
FVNS.1 The Class of FVSh-Implemented PPNS Algorithms
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“famous” named algorithms with origination

MAC, SMAC                    – Los Alamos Nat. Lab
SIMPLE,- ER, -EC, -EST – Imperial College, UK
PISO                                 – Imperial College, UK 

each is an iterative strategy for approximating the theory requirement

e.g., Fluent, CFX, Star-CD, Flow 3D

Theory requirement 

Commercial CFD codes for INS employ FVSh PPNS approximations
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FVNS.2 Generic FVSh Algorithm for PPNS Form for INS

 
 

 
 
 
 
 

 

Reynolds transport theorem generates typical L(q), hence
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Use of divergence theorem necessitates “staggered” meshing
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FVNS.3 FVSh CFD Algorithm Notation, Fluxes
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SIMPLE – type FV notation for L(qh), n = 2: (Patankar, 1980, Ch.5)

FVSh for DPh mixes capital and lower case node evaluations
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FVNS.4  FVSh Pressure-Velocity Corrections

 
 

 
 

 
 

 
 

FVSh solution for (u , v, w )h does not satisfy DM h ⇒  ε<⋅∇ hh u

DP h SIM PLE-type correction procedure 

predictor-corrector strategy:
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Central differences can produce spurious DM h 

example: ∇ h⋅up = 0 for 2∆x  error m ode

leads to upwinding, QUICK differencing
     dissipate dispersion error 



FVNS.5  FVSh SIMPLE-Type PPNS Implementations

 

 
 
 
 
 
 

 

Recall PPNS analytical theory ingredients

SIMPLE implementations readily interpreted within the theory
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FVNS.6  FVSh SIMPLE-Type PPNS Implementations, Con’d

 
 
 
 
 
 
 

 

SIMPLE (Spalding, et al, 1968)

SIMPLER (Patankar, 1981)
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Comments on performance

0. SIMPLE ⇒ Semi-Implicit Method 
     for Pressure-Linked Equations 

1. all employ linear stationary iteration 
     e.g., Gauss-Seidel 

2. SIMPLE slow to converge for p 
         hence SIMPLER  
3. SIMPLEC (Rathby, et. al., 1984)   
         SIMPLE iteration with refined  
         velocity update c) ⇒ u″  



FVNS.7  FVSh PISO PPNS Implementation, Genuine Pressure

 
 

 
 

 
 
 

 

A non-iterative predictor-corrector PPNS theory ingredients
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PISO ⇒ Pressure-Implicit with Splitting of Operators (Issa,1984)



FVNS.8 FVSh for PPNS System, Stability, Numerical Diffusion

 
 

 
 

FVSh commercial CFD codes based on PPNS employ numerical diffusion
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Formulation options based on Ωv interpolation (B. Leonard, Adv. N.H.T.,1997)

constant linear quadratic 



FVNS.9 Convective Flux Differencing for FVSh PPNS

 
 

 
 

First-order upwind: 

Second-order central: 
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FVNS.10 Convective Flux Differencing Methods for FVSh PPNS

 
 

 
 

Second-order upwind:

Third-order upwind (QUICK):
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FVNS.11 QUICK Differencing for Convection, n = 1, 2

 i,  j+1

i,  j

 i,  j-1

i+1,  j 

e

 i-1,  j

 n

 Ωv

 
 

 
 

QUICK upwind differencing in curvature factor form, n = 1

Multi-dimensional QUICK differencing for convection
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FVNS.12  GWSh-TWSh-FVSh Spectral Resolution Comparisons

 
 
 
 
 
 
 

 

Phase velocity error Artificial diffusion error



FVNS.13  Summary FVSh - Implemental PPNS Algorithms

 
 

 
 
 
 
 

 

PPNS analytical theory ingredients are independent of implementation

FVSh implementations constitute substantial simplifications

ε>ε<Φε<<φ

⋅∇+∇⋅=

=Θ∇−∇−=

φ∆θ+Φ=Φ

=φ=φ∇⋅=φ
=⋅∇+φ−∇=φ

φ−∇=−

+

=

+
+

−+
+

+

∑

E

h
EE

p

p

nn
p
n

h

h

hnh

pand

fpp
spp

t

M

SUM,:assessmentaccuracy

)ˆ(Re,ˆ)(
0),(Eu)(:pressuregenuine

)(SUM:pressureD

0,0ˆ)(:BCs
0)(:divergence

:D

1

2

2
0α

1α
1

11
1

out

2

1

nun
uu

P

n
u

uu

l

L

L
L

tionsimplementa permeatesdiffusion artificial

evaluatedneveris

{RES}maxonbasedestimateeconvergenc

pressuregenuineasdinterpreteSUM
correctionpressure
correctionvelocity

procedurescorrectorpredictoriterationlinearstationaryemploy
)()(fromdeterminedpressuregenune

E

h

p

h

hh

ppnever

φ

⇒Φ
⇒φ

⇒φ∇

−
+ lL


