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fvOptions ]

{

porous

type explicitPorositySource;

explicitPorositySourceCoeffs

{

selectionMode cellZone;
cellZone porous;
type powerLaw;
co 5000;

Cc1 1.9;
coordinateSystem

{
origin (0 0 0);

rotation none;

inlet

&=

1 outlet

§=—c|0|“ 0

power-law
porous media model
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] December 4, 2010, 04:49 'l_. porousSimpleFoam: oscillating velocity in the porous zone #1

Se9a Hello!
New Member I try to use a porousSimpleFoam solver to simulate a flow in a 2D channel from two equal parts, a free flow part and a porous part (wall's type set in the

'slip' for simplicity):

Sergei D.
Join Date: Mar 2009
Posts: 4
sep Power: 0 free flow porous zone
walls
inflow outflow ——

Base case is a angleDictImplicit.

My results are a good p, but strange oscillating U.
On the next sctrutured mesh:
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https://www.cfd-online.com/Forums/openfoam-solving/82729-poroussimplefoam-oscillating-velocity-porous-zone.html

- 1m3 HSEHAM Cell E2 O|RO{ T 1KY HE

_ I:||0|:||':".§_A &H|I-I)k-| ox_”

porous media

inlet | | outlet
—> | : —>
Lm/s | : 0 pascal
\\ ,I
= —(Cc1-1) =
S=—ClU|"" U
C, = 10,
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U = U, = 1
P1 = 30 N P = 25
(Vpx)1 =0 Pr =? (Vpx), = —10
ot > >
) dp =05 dy = 0.5 2)
owner A neighbour

(porous media)

a, = 11
H,
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« Cell centroid2| pressure gradientE T-5}7| /i A

— Gauss gradient scheme

1 S
(Vp)p = V_E DrSf
P
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OpenFOAM 0| A p & A

* Linear interpolation

fvSchemes |
gradSchemes
{
default Gauss linear;
limited celllimited Gauss linear 1.0;
}
° EE i
_

SFOAM SRC/finiteVolume/interpolation/surfaceInterpolation/schemes
bilinearFit FitData localMax quadraticLinearPureUpwindFit
cellCoBlended fixedBlended localMin quadraticLinearUpwindFit
CentredFitScheme harmonic LUST quadraticUpwindFit
clippedLinear limiterBlended midPoint reverselLinear

CoBlended linear outletStabilised skewCorrected

cubic linearFit pointLinear UpwindFitScheme
cubicUpwindFit linearPureUpwindFit PureUpwindFitScheme weighted

deferredCorrection linearUpwind quadraticFit weightedFlux

downwind localBlended quadraticLinearFit
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Linear interpolation2 = p r = = To}H

1
(Vo)1 = 712 prSy =—25 ¥
f

1
(Vpy)2 = 72 peSp=-75 X
2
f
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EOI£ Mol Q2 TS T H B2 H

* Porous Medial| HHZZ A= & HO| CHSA] B HX & 25| OF oL}
— zeroGradient @A =2
« Internal FaceO| B2 BAZZACE XHe|d+ S S

— E Y3l Interpolation & B1= AHE S| OF

1 1 . § S .
f =§(p1 +p2)+§{1”1 - (Vp*)1 + 75 - (Vp*),}
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OpenFOAM OIM ¢, Al Lto

QIC} [; i i
o ATH linear interpolation
-
PEqgn.H ]
volScalarField rAU(1.0/UEgn.A());
surfaceScalarField phiHbyA ("phiHbyA", fvc::£flux(HbyA)) ;
tmp<volScalarField> rAtU(rAU) ;
. H) —_—
// Non-orthogonal pressure corrector loop ¢ _ § N |S |(n (vp) )
while (simple.correctNonOrthogonal ()) f f a f f f
{ % ,x
fvScalarMatrix pEqgn N
~
( . .
_ _ _ linear interpolate
fvm: :laplacian(rAtU(), p) == fvc::div(phiHbyA3)
)i
if (simple.finalNonOrthogonalIter())
{
phi = phiHbyA - pEgn.flux() ;
}
}
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Linear interpolation2 £ ¢ & 7-5}H

* Linear interpolation

d H d H d |74 d V-
¢f — 2 1 + 1 2 . 2 1 + 1 2 {ﬁ . (Vp)f}
dl + d2 a, dl + dz a, dl + dz a, d1 + dz a,

= 3.27272727 ... X
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- Interpolation weighting factorE 8 2|st= = A

— Cell center2t face center@| H2|(d,, d;) ?
— Cell volume(Vy, V,) ?

