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Abstract— The comparison between analytical and 

experimental performance curve of centrifugal pump is done 

in this project. The prediction of analytical analysis of the 

single stage centrifugal pumps is done according to hydraulic 

loss model given by J.F. Gulich. This methodology is 

implemented for the analytical performance prediction of 

industrial centrifugal pump. The H-Q (Head versus 

Discharge) analytical performance characteristics curve of 

the pump is compared with the experimental performance 

characteristics curve. The deviation is between 2-13% for the 

discussed range of discharge for the analytical and 

experimental curve. This deviation is observed because of the 

assumption of the single dimensional geometry of various 

components of centrifugal pump. 
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NOMENCLATURE 

A=Cross sectional area 

A1q=Impeller inlet throat area 

A2q= Area between vanes at outlet impeller 

A3q=diffuser/volute throat inlet area 

a = distance between the vanes  

b=channel width in meridional section 

cf=friction coefficient of  flat plate 

D,d=Diameter 

d3q = diameter equivalent of volute throat 

db= Arithmetic average of diameter at diffuser or impeller 

dm=geometric average of diameter at diffuser or impeller 

dn = diameter of hub 

r= radius 

r3q= equivalent radius of volute throat area 

s= Width of gap 

sax = Axial distance between casing and impeller shrouds 

w= Relative velocity 

Hexp= experimenetal pressure head  

Hth= theoretical pressure head 

Hslip =head with slip factor consideration 

Hwithoutslip= Head without slip factor consideration 

I. INTRODUCTION 

A. Centrifugal Pump 

Centrifugal pumps are turbomachines used for transferring 

liquids by raising a prespecified volume flow to a specified 

level of pressure, which uses the dynamic principle of 

accelerating fluid, with the help of centrifugal activity, and 

conversion of the kinetic energy into pressure 

B. Losses in Centrifugal Pump 

A study of losses in centrifugal pump may be considered one 

of the following reasons: 

1) To acclimatize the actual characteristics from theoretical 

characteristics, it is necessary to deduct the loss head 

from theoretical head. 

2) Evidence about the nature and magnitude of losses may 

indicate the way to reduce these losses. 

3) If the losses are not unknown, one of the possibility is to 

predetermine the head-capacity curve of a unique pump 

by primarily assuming or establishing in different 

manner the head-capacity curve of an idealized pump. 

4) Pump performance curves can also be predicted by terms 

of theoretical as well as empirical calculation models for 

each single loss. 

 
Fig. 1: Working Of Centrifugal Pump 

Sr. 

No. 
Author Year Conclusion 

1. 

Nemdili, Ali and 

Dieter-Heinz 

Hellmann 

2004 

Loss due to disk 

friction rely on 

Reynolds number, 

axial gap, width of 

volute and  roughness 

of surface 

2. 
SWarren H. 

Fraser 
1981 

Ennumerates 

indications of the 

recirculation and 

individual diagnosis. 

3. W. G. Li 2011 

The total hydraulic 

loss in the pump rely 

on blade exit angle, as 

it influence the 

head,shaft power and 

efficiency of the 

centrifugal pump. 

4. Johann F. Gülich 2008 

Elaborated study and 

analysis of every 

aspects of centrifugal 

pump considering 

every parameter. 

5. 

Memardezfouli, 

Mohamad, and 

Ahmad 

Nourbakhsh 

2009 

Slip factor in the 

centrifugal pump rely 

on Reynolds number, 

the geometrical shape 

of the impeller and the 
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conditions of 

operation, and velocity 

profile of impeller-

outlet. 

6. 
M.G. Patel and 

A.V. Doshi 
2013 

Increase in blade exit 

angle also increase the 

performance of the 

centrifugal pump. 

7. Khalid Rababa 2011 

Effect of number of 

blades on the 

performance of 

centrifugal pump rely 

on viscosity of the 

working fluid. 

8. 

Thin, Khin Cho, 

Mya Mya 

Khaing, and Khin 

Maung Aye 

2008 

Taking in account the 

losses in the 

centrifugal pump, 

prediction of the best 

performance point on 

the performance curve 

is estimated. 

9. 

Thummar A.,  

Pipalia V.,  

Javiya T 

2012 

Experimental analysis 

of pump with impellers 

with various impeller 

width. 

10. Sahoo T 2012 

Included strategies to 

increase performance 

of centrifugal pump to 

save energy. 

11. 
Gölcü, Mustafa, 

and Yaşar Pancar 
2005 

Comparation in study 

of performance of the 

pump with and without 

splitter blades. 

