
PPNS.1 Pressure Projection Algorithms for RaNS

Pressure projection: RaNS methods enforcing only  DMh  
 

 DMh: yiterativel0ε0 >≤⋅∇⇒=⋅∇ hh uu  

“famous” named algorithms in the class include

MAC, SMAC                    – Los Alamos Nat. Lab
SIMPLE,- ER, -EC, -EST – Imperial College, UK
PISO                                 – Imperial College, UK 
Operator splitting              – Univ. Houston 
Continuity constraint       – Univ. Tennessee

fundamental PPNS theory ingredients

1. measure error in ∇h⋅uh via a potential function φh

2. employ φh to moderate DMh and/or DPh error via
             ⋅ velocity correction 
             ⋅ pressure correction 

3. iterate DPh + DMh until ε≤⋅∇ hh u  
4. determine genuine pressure field 



PPNS.2 Pressure Projection INS PDE + BC System

For unsteady, laminar-thermal non-D INS in n-D 
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ref. Williams & Baker,
IJNMF, Part B, V.29 
(1996). 



PPNS.3 GWSh + θTS for Unsteady PP INS

The PPNS PDE + BCs system contains familiar expressions 
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PPNS.4  Iteration Strategy for PPNS GWSh + θTS Algorithm

PPN S i terat ion  s tra tegy  i s  independent  o f  N ewton  cho ice  
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PPNS.5 {FQ}e Template Essence for GWSh + θTS PPNS Algorithm

GWSh  + θTS for PPNS initial-value PDEs 
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PPNS.6 [JAC]e Template Essence for GWSh + θTS PPNS Algorithm

The Newton jacobian for {QI} in DPh ,  I  not summed 
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TS exercise on L (q) generates a kinetic flux vector jacobian matrix

DP, DE: 
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Substituting into TS, taking lim (TS)  ⇒   ε > 0 produces

DP, DE: 
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PPNS.7 GWSh ⇒ TWSh + θTS for PPNS, Accuracy, Stability



 
 
 
   

 
 
 

 
 
                                    
 
 

TWSh requires Aj, AjAk and AjAkAl be formed for INS 

⇒ for q = {ui, Θ}: 
    (i not summed) 
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PPNS.8 TWSh + θTS for PPNS, Kinetic Flux Vector Jacobian



 
 
 
   

 
 
 

 
 
                                    
 
 

The TS lead β-term for q = {ui} has been generated many ways
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PPNS.9 TWSh + θTS for PPNS, Alternative β-Term Forms



 
 
 
   

 
 
 

 
 
                                    

 
 
 

8:1 thermal cavity flowfield transitions to unsteady for Ra > 3.1E5

Graded 40 × 200 Ωh 
to scale & rectangularized GWSh + θTS steady solution, θ = 0.55, Ra = 3.4E5

Continuation at θ = 0.5 after 100Δt Periodic solution snap shot

PPNS.10  TWSh + θTS, Unsteady Thermal Cavity Validation



 
 
 
 
 
 
 
                   
 
                                                                    
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Unsteady, non-D Reynolds-averaged INS with TKE closure 

DM: ∇⋅u = 0 
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PPNS.11 TWSh + θTS for PPNS, Closure for Turbulent Flow
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PPNS.12  BCs for n-D TKE Closure, Law-of-the-Wall



 
 

 

TWSh + θTS for qh ⇒ {U1, U2, U3, T, PHI; K, EPS, TIJ: PRES}T
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Template follows in aPSE area

PPNS.13 TWSh + θTS PPNS Algorithm Template Essence



 
 
 
   

 
 
 

 
 

                                    
 
 
 

Turbulent duct flow, Re/L = 4 ×106, TWS β = 0.2; φ, Σφ, pressure, k, ε 

Pressure, E 02 φ, E-04 Σφ, E-04

Re-turb, E 04 TKE, E-01 Dissipation, E-04

 

 

PPNS.14 TWSh + θTS PPNS Algorithm, Turbulent Duct Flow



 
 
 
   

 
 
 

 
 

                                    
 
 
 

Turbulent duct flow, Re/L = 4 ×106, BC resolution, iterative convergence

Mesh resolution y+ distribution Iteration convergence 

PPNS.15 TWSh + θTS  PPNS Algorithm, Turbulent Duct Flow



 
 
 
   

 
 
 

 
 

                                    
 
 
 

Accurate prediction requires close attention to detail 
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INS   :      q  = { Pkwvu φ,ε,,,,, }, and u•∇ = 0 
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TWSh+θTS: {FQ}e=[M200(α,γ)]e{ΔQ}e+Δt[M20J]e{FJ-FVJ}e-{b}e
           {FVJ}e={f (Re-1) Sij, (Re t /Re)Sij, (βRe) eijSjuku )},,  

      ⇒ one must generate these data for confidence 

Basically a time balance with kinetic and dissipative flux vectors

RaNS 

PPNS.16 : RaNS+TKE CFD Prediction of Turbulent Flows



 
 
 
   

 
 
 

 
 
                                    
 
 
 

GWSh ( fj 
υ)= ∫Ω Ψβ(x) L ( fj v) dτ = Se{WS(·)}e={0} 

           {WS(·)}e= { }( (Re,Re , ,.... )) dτ
e

t
j ij eN f Sυ β

Ω
∫  

RaNS dissipative flux vector template pseudo-code
 

{FJI(υ)}e = (Re-1)(  ){  }(EJK;0)[M20K]{UI} 
            +(Re-1)(  ){  }(EIK;0)[M20K]{UJ} 
 {FJI(Ret)}e= (Re-1)(  ){RET}(EJK;0)[M300K]{UI} 
                   +(Re-1)(  ){RET}(EIK;0)[M300K]{UJ} 
 {FJI(β)}e= (Re/12)(h2){UJ,UK}(EKL;0)[M300L]{UI} 
                  +(Re/12)(h2){UI,UK}(EKL;0)[M300L]{UJ} 

boundary conditions : apply zero at nodes where flux vector vanishes(only)
all other boundary nodes float 

PPNS.17 RaNS Dissipative Flux Vector GWS Algorithms



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18 RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18A RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18B RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18C RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18D RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

RaNS + TKE turbulent entrance duct TWSh solution 

PPNS.18E RaNS Dissipative Flux Vector Distributions



 
 
 
   

 
 
 

 
 
                                    
 
 
 

TWSh + θTS PPNS iteration algorithm applicable to RaNS 

 

key formulation issues:  DPh = f (DMh  via P*
n+1) 

                                        DMh = f ( h∇ ·uh,φh at iteration p+1) 

                                                                   P*
n+1 = ∑ φ + (θΔt)-1

1

0 1
δφ

p

n

α

α

+

= +
∑   

                                        Pn+1= GWSh(L (P), 1φP

E

+ <ε)n+1  
solution initiation:          ICs for qh

 are never (!) available 
 

flux vector distribution solutions highly informative  
turbulence model phenomena detailed  
numerical dissipation clearly visualized  
meshing adequacy predictable via energy norms 

      ⇒ a robust CFD basis 

Algorithm performance fully resolvable 

PPNS.19 Summary: Pressure Projection RaNS Algorithms


