EORRE S &l TR R Vol.33  No.7
58 2017 4E 4 H Transactions of the Chinese Society of Agricultural Engineering Apr. 2017

e TG AE AL A IR AR B R R 7 SN 1 R 2R R FP R Rz
1134, R

(PG 22 PR TR KRR 24 BE, P52 710048)

i OE: REAUKRHLEE SRR i T SR R DR I, (HRE R KA LCTE I Pt e 2 R oKk,
5 BURT 77 B AR EEA R R S SRR X e PE AT H0 R o H A0 003 JE 23 U E A SR AR /K S WL S v i
BRI FAAITEE S ORERE IR S HIMT IR R, BRER 0 IEKE LN LEIAE, hR e R B Aom ™ A &L,
BABKMWBE RS %308 KL e B @, T /KR HLBE R P R, &5 AT i i ARt K EeHL
WRF PRI EAT T o3t o Bt et I 0 PR PR B AR sT B E T — Rl Sk BN SRS A I S B s, SR
IREEHLGE BRI B 2 R RS I 2o AT S AT TR, SRS MK e MU R 25 1) T i R L (R 7K B AL 1
LR TG SRR B R AT T LX), &5 A Sl 5 SO R 22 AU S ZE 0 1 P FREE AT T 40 M. &5 A3 W et s (1R
I IKEEHL A MR BB E AR R KWL M, SR e/ 3R S B SR 45 5 I R BE S R TR i 2 8, 3%
LMY I FE K FEHLAMRF Pk it Ze 90 J8 B o Wi ik AR ek, LA I8 0 A8 v e Kl b T A S R 25 AN 2.11% B A 3]
0.54%, I KIES EFFRMATIRZN 10.70%FEE] 9.52%, I IZHERL GENS I/ M BLRZE . IRAMES T VR it AN N & 56
ML, b R IR T 5% .

KR A, HAEMGA;, ik RAXKSH; MWL, dEaAR; AHHHR

doi: 10.11975/j.issn.1002-6819.2017.07.008
PESES: TK73 XEKARERD: A

@i, FEEN. BRRKRA N RE A RSN AR PR A V], R TEFR, 2017, 33(7): 58—
66. doi: 10.11975/.issn.1002-6819.2017.07.008 http://www.tcsae.org

Men Chuangshe, Nan Haipeng. Improvement of Francis turbine internal characteristic model and its expanding application on
outer characteristic[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2017, 33(7):

XEHS: 1002-6819(2017)-07-0058-09

58—66. (in Chinese with English abstract)doi: 10.11975/j.issn.1002-6819.2017.07.008

0 3

TR AR LA it 26 2 7K Ho ity i S R A7 B (1
FEGORE, AHAKEEHLT B — ARCER AL 5 R0 X sl g S
Kt 2 HE A B L KA L LAY A AR
IR R SR TRE AR KR W URE P I e rp 55
B A AT 4 & IR TR A A ARORHR RO R AR
DSk A 74 R R 72

I 3 T 2 B L A O (1) A 3 e P e ) 7K
FNURFPE I 2B AT AT, A0 O 7R HURE IR R A,
i AR 6 55 K7 B LG Al s DA S5 Mk A R M LR i 3
IF RANFI DI, AR 20 50 /AN [ DX R T AN (7] R kA T
AT, ZITVELEMOBAN NE R, HARA R X 86E
BEALAFAERER TS AN B s 5k 24 SR H] Delaunay
= Py R KR MU R AT E A A R, 1%
TIEAAN T8 T 2 2005 i e YA WU RS i Ze 3R AT b
Fo; PRI AESEUIRFH BP e 40 K EE B UREIE i 2k b4 T
T, i D o SR P A5 i B 26 I 8 0 K SR HLRS 2

jilll

ek H W 2016-10-10  AEITH M 2017-04-10

B H: ExRARBEREERIITE (51479166); [HK AR A4
BhTH (51339005)

FEF R T, 5, Bl wc BN, s, TEAGKIIHUREA %
PR BRI P PP RS OKRIK EAE BT, 710048,

Email: menchuangshe@]126.com

http://www.tcsae.org

BEAT I, RIAH e  45 BEAT ¥0 B (R T3 A vk T AN X
S 18] AN HT (K 1), (H LA R TH 2 AR
AH s b % S HRACE AT IR, 13K R
R h 2 AN BE S KB LA LA . DL B VRR AR
Fi et 200 24 D 3l S 00 KA (1 A A Fo0) e DX AT b
7E, RAEFEH IEBIRECHLA A, $h AT 2 KK 5
HURFIE i 21 BEARA S N2, AFAE RO R -

