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Heat-flux measurement technology based on infrared thermography
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Abstract: Focusing on the problem of heat-flux measuring in complex and extreme circumstances, a new
measuring method based on infrared thermography was proposed. Be superior to traditional radiation heat
flow meter which can only measure heat flow at one point, the thermal distribution and heat flow
distribution could be gotten easily and accurately in one time with help of a made-to-measure beacon,
combined the advantages of contact and non-contact measurement. This study was divided by three parts,
theoretical analysis, system construction and numerical simulation. Less than 2% theoretical error was
obtained which verifies the accuracy and feasibility of heat-flux measurement technology based on
infrared thermography.
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Fig.2 Structural design of the beacon for heat—flux measurement
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Tab.1 Material selection of beacon

Area Material Radiancy Temperature/ C
a Polished titanium 0.15-0.20 100-500
b Oxidation of steel 0.78-0.82 125-525
c Polished steel 0.14-0.30 400-1200
d Nichrome 0.71-0.79 500-1300
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Fig.3 Flow chart of infrared imagery processing
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Fig.4 Heat balance analysis of beacon and measured object
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Fig.5 Heat flow distribution in simulation
3.2.2 A3 ARBA M R EE A R
H AR IR S RO b i R AR ey, AR

PCHLH AR SO I AL O RCR , i i B
ol A 14 8 S A At B VL TR N R R s A, B 1R
RN AL IR ST, A7 5 A 3K

T-T,
L Tlow 11
Tup_ leow ( )

FEAUL T A AR A8 A 2l X % 5 00 40 A 8 o R 8%
nz% 2 s,
2 N ERERERREESRIZIT

Tab.2 Emissivity design of measured object surface

&= 810w+( Ep~ 8low) *

and beacon surface

Elow Eup T/ T T,/ C

Measured object 0.65 0.85 0 1 000

Area a of beacon 0.15 0.20 100 500

Area b of beacon 0.78 0.82 125 525

Area ¢ of beacon 0.14 0.30 400 1 000

Area d of beacon 0.71 0.79 500 1 000
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Tab.3 Simulation design of working condition

parameters of heat—flux measurement

Parameter Value
Environment temperature T,.=21C
Convective heat-transfer coefficient h=80 W-K-m™
Object internal temperature T,=70 C
Thermal resistance of measured object ra=2m?>-K-W-!

Thermal resistance of beacon r=0.1m*-K-W-!
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Fig.6 Infrared imagery of measured object in simulation
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Fig.7 Heat flow distribution and measuring error by heat flow
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Fig.8 Influence of each parameters of test condition on

measuring error
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