12. Andrzej  WI LK 2010 

Included parameters 

that affects 

performance of 

centrifugal 

performance and their 

relationship with the 

performance. 

 

13. 
Craig I. Walker, 

Greg C. Bodkin 
2000 

Predicted the empirical 

relation between the 

parameters, that results 

in wear in pumps. 

14. 

Mohamed F., 

Ali Khalil, 

Sadek Z. Kassab, 

Ahmed A. Abdel 

Naby Azouz 

2013 

Experimental and 

theoretical 

ennumeration of the 

centrifugal pump 

performance has been 

done based on model 

given by J. F. Gulich 

15. 
Thanapandi P., 

and Rama Prasad 
1995 

The dynamic 

characteristics of the 

testing pump is 

checked by a 

numerical model using 

the method of 

characteristics. The 

model predicts well the 

pattern of the dynamic 

head characteristics 

with transients. 

16. 

Shi, Weidong, 

Ling Zhou, 

Weigang Lu, 

Bing Pei, and Tao 

Lang 

2013 

Predicts the effects of 

oversize and undersize 

impeller on the 

performance of the 

centrifugal pump. 

17. W. G. Li et. al. 2012 

Predicts the effect of 

number of impeller 

blades on  performance 

of industrial 

centrifugal pumps 

18. 

Sverre 

Stefanussen 

Foslie 

2013 

Contrasted the 

methods to analyze the 

performance 

characteristics of the 

centrifugal pump and 

predict the 

characteristics curve 

by J.F.Gulich. 

Table 1: 

C. Objective 

For any turbomachine the evaluation of performance can be 

done in three ways that is by experimental method, empirical 

models given by different researchers and by numerical 

methods. For validation of both empirical as well as 

numerical method experimental performance is required. 

The objective of work is focused towards the 

performance analysis of centrifugal pump by empirical 

method and comparing its result with experimental methods. 

Centrifugal pump has been chosen because of the availability 

of experimental testing in fluid machinery laboratory. 

The following objectives are covered in present work: 

 To carry detailed study about the centrifugal pump. 

 Study of empirical models to analyse the performance of 

centrifugal pump given by J.F Gulich. 

 Experimentally find performance curve for the given 

centrifugal pump. 

 Estimation of losses by various empirical models. 

 Estimation of performances for given centrifugal pump 

by various loss models. 

 Comparisons of centrifugal pump performance by the 

empirical models with experimental result and select the 

best one for given pump. 

 In the later stages of the project, an attempt would be 

made to implement the given methodology in an 

industrial multistage centrifugal pump 

II. PROPOSED METHODOLOGY 

A. Loss Calculation Method - Based On the Work by J.F. 

Gulich 

This method is based on calculating the hydraulic losses in 

the impeller and diffuser, based on relations given by Gulich 

in the Centrifugal Pumps. Detailed description of calculation 

of volumetric losses would not be included, as extensive 

information about the clearances in pump is needed, and it 

usually does not exceed 1-2% of total volume flow. 
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Calculation of leakages will therefore be based on the 

procedure described in the further subsection. By taking slip 

from equation into account in the relation between theoretical 

head and volume flow the following relation for theoretical 

head including the slip is gained: 

Hth =   
u2

g
(γu2 −

QLa

πd2b2tanβ2B
)………………(1) 

 
Fig. 2: Total Head Including Losses 

J.F Gulich divides hydraulic losses into two main 

parts, losses in an impeller and the losses in the diffuser. 

Losses in an impeller are further divided into shock losses at 

impeller inlet and friction and mixing losses through impeller. 

Diffuser losses consists of losses in vaneless space between 

impeller and diffuser, losses in diffuser, and losses in return 

channels. The calculation of all losses is complex. 

By the discussions in the trailing portions, the 

method given by J.F. Gulich would be adopted to predict 

performance characteristics of the centrifugal pump. 

Different parameters required for the calculation of the head 

of the centrifugal pump are to be calculated. 

III. LAYOUT OF THE PROPOSED EXPERIMENTAL SETUP 

Following figure is the layout of the proposed experimental 

setup. Test setup consists of three sections: 

1) Water supply section: the water tank, inlet pressure 

gauge and regulating valve; 

2) Pump section: centrifugal pump and motor; 

3) Outlet section: pressure gauge, flowmeter and regulating 

valve 

 
Fig. 3: Experimental Setup 

IV. SUMMARY 

Summarized H-Q graph of the centrifugal pump is obtained. 

 
Graph 1: H-Q Graph 
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