o= DOI: https://doi.org/10.5293/kfma.2020.23.2.016
O Original Paper ISSN' (Print): 2287-9706
Grid Convergence Index HiHS Est
— A = =
I2HA|A X} RO AX}H =M
jnlg_i_ %% ilg 'l }_ g*** il%%*** OI_xo-le***'**** . $-?:-I?-**** . 7DIII_I§1*’**T

Analysis of the Numerical Grids of a Francis Turbine Model
through Grid Convergence Index Method

Seung—Jun Kim"* Young—Seok Choi*”, Yong Cho™, Jong—Woong Choi™,
Jung—]ae . Won—Gu Joo™, Jin-Hyuk Kim'f

Key Words : Francis turbine(Z&A/2 3P, Grid convergence index(Z A} 5% X]59, Discretization error(OJ]:F8}F 255), Numerical
uncertainty( 734 E E-ILE), Numerical analysis(TA/34E £4))

ABSTRACT

In the numerical studies, it is very important to accurately reflect the analyzing physical model, and usually the grid
dependency tests are used to perform accurate numerical analysis by comparing the composition and size of the numerical grids.
However, there is no obvious criterion for generating the composition and size of the grids in the grid dependency test.
Meanwhile, the grid convergence index (GCI) method can numerically estimate the accuracy of the numerical analysis by
estimation of discretization error through the grid generation. In addition, since the GCI calculation of a domain composed of
the multi components can be affected by the grid configuration of each component, it is necessary to systematically analyze
the correlation between the total grids and grids of each component. In this study, three-dimensional steady-state
Reynolds-averaged Navier-Stokes analyses were performed with a turbulence model of shear stress transport to investigate the
discretization error on the numerical grids of a Francis turbine model by the GCI method. The GCI calculations of total grids
and grids of each component were conducted, and the enhanced effect of the total grids was confirmed by improving the

component grids.
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Fig. 1 Three—dimensional model of a Francis turbine model

Table 1 Specifications of a Francis turbine model

Specifications Values
Specific speed, Ny 270
Speed factor, ngp 0.47
Discharge factor, Qgp 0.33
Energy coefficient, Enp 435
Runner outlet diameter, D, 0.35m
nD
Ngp = —F7— 13
=5 (13)
Q
= (14)
QED DQ \/E
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Fig. 2 Numerical grids used in the Francis turbine model

Table 2 Numerical grids of a Francis turbine model

N, N» N; Grid type

Spiral casing| 2.72X10° | 125X10° | 0.57X10° | Tetrahedral

Stay vane | 1.89X10° | 0.92X10° | 0.50X10° | Hexahedral

Guide vane | 2.62X10° | 121X10° | 0.67X10° | Hexahedral

Runner 327X10° | 1.65X10° | 0.83X10° | Hexahedral

Draft tube | 4.21X10° | 231X10° | 1.00X10° | Tetrahedral
Total 14.74X10° | 736X10° | 3.59X10° -
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Fig. 3 Comparisons of efficiency and flow rate according to
the numerical grids in the Francis turbine model
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and experimental results of a real—-scale Francis turbine
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Table 3 Calculation of discretization error for total grid system

¢ = Efficiency ¢ = Flow rate

N, Ny, N, 14.74X10% 736X 10°, 3.59X 10°

Tay 1.26

T4 1.27

‘/51 1 1

b, 0.9934 0.9842

s 0.9808 0.9619

P 261 1.32

et 0.0065 0.0158
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Table 4 Calculation of discretization error for each component

S/IC SIV G/V Runner D/T

N, 2.72X10°%(1.89 X 10°,{2.62 X 10°,3.27 X 10°,|4.21 X 10°,
N, 1.25X10%]0.92 X 10%|1.21 X 10%,| 1.65 X 10°,{2.31 X 105,
N, 0.57X10°] 0.50 X 10°| 0.67 X 10°| 0.83 X 10° | 1.00 X 10°

Ty 1.29 1.26 1.29 1.25 1.22

Ty 1.29 1.22 1.22 1.25 1.32

o 1 1 1 1 1

?y 0.9841 0.9841 0.9841 0.9841 0.9842
oM 0.9617 0.9617 0.9617 0.9617 0.9618
P 1.34 2.34 2.75 1.55 0.03

el 0.0158 0.0158 0.0158 0.0158 0.0157

GCEL, | 00479 | 00264 | 00191 | 00466 | 3.1055

Table 5 Modification of draft tube grid in A

N, Modified N,"
Spiral casing 1.25X10° 1.25X10°
Stay vane 0.92 X 10° 0.92 X 10°
Guide vane 1.21X10° 1.21X10°
Runner 1.65X10° 1.65X10°
Draft tube 231X10° 2.00 X 10°
Total 7.36 X 10° 7.05 X 10°
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Table 6 Calculation of discretization error for each
component with modified D/T of AL’

HBAA S DO AP 24

Table 7 Calculation of discretization error for total grid
system with modified D/T of A

S/IC SV GV Runner D/T ¢ = Efficiency ¢ = Flow rate

N, |272X10°, [ 1.89X 10°, [ 2.62 X 10°, | 3.27X 105, | 4.21 X 10, N, NN 14.74X10°, 7.05X10%, 3.59X10°
N, 11.25%105,0.92X10% | 1.21 X105, | 1.65 X 10°, | 2.00 X 10°, . 128
N, | 0.57X10°| 0.50X10° | 0.67X10° | 0.83X10° | 1.00X 10° - :
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&, 1 1
Ty 1.29 122 1.22 125 1.26

b, 0.9952 0.9841

1 1 1 1 1

% b, 0.9808 0.9618
b, 09833 | 09833 | 09833 | 09833 | 0.9834 » 510 151
b 09617 | 09617 | 09617 | 09617 | 09618 e 0.0047 0.0165
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