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PIPENET - Suter Curve for Turbo Pump 

How to Estimate Suter Curve from Pump Performance Curve 

 
1. Introduction 

Typically, it is possible to obtain the performance curve for the pump in the positive quadrant 
without difficulty.  In this quadrant both the flowrate and the head are positive.  However, in order 
to model the behaviour of a pump in certain situations it is necessary to consider all four quadrants.  
In other words, both positive and negative values for the head and the flowrate need to be 
considered.  However, this kind of data is often extremely difficult to obtain and even pump 
manufacturers do not generally have such data. 

The classic text book called Fluid Transients by Wylie and Streeter outlines a technique based 
on the use of Suter Curves for modelling the behaviour of a pump in all four quadrants.  It also 
gives the Suter Curves for a limited range of pumps.  Nevertheless, unless pump data is available 
for all four quadrants, it is not possible to determine the Suter Curves for other pumps accurately. 

In this document we show how to use the PIPENET built-in Suter Curves and the known pump 
performance curve (in the positive quadrant) to achieve the following: 

 
a. In the positive quadrant where the pump curve is known, the Suter Curve follows the pump 

curve 
b. In the other three quadrants where the pump behaviour is not known we extrapolate the 

built-in curves  
 
2. Background 

During transient flow, a pump may experience a reversal in flow through the pump, or a change 
in its rotational speed, or both. Furthermore, it may also experience negative torque values and/or 
pressures during a transient event. Hence for accurate simulation of a Turbo pump, more 
performance data is needed and this should cover regions of abnormal operation. Suter curve 
graphically represents all operating status of turbo pump. A detailed description of the Suter Curve 
and the corresponding concepts and equations refers to the web site of Sunrise Systems Limited and 
the Transient Module Technical Manual, Chapter 1 – Modelling Aspects, page 16-19.   

The figure shows typical Suter curves for a Radial Pump. A whole Suter curve should cover all 
four Quadrants, i.e. 0-2π phase angle. There are eight possible zones of pump operation: four occur 
during normal operation and four are abnormal zones. During a transient event, a pump may enter 
most, if not all, regions in the figure depending on the appropriate circumstances. However, not all 
manufactories can provide whole range Suter curves. In most cases only the information at the 
normal operating condition can be obtained, i.e. Zone D in the above figure. Now the key question 
is “Is it possible to deduce a whole range Suter curve reasonably in this case?” This document 
introduces a simple way to solve this problem. 
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3. Methodology 

It is well known that Pumps are traditionally divided into three types: radial pump, mixed pump 
and axial pump. The classification is tightly relative with specific speed (Ns), see the equation and 
the figure below: 

 

75.0
R

RR

H

QN
Ns =         (1) 

 
Ns:  specific speed  
NR: rated pump speed, rpm 
QR: rated pump flowrate, m3/s 
HR: rated pump piezometric head, m 
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Three built-in Suter curves represent three typical pumps: (1) Radial Pump @ Ns=25, (2) Mixed 

Pump @ Ns=147 and (3) Axial Pump @ Ns=261. Please notice their units when using the above 
equation to calculate specific speed. In order to supply the lack part of Suter curve for a certain 
pump, we must base on these three built-in Suter curves and make some assumptions. 

 
• Assumption 1: a specific speed is only mapped to a pump type and the value shift from 

radial pump to axial pump is continual and uninterrupted. 
• Assumption 2: a Suter curve is only match with a pump type and the shift from radial pump 

to axial pump is continual and uninterrupted. 
• Assumption 3: any Suter curve between the two built-in Suter curves has a linear 

relationship with the specific speeds. 
 
In the next section, we will show the method by an instance.  
 

4. Example 1 – Deduce Suter Curve from a known P-Q curve  
 

In this section we should how to derive the Suter Curve from the known performance curve in 
the positive quadrant.  We also show that the Suter Curve derived in this manner follows the 
performance curve of the pump faithfully.  The last table in this section compares the performance 
curve which we input and the results obtained from the corresponding Suter Curve. 

