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Abstract

In order to explore the mature application of forward design mode of hydraulic turbine, the pa-
rameters of a two-stage hydraulic turbine were taken as the design objective, and the domestic
independently developed software TurboTides was used to carry out forward design and numeri-
cal simulation of the turbine. Based on the turbine, the TurboTides and ANSYS CFX were used to
perform numerical calculations on the internal flow of the turbine under different flow conditions
to preliminarily verify the reliability of the domestic independent research and development
platform in the hydraulic turbine forward design and numerical calculation. The gas-liquid
two-phase flow in multi-stage hydraulic turbine was preliminarily studied. The results show that:
under the main operating conditions and within the allowable error range, the accuracy of Turbo-
Tides single channel periodic grid calculation is no less than that of CFX full channel calculation,
and its calculation saves more calculation resources and time, so it has great advantages in engi-
neering design. At the same time, it is preliminarily speculated that the low pressure area of the
two-stage hydraulic turbine working stage near the outlet is easy to have cavitation, resulting in
two-phase flow of gas and liquid. The cavitation of the working fluid in the low-pressure area in-
side the multi-stage hydraulic turbine may be one of the main reasons for the occurrence of the
gas-liquid two-phase flow.
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T35 T AR T R B A N AT R AU RE RO B 4, 7E ML S A0 A P rh Py 4 B 1]
H AR5 1%t 2 BRI R Tk, BT 23 i 738 ~F 1E 1) v A R 32 s 4 1 1 A5 5 (Pump
as Turbine, PAT), i PAT Wit /5 205 & V- S HU o 8 TARIRES TS Hudk T, £ ER Dk
R E PR R R EETTVE[2] [3]. AR, PAT Bl i T AA A E3FrIiT. EHH S A,
FEVE 22 6k Z W DA R X2 3 702 SR AR A, DABSARS /K Tt T X6 2 24 b 1) RE Y =5 5K [4] [5] [6].
EZEH) I, R A RAEREE T T RS ik, PAT Wit ferh 7 Z2 e nfik %
EIERIGEAERIZET[7] [8]. SZAHEL, IEM BRI % EHE W37 &, TIERR &,
FOEPELr, HIEM BT IR EAY 5 5 oM B, rTARYE TRt S HCR S A AT S, AHLEL PAT
WA A 9], H H AT T J1iE Pt BRIz e Bk, S 7755 IE s A U
A AT ER R A T R ARG LB

18 R, MR BOAZ DR R, HAK B SRR v B+ e B [10]. ARIEIA
FAFBIART, HE K 3B 7R AT 43 1E ) R A0 S 1) B 98 O 1) Rt 3 7 B A L AT 2
B, KRR RGER AT, B Aemt R URNER S5, KRRy RIS 75— iR
BETR. Bl s, WASRIANEEE . s, R — Ry Rk B R E LR LTS 4L
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AR L0015 380 7R - 28 T 3 8 R 2 A S BB T E SR 45 A i e LT S50 AT 2 B, BER S 4T
SR 8] () 22 Rk B — e R LR [11] [12] [13] ARFEH S H T BN A R s, S BT BRI AT 40 N
— G . o BT EIS A = ot B, L = e ek R R DK = 0 1) R S S G i)
W= TS I R I [14] [15] [16]. FERRHEAE[12]F] ) ADT A & Turbo Design % f-SzBil 1 3k-Fit
AT 3 AT B AR =TT S RV, 0 B e A AT B O R VERE I 2 EAT TR AT, BE T A
I 8 A7 43 A7 5o I AR S TUART 65 4 S N % A R o 12 S S5 (17188 0E 1 3 FlAS A Ll ) iy a5 B
XTI 1B NI BEAT BUE TR, 3R13 1 1% 3 iU & F 1A RR i 28, BIFFE T 20K S FE
Db AN . Krzemianowski [18]X0 7K FE AL T AN AC I b AT 1 R Ml @R ik, DAEUE
THE AN 7 2CUE B TAE T 58 . RFPIESF[L9]AF 7T T ARl L0 N HH5e T ERRI BRI 735~ N i 50
REPERTREIA, A IAN RIS [F) DR /0N B R A8 (] B 325 A S8R 3h BAR S AN ] o #7990 2555 [201%0 32 i3k
ATl e DA, a0 A BB AR, 7 VR AR 45 6 R D 52t TR S &~ NS R R BN,
K FIIR R BEAT WG, AFLEIK BRI o T AR S [2 L]0 AN RV R v 038 Tl AT BUE AL, 1530 T
ARG N & MR 2. B AT, AT A2 DR MR R T B, B RS A R )
DRl 3 0] 325 1~ P R 5 MR A G RO TR /b

