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Heat Flow Out of Solid Cylindrical Fuel 
Elements

• Unclad cylindrical fuel element, or fuel rod or pin, of a diameter small compared 
with that of the reactor core will be treated.

• The neutron flux will be assumed not to change appreciably in either the axial or 
radial directions.

• The heat flow out of the fuel element will substantially be radial and will be equal 
in all directions.

• The equation here is the one-dimensional Poisson equation in cylindrical 
coordinates, given by

𝜵𝟐𝑻 +
𝒒′′′

𝒌
= 𝟎 𝐰𝐡𝐞𝐫𝐞 𝜵𝟐𝑻 = (

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
)
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝜵𝟐𝑻 +
𝒒′′′

𝒌
= 𝟎 𝜵𝟐𝑻 = (

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
)

• This equation can also be obtained by a heat balance on 
a cylindrical shell within the fuel element.

• The cross section of an unclad element having a radius 𝑹
and length 𝑳

• A thin cylindrical shell at 𝒓 of thickness 𝚫𝒓.

• A heat balance of steady-state heat transfer as follows:

𝒒′′′ 𝟐𝝅𝒓∆𝒓𝑳 = 𝒒𝒓+∆𝒓 − 𝒒𝒓
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝒒′′′ 𝟐𝝅𝒓∆𝒓𝑳 = 𝒒𝒓+∆𝒓 − 𝒒𝒓 (𝟏)

𝐰𝐡𝐞𝐫𝐞 𝒒𝒓 = −𝑨𝒌𝒇
𝒅𝑻

𝒅𝒓
= −𝟐𝝅𝒓𝑳𝒌𝒇

𝒅𝑻

𝒅𝒓
(𝟐)

𝐚𝐧𝐝 𝒒𝒓+∆𝒓 = 𝒒𝒓 +
𝒅𝒒𝒓
𝒅𝒓

∆𝒓

𝒒𝒓+∆𝒓 = 𝒒𝒓 − 𝟐𝝅𝑳𝒌𝒇∆𝒓
𝒅

𝒅𝒓
(𝒓
𝒅𝑻

𝒅𝒓
)

𝒒𝒓+∆𝒓 = 𝒒𝒓 − 𝟐𝝅𝑳𝒌𝒇(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
)∆𝒓

𝒒𝒓+∆𝒓 − 𝒒𝒓 = −𝟐𝝅𝑳𝒌𝒇(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
)∆𝒓 (𝟑)
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝐒𝐮𝐛𝐬𝐭𝐢𝐭𝐮𝐭𝐞 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧 𝟐 𝐚𝐧𝐝 𝟑 𝐢𝐧 (𝟏)

𝒒′′′ 𝟐𝝅𝒓∆𝒓𝑳 = −𝟐𝝅𝑳𝒌𝒇(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
)∆𝒓

𝒒′′′𝒓 = −𝒌𝒇(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
) 𝒒′′′𝒓 = −𝒌𝒇

𝒅

𝒅𝒓
(𝒓
𝒅𝑻

𝒅𝒓
) (𝟒)
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𝜵𝟐𝑻 +
𝒒′′′

𝒌
= 𝟎 𝜵𝟐𝑻 = (

𝒅𝑻𝟐

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
)

Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝒒′′′𝒓 = −𝒌𝒇(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
)

𝒒′′′

𝒌𝒇
= −

𝟏

𝒓
(𝒓
𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝒅𝑻

𝒅𝒓
)

𝒒′′′

𝒌𝒇
= − (

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
)

𝐓𝐡𝐢𝐬 𝐫𝐞𝐝𝐮𝐜𝐞𝐬 𝐭𝐨

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
+
𝒒′′′

𝒌𝒇
= 𝟎
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝒒′′′𝒓 = −𝒌𝒇
𝒅

𝒅𝒓
(𝒓
𝒅𝑻

𝒅𝒓
)

