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Application of entropy production theory in flow field analysis of hydraulic
turbines

HUANG Ning, LI Zhenlin

College of Mechanical and Transportation Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Hydraulic turbines are usually used to replace Joule-Thomson valves in petrochemical processes to reduce pressure,
which can not only improve the overall efficiency, but also recover high-pressure liquid energy and improve energy efficiency. The
overall performance of a hydraulic turbine is related to its efficiency of energy recovery. In order to make a quantitative and direct
evaluation of the energy loss in the flow field of the hydraulic turbine, and to more accurately calculate the size and position of the
hydraulic loss in the flow field, entropy production analysis theory based on the second law of thermodynamics is introduced for the
analysis. The RNG «-¢ turbulence model is used to simulate the whole flow passage of the turbine, and compared with the exper-
imental results. It is found that the calculated results are in good agreement with the experimental results. The entropy generation
theory of the numerical simulation results is analyzed, and the entropy production of the guide vane and runner basin under different
working conditions is obtained. The calculation results show that at the design operating point, the streamline distribution of the flow
field of the runner basin is the best and the entropy production is the smallest. The entropy production of the guide vane and runner
basin accounts for 56% and 44% of the total entropy production respectively, and the high entropy production in the runner is mainly
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distributed in the entrance area, which is caused by impact loss. There is a vortex in the flow field in the runner at the partial operating

point, and the entropy production increases. The entropy production of the runner is related to the distribution of the velocity field of the

internal flow field. At the off-design operating point, There are bad-behaved flow fields in the runner basin, which leads to an increase
in hydraulic loss caused by turbulent pulsation, accompanied by an increase of entropy production. The results show that the entropy
production theory has obvious advantages in hydraulic loss assessment and can accurately locate the source of hydraulic loss.
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Table 1 Turbine design parameters
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Table 2  Structural parameters and design factor level of turbine
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Fig.2 Grid of guide vane and runner of hydraulic turbine
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Fig. 3 Effect of grid number on performance of turbine

AR AL /106 7Kk fm AHXF IR 2E 1% B 1% FHXFIR2E 1%
1.78 95.10 73.95

2.33 97.26 227 7271 1.68

2.95 98.22 0.99 72.10 0.84

3.25 98.62 0.41 71.81 0.40

Z R 0.41% K 0.40% , [RIIHE1E— 238 0 4 50kt
TR SRR SRR, 256 7% IREUE T
) R A2 T T Sk, B O T A A R
1.50 x 10°, FEERTE S ECA 1.45 x 10°,

2.3 HEINEERIIE

NI EFRTERE, X & T IR,
SCEGATEANE 3 R, LR R AR AEKEE . 1Y
JEZE L WOEF L, AT Gl MU B
SRR, A RIE A R 00 A g B
TR . A, TSR3 00 i 2
AR, AR TR 89K Sk BOK 18R, W
iR UV DA & S a /AW I

= Piner ~ Pouer. (8)
Pg
Mo
n= ©)
9.810H

K P BB AR, Pa; poue i F-H H KT,
Pa; MJEHIAE, N'm; o5V Hefs fME, rads; O
BV, mh,

7 F 52 56 5% 53N 3000 rpm, U S AL T LN
30~50 m¥/h 43 IS B 6] T 00 S S 4 31 W%
SEEERULE R 5 S I A5 X L AN 4 PR .

M E 4 FTLUE 1, TERDL T OISR, RZs

WA —E R, EREh TE Lt
AL T B MU EE B 0 2, A A UL ool 7 v 220
TR o ARSI N B ZE S 5 S 45 2R AL
fefa#h—2, WEVSEREL, BT oA S5
SER GHEUSE IR Sk IR 22 FUK TR AR 2245/ N T
1.5%, A RIS R BA TR,

3 SR BB

3 BEESH

R RRAULER, P A G)~7) 7353515
FUATE T 00 S A8 P55 A S, a5
JIrse LS alAL, BEAE R EARGIN, FeRe TR
PRI NE IR, R B BT AL R RO, TR
BRI /o SRR AR AT 280 A L
T, FEBO TR0, R /N DL IR 58 U A
PR B, FEBET TO0A, AR TR
SETELN 44% , ST R 56%

32 ERREETRLSE

W 138 e IR A TE BT 100 55 (40 m¥/h) Fil i
T KL (44 m¥/h) L AR P 223 A A& 6 iR o TR
TR, FRe N g i et 1% B iy jie



W BB AE W15 N 0B b (9 R

—

Bl BER

273
T
(SR -
B 4
ET Bl

B3 BEXBATEE
Fig.3 Schematic diagram of turbine test
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Fig. 4 Comparison of numerical simulation results with experimental results
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Fig. 6 Distribution of streamline and entropy production rate in runner under different flow rates
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Fig. 7 Velocity vector distribution in runner
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Fig. 8 Entropy production rate distribution in guide vane under different flow rates
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