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CFDOl

[mplicit pressure-based scheme for NS equations (SIMPLE)
SIM PLE: Semi-Implicit [ ethod for Pressure-Linked Equations

h 4

Velocity field (divergence free) available at time n

'

Compute intermediate velocities #*

.

Solve the Poisson equation for the pressure correction p’
Neglecting the u*’ term

.

Solve the velocity correction equation for z’
Neglecting the #*’ term

Compute the new velocity »"*! and pressure p”"*/ fields

2% http://www.icmc.usp.br/~gustavo.buscaglia/cursos/mfc undergrad2/laccarino incompressible.pdf
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CFDOl

Implicit pressure-based scheme for NS equations (SIMPLEC)

SIMPLE: SIMPLE Corrected/Consistent

h 4

Velocity field (divergence free) available at time n

'

Compute intermediate velocities u*

.

Solve the Poisson equation for the pressure correction p’
Use an approximation to ™’ (neighbor values average u™*’ ~ X' u’)

.

Solve the velocity correction equation for «’
Use an approximation to u*’

Compute the new velocity »"*! and pressure p"* fields

2% http://www.icmc.usp.br/~gustavo.buscaglia/cursos/mfc undergrad2/laccarino incompressible.pdf
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CFDOOA!

EEF/I7ISIMPLEE / SIMPLEC:.

typedef struct Vector2D _Vector2D;
typedef struct fv_ fv;

typedef struct vectorField_ vectorField;
typedef struct scalarField_ scalarField;

fv* m = NULL;
vectorField* velocity = NULL;
scalarField™ pressure = NULL;

void initialize(fv** m, vectorField** v, scalarField** p);
void calcintermediateVelocity(fv* v, vectorField* velocity, double dt, double gravity);

void calcPoisson_SIMPLE(fv* v, vectorField * velocity, scalarField* pressure);
void update_SIMPLE (fv* v, vectorField* velocity, scalarField* pressure);

void calcPoisson_SIMPLEC(fv* v, vectorField * velocity, scalarField* pressure);
void update_SIMPLE C(fv* v, vectorField* velocity, scalarField* pressure);

void navieStokes SIMPLE();
void navieStokes_ SIMPLEC();



CFDOOA!

CEEEF vI7SIMPLE:% / SIMPLEC %

SIMPLE;EE1TRESK -
void navieStokes_SIMPLE()
{
initialize(fv, velocity, pressure);
for(int i = 0; i < numSteps; ++i)
{
calcIntermediateVelocity(fv, velocity, dt, g);
calcPoisson_SIMPLE(fv, velocity, pressure);

update_SIMPLE(fv, velocity, pressure);
}

}

SIMPLEC;E3E{TRA%K :
void navieStokes SIMPLEC()
{
initialize(fv, velocity, pressure);
for(int i = 0; i < numSteps; ++i)
{
calcintermediateVelocity(fv, velocity, dt, g);
calcPoisson_SIMPLEC(fv, velocity, pressure);

update_SIMPLEC(fv, velocity, pressure);
}
}

X “numSteps”, “dt” “g” 1T O—/\NJLEH
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D5 ADCH+REZH
HE S A A R (B

2IH B LE B SR BI: QIEELE IS AH:
struct AddOperator class AddOperator
{ {
inta_,b_; public:
inta_,b_;
AddOperator(int a, int b)
{ AddOperator(int a, int b)
a_=ab =b {
} a_=ab =b
}
int opreate()
{ int opreate()
returna_+b_; {
} returna_+b_;
5 }
1

BEALEIZEISR



_\\

2IHELE IS AHI:

class AddOperator
{

public:

A > )\ 2]
—SEVEEEEYIZT S

AN
COEEERDAINEIFIZRL

inta_,b_;

AddOperator(int a, int b)

int opreate()

{

returna_+b_;

}
|5



XA > ) \EEX

BRIEZVEFEFYICTS

2IHELE IS AHI:

class AddOperator

{
public:

inta_,b_;

AddOperator(int a, int b)

int opreate()

{

returna_+b_;

}

O ANSOA:

L EHOAEYREREICEBETIND
A \BH%L:
“a_”,“b_" I%
BEDISADAVINEE

5
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2 ADFIH

BAHTR, ERHA TS b

2IH B LERTHI (1K) -

void main() add result =6

{
AddOperator add(1, 5);

std::cout << “add result = “ << add.operate() << “¥n”;

}

2EBLERTH RA2ER)

void main() add result =6

{
AddOperator* add = new AddOperator(1, 5);

std::cout << “add result = “ << add->operate() << “¥n”;

}
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CFDOOA!