- YT HIS] 2 AH((Vp)y, (Vp)2) ?

« porous media 2 & 2| momentum source= 1 AtAH| 2 L HFHIE EHSED QUCH

Vp = —c(,|U|(C1 Vg

¢ ay, a,= 2SHFEZEUHAO|A M 2tSH momentum sourcel| A& Z &S QUL
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Weighting factor

porous media iterfaceS Y =0 Clict BA HAN H 4 251 H
N 2
- (V = \Y
n-(Vp)s d1+d2( D)2
aid,
w =

B aldl —+ azdz

10th OKUCC NEXTfoam



069216 09
.
[ i |

ux
1 L1 1.2 1.3679 =
e

P
-0.28534 20 30 40 50 60 76.267

-

1.0000

-

ux
1.0001.00015

XVelocity W &

1.0002 .

— “x

6.14408-15
|

p
40 60 80 100.00

ux
074990 09 1 1.1 12
-

0%,
098,
awr

°%s 5 5 9 35 3 25 2 98 T 85 0 05 1

1.4032 -

" s

saom e o @

U5 2 25 3 35 4 45 §

P
0374395 10 15 20

28.392

5 5 45 4 35 3 25 2 -15 1 05 0 05 1 15 2 25

1.0000

-

Ux
1.0001.00015

1.0002 "

- e

% 45 4 35 3 45 2 16

G5 0 05

355 45 4 3

05 008

simpleFoam

simpleNFoam

10th OKUCC

NEXTfoam



simpleFoam
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Radiative Heat FluxZ7} ! = AA|HO| 2
dAx=!

q
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Specular Semi-
Transparent Wall

Diffuse Opaque Wall

Direct Irradiation

Incident Radiative Flux (W/m#”2)
8.6e+02 5.0e+4 1.0e+5 1.7e+05

- | -
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 under-relax= Of K| &

boundaryField

{

wall

{
type
kappaMethod
mode
h
Ta
value

grRelaxation

qr

externalWallHeatFluxTemperature;
fluidThermo;

coefficient;

uniform 10;

uniform 300;

uniform 300;

le-6;

qr;
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- Example: External WallOf| CHot CH S ™S A = A

— Radiative Heat FluxZ} Si= 4<%

L external wall

computational cell

Tp : temperature at cell centroid h : convection heat transfer coefficient

@< T, : ambient temperature

Ax

kp : effective conductivity of fluid

T, : temperature at wall boundary(d Al =)

Tp—T
= kp prb = h(T, —T,)
h
Ty =fTg+ A —f)Tp, f:h+k”
Ax
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- Example: External Wall0j| CH

SR YHY FA =

L—

— Radiative Heat FluxZ} Q= 4%

« Energy balance®]| radiative heat flux7} = gtk 0 O $tC}

computational cell

L external wall

Tp—Ty

=k
P Ax

hTa + Qrad

I, =f n

71 : outer unit normal to wall

+ Qraa = h(Tb - a)

+(1_f)TPr f
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Radiative Heat Flux2| A4t

- O|2X O Z O .= Radiative Intensityl] HHO| %101 MES K|
21X 2t (Solid Angle) Ol CHsE] M 23k 4k

— Grey radiationOf| CH3}0] & H0j| A 2| Radiative Heat Flux(g,4)= CHE2F 20|
Lo d2ig o= ALt

_ L/ external wall
computational cell

o Qrad = 9in — 9ref — dem
------- »+| incident _

=qin — (1 — &)qin — qem
«-- reflected — &in ™ dem

= £q;, — n%eoT}

€ ————— emitted

£ 1 emissivity
>
71 : outer unit normal to wall
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« 7|& OpenFOAM Library2| 2 &

