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Modelling and calculation of How and
heat transfer in multiple impinging jets
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geboren te Maasbree
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(a) the computational domain (b) pathlines at 0.010D above the im-
pingement plane

Figure 4.6: Pathlines for the square set-up, as predicted by the & — ¢ model.
One can clearly observe the asymmetry in the predicted flow field. A vortex

has developed near the top-left jet (see |4.6(b)|); this jet is disturbed and

deflected outwards (|4.6(a))).
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(a) the computational domain (b) pathlines at 0.01D above the im-
pingement] plane

‘e 4.14: Pathlines for the circular set-up, as predicted by the k& —z model.
symmetry in the flow field can be observed.
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Ercoftac SIG15 testcase casell.4

square circular ||}

square Full model



 Ercoftac SIG15 testcase

Casel5.1 axisymmetric expansion pipe

_ with heat transfer
Heating surface

\

Re=40000. exp(Baughn et al 1984)

OF -> buoyantBoussinesgSimpleFoam




-Ercoftac SIG15 testcase T surface field- - - B2 mE[ZHeatFlux BC

stepd

L
/ftvpe zeroGradient; L
tvpe groowwBC; L
value uniform 054

gradientExpression “gradl ;¢ 1 — g rOOWBC

fractiorExpression "07; 4

variables "Ce0=1000; rho0=1.0;9=0.0; gradT=a/ (kappaEf f*¥Cel*rhal ) ; 75
timelines ();4

"1" e
SEKL

tvpe turbulentHeatF luxTemperature; .

alphabft kappaEff; .

value uniform 054

Co Ces ik

g uniform 0; /7 [W/m™2]s

L PN

tvpe groovvBC; L
value uniform 0; ¢

gradientExpression “zradl”; L — g ro OVyBC

fractiorExpression "07; 4

variables "Ce0=1000; rho0=1.0;9=0.3; gradT=a/ (kappaEf f ¥Cel*rhal ) ; 75
timelines ();4

Je —_—
Sk

tvpe turbulentHeatF luxTemperature; .

alphabff kappaEff; . ZMHeatFlux(ZCFXD YT ILT—4
value unitorm 054 h\l‘oglﬁq

Co Cpid
g uniform 0.3; /7 [Wm"2].
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CFD On-line E TRDIF1=-%D>HhDETIILEZOF 1.6-ext Lt TEIT. ES5/\—23> T
AVTAREN=EDITZMEELT, YU TILETILEE

MOV2F 4AFEXETIL(Durbin1995)

@{ERe#E!RSM

Durbin Elliptic Relaxation Model (Durbin1993) _
. . : | | 1991
Hanjalic Elliptic Blending Model (Manceauzooz)]L SSG(Speziale et a )

@gamma-ReThetaB#E 7T JL(Langtry 2009)

- -« >CFD online £ T{E& (Felix.L)H 1.6, 2.0IZx i LT=Y—R & A B

DIZ#k-eET )LD Launder-KatohR (LK1993)
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A1) OF ILIZOF1L.5HMD T, 1.6-ext THKKSIZ—EMEIE
hool DurbinV2F::read().

e
if (RASModel::read())
T

Cimu_. readlfPresent (coeffDict (1) 0
CoukE_. readlfPresent (coeffDict ()); 4
Ceps10_. readlfPrezent (coeffDict (174
Ceps1l . readlfPresent (coeffDict ()4
Ceps? . readlfPresent (coeffDict ()); 4
C1 . readlfPresent (coeffDict (1) 0
C2_.readlfPresent (coeffDict (1)
CL_. readlfPresent (coeffDict (J);
CEta_.readlfPresent (coeffDict (1)1
onelnSiemak_. readlfPresent (coeffDict (1); 4
onelnSiegmaFps_. readlfPrezent (coeffDict ()4
vStarLim_. readlfPresent (coeffOict ()4

b

/K before OF1.5 implement .
turbulenceMode |Coeff<_ . lookup (" Cmu™) >> Cmu; 4
turbulenceMode | Coeff<_. lookup (" CrmukE™) »> CmukE; 4
turbulenceMode |Coeffs_. lookup( Ceps107) »> Ceps10; L
turbulenceMode |Coeffs_. lookup( "Ceps117) »» Cepsll;L
turbulenceMode | Coeff=_. lookup("Ceps?2 ™) > Ceps?;
turbulenceMode [Coeff= . lookup("C17) > G4
turbulenceMode [Coeff=_ . lookup("C2™) > G20 :::::==’___
turbulenceMode | Coeffs L lookup("CL™) »» CL;d
turbulenceMode |Coeffs_. lookup("CEta™) »» CEta; s
turbulenceMode | Coeff=_. lookup("oneOnSignak™) >> onelnSigmak; .
turbulenceMode | Coeffs_. lockup{ "onelnSiegmakps") »> onelnSigmakps; ¢
turbulenceMode |Coeff=s_. lookup("wStarlin™) > wStarLim;

