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HT1.1 Heat Transfer, a Practical Problem on n = 1



HT1.2 Heat Transfer, GWSN ⇒ GWSh, n = 1
 

 
 
 

A p p rox im at io n ,  G W S N  d e f in i t io n  ( ) ∑
=

Ψ=≅
N

N QrrTrT
1α

αα
)()(

F E  im plem en tat io n  ⇒  G W S h

T N (r) ≡ T h (r) = ∪e Te (r),   Te (r) = {Nk}T {Q}e

( ) ( ) { }

( )

dzd)(ασ 

dzdd)(dzdd
d

d
d

d

β1,0dzdd
d

d
d
d1dτGWS

44
β

ββ
β

ββ

σ

Ψ

Ψ

θ−+

θ−+θ⎥
⎦

⎤
⎢
⎣

⎡
Ψ−

Ψ
=

≤≤≡θ⎥
⎦

⎤
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−Ψ=Ψ=

∫

∫∫

∫∫

Ω∂

Ω∂Ω

ΩΩ

cr

a
N

N

N
NN

rTT

rrTThrrrs
r

Tk
r

Nrrrs
r

Tkr
rr

T

h

L

{ } { } { } { }

{ }0dd)(ασ}{dd)}{}({}{

dddddd
d

d
d

dSGWS

44 =⎥⎦
⎤

⎢⎣
⎡ θ−+θ−+

⎥
⎦

⎤
⎢
⎣

⎡
θ−θ=

∫ ∫

∫∫

Ω∂ Ω∂

ΩΩ

e e

ee

zrTTNrrTQNhN

zrrsNQzrr
r

Nk
r
N

creae
T

ee

T

ee
h



HT1.3 IC Engine Cylinder, FE GWSh
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GWS N ⇒ GWSh = Se {WS}e = {0}

FE basis 

Galerkin weak statement
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HT1.4 IC Engine Cylinder, {N1} FE Matrix Library
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Object-oriented template  pseudo-code  
 
  
 
  
 

  
 

By terms in {WS}e, linear FE basis
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HT1.5 GWSh FE Matrix Conventions
       
 
 

F E  m a t r i c e s  r e s u l t  f r o m  i n t e g r a t i o n s  
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HT1.6 IC Engine Cylinder, {N1} FE Matrix Library
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HT1.7 IC Engine Cylinder, {WS}e Template

 
Axisymmetric heat transfer with radiation 
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Matrix statement: GWSh ≡ Se{WS}e = {0}

eeeeee QQ }b{}){)](RBC[]HBC[]DIFF([{WS} −++=

 M = 6  mesh,  “d iagonal”  matr ix form

k 

convective heat transfer acts 
              to augment radial conductivity via h 
              as local (negative) source via hTa 
radiation heat transfer makes GWSh very non-linear 

HT1.8 IC Engine Cylinder, GWSh Assembled 



HT1.9 Non-linear GWSh, n = 1, Newton Algorithm 

 
Newton matrix iteration algorithm 
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HT1.10 Non-linear GWSh Template Pseudo-Code

 
 
 
 
 
 
 
 
 
 
 
  

      
GWSh  matrix solution essence 

 
 

 

Newton algorithm template  pseudo-code 
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HT1.11 Heat Transfer, a Practical Problem on n = 1

 
 
 
 
 
 
 
 
 
 
 
  

      
G W S h  p e r f o r m a n c e ,  a c c u r a c y  a n d  c o n v e r g e n c e  
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HT1.11A Heat Transfer, a Practical Problem on n = 1

 
 
 
 
 
 
 
 
 
 
 
  

      
G W S h  p e r f o r m a n c e ,  a c c u r a c y  a n d  c o n v e r g e n c e  
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quasi-Newton iterative convergence 



HT1.12 DE GWSh Summary, n = 1

Given DE + BC problem statement on n = 1

Ω∂=ℜ⊂Ω= onqonq 0)(,0)( 1L

FE weak statement recipe
approximation: )()()()( xTxTxTxT ee

hN ∪=≡≈

FE basis: ( ) { } { }e
T

ke QNxT )ζ(=

error extremization: ( ) { } ee
hNN xTx WS}{SGWS0d)(GWS β =⇒≡Ψ= ∫Ω L

matrix statement: ( ){ } { }eeeee Q )data(b]BCs[]DIFF[{WS} −+=

error estimation: ),1min(γ,dataC 2

2L
γ2 mrmke eE

h −−+≡≤

FE template pseudo-code
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