TEW 1iEF vt b, 2 T2 K] ADT 2 & ) TurboDesign £ #1546 [ A+, H B ek E
WI1E B EWER G REST, TERZ O TV HUAE I8 [E h ek K, [R1N2 0 S A B B,
IR A e 4 H EAEAE PRI R G . Bk, AT D15 1E A B4 2 s ik B
RRZ, SCREHREATNA, EWEANMEE B R BUE X 8% TurboTides #0475 %
Th, ELPGR I 1E AL, 4RI TurboTides 5 ANSYS CRX “F & 7EA RV R T T X i& ¥ N i
FATHUE TS, WP IIEE N B FHERCE G IER U 1E I W R CFD BB T LT FEdE, etk
T CEX P G &0 I P P i S AR BT T WP 5T 04T

2. MOEFMEREEBITE
21 BIEF YRR

PAFE— RS PG 1S EOy s BAr, RESEUn ™l ek p, =16.5Mpa , #EUE
BT, =323 K, fAFIE Q, =15.3kg/s » A€ & n = 2985 r/min , i [ &k p,,, =13.5 Mpa . 7E TurboTides
) — BB R B E N TR AL BRI S8, RO 2, WPBEEERM F 3, 5988
I Fe G i BIAEIE, RNy A A H DY B E A ZE R A TurboTides #1415 1HAE B
G I 1E TR . AR LT, BB ST AR AT N A, i DA AR Ly 0.05, H DK
9120 mm, KEEEEEIA 1. & 1 A0t 7@V FEE iR A A gse U 2, ot A an ] 1 TR,
Hidmas - adsmse. —&Fm, —gMi. hES ZFr . ZgHieoN Ay, Hddea et
5 TS AFAE 180° B KHE e, i LALEE IS I, B CM 8 Z, =13, SR Z,
=11, M$2H4# D =182 mm,

Table 1. Main geometric parameters of hydraulic turbine
F 1L BOBEFEELRBHE/LATSHK

e SH 18
42 H 1 B 4% DyY/mm 60.00

PR 4k 1 B 4% Do/mm 182.00
- HE B EAT Dy/mm 32.50
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Figure 1. Three-dimensional geometric model of two-stage hydraulic turbine
1. BRRNEFH =4 JLfTREY
2.2. MRS5S TRMES

AR LT B F SR PR, AT Al PRI WA BE NS TS, (R MR B R i, v B 1]
WAL . R, SO A ST A S IR AT IR TE SR

N S R A B AT A A R R R A%, AR AT G B (KR RSR A TurboGrid BRIy

FEER IR A Fluent Meshing iy o #E RIS SRRLIESE 1=, AHLE TARSEHIIIRG, St RS G 22 5730
BEEWT, (EHAREZR, FER, EFEa RIS BRI . [N, Siaseismtt, o
R TR TS R RS P EORTE AR B . BRIUE, Bl R ARG DU T A4 s, HeAx %t
PEHBAF IR G RN AR RS Rl 70, Al 2 ez, LA e g5 i UM ) S ik N AR 205303l 23t o

I, DMRIETH AR IR .

(b) ~&FH

R
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Figure 2. Single-channel grid of two-stage hydraulic turbine
B 2. BRIEIIEFHRRERE

N TR BEFRAR AR B A R TSR R AR, T 4 BN E BRSO 8 A T B X skt
TR TR T TR AR, BRTE A PR BRI AR, FIHT ANSYS CRX BRAEXT 4 E A% HEAT b
HEUR TOUIE S T 2 F i 5.

4 ERR S L A RS LA TS AE RNk 2 AIE 3 o Horr,  dr e (Al a2 A7 4E 180° )
KAPERE S, AE PR EOS DO T TCVE DRAIE R RS 58 G A R SR, AT OV DR AIE RS i B AT 5. 45
FIEEE, DRIAE IR 1 cpis AR 2 B v ) 3 - 20 X S

Table 2. Mesh independence verification
2. MIgT XM

SuR/ Rt WA 1 Mg 2 ] Wik 4
W5 3.69 x 10° 3.69 x 10° 3.69 x 10° 3.69 x 10°
— 2 G 1.94 x 10° 2.85 x 10° 3.69 x 10° 5.07 x 10°
— gty 1.94 x 10° 2.20 x 10° 2.42 x 10° 3.48 x 10°
P A% rha) S 1.00 x 10° 1.00 x 10° 1.02 x 10° 2.70 x 10°
—ghSnt 2.02 x 10° 2.86 x 10° 3.72x10° 457 x10°
it 1.47 x 10° 219 x 10° 2.99 x 10° 2.68 x 10°
it 1.20 x 10° 1.48 x 10° 1.75 x 10° 222 x10°
s ¥ Him 286.302 288.126 288.989 288.272
e 0.71669 0.71985 0.71842 0.71955
—n— fE
2907 —e— KFE 710. 730
288 T
/ 10. 725
£2861 ©
®
082 ] 10. 715
280 T T 0.710
1. 0x10° 1. 5x10° 2. 0x10° 2. 5x10°
IR 4