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
+
𝒒′′′

𝒌𝒇
= 𝟎

𝒅

𝒅𝒓
(𝒓
𝒅𝑻

𝒅𝒓
) +

𝒒′′′

𝒌𝒇
𝒓 = 𝟎

𝒅

𝒅𝒓
𝒓
𝒅𝑻

𝒅𝒓
= −

𝒒′′′

𝒌𝒇
𝒓

𝐈𝐧𝐭𝐞𝐠𝐫𝐚𝐭𝐞 𝟐 𝐭𝐢𝐦𝐞𝐬

𝒓
𝒅𝑻

𝒅𝒓
= −

𝒒′′′

𝟐𝒌𝒇
𝒓𝟐 + 𝑪𝟏

𝒅𝑻

𝒅𝒓
= −

𝒒′′′

𝟐𝒌𝒇
𝒓 +

𝑪𝟏
𝒓
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝒅𝑻

𝒅𝒓
= −

𝒒′′′

𝟐𝒌𝒇
𝒓 +

𝑪𝟏
𝒓

𝑻 𝒓 = −𝒒′′′
𝒓𝟐

𝟒𝒌𝒇
+ 𝑪𝟏 𝒍𝒏 𝒓 + 𝐂𝟐 (𝟓)

𝑪𝟏 and 𝑪𝟐, the constants of the double integration. Hence, apply boundary condition as follows:

𝐁𝐨𝐧𝐝𝐚𝐫𝐲 𝐜𝐨𝐧𝐝𝐢𝐭𝐢𝐨𝐧 𝟏

𝒅𝑻

𝒅𝒓
= 𝟎 at 𝒓 = 𝟎 𝟎 = −

𝒒′′′

𝟐𝒌𝒇
(𝟎) +

𝑪𝟏
𝒓

𝑪𝟏 = 𝟎

𝐁𝐨𝐧𝐝𝐚𝐫𝐲 𝐜𝐨𝐧𝐝𝐢𝐭𝐢𝐨𝐧 𝟐

𝑻 = 𝑻𝒎 at 𝒓 = 𝟎 𝑻𝒎 = 𝑻 𝟎 = −𝒒′′′
𝟎 𝟐

𝟒𝒌𝒇
+ 𝟎 𝒍𝒏 (𝟎) + 𝐂𝟐 𝑪𝟐 = 𝑻𝒎
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝐇𝐞𝐧𝐜𝐞,

𝑻 𝒓 = −𝒒′′′
𝒓𝟐

𝟒𝒌𝒇
+ 𝐓𝐦

𝐒𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐞𝐱𝐩𝐫𝐞𝐬𝐬𝐢𝐧𝐠 𝐓 𝐢𝐧 𝐭𝐞𝐫𝐦𝐬 𝐨𝐟 𝐫 𝐢𝐬,

𝑻 𝒓 = 𝐓𝐦 −
𝒒′′′𝒓𝟐

𝟒𝒌𝒇
(𝟔)

𝐓𝐡𝐞 𝐦𝐚𝐱𝐢𝐦𝐮𝐦 𝐭𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐢𝐧 𝐭𝐡𝐞 𝐬𝐲𝐬𝐭𝐞𝐦𝐦𝐚𝐲 𝐛𝐞 𝐨𝐛𝐭𝐚𝐢𝐧𝐞𝐝 𝐛𝐲 𝐩𝐮𝐭𝐭𝐢𝐧𝐠 𝒓 = 𝑹 𝐚𝐧𝐝 𝑻 = 𝑻𝒔

𝑻𝒎 − 𝑻𝒔 =
𝒒′′′𝑹𝟐

𝟒𝒌𝒇
(𝟕)
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

𝐓𝐡𝐞 𝐡𝐞𝐚𝐭 𝐟𝐥𝐨𝐰 𝒒 𝒓 𝐚𝐭 𝐚𝐧𝐲 𝐫𝐚𝐝𝐢𝐮𝐬 𝒓 𝐢𝐬 𝐞𝐪𝐮𝐚𝐥 𝐭𝐨 𝐭𝐡𝐞 𝐭𝐨𝐭𝐚𝐥 𝐡𝐞𝐚𝐭 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐞𝐥𝐞𝐦𝐞𝐧𝐭 𝐰𝐢𝐭𝐡𝐢𝐧 𝐭𝐡𝐚𝐭 𝐫𝐚𝐝𝐢𝐮𝐬. 𝐓𝐡𝐮𝐬

