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SCALE ADAPTIVE SIMULATION BASED ON A K-KL TWO-EQUATION
TURBULENCE MODEL
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Abstract: The two-equation £-kL turbulence model is based on the transportation equations of turbulent kinetic
energy and the integral scale. It is characterized by the capacity of the scale-adaptive simulation, and thus the
satisfactory prediction performance in both steady and unsteady flow simulations under a unified form. The
present study aims at a comprehensive assessment of this model through classical flow test cases. A
two-dimensional zero-pressure-gradient boundary layer case is used to validate the currently introduced realizable
correction of this model. Steady computations of the three-dimensional CRM wing/body show its engineering
applicability compared with the SA model and the SST model. A grid convergence study is included. In the
unsteady computations with the £-AL model, massive separation flows over the periodic hills are well predicted
with rich vortical structures. The time-averaged friction distribution and the velocity field are in good agreement
with the experimental data and the previous Large Eddy Simulation results. All above demonstrates the advantage
and potential of this turbulence model in both steady and unsteady flow simulations.
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Fig.13 Averaged friction coefficient distribution on the lower
surface with 3D unsteady computation
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Fig.14 Mean streamwise velocity distribution at different
streamwise locations with 3D unsteady computation
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Fig.15 Mean wall-normal velocity distribution at different
streamwise locations with 3D unsteady computation

5 Z5ip

AT SRR AN BRI, X T sl g
M REEH k-kL P57 RERE QAT 1 iy 4o (I pF
fiti, UEBA T k-kL ARG — TR 30 AP E H AR
SE HRAN AR RE T o k-kL R AE 52 H AT T A
3R 5E WA T T T L2y Bl 45 20 5 H T R R A
f¥) SST #i3UR DES JEMHIEMEs R, BABAL
— METSRBILSS, Rl BGE H HARR fe
Ja, BT RN RN AT .

[l BN 25 3, A B TR ) RANS

Jiids -k BEAIR A TP B SR
RARHAE TRESEPRrpE— 2500 ARSI R
FERISTTRE A by A ar e & AT AL L fey
PSR TTREE, IR A B 18 BRI 4t
N TR m A aE 71, ViR BRI K
AR

SE

[1]

(2]

3]

[4]

[5]
(6]

[7]

(8]

9]

[10]

[11]

Fre, skoxnm, EABE AR 7 R iR R T 7T [d].
TFREJ%, 2006, 23(2): 47—51

Wang Bing, Zhang Huigiang, Wang Xilin. On sub-grid
scale turbulence characteristics [J]. Engineering
Mechanics, 2006, 23(2): 47—51. (in Chinese)

0, Tk, B ET LES MIEEREBIRSI T
TREJ%, 2012, 29(10): 340—346.

Guo Tao, Zhang Tao, Zhao Wei. Flow-induced vibration
analysis of straight pipe based on LES [J]. Engineering
Mechanics, 2012, 29(10): 340—346. (in Chinese)
FREFY, NGRS, BT, S KRB R vt
R AR TR ). AR J7%%, 2013, 30(8): 155—162.
Wang Xiaoling, Sun Ruirui, Ao Xuefei, et al. Large eddy
simulation on vortex grit chamber for sandstone
wastewater treatment [J]. Engineering Mechanics, 2013,
30(8): 155—162. (in Chinese)

BRI, WREMHE, FhIREE, 5. BIAYGRIIr E K s
HI[J]. TFE 1%, 2014, 31(8): 217—222

Xue Dawen, Chen Zhihua, Sun Xiaohui, et al.
Micro-ramp control of the boundary separation induced
by the flow past an airfoil [J]. Engineering Mechanics,
2014, 31(8): 217—221. (in Chinese)

Spalart P R. Detached-eddy simulation [J]. Annual
Review of Fluid Mechanics, 2009, 41(1): 181—202.
Slotnick J, Khodadoust A, Alonso J, et al. CFD vision
2030 study: a path to revolutionary computational
aerosciences [M]. Virginia US: NASA, 2014: 1—51.
Menter F R, Egorov Y. The scale-adaptive simulation
method for unsteady turbulent flow predictions. Part 1:
theory and model description [J]. Flow, Turbulence and
Combustion, 2010, 85(1): 113—138.

Egorov Y, Menter F R, Lechner R, et al. The
scale-adaptive simulation method for unsteady turbulent
flow predictions. Part 2: Application to complex flows [J].
Flow Turbulence and Combustion, 2010, 85(1): 139—
165.

Frohlich J, von Terzi D. Hybrid LES/RANS methods for
the simulation of turbulent flows [J]. Progress in
Aerospace Sciences, 2008, 44(5): 349—377.

AR, TR, K. —METERITREZR RN
RS MRS H B PN A [ TR,
2014, 31(11): 39—45.

Bai Jungiang, Wang Chen, Zhang Yang. Application of a
turbulence model based on von Karman length scale in
steady and unsteady flow simulation [J]. Engineering
Mechanics, 2014, 31(11): 39—45. (in Chinese)

F&, 707w S R A SRR R R B



30

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

MAFU[I]. S15R, 2014, 46(4): 487 —496.

Du Lei, Ning Fangfei. Scale adaptive simulation of flows
around a circular cylinder at high sub-critical Reynolds
number [J]. Chinese Journal of Theoretical and Applied
Mechanics, 2014, 46(4): 487 —496. (in Chinese)

FFF, ZHR. SST-SAS 1E/N ) B s B E B 1%
P[], PEAL TR 22524, 2014, 32(3): 337 —340.
Wang Xiangyu, Li Dong. Behavior of SST-SAS for mild
airfoil  trailing-edge  separation [J]. Journal of
Northwestern Polytechnical University, 2014, 32(3):
337—340. (in Chinese)

A, R, B, SF. XY-SAS AL T4 B
ENEITERE T HT[]. ALETHTA IR K244k, 2010, 36(4):
415—419.