L

1 _

return true; &
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vaolScalarField 52 = Z#magSar(svmm(fvc:igrad(lU 1174
volscalarField G = nut_%52; 0

volScalarField T_ = T(); 4

volScalarField Cepsl_= Cepsl0_¥(scalar(1.0)+Ceps11 tmin(sart (k_/vZ_),scalar(10.0))); 4
volScalarField Cepsl = Cepsl0%(scalar(1.0)+Ceps] Txsart (kA2 )00

A4 Dissipation rate equationd

include “epsilon2Flal 1T H
tmedfvacalarMat rixy epskant
(L
fym: s ddt (epsilon_) L
+ fym: :diviphi_, epsilon )4
- fym:: laplacian(Depsi lonEff (), epsilon_)i
::4_,
Ceps] _¥G/T_4
- fum::Sp(Ceps? /T, epsilon_J)L
Jid

epsEan(). relax(); L

include “wal |Dis=ipationV2F1.H™ L
solvelepskan); L

hound(epsilon_, epsilonl_J; L

74

A4 Turbulent kinetic energy eaquationd

tmp<fvicalarMatrixy kEand
[
Fom: rddt (k0o
+ fym:idiviphi_, k_JL
- fum::laplacian(DEFF (), kv
==
G- fum::Spl1.0/T, k4
G - fum::Splepsilon Ak, k 4
j

KEan() . relax(l; 4
=olvellkEan) ;L
bound(k_, kO J;4




4

Ak

-ELRETILIZDOLNT V2F Model

A4 equationd
volScalarField L = L(); e

tmedfvscalarMat rix> fEant
(L
- fvm::laplacian(scalar(1.00,f_)4
- fym::laplacian(f_Ju

L
fum: :5p(1.0/sar(L_),f_ )¢
- (01 _-scalar(B.0))%2_Ak_ - 2.0/3.0%(C1 _~scalar(1.00) ) (sqr(l_)*xT_Ju
+ 07 G/ (ke _xsqril )4
- fum::Se1.0/sar (L), f_ )
- ((Cl-scalar(1.0) )02 _Ak_-scalar(2.0/3.000/T_¢
- C2#GAk_L v
- 5. 0kepsi lon_ %2 _/sar(k_) ) /sar(l_J*/L /7 ve eaquat fond
;o o
) tmp<fvscalariat riz> w2Eant
tEan(). relax(); o G
solve(fEanl; v
bound(f_, f0_); 4

foms sddt (v2_) 0
+ fym:idiviphi_, w2_).
- fum:: laplacian(OEFF O, 2 00
==l
’ l xf 4
A Davidson correction - 20034
mintk_¥f_, +
(0T _~scalar(B.0)1xv?_ - 2.0/3.0%k_*(C1_-scalar(1.0010/T_ + C2_*G) o
- fum: i Sp (6. Okepsi lon_ Ak, w2 01

Jit
L
v2Ean (). relax(); 0
solve(w2Ean); ¢
bound(vZ_, kO_J;4
v

/A Re—calculate viscosity (with Davidson correction - 200374
nut_ = min(CmukE_*sar(k_)/(epsilon_ + epsilonSmal |_),
Crnu_2 *TO) 050
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SSGETIL(RSMDEAN-UOF AHEEEMN2R,. HREHEOHIRNIEE)
Fluentl3 Theory Manual#%ﬂi*’#

¢ -—_'L( 14 +(] ‘”}"r’ i+ ".'”*["r’.rﬁ."r’ﬁl Dot et )"'((“—( n||"r’ i }-‘"r*-

+( JfJ’r“‘“r’JLS i.+"r LSIA n.u S.'H-' 0 )‘Hi “\.'”"r“"'r’.ri.ﬂ L'H’ Aﬂ }

where h ; is the Reynolds-stress anisotropy tensor deﬂned as

volSvmmTensorField biiCbii™, 0.5%dev(R_/k_J);.
volTensorField gradl = fvciigrad(U_); ¢
valSvmmTensorField SiiC"5117, devisymm(gradl)));
volTensorField Wij = skewlgradl); .

