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ABSTRACT 

Pressure fluctuation is a common 
problem in large-scale hydraulic turbine, 
which will affect the performance of the 
water turbines, such as negatively affecting 
the efficiency, increasing the damage of 
related components and decreasing the life 
span, bringing up great potential troubles to 
the operation safety of large-scale water 
turbines. The mechanism how the pressure 
fluctuation appears is due to the 
low-frequency pressure pulsation in the draft 
tube and the mid-frequency pressure 
pulsation generated by dynamic and static 
interferences before the runner transmit 
upstream, and the low-frequency and 
mid-frequency pressure pulsation in the 
front of the runner, guide vanes, fixed vanes 
and the inlet of the volute. 

To study the relationship between the 
capacity and the pressure fluctuation of the 
water turbine, the CFD calculation was 
performed on the water turbine and the 

results of the calculation were compared 
with the measurements in this study. The 
model of water turbine studied in this paper 
is Baihetan HEC_1014-type. The 
computations were carried out in the whole 
runner blade passage and the boundary 
conditions were set as the same as the 
experimental conditions. The unsteady state 
flow of the turbine was computed. The 
effects of turbulence were modeled with 
standard κ-ε turbulence model. The inner 
flow field and the pressure fluctuation were 
obtained from the calculation using the 
solver of Fluent. And the results of 
simulation are compared with the 
experimental results. 
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The flow in water turbines has been 
investigated numerically and experimentally 
for decades. There are 1D, 2D and 3D 
numerical methods that simulate the flow in 
turbines. The flow conditions, analyses of 
the inner flow of turbines, and the way to 
improve the capacity of turbines are 
researched in the past. 

Pressure fluctuation is a common 
problem in large-scale hydraulic turbine, 
which will affect the performance of the 
water turbines, such as negatively affecting 
the efficiency, increasing the damage of 
related components and decreasing the life 
span, bringing up great potential troubles to 
the operation safety of large-scale water 
turbines. The mechanism how the pressure 
fluctuation appears is due to the 
low-frequency pressure pulsation in the draft 
tube and the mid-frequency pressure 
pulsation generated by dynamic and static 
interferences before the runner transmit 
upstream, and the low-frequency and 
mid-frequency pressure pulsation in the 
front of the runner, guide vanes, fixed vanes 
and the inlet of the volute. 

Bian[1],Li[2]and Choo[3] respectively 
gave methods to simulate the flow field 
inner the centrifugal hydrolyc machines,。
Water turbines were studied experimentally 
by Kergourlay, Kouidri et al.[5] and Chen, 
Tian[6]. Nilsson, Davidson[7] and Sultanian, 
Nagao et al.[8] validated the simulation 
results with the measurements, and proved 
that the numerical methods for simulating 

the inner flow of water turbines are credible. 
White, Holloway and Gerber[9] studied 
certain water turbine and gave the numerical 
method to pridict the performance of the 
turbine with the help of CFD. 

The computational cases 

The turbine studied in the paper is the 
BaiHeTan water turbines. The model has 15 
runner blades, 23 stay vanes and 24 guide 
vanes with a runner radius of Rref=0.42m. 
The all detailed geometrical information of 
the turbine, including vanes, guide vanes, 
runner and draft tube were obtained from 
Harbin Institute of Large Electrical 
Machinery. The model is shown as Fig.1. 

 
Fig.1 the geometry of BaiHeTan turbine 

model 
The model has been experimentally 

tested in Mar. 2009. Several off-design 
conditions have been studied in present 
work, Tab.1 shows the operating condition 
studied in this work. Here n11[rpm] is the 
specific runner angular rotational velocity, 
H[m] is the water head. 

Tab.1 the operating conditions studied 

Operating 
condition 

H 
[m] 

n11

[rpm] 

1 115 84.42 
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2 130 79.47 
3 170 69.47 

Numerical considerations 

The flow in water turbines can be 
described with the equations below. The 
steady Reynolds time-averaged continuity 
and Navier-Stokes equations for 
incompressible flow read 
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tμ  is turbulent viscosity ，  is 

turbulence kinetic energy，

k

2jiuuk ′′= . 

The medium in the water turbine is 
water-liquid and the flow is not too fast, the 
flow in the turbine is incompressible. The 
influence of viscosity can be considered by 
the standard -k ε  turbulence model. The 
standard -k ε  turbulence model is 
described as the following equations 
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Where cμ  is the effective viscosity 

coefficient, it can be described as the 

summary of the molecular the viscosity 

coefficient and the turbulence viscosity 

coefficient;  is the source of turbulence 

kinetic energy, read 
rp
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The standard -k ε turbulence model 
can ascertain the distributions of various 
complex length because the standard 

-k ε turbulence model considered the 
transition of the turbulence velocity and the 
transition of the turbulence length. At the 
same time, the basic form of the standard 

-k ε turbulence model is simple, and it can 
describe flow and reversed flow in shear 
layer. -k ε turbulence model can describe 
the physical process of kinds of flow 
authenticly. It has the charictoristics of 
commonality, fine precision and little 
calculational quantity. 

The inlet boundary condition is given 
as the experiments. Pressure-inlet and 
pressure-outlet boundary conditions were set 
for the inlet and outlet of the turbine 
respectively. The Gambit grid generator is 
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used for grid generation. To improve the 
precision of the calculation, the grid in the 
runner is dense and the grid outer the runner 
is relatively sparse. There are 2.86 million 
cells for the simulation in the whole model, 
Fig.2 is the sketch map of the grid in the 
turbine model. And atter the calculation was 
done to the turbine model, Matlab is used 
for the help of post-processing. 

 

Fig.3 the whole pressure distribution of the 
model 

  
Fig.2 sketch map of the grid in the model Fig.4 the pressure distribution on the blades 

 
4. DISCUSSIONS After the simulation, the same position 

as that in the experimental model was 
chosen to compute the pressure fluctuation 
of the water turbine, so as to compare the 
results of simulations with the results of 
experiments. Fig.5-Fig.7 show the 
comparisons between computational results 
and experimental results. They show the 
relationship between the pressure fluctuation 
and the power of the turbine both the 
simulation results and computational results. 

After the simulation the flow field inner 
the turbine was obtained. The whole 
pressure distribution of the model is shown 
in Fig.3. And the pressure distribution on the 
blades is shown in Fig.4. 
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Fig.5 The contrast of numerical results and experimental results  

under the condition of Hp=115m 
——*——numerical results   ——▲——experimental results 
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Fig.6 The contrast of numerical results and experimental results 

under the condition of Hp=130m 
——*——numerical results   ——▲——experimental results 
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Fig.7 The contrast of numerical results and experimental results  

under the condition of Hp=170m 
——*——numerical results   ——▲——experimental results 

 

The figures above show that the trend 
of the computational results is consistent 
with the trend of experimental resuts. But 
the there are little difference between the 
computational results and experimental 
results. The curves of the computational 
results is under the curve of experimental 
ones. This maybe caused by the different 
measuring methods. The data of 
measurements is acquired by the pressure 

sensor on the measuring point, but the 
results of the simulation are acquired 
through average the pressure in certain area. 

Conclusion 
The present work simulated the flow 

inner the BaiHeTan1014-type water turbine 
model. The pressure fluctuation of the 
turbine is computed and analyzed. The 
simulation results are validated against with 
the measurements. The unstructured grid 
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was used in the calculation, and the standard 
κ-ε turbulence model was used to take the 
reflection of turbulent flow into account. 
The results of simulation is in acord with the 
experimental results in the trend. Because of 
the difference between the simulations and 
experiments in data acquisition, there are 
little diversity between the computational 
results and experimental results. 
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