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Memo  To: Sub-contractor 

   From: Max Flowe, P.Eng 

   Subject: Powerhouse Design 

   Project: 315-Lab3 

 

 

The board has accepted the contract and we would like to begin work on the Seeville, BC powerhouse as 
soon as possible.  Nearcreek expects more of these projects in the future and would like to determine if 
experimental validation of each design is necessary or if theoretical calculations can be relied upon. 

The testing procedures for the scale model are attached along with the required deliverables for this 
project. Please forward a copy of your report in pdf format on the Canvas system within two weeks. 

Deliverables 
The consultant shall provide to Nearcreek a report that contains the following content and 

analysis: 

1) Analysis of jet impact data in the context of momentum flux: 
a. Relationships between flow, pressure head, velocity head, input power, jet power and 

frictional losses. 
b. Relationship between measured and theoretical force. 
c. Recommendation   on   the   use   of   momentum   flux   methods   in   engineering 

applications. 
2) Analysis of performance of the Pelton turbine: 

a. Relationships  between  bucket  speed,  jet  speed,  output  power,  efficiency  and turbine 
speed. 

b. Recommendation  on  the  use  of  theoretical  methods  in  the  estimation  of  pelton turbine 
performance. 

3) Discussion of  the  transfer  and  conversion  of  energy  throughout  the  entire  system including the 
relative magnitudes of energy dissipations. 

4) Mechanisms to reduce losses and increase efficiency in the full-scale generation system. 
5) Predicted turbine sizing and output for the Seeville Power project with a peak flow of 8m3/s and 23.3m 

of head available. 
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Background Material 

(a) Theoretical Force on a Flat Plate 
When a water jet strikes a plate and is deflected through an angle , the speed of the water is not 
appreciably changed, however the velocity of the water in the original direction is reduced from  to 

. 

The force exerted on the plate is 

   

where F is the force exerted on the plate, is the density of water, Q is the flow rate, V is the velocity of 
the water in the jet relative to the plate. 

 

(b) Pelton Turbine : Theoretical Power Relationships 
A Pelton wheel is an impulse turbine in which the wheel is rotated by the action of one or more jets 
striking specially curved vanes fixed to the periphery of the wheel. Pelton was the name of the  man  who  
first  developed  this  type  of  turbine;  he  also  set  up  a  company  in  California  to manufacture them. 

Recall that power is given by the following formula: 

  

where P is power, Q is the flow rate, H is the total energy head in the flow. This power equation will be 
compared with the measured power output. The  flow  of  water  to  the  wheel  is  controlled  by  a  
needle  valve.  Since the  needle  valve  is considered to be part of the turbine, the input power is 
calculated using the total head measured upstream of the needle valve. The velocity of water in the 
supply pipe to the needle valve is quite low, thus the total head can be approximated by the pressure 
head. 

The theoretical force developed at the rim of the Pelton wheel is 

   

where u is the bucket velocity. Note that this is the same equation for the force developed on a flat plate, 
except that u = 0 in the flat plate case. 

The theoretical power developed by the wheel is 

   

This theoretical power will be less than that given by , and will also be compared with the measured 
power. Observe that if  = 180º, the power developed is at a maximum. In practice, cannot be any 
larger than about 170º to avoid having the water turning right round on itself and interfer with the jet. 
Assume that 170º is the deflection angle for the model Pelton wheel. 

θ
 V

  V cosθ

  F = ρQV(1− cosθ)

ρ

 P = ρgQH

  F = ρQ(V −u)(1− cosθ)

  P = ρQu(V −u)(1− cosθ)

 ρgQH
θ θ
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Apparatus 
The apparatus consists of a self-contained water circulating system, which has a pump, a tank, valves 
and gauges. A needle valve provides a controlled jet, which can be directed either at a flat plate or the 
model Pelton wheel (Figures 1 and 2). The pitot tube on the flat plate apparatus allows for measurement 
of the velocity head of the jet. The static load cell allows the force on the plate to be measured. With the 
Pelton wheel in place the torque produced can be measured by a brake, which is a tensioned band acting 
on a rotating drum. The net force acting on the drum is the difference in band tension as measured by the 
applied weight and static load cell; and the torque  is  this  force  multiplied  by  the  radius  of  the  drum  
(see  figure  3  for  the  free  body diagram).  The power output is obtained by multiplying the torque by 
the angular velocity 

   

where T1, T2  are the spring scale readings, r  is the brake drum radius, N is the rotating speed of the 
drum (rps), and is the angular velocity of the wheel. 

 

 

 

 
 

Figure 1 Schematic of the Flat Plate Apparatus 
 
 

 

  P = 2πrN(T1 −T2)

  2πN =ω
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Figure 2 Schematic of the Pelton Wheel Apparatus 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 

 

Figure 3 Freebody diagram of the brake drum. 
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