AT RIS HC TR P ERE, T i 2501
P T KNS PRI, 2 BRI S A E
BEEST T KU SCREATTRES, (BRI R K R AL
Kb RESAUR DAV RS ACK VR AT T AL B, ANRER
it B K A AL T OLAR A RE R 1 R S AR AU, [ I
A RUTROFE T i R DS St A5 A R PSR
RPRS BERCAR s R A5 A B R I G v (19 7 VA AR A K
PLERE R IE il 2 R e AKFENUAN OGS, BEIfRe AR R
B 5 ANE PERS AR S5 5, (H TR ) R PR A
SRR, e i i A Ak A
X AR HLUR B U 19 5 RE A AT I T I A S [ 5E I S
PR DL B e by A ) RS DL A e T )5 2 TR
MR, FFR RO X IS I B ol £ SR T 6
PERARPISEL HIX SRR DU TR 1 i 2
5 R E i 22 10 1 ORHK,  AEAb FE K FEHLRE 1 ih 2
A7 1 e AR At SO0 908 B 1 0 R P 0 AT b
F, AT A AR )RR P, X



%7

PRSI A R AR TR St S AR AN i 2 91 F ) 2 59

ST B T KB ML (R Bl AR T R A I T
FERIERL, e eor e e Tk R, AERLERIR
L3 PAY DR A e PO RS

ZRAEE LU F5 1 75 PR A Jo e o I A A /K
B RN, O T R AR B0 % B 2R 1
Wi, A SCUR P 3E L 53 AT K B AL B (1 B3 SR A 7K
AR RSP R, JFE S /KA LR R 5 T A 2130
P RE AR E R 2R I R PR R, JFR
1 R0 DB 1) S D B A PR R R A O S L, X
L2 KR WUV R ke PR 2k, USRS B 1
BEROREIE, I IMEGE TR A N2 B A o

1 RAICKE NI i 2 IR iE Rk

T8, AR R ETR MMELLT 4 4R
B R 1, AKONEANAA, REANZE (S AKAR 1 ] e 4a Pk
RrEs B 2, FKESHL LU BE 1 A W PR RE T, SRR
RANBESZ T AR AR A s ARV 3, WE N KA IR 3 A
HIEL, AEEAER g B 4, KEHLA TR
B AR RS o
1.1 EFARINRERATARENRIER
IKECHLIR BT RN
- 22nt + 20ngH,
g=—22 = (D

1 7
—cota, +-2cot
2nh, 0 4, A

X H KBNSk, ms O h/KEEHLGE, m's;
HIKEENURE ;s n h7KEEH VIR, /mins ry AZKEEHLH E
AR, my Ay JKEENLHERIR, m*s g, KEEHLH F
HE U, (0 bo MR, ms oo A R,
(©); g NEIIMEE, m/s’,

IKEEHLSIAE A

M,

t

_30npgQH, 2)

n,

X p JIKEE, kg/m’s

¥ @ AKX (D I n O S M55
Bl ny s FRALIUE O ML My, RoR, S
CIRPKE ER I e

M, =aQ +an,0, (3
L a5 a il a]:pD] cotoco+’0r2D‘cotﬂ2 ,
2nh, 4,

2
%=—$E,lh%m%Mﬁ%E%,mo

B a5 a RIS TR, KR P
RFHIE IR a5 S % @ WAL
1.2 BFaEFEmRLR
IKEHLIIRE R R AT A e KLk
P22 0 R R TR N AL 5 Bk A 2 IO,
P,=P+P (4
et Py WL AKEEHLIIK P 5k 22 (R B W Py=pgO.Hs

P ONKEHIREAERE, W, P=nMmn/30; P AR
e, We

AR E BRI AR A, BEKEEHL T AR K5
BUAS[A] D 30t 2 1) e s R A RORAR A0, IR K e AL
MIRe BRI A BB, SRS BR. A
D g i O e R 1 S R [ B R i o, R
—HT R .
1.2.1 &ML

