28 4 Vol.28 No.4
2016 8 Journal of Gansu Sciences Aug.2016

: Liu Yi,Nie Guokui, Li Qifei,et al.Inner Flow Field Analysis on the Process of Synchronous Initiation
of Pump Turbine[ J].Journal of Gansu Sciences,2016,28(4) :95-99.[ s . N
Ll ,2016,28(4) :95-99. ]
doi:10.16468/j.cnki.issn1004—0366.2016.04.019.

1.2 1,2 1,2 1,2 1,2
’ ’ ’ ’
(1. , 7300505
2. , 730050)
FLUENT o
; ; ; ;6 DOF
: TK734 (A :1004-0366(2016)04-0095-05
, namic)
9 b 1
. 1 o
s H,=190 m, nt =250 r/min,
ns =149.34, K=2 211.3
( ), [=10.967,
1,
s 1
(CFD, computation fluld dy- Fig.1 Schematic diagram of pump turbine model
:2015-03-23; :2015-05-24.

(2011BAF03B01-05).
(1955-), s s , .E-mail ; ggdliuy@163.com.



96

2016 4
l o
Table 1 Major characteristic parameter of pump model «“ ”
b
? (
20 )
b o
20
0.004~0.008,
bo/mm 66.72
Dy /mm 473.6 . ’
3
D, /mm 300 - FLUENT
[4]
2
“ ”»
’ ¢
2.1 0.27 mm,
R Proe 3 o
3
2
Fig.3 Initial opening of movable guide vane
Fig.2 Schematic diagram of fluid
2.2 3
3.1
, FLUETN ,
N A 1 090 r/min, )
FLUENT
’ k_E ’
’ ° k—e o
k_E ) k_g
[2]
° ’ k*E )
b k—e b
, ICEM-CFD
° ) “ ”
5.10X10°, 8.68X 107, , .
’ ’ k_E
’ [5]

Dk )

i Ik ~ ~
D " [(#+ ) }GK +G, e —Yu.

O (’)I./

(@Y



28

97
De 9 [ (o) de } , ;
— = -+ +
“Di oz, e a,>91'j DEFINE CG MOTION
2
€ €
C,S—oC, ———+C,. —C,.G,, (2) ’
‘0 ! [O k+ /‘U€ ! k 3 ! “ ” 10 S“—‘
. 7 Sk
(/1max[0.43,7+5} ,7]:?, ’ °
:Gg
ey Y X (s |
;Cl ( le D
J =2 =M, —M,, (3)
5 Oks0y Dt ’
R FLUENT , .C. = ] Dw
1.44, C, =1.9,6, = 1.0,6. = 1.2, : " Dt
’ ke 5M: ;Mg
, ( ).
. Second Order ,
, Second Order Upwind
, FLUENT 6DOF .
AR At=1E—05 s, .
50 , FLUENT
10 S, 1)
3.2 s N
s FLUENT DEFINE SDOF PROPER-
. . TIES .
’ 4
N s ., t=0,t=0.8s,t=3.8 s
4

o

4 t=0,t=0.8s,t=38s

Fig.4 Distribution of volute, movable guide vane and inner static pressure of turning wheel under corresponding

revolving speed at the moment when t=0,=0.8 s,r=3.8 s



98 2016 4
o b b
) . t=0,t=0.8 s,t=3.8s
0 N N 60 t:5.8 S
. 1=5.8s,t=8.8s,t=10 s . t=8.8 s, =10 s .
5 o s 7,

s 8 o

5 t=58s,t=88s,t=10s . .

Fig.5 Distribution of volute, movable guide vane and inner static pressure of turning wheel under corresponding

revolving speed at the moment when t =5.8 s,r=8.8 s,tr=10 s

6 t=0,t=0.8s,t=38s . N
Fig.6 Distribution of volute, movable guide vane and inner dynamic pressure of turning wheel under corresponding

revolving speed at the moment when t=0,=0.8 s,t=3.8 s

7 t=58s,t=885s,t=10s R R
Fig.7 Distribution of volute, movable guide vane and inner dynamic pressure of turning wheel under corresponding

revolving speed at the moment when t=5.8 s,t=8.8 s,t=10 s

, FLUENT



28 : 99

,CFD N
’
s
(1] . [M].
: ,2011.
[2] . CFD [M].
8 ,2013.
Fig.8 Change curve of speed along with time [3] . [M]. . ,2000.
[4] , , .
(D ) rcly/
’ : ,2005.
. . [5] , . . [M]. . .
2008.
| [6] Hellstrom J G I, Marjavaara B D, Lundstrom T S, Parallel CFD
’ ’ Simulations of An original and Redesigned Hydraulic Turbine Draft
° Tube[]].Advances in Engineering Software, 2007 ,38 ; 338-344.
(2) (7] .DL/T563-95
s [S]. : ,2011.

[8] . (M. : ,1981.

Inner Flow Field Analysis on the Process of Synchronous Initiation of Pump Turbine

Liu Yi'*.Nie Guokui'?,Li Qifei** , Han Wei'** , Tan Haiyan'*
(1.School of Energy and Power Engineering , Lanzhou University of Technology ,Lanzhou 730050,China ;
2.Key Laboratory of Fluid Machinery and Systems ,Lanzhou 730050,China)

Abstract In order to study the transient flow characteristic and mechanism of energy conversion on the
process of synchronous initiation of working condition of water turbine of pump turbine, three-dimensional
numerical simulation of full flowpath of the process of synchronous initiation of pump turbine model is
conducted based on FLUENT dynamic mash model.Movable guide vane and evolution process of inner flow
field structure of turning wheel are emphatically analyzed based on simulation results, which indicates that
starting process of water turbine can be generally divided into two phases.On the first phase, guide vane o-
pening is smaller, Water flow with high pressure from movable guide vane has circling motion along the in-
ner ring surface formed by movable guide vane on the region between movable guide vane and turning
wheel. The turning wheel is slowly accelerated at a smaller angular acceleration.On the second phase, water
flow with high pressure starts to directly influence vane with continuously increase of area of high pressure
and rapid increase of revolving speed of turning wheel when the guide vane opening is large enough.

Key words Pump turbine;Synchronous initiation; Dynamic mesh; Transient flow; 6DOF



