


the essential flow code

features: Volume of Fluid,

transient flow, and moving grid.

Within the test series the level

of complexity of the cases

increased, starting from a 2D

water wheel, and then

extending to 3D, until finally the

interaction of three rotating

buckets with the free jet 

was simulated. 

A mirrored and rotated

image of the surface grid

around the buckets is shown in 

Fig 1. Since each bucket in the

runner experiences the same

conditions at different times,

the problem can be reduced to

only three rotation buckets

interacting with the stationary

jet. The front and backside of

the middle bucket (Bucket 2)

are the representative surfaces,

which will be analyzed and

used to predict the performance

for the entire runner.

At the start of the transient

simulation the complete 

computational space is filled

with air. At each stage, the

water jet moves forward over

the sliding interface into the

rotating part of the grid and 

the buckets turn in the direction 

of the jet. 

Fig 2 shows a computed

“snapshot” taken during the

interaction of the jet with the

first two buckets. In this

illustration an iso-surface of the

water concentration is used to

visualize the interface between

water and air. One can clearly

see how the jet is flowing from

the entrance at the cutout into

the lower radius part of the

bucket. This is where the water

sheet is leaving the bucket first.

Gradually, this outlet region is

moving along the inner bucket

edge back into the direction of

the bucket mouth. Snapshots

taken in the test stand with

stroboscopic light (Fig 3) 

show that the numerically 

predicted flow pattern is similar

to the typical observations

made in real Pelton turbines. 

In order to quantify the

results of the simulation, the

angular momentum generated

by the pressure acting on the

bucket walls of Bucket 2 has

been derived. This time-

dependent trend on a single

bucket is used to project the

momentum of the entire runner.

Using these results the

efficiency of the bucket profile

can be calculated. Fig. 4 shows

a normalized comparison of the

efficiency derived from the

simulation with the results of

the experiment for a typical

head range. It is obvious that

the predicted efficiency follows

the trend found in the

experiment very closely. An

offset of about 2 to 3 %

between simulation and model

test can be recognized. 

These results are certainly

a breakthrough for the

hydraulic development of future

Pelton turbines. The CFD code

Comet allows us to get a deeper

insight into the mechanisms of

the bucket flow by detailed

qualitative and quantitative

analysis. Furthermore, the

pressure load is used directly 

to investigate the structural

integrity of the bucket. Whereas

in the past assumptions had to

be made, there are now

detailed and time dependent

pressure distributions available

for a more realistic structural

analysis using FEM. 

In summary, one can say

that by using the analysis

ability of Comet, the designer

gains the necessary knowledge

for designing improved bucket

profiles and developing better

products for our customers. 
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Fig. 1: A view of the grid on the surface of buckets of a Pelton turbine.

Fig. 3: A stroboscopic photograph of water distribution in a Pelton wheel, showing water

sheets leaving buckets.

Fig. 4: Efficiency of a Pelton turbine: comparison of simulation and experiment.




