20144 12 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi ¥45 5 B 12

doi:10.6041/j. issn. 1000-1298.2014. 12. 012

B AR HEFE AHBIST5NR"

OB &L FHH BAERT OHKo¥°
(1. VG4 K 2FREVR SR B 24 B, AR 610039 2. V175 K24 AR MU T AR H R WF 5% /ey, #871 212013)

TS o IO T 58 DAY T R ST B, A T SRR A e R ORI R IR A B T ek P AR R A . RTTR
f o O R RO L0, B E T M A AR N OO Bt T — T B M RO & R g . B T
FERERY AT T AN PR SC SR o A5 R AR X L IR R AR B P B SIS R R BT R R R R B L M R
FRE T BTFRCE, RS BCE M ERA 59.98% f2 i £ 67.91% , mi SRR T 13.22% o R A58 M a0E
2B S B A - B R M 2P 48 L 7 0.9 ~ 1 2 R AL L OLis A7 IX (8], 380 3R AR AR ABTE 1. 5% LAWY, s X R 5
XEEWR: WML AREY REEY BEEE LR

hE 42 S TH311; TK73 XHERFRIRAD: A X E4S: 1000-1298 (2014 )12-0075-05

o %of o B2 Y [ J] 23 i, m/s
F 58 R B K SR HLAHZ ) 42, m

v
518 )

r

W 735 S 5 YA T 3 R T H A e LB R
BoAg o 75 Tolb A RE ORI K HUIT % w32 R
BLEREE BRI Y HET, X B AR
B B BF 5T, e A A2 3 3 RS2 B S e 4y
B AB R A 0O B8 B 0 TR AR B i
R MR Y TR EE T =i m
TFRBEIE . HRTHC 37 F i e s s —
s A A I AR R 4 R 5 A L R E K 3R
(B 5E R T, 4 35 - 1 2805 38 0 R 8 T R 1%k
AL ) RGBS 0 AR i, 5 A7 AL
HRASAR B [ 3

AR SC MK B BLAZ AT 00 1 £ BE 10 R 55 1A
i < A A DB, B E A R BE O 220 A, )R
ANSYS BladeGen B 5 i — Rl 45 %4 i Wi 11 35 F
A, 3743 B0 IR A 5 F KRS I B &
M5 HEAT SRS

1 WMEEFEHHTELARXNES
IKESHLISEAS 7 #E
H =@ v T, —V,T
. g( uly al2)

X H— KB HLA A ROK %
o—— R E 5% M L rad/s

W H Y. 2014 —10-23  f& (5] H Y. 2014 — 11 -27

AR 1.2 23 50 2 n i AR A HE DAL 1T

KBS HLAEAS 5 R0, 48 0 i 1 B, T
S E F1AR B It 7 22 T R 6 R e A 4 e ok SE PR
B TR AR B I A B e e O 1 5 SR AR B,
Fe K BT 51K E . e & L - fe
I RE 1 ST T AT ST W 5T R B K O T S ML

Y 7€ Hh I Bl LA B R A9 R A R R AL
T, RIS 9 5E A B 2K 32 3l S BEAR 8RB
A TR (B R v, o8 4 Y
Py, @ Fan AT — Wi -5 W52 5 v BT o S 2, 6
FONWSE KB AL v, =k, k DR TE R R

“

|
BT K 2 3

Fig. 1 Water flow movement in volute

395 7 HR K AL D 24 o T R T LA 23 DA TR A L IE

# [H R H AR A W B I H (51379179 \51279172) LI H AR 3L 4 75 4 3L 4 W Bh 3 B ( BK20130517 ) (VL9545 % 38 = & 0F 58 26
WEEHT TR0 98 By 300 H (CXZZ13 — 0678 ) F1 i 7K K 3h 7 MWK 2 7 3 T 6 5 06 38 JF il Bk 4 W8 B 09T H (1s2jj2013 - 012)

