202443 A &k MLk 2= i 555 % 43 1

doi:10.6041/j. issn. 1000-1298.2024.03.016

ETHFELHNERENETFREFRBVES N

1,2 1 1 3 \ 1
I BERE EHxRAE AN AW
(LSBT R AU 5 20 ) TR, 22 7300505 2. 2% M B T2 H E 44 MBI B R G T 5 95 %, 22 M 730050
3. WPOKE A RFATAF, T 404100)

WE : W1V R — i A 4% He B R0 &, 76 /N 7K re S 50 R A8 o [T WAC 0 3ul A5 380 1 3 7 R G P 5 A o 8 2
PR . L RAR R 2R 138 S W FE % 42, 3L TR P2 S A Omega 388 TR 550 o U 20 A 17 4% 3 3 350428 P9 fE 2 € HOBL
P, 2 LSRR L RE bk B R RE T 50N A A R Y R T T A G H o 98.03% AR R S R OB
P9 BE SRR A B X/ A T, AR R s R TR, SR b R . RS Y B R i i
P VR T HT S 4 B W W T R DA S B R R AN R s B4, T A X R A S R i O R R
VT B 2 5 2 58 9 7 AR R Fa 2 W B AAR AR R s 2 S A St - St R R S 3 A B AR B [ & 3
AORFE—B0, 0 TR IR MR B B S SR 5 RS B R S ERE R R M EEEN, MWK EN
bR LS| DO 7% o s s R ) W/ i (= A B < 17 N R O 1 Ll | g 1 B W o 1 O 0 A N L S QLA
L E PR 2R A 5] R XN

KR ZHRMWIIET; WL Omega WIRNHEN] ; REEAERL; M™% v
thE 4% 2. TK734 STRRARINAD : A STEHE . 1000-1298 (2024)03-0162-11 OSID . i

Analysis of Energy Dissipation Mechanism of Multistage Hydraulic Turbine
Based on Entropy Production Theory
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Abstract: As a liquid residual pressure energy recovery device, hydraulic turbine is widely used in the
field of small hydropower construction and energy recovery, but its internal energy loss characteristics are
unclear. The two-stage radial hydraulic turbine was taken as the research object. Based on the entropy
production theory, the energy loss in each flow component was quantitatively analyzed, and the energy
dissipation mechanism in the turbine was further revealed by combining the Omega vortex identification
criterion and flow field distribution. The results showed that velocity pulsation and wall effect were the
primary sources of energy dissipation. The total proportion of the two was 98.03% under the design
condition. The impeller and the guide vane were the main areas of energy dissipation in the turbine; the
impeller loss accounted for a higher percentage in the small flow condition, while the guide vane loss
accounted for a higher percentage in the large flow condition. The energy loss in the impeller originated
from the unstable flow phenomena such as vortex separation at the leading edge of the blade, return vortex
at the suction surface, and vortex at the trailing edge of the blade, and the matching of the relative liquid
flow angle and the angle of placement of the inlet of the blade was the fundamental reason for the unstable
flow in the impeller; in the guide vane [ and the guide vane Il —anti-guide vane, the factors leading to
the dissipation of their energy at different flow rates were basically the same, and the poor flow such as
the stagnation vortex at the leading edge of the blade and the flow separation. The momentum exchange

caused by the blade leading edge stall vortex and flow separation was the main cause of energy loss. Due
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to the asymmetry of the flow inside the annular suction chamber, the entropy yield distribution in each

channel of the guide vane [ was not uniform, while the guide vane Il — anti-guide vane reduced the

shock effect through the rectification of the positive guide vane, and the entropy yield distribution in each

channel was uniform and the high entropy area was small.

Key words: multistage hydraulic turbine; entropy production theory; Omega vortex identification

criterion; energy dissipation; entropy production rate
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Fig. 1 Calculation domain of multistage hydraulic turbine
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Tab.2 Measuring instrument parameters of test bench
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