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Heat transfer and thermal stresses
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Thermo-mechanical properties versus temperature

Przewodność cieplna 
Nimonic 90.pdf , Page 1, Table 2   
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Średnia umowna granica plastyczności,
pręt w yciskany, 

Nimonic 90.pdf , Page 3-5, Table  8-10   
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EB- extruded bar
EBSC - extruded bar subsequently forged
ESSCR – extruded section subsequently cold rolled

Moduł Younga, pręt wyciskany
Nimonic 90.pdf , Page 2, Table 6   

110

130

150

170

190

210

230

250

-200 0 200 400 600 800 1000

T [o C]

E [GPa]

EB

EBSF

ESSCR
Young’s modulus



3

Secant coefficient of thermal expansion 
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Instantinous coefficient of thermal expansion 
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Coefficient of thermal expansion
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Strain in a structure including the thermal effect
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Thermal stress is observed for:

 

 

 

for:  𝐸 = 2 · 105 
MPa, 𝑇 = 100°𝐶, =1.2 · 10-5 1/ °𝐶:

240 MPa    (compression − possible buckling)
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Boundary value problem of heat transfer

(loaded by thermal flux)

(T = T0)

(W/m3)

UNKNOWN FUNCTION
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Thermal analysis
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Finite element model

– no. of finite elements
– no. of nodes

Finite element with - nodes

𝑖 ≠ 𝑗
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Nodal approximation in the finite element for thermal analysis

1 × 𝑛                     𝑛 × 1

1 × 𝑛

𝑛 × 1

Local vector of nodal temperatures

Vector of shape functions



12

Functional formulation for a finite element (isotropy and steady
state):
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1 × 𝑛        𝑛 × 1                   1 × 𝑛        𝑛 × 1                                  
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𝑛 × 𝑛       𝑛 × 1                𝑛 × 1
𝑛 × 1
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 𝛺
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3 ways of heat transfer

• conduction

• convection

• radiation

 




𝑊

𝑚 𝐾
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Minimalization of equivalent functional J for the entire FE model:

𝑁𝑂𝑁 × 1
𝑁𝑂𝑁 × 𝑁𝑂𝑁     𝑁𝑂𝑁 × 1     𝑁𝑂𝑁 × 1     𝑁𝑂𝑁 × 1

– no. of FEs
– no. of nodes
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𝑁 × 1𝑁 × 𝑁            𝑁 × 1                𝑁 × 1


