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Introduction
 SMAC

 Simplified Marker and Cell
 One of the most well‐known numerical algorithms for incompressible fluid flow
 MAC (Marker and Cell) method

 Developed by Harlow and Welch in 1965
 Extended to the SMAC method by Amsden and Harlow in 1970

 Proper algorithm for the calculation of transient fluid flow



Introduction
 Other Methods

 Numerical Algorithms for Incompressible Navier‐Stokes equation
 SIMPLE

 Semi‐IMplicit Pressure Linked Equation
 Developed by Patankar and Spalding in 1972
 Extended to SIMPLER (SIMPLE‐Revised) and SIMPLEC (SIMPLE Consistent)

 PISO
 Pressure Implicit with Splitting of Operators
 Developed by Issa in 1986



SMAC for Single Phase
 Governing Equations of Incompressible Flow

 Continuity Equation

 Momentum Equations
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SMAC for Single Phase
 Numerical procedure

 Explicit time discretization of momentum equations
 For x‐direction

– Explicit treatment of whole terms except pressure
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SMAC for Single Phase
 Numerical procedure

 Explicit time discretization of momentum equations
 For x‐direction
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SMAC for Single Phase
 Numerical procedure

 Explicit time discretization of momentum equations
 For x‐direction

No implicit term!
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Intermediate velocities for x‐ and y‐ can be obtained!



SMAC for Single Phase
 Numerical procedure

 u* vs. un+1

 It does not satisfy mass continuity, so some correction is required.
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SMAC for Single Phase
 Numerical procedure

 Continuity equation
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SMAC for Single Phase
 Numerical procedure

 Continuity equation
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SMAC for Single Phase
 Numerical procedure

 Continuity equation

   
   

        jIjIJiJi

JIJIjIjIJIJIjIjI

JIJIJiJiJIJIJiJi

AvAvAuAu

PPdAPPdA

PPdAPPdA

,
*

1,
*

,
*

,1
*

'
1,

'
,,,

'
,

'
1,1,1,

'
,1

'
,,,

'
,

'
,1,1,1

























 
 
        1,

*
,

*
,1

*
,

*

'
1,,,

'
1,1,1,

'
,1,,

'
,1,1,1

'
,,,1,1,,,,1,1













jIjIJiJi

JIjIjIJIjIjIJIJiJiJIJiJi

JIjIjIjIjIJiJiJiJi

AvAvAuAu

PdAPdAPdAPdA

PdAdAdAdA



SMAC for Single Phase
 Numerical procedure

 Cell pressure correction equation
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SMAC for Single Phase
 Numerical procedure

 System pressure correction equation
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SMAC for Single Phase
 Numerical procedure

 Pressure and velocity correction

 New time step calculation with updated values
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Final solution for one‐time step!

START

Start with initial condition

Step 1: Solve discretised momentum equation
with intermediate velocity, u*

Step 2: Solve pressure correction(P') equation 

Step 3: Calcuate velocity correction, u'

Step 4: Correct pressure and velocity, 
pn+1 and un+1

t=tmax ?

End



SMAC for Single Phase
 Numerical procedure

 Time step restriction
 Courant number

– Portion of a cell that a solute will traverse 
by advection in one time step

 In practice, 

START

Start with initial condition

Step 1: Solve discretised momentum equation
with intermediate velocity, u*

Step 2: Solve pressure correction(P') equation 

Step 3: Calcuate velocity correction, u'

Step 4: Correct pressure and velocity, 
pn+1 and un+1

t=tmax ?

End
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x
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V
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V
xt  3.03.0

x
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SMAC for Single Phase
 HW4

 Derive the discretized equations
 Modify your simple code to transient SMAC
 Check the effect of time step size
 Repeat same calculation from initial velocity 0 m/s for whole domain.
 2D Laminar flow



SMAC for Single Phase
 SMAC vs. SIMPLE

START

Start with initial condition

Step 1: Solve discretised momentum equation
with intermediate velocity, u*

Step 2: Solve pressure correction(P') equation 

Step 3: Calcuate velocity correction, u'

Step 4: Correct pressure and velocity, 
pn+1 and un+1

t=tmax ?

