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HYDRAULIC TURBOMACHINES

Exercises 3

Pelton Turbines

The hydro power plant of San Carlos is located in the Central Colombian Cordillera, 50 km
from Medellin. It takes water from the Nare and Guatapé rivers, which join the Magdalena river
that flows to the Caribbean Sea. An earth dam 800 m long forms a lake with a volume of 72-10°
m? from which 50-10° m® can be used. The water distribution structure is divided into two
branches that supply 4 turbines each. The two headrace tunnels have a length of 4.5 km and a
diameter of 6.1 m. Each of them is followed by a surge shaft and a penstock 600 m in length and
4.0 m in diameter. Each Pelton turbine, one of which is illustrated in Figure 1, provides a
mechanical power of 170.4 MW using an available specific energy E = 5668 J kg! and discharge
Q =33.40 m? s’'. The pitch diameter of the runners is D = 3.25 m, the frequency of the Colombian
electrical grid is 60 Hz, and the water density is equal to 999.0 kg m™3
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Figure 1: Sketch of a Pelton turbine from the San Carlos power plant.
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1 HYDRAULIC SYSTEM

1. Neglecting the specific kinetic energy in the upper reservoir and assuming that the pressure
on its free surface and inside of the Pelton turbine housings is equal to the atmospheric
pressure, show that the difference of specific energy gHp —gH 7 between the upper reservoir
and the turbine outlet is equal to g(Zp — Zj) — ;Clg

2. What is the difference between ¢H g — gH 7 and the specific hydraulic energy E available to
the machine? How can this difference be minimized?

3. It would be possible to derive a detailed catalog of regular and singular specific energy
losses throughout the hydraulic system taking into account its
geometry and wall roughness properties. Instead, assume that:
> 9Hr,, the sum of energy losses throughout each branch of the distribution system, is

2
equal to K %, where K = 10.0 and C5 is the mean velocity in the penstock. Calculate the
power lost throughout the hydraulic system and compare it with the power per runner.
Does the computed value make sense?

2 PELTON RUNNER

4. The specific energy available to the Pelton turbine is defined between the distributor
(immediately upstream of the injectors) and the turbine outlet/ Calculate the jet velocity
C1 and the specific energy losses in one injector knowing that the jet diameter is D, =
0.263 m.

5. The generators at the San Carlos power plant feature 12 pole pairs. Calculate the runner
peripheral velocity U;. Does the ratio % match the ideal value derived from the simplified
2D theory?

6. Knowing that the mean bucket outlet angle 81 = 12.8° and assuming that there are no
specific energy losses between the bucket inlet and outlet (the fluid loses no energy in its
path through the bucket), calculate the outlet absolute velocity C7 and angle a.

7. Properly draw the velocity triangles at the bucket inlet and outlet.

8. The transformed specific energy in the runner can be expressed as E; = U (C1—Cicos(ar)).
How will this quantity change if the assumption of no specific energy losses in the bucket
is false? Sketch the resulting velocity triangle at the bucket outlet.

9. Calculate F;. Is the transformed power P, = pQF; equal to the mechanical power P
measured at the turbine shaft? Why?

Page 2/2



