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ARTICLE INFORMATION ABSTRACT
Original Research Paper Intense pressure pulsations, which are caused by the vortex rope in the runner cone and the draft
Received 04 July 2014 tube of pump-turbines, result in vibrations and noise under partial load conditions in turbine
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Available Online 26 October 2014 mode and also reduce the machine’s efficiency. The most common method for reducing these

fluctuations is injecting air through the shaft. This method has some disadvantages such as,

Keywords: negative influence on efficiency, high cost, and technical difficulties. In the present paper, the

Pump-Turbine concept of locating grooves on the conic surface of runner has been investigated. In this regard,

Pressure Pulsations the runner and the draft tube geometry have been designed according to the specifications and

SFOOVE c the accessible information of Siah-Bishe project. Afterwards, the 3-dimensional flow field has
unner Cone

been solved numerically, using Ansys CFX package. The numerical results have been verified by
investigating their independency from grid size and comparing the results with experimental
ones. Maximum difference between the proposed and the existing design’s performance is than 2
percent. The results indicate that locating grooves on the conic surface of the runner results in an
increase in the flow velocity beneath the runner cone. Moreover, pressure pulsations have been
decreased and the low-pressure area at the beginning of the draft tube shrank. The maximum
amount of decrease in pressure pulsations has been recorded in two opening positions of the
guide vanes (lower than 60% and more than 90% of design point). In addition, maximum
efficiency drop in the revised design is less than 0.3 percent. Furthermore, because of the
rotational direction change in the pump mode, the magnitude of the tangential velocity is
increased.

Vortex rope
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7- Large Eddy Simulation
8- Detached Eddy Simulation
9- Scale Adaptive Simulation
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1- Part Load

2- Spiral vortex rope
3- Cavitation

4- Draft Tube

5- Dead water core
6- Resonance
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10- Navier—Stokes
11- ANSYS-CFX 14.5
12- Finite Volume
13- SIMPLE

14- Upwind

15- High Resolution
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Conformal mapping method

Meridional plane

Blade to blade

Computer Aid Design (CAD)

Direct numerical simulation

Reynolds

Reynolds-Averaged Navier-Stokes (RANS)
Reynolds Stress

Boussinesq Hypothesis

PRRNeR MR

354



Ve 9 031 jale Hlual

OiSe Ayl slasl T Ol 6Tl s gr9s — s T R 9IRe 590 Hlubs Sl J8 533 Aslline

Soasa -4

s ol -1-4

Bb YT U5 Sz olns U Joke gl galols lanl et sl sl
[11] 05 i

yr= ©)
a=6(9" (59 > g

& Jsb g on Se 0 on hugie ase So g a0 S g
‘_go).'}.mf as P u—il 9 osls U"‘ )l solaiwl L asloads s.:l;r...;‘ Ja....ng...n ).Ia_‘)
50 55 co)lgmo b b oy 2 JWEl by, coliadl slaaS oy Como
G ey b Latie o)lps 5l aSd Jolw sl alold [11]cel
P US sy S b (550 4Y D wlgs 5l Johe sl salold s
& o sk 5 00,5 ol s b Sype 4 Jl s sadl]
sl e 3l ey fl eslinal b s ez 5wl oLl 50
IS5 0wl plajls aSd ool s oaaSed g, (gl A5
T a5 sae Jome Lololyy onds slon] a5 CorieS el o0 03l Lt 4
2 O pae lade G g sleme l Gelulyy 285 SIS ) 9550
p3Y bl e oad olol aSd Lig CuiS saxmolis 45 o9 0/84 asiis
“Silgte ez Szl sl luln ) poe L &5 Codl medgs @
@ Jsho o3l 5 ange Jsho o3Il JOlE s Jolo 5 e lie NSV
009 5 oS jshie cnl lp Jod BB e ange Jsho ol
[12] st

4ol 31 Jo Ml gy o —2-4
Sglaie galold b aSls jid Sl 5l o gl Il gy jelate 4
e 5 Jeb oyse Alide slasle olaas 5 ol 1Ay sl
Gob St b ol 5 sl sloplall ol 2855
Qo s 2 038 by, ol Canad pae aiload olsesl [13] &= o O, st
Shde Pl asl oo js53e o laibinl b gllae Joud LB soc a5 conl
Slessly less S5 cpl @llas .l sad ools lis B JSo 40 s 4l
I @S e i Ll jo ol e Sl Sl e o 5l am
5 o o8bee Sl g0 0 (b el o adn ol b Ll )
oz A8 L 1580 250 (e axly Jlaz 5l oSy, ol el ool s
S5 Sy Slasuie wload cuai bye whaw 5l e 1843/5 slis
cle [lAlewl oanl 1 Jgaz j0 doys g5 omme > 50 laasly ol 5l
pas (g o oanlie adly i g ool Cawy (go3e S o a5 Hlas
ol a0l o925 g mmey o7 Sl i g (s 5
Golkdlral Goyiws ;5 sl 3l eslaiul b ouss (s3luJoe awain &8ls )0
(o ‘éﬁ:&a olals U,Z_Q)fuj.]a.: I Lol 00 ‘5>11.Jo clfsf.: u.:l A

4- Hexahedron

5- Tetrahedron

6- Turbo Grid

7- Skewness criteria
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1- Eddy viscosity
2- Turbulence
3- Shear Stress Transport
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