 
• The known parameters: 

HR = 47.5 m 
QR = 42840 m3/hr 
NR = 6.16667 1/s = 370 rpm 
TR = 164 KN.m 
I = 11530 kg.m2  

Turbo Pump Characteristic and Suter Curve 
QR Q ν HR H h NR α η P TR T β α2+ν2 WH WB x 

m3/h  m  rpm  % KW KN.m      
42840 0.00 0.00 47.50 79.50 1.67 370 1.00 0.0% 5007 164.0 129.2 0.79 1.00 1.67 0.79 3.14 
42840 5000 0.12 47.50 75.20 1.58 370 1.00 20.5% 5126 164.0 132.3 0.81 1.01 1.56 0.80 3.26 
42840 10000 0.23 47.50 71.1 1.50 370 1.00 38.0% 5229 164.0 135.0 0.82 1.05 1.42 0.78 3.37 
42840 15000 0.35 47.50 66.6 1.40 370 1.00 51.0% 5475 164.0 141.3 0.86 1.12 1.25 0.77 3.48 
42840 20000 0.47 47.50 61.7 1.30 370 1.00 62.0% 5563 164.0 143.6 0.88 1.22 1.07 0.72 3.58 
42840 25000 0.58 47.50 58.2 1.23 370 1.00 71.0% 5728 164.0 147.8 0.90 1.34 0.91 0.67 3.67 
42840 30000 0.70 47.50 56 1.18 370 1.00 79.0% 5944 164.0 153.4 0.94 1.49 0.79 0.63 3.75 
42840 35000 0.82 47.50 54.3 1.14 370 1.00 85.4% 6220 164.0 160.5 0.98 1.67 0.69 0.59 3.83 
42840 40000 0.93 47.50 50.8 1.07 370 1.00 89.1% 6374 164.0 164.5 1.00 1.87 0.57 0.54 3.89 
42840 42840 1.00 47.50 47.5 1.00 370 1.00 89.5% 6355 164.0 164.0 1.00 2.00 0.50 0.50 3.93 
42840 45000 1.05 47.50 44.6 0.94 370 1.00 88.6% 6331 164.0 163.4 1.00 2.10 0.45 0.47 3.95 
42840 50400 1.18 47.50 37 0.78 370 1.00 82.8% 6295 164.0 162.5 0.99 2.38 0.33 0.42 4.01 
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• Scenario: 
 
The test-bed for checking that the Suter Curve follows the pump performance curve in the 
positive quadrant is described here.  (This pump performance curve is normally provided by the 
pump manufacturer.) 
 

 
 

 
 
• Results: 
 
In this section we show that the results from the test-bed follow the actual pump curve which 
was used to generate the Suter Curve. 
 
We change the flowrate specification at the node 5 to check the relationship of the flow rate and 
pressure lift of the turbo pump. We can see the input data roughly equal to the calculated results, 
see the table below. 
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Flow Rate m3/h 0.00 5000 10000 15000 20000 25000 30000 35000 40000 42840 45000 50400 
Input Lift m 79.5 75.2 71.1 66.6 61.7 58.2 56.0 54.3 50.8 47.5 44.6 37.0 
Calculated Lift m 79.26 75.21 71.06 66.79 62.07 57.97 55.71 54.99 50.26 48 44.65 37.85 
Error % -0.3% 0.0% -0.1% 0.3% 0.6% -0.4% -0.5% 1.3% -1.1% 1.1% 0.1% 2.3% 

 
 

5. Example 2 - Deduce unknown Suter Curve from the known part 
 
In this section we show how to extrapolate the built-in Suter Curves to the cases where the Suter 
Curve is not known.  It is important to emphasise that this technique of extrapolating known data to 
unknown data, and it should be regarded as an approximation. 
 

• The known parameters: 
HR = 47.5 m 
QR = 42840 m3/hr 
NR = 6.16667 1/s = 370 rpm 
TR = 164 KN.m 
I = 11530 kg.m2   

The known part of Suter curve 
X 3.14 3.26 3.37 3.48 3.58 3.67 3.75 3.83 3.89 3.93 3.95 4.01 

Wh 1.67 1.56 1.42 1.25 1.07 0.91 0.79 0.69 0.57 0.50 0.45 0.33 

WB 0.79 0.80 0.78 0.77 0.74 0.67 0.63 0.59 0.54 0.50 0.47 0.42 
 
• The pseudo specific speeds at the boundaries: 

The real specific speed can be calculated by Equation 1, see the table below. The calculated 
pump (Ns=70.54) is between radial pump (Ns=25) and mixed pump (Ns=147). Therefore, 
the deduced Suter curve will be based on the data for these two built-in Suter curves. 
 