𝒒 𝒓 = 𝝅𝒓𝟐𝑳𝒒′′′ (𝟖)

𝑻𝒎 − 𝑻𝒔 =
𝒒′′′𝑹𝟐

𝟒𝒌𝒇

𝐓𝐡𝐞 𝐡𝐞𝐚𝐭 𝐜𝐨𝐧𝐝𝐮𝐜𝐭𝐞𝐝 𝐨𝐮𝐭 𝐨𝐟 𝐭𝐡𝐞 𝐩𝐞𝐫𝐢𝐩𝐡𝐞𝐫𝐲 𝐨𝐟 𝐭𝐡𝐞 𝐞𝐥𝐞𝐦𝐞𝐧𝐭 𝒒𝒔, 𝐢𝐬 𝐞𝐪𝐮𝐚𝐥 𝐭𝐨 𝐭𝐡𝐞 𝐡𝐞𝐚𝐭 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐞𝐝 𝐢𝐧 𝐭𝐡𝐞 𝐞𝐧𝐭𝐢𝐫𝐞 𝐞𝐥𝐞𝐦𝐞𝐧𝐭
And is given by:

𝒒𝒔 = 𝝅𝑹𝟐𝑳𝒒′′′ 𝒒′′′ =
𝒒𝒔

𝝅𝑹𝟐𝑳
(𝟗)

𝑻𝒎 − 𝑻𝒔 =
𝑹𝟐

𝟒𝒌𝒇
×

𝒒𝒔
𝝅𝑹𝟐𝑳

=
𝟏

𝟒𝒌𝒇

𝒒𝒔
𝝅𝑳

𝒒𝒔 = 𝟒𝝅𝑳𝒌𝒇(𝑻𝒎 − 𝑻𝒔) (𝟏𝟎)
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Heat Flow Out of Solid Cylindrical Fuel 
Elements

Total heat generated is only a function of the maximum temperature drop (𝑻𝒎 − 𝑻𝒔) and is independent of the 
volumetric

Putting 𝟐𝝅𝑹𝑳 = 𝑨𝒔, the total heat generated

𝑨𝒔 = 𝟐𝝅𝑹𝑳
𝑨𝒔

𝑹
= 𝟐𝝅𝑳

𝟐𝑨𝒔

𝑹
= 𝟒𝝅𝑳

𝒒𝒔 = 𝟒𝝅𝑳𝒌𝒇(𝑻𝒎 − 𝑻𝒔) 𝒒𝒔 =
𝟐𝑨𝒔

𝑹
𝒌𝒇(𝑻𝒎 − 𝑻𝒔)

𝒒𝒔 = 𝟐𝒌𝒇𝑨𝒔(
𝑻𝒎 − 𝑻𝒔

𝑹
) (𝟏𝟏)
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Effect of Cladding and Coolant 

• The cross section of a cylindrical fuel element of 
radius 𝑹 and axial length 𝑳, having a center 
temperature 𝑻𝒎 and surrounded by cladding of 
radial thickness 𝒄 and coolant fluid having bulk 
temperature 𝑻𝒇

• In the steady state with no heat generated in 
cladding or coolant,

• The heat passing out of the fuel surface is the same 
as that passing through the cladding and into the 
coolant fluid
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Effect of Cladding and Coolant 

𝐓𝐡𝐞 𝐡𝐞𝐚𝐭 𝐜𝐨𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧 𝐟𝐨𝐫 𝐭𝐡𝐞 𝐜𝐥𝐚𝐝𝐝𝐢𝐧𝐠 𝐢𝐬

