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Heat Conduction Model for Quantitative Infrared
Detection of Defects

DAI Wen-yuan, LI Chang-you

(College of Mechanical Engineering and Automation, Northeastern University, Shenyang 110004, China)

Abstract: In the field of infrared quantitative defect detection, the current theoretical methods simulate

the defects mostly by using a rule model and then obtain the size of the detected defect by using an image

comparison method or the first and second derivative of the image. All of these methods may bring

about a large data error. The heat conduction among particles based on the particle theory is applied

in quantitative defect detection for the first time. According to a simulated defect, the heat conduction

equation is established. It provides a new idea for the quantitative infrared defect detection.
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i
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i
3)3 − ρiqi = 0 (1)

DE�CIA�.

∂P 1 : T = T̄

∂P 2 : k1T
i
1n1 + k2T

i
2n2 + k3T

i
3n3 = q′′

∂P 3 : k1T
i
1n1 + k2T

i
2n2 + k3T

i
3n3 = −β(T − Ta)

4� ρi �=CDDB�C�
 ci �=ED�1

,E
 qi .CD���,@C�
 n1 � n2 �

n3 .CI�00/FGH�CIA� T̄ %�C

DCI�J.�&�
 q′′ %CI�J.�,F

C�
 β .K,;G
 k .,>6;G��CH

�FA��
 Ta .�I9:&�
�IJ�F

A��
 Ta .CIF�L,G&��

I 1 KLMJI

(a)

(b)

Infrared (monthly)/Vol.34, No.4, Apr 2013 http://journal.sitp.ac.cn/hw



� 34 ��� 4 � � � 45

(c)

I 2 KLMJHIJI

1.2 DEFG?@HI
�������� M
&�DB�K�

,@
<A0&�B�*( CD 
�*(C

D �,@
� qi=0[3] �
%/� (1) #1.

ρiciT i − (k1T
i
1)1 − (k2T

i
2)2 − (k3T

i
3)3 = 0 (2)

�4 (2) ���7

ρiciviT i =
∫

∂P

k1T
i
1n1 + k2T

i
2n2 + k3T

i
3n3dα = q

	
 �,@
�CD,)��1N�C
1C
I�OK
 q P.1CI��OK�J,)

vi . CD���


∫
∂P
�=�CDCI��

�7�K� CD 1

ρ1c1v1T 1 =
∫

∂P

k1T
1
1 n1 + k2T

1
2 n2 + k3T

1
3 n3dα = q1

(3)

q1 1 1 ED�N��*QLCD&4�*;

q1 = h12(T 2 − T 1)

h12 �= 1 � 2 43�QL,6
 T 1 � T 2 M�

CD 1 � 2 �&��
%�/�

ρ1c1v1T 1 = h12(T 2 − T 1)

7
1

h12
= R12

�
*QLCD��R.=S��.K��

R̄ = 2k̃(
3Fnre

4Ee
)1/3

R̄ .QL�.=S�� QL��.KT!,

L
 Fn �=CD43QLM'U� �
 k̃ .

QL���L,>6;G
 re �=�LÆ@


Ee �=�LN�9) [4] ��M�L5G1QL

CD�N��;�*;	

k̃ = 2k1k2(k1 + k2)−1

re = r1r2(r1 + r2)−1

E0 = (E−1
1 (1 − υ2

1) + E−1
2 (1 − υ2

2))
−1

E .ED�N�9)
 υ .OO1�

Fn = −knδ3/2 − γnvn

vn �=*QL�43�D���
! vn=0 


γn .0FLP;G�

δ = r1 + r2 − d

δ �CD,>6/��=*CDQL � P

�7
 r1 � r2 �=*CD�Æ@
 d �=*C

D43��N��	

�����!,�&�

��5,
&��,V�$	QO
$�&��

��DW7�
'�RS.*CDQL � P

�7.

