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Infrared Temperature Field Analysis of
Crack in Furnace Firebrick

ZHOU Guoq-iang, YANG Li, FAN Chun-li, LIU Li-li, YANG Kun

(Faculty 405 Naval University of Engineering , Hubei Wuhan 430033 China )

Abstract: Three-dimensional physical and mathematic models are established for the internal heat

transfer in a defective furnace. The temperature distribution and infrared characteristics of the surface

when the defect in a furnace is detected in different positions are studied. The analysis result shows that

the firebricks play a major role in the thermal insulation of the furnace. When the firebricks break down,

the temperature of the outer surface of the furnace is abnormal. In the position of the defect, the difference

between the maximum temperature and the normal operation temperature increases exponentially with

the defect depth.
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1 sGHtuvIwxyz
1.1 J$%K

/,04�2/���/	0���/7

8134�4 1 �596�5-:0 1 	

7 1 2;338<=497

L 1 MNOOPQRST

>6 75:6 76 589
:8

(mm) w/(m·K) kg/m J/(kg·K)

;?& 100 0.058 2000 816

<=9 5 0.111 770 816

;@9 5 41 7800 460

1.2 UV%K [7]

/,<>: Lx 
A Ly 
B Lz C;/ 1000

mm×1000 mm×110 mm ��/�/04�2�

�<�/�Æ?@='�(=/ Ldx=500 mm�

Ldy=500 mm � Ldz=0 mm ����A�>?/

dLx 
 dLy 
 dLz(�>�:
A
B) 	%B�/

�C?@ �'AC)@/

∂2t

∂x2
+

∂2t

∂y2
+

∂2t

∂z2
= 0 (1)

ADBE�

x = 0,
∂t

∂x
= 0 (2)

x = Lx,
∂t

∂x
= 0 (3)

y = 0,
∂t

∂y
= 0 (4)

y = Ly,
∂t

∂y
= 0 (5)

z = 0, α1(tf1 − t) = −λ
∂t

∂z
(6)

z = Lz, α2(t − tf2) = −λ
∂t

∂z
(7)

D�� α1 
 α2 C;/��(
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EF'D-� tf1 
 tf2 C;/��(
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)C���G��EF'D-�2.�E

[8]:

α2 = 1.163(10 + 6
√

ν) (8)

D��ν /HF	BHF ν=1m/s.�α2 =18.61	
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αpϕp = αW ϕW + αEϕE + αSϕS

+αNϕN + αBϕB + αT ϕT + Sµ

αW =
ΓwAw

δxWP
, αE =

ΓeAe

δxPE
, αS =

ΓsAs

δxSP

αN =
ΓnAn

δxPN
, αB =

ΓbAb

δxBP
, αT =

ΓtAt

δxPT
(9)

αP = αW + αE + αS

+αN + αB + αT − SP
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2.1 ,WX-.Y/0Z12

B������LN.�MN5-�Ldx=0.5,

Ldy=0.5; dLx=0.0,dLy=0.0, dLz=0.0	�2.$K
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4 3 
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4 5 M1	

7 2 NLOO6OM7

7 3 P X PQNNLOO6OM7

7 4 P Ldy=0.5 P3QROO6OM7

7 5 P Z PQNO6OM7

�4 2
4 3 CR!3��/4O��.�

�"0#�1CPQ5�SQ�1/ 64.8◦C 	

�4 4 
4 5 CR!3�SB1)T��1&T
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��7������)#?K8���	

2.2 ,W9:[;Æ<\/0Z12

����

�.�S�
��Z1C;

/ 10 mm
25 mm
40 mm
55 mm
70 mm


85 mm 
 100 mm [=\T	��Z1/ 100 mm

.����+U�

�	

W
�Z1 40 mm /���2.$K�7

��4 6 
4 7 
4 8 
4 9 M1	

7 6 NLOO6OM7

�4 6
4 7!3�
�Z1/ 40 mm.��

ÆV"0#�
YX'W�>
�1S 71.2◦C	

U&�ÆV�15X��1YX]
��RS

6.4◦C 	
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7 8 P Ldy=0.5 P3QROO6OM7

7 9 P Z PQNO6OM7
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