PUMP SCALING LAWS

In this lesson, we will:

Review Dimensional Analysis by applying it to Pump Performance Curves
Discuss the Pump Affinity Laws and how to apply them to design pumps
Do an example problem

Dimensional Analysis of Pump Performance Parameters

Start with the functional relationship, and perform the method of repeating variables:
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A similar analysis with input brake horsepower (b/p) as a function of the same variables
results in 6D o speed
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So, we write
C, = function(CQ,Re,g/D)

C,= function(CQ,Re,g/D)

and

But for many pumps, effects of Re and roughness are small at high Re, and thus,
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Finally, pump efficiency is already dimensionless, and we write 77pump as
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Pump Affinity Laws

Definition of affinity: Inherent likeness or agreement.
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The Pump Affinity Laws:
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Example: Scaling up a pump using the affinity laws
Given: An existing pump (A): Fluid is water at 20°C, D4 = 6.50 cm, and 7, =1500 rpm ,

AtBEP, V, =455 cm’/s at H, =144 m. We are designing a new larger pump (B) that is
geometrically similar with D = 8.20 cm. It still uses water at 20°C, but rotates at a higher
rpm, 71, =1750 rpm ,

To do: (a) Predict VB and Hp for operation of pump B at its BEP.
(b) Estimate the % increase in required brake horsepower from pump A to pump B.

Solution:
(a) At homologous points, the two turbines are dynamically similar. Apply the affinity laws:
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