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Abstract; Axial flow pumps are widely used in agricultural area because of their high flow rate and low
head. Accurate prediction of boundary layer transitions is important to improve the accuracy of internal
flow calculations in axial pumps. The applicability of the SST y — Re, transition model at different
Reynolds numbers was explored with a hydrofoil. It was found that the prediction accuracy of the SST y —
Re,, transition model was close to the experimental value under the low Reynolds number condition ( Re,
was less than 1.6 x 10°); under the high Reynolds number condition, the boundary layer transition
position predicted by the SST y — Re,, transition model was gradually moved forward compared with the
experimental value as the Reynolds number was increased. This indicated that the SST y — Re,, transition
model was not effective in determining the occurrence of boundary layer transitions in high Reynolds
number hydrofoils. Based on this, the transport equation in the SST y — Re, transition model was
modified by using the ambient source term method, introducing the parameters of environmental turbulent
kinetic energy and environmental turbulent specific dissipation rate, and establishing the relationship
between turbulent specific dissipation rate and Reynolds number to obtain the modified SST y — Re,,
transition model. The model was validated in the high Reynolds number flow of Donaldson trailing edge
hydrofoil and NACAO0016 hydrofoil. The prediction accuracy of typical flow characteristics such as wake
vortex shedding frequency under the condition of high Reynolds number of Donaldson modified trailing

edge hydrofoil was improved by about 8% compared with the original transition model. Compared with
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the original transition model, the prediction accuracy of the relative thickness of the boundary layer and

the coefficient of friction in the transition region in the middle of the hydrofoil of NACAOO16 was improved

by more than three times.

Key words: hydrofoil ; transition; modification; ambient source term
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blunt trailing edge hydrofoil
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Tab.1 Comparison of wake vortex shedding

frequencies with different grid numbers
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Fig.2 Tangential time-averaged velocity distribution of

hydrofoil boundary layer under different turbulence models
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Distribution of relative thickness 8/h of hydrofoil

boundary layer under different turbulence models
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factor H,, under different turbulence models
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Tab.2 Ambient turbulence ratio dissipation rate

calibration settings at 1% turbulence intensity

HHIHS  Re, k/(m’s7?) w,/s7 Ry W SIORS B2
Al 2 x10° 0. 06 60 000 1 10~*
A2 2 x10° 0.06 12 000 5 10~*
A3 2 x10° 0.06 6 000 10 10~*
A4 2 x10° 0.06 4000 15 10 ~*
A5 2 x10° 0. 06 3000 20 10 ~*
A6 2 x10° 0. 06 2 400 25 1074
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Fig.7 Boundary layershape factor predicted by different
ambient turbulent specific dissipation rates at 1% turbulence

intensity
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Tab. 3 Setting of ambient turbulent kinetic energy and
turbulent specific dissipation rate for different

Reynolds numbers

GRUE A Re, k,/(m?es72) @, /s7! R,
B1 1.4 x10° 0.029 4 2 800 10. 5
B2 1.6 x10° 0.038 4 3200 12.0
B3 1.8 x10° 0.048 6 3 600 13.5
B4 2.0x10° 0. 060 0 4000 15.0
B5 2.2 x10° 0.0726 4400 16.5
B6 2.4 x10° 0. 086 4 4 800 18.0
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Computational domain grid of Donaldson
trailing edge hydrofoil
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Tab.4 Settings of ambient turbulent kinetic energy

and turbulent specific dissipation rate

RVIET RS Re,, k/(m*+s7?) w57 R,
cl 1.4 x10° 0.029 4 2800 10.5
2 1.6 x10° 0.038 4 3200 12.0
c3 1.8 x10° 0.048 6 3600 13.5
c4 2.0x10° 0. 060 0 4000 15.0
cs 2.2 x10° 0.0726 4400 16.5
c6 2.4x10° 0.086 4 4800 18.0
7 2.6 x10° 0.1014 5200 19.5

P12 Sy 3% KR HOCR 2 x 10° BF I ) 1 i
B2 x Jy i A R B o AR, T LU 48 AR
(3 2 R W v TR I (i, (H AR X R G A R B
—E MR,

K12 Wil ELF'HTﬂJJ_ 53 A (Re, =2.0 x107)
Fig. 12 Time-averaged velocity distribution in boundary

layer of suction surface (Re, =2.0 X 10%)
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Frequency of trailing vortex shedding at
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Fig. 13

different Reynolds numbers

4.2 NACA0016 7k &

SCHR[ 21 ] 7 56 [ I 25 R Y 28 A KR Hh k47 1
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1. 4A3L, ABAR ] Z4E 115,y 1 5 w5 BE R A% 1Y
IEAS P, TE K 3R B 2R FH O I8 XA B ke 41 Ak I 4%
BE T DO A 2 T 7 e L6 oy 1.1, 45 31 K 383 I Y B R
y AR 1 B AR A A S 1.7 x 107 31
DA% U & 14 JIr s o

P 14 NACA0016 7K 3 iH 57358 19 %
Fig. 14 Computational domain grid of NACA0016 hydrofoil
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Boundary layer velocity distribution at x =0. 93L

Fig. 15
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Fig. 16  Comparison of turbulence intensity along flow

direction calculated by original and modified model
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Fig. 17  Relative thickness §/L and wall friction coefficient

K 17

C, distribution of hydrofoil boundary layer
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