
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Obtaining the head characteristic of a Low Flow
Centrifugal Pump by numerical methods
To cite this article: A Shablovskiy and E Kutovoy 2019 IOP Conf. Ser.: Mater. Sci. Eng. 492 012035

 

View the article online for updates and enhancements.

Recent citations
Study of the corrosion rate of the paths
walls of aluminum heat exchangers in the
ethylene glycol antifreezes environment
under developed aeration of power fluid
A Petrov et al

-

Study of the corrosion rate of the paths
walls of aluminum heat exchangers in the
ethylene glycol antifreezes environment
under developed aeration of power fluid
A Petrov et al

-

Comparative analysis of the use of the
spiral and bladed stators in a compact
high-speed centrifugal pump with
hydrodynamic modeling methods
A Martynyuk et al

-

This content was downloaded from IP address 117.93.176.10 on 14/10/2019 at 19:54

https://doi.org/10.1088/1757-899X/492/1/012035
http://dx.doi.org/10.1088/1757-899X/589/1/012037
http://dx.doi.org/10.1088/1757-899X/589/1/012037
http://dx.doi.org/10.1088/1757-899X/589/1/012037
http://dx.doi.org/10.1088/1757-899X/589/1/012037
http://dx.doi.org/10.1088/1757-899X/589/1/012031
http://dx.doi.org/10.1088/1757-899X/589/1/012031
http://dx.doi.org/10.1088/1757-899X/589/1/012031
http://dx.doi.org/10.1088/1757-899X/589/1/012031
http://dx.doi.org/10.1088/1757-899X/589/1/012029
http://dx.doi.org/10.1088/1757-899X/589/1/012029
http://dx.doi.org/10.1088/1757-899X/589/1/012029
http://dx.doi.org/10.1088/1757-899X/589/1/012029


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Hydraulics

IOP Conf. Series: Materials Science and Engineering 492 (2019) 012035

IOP Publishing

doi:10.1088/1757-899X/492/1/012035

1

 
 
 
 
 
 

Obtaining the head characteristic of a Low Flow Centrifugal 
Pump by numerical methods 

A Shablovskiy1,2 and E Kutovoy1 
1Bauman Moscow State Technical University, 5 Second Baumanskaya Street, 
Moscow, 105005, Russian Federation  
 

2E-mail: shabl@bmstu.ru  

Abstract. During the study of various problems related with centrifugal pumps, it 
would be extremely convenient to have a head characteristic (head-capacity curve) 
approximated by any mathematical function. In so doing, in the field of small pump 
output flow experiments show that its characteristic is linear. In order to verify that 
this characteristic is truly linear, a mathematical experiment was carried out using the 
methods of hydrodynamic modeling and its approximation was carried out using the 
least square method and the maximum deviation from it was calculated. 

1. Introduction 
To solve a number of scientific and technical problems [1-5], it is interesting to obtain a head-capacity 
curve of a low flow centrifugal pump as an analytical function. It is supposed [6-12] that in the field of 
small pump output flow the head-capacity curve is linear as friction losses are proportional to the 
square of the head and in the field of small pump output flow the square of the head can be neglected. 

It should be emphasized that the problems related to the study of head-capacity curve of centrifugal 
pumps are highlighted in the literature [13-18], but the problem of the approximation of the head-
capacity curves by the analytical function has not been adequately debated. 

2. Mathematical model 
For a solving this problem was developed a 3D model of a low flow centrifugal pump and a number of 
points of the head-capacity curve of this pump were calculated by numerical methods using the 
STAR-CCM + software package. The results of this calculation are presented in table 1: 

Table 1.Estimated points of  head-capacity curve 
of experimental low flow centrifugal pump. 

No H, m Q, l/min 
1 5.1 0 
2 5.02 0.25 
3 4.94 0.5 
4 4.8 1.0 
5 4.75 1.5 
6 4.66 1.75 
7 4.59 2.0 
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Therefore, we have the following estimated head-capacity curve characteristic of a low flow 
centrifugal pump. Figure 1 illustrates that the characteristics of a low flow centrifugal pump are 
approximately linear, which accords well enough with practice. 

 

Figure 1. Estimated head-capacity curve characteristic 
of a low flow centrifugal pump. 

 
However, it is interesting to check how linear the characteristic of a low flow centrifugal pump is. 

For this purpose, the method of least squares is used. We will carry out the approximation of the 
estimated head-capacity curve of the following function: 

 y a b x                                                                    (1) 

As is known [18], in the case of a function form (1), the method of least squares for finding the 
coefficients a and b gives the following formulas: 
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where 
xt – is the t-th (current) value of pump output flow in table 1; 
yt – is the t-th (current) value of head in table 1;  
n – is the number of points, in our case n = 7.  

Substituting the values from table 1 into the system of equations (2)-(3), for our particular case we 
have 
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Substitute the coefficients a and b into formula (1) and obtain the following approximation 
function: 

  5,079 0,241   H Q Q                                                          (4) 

Therefore, obtain following head-capacity curves (estimated curve is shown by dots, approximation 
curve is shown by line). Figure 2 illustrates that the maximum discrepancy between the approximation 
curve and the target points is observed at the point (4.8 m; 1 l / min) and is 0.037 m. 

 

Figure 2. Estimated head-capacity curve of a low flow centrifugal pump. 
 
Define the maximum admissible error of this discrepancy: 

4,837 4,8
0,76%

4,837


    

3. Conclusions 
Therefore, it can be concluded that in the field of small pump output flow, the head-capacity curve of 
the low flow centrifugal pump is linear with an accuracy of less than 1%. This result can be used in 
scientific and practical activities for the mathematical modeling of low flow centrifugal pumps. 
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