EEF/I7ISIMPLEE / SIMPLEC:.

typedef struct Vector2D _Vector2D;
typedef struct fv_ fv;

typedef struct vectorField_ vectorField;
typedef struct scalarField_ scalarField;

fv* m = NULL;
vectorField* velocity = NULL;
scalarField™ pressure = NULL;

void initialize(fv** m, vectorField** v, scalarField** p);
void calcintermediateVelocity(fv* v, vectorField* velocity, double dt, double gravity);

void calcPoisson_SIMPLE(fv* v, vectorField * velocity, scalarField* pressure);
void update_SIMPLE (fv* v, vectorField* velocity, scalarField* pressure);

void calcPoisson_SIMPLEC(fv* v, vectorField * velocity, scalarField* pressure);
void update_SIMPLE C(fv* v, vectorField* velocity, scalarField* pressure);

void navieStokes SIMPLE();
void navieStokes_ SIMPLEC();



HdedE (U= X1E)

X E "

REIIR:
class Setting
{
public:
int numSteps;
double dt;
double viscosity;

Setting()

{
numSteps = 10000;
dt = 0.0001;
viscosity = 0.1;

}

ZRRET I TAELTIER
SIMPLEZEV S X
class NavierStokesSIMPLE
{
public:

}

Setting* setting;

fv* m;

vectorField* velocity;
scalarField* pressure;

void initialize(Setting™* setting);
void calcIntermediateVelocity();
void calcPoisson();

void update();

void mainLoop();



HdedE (U= X1E)

NE-REEITRELTHER

ER:
void navieStokes_SIMPLE()
{

initialize(fv, velocity, pressure);
for(int i = 0; i < numSteps; ++i)

{

EE (SIMPLEZS R A/ \BE%h) -

void NavierStokesSIMPLE ::mainLoop()
{

for(int i = 0; i < setting->numSteps; ++i)

{

calcintermediateVelocity();

calcintermediateVelocity(fv, velocity, dt, g); calcPoisson();
calcPoisson_SIMPLE(fv, velocity, pressure); update();
update_SIMPLE(fv, velocity, pressure); }
} }
}
void main()
{

Setting setting;
NavierStokesSIMPLE simple;
simple.initialize(&setting);
simple.mainLoop();

}
SIMPLEC;:E R #k
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private / public
FITSTOMAD ST IR/ RAERTE

WERQERLEISR):
class AddOperator void main()
{ {
public: AddOperator add(0, 0);
inta_,b_; add.a_=1,add.b_=5;
std::cout << “add result = “ << add.operate() << “¥n”;
AddOperator(int a, int b) }
{
a_=a, b_ = b’ ua_”’ "b_"(j:public@:a)—@
) 7055 LIEREREGEL /(LA EE
int opreate()
{
returna_+b_;
}

|5



private / public
A IO T IR A/ FAIZERE

WERQIEELEISR):
class AddOperator void main()
{ {
private: AddOperator add(0, 0);
inta_,b_; add.a_ =1, add.b_=5;
std::cout << "add result = " << add.operate() << “¥n”;
public: }
AddOperator(int a, int b)
{ “a_” “b "l private’ZMD T
a_=a,b_=b; 7RSS AIZaV A ILTS—
i (private®Z A N\EA T OO IBTOER)
int opreate()
{
returna_+b_;
}

|5



private / public
FITCTOMAMST IR TR AERTE

WERQERLEISR):
class AddOperator void main()
{ {
private: AddOperator add(0, 0);

inta_,b_; add.setA(1), add.setB(5);

std::cout << "add result = " << add.operate() << “¥n”;

public: }

AddOperator(int a, int b)

