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ABSTRACT

Performance evaluation of model turbines in the development of a hydropower plant is critical for determining hydraulic
performance. Generally, performance evaluation of a model turbine is performed in accordance with the criteria outlined in IEC
60193, and a facility meeting these criteria is required. However, even with the construction of a facility for testing model
turbine performance, a suitable facility for performance evaluation is required. To ensure the reliability of the performance
evaluation of the model turbine, the uncertainty of the test is evaluated. For advanced institutes, it is recommended that the
total uncertainty be less than 0.25%. Herein, the total uncertainty according to the model turbine performance test was calculated
to determine the suitability of the equipment for evaluating model turbine performance. The results of the test performed by
an external organization were compared with the results of this study. The results indicated that the total uncertainty was less
than 0.25%. The error range of the model turbine test results obtained by the external augmentation system and the results
obtained by the turbine test equipment of the vertical axis and the horizontal axis was less than 0.5%. The adequacy of the

model turbine performance test facility was thus demonstrated.
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Fig. 1 Head and discharge range for the test rig
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Fig. 3 General layout of test rig

Fig. 4 Control region for test rig

Table 1 Design specifications of test rig

Head(maximum) 100 m

Flow rate(maximum) 2.1 m's

Generator(maximum) 2,000rpm, 450kW
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Fig. 5 Model turbine for suitability validation
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Fig. 6 Measurement instruments for Model turbine

performance test
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Table 2 Systematic uncertainty results

Speed
(nM)

Discharge
Q™)

Energy
®

Torque

(TmM)

systematic

. 0.177
uncertainty

0.080 0.075 0.076

Table 3 Raw data for random error

Y= ((SYiy
EtahM n-Yiy?

(SYiy

EM
n-Yi

oM | TmM

QM

/s | /min | Nm % - -

Jkg

595 | 5835 | 0375 | 1160.7 | 166.1 | 92.48 0.0008

595 | 5836 | 0375 | 1160.7 | 166.1 | 92.60 0.0078

596 | 5844 | 0376 | 1160.7 | 166.2 | 92.30 0.0428

595 | 5834 | 0376 | 1160.8 | 166.2 | 92.50 0.0000

594 | 5830 | 0375 | 1160.7 | 166.0 | 92.52 0.0001

594 | 5830 | 0375 | 1160.8 | 166.1 | 92.60 0.0080

596 | 5841 | 0375 | 1160.8 | 166.3 | 92.46 0.0030

595 | 5835 | 0376 | 1160.8 | 166.2 | 92.48 0.0012

595 | 5834 | 0374 | 1160.8 | 166.1 | 92.76 0.0630

595 | 5838 | 0376 | 1160.7 | 166.1 | 92.40 0.0121
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QR, M

Ot = ©)
' -DJ%I V9 Hy
e Dy
Nppp = —F—n (10)
9+ Hy

TS B B4 91A] Ao 2 A A E= Winter
—Kennedy A8 ZI+E Fig. 119 YeRH T AlE S S5t
k, ngk& E=E&th= Zlo] 8 HAow A7) Aulof A
Sy aae] oJalf k, ngko] B8 ZoA= 0.00776, 0,48073,
S22 20| A= 0,0076, 0.50652] Zro] EZE|QT) E &L
1L 4] (1) 2] Al & 183 Aol 23t gho] HAIE=

S 21 = Uk

Q=k- Ap" (11)

S7IA, &, ne Uubidoln AWHOE n Ghe

0.529] ghe Zk=tt.

0.48~

s=RMIIHSE =28 227, M2E, 2019

5 AIZAH] MM BE 57

=

¢”

0.5
/M}77 +dpWk"0.48073
04l

/ * gray color : carry|out by A. institution
* blue color : carry out by K-water

QM [m3/s]
[SLT)

o 1000 2000 3000 4000 5000 5000 7000 a00f
dpwK [pa]

(a) horizontal model turbine results
——
-
ost 5 "' QM=0.0076*dpWK~0:5065

”

* gray color : carry out by A. institution | °
* blue color : carry out by K-water 15

o 1000 200 3000 " a000 5000 008>
dpWK [Pa]

(b) vertical model turbine results
Fig. 11 Winter—Kennedy results for model turbine

rhu

g Eof musR AAE Al
e s H’B‘P@l A AR Hdea) gao] giet
: 0.943% AEE| o0, F ugRs 5o wY
ko] tisto] A7) dujoll A 3t &, AvlE ol

T4 £5X, Winter—Kennedy /\] ﬁel—]‘— ] 15}t o
2 A} A Hol wet 4 4
zo] YRS 2= éHIOI‘ﬂ% A5 mae) ARl ofe
dlole A4S Shwelsint, el o] SelBuE 4
A Al 2 B nE SRt oAb ] wE
AZE, W8S AU 4 9L AOR AR, Ei A4

o8 Rl oA 71Ese Al ootk

1o 7
=]

o>

o
N

2 AT FELER WS A Ao ] A9
(FHAH S 19IFIP-B128598-03)°] <Jaf 43 H 5t

References

(1) S. H. Cha, J. W. Choi, and S. H. Go, 2017, “Performance
prediction of hydraulic model turbine for on-site francis
turbine development,” Korean Society for Fluid Machinery,
The KSEM Journal of Fluid Machinery, Vol. 20, No. 4,



b

EERER-E

pp. 5~11.

(2) Korean Agency for Technology and Standards, 2002,
“Methods for model tests of hydraulic turbine and
reversible pump—turbine,” KS B 6018,

(3) International Electrotechnical Commission, 1999, “Hydraulic
turbines, storage pump and pump—turbines model acceptance
tests,” International standard TEC 60193 second edition.

4 T. Sylvain, B., Stephane, D. C., and Gabriel, T. Laurent,
2010, “Experimental analysis of the swirling flow in a

turbine draft tube:
component determination,” European Journal of Mechanics
B/Fluids, Vol. 29, pp. 321~335.

(5) H. J. Choi, M. A. Zullah, H. W. Roh, P. S. Ha, and S. Y.
Oh, 2013, “CFD validation of performance improvement of
a 500 kW francis turbine,” Renewable Energy, Vol. 54,
pp. 111~123,

(6) J. H. Joon, S. S. Byeon, Y. C. Choi, J. S. Park, and

francis Focus on radial velocity

52

Ofo

- ZRBIAL - XFA

=

|'0
Hol

Y. J. Kim, 2013, "Hydraulic performance of francis
turbine with various discharge angles," Korean
Society for Fluid Machinery, THe KSFM Journal of
Fluid Machinery, Vol. 16, No. 4, pp. 10~14.

(7) O.S. Kim, J. S. Choi, and L. S. Kim, 2005, "Analysis of
hydraulics power characteristics according to changeable
design conditions for francis turbines," The Korean Society
for Power System Engineering, Journal of the Korean
Society for Power System Engineering, Vol. 9, No. 3,
pp. 39~43.

(8 X. Liu, Y. Luo, B'W. Karney, and W. Wang, 2015, “A
selected literature review of efficiency improvements in
hydraulic turbines, Renewable and Sustainable Energy, Vol.
51, pp. 18~28,

) C. Trivedi, and M. J. Cervantes, 2017, “Fluid-structure
interactions in francis turbines: A perspective review’,
Renewable and Sustainable Energy, Vol. 68, pp. 87~101.

S=RAMD AR =28 223, K2, 2019



	수력플랜트 모델수차 성능시험을 위한 시험설비 적절성에 관한 연구
	ABSTRACT
	1. 서론
	2. 모델수차 시험설비
	3. 모델수차 시험설비의 적절성 검토
	4. 결론
	References