𝒅𝟐𝑻

𝒅𝒓𝟐
+
𝟏

𝒓

𝒅𝑻

𝒅𝒓
= 𝟎 (𝟏𝟐)

𝐰𝐡𝐢𝐜𝐡 𝐡𝐚𝐬 𝐭𝐡𝐞 𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧

𝑻 𝒓 = 𝑪𝟏 𝒍𝒏 (𝒓) + 𝐂𝟐 (𝟏𝟑)

𝐔𝐬𝐢𝐧𝐠 𝐭𝐡𝐞 𝐛𝐨𝐮𝐧𝐝𝐚𝐫𝐲 𝐜𝐨𝐧𝐝𝐢𝐭𝐢𝐨𝐧𝐬

𝐁. 𝐂 (𝟏)

𝑻(𝑹) = 𝑻𝒔

𝐁. 𝐂 (𝟐)

𝑻(𝑹 + 𝒄) = 𝑻𝒄

𝐭𝐨 𝐝𝐞𝐭𝐞𝐫𝐦𝐢𝐧𝐞 𝐭𝐡𝐞 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭𝐬 𝐂𝟏 𝐚𝐧𝐝 𝐂𝟐 𝐠𝐢𝐯𝐞𝐬

𝑻 𝒓 =
𝑻𝒔 𝒍𝒏 𝑹 + 𝑪 − 𝑻𝒄 𝒍𝒏 𝑹 − 𝑻𝒔 − 𝑻𝒄 𝒍𝒏 (𝒓)

𝒍𝒏 (𝟏 +
𝑪
𝑹
)

(𝟏𝟒)
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𝑻 𝒓 =
𝑻𝒔 𝒍𝒏 𝑹 + 𝑪 − 𝑻𝒄 𝒍𝒏 𝑹 − 𝑻𝒔 − 𝑻𝒄 𝒍𝒏 (𝒓)

𝒍𝒏 (𝟏 +
𝑪
𝑹
)

Effect of Cladding and Coolant 

𝐅𝐫𝐨𝐦 𝐅𝐨𝐮𝐫𝐢𝐞𝐫′𝐬 𝐥𝐚𝐰, 𝐭𝐡𝐞 𝐭𝐨𝐭𝐚𝐥 𝐡𝐞𝐚𝐭 𝐟𝐥𝐨𝐰𝐢𝐧𝐠 𝐨𝐮𝐭 𝐨𝐟 𝐭𝐡𝐞 𝐜𝐥𝐚𝐝𝐝𝐢𝐧𝐠 𝐢𝐬

𝒒𝒔 = −𝒌𝒄𝑨
𝒅𝑻

𝒅𝒓

𝑨𝑹+𝒄 = 𝟐𝝅𝑳(𝑹 + 𝒄)

𝒒𝒔 = −𝟐𝝅𝒓𝑳𝒌𝒄
𝒅𝑻

𝒅𝒓

𝐞𝐯𝐚𝐥𝐮𝐚𝐭𝐞𝐝 𝐚𝐭 𝒓 = 𝑹 + 𝒄. 𝐂𝐚𝐫𝐫𝐲𝐢𝐧𝐠 𝐨𝐮𝐭 𝐭𝐡𝐞 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭𝐢𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧 𝟏𝟒 𝐲𝐢𝐞𝐥𝐝𝐬

(𝟏𝟓)

(𝟏𝟔)

𝒒𝒔 = 𝟐𝝅𝑳𝒌𝒄
(𝑻𝒔 − 𝑻𝒄)

𝒍𝒏 (
𝑹 + 𝒄
𝑹

)

(𝟏𝟕)
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Effect of Cladding and Coolant 

𝐓𝐡𝐞 𝐞𝐱𝐩𝐫𝐞𝐬𝐬𝐢𝐨𝐧 𝐟𝐨𝐫 𝐡𝐞𝐚𝐭 𝐟𝐥𝐨𝐰 𝐭𝐡𝐫𝐨𝐮𝐠𝐡 𝐭𝐡𝐞 𝐜𝐥𝐚𝐝𝐝𝐢𝐧𝐠 𝐢𝐬 𝐭𝐡𝐚𝐭 𝐟𝐨𝐫 𝐡𝐞𝐚𝐭 𝐟𝐥𝐨𝐰 𝐛𝐲 𝐜𝐨𝐧𝐝𝐮𝐜𝐭𝐢𝐨𝐧 𝐭𝐡𝐫𝐨𝐮𝐠𝐡
a hollow cylinder.

