
 

Pump Curve Similarity Laws Model 
1 OVERVIEW 

The `PumpCurveSimilarity` component models a pump using manufacturer performance curves 
together with the pump affinity (similarity) laws. It allows computing the pump operating point in 
three possible modes: 

- P_N: Given suction and discharge pressures and rotational speed, compute flow rate and shaft 
power. 

- P_M: Given suction and discharge pressures and mass flow rate, compute the rotational speed 
and shaft power. 

- M_N: Given suction conditions, mass flow rate and speed, compute exhaust pressure and shaft 
power. 

The model uses four characteristics curves at rated speed: 

- Head rise: Δ𝐻 = 𝑓(𝑉̇) 
- Isentropic efficiency: ε୧ୱ = 𝑓(𝑉̇) 
- Required NPSH: NPSH୰ = 𝑓(𝑉̇) 

The isentropic efficiency can be computed based on the power curve is not available in the datasheet 
of the manufacturer: 

𝜀௜௦ =  
𝑊̇௛௬ௗ

𝑊̇௦௛௔௙௧

=  
𝜌𝑔 Δ𝐻 𝑉̇௠య/௦

𝑊̇௦௛௔௙

  

The curves are supplied at a rater speed (𝑁௥௔௧௘ௗ) and are scaled to other rotational speeds using 
similarity laws. 

2 ASSUMPTIONS 

- Steady–state operation 

- The fluid is treated as incompressible for head calculations 

- The manufacturer curves are provided at a reference speed 

- Similarity laws are valid (geometric similarity with speed variation) 

- Isentropic efficiency ε୧ୱ = 𝑓൫𝑉̇൯ is assumed independent of speed (standard pump affinity 
assumption) 

3 FUNDAMENTAL PUMP RELATIONS 

3.1 Head-Pressure relation 

The relationship between pressure rise and pump head is: 

Δ𝐻 =  
𝑃௘௫ − 𝑃௦௨

𝜌𝑔
 

Where: 

-  Δ𝐻 : head increase [m] 

- 𝑃௘௫ − 𝑃௦௨ : discharge and suction pressures [Pa] 

- g : gravitational acceleration [m/s²] 
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- 𝜌: fluid density [kg/m³] 

3.2 Hydraulic and Shaft Power 

The ideal hydraulic power is: 

𝑊̇୦୷ୢ =  ρg ΔH 𝑉̇௠య/௦ 

The real (shaft) power is: 

𝑊̇௦௛௔௙௧ =  𝑚̇ ⋅ (ℎ௘௫ − ℎ௦௨) 

Where ℎ௘௫ = ℎ௦௨ +  
௛೐ೣ,೔ೞି௛ೞೠ

ఌ೔ೞ
 

4 SIMILARITY LAWS 

The manufacturer curves are provided at rated speed (𝑁௥௔௧௘ௗ). When the pump rotates at speed N the 
similarity laws give: 

Flow scaling: 

𝑉̇ =  𝑉̇௥௔௧௘ௗ ⋅
𝑁

𝑁௥௔௧௘ௗ
 

Head scaling: 

Δ𝐻 =  Δ𝐻௥௔௧௘ௗ ⋅ ൬
𝑁

𝑁௥௔௧௘ௗ
൰

ଶ

 

NPSH scaling: 

NPSH୰ =  NPSH୰,୰ୟ୲ୣୢ ⋅ ൬
𝑁

𝑁௥௔௧௘ௗ
൰

ଶ

 

Efficiency is assumed constant with respect to speed: 

𝜀௜௦ = 𝜀௜௦,௥௔௧௘ௗ 

5 EXAMPLE 

In Figure 2, the points taken from the characteristic curve are shown. 

All of those points are for a speed reference of 2900 RPM and a water temperature of 20°C. 
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Figure 1: Example of a characteristic curve provided by the manufacturer. 