{ “a_", “b_"%EETEHpublicZ B THER

a_=ab _=b;
}

int opreate()
{returna_+b_; }

void setA(inta){a_=a;}
void setB(intb) {b_=b;
¥ X “private”, “public” (FT7 7 R IEERFEMEVFET
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Bl (private / public)

FEUH LB TRIAS AL AL 7 F privatelt

EA 2 1% (private / publicD Z1R) :
class NavierStokesSIMPLE class NavierStokesSIMPLE
{ {
public: private:
Setting* setting; Setting* setting;
fv* m; fv* m;

vectorField* velocity;
scalarField™ pressure;

void initialize(Setting™ setting);
void calcintermediateVelocity();
void calcPoisson();

void update();

void mainLoop();

|5

vectorField* velocity;
scalarField™ pressure;

void calcintermediateVelocity();
void calcPoisson();
void update();

public:
void initialize(Setting™ setting);
void mainLoop();

|2



Bl (private / public)

EOH LB TR SN A/ Fprivatedt

K E#% (private / public) ) - FEOCH LRI

class NavierStokesSIMPLE void main()

{ {

private: Setting setting;
Setting* setting; NavierStokesSIMPLE simple;
fv¥ m; simple.initialize(&setting);
vectorField* velocity; simple.mainLoop();
scalarField* pressure; }

void calcintermediateVelocity();
void calcPoisson();
void update();

public:
void initialize(Setting™® setting);
void mainLoop();

%

SIMPLEC; X Rl F&
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BHOSRAQIEEHE) !
class BinaryOperator

{

protected:
inta_,b_;

public:

BinaryOperator(int a, int b)
{a_=a;b _=b; }

I

UYELS

FIOSRA(BLE.SIEH):

class AddOperator : pubic BinaryOperator

{

public:
AddOperator(int a, int b) : BinaryOperator(a, b)
{}

int operate()
{returna_+b_;}

|5

Class SubtractOperator : pubic BinaryOperator
{
public:
SubtractOperator(int a, int b) : BinaryOperator(a,
b)
{}

int operate()
{returna_-b_;}

|5



UYELS

FEONH LAY -
void main() add result =6
{ sub result = -1

AddOperator add(1, 5);
std::cout << “add result = “ << add.operate() << “¥n”;

SubtractOperation sub(2, 3);
std::cout << “sub result = “ << sub.operate() << “¥n”

}




protected X>//\

AT IOMIDBIET VR HE

FIOSAMNGIET Ot Al HE
HOSAQIEEHEE) : FUOSR(BLE):
class BinaryOperator class AddOperator : pubic BinaryOperator
{ {
protected: public:
inta_,b_; AddOperator(int a, int b) : BinaryOperator(a, b)
{}
public:
BinaryOperator(int a, int b) int operate()
{a_=a;b_=b; } {retura_+b_;}

2 5 /\

R “a ” “b_"l&protected. FU T AAN7LMD TOK
EONH LRI

void main()

AddOperator add(1, 5); “a_”, “b_"[protected,
\ “:\‘ ~ =

std::cout << “a = “ << add.a_ << “¥n”; IO OMMIDTNG

QAN AIILTS5—)

Jr



private X >/ \

private AV N [FFITRATET VA TELLY

Y5 QERE)
class BinaryOperator
{
private:
inta_,b_;
public:
BinaryOperator(int a, int b)
{a_=a;b_=b; }
i

FIOSR(RLEAE):

class AddOperator : pubic BinaryOperator

{

public:

AddOperator(int a, int b) : BinaryOperator(a, b)
{}

int operate()
{retura_+b_;}

i /\
“a ” “b "[Fprivate. FITANTENG
(A2 INAILTF—)
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CFDOl

[mplicit pressure-based scheme for NS equations (SIMPLE)
SIM PLE: Semi-Implicit [ ethod for Pressure-Linked Equations

h 4

Velocity field (divergence free) available at time n

'

Compute intermediate velocities #*

.