MK EEHLEE B i 2 I 7K A4 P B A i e = B A 57
Bk, HBRThE A DR e

R =ApgOH, 5

Arp A ABBIUR R, Ronlws/Kie s S am i E.
1.2.2 FrtAuiEEHRE

KRS S DAL S R A g, SO
el SN =M mE 1 R, KRN S
HRIE R vo, WMAFRM G A ZTT MRS,
M owo, KRN FIET JERERFEAZE, B vy F1 wy
AT 2 TP v A o EHIERE = A TR AT R0 N LA [
WRN vy o3 iE, BIERIKSK T LARIR A

H = Ve
¢ _g
(6)
v, = cota, —cota,,
: ﬂm( : )

T v A PN DU LS 8, miss ap A 9 HT A
i, (O ag NEEFHHRA, (0); Dy kT
HE, m.

SNSRI Py AT RN N

p(cot o, —cota, )2

P =pgQH, = o (7
g g 27_52ng02

TE: v AP DR R, mes™s vo N PN SERRTE, msTs v
PN U SE, ms™s wo 8 FHATE LT S, ms's a
T HEF R, (©): o M E S HTA, ©).

Note: v is loss flow velocitycomponent of guide vane inlet, ms™; vy is actual
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Note: v, is absolute flow velocity of blade inlet, m~s'1; u is tangential velocity of
blade inlet, m's’'; w; is relative flow of blade inlet, m-s™; wy is loss velocity of
blade inlet, m's™; ag is outflow angle of guide vane inlet, (°); f; is laying angle of

blade inlet, (°).
B2 KAk E = AT
Fig.2 Velocity triangle of hydraulic turbine inlet
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Note: Where v, is absolute flow velocity of blade outlet, ms™; uy is tangential
velocity of blade outlet, mrs™; wy is relative flow of blade outlet, m's™; vy is
flow velocity on axis surface of blade outlet, ms’; vy is loss velocity of blade
outlet,m's™; £, is laying angle of blade outlet,(°).
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Fig.5 Hydraulic turbine characteristic curves before expanding
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Parameters Identification results
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Fig.6 Turbine characteristic curves after expanding
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Improvement of Francis turbine internal characteristic model and its
expanding application on outer characteristic

Men Chuangshe, Nan Haipeng
(College of Water Conservancy and Hydropower Engineering, Xi'an University of Technology, Xi’an 710048, China)

Abstract: The combined characteristic curve of Francis turbine shows the performance of turbine working in the high
efficiency area. But it isn't sufficient for simulating the system transmit process in a large area, such as turbine working in the
low efficiency area and negative area in the rejection transient process. Therefore, expanding the combined characteristic curve
of turbine to low efficiency and negative efficiency areas is necessary before the simulation. In general, the combined
characteristic curve expanding methods, such as frequently used methods of back propagation of artificial neural network
method and radial basis function neural network method, are based on the trend of each parameter in the high efficiency area.
But the inherent laws in the turbine are not considered in those methods, and the expanding results are relying largely on
personal experience. In this paper, the energy loss formulas on each component of turbine, such as guide vane inlet, blade inlet,
blade outlet and so on, were obtained by velocity triangle analysis. According to the turbine flow regulation equation combined
with the energy balance equation, the Francis turbine internal characteristic model was obtained. For the complex style and
more parameters features of the model, a parameter identification method which combined the genetic algorithm and the least
square algorithm was designed to avoid the remaining local optimum only by genetic algorithm or can't be solved only by the
least square algorithm. It was proved that the algorithm was effective through contrast of the measurements and the simulation
of turbine HLN574 in the case. The Francis turbine internal characteristic model agreed well with measurements in most area,
except the area of large unit speed area. The cause of error in the large unit speed area was analyzed for complex flow state in
the large unit speed area and the assumed conditions can’t be satisfied. For obtaining the effect of model error on transient
process simulation result, a rejection transient was simulated each time by Francis turbine internal characteristic model and
measurement curve and the simulated result showed that this effect was small. Therefore, we concluded: 1) Energy loss as
conditions charge should be considered in the Francis internal characteristic model and the energy balance equation and flow
regulation equation should be also considered; 2) The designed parameter identification method was effective in the internal
characteristic model parameters ensure; 3) The model error would increase in large unit speed area but it can be ignored in the
simulation of transient process. The application of this model in the combined characteristic curve expanding could reduce the
randomness of traditional methods. The model has important value in the calculation of transient process.

Keywords: models; computer simulation; algorithms; Francis turbine; characteristic curve; transient process; parameter
identification
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