𝒒𝒔 = −𝟒𝝅𝑳𝒌𝒇(𝑻𝒎 − 𝑻𝒔) 𝑨𝑹 = 𝟐𝝅𝑳𝑹

For cladding

𝒒𝒔 = 𝟐𝝅𝑳𝒌𝒄
(𝑻𝒔 − 𝑻𝒄)

𝒍𝒏 (
(𝑹 + 𝒄)

𝑹
)

𝑨𝒎 =
𝟐𝝅𝑳𝒄

𝒍𝒏 (
(𝑹 + 𝒄)

𝑹
)

For coolant

𝒒𝒔 = 𝟐𝝅 𝑹 + 𝒄 𝑳𝒉(𝑻𝒎 − 𝑻𝒔)
𝑨𝑹+𝒄 = 𝟐𝝅𝑳(𝑹 + 𝒄)

(𝟏𝟖)

(𝟏𝟗)

Rearrange the equation 17, 18 and 19
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Effect of Cladding and Coolant 

𝑻𝒎 − 𝑻𝒔 =
𝒒𝒔

𝟒𝝅𝑲𝒇𝑳
=
𝒒′′′𝑹𝟐

𝟒𝒌𝒇
(𝟐𝟎)

𝑻𝒔 − 𝑻𝒄 =
𝒒𝒔 𝒍𝒏(

𝑹 + 𝒄
𝑹

)

𝟐𝝅𝑲𝒄𝑳
=
𝒒′′′𝑹𝟐𝒍𝒏(

𝑹 + 𝒄
𝑹

)

𝟐𝒌𝒄

(𝟐𝟏)

𝑻𝒄 − 𝑻𝒇 =
𝒒𝒔

𝟐𝝅(𝑹 + 𝒄)𝑳𝒉
=

𝒒′′′𝑹𝟐

𝟐 𝑹 + 𝒄 𝒉
(𝟐𝟐)

Add equations 20, 21 and 22

𝑻𝒎 − 𝑻𝒇 =
𝒒′′′𝑹𝟐

𝟒𝒌𝒇
+
𝒒′′′𝑹𝟐

𝟐
(
ln

𝑹 + 𝒄
𝑹

𝒌𝒄
+

𝟏

𝑹 + 𝒄 𝒉
) (𝟐𝟑)
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Effect of Cladding and Coolant 

Or could be written,

𝑻𝒎 − 𝑻𝒇 =
𝒒𝒔

𝟒𝝅𝑲𝒇𝑳
+
𝒒𝒔 ln

𝑹 + 𝒄
𝑹

𝟐𝝅𝑲𝒄𝑳
+

𝒒𝒔
𝟐𝝅(𝑹 + 𝒄)𝑳𝒉

𝑻𝒎 − 𝑻𝒇 = 𝒒𝒔(
𝑹

𝟐𝑲𝒇𝑨𝑹
+

𝒄

𝑲𝒄𝑨𝒎
+

𝟏

𝒉𝑨𝑹+𝒄
)

𝒒𝒔 =
𝑻𝒎 − 𝑻𝒇

(
𝑹

𝟐𝑲𝒇𝑨𝑹
+

𝒄
𝑲𝒄𝑨𝒎

+
𝟏

𝒉𝑨𝑹+𝒄
)

(𝟐𝟒)
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Effect of Cladding and Coolant 

𝒒𝒔 =
𝑻𝒎 − 𝑻𝒇

(
𝑹

𝟐𝑲𝒇𝑨𝑹
+

𝒄
𝑲𝒄𝑨𝒎

+
𝟏

𝒉𝑨𝑹+𝒄
)

