N

N

Setting-up of reference solutions and characterization of
URANS models for turbulent forced convection around
a heated square cylinder

Xavier Nicolas, Hua Sun, Yannick Sommerer

» To cite this version:

Xavier Nicolas, Hua Sun, Yannick Sommerer. Setting-up of reference solutions and characterization of
URANS models for turbulent forced convection around a heated square cylinder. 5th Internationnal
conference on Turbulence and Interactions TI2018, Jun 2018, Trois-Ilets, Martinique, France. pp.66-
79. hal-02644326

HAL Id: hal-02644326
https://hal.science/hal-02644326v1
Submitted on 28 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02644326v1
https://hal.archives-ouvertes.fr

Setting-up of reference solutions and LW MSME"'

characterization of URANS models for turbulent

forced convection around a heated square cylinder @ AlRBUS
Xavier NICOLAS', Hua SUN', Yannick SOMMERER? o D . TI2018

" Université Paris Est, MSME UMR 8208 CNRS, 5 Bd Descartes, 77454 Marne la Vallée Cedex 2, France ' e " ISP tnationl Conercon e ad ieactiors
2 Airbus, 316 Route de Bayonne, 31060 Toulouse Cedex 09, France = z 25-29 June 2018 - Martinique

Introduction

compartment of
« CONTEXT: in the nacelle compartment of aeronautical engines, the equipment (valves, electrical harnesses, pumps, ducts) aeronautical

is submitted to large heat fluxes; so it must sometimes be air-cooled to never exceed a maximum allowable temperature. An
accurate prediction of the local convective heat transfer, h, or Nusselt number, Nu, is crucial to optimize the cooling systems.

< AIM: to define if the prediction of h around heated bluff bodies is possible from URANS simulations, more usable o - \\\
than LES in an industrial context. Different k-€ and k-w models are tested with different near wall models. FTTr ri"%h,%b
« METHODOLOGY: comparisons with the experiments by Lyn and Rodi [JFM, 1994, 1995] of a el e I
flow at Re=U..D/v=22,000 around a non heated square cylinder (ERCOFTAC benchmark), and use :, ) P/ (jji’
cading edge ;
of Igarashi [IJHMT, 1986] and Yoo et al. [JHT, 2003] experiments for heated cylinders at other Re values. _Y > /‘"“d"ldﬂwu\ )
: : : : . irigs N " «phase averaged» Y,
+ INTEREST: configuration with detached boundary layers, Kelvin-Helmholtz instabilities, vortex street ... scparated and fopping shear lyer flow —
o<u; > _ L 2 d<u > O0<u;> 2 <u.u'> _ ' — '
U RANS & Bx; =0 R;i=—p <uwju>=2u,Dj ‘5Pk5ij =4 [76)(_‘ +7BX~J ]—gpkﬁij k :% u;(M,0) —ui(M)+TIi(M,t)+uil(M ) =<u;> (M, t) +u;' (M, t)
J i
d<uy; > 0<uy;>|__d<p>_ 0 K2
near-wall [ o N e ]— o, v, 2R V=G o v s
=Tu.m
mOdels OpE 6[<u >(pE+<p>)] _ -9 )\effa<T>+<ui>Ti'eff A ff:}\+cp“t + transport egs. for
ot 0x; ax; ax; 1 e Pr, k and € (or k and w)

* k-¢ standard: only valid for fully-developed turbulent ﬂows at large Re.

+ k-e RNG: additional terms in the transport equations for k and € to increase € and reduce k and v, in the highly strained flow regions.

* k-¢ realizable: satisfies mathematical constraints on the Reynolds stresses Ry, (positivity, Schwarz ineq.) consistent with turbulent flows physics.
+ k-w standard: thanks to the specific dissipation rate w, turbulence length scale well predicted close to the wall (low Re zone) but strong sensitivity to freestream conditions.

+ k-w SST: blend, with a blending function, the robust and accurate formulation of the w eq. in the near-wall region with the freestream independence of the € eq. in the far field.
« Wall treatment for e-eq.: combine the Wolfstein two-layer model (for y+=1) with y* insensitive wall function blending the linear and logarithmic (turbulent) law-of-the-wall.

+ Wall treatment for w-eq.: y*-insensitive wall treatment by blending the viscous sublayer and logarithmic layer formulations (no need for a two-layer approach).

Numerical methods T
« 2D uncompressible URANS equations solved with ANSYS/Fluent; uniform velocity y ’
+ 2nd order time implicit scheme and 2" order Quick scheme in space; U.=9.2632 m/s no slip D4 om zero |
: — ) 1=2% Ty =330KLI"X gradients
« velocity/pressure uncoupling: SIMPLEC or PISO; vfv=10 B.C. |
« 7 cartesian grids used, from coarse (20X 20 cells around the square cyl.; air at T..=300 K 6,5D
10<y*<50) to fine (140X 140 cells around the square cyl.; O<y*<5); At=10%s | slip B.C.
« Time integration during 50 periods T of the Von Karman vortices. Dtyim=0.023 4,5D D 15D

