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IntrOdUCtiOn Differences between the results of a direction compared to the other one are

evident just by observing the streamlines and comparing them under the same

simulated discharge (Fig. 2 and 3).
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Swiss energy strategy 2050 aims to phase out nuclear energy by the year 2050 and
completely rely on renewable energy sources. The production of the new
renewables (wind, solar) is often intermittent, hence the need to increase the
hydropower production in order to control the grid stability. This increase could be
done by either constructing new hydropower plants or refurbishing existing ones, a
large part of which consists of high-head power plants (hydraulic head >200 m).
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This study focuses on Gondo high-head power plant (HPP) in Switzerland. To
increase the installed capacity, the refurbishment of this plant required a
modification to the existing inclined surge tank by installing a throttle at its entrance.
In a previous study, the geometry of this throttle was optimized by physical modeling
to achieve the target loss coefficients as identified by a transient 1D numerical
analysis. The goal is to complement previous analyses by: (i) investigating the

performance of the designed rack throttle of Gondo HPP by combined 1D and 3D Figure 2. Velocity streamlines for a 5 m3/s flow going from A Figure 3. Velocity streamlines for a 5 m3/s flow going from
numerical modeling tools; and (ii) establishing a consolidated design methodology of fo¢ CroA
throttled surge tanks. Impact of the connecting gallery
The connecting gallery introduces local losses (contractions and expansions) which
MEthOdOIng are also obvious by observing the streamlines. For a throttled surge tank, as is the
case of the refurbished Gondo power plant, local losses caused by section variations
Procedure: A new 1D numerical model is constructed on Hytran (387.5.17). It is then in the surge tank are very negligible when compared to the ones induced by the
calibrated and validated with on-site measurements. Results can serve as an input throttle; their effect can be disregarded in the 1D analysis.
for transient CFD analysis. Model also serves as a tool to investigate the effect of CFD On the contrary, these losses should not be ignored in the instance of a standard
findings on 1D transient analysis results. surge tank at low head loss coefficients. They should be included in the 1D software
Then, two geometries are created on ANSYS CFX (2019 R1): GO1 (without a throttle) algorithm that varies the loss coefficients with the water level in the surge tank.
and GO2 (with a throttle). Although it proved to be safer, a design approach ignoring the additional losses of

the connecting gallery may result in oversized structures.
Main goals of the CFD software are to:

1. Validate physical model results Impact of the flow share
2. Investigate the impact of the connecting gallery on the head loss coefficients of a ANSYS CFX investigations of variable surge tank flow shares showed that the head
surge tank loss coefficient of a throttle varies for a share <20% of the total flow in the waterway
3. Investigate the effect of flow sharing on the throttle’s head loss coefficient under combining (Fig.4) or dividing (Fig.5) flow conditions. The variation of k was
implemented in the 1D Hytran model for a controlled and uncontrolled operation
Geometry limits of the 3D model: confined penstock (B) and pressure tunnel (C) scenarios.
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Hybrid Modeling as a Necessity

, o A clear interaction between the 3 modeling strategies was observed and deemed
Figure 1. 3D model of the system consisting of the pressure tunnel, ] ] ] ] ] ]
pressure shaft, surge tank and a throttle installed at its entrance. necessary in this project. Adopting a hybrid modeling approach backed by
calibration and validation results in a more comprehensive design of throttled surge

RESUItS and DiSCUSSion tanks. Below is a suggested design approach for a HPP subjected to a moderate
increase of installed capacity.

Validation with the physical model
The mesh accuracy as well as the numerical assumptions used in the pre-processing Hydropower plant characteristcs
phase were all verified thanks to the availability of the physical model results. I
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Figure 6. Holistic approach to design throttled surge tanks (during a refurbishment of high-head power plant)

Conclusion and Outlook

3D numerical modeling can provide preliminary convenient conclusions prior to passing into validation on a physical scale thereby decreasing the number of likely costly
modifications to the latter. It is very important to examine the characteristics of a waterway from a holistic approach (hybrid modeling + calibration/validation with in-situ
measurements). Ultimately, transient CFD investigations could be performed to explore the aptitudes of CFD models to predict the same fluctuations of pressures and water
levels as a 1D numerical model. Furthermore, other CFD tools could be tested for the sake of more evaluation and comparison.
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