed in modules. A heat transfer analysis was con-
ducted on the semiconductor refrigeration module, and a simulation model was established to analyze
the impacts of profile dimensions on refrigeration performance based on CFD (computational fluid dy-
namics). The parameters of temperature and pressure were stabilized by fuzzy PID control, the trans-
fer function was solved, the controller was designed and verified by Simulink simulation. The FLU-
ENT simulation model of micro positive pressure protective clothing was built to analyze the distribu-
tion law of flow field and temperature field in protective clothing and the influences of air supply tem-
perature. The prototype of air supply backpacks was developed and the temperature and humidity of
protective clothing were tested. The results show that the air supply backpacks may dehumidify to
normal ambient humidity within 30 s and reduce 5 ‘C compared with room temperature within 100 s.

Key words: positive pressure protective clothing; gas supply backpack; semiconductor refrigera-
tion; FLUENT simulation; temperature and humidity testing
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Fig.1 Prototype of air pressure test backpack
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Tab.1 Air pressure measurement value of 170 type

protective clothing head under different conditions Pa

IR 87 € fOE FOR & T T I il ST 1% ]
1 42.0 270.0 31.0
2 30.0 352.0 18.0
3 26.0 300.0 17.0
4 24.0 352.0 17.0
5 37.0 354.0 15.0
T 31.8 325.6 19.6
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Tab.2 Air pressure measurement value of 170 type

protective clothing under different abdominal conditions

Pa
I R UIE AR 2 P 1% ) i 7. % 8]
1 17.0 376.0 —15.0
2 7.0 370.0 —8.0
3 5.0 294.0 —14.0
4 10.0 364.0 —3.0
5 7.0 243.0 —12.0
SR 9.2 329.4 —10.4
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Tab.3 Requirements for design parameters of air

supply backpack
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Fig.2 Schematic diagram of filter module structure
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Fig.3 Section view of ventilation joint structure
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Fig.4 Gas supply backpack housing module
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Fig.5 Schematic diagram of refrigeration

module structure
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Fig.6  Overall schematic diagram of gas supply backpack
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Fig.7 Fluid domain division of refrigeration module
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Tab.4 Variation of heat exchange efficiency between

ON

inlet and outlet of fluid domain with grid number

N | R ‘Mﬁbﬁé_%';*ﬁ HIXHR2E on/ %
1 1143 668 26.46
2 1584 722 26.94 1.81
3 2171 225 27.18 0.90
4 2 389 446 27.27 0.33
5 2 566 712 27.32 0.18
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Fig.9 Variation diagram of inner surface temperature

with time at different base plate thickness at hot end
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of cold end with different base plate thickness with time
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