Results for 4 URANS models Resu_lts for k-q) SST quel

Rcfcr‘cnce N XNy mesh size| L,/D S, Cy ’C {blockal Nuf Nu, | Nu, | Nu, F
solutions (aruund square cyl) _ge c.urrect“) front |top/bot| rear | total
Exp. and LES synthesis by 0.13+0.01[2.150.190.18+0.05 1.320.3
Sohankar (2006) ; Re=(5-5000)x10° L
Synthesis of 25 experim.: I=0-2% [1.4%0.1/0.13£0.008] 2.120.1 [0.20£0.03 1.2+0.2 [1.5 {1.4}20.1] 100£10 | 101£6] 137+5[ 1086 « Lyneral (exp)
Re=(10-200)x 10°  1=4.4-6.5% |1.4%0.1/0.13£0.008| 1.920.1 [0.20£0.03 1.1+0.2 [1.3 {1.2}20.1 = Fohanno et al. (exp.)
1=10-14%]1.420.1{0.1320.008] 1.6+0.1 |0.2020.03(0.650.25/0.9 {0.8}+0.2 + Dumoeral (exp)
I88x110(20x20) | .12 | 0138 | 2240 | 0207 | 142 1.163 708 1050 | 80.1 e L
+0.005 | *0.001 | +0.02 +3.0 100x100
— 140x1:
k-wSST 290x190 (60x60) 1.13 0.132 “-202;055 -:)02‘;!095 -‘104071 1.192 120.1 120.8 123880 027 2y . Boilxca" et al. (LES) L
Re=22.000 | 3657250 (100x100) | 126 | 0132 | 2220 | 0280 | 154 T.189 1365 1435 | 1192 = very goold agreement of the k-0 SST S S
=% £0.005 | 4001 | 0.02 6 model with the experimental results, D
435%310 (140x140) | 1.325 | 0.122 2220 | 0325 157 1.197 135.9 1480 | 1194 PP
310 (140x140) e oo (e o for all the grid sizes, except the coarser one.
188x110 (20x20) | 1.24 | 0.138 2225 | 0234 | 1337 1.143 709 1052 | 78.9
+0.005 +0.001 +0.005 +39 ) MD=-05 wD=-025 xD=0 /D=025 xD=05 2ot VD=-05 ¥D=-025 D =025 x/D=05
k-wSST 290x190 (60x60) | 1.39 0.139 2.220 0.287 1.405 1.159 119.1 118.6 | 101.7 © Lwadd !
low Re £0.001 | +0.001 | #0.01 +4.9 175 ]
365%250 (100x100) [ 1.52 0.129 2.25 0.37 145 1.170 132.6 1384 | 110.7 Juoxton
Re=22.000 001 | 002 | 002 £7.3 13
1:2,,'/" 435%310 (140x140) | 1.54 0.142 239 0.59 1.69 1.222 130.3 1515 | 1149 Qs
| 001 | 001 | 001 73 [ >
188x110 (20%x20) 2.15 0.134 1.908 0.0081 0.567 0.839 119.8 85.5 95.2 1
+.001 +(.2
k-£ RNG 290190 (60x60) | 1.64 0.132 2041 | 0.0277 | 0959 0972 1259 911 | 982 075
+.001 +0.3
— 0.5 T
Re=22.000 365%250 (100x100) | 1.58 0.128 2.050 | 0.0328 | 1.048 0.993 141.6 95.1 | 104.5 >0 15
=29, £0.001 | +0.0001 | +.002 0.8
135%310 (140x140) | 1.69 0.063 2.040 0.0291 0.956 0.983 1433 93.6 104.8 !
+0.001 | +0.0001 +.001 +0.8
188x110 (20x20) 1.98 0.147 1.949 0.0180 +0.634 0.926 83.8 85.3 71.9 05 o Exp Yooeral
+0.0001 | +0.0001 | +0.0001 +0.25 N :?ﬂ:if,‘} N B ]
Kk-€ realizable | 290x190 (60x60) | 1.38 | 0.135 2190 | 0.0377 | £1.333 1.146 121.6 899 | 905
£0.0001 | +0.0001 | +0.001 +0.09 0 + Exp. Igarashi, Re=18500 ]
Re=22.000 | 365%250 (100x100) | 1.38 | 0.135 2190 | 0.0377 | +1.333 1.146 1343 90.1 | 94.8 = Exp. Bearman & Obasaju, Re=20000
=29 £0.0001 [ +0.0001 | +0.001 +0.8 c osh 140x140 1 150 1
135310 (140x140) | 133 | 0126 | 2210 | 0.0560 | £L1.538 1182 133.1 841 | 940 » o0 Nu
£0.0001 [ +0.0001 | +0.001 794 0.8 —= 20x
Y - P afF —— LES Boileau er al., Re=2005(0 -
Table: Global characteristics of the flow and heat transfer: L,/D = dimensionless length of the wake; S;=fD/U.= 100 ]
Strouhal number with f the frequency of the vortex shedding; C,, C, and C/ = time averaged and RMS of the o
drag and lift coefficients; Cp PP [PV = time averaged base pressure coefficient, with p the time averaged e AT e sty
pressure on the rear face of the square cylinder; Nu = averaged Nusselt number. Comparison of the URANS . o 50
" . " 7 . " p L v <
results with reference solutions (in red) built from several experimental data of the literature. The values in bold ‘ZD L X & 1 5 L L | S
are in the experimental ranges and the values in the yellow boxes are in a 10% accuracy from the references. Cylinder perimeter Cylinder perimeter

CO“CIUS'O“S .- Setting-up of reference solutions for the present test case, from a synthesis of around 25 experimental results of the literature;
2- The k-w SST model provides accurate results for the present test case, both for the flow dynamics and heat transfer, whatever the grid sizes for y*<20;
3- These results are as accurate as the LES results by Boileau et al. (2013), but for a much smaller computational cost, compatible with industrial applications:
4- The Strouhal number, the averaged drag coefficient and the RMS of the lift coefficient are not enough selective criteria to qualify a numerical model;
5- The k-g type models provide unsatisfactory results for the present test case, particularly for heat transfer. The low Reynolds version of the k-w SST model does not improve it.
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