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1D Unsteady Heat Transfer:  Finite Bodies

Finite 1D Unsteady Heat Transfer, 𝑻 ൌ 𝑻 𝒕,𝒙 or 𝑻 ൌ 𝑻ሺ𝒕, 𝒓ሻ

Uniform initial temperature 𝑇଴; exposed to bulk temperature 𝑇ଵ; ℎ known

• Flat plate long, wide, thickness ൌ 2𝑥ଵ 𝑇 ൌ 𝑇 𝑡, 𝑥 𝑌 ൌ 𝑌 𝑋,𝑛
• Cylinder long, radius ൌ 𝑥ଵ 𝑇 ൌ 𝑇ሺ𝑡, 𝑟ሻ 𝑌 ൌ 𝑌 𝑋,𝑛
• Sphere radius ൌ 𝑥ଵ 𝑇 ൌ 𝑇ሺ𝑡, 𝑟ሻ 𝑌 ൌ 𝑌 𝑋,𝑛

Bi ൌ
ℎ𝐷௖௛௔௥
𝑘 ൌ

ℎ𝑥ଵ
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Note:  
𝐷௖௛௔௥ ൌ 𝑥ଵ, 

NOT 𝑉/𝐴
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Gurney and Lurie Charts
Uniform initial temperature 𝑇଴; bulk temperature 𝑇ଵ; 𝑇 𝑚 ൌ ଵ

Bi ,𝑛 ൌ ௫
௫భ

, Fo

• Flat plate long, wide, thickness ൌ 2𝑥ଵ 𝑇 ൌ 𝑇 𝑡, 𝑥 𝑌 ൌ 𝑌 𝑋,𝑛
• Cylinder long, radius ൌ 𝑥ଵ 𝑇 ൌ 𝑇ሺ𝑡, 𝑟ሻ 𝑌 ൌ 𝑌 𝑋,𝑛
• Sphere radius ൌ 𝑥ଵ 𝑇 ൌ 𝑇ሺ𝑡, 𝑟ሻ 𝑌 ൌ 𝑌 𝑋,𝑛

Fo ൌ
𝛼𝑡
𝑥ଵଶ

ൌ 𝑋

Ref:  Geankoplis, 4th Ed, 2003
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Gurney and Lurie Charts
Ref:  Geankoplis, 4th Ed, 2003

Fo ൌ
𝛼𝑡
𝑥ଵଶ

ൌ 𝑋
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Heisler Charts
Uniform initial temperature 𝑇଴
Exposed to bulk temperature 𝑇ଵ
ℎ known
Plots of temperature at the center

Ref:  Geankoplis, 4th Ed, 2003
Fo ൌ

𝛼𝑡
𝑥ଵଶ

ൌ 𝑋

Flat plate

Cylinder 

Sphere

𝑇 𝑚 ൌ
1
Bi , 𝑥 ൌ 0, Fo



From Geankpolis, 4th edition, page 374
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(Geankoplis; see also Wikipedia)
Heisler Chart for Unsteady State Heat Transfer to a Sphere



From Geankpolis, 4th edition
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(Geankoplis; see also Wikipedia)
Heisler Chart for Unsteady State Heat Transfer to a Cylinder



From Geankpolis, 4th edition
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(Geankoplis; see also Wikipedia)
Heisler Chart for Unsteady State Heat Transfer to a Flat Plate


