
HTn.1 Heat Transfer on n-Dimensions

DM ,  DP & DE  for n-D heat transfer (ρ  ≈  constant)  
 

  

 

    

0:D =⋅∇ VM

TgVVVP ∇+=∇+
∂
∂

⋅
0ρ
ρ:D

t

closure models

Heat transfer analyses characterized by non-D groups 

NuBCs
Pr)(Re

Re
ˆReGr/ρρ 

1

1

2
0

⇒
⇒
⇒

Θ⇒

−

−

−

q     
T    

gg

2

0

232
0

μUρ
TβRa:Rayleigh

/LNu:Nusselt

/μPr:Prandtl
μ/ULρRe:Reynolds

μ/TLβρGr:Grashoff

p

p

c
gk

kh

kc

g

Δ
=

=

=
=

Δ=potential temperature: T/)T( Δ−=Θ minT

closure terms: 

qV ⋅∇−=∇⋅+
∂
∂ sT

t
TE :D Tk

p

∇⇒

∇⋅+−⇒

-q

VT
0

0 ρ
μρ/



HTn.2 Heat Transfer GWSh, n-Dimensions
       
DE ,  DP non-dimensionalized, n-dimensions 
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HTn.3 n-Dimensional Finite Elements
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N a t u r a l  c o o r d in a t e  f a m i l y  {N k  (ζ ) } ,  k  =  1 ,  2  
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HTn.4 n-Dimensional Finite Elements
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T e n s o r  p r o d u c t   f a m i ly   {N k  (η ) } ,  k  =  1 ,  2
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HTn.5 n-Dimensional Finite Element Basis
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Natural  coordinate  basis ,  Θ e(x , t )  =  {N 1 (ζ )}T{Q ( t )} e  
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Tensor  product  bas is ,  Θ e(x , t )  =  {N 1
+ (η )} T {Q ( t )} e
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GWSh integrals require numerical approximation
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HTn.6 n-Dimensional Finite Element Basis



HTn.7 DE for Steady Heat Transfer, n-D GWSh

     
 
 
 
 
 
 
 

 
 
  
 
 
  GWSh  =  Se {WS}e  = {0} 
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HTn.8 Summary, n-D GWSh Essence for DE

     
FE discrete implementation GWSh  for steady DE  

 
 
 
 
 

analogous ⇒  t ransformation methods  for  l inear  PDEs 
 

so lut ion h    ⇒  parametr ic  funct ion of  Re,  Gr ,  Pr ,  Nu and data  
 

 e r ror h   ⇒  control lable  via  Ω h  and {Nk (ζ ,η )}  select ions  
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“recipe” ⇒  analyt ical   t ransformation of  PDE plus  BCs 
                    to  a lgebraic  (computable)  form      



HTn.9 Natural & Mixed Convection, Heated Cylinder
 

 
 

 
Computer Lab 4: cooling of a horizontal heated cylinder 
   
 
     
 
 
Natural,  mixed & forced convection  
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                data: uonset (Re), Gr, Pr, diameter, Θref 
          solution: Θh (x, y) as f (Re, Gr, Pr) 
 interpretation: modes of heat transfer 
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Nu 

 
Re, Pr, Θ

for Pr fixed, depends on Gr/Re2 

mixed convection 
mesh refinement 
for forced convection natural convection forced convection 