Figure 3. Mesh independence verification results
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GERERH, W% 2 T e Tt A IR T RaE, HIR 3 FIRIMG 4 45 RAHZ AT 0.3%, AIASC
BRI 3 BEAT TR T

23. BEWHESX

f&45 CFD HE#F ANSYS CFX TEUAR IR B2 ARW 5T E A Z A, 1 E p E E#R R Turbo
Tides TE NN LM AT, FIFEEA CFD AE TR IIRE, SCHREX AN EE T HF & Lo dlxhi
FPEAT VRS, LA A AT Turbo Tides #AHEWR 7735 F 1E [ 1H A1 CFD HUE THE T S

FIFPIHE 3 437 7E ANSYS CFX il Turbo Tides # M7 5-F & B T HUE 1T 5. CRX Hrik bRtk k-¢
TR, AR 16,5 MPa e IEANT, H O EFREREH O, iR T Q, =15.3kg/s ,
S 1 B O BRI, d 2985 rimin, 25 RS RIE TR R 5 AN R S 2R T AR, DRk
WA o KBy 7 A0 8 S 4 P 0321 54 40 Sl 58k % B Rotational Periodicity, B AMEZ S, DASEIRL
BRTE R dhAh, MGG ER T A (A i B S A SR B 9 General Connection,
HoAth =z FL1HI ) ¥ B N Frozen Rotor 2574 . Turbo Tides [ CFD #ib % A FRAKAR I, B sk o —Firilt X
B, FRFERAEEAND, FHEREH O, EEREK-e mii i, s E % r#30. Wik,
NGRS, B SR ARR A SR T BN 1.

[FIES, st B I T ) B XA T B 5 SRR AT BGIE 4 BRI ) SO PO A e 45 B % B2 1 A 3
WIPEPIREAE CEX rhbAT . BT BIRIBUETH R 7% &, £ Turbo Tides LiBHX 0.3~1.4 Qq 12 M
B 00 AT B R SO O AT RN, E CFX 126 BR[0T BRI T ) 32 P 4
TE S BAE XA AT AU T B

TE TR SERRISAT A ORI, 35T Jov2E b o &R 1), SR 7 SO AR B0 0] D 3% T R s
T CEX JE HAME L 5 Ik (1 itk b v B iU 44440 16.5 MPa sE KNI, Q, =15.3kg/s it 1, 7F
AN TN S, HARFU I E05N 5%, 70 i BEFRUE k-¢ Jis i R Dispersed Phase Zero B AE A
WARFN A I AR A, DA Particle 574 h 2 AHIRAR A

3. HHEERS S

X Je S S AR R 4R TE A% T SR SR AEAT LU T, B TR 38 AR RO RE R . IR
BV RXR, AT T 2 BT R AR R TP AR T

31 B ARSERETTERL

Pl 4 CRX HAJLE JE A M IR« 43t B JA BT R LA &% TurboTides B3t Ji A 1 Wk T 57 45 3L o
FetE i 2R st b . EHFE b, ZF LS RAE 0.3~0.6 Qq/NAE Lt A NIEwHaL, MBI R,
CFX BB 545 5 A v 545 BT R AE W 25 5%, 110 TurboTides ByfUIE 1157 45 AR 4 5L+
WIFIAYE. R L, ZHIESRMNEE, RERDN. B8R L, ZHITES RN L, HB4E03
Qu Fl 0.4 Qq WA /INJLE T &K, TurboTides HUiftid 157 45 15 CFX A iiiiss RS 5 45 B i 2= i /N T
CEX BB 545 RS M H A RINRE. GEKE, EFEET T FANRE RVEEE N, A
TurboTides ) 5 18 J& AV XA TSRS B 1 AN 2T CRX I A imiE T 545 51, [RI =5 58 TurboTides 5
P TSN SRR (R, DR AT — M T RE B R TurboTides HEATW 1B FHITHH AT
KB A0S FH A S

3.2. EFABEUSSRAHIEI
PAZaE- T s G, BEAT S AR DR AP AR T o R SR 5% AR A N AT TH A, S R
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Figure 4. Performance curves between periodic boundary and full channel grids under different flow rate. Note: TT stands
for TurboTides; Q is flow rate through the turbine; Qq is design flow rate of the turbine
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Figure 5. Contour of 5% air distribution
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NHE— AR TEZ BB T WAL 5P AR L R &, FERR R A LSRR, IR
Y ELRE R B S 0.3 atm, £ T RUK I KZ, 83 LAEKZASHIERIR D HON 0, FEbrtk-¢
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WA EEL Y AL, sl 6 s .
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Figure 6. Water vapor volume distribution under cavitation
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AR, BEAT AP AR R B R T o B Ik X % P 773 S AR A IR R T, 3BT R B S
W 0 338~ SE I O ARG AR X 22k O R 3R AR, 55 5 kAR TR S BV AR SN o
T 2Rl I1E, HNHRE X ) TRRAAE TR & MRS R A R EER 2 —. JEA[E
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