
STn.1 Scalar Transport, GWSh + θTS for all n
 

 

 
 
 

 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
  

GW Sh + θTS ⇒  matrix statement:

 Conservation principle:
0)(Pbˆ)(

0)Re1(
Pa
1)(

=+−+⋅∇=

=−∇+⋅∇−∇⋅+
∂
∂

=

nref

t

fqqqq

sqq
t
qq

n

uL

( )
)},,(b{}{]HBCDIFFUVWEL[}RES{

]HBC[]DIFF[]UVWVEL[]MASS[]JAC[
}WS{S}RES{],JAC[

}{}{}{,}RES{}]{JAC[ 1

nrefeee

eeeee

ee

nnn

fqsQ
t

QQQtQ

−++=
++Δθ+=

⇒
Δ+=Δ−=Δ +

Asymptotic error estimate:

),(),(),( tetqtq hh xxx +=

)0Pafor1,;1min(,CdataC)( 1
0

)(2

2L
2 >−=γΔ+≤ −θγ rkqthte

E
f

tE

h

norm: 

ee
e

T
e

hhth

E

h

tnQtnQ

qqqtq

)}({]HBCDIFF[)}({
2
1

dσ)(Pb
2
1dτ)Re1(Pa

2
1)( 21

Δ+Δ=

+∇+⋅∇≡

∑

∫∫ Ω∂Ω

−



 

 
 
  
 
 
  
                                                        
       
      

( )
( )θ+−++Δ=Δ

++Δθ+=

nneeee

eeeee

Qtt
t

}b{}){]HBC[]DIFF[]UVWVEL([}RES{
]HBC[]DIFF[]UVWVEL[]MASS[]JAC[

 

Template pseudo-code, for any {Nk(ζ, η)}, 1 ≤ K ≤ n 

Newton statement components
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STn.2 GWSh + θTS  ⇒ Newton template, for all n



STn.3 Dispersion Error Mode Identification
 
 

From n  = 1 Peclet & traveling wave experiments  

for Pe modest, GWSh + θTS solutions “OK” for Ωh good enough 
for Pe large, dominant error mode is mesh scale oscillations

Taylor series enables decisive error characterization 
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Substitute into TS, take limit Δt ⇒ ε > 0, yields modified DE
mDE: 
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STn.4 Dispersion Error Mode Characterization
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Modal analysis on GWSh (Lm(q)) + θTS, ω = 2π/λ
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STn.5 Phase Velocity Error Spectra
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STn.6 Traveling Wave, GWSh (DE, mDE) + θTS
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STn.7 Artificial Diffusion Error Spectra
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STn.8 GWSh (mDE) + θTS, Newton Template for all n

 

Scalar (heat/mass)  transport  on n   
 
  

  

DE: ( ) 0Re1
Pa
1)( =−

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

∂
∂

+
∂
∂

−
∂
∂

+
∂
∂

= s
x
q

xx
qu

t
qq

j

t

jj
jL

mDE: 

0γ
6

βα
2

)()(

22

=⋅⋅⋅+⎥
⎦

⎤
⎢
⎣

⎡
∂∂

∂
∂
∂Δ

−

⎥
⎦

⎤
⎢
⎣

⎡
∂
∂

+
∂
∂

∂
∂Δ

−=

tx
quu

x
t

x
quu

t
qu

x
tqq

k
kj

j

k
kjj

j

m LL

Template pseudo-code additions for STn.2 
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STn.9 The “Rotating Cone,” n = 2 Mass Transport
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STn.10 The n = 2 Steady Peclet Problem
 

 
                TWSh solution, M = 30 × 30 
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GWSh DOF distributions, n = 2
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STn.11 The Gaussian Plume, n = 2, 3 Mass Transport



 
   

 
 

 
 

 
 

 

Conservation principles, fluidized bed creeping flow 

flow field mass fraction, velocity contours
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STn.12 Mass Transport, FEMLAB Pellet Problem



STn.13 Summary, Unsteady n – D Scalar Transport

 
     Essential  ingredients  of  GWS h  (mDE)⇒TWS h+θTS={0}  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Template  pseudo-code  converts  theory  ⇒  pract ice  
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STn.8A CFD Algorithm Error Spectra
 
 
 
 
 
 
  


	

