
M E 320   Professor John M. Cimbala Lecture 26  
 

Today, we will: 
 

 Discuss dimensional analysis of turbines 
 Do an example problem – dimensional analysis with turbines 
 Discuss piping networks – how to deal with pipes in series or in parallel 

 

b. Dimensionless parameters in turbine performance 
We perform exactly the same dimensional analysis for turbines as we did for pumps. Result: 
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Example: Scaling up a hydroturbine 
Given: An existing hydroturbine (A): Fluid is water at 20oC, DA = 1.95 m, 

120 rpm,An  bhpA = 220 MW, and 3335 m /s  at  72.4 mA AH V . We are designing a new 
turbine (B) that is geometrically similar, still uses water at 20oC, and 120 rpm,Bn   but 

97.4 mBH  . [Dam B has a higher gross head available than Dam A.] 
 

To do: (a) Calculate DB and B
V  for operation of turbine B at a homologous point. 

(b) Calculate bhpB and estimate the turbine efficiency of both turbines. 
Solution: 
(a) At homologous points, the two turbines are dynamically similar. Apply the affinity laws: 
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Plug in numbers:  
 

Similarly, 
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Plug in numbers:  



(b) Similarly, 
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Plug in numbers:  
 
 
Finally, the efficiency is calculated for each turbine: 
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4. Examples 

Example: Taking a Shower and Flushing a Toilet (E.g. 8-9, Çengel and Cimbala) 

Given: This is a very practical everyday example of a parallel piping network! You are 
taking a shower. The piping is 1.50-cm coper pipes with threaded connectors as sketched. 
The gage pressure at the inlet of the system is 200 kPa, and the shower is on. The hot water is 
from a separate supply – only the cold water system is shown here. 

 
To do: 

(a) Calculate the volume flow rate 2
V  through the shower head when there is no water 

flowing through the toilet. 

(b) Calculate the volume flow rate 2
V  through the shower head when someone flushes the 

toilet, and water flows into the toilet reservoir. 
 
Solution: (copied from the textbook) 

  
 
 
 
 
 
 
 

 

We consider only the cold water line. The hot 
water line is separate, and is not connected to the 
toilet, so the volume flow rate of hot water 
through the shower remains constant. The cold 
water, however, is affected by flushing the toilet. 

This is a simplifying assumption 
that may or may not be valid. We 
should check the validity later. 



  
 
 

  

Part (a) is not a parallel system since no flow through the toilet. 

P2 = Patm, and therefore P1 – P2 = P1,gage. 

We neglect the velocity heads in the 
energy equation. Alternatively, if V1 
= V2, then these two terms cancel 
each other out. 

Only one Re and one 
Colebrook equation for 
Part (a) 



 

 
 

 

 

Answer to part (a) – no toilet flushing 

This is where 
EES comes in 
handy – 
solving all 
these 
simultaneous 
equations! 
(12 equations 
and 12 
unknowns) 

Now we need 
three 
Colebrook 
equations – 
one for each 
branch! 



  
 

 
 

  
 
 
 
 
 

Answer to part (b) – with toilet flushing



EES Solution – Toilet Flushing Example Problem 
Part (a) EES Equation window: 

 
Part (a) EES Solution: 

 



Part (b) EES Equation Window: 

 
Part (b) EES Solution: 

 
 


