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Research Progress of Computational Model for Rotating Turbulent
Flow in Fluid Machinery

Wang Fujun
( Beijing Engineering Research Center of Safety and Energy Saving Technology for Water Supply Network System ,
China Agricultural University, Beijing 100083, China)

Abstract. Rotating turbulent flows are widely existed in pumps, turbines, compressors and other fluid
machinery. The three-dimensional stochastic fluctuations are very strong in this kind of flow. The high
adverse pressure gradient, large streamline curvature and complex wall surface in rotating turbulent flow
have significant effects on the performance of fluid machinery. Although a lot of turbulence models have
been developed, there is no universal turbulence model that could be used to simulate rotating turbulent
flow in fluid machinery. Each turbulence model has its own applicable scope. The prediction performance
of the existing turbulence models either in physical or numerical aspects has not yet met the actual need of
fluid machinery. Aiming at strong rotating and large curvature turbulent flow, the turbulence models were
reviewed. From three aspects of the high Reynolds number flow in turbulent core area, the low Reynolds
number flow near wall and the transition flow from laminar to turbulent areas, the applicability of existing
turbulence models for fluid machinery was analyzed. The problems of two series turbulence models,
including Reynolds-averaged Navier — Stokes models and scale-resolving simulation models used in solving
rotating turbulent flow were compared. The typical Reynolds-averaged Navier — Stokes models introduced
included Spalart — Allmaras, k— &, k—w, V2F and RSM models. The typical scale-resolving simulation
models included LES, SAS, DES and ELES models. The effective methods to use the suitable turbulence
model for different problems and different targets were investigated. The development trend of turbulence
model and the application of turbulence model in fluid machinery were discussed.
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FRBH) ( Large eddy simulation, LES) J2& T353R

itk I 25078 3 1Y B M BY 7 v B R AN R RANS J5 358
FEAE I (R 358 F 0 98 1) 7 A R A7 24k A 3L i 2 A
Fourier %% [6] 8% 4 ¥ 2% [A] | %} B 2% Navier — Stokes J7
FEIEATUR AL BE o U 72 ) K /N T 0 B A T 8 B
THE R A% RUBE 0 /N RUBE 0 3k i 25, PRI JOG T
R O fe o SEBR T3, B0 X 4 ROV
i Iz Bl AR, TR EE DR A o R B A% R
JE KA 128 3 il 3 Navier — Stokes J5 Ft H 4% 15
HROR O TN RUBE A o DR RLEE 3 3l 4 52 i) ) e ok
A BRE R A LE T RANS J5 i, LES J5 ik
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PRI BAT L

HBiA Z A F § LES J7 3%, 352 X 2 8 3
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A7 AN (6], AH LR B T AN [R] 4 SGS #E AL, ] fik
PEFERY SGS HEAY B ALFE Smagorinsky 115 K &
1IE J& B Smagorinsky — Lilly #& myLel h &
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DSM) 7% RE T I R SR R R ( Wall-
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energy model, DKE )"’ 4 H: v | Smagorinsky f5i
R B AR SGS AR, JLT- B A AR R 3 S
£ Smagorinsky KAl F & B KA. DSMEE
THBR T Smagorinsky 5 71 rp 7 2 16 it 28 56 %0 114 Big
S, 2 F AT ) 2 1) SGS #EAI, WALE™ i 3t
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(Hybrid LES/RANS) "' DES [ it & s A % F
LES,{H 5 F RANS, DES i ] RANS #5158 5 £
#% Spalart — Allmaras f% %  Realizable k — ¢ A §R
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3.4 AR KREMEER
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T, SST %% 4 B I S ofls SST k — o Jiff WA 70 55
2 AR 4 6 32 7 T A A A — S ST BB SR AR AL, 2
A B0 7 R4 10 g 6 T ) B IR Ty 0 4 kR
TR Re, 7T, TR TH A 2200 A8 %5
ABORE IR PSR A g o AR A b — A I ) 2 1) SF- 249 3
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y s 7 R SR 2 I A A Yy, fe el iy S
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() DES i Ji A5 AR A5 16 1 o

] B %% ¢ B A ( Intermittency
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8y i i SR AR X, T LU & — Fh i DNS J5 ik, %
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(4 bR f, FIR A3 FE LS SRR L2 f, , X i is
T RRHEATIE IE 52 BUEAE 11535 I TR o i 24 A B B 3
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AN TR i S R 28 X g PANS 4 . Lakshmipathy
4l J T Wilcox b — o BEEIPEATHI S, FFR I T
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It A% O DX e B o 0 O A TR 0 AT 5K A T
O L R T X P B S AT SR A . R T PR R Y
T KA AAETF e vF 30 BE DX FH RE X A G A%, 5
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