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Fig.1 Model of hydroturbine
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Fig.2 Sketch of mesh and mesh independent analysis
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Table 1 Parameter of simulation condition

T 7 Kk e
Condition No.  Output power Head H/m Discharge O/(m*s™)

M1 100%P, 90.3
M2 90%P, 81.8
M3 80%P, Ak 77.8
M4 70%Pr Maximum head I{max 73.8
M5 60%P, 66.0
M6 50%P, 58.0
R1 100%P, 104.1
R2 90%P, 92.1
R3 80%P, WisE Kk 82.2
R4 70%P, Rated head H; 73.2
RS 60%P, 64.1
R6 50%P, 50.5
L1 100%P, 87.4
L2 90%P, 79.5
L3 80%P, Kk 71.9
L4 70%Pr Minimum head Hmm 64.2
L5 60%P, 56.5
L6 50%P, 45.8

E: POKEENURIEE 7.
Note: P, represented the rated output power of hydroturbine.
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c. Tested runner
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Fig.3 Diagram of test system and tested runner
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Fig.4 Comparison between simulation and experimental values of
hydraulic efficiency of hydroturbine under different heads
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Table 2 Code of damage event

HIHCS HIFNE

Event code Event contents
A i I VR U FE IR £ B 38 5 A 45
B i i R U e I BT YISl 51 R R
C 0 I PRI U HE I o e T SRR 5 R 4%

M P(A). P(B). P(CIRE T HARZHEMMEME. 5]



58 Ll THE2AH (http:/www.tcsae.org)

2019 4F

DA R vt s A 453 00 AR R, X e R 4 W] R ST A 4%
R T B A P PSSR 0 2 52 4514 1) X R o AT A
R E o AT, FE AR (2) — 4)
J7R

14

P(A) = —2x100% 2)
total
VS

P(B) = —5x100% (3)
total
V

P(C) = —2x100% (4

total

& (2) — 4 1, PA). P(B). P(C)7HI 2Rk
FRo BYUIH 1 K e e P 40 A IR 1, iR
AN ERICT 50.66 kPa XA & AR, m®; Vs
IR BT DN AR R i T 500 s XA o A
B, m’s v, IR RSB T 3.5 MPals ()
DXIRAT 5 AR, m®s Vigw AR P30 5 7 X 358

FRARL, m’ o MRS EUE T 545 SRR UL S RE A e
453 0 BREL B9 DX A RS BT AR B 2K (2) — (4) 34T
EiakPiY ik

3 HEBELERRST

3.1 BRFHMEBRMRGERSN

FERUETHSEAE R, DU 5 P 453 7 B A g 22k o
SR T o Ay 8 s o Y 5 4 07 R L FF) DX I AR AR 23 A
BEAT I3 HT . BT K S S TN R R A I i s 5 R 4
BME A FR B I A AL 3L, TUAE 5 R 45
THUE K RN R e A I Sl B AL PR AR O A HEAT
ot

Bl 5 AL 1 R R oK, ek A I Ak
H S SR 7 R RO AR AR T ZE R AR i AL, HBEE R
SEINTTHE K . B S R AL 2 %Ese e K, 7E 100%
BUE T 00 R A% Bt I 1R S e A4 B A
(LT

I A R 5 AR R 7R B Volume of pressure exceeding threshold
I e i I Surface of runner inner flow passage

B 5 HRAKK TN ERAL L BELGKRBRSTH

Fig.5 Volume distribution of pressure exceeding threshold in runner at rated head
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pressure change with discharge at different heads
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Fig.7 Volume distribution of shear strain rate exceeding threshold in runner at rated head
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Fig.8 Tendency of damage probability P(B) caused by shear
stress change with discharge at different heads
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gradient change with discharge at different heads
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Probability evaluation of pressure and shear damage for fish passing
through francis turbine runner

Zhu Guojun, Ji Longjuan, Feng Jianjun®, Luo Xinggi
(Institute of Water Resources and Hydro-electric Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Hydropower is a major source of renewable, noncarbon-based electrical energy. Although hydropower has many
environmental advantages, hydropower dams alter the natural ecohydrological conditions of the rivers and cause significant
ecological impact, especially for fish that live in or migrate through impounded river systems. Injury and mortality of fish that
pass through hydraulic turbines and other downstream passage routes can result from several mechanisms, such as rapid and
extreme pressure changes, shear stress, strike, cavitation, and grinding. For example, a large or fast pressure drop can lead to
internal bleeding of fish, rupture of the swim bladder or vapor bubbles in eyes, which will result in direct mortality and reduces
the ability to escape predators in the tailrace. Shear stress can causes fish scales flake, muscle tissue tearing, bruising, and even
the fish body are cut off. So understanding the biological responses of fish to the conditions of hydraulic turbine is important
for designing advanced fish-friendly turbines. Since the injury of fish may be caused by a combination of multiple damage
mechanisms, it is necessary to identify primary and secondary damage mechanisms by research. In this paper, the
computational fluid dynamic analyze method was adopted to simulate the three dimensional turbulent flow in an francis
turbine. The simulation was conducted at different discharge conditions of maximum, rated and minimum head. The rated head
of the turbine H, is 106 m, the maximum head H,,, is 120 m and the minimum head H,,;, is 73 m. The whole flow passage of
the turbine was discretized by hexahedron structured mesh, and the SST k- turbulence model was used in the simulations.
Then, the fish friendly threshold for pressure, pressure change rate and shear strain rate were used to analyze the volume size
and distribution that may lead to the damage of fish. The ratio of the volume exceeding the fish friendly threshold to the total
volume of the runner channel was defined as the fish damage probability. Finally, according to the calculation results, the main
and secondary mechanisms of fish damage under different conditions were identified. Meanwhile, the law between the
probability of fish injury caused by these mechanisms and the working conditions was further analyzed. From the results it can
be seen that the volume which the pressure beyond the threshold in runner is mainly distributed at the outlet of the suction side
of the runner blade, and the volume which the pressure change rate beyond the threshold is distributed at the leading and
trailing edge of the runner blade. Besides, the volume which the shear strain rate beyond the threshold is distributed near the
wall of the crown, band and runner blade. The fish damage probability caused by pressure, shear stress and pressure change
rate were defined as P(A), P(B) and P(C) respectively in this paper. Based on the results of this paper, the probability P(A)
reaches the maximum value at the condition L1. And the probability P(B) and P(C) reach the maximum value at the rated
condition R1. The maximum value of P(A), P(B) and P(C) are 9.1%, 0.823% and 8.31% respectively. By comparing the fish
damage probability of pressure, pressure change rate and shear stress under different discharge conditions at the same head, it
can be concluded that the minimum pressure and the pressure change rate are the two important factors to prevent fish damage.
The shear stress is less important than that of them. Therefore, in the process of designing fish friendly francis turbine runner,
the pressure in the runner must be raised as much as possible. Meanwhile, the pressure change rate in runner must also be
decreased.

Keywords: fish; discharge; numerical simulation; hydraulic turbine; francis runner; fish damage probability; pressure damage;
shear stress damage