— Radiative Intensity Equations== Altt2t £ ¢,44

- 9lot ZHo] AArg

Lok S LS A= 0|8l Al

Qrad = €q4in — nzga(le)LL

o

Qin = fl’§-ﬁd.(2, §-A>
41T

T, = O X[ E A O O™ iterationOf| A Al AHEl A TS| 2=

ol k= XL Z A BA=UAO OCHZ O &

Qrad HAZ
hT, + q, h
Iy =f—+ (1 —-1)Tpr, =
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« %O MOM oA XL Z M BAHAZAHO| LIEILE g0 = AlLTA S

% Ef = ChA| 22 Ch=4) 20

hT, + £q;,, — n*ca(T))*
- h +(1_f)TPl f:h'l'k—P

SE
I

— 0| B2 7,2| H=2l= Of iteration OFCE 7, 2| H|X| =0 B|Z|3t= fluxll
T7|Mf=0f Of % = dotH, SR FHO| 2EXT 2 82 ¢,,,2] 20| under-

relaxationgs & £ 9||OfF otC}

— goal =1 2 X7} &8k 0f 0| 2 ™ 1} = 3} ynder-relaxation factor= X2 8| OF Ot
| 7t | 8%

+2H0| 1R WOIRA A4 A8+ 8l ZHE 2O
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M 3(Linearization)

- A 2o HHMETHR BEHE g,,,0 TSt AlS 7, 0f Cisl MEE (XA o

SR s

« 7,2| O|H iteration % (Tb YOIl Tt o] =2 A 7|8 =0|1 |4 X| - Al Z O Ltztot

£ = £ +(af) (- %)

x* = O| ™ iterationOf| A Al A=l ZF

fr=rf&")
AN
ax) =~ ox
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Radiative Heat Flux A2}

Graa(Tp) = €qin — nz‘?o_Tl;L

dq ' .
(anZ) = —tnieo(ly)”

- 2ol Ao 22 EH MAE3E Radiative Heat Flux(gk,,) & BPISHH CHS1F ZHCH

Cbl:ad = &(in — nzgo'(Tl;k)4 - 4n250-(T1;)3(Tb - Tl;k)

= &qy + 3n%eo(T))* — 4n2ea(T)3T,
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- M3 S|El Radiative Heat Flux = HHEs 2 & AH XA

T
L £qin + 3n%ea(Ty)* — 4n?ea(Ty)3T, = h(T, — T,)

AlS M 2|5} H Radiative Heat FluxS 23t External Wall2| CHE S &

hT, + £q;,, + 3n?co(T;)* h + 4n’eo(T})3
h+ 4n?ea(T}) h+ 3L+ 4n*ea (7))
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Radiative Heat Flux A &3} & 1}

A 24 A | M
* Too H| 1
10" 10"
10° 10°
10° |- 10°
v n
S 107F S 107
=) o
3 )
@ 10°| x 10°
10-11 L 10-11
linearized linearized
108 original 108 original
1 -15 I [ I | 1 -15 | I I |
0 10 20 30 40 50 0 10 20 30 40 50
Iterations Iterations
Convergence of Energy Equation Convergence of Intensity
Equation
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CHT Solver?| ¢j L X| =&

q
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- =7/40| CtE £F71 2] Solid

E—X Temperature (K)

300.00 320.00 340.00  360.00  380.00 410.00

—— | — | re—

10th OKUCC NEXTfoam



10th OKUCC NEXTfoam



NI

HEE NN
|FIIFIIJl.l"ll.l"r.l"|f .I'Jffjlrf fffffjfjfffffffff

SRR
HERRERN

LVAAAN

L.