-0 "":"";,-'-l-;\_."”li r’:-l_.l;

:I.u.'li

|
|
|
IL
: tme<tvSymmlensoriat rix> REond
n
The mean strain rate, .;; is defined as I ( fum: ddt (R
' | + fym: idiviphi_, R_Jv
2, 1 + fym::SuSp(-fve: idiviphi_), R_Ju
§..= ! _|_'::|' I A= fum: i laplacian(Cex(k_depsilon_J*R_, R_J4
{ I:h I - fym:: laplacian(DREFF (), R_)4
I + fum::Splepsilon_/k_, R_u
::\L.
I P A product ion tensord
| - (Cal_fepsilon_ + Cels %G)#bijo
| + Ce?_xepsilon_*dev(zwmm(bi] & bij))e
| + (Cg3_ - Cads_*sart(bij && biil)dk *3ij
[ + Ced ke rdev (twoSymm (Csvmm2ful 1 (hii) & Sij))4
I + Cgh_k K (twoSvmm(bii T WiTIWT 20
|
L

The mean rate-of-rotation tensor, El,-a.-, is defined by

.a ! dut
= [I_I]

The constants are

OFDT 74 ILMZIZAE L BEE%K

C1=3.4.0,"=1.8,0,=4.2.(;=0.8,C; =1.3,04=1.25.Cs=0.4



ELRETILIZDLNT sym2full

tvpedef GeometricField<Tensor<Cmpt>, PatchField, GecMesh> FieldTwpe: L
tmelFieldTvper tRul |4

(4
new FieldTvpel
(L
[Oohject
(L
swmm. namel) + Ful [ Tensor™, 4
symm.mesh() . time() .t imeMame (), o
sy, mesh (), 4
[0ohject: :MO_READ, +
[0chject::M0 WRITEL
)FH
sy, mesh(), &
dimensionedTensor (707, zwim.dimensions(), Tensor{Cmpt>::zero), L
j swvmm. boundaryField() tvpes() L
.
J

FieldTwped full = tFull{);

/¢ manipulate componentsd

full. replace(Tensor<Cmpt>: XX, svmm. component [SvmmTensor<Cmpt>: 1 XX));
full. replace(Tensor<Cmpt>::YY, svmm.component (Svmmlensor<Cmpt>: YY) );
full. replace(Tensor<Cmpt>:: 27, svmm.component (SwmmTensor<Cmpt>::77));
full. replace(Tensor<Cmpt > 2 XY, swmm. component (SwmmTensor<Cmpt > 8Y));
full. replace(Ternsor<Cmpt>::¥Z, svmm.component (SvmmTensor<Cmpt>::¥Z));
full. replace(Tensor<Cmpt>: %2, svmm.component (SvmmTensor<Cmpt>: 1 ¥2));
full. replacelTersor<Cmpt > 1 24, swim. componert (SvimTensor<Cmpt>: 1870 )
full. replace(Tensor<Cmpt>::¥¥, svmm.component (SwmmTensor<Cmpt>: 1 XY));
full. replace(Tensor<Cmpt>::2Y, svmm.component (SwmmTensor<Cmpt>::¥Z));

R

return tFull; 4
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4

A7 MM Murakami, Mochida, Kondoh) model implement -> modified LKL
volTensorField gradl = fweiigrad(U ); 0
volScalarField 52 = 2#magSar(dev(symmigradli)); o
volScalarField magS = sart(52);4

volScalarField Y2 = Z4magSar(dev(skewlgradl))l; ¢
volScalarField magh = sart(¥2); 4

A Re-calculate viscositwd
A volScalarField threshold = magV / magS; L

/i if (threshold > 1.0)4 ~ "
i (nagV > mag$ ) Fluentl3 Theory Manualm ik

L
nut_ = Crou_tsarik )/ (epsilon_ + epsilonSmall_J; 4
b 4.3.4, Modeling Turbulent Production in the k- = Models
= | zel The term G, representing the production of turbulence kinetic energy, is modeled identically for the
{4, standard, RNG, and realizable &- » models. From the exact equation for the transport of £, this term may be
, , defined as
rut_ = Cru_tmagh/magS*sar(k )/ lepsilon_ + epsilonSmal |l _);
—— i
} L Gp=—pu it E]_ (4-54)
.
nut _.cor rect BOUﬂda r'}-"[:Oﬂd I 'I: | oNs [ :' ol To evaluate (7 in a manner consistent with the Boussinesq hypothesis,
4 )
}. Gp=u " (4-55)

where 5 is the modulus of the mean rate-of-strain tensor, defined as

Fielease T3.0- © 34517 nc

AN TIgRTS FESETvEd - LOnIains prop ','\?'"' COnMOEntka Infomation 57
of ANSYS, inc. and its subsidianies and affillates.

Chapter 4:Turbulence

5= 35,5, (4-56)

Important

When using the high-Reynalds number k- - versions, i, 15 used in lieu of & in Equa-
tion 4-55 (p. 57).




-ELFRETILIZDULT turbulent kinematic energy

Standard k-¢

Launder-Kato k-¢
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