Gao Ruize, Xu Jinglei, Zhao Rui, et al. Evaluation of
XY-SAS model for separated flows [J]. Journal of Beijing
University of Aeronautics and Astronautics, 2010, 36(4):
415—419. (in Chinese)

Hrim, E#. —A>—J7 1% scale-adaptive simulation 5
RIIMIIE)]. S AAYH, 2010, 5(1): 79—82.

Xu Jinglei, Yan Chao. A one-equation scale-adaptive
simulation model [J]. Physics of Gases, 2010, 5(1): 79—
82. (in Chinese)

k¥, AR, R, . EETRITREFERITER
SST JiARE[J]. 717244k, 2013, 45(3): 442—446.
Zhang Yang, Bai Jungiang, Hua Jun, et al. Improvement
and assessment of the SST equation based on Karman
scale and filter [J]. Chinese Journal of Theoretical and
Applied Mechanics, 2013, 45(3): 442—446. (in Chinese)
FRE, 1Kk, R, 55 WAL P AR R A
Jo SR FE[I). Wi 223k, 2014, 35(7): 1804—1814.
Bai Jungiang, Zhang Yang, Xu Jinglei, et al. Construction
and its application of a new one-equation turbulence
model [J]. Acta Aeronautica et Astronautica Sinica, 2014,
35(7): 1804—1814. (in Chinese)

Abdol-Hamid K S. Assessments of a turbulence model
based on Menter's modification to Rotta’s two-equation
model [J]. Grapevine, TX, US, 51st AIAA Aerospace
Sciences Meeting, 2013.

Decaix J, Goncalves E. Time-dependent simulation of
cavitating flow with %=/ turbulence models [J].
International Journal for Numerical Methods in Fluids,
2012, 68(8): 1053—1072.

Davidson L. Evaluation of the SST-SAS model: channel
flow, asymmetric diffuser and axisymmetric hill [C].
Egmond aan Zee, The Netherlands: European Conference
on Computational Fluid Dynamics (ECCOMAS CFD),
2006.

Lincke A. Verification and validation of von Karman
length scale for identification of turbulent structures [M].
Gottingen German: DLR, 2009: 29—62.

Xu J, Hu N, Gao G. A high-fidelity turbulence length
scale for flow simulation [C]// Berlin German: Progress
in Hybrid RANS-LES Modelling, Springer, 2011: 141—
145.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Chen H X, Fu S, Li F W. Navier-Stokes simulations for
transport aircraft wing/body high-lift configurations [J].
Journal of Aircraft, 2003, 40(5): 883—890.

Chen H X, Huang X D, Shi K, et al. A computational
fluid dynamics study of circumferential groove casing
treatment in a transonic axial compressor [J]. Journal of
Turbomachinery-Transactions of the ASME, 2014, 136(3):
31003.

KK, BRI, fER, SF. RS RIS RALL
BIRFHLRLAC — A A B th Tk 0], 28 7 3R,
2012, 33(11): 1993—2001.

Zhang Yufei, Chen Haixin, Fu Song, et al. A practical
optimization design method for transport aircraft wing/
nacelle integration [J]. Acta Aeronautica et Astronautica
Sinica, 2012, 33(11): 1993—2001. (in Chinese)

Wang Q J, Ren Y X, Sun Z S, et al. Low dispersion finite
volume scheme based on reconstruction with minimized
dispersion and controllable dissipation [J]. Science China
Physics Mechanics & Astronomy, 2013, 56(2): 423—431.
Shima E, Kitamura K. Parameter-free simple low-
dissipation AUSM-family scheme for all speeds [J].
AIAA Journal, 2011, 49(8): 1693 —1709.

Spalart P R, Allmaras S R. A one-equation turbulence
model for aerodynamic flows [C]. Reno, NV, US: 30th
Aerospace Sciences Meeting and Exhibit, 1992.

Menter F R. Two-equation eddy-viscosity turbulence
models for engineering applications [J]. AIAA Journal,
1994, 32(8): 1598 —1605.

Wilcox D C. Formulation of the k-w turbulence model
revisited [J]. AIAA Journal, 2008, 46(11): 2823—2838.
Rumsey C. Turbulence modeling resource [DB]. http://
turbmodels. larc.nasa.gov/. 2014-08-06.

Rivers M. Common research model [DB].
commonresearchmodel. larc.nasa.gov/. 2012-02-10.
Levy D W, Laflin K R, Tinoco E N, et al. Summary of
data from the fifth computational fluid dynamics drag
prediction workshop [C]. Grapevine, TX, US: 51st AIAA
Aerospace Sciences Meeting, 2013.

Park A, Laflin K R, Chaffin M S, et al. CFL3D, FUN3D,
and NSU3D contributions to the fifth drag prediction
workshop [C]. Grapevine, TX, US: 51st AIAA Aerospace
Sciences Meeting, 2013.

ERCOFTAC. 2D periodic hill flow [DB]. http://gnet-
ercoftac. cfms.org.uk/w/index.php/UFR_3-30. 2013-07-25.
Frohlich J, Mellen C P, Rodi W, et al. Highly resolved
large-eddy simulation of separated flow in a channel with
streamwise periodic constrictions [J]. Journal of Fluid
Mechanics, 2005, 526(3): 19—66.

Breuer M, Peller N, Rapp C, et al. Flow over periodic
hills-numerical and experimental study in a wide range of
Reynolds numbers [J]. Computers & Fluids, 2009, 38(2):
433—457.

Rapp C, Manhart M. Flow over periodic hills: an
experimental study [J]. Experiments in Fluids, 2011,
51(1): 247—269.

http://