10th OKUCC NEXTfoam




T,

L[ J /]

TN

CCCCCCCCC



Residuals
H
o

H

o
N
o

10-12

Gridl
Grid2
Grid3

100
Iterations
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non-orthogonal correction

- mappedWall2 region 4 Al ™

- non-orthgonal correctionO| M &&|= ZAH H=22
— processor boundary

— cyclic boundary
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Multi-region EH 2| =& £d 7|5

q
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Multi-region =

« OpenFOAM2| loop control libraries
- 2 AE A=

] =< =
solutionControl _I_)Ck>l- = EH A

I |

simpleControl pisoControl pimpleControl
¢ [ + |
steady control unsteady control
~ 2t EHOICH S S22 B L] AH[E 45 loop control

* DbuoyantSimpleFoam => simpleControl

*  check max iterations, non-orthogonal correction loop, convergence

* buoyantPimpleFoam =>pimpleControl

*  check max inner-iterations, pressure correction loop, non-orthogonal correction loop, convergence of inner-iterations

* chtMultiRegionFoam => 777

+  simpleControlO|L} pimpleControl efA+E multi-regions X|-HSHA| S

o XA HH OpenFOAMO|| M= Ol AARALYStEALOZ AHE|O UX|TF simpleControlOfLt

pimpleControl 222 2| control ¥ 1 E[F 1t CHE
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Multi-region EHe| =8 £ 7|5

» Multi-region loop control libraries 7H &
| =ojo Nl 2aA Y
e solutionControl =efAt A£3A 7} OFE
-
* multiRegionSimpleControl

* multiRegionPimpleControl

— AR B0l 2t regionOll CH3H fvMesh MO ZQIH E|AEE MY

multiRegionPimpleControl

(

Time& runTime,

PtrList<fvMesh>& fluid,

PtrList<fvMesh>& solid
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» Multi-region loop control libraries 7|

- oM ddRtoA HE Y
Foam: :NEXT: :multiRegionPimpleControl::criteriaSatisfied()
checkedAndAchieved =
forAll (regions , regionI)

{

fvMesh* mesh (regions [regionI]);

List<fieldData>& residualControl (residualControls [regionI]);

| | residualControl.empty () || finallIter())

storelni = ->storeInitialResiduals () ;
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Multi-region 2|

Multi-region loop control 7| & A3 #1

— single-region & H| 2} multi-region EH = &
- MRF @9 Zatoh XA R 2 X
L 2 M3 single-region 2HQF 242 A

e

*  Multi-region & H 0| M solid regionS EX| &

stex| 2ol

MRF(fluid)

MRF(fluid)

buoyantPimpleNFoam chtMultiRegionPimpleNFoam
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Multi-region

AL

Pt

=HO

» Multi-region loop control 7| s AS #1

— 1XRTX| S| d =

PIMPLE: iteration 5

DILUPBiCGStab: Solving for Ux, Initial residual

Final residual 1.931787992241496e-07, No Iterations

DILUPBiCGStab: Solving for Uy, Initial residual =

Final residual = 8.975777426222258e-08, No Iterations

GAMGPCG: Solving for p_rgh, Initial residual

residual 0.0008887110289223589, No Iterations 1

GAMGPCG: Solving for p_rgh, Initial residual

residual 7.691586762727594e-05, No Iterations 1

DILUPBiCGStab: Solving for epsilon, Initial residual

05, Final residual = 2.908488217663309e-07,

DILUPBiCGStab: Initial residual

Solving for k,

Final residual 2.074380896992685e-07, No Iterations

diagonal: Solving for rho, Initial residual = 0,

Iterations 0

GAMGPBiCGStab: Solving for h, Initial residual

Final residual 3.478449934155415e-12, No Iterations

Min/max T:350 373

time step continuity errors sum local 0, global =

PIMPLE: converged in 5 iterations

95.97 s ClockTime 96

ExecutionTime

buoyantPimpleNFoam

0.0001018948155195254,

0.02298659441267836,

No Iterations 1
6.8063366

Final residual

= 6.1432

= residual H|

1

1

Final

1

0, No

1

0, cumulative = 0

| 4

Inner-iteration /

converged

PIMPLE: iteration 5

Solving for fluid region fluid

DILUPBiCGStab: Solving for Ux, Initial residual

Final residual = 1.931787992241496e-07, No Iterations 1

DILUPBiCGStab:

Solving for Uy, Initial residual = 5

Final residual = 8.975777426222258e-08, No Iterations 1

GAMGPCG: Solving for p rgh, Initial residual =

residual = 0.0008887110289223589, No Iterations 1

GAMGPCG: Initial residual =

Solving for p_rgh,

residual = 7.691586762727594e-05, No Iterations 1

DILUPBiCGStab: Solving for epsilon, Initial residual =

05, Final residual = 2.908488217663309e-07, No Iterations 1

DILUPBiCGStab: Solving for k, Initial residual

Final residual = 2.074380896992685e-07, No Iterations 1

diagonal: Solving for rho, Initial residual = 0, Final residual

Iterations 0

GAMGPBiCGStab: Solving for h, Initial residual = 6.1432

Final residual = 3.478449934155415e-12, No Iterations 1

Min/max T:350 373

time step continuity errors sum local = 0, global = O,

PIMPLE: converged in 5 iterations

ExecutionTime 99.29000000000001 s ClockTime = 99 s

chtMultiRegionPimpleNFoam

0.02298659441267836,

cumulative

Final

=0
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Multi-region EHo| =&

UMagnitude U Magnitude
000 002 004 U‘lﬂé U-|08 UH 0.12 0.14 000 002 004 006 008 01 012 014
| - ! L | o
buoyantPimpleNFoam chtMultiRegionPimpleNFoam
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« Multi-region loop control 7|5 A5 #2
o

- Ayt 22 ZHE solid DS LS50 multi-regionee iR Sff A1
(convection)
« inner-iteration2| convergence criteriond| L2 multi-reaion loon Cm"QLOJ & H=oh=X] =0l

* pressure :le-3 solid
*  momentum : 1le-3
* turbulence : 1le-3

* energy . le-6

MRF(fluid)

hot wall

chtMultiRegionPimpleNFoam
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10th OKUCC

Solving for fluid region

DILUPBiCGStab: Solving for
DILUPBiCGStab: Solving for U
GAMGPCG: Solving for p_rgh,

GAMGPCG: Solving for p rgh,

DILUPBiCGStab: Solving for eps

DILUPBiCGStab: Solving for k

Ux

’

Y

Initial residua

Initial residua

Initial residual =

Initial residual

’

1
1

0.

Final residual = 7.09742724106769e-08, No Iterations 1

Final residual = 2.781589205683131e-08, No Iterations 1

01156233594243819, Final residual = 0.0003010856380198718, No Iterations 1

004 591768750 Final residual = 3.495684054473972e-05, No Iterations

1

lon, Initial residual 2.57434 527129e-06, Final residual = 7.055973106906398e-08, No Iterations 1

Initial residual

diagonal: Solving for rho, Initial residual =

GAMGPBiCGStab: Solving for h

Solving for solid region
GAMGPBiCGStab: Solving for h

iteration 9

Solving for fluid region

’

’

DILUPBiCGStab: Solving for Ux,

DILUPBiCGStab: Solving for Uy,

GAMGPCG: Solving for p_rgh,

GAMGPCG: Solving for p_rgh,

Initial residual

Initial residual

Initial residua

Initial residua

Initial residual

Initial residual

DILUPBiCGStab: Solving for epsilon, Initial

DILUPBiCGStab: Solving for k,

Initial residu

diagonal: Solving for rho, Initial residual

GAMGPBiCGStab: Solving for h,

Solving for solid region

GAMGPBiCGStab: Solving for h,

Initial residu

Initial residua.

Min/max T:313.2765107569926 350.0907069840727

0

1
1

Final residual = 4.425784430245165e-08, No Iterations 1

Final residual = 0, No Iterations 0

9.071476042475182e-07, Final residual 4.887913235950798e-13, No Iterations 1

Final residual 2.71954188417007e-26, No Iterations 1

2.453929304335645e-05, Final

5.133687330153424e-08, No Iterations 1

1.429085296256882e-05, Final resNdual 1.944790763298906e-08, No Iterations 1

fluid region2| energy equation O]

OrX|2F 2 2 criterion= THEolH A gEH A
inner- lteratlonoﬂkl T HAE| AKX 2 time
accuracy= T10H pressure under-relaxation
£10[ ot [ iteration

1

rrations 1
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UMagnitude T
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