δ = (1 + α)(r1 + r2) − (r1 + r2)

4� α .ED�,QO;G�&�	
�,Q

O7�
�	&�EU
�!Q�+.0FQ

LM'U [5] ���@���
P�;� 9.6 kJ

�&�T=R7.,@ [6] 
<�>694��

�&���5, [7] ��!'�RS.CD 2 �

&�U3V.&� T 2 
2�
��&Q�SC

D 1 �&�7TU3S.R&�X. T 1 �EF

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.4, Apr 2013



46 � � 2013 � 4 �

q1 = c1m1(T1 − TY) 
'3SCD 1 �J,)�H

V	/�

ρ1c1v1T 1 = h12(T 2 − T 1)

1
h12

= R12

'V3S r1 � r2 
RZ"S����AB�

2 ��
�+��,�
>S�
�����.+

��W#@C�	��
�����A,XW

.-Y
�!,>6.+�E[X�	
<,�

�����%TN���HU��ZV� [8] 
�

!P�!,2�9:\[������671

�]��D�E�,>6.+/��D?0C

D43�,>6WYE�
���.)��


��-.��,��

OP��

[1] \XY]^Z_[ZI\`QR^_`S[ [J].T
U,2013,2(34):16–21.

[2] Incropera F P, DeWitt D P, Bergamn T L,et

al.Fundermentals of Heat and Mass Transfer[M].New

York:John Wiley and Sons,2007.

[3] M .N. zisik.VWX[M].]a\^]abb_cd]�

1983.

[4] Y^]̂ Zc_`_`Hdee`Zfgaf [D].

�ghÆ��� 2011.

[5] bai�hjb] Z[\]Z[^_[M]. �k�l

�cd]� 2005.

[6] mc�dic]deÆjne`ek MJfl

Hmg_[on [J].`abcbdefghf
i,2012,61(14):1–6.

[7] Montanini R, Freni F. Non-destructive Evalua-

tion of Thick Glass Fiber-reinforced Composites by

Means of Optically Excited Lock-in Thermography

[J].Composites Part A-Applied Science and Manu-

facturing, 2012, 43(11):2075–2082.

[8] Wally G, Oswald-Tranta B. The Influence of Crack

Shapes and Geometries on the Result of the Thermo-

inductive Crack Detection[C].Conference on Ther-

mosense XXIX. SPIE-INT SOC Optical Engineering,

2007:54111.

ojkl 27 mp

�>p�fh�=*;SA�GFQ.)Æ�

�#�g�q�i
AD�'A�r2jkh

�n�'*(#
���+�n�$s�� 

t���l�� . 50 m  
�n�XW!"

�'W 10−16 W/cm2 �!�
D�q)-8�r

i+7 6 h A�
m�
&')Uns���)

j�)?�;�t)���1.��

OP��

[1] uu��okv��l]wmxwpvqnHrs

[J]. opqr, 1998, 6: 16–21.

[2] ow�u�t�ous�b]t[p�qwmonu

Hrsaf [J]. vfwx]yz, 2007, 7(7): 1313–

1315.

[3] {tx�]yz�uvy�b]wmxwz{avww
wxÆyw|Hxy [J]. oqpwx, 2009, 35(4):

872–876.

[4] {u�hzz�h{�b]wmxwu|{qnH
}|}|}�~}~ [J]. oqpwx, 2007, 33(7):

92–94.

[5] d�~�~�a�h��]avwmxwq|}�
on [J]. q}]~�, 2006, 43(2): 6–8.

[6] Razeghi M, Rogalski A. Semiconductor Ultraviolet

Detectors [J]. Journal of Applied Physics, 1996, 79:

7433–7473.

[7] Monroy E, Omnes F, Calle F. Wide-bandgap Semi-

conductor Ultraviolet Photodetectors [J]. Semicon-

ductor Science and Technology, 2003, 18: 33–51.

Infrared (monthly)/Vol.34, No.4, Apr 2013 http://journal.sitp.ac.cn/hw


