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Efficiency-Improving Technologies for Hydraulic Turbine Performance Prediction Using Al and 1DCAE
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Hydroelectric power generation is a renewable energy source that delivers a stable supply of power. Recent trends in more sophisticated hydrau-
lic turbine performance underscore the need for technologies that facilitate the development of hydraulic turbines with optimal performance in a
short period of time.

Toshiba Energy Systems & Solutions Corporation has developed technology that swiftly and precisely predicts hydraulic turbine performance using
artificial intelligence (Al) as an alternative to computational fluid dynamics (CFD) analysis. Applying it to turbine runner and draft tube design confirms
that turbine runner performance prediction errors using deep neural networks (DNNs) are within 15% of CFD results. Quick draft tube performance
predictions are available using machine learning-based surrogate models instead of CFD while maintaining the same prediction accuracy. We have also
confirmed that coupled analysis using a tool known as 1DCAE, in which the turbine runner and draft tube are modeled by CFD and other piping systems

are modeled in a simple manner, delivers precise evaluations of flow-induced vibrations that impede the stable operation of hydraulic turbines.
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Hydroelectric power plant piping system outline and hydraulic
turbine structure
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Hydraulic turbine performance prediction flow using DNNs
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Comparison of efficiency variation evaluated by CFD and DNNs under
operational conditions
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Comparison of streamline and velocity distribution in draft tube
under operational conditions
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Comparison of loss reduction error evaluated by CFD and radial basis
function (RBF) under operational conditions

15 15 - 40
14 1.4 ° T R=ZFR a5l
« 131 NR=RFR L 13f o
L2l K2 &sor
1 51.1— gz.s—
S 10F g ol 5
& 09| $ ool = 20
& b g
& 08 ﬁ?%;:zO.S— @ 15
- 8;7 ST R 5 8';7 g™ ol
Jm A [~ 2 qm A [~ - 9N AN Jqm
H 05 ! ! s ! | 05 | ! PEIRFR | # 05
06 07 08 09 10 1. 06 07 08 09 10 1.1 06 .
«— . «— - +— -
. EemmUERs . EmmUERS . EmmUERS
iy =ten RETR BEF

* R—2FRTOE%E1.0& LIcHERHE

5. PSOIcLBERBERARDIRZIER

B a A MR RENAMEEE LT — FA 7 OBIRA RT3,
TAMBEBIEOTARE BT e TE,

PSOI2&D#720,000/%8 — > OFPREFHI L7 f5 R, ~— 2RI L THREK D

Comparison of correlation between draft tube depth and loss evaluated by particle swarm optimization (PSO) under operational conditions
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Differences in conventional CFD model and coupled analysis model
using 1DCAE
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Comparison of flow-induced vibration errors evaluated using
conventional CFD and coupled analysis models
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