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Numerical Research on the Influence of Temperature on the Leakage Rate of
Channel Type Positive Pressure Standard Leak Filled with Porous Media
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(Shanghai Institute of Measurement and testing Technology, Key Laboratory of Online Test and
Control Technology of Shanghai, Shanghai 201203, China)

Abstract For channel-type positive pressure standard leak (CTPPSL) filled with porous media, it is difficult
to control and obtain the variation of leakage rate with temperature in actual measurement due to the influence of
temperature. This paper establishes a mathematical model using numerical simulation to describe the flow
mechanism of fluid inside CTPPSL filled with porous media. The three-dimensional surface graph of the combined
influences of different inlet temperatures and pressures, porosity, and pore diameter on the leakage rate of CTPPSL
was analyzed, and the velocity field distribution was provided. The results show that the leakage rate of CTPPSL
decreases with the increase of inlet temperature and increases with the increase of inlet pressure, porosity and pore
diameter. When the inlet pressure is 700 kPa, for every 2 K difference in temperature, the relative error of the
obtained leakage rate is 0.54%. While the inlet temperature is 291 K, the growth rate of the leakage rate obtained
when the porosity € increases from 0.85 to 0.95 is 63.5% higher than that obtained when the porosity ¢ increases
from 0.55 to 0.65. Besides, within the same variation range of porosity, the growth rate of the leakage rate of
CTPPSL increases with the increase of pore diameter. Based on the research results, the conclusion was drawn that
the leakage rate of CTPPSL can be effectively controlled and adjusted under the combined action of temperature,
pressure, porosity and pore diameter. This research provides valuable reference significance for the processing
design of CTPPSL in the future and controlling the rate of change of the leakage rate.
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Tab. 1 Physical properties of air at different temperatures un-

der atmospheric pressure of 100 kPa

2SR /K ¥/ (kg/m’) K%/ (kg/m's)
283 1.206 1.7750x10°°
285 1.198 1.7848x10~
287 1.189 1.7946x10°°
289 1.181 1.8044x107°
291 1.172 1.8142x107
293 1.164 1.8240x10°
295 1.158 1.8338x107°
297 1.149 1.8437x107
299 1.142 1.8535x10°
301 1.134 1.8633x107°
303 1.127 1.8731x10°
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Tab.2 Grid independence

s £ Ji#R/ (mL/min ) AR R /%
1069 7.6889 —
7816 7.7080 0.248

29682 7.7110 0.039

115821 7.7122 0.016
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Tab.3 Experimental and simulation results of the leakage rate

versus pressure at 22°C and 101.89 kPa atmospheric

pressure
SKWFESMEKPa  EEZEFR/ (mL/min )  BIZEE/ (mL/min )
20 2.26 2.59
40 4.87 5.18
60 7.73 7.78
80 10.9 10.4
100 14.4 12.9
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Fig. 4 Three-dimensional curved surface graph of leakage rate
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Fig. 5 Three-dimensional curved surface graph of leakage rate

as a function of temperature and porosity
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