CLADDING CONDUCTION



FLAT PLATE CONDUCTION

CONDUCTION EQUATION

| r
Q. = - ka %
CENERAL EQUATION
Ar
T
3 = ¢,
T = ¢« + ¢,

SuBSTITUTE KOUNDARY CONDITIONS FEOf. LONSTANYS

T = T AT 2 = %,
T = T, AT 2 = ¢,
S THUS © T, = e,% + e, HEwCE ¢,
T, = e, + ¢,
| T, - T, = ¢ (%,-%) HENce e,
TEMPERATUE.  PROFILE
T = ¢z + e
= (7;7‘—:41;:)" t T, - zz—x,)“l
= T, +,(‘;:_:£!})(%—9¢.)

2¢-2¢
T, + (==, )(T.-T))



HEART LONDUCTED

@z = "kﬂgg
= -kAe
= - kA w5
&= . _ (.E;T:_)
A Ka=xy
gx = -k (F)

NoTE THAT AREA A |S COMSMNT FOR FLAT PLAYE
Bur MNor FOll CYLIMDRICAL AND SPNEMEAL SHELLS



.

Figure 1 Heat conduction through a solid flat slab
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Figure 3 Heat conduction through a solid cylindrical wall
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Table 7 |
Alloying elements In Zircaloy-2 and -4*

Percent by Weight

Element Zr-2 Zr-4
Tin 1.45 " 1.45
lron 0.14 0.21
Chromium o010 . 0.10
Nickel 0.05 nil.
Zirconium Balance Balance

*Nominal values from ASTM-B-353

Physical properties. Table 8 lists some important physi-
cal properties of Zircaloy-4. Its density is 412 1b/ft3 (0.24
Ib/in.3). The coefficient of thermal expansion to 600F
is 343 X 10%/F. Because of Zircaloy’s relatively low
thermal expansion and its low modulus of elasticity—
approximately 11 X 10° psi at 600F —a given thermal
gradient produces less thermal stress in Zircaloy than in
other structural materials.

Table 8
Some physical properties of Zircaloy-4
Thermal Coeffi- Modulus of
Conduc- cient of Elasticity
tivity Linear in Tension

Temp, Density Btu/sq ft, Expansiont Specific (Static Value)
F Ib/ft>  hr, F/in. (in./in. F) 106 Heat psi/108

70 412 98 0.070 14
200 101 3.24 0.073 13
400 107 3.33 0.077 12
600 113 3.43 0.081 11
800 120 3.53 0.085 9

1000 131 3.62 0.086 7
1200 142 3.72 0.086 6

tBetween 70F and temperature shown.
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Fig. 14 Mechanical strength of Zircaloy-4 in the cold-worked

and ann

ealed conditions.
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Fig. 2-15 Joint-roughness model for
analysis of thermal contact resistance.
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Figure 4 Contact resistance between two solids



CLADDING

| Fig. 6.6. Section through fuel pellet with gas gap and cladding.
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Figure 5 Heat conduction through a cylindrical fuel rod
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