Solve the Poisson equation for the pressure correction p’
Neglecting the u*’ term

.

Solve the velocity correction equation for z’
Neglecting the #*’ term

Compute the new velocity »"*! and pressure p”"*/ fields

2% http://www.icmc.usp.br/~gustavo.buscaglia/cursos/mfc undergrad2/laccarino incompressible.pdf 44
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CFDOl

Implicit pressure-based scheme for NS equations (SIMPLEC)

SIMPLE: SIMPLE Corrected/Consistent

h 4

Velocity field (divergence free) available at time n

'

Compute intermediate velocities u*

.

Solve the Poisson equation for the pressure correction p’
Use an approximation to ™’ (neighbor values average u™*’ ~ X' u’)

.

Solve the velocity correction equation for «’
Use an approximation to u*’

Compute the new velocity »"*! and pressure p"* fields

2% http://www.icmc.usp.br/~gustavo.buscaglia/cursos/mfc undergrad2/laccarino incompressible.pdf 45
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?ﬂﬁ@iﬁuﬁﬁ E CAFREY

ATRALED K

SIMPLEOS X :

class NavierStokesSIMPLE
{
private:
Setting* setting;
fv¥ m
vectorField* velocity;
scalarField* pressure;

void calcIntermediateVelocity();

void calcPoisson();
void update();

public:

void initialize(Setting* setting);

void mainLoop();

I

B HB )

>/ EHBERDEIRT

SIMPLECOS X :

class NavierStokesSIMPLEC
{
private:
Setting* setting;
fv¥ m
vectorField* velocity;
scalarField* pressure;

void calcintermediateVelocity();
void calcPoisson();
void update();

public:

void initialize(Setting™ setting);

void mainLoop();

%

=& (%) XRLCT. FELELFEL



?ﬂﬁ@iﬁuﬁﬁ E CAFREY

ATRALED K

SIMPLEOS X :

class NavierStokesSIMPLE
{
private:
Setting* setting;
fv¥ m
vectorField* velocity;
scalarField* pressure;

void calcIntermediateVelocity();
void calcPoisson();
void update();

public:
void initialize(Setting™ setting);

void mainLoop();

I3

=& (BA%R) [XRILCIZA,

B HB )

/ngLm

Bz iR

SIMPLECOS X :

class NavierStokesSIMPLEC
{
private:
Setting* setting;
fv¥ m
vectorField* velocity;
scalarField* pressure;

void calcintermediateVelocity();
void calcPoisson();
void update();

public:
void initialize(Setting™® setting);
void mainLoop();

|2
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HDeiE ()

HBBDERISR/EXBRDEFISA

WER:
class NavierStokesSIMPLE_Base class NavierStokesSIMPLE : public NavierStokesSIMPLE_Base
{ {
protected: private:
Setting* setting; void calcPoisson();
fv* m; void update();
vectorField* velocity; public:
scalarField* pressure; void mainLoop();
void calcIntermediateVelocity(); b
public: class NavierStokesSIMPLEC : public NavierStokesSIMPLE_Base
void initialize(Setting™ setting); {
} private:

void calcPoisson();

void update();
public:

void mainLoop();

2
A7\ calcintermediateVelocity() [&ER 25 A D & CFE 2 TOK
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A

e

HMOSAQIEEEH):
class BinaryOperator

{

protected:
inta_,b_;

public:
BinaryOperator(int a, int b)
{a_=a;b _=b; }

virtual int operate()
{}
I

\

s

(RIS EEER)

FIOSRA(BLE.SIEH):

class AddOperator : pubic BinaryOperator

{

public:
AddOperator(int a, int b) : BinaryOperator(a, b)
{}

virtual int operate()
{returna_+b_;}

|5

Class SubtractOperator : pubic BinaryOperator

{

public:

AddOperator(int a, int b) : BinaryOperator(a, b)
{}

virtual int operate()
{returna_-b_;}

|5



ZReE (RIERIZR)
|

% Re E3ES
FEOCHE LAY
int operation(BinaryOperator* operation) add result = 6
{ sub result = -1

return operation->operate();

}
void main()
{

BinaryOperator* add = new AddOperator(1, 5);
std::cout << “add result = “ << operation(add) << “¥n”;

BinaryOperator* sub = new SubtractOperation (2, 3);
std::cout << “sub result = “ << operation(sub) << “¥n”

}

WIZGADKRAVBZITFIZADA TR



ZReE (RIERIZR)
|

% Re E3ES
FEOCHE LAY
int operation(BinaryOperator* operation) add result = 6
{ sub result = -1

return operation->operate();

}
void main()
{

BinaryOperator* add = new AddOperator(1, 5);
std::cout << “add result = “ << operation(add) << “¥n”;

BinaryOperator* sub = new SubtractOperation (2, 3);
std::cout << “sub result = “ << operation(sub) << “¥n”

}

R E BRI XS IEZEIR
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¢ FEREBIIME S
IO LA
int operation(BinaryOperator* operation)
{
return operation->operate();

}
void main()
{

BinaryOperator* add = new AddOperator(1, 5);
std::cout << “add result = “ << operation(add) << “¥n”;

BinaryOperator* sub = new SubtractOperation (2, 3);
std::cout << “sub result = “ << operation(sub) << “¥n”

BinaryOperator* mul = new MultiOperator(-2, 5);
std::cout << “mul result = “ << operation(mul) << “¥n”;

g == |
I'l

F (IRAEREN)

add result =6
sub result = -1
mul result = -10

FUOH LA (opreation()EE#) #ZE EFAE
(AT HMERFFICALIE

Z3ER)



X1 Jw [~

« MOSADMNA A - SETFIS AR
o {RAEREZNC K DAULIEEIR

MU Uz A
FOSAZIBNNT D & CHEEEIBNN
(AT 10 MRS (CALIEIEIRBIEE




CFDOOBI DN E
(ZRE1E)



HldckE (ZRR1E)

RER R RS EER

ERI:
class NavierStokesSIMPLE_Base class NavierStokesSIMPLE : public NavierStokesSIMPLE_Base
{ {
protected: public:
Setting* setting; void calcPoisson();
fv* m; void update();
vectorField* velocity; void mainLoop();
scalarField* pressure; b

void calcIntermediateVelocity();
class NavierStokesSIMPLEC : public NavierStokesSIMPLE_Base

public: {
void initialize(Setting™ setting); protected :
L void calcPoisson();

void update();
void mainLoop();

|5



HldckE (ZR=

WER(DVSREE):

class NavierStokesSIMPLE_Base

{

protected:
Setting™ setting;
fv* m;
vectorField* velocity;
scalarField™ pressure;
void calcIntermediateVelocity();
virtual void calcPoisson();
virtual void update();

public:
void initialize(Setting* setting);
void mainLoop();

|5

-

F)

class NavierStokesSIMPLE : public NavierStokesSIMPLE_Base
{

public:

virtual void calcPoisson();

virtual void update();

%

class NavierStokesSIMPLEC : public NavierStokesSIMPLE_Base
{

protected :

virtual void calcPoisson();

virtual void update();

%



HldckE (ZR=

+)

X ZE % (mainLoop()BE) WER (FURHLAD
Void NavierStokesSIMPLE_Base:: mainLoop() void run(NavierStokesSIMPLE_Base* solver,
{ Setting™ setting)
for(int i = 0; i < setting->numSteps; ++i) {
{ solver->initialize(setting);
calcIntermediateVelocity(); solver->mainLoop();
calcPoisson(); }
update();
} void main()
} {

Setting setting;
NavierStokesSIMPLE_Base* simple
= new NavierStokesSIMPLE();

NavierStokesSIMPLE_Base* simplec
= new NavierStokesSIMPLEC();

run(simple, &setting);

}

227 \B8#calcintermediateVelocity() (£ 75 X D & TFE F& TOK
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