Name Symbol Value Unit 

Rated pump speed NR 370 rpm 

Rated pump flowrate QR 11.90 m3/s 

Rated pump piezometric head HR 47.5 m 

Specific speed NS 70.54   
 
From the known Suter curve, we can interpolate to obtain the pseudo specific speeds at the 
boundaries (X=3.14 and X=4.01), see the table below: 
 
Boundaries X 3.14 4.01 

Wh 1.288 0.35 

WB 0.45 0.42 Built-in radial pump 

Ns 25 25 
Wh 1.97 0.348 

WB 1.49 0.389 Built-in mixed pump 

Ns 147 147 
Wh 1.67 0.33 
Ns (Wh) 93.33 70.54 

WB 0.79 0.42 
The calculated pump 

Ns (WB) 64.88 70.54 
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For example, the pseudo specific speed for the head curve (Wh) at the boundary of X=3.14 
can be calculated by: 
 

( ) 33.9325147
288.197.1
288.167.1

25 =−×
−
−+=Ns  

 
However, at the boundary of X=4.01, the two built-in head curve is too close to use 
interpolation simply. Otherwise, it may cause great error. See the calculation below: 
 

( ) 124525147
35.0348.0

35.033.0
25 =−×

−
−+=Ns  

 
The obtained value is ridiculously big. Therefore, we recommend the actual specific speed 
(70.54) in this case. 
 
Now, we have obtained four pseudo specific speeds at two Suter curves boundaries, i.e. head 
curve (Wh) and torque curve (WB). Next step, we will deduce a whole Suter curve for the 
calculated pump. 
 

• A whole Suter curve: 
 
First, we assume the specific speeds at the unknown zone linearly shift between the two 
abovementioned boundaries, i.e. phase angle from X=4.01 to X=3.14+2π. Here, 2π means 
pump curve get into next circle. For instance, the pseudo specific speed for head curve at the 
phase angle of 0 can be calculated by: 
 

( )
( ) ( ) 76.8333.9354.70

01.4214.3
01.420

33.93 =−×
−+

−++=
π

π
Ns  

 
For instance again, the pseudo specific speed for head curve at the phase angle of 1.5π can 
be calculated by: 
 

( ) ( ) 37.9033.9354.70
01.4214.3

01.45.1
33.93 =−×

−+
−+=
π

π
Ns  

 
After getting the pseudo specific speeds at whole range phase angle (except the known zone), 
we can deduce the unknown part of Suter curve by the interpolated method, the following 
table show the calculating process at the phase angles of 0 and 1.5π. 
 
Boundaries X 0 1.5π 

Ns 25 25 Built-in radial pump 
Wh 0.634 -0.556 
Ns 147 147 Built-in mixed pump 
Wh -0.69 -1.5 
Ns 83.76 90.37 The calculated pump 
Wh -0.004 -1.062 

 
In detail, for the head curve @ X=0,  
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004.0
25147
2576.83

)634.069.0(634.0 −=
−
−×−−+=Wh  

 
6. Program 
 

In this section we show how our spreadsheet program can be used for extrapolating the built-in 
Suter Curve to represent the actul pump. 
 

Although the abovementioned method is not difficult to understand, the actual calculation is 
very enormous. Of course, this simple and repeated work can be done easily by computer. 
Therefore, a small program was written in Excel. The whole range Suter curve can be obtained just 
by inputting the boundaries conditions, i.e. the phase angles and the pseudo specific speeds at the 
start and end points of the known zone. However, the input pseudo specific speeds must be between 
25 and 261 because the unacceptable error may be caused by external interpolation. The table below 
exhibits the calculated results for the above example. All needed input data is coloured in red and 
all known part of Suter curve is marked as “-“ respectively. 

 
7. Summary 

The steps to approach Suter curve are: 
(1). Obtain the relative information from the manufactory, which include P-Q curve, pump 

speed curve, efficiency curve (or power curve), rated flow rate, head, speed and the total 
moment of inertia of the pump. 

(2). Calculate the known part of Suter curve.  
(3). Deduce the specific speed of the pump. 
(4). Interpolate the pseudo specific speed at the ends of the known Suter curve. 
(5). Input the deduced data, i.e. the pseudo specific speed and the corresponding phase angle, 

into the Excel program to get entire range Suter curve.  
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