End

START

Start with initial condition

Step 1: Solve discretised momentum equation
with intermediate velocity, u*

Step 2: Solve pressure correction(P') equation 

Step 3: Calcuate velocity correction, u'

Step 4: Correct pressure and velocity, 
pn+1 and un+1

t=tmax ?

End

u*=un+1 ?
v*=vn+1 ?
p*=pn+1 ?

2 linear systems
of eqs.

Time marching

Strict time step
restriction

Less strict time step
restriction
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SMAC for two‐phase flow
 Governing equation for two‐phase flow

 Two‐fluid model

 Most widely accepted mixture model for two‐phase flow

 For nuclear reactor T/H analysis

 From system analysis codes (MARS, RELAP, SPACE) to CFD codes

 Assumption for this chapter

 Adiabatic and incompressible flow



SMAC for two‐phase flow
 Governing equation for two‐phase flow

 Two‐fluid model

 Two continuity equations

 Two momentum equations

– With interfacial momentum transfer term:  Mk
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SMAC for two‐phase flow
 Governing equation for two‐phase flow

 Two‐fluid model

 Interfacial momentum transfer term

– Interfacial drag or interfacial friction

– Virtual mass force

– Lift force

– Wall lubrication force

– Turbulent dispersion force
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SMAC for two‐phase flow
 Governing equation for two‐phase flow

 Two‐fluid model

 Interfacial momentum transfer term

– Interfacial drag or interfacial friction

– Interfacial drag coefficient: simple assumption for this chapter

– Interfacial area concentration
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SMAC for two‐phase flow
 Governing equation for two‐phase flow

 Two‐fluid model

 Virtual mass force term

– An accelerating or decelerating body must move some volume of surrounding fluid as it moves through it. 

Added mass is a common issue because the object and surrounding fluid cannot occupy the same physical 

space simultaneously. 

– For ships, the added mass can easily reach ¼ or ⅓ of the mass of the ship and therefore represents a 

significant inertia, in addition to frictional and wavemaking drag forces. 

– Since added mass is a virtual mass and not a real mass,  it is not taken into account for structural designs.

– In aircraft, the added mass is not usually taken into account because the density of the air is so small.
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SMAC for two‐phase flow
 Numerical procedure

 Two‐fluid model in the expanded form
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SMAC for two‐phase flow
 Numerical procedure

 Two‐fluid model in the expanded form
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SMAC for two‐phase flow
 Numerical procedure

 Applying the virtual mass model,
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SMAC for two‐phase flow
 Numerical procedure

 Applying the virtual mass model,
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SMAC for two‐phase flow
 Numerical procedure

 Intermediate velocity

 New time step velocity
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SMAC for two‐phase flow
 Numerical procedure

 Intermediate velocity vs. new times step velocity

 Pressure correction vs. velocity correction
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SMAC for two‐phase flow
 Numerical procedure

 Continuity equations
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SMAC for two‐phase flow
 Numerical procedure

 Pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Discretized pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Discretized pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Discretized pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Discretized pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Discretized pressure correction equation
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SMAC for two‐phase flow
 Numerical procedure

 Pressure and velocity correction, update void fraction

 Check g+l=1? You need to make the time step smaller? Or bug!
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SMAC for two‐phase flow
 Numerical procedure START

Start with initial condition

Step 1: Solve discretised momentum equation
with intermediate velocity, u*

Step 2: Solve pressure correction(P') equation 

Step 3: Calcuate velocity correction, u'

Step 4: Correct pressure and velocity, 
pn+1 and un+1

t=t
max 

?

End

2x2 matrix 
because of the virtual mass

NxN matrix 



SMAC for two‐phase flow
 Sample problem

 Solve the two‐fluid model with SMAC scheme

 Incompressible flow

 Consider gravity effect

 Bubble diameter 0.005 m

 Use this for interfacial area concentration

 Outlet pressure: 0.1 MPa

 Inlet velocity: 1 m/s for both phases

 rhof=1000 kg/m3, rhog=0.5 kg/m3

 Report the void fraction, liquid and gas velocity

profiles at the exit

 Report axial pressure distribution

g

0.1m

2 m


