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ABSTRACT

This research aimed to establish a numerical analysis method for use in commercial CFD packages to evaluate a
pump-turbine with different guide vane openings. Additionally, this study proposed an appropriate numerical method to
investigate flow characteristics. A three-dimensional steady-state Reynolds-averaged Navier-Stokes (RANS) equation was solved
to evaluate the internal flow characteristics in the turbine mode. A combination of a grid system, turbulence model, interface
position, and interface condition is crucial for the effective prediction of the hydraulic performance of the pump-turbine. The
reliability of the numerical analysis method was demonstrated by comparing numerical and experimental results. The error range
of the reliability verification of the frozen rotor and stage average was approximately 1.5% -2.5% at the design flow rate.

Overall, the numerical results indicated a high predictive power with high reliability within the operating range.
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Table 1 Design specifications of pump—turbine

Specific speed [rpm, m’/sec, m] 250(pump) / 120(turbine)
Speed Factor 291
Discharge Factor 0.065
Power Factor 0.058
Runner Outlet Diameter, m 4.98
Number of Runner Vane 7
Number of Guide and Stay Vane 20

Spiral casing

Draft tube

=

Fig. 1 3D modeling view of a reversible pump—turbine

Tetrahedral and Prism — ICEM CFD

(a) Unstructured grid system

SlaX vane
(Unstructured - ICEM CFD) .

Runner
(Structured - Turbogrid)

Spiral casing (Unstructured - ICEM CFD)

Guide vane
(Structured - Turbogrid)

Draft tube

(b) Hybrid(Unstructured and structured) grid system

Fig. 2 Numerical grids of a

reversible pump—turbine

(Structured - ICEM CFD)
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Fig. 3 Various guide vane opening of a reversible pump—turbine

G.V Trailing edge (b)

Interface R.V Leading edge (a)

G.V

7a)
_a)

Interf: ( x 100
e %
errace ( [%]

GVO
12.5,17,21.5 [deg]

Case 1) interface = 6~8 [%],x=2.49 [m]
Case 2) interface = 30~ 39 [%], x = 2.56 [m]
Case 3) interface = 49 ~ 63 [%], x = 2.615 [m]
Case 4) interface = 68 ~ 88 [%], x = 2.67[m]

Fig. 4 Position of interface between runner and guide vane

Table 2 Boundary conditions and parametric studies

Boundary conditions

Total pressure

Inet (Energy coefficient : 0.117)

Outlet Static pressure
Guide vane opening 12.5°, 17°, 21.5°
Speed factor 291

Wall condition No-slip, smooth wall

Calculation type Steady state calculation

Working fluid Water at 25°C

Parameters of first study

k-¢ model, k-0 model and

Turbulence model k-0 based SST model

Unstructured grid system and

i i
Grid system Hybrid(Unstructured and structured grid system)

Parameters of second study

Interface condition Frozen rotor, Stage average

Position of interface

between RV and G.V Case 1, Case 2, Case 3, Case 4
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Fig. 11 Velocity triangles at the runner inlet and outlet in
generating modes

27



2 Ay E%LH Q7o) o]
K] Satrtee u}%v 2ol AW 947 % 27

£ SuAel slug B9 1 Aol st sich
S 288 7hol= W|¢l AF =7} 17° U o] Case 137} Case
40| 9] Frozen rotor?} Stage average ZZoA {19
QIFeh B0 SEARS et U 554 R4S
=3 o=didl Ao} upRl7FR| 2 Frozen rotor 34_7’]94 7z
S AR ool webd efue] YTRE feE
B2jol o 2° 7pg Aol Lk 2 o1 B 41 ston,
Mg B35 40 BFRE) S AR Ea o 11° 9] Aol
7h WAsto] ks Ao & FFFe vAle AS gl
g 4= 9Jgith Tyl Stage average 79 AL By
AN SE 2] Aol of 0,57 ol
wfjzoll AL A|of TRt FiFo] mlH|EE el
o, 270 $57 o oF 3 0] e mol] uE
off A}tH4] 22 Frozen rotor £71o]| H|5to] A} g w3t
7t gl Ao= BAH

ol
2
o

4.3 JEE siMI[HE Set Tt sl

dike B G4 HEE A% of
|%& Table 401] HLE}LMQ RET Y

>
N

A 4= 2= AAA(Grid system), W29 (Turbulence
model), ZAH ZZA(Interface condition) ¥ ZAAHS] ¢
Z](Position of interface) 52| sjAzHo| dHs A5
of mA= FFS Foetaral AR A/ H RANS sf4]
= Faslict,

HI A AR A L AE AR A Aol w2 e A4
Aol A=

A2 ohu] 3

2

Ir
08.
O‘T’L'
o
lll
Yo

BRI

QXJHP% EMQP AV
A gl ALY ghe AE Al A=

& 5}= Frozen rotor 273}
2% o asklel £2H2 o

AAEY EYAE o] £2HS A=
Stage average 70| W} Adzof vA= F&FS THse

28

- EehT - 0123 -

x

ral
b
b

TEHAE 22 - JHI

'I_'IL

|SE - HEEa

o syl

|Ocl>=|A‘|

=

Table 4 Summary of the numerical setup

Boundary conditions

Total pressure

Inlet (Energy coefficient : 0.117)

Outlet Static pressure
Guide vane opening 12.5°, 17°, 21.5°, 26°, 30.5°
Speed factor 291

Wall condition
Calculation type
Working fluid

No-slip, smooth wall

Steady state calculation
Water at 25C
k-0 based SST model

Hybrid(Unstructured and structured grid
system)

Turbulence model

Grid system

Interface condition Frozen rotor / Stage average

Position of interface

.. . 100
between RV and G.V Position of interface < 10 [%)]

0.90

Efficiency, 1/
'8
Discharge factor, Q)
foo|ee
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,’“‘D
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Turbine Output, P/P,,.,

Fig. 12 Performance analysis for generating mode along
the different guide vane openings
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