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Abstract: In non-vacuum environments, radiation heat flux meters based on the electric substitution mea-
surement principle face challenges such as intricate photoelectric inequality and hurdles in experimental test-
ing and correction. To enhance the meter's accuracy, the photoelectric inequivalence source of the radiant
heat flow meter was first analyzed. Subsequently, a thermal structure model for the radiant heat flow me-
ter was developed by combining heat transfer theory with finite element analysis. The model’s validity was
then ascertained via a vacuum-to-air ratio experiment. Using this finite element thermal structure model,
adjustments were made to address the inequivalence in the heat transfer process. The difference between
the test results of vacuum-air responsiveness of the finite element model and experimental results is 1. 7%,
and the inequivalence of heat transfer is 0.28%. The photoelectric inequivalent correction coefficient is
1.002 35, and the relative uncertainty is 0. 29%. Hence, this approach refines the radiant heat flux me-

, ) ) . . .
ter's correction system, improves its measurement accuracy, and furnishes valuable recommendations for
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further optimization and enhancement.

Key words: high precision; electric substitution; heat flux; photoelectric inequivalence
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Fig.1 Diagram of structural schematic
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Fig.2 Diagram of operating principle of electrical substi-

tution
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Fig. 3 Grid division of radiant heat flux meter
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Tab.1 Main component parameter list

gt RS SR

PEE 426 W/ (mK)

M WA s AR 45234 1/ (kgK)
21 .10 500/ (kgem *)
PG R 395 W/ (mK)

UL e A A 386 T/ (kg'K)
W .8 900/ (kgem *)
PP R 236 W/(meK)

Hh 7 A4 AE 902 T/ (kgK)

W .2710/(kgem *)
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Fig.4 Temperature profile of radiant heat flux meter
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Fig.5 Outside light path

SEREpHEE

TRESE LR A

B6 A iEOLR
Fig. 6 Light path in vacuum tank
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Tab.2 Transmission-reflection ratio test results (mA)

7 AR E S AR
Ji4 1 0.4410 0.016 56
SIEG 2 0.4413 0.016 53
S0 3 0.4409 0.016 55
¥{E 0.4411 0.016 55
FEAR FLZS PREE X S I T 43 it o'

AR5 R IR M 45 R A0 3 R A6 0m
e R RE Ry 12,59 WV, HL I A IR R RE
12.56 W/V,



2948 b=

K TR

31 %

®3 EEZHEERFHRIT WA ENKER
Tab.3 Response test results of radiant heat flux meter in

non-vacuum environment
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I A 1 IS A 8. 692 W/V, HL I HA i R JEE Sy
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Tab.4 Response test result of radiant heat flux meter in
vacuum environment
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Tab.5 Simulation results of photoelectric heating posi-

tion deviation
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Tab.6 Simulation results of different heating regions of sensitive surface
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Tab.7 Simulation results of photoelectric heating posi-

tion deviation in fluid field
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Tab.8 Simulation results of different heating regions of sensitive surface in fluid field
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