EHE A L8k, IR, VLR R Ak BTN H AR & TS, E-mail ; mailtowangtao@ 163. com

BIRAEE: FLER, &8, LA, EENF R KL TR, E-mail: kongm@ ujs. edu. cn



76 PSS A1 R | = O 14 20144
AE WYL Ay, HOH B = AR AN 1R WSS A K T AR 4y, Z0ms TR W o R W T DA AR Y
A LR R MR, R B IR H BRI R, =a, +p,,1, =
S = arctan % @ =pif%
Q. =2mk(a, - \Ja: -p})
A T 7K 3 I B & ) 38 Ak A A
B 0 TR LT A VR, 75Tt
“2mrt 0, =250,
itlz,j B—m%;—a%ﬁ ,m \ = o
0, —iH A /s i‘*i{;—%ﬁ%@ﬁ’( )
WASE R E B SRR AR, TR F ] e,
BRIy 78 HAT A5 = W I, AR 7S FT AR R BE by SR AR 2mk(a, - \/ag -py) ‘%Q (3)
WSt BE B, T ABROE T W 5 = BE ) B RE 150 4%
7 s KX g, Iy 76 HE W T S AR O B RS, m
Hi I R K 37 po—WA 5T 1 (5] W7 TR )2 4%, m
0 h=C(3), 1%
8 = arctan —— = arctan Tmbok (1) . @0 )

A (1) JARE—EMTRET , W35 M KT A 8w
AR L3 5042 i 28 A B AL, 25 8 576 W Tl T 4R
RIEDE A 2 Frzs i85 Ao AT — W i Ak ok i) 3t o
0 = f ybdr—kf b (2)
b_,EE Hiﬁﬁfi&/]\ﬁjﬁ\aﬁiﬁlg ,
U IN T RS 37 - S 2 T BE B, m
R, — AT — 5 W7 1) & MM V) 28 15 38 S Tl £k 19
BEES , m

A

WD)k 5 125 F- i 22 1Y

HiES , m

ra dr
i

R7

B2 g e [ T T T 45 4 [

Fig.2  Cross section of volute

MR TLAT 56 R 45

2

() tmar
vl LI e — Wi oo B E AR R, m
p—AL— W Y242, m
b=2 /p - (r-a)’ ¥ b IRAK(2) 78
0, =2k f&—vpf _(rr_“")'dr

Q,
2w (a, - Jai —pi) 360
AT B —E W m Ak K R IR S
g e HE 1 I8 W7 LA RO iy e ARk, A
SCH, DL HC R B 62 ()28 R IR RS, — 4ERI R N & 3
s, B EBESEANE 1 R,

& 3

RN = 4ERE R
Fig.3 3D model of impeller

Hﬂﬁﬂﬁ%mﬂﬁﬂﬁf’%ﬁ Higitie 0, =

98 m’/h B}, i1 151
2 HIEMAEREAMRIRIT

2.1 #HEOEMBRRABHTHEE

Xof TR B e BE T LA, — Mk F1 A R T
FTo0°, it M =ML WE 4 o, B, u,
W I S e, Ry I R R TR A X
v, R R GRS R v, O R R 4 X R Y
Wy 55 B A R VAR WO A s o it gt
1266 X6 W A

BT AR H A R L A RO
U 1T B FE R 1 2 [A] O BE R R e FR RS T
MW v, ry 55T I T K U R R AR A A, D

v, =k

HH kE=2.249,



512 3]

EME S W R ROEE L A R BT SR 77

F1 FER(n =62)EEFHHISH
Tab.1 Main parameters of pump as turbine ( PAT)
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Design and Experiment on Pump as Turbine with
Forward Curved Blades

Wang Tao'? Kong Fanyu’ Yuan Shouqi’ Yang Sunsheng® Chen Kai’
(1. School of Energy and Environment, Xihua University, Chengdu 610039, China
2. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract; A reversed running centrifugal pump can work as a hydraulic turbine. In order to improve the
operating performance of pump as turbine (PAT), a special impeller with forward curved blades was
designed and experimented. By using the constant velocity moment theory, the calculation expressions of
volute constant within spiral volute were developed and the velocity moment before impeller was acquired.
Impeller with forward curved blades was designed and manufactured. Its inlet angle at leading edge was
determined by using shockless inlet flow while its outlet angle was designed on whirl free outlet flow.
Performance test of PAT with designed forward curved blades impeller and conventional back swept blades
impeller was performed. The comparison between designed forward curved blades and conventional back
curved blades shows that the best efficiency is increased by 13.22% . Compared with original PAT
performance curves, the efficiency curve of PAT with forward swept blades is more flat. The efficiecy
variation of PAT with forward curved blades is only within 1.5% between 0.9Q,,, (flow rate of best
efficiency point) and 1. 2@, operating range. Therefore, the high efficiency operating range of impeller
with forward swept blades is wider than conventional back swept impeller.

Key words: Hydraulic turbine with forward curved blades Pump as turbine (PAT) Velocity moment

Experiment