(𝟐𝟒)

where,

𝑨𝑹 = 𝟐𝝅𝑳𝑹

𝑨𝒎 =
𝟐𝝅𝑳𝒄

𝒍𝒏 (
(𝑹 + 𝒄)

𝑹
)

𝑨𝑹+𝒄 = 𝟐𝝅𝑳(𝑹 + 𝒄)

In the usual case, where 𝒄 is very small compared to 𝑹, 𝑨𝒎
may be taken, with little error, to be the arithmetic mean area 
of the cladding

𝑨𝒎 =
(𝑨𝑹 + 𝑨𝑹+𝒄)

𝟐
= [𝟐𝝅𝑹 + 𝟐𝝅 𝑹 + 𝒄 ]

𝑳

𝟐
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Example 1

A fuel rods 0.158 in diameter, 30.5 in long. The fuel rods are 26 w/o enriched uranium 
clad in 0.005-in stainless steel. The effective thermal neutron flux at the point of 
maximum temperature (slightly above the centre of the core) is 𝟓. 𝟒 𝒙 𝟏𝟎𝟏𝟑 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔/
𝒔𝒆𝒄 ∙ 𝒄𝒎𝟐. The temperature at the center of the fuel rod where 𝒒" is the largest, is 1,220 
°F. Calculate the temperatures at the fuel-cladding interface at the outer surface of the 
cladding. The effective fission cross section 𝝈𝒇 is 364 b.
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Example 1 (Solution)
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Example 1 (Solution)
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Heat Flow Out of Spherically Shaped 
Fuel

Poisson equation in spherical coordinates, also obtained by combining 
equation (25) and (26) to give

𝜵𝟐𝑻 +
𝒒′′′

𝒌
= 𝟎

𝜵𝟐𝑻 = (
𝒅𝟐𝑻

𝒅𝒓𝟐
+ 𝒓𝟐

𝒅𝑻

𝒅𝒓
)

𝒅𝟐𝑻

𝒅𝒓𝟐
+ 𝒓𝟐

𝒅𝑻

𝒅𝒓
+
𝒒′′′

𝒌𝒇
= 𝟎

𝟏

𝒓𝟐
𝒅

𝒅𝒓
(𝒓𝟐

𝒅𝑻

𝒅𝒓
) +

𝒒′′′

𝒌𝒇
= 𝟎

(𝟐𝟓)

(𝟐𝟔)
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Heat Flow Out of Spherically Shaped 
Fuel

Integration of this equation for the boundary conditions 𝑻(𝒓) at 𝒓,

𝑻 = 𝑻𝒎 at 𝒓 = 𝟎

𝐁. 𝐂 (𝟏) 𝐁. 𝐂 (𝟐)

𝑻 = 𝑻𝒔 at 𝒓 = 𝑹

𝑻 𝒓 = 𝐓𝐦 −
𝒒′′′𝒓𝟐

𝟔𝒌𝒇

𝑻𝒎 − 𝑻𝒔 =
𝒒′′′𝑹𝟐

𝟔𝒌𝒇

(𝟐𝟕)

(𝟐𝟖)

The total heat generated, 𝒒𝒔, is given by the expression

𝒒𝒔 =
𝟒

𝟑
𝝅𝑹𝟑𝒒′′′ (𝟐𝟗)
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Heat Flow Out of Spherically Shaped 
Fuel

Combining equation (28) and (29) 

𝒒𝒔 = 𝟖𝝅𝑹𝒌𝒇(𝑻𝒎 − 𝑻𝒔) (𝟑𝟎)

Putting 𝟒𝝅𝑹𝟐 = 𝑨𝒔 the total peripheral area of the spherical element, and rearranging give

𝒒𝒔 = 𝟐𝒌𝒇𝑨𝒔(
𝑻𝒎 − 𝑻𝒔

𝑹
) (𝟑𝟏)
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Thank You
Stay safe!


