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Theoretical Model of Heat Conduction for Infrared
Detection of Internal Defects in Specimen

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 existing theoretical methods may

bring about greater errors. In addition, the theory which uses the heat conduction method to detect

defects is only limited to the detection of surface defects. On the basis of the heat conduction theory for

surface defect detection, a heat conduction theoretical model for detecting internal defects in specimens

is proposed.
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1.1 $A%&B'()*+,-./01

; 1 <C=D

!#>%?' 1@A�=9B*(9C@
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�� [3] "����4�AB?' 2 @AE

:�C;�� 40 mm �<�� 40 mm �=> 

�DE� 80 mm 
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 �@A 1 �" �@A 2 GB@A$%�

%C�!#>%�& [2] �

ρ1c1v1T 1 = h12(T 2 − T 1) = q1 (1)

1
h12

= R12 (2)

2�� ρ1 #AHD 1 �D�� c1 #AHD 1 �

-(� v1 #AHD 1 ��E� T 1 #A@A 1

�EF+����(,G�&@A 1 �# 

+�IF�EF;�G&J T 2 #A@A 2 �

EF+�� h12 #A��1(�GK(4� R12

� 1 � 2 1(�GK(H� q1 #AHD 1 H&

�(!�I�<@ 9.6 kJ �L�H6M+(
[4] ��%II�@A 2 JJ�NO�+�F�

K�;2 (1) I0J h12 �-�2 (2) I0J

R12 �3 R12 7&!#AB�JL�4�0<K

6> [2] ��&I0&!#�4�L;

(a)

(b)

(c)

; 2 PQMLRMNST
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�OAB� 80× 80× 20 mm�EÆ� ���!

#>%�V�5L�.MF��5� 4 �5

!#�5P5�@A 1 �@A 2 	O�N�!#

�EÆ4�>%�5W��?' 3 @A

; 3 =DXY

@A 1��&'@A 2?)�(!�3Q�

)ON �R8EÆ?S�(!��%@A 1&

'�(!)#�5)@

Q = QT × 2 + q1 (3)

2�� q1 #A-�@A 2 � H&�(!�QT

#AO �N R8EÆN�?S�(!

GB0<2

Q = cm(T 1 − T E) (4)

2� c #A@A 1 �-(T� m #A@A 1 �

O!� T 1 #A@A 1 �EF+� (��(,

G�&) �T E #A12+�P+0J QT �$

$�PIQ7 # !#�(?4$%+�0

&!#�$$

1.2.1 34546789:;<=>

?' 4 @A�	 0 ≤ x ≤ l ��ZU+�[F

� t1 \ t > 0 1� x=0 DQ
�(R���3

x=l DQ
R*]S*+� Tb 

; 4 y Æ z SVT^RUN

GB

∂T

∂t
= a

∂2T

∂x2
(0 < x < l)

ZUW�& t = 0 � T=t1 �DQW�& t > 0 �

x=0� ∂T
∂x = 0�x=l �T = Tb -�TX�UN�


Y+�	W���

d2T̄

dx2
− s

a
T̄ = 0 (0 < x < l)

2�*V�ZUW�� t=0 � T = t1 DQW�

� t > 0 � x=0 � dT̄
dx = 0 � x=l � T̄ = Tb/s W

V
YW��X&

T̄ =
Tb

s

ch
√

s
ax

ch
√

s
a l

Y q2 = s
a � q =

√
s
a �Z T̄ '�[L�I!��

�Æ�U�&'WX0<2 [5] �

T = Tb

∞∑
n=0

(−1)erf
(2n + 1)l − x

s
√

at

+ Tb

∞∑
n=0

(−1)erf
(2n + 1)l + x

2
√

at
(5)

GB2 (5) �7E �JJ�N x �+��I0

J!#�5�> ?' 5 @A��(!#

�_	�4Y@A 1 /O�NEÆGK��5(

�(?`(�(?`�GK E�' 5 �@A

1 � E

Infrared (monthly)/Vol.34, No.7, July 2013 http://journal.sitp.ac.cn/hw



+ 34 ,	+ 7 - � � 23
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1.2.1 :?@ y AB y CDB<=>EF

[!@A 1 > -..0< X0Y �?' 6

@A

; 6 ]^ 1 \Z

7 2 (5) �Y x=0 �I0&+� Tx=0 �9

3I0J Tb \P&\	:]DQ+����

"�IQ0J7E �+�5a�_&'JJ x
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�(,G&'JJ y > / Z0Y E `Æ
�
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a& y> x=0O�+���%I&J7> +

�[�5a�� Tx=0 &J� Tb a� T 0
b �

R y > �+�[�

T = T 0
b
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n=0

(−1)erf
(2n + 1)l − x

s
√

at

+ T 0
b
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n=0

(−1)erf
(2n + 1)l + x

2
√

at
(6)

K$�I0&ON�5/1bc�+�[�

TF = T 0
bF

∞∑
n=0

(−1)erf
(2n + 1)l − x

s
√

at

+ T 0
bF

∞∑
n=0

(−1)erf
(2n + 1)l + x

2
√

at
(7)

TB = T 0
bB

∞∑
n=0

(−1)erf
(2n + 1)l − x

s
√

at

+ T 0
bB

∞∑
n=0

(−1)erf
(2n + 1)l + x

2
√

at
(8)

. X0YE 5��LF$^cd�bFcd

�>  E� dxdy Z$^cd�E� 40 *V

�_�R&'$^cd��E 40dxdy/�b!

c�R8�5�$^cd��E� 2× 20dxdy

GB2 (1) 	2 (2) �)�

QM =
1

R12
(TF − T ) +

1
R12

(TB − T ) (9)

2�� QM #A@A 1 $^cd&'�ON

 EÆ?)�(!�R12 #AGK(H�7GK

�E GK�GBGK(Hc`d2 [6] �' 7@

A�GK(H�

Rc =
1

4aλs
μ(a/b)

u(a/b) ≈ (1 − a/b)1.5

a �GK.C;�c"� mm � b �Ea>%C

;�c"� mm � λ1 � � 1 �(4d�c"

� W/(m·◦C) � λ2 � � 2 �(4d�c"�

W/(m·◦C) %OII� a/b=1

1
λs

=
1
λ1

+
1
λ2

� R12 = 1
4aλs
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eg2 (6) � (7) � (8) �+� (9) Ph)b
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Q =
∫ x

0

1
R12

(TF − T ) +
1

R12
(TB − T )dx

GB x / y 0<2��K�

x =
√

402 − y2 (0 ≤ y < 34.64)

x = 20 (34.64 ≤ y < 45.36)

x =
√

402 − (y − 80)2 (45.36 ≤ y ≤ 80)

I&JUh.6�JJ> ?`g(!�#f

2 Q1 �Q2 � Q3 b�F y;!c�F+��y

;/+��JL0<I-���(,G�!&

']��(,G&'�&+�0� y�JL�

T= G(y) i! y 0E5�

QT =
∫ 34.64

0

Q1dt +
∫ 45.36

34.64

Q2dt +
∫ 80

45.36

Q3dt

QT × 2 _�@A 1 Gc�ON ?d�g(

!GB2 (3) I0& q1 �&' T 1 �jJ%O

� T1 /2 (4) � T 1 �K� T1 &�ONEÆ�

�" (# !#) �+�� T 1 &	ON#EÆN
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