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Abstract: Radial thrust in a single volute centrifugal pump, which is a result of pressure 

variation in the volute casing, is investigated in order to avoid failures caused by this thrust 

force. Two ideas are introduced to avoid or to minimize this thrust force, the first is a double 

volute, and the second is a triple volute. A complete centrifugal pump design was manufactured. 

The volute was designed such that partition vanes could be added to change the number of 

volutes. Experiments were performed on single, double, triple volutes centrifugal pump at 500, 

800, and 900 rpm for each case. 

The performances of the three pumps as seen on a non-dimensional plot, are nearly the same in 

the three casing types (Single, double and triple volutes). However, the values of the efficiency 

reveal an improvement associated with the presence of the volute(s) 

On the other hand, the use of multiple volutes reduced the radial thrust force. These reductions 

were pronounced as the departure from the BEP was increased. At shut off for instance, the 

radial thrusts for the double volutes and triple volutes were reduced by 55% and 70%, 

respectively, below the thrust of a single volute pump.  
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Nomenclature  
Bi: width of the impeller                      [m] I   : line current                     [Ampere] 

BP: Break Power                                [kW]  K: experimentally coefficient     [−] 

BEP : the best efficiency point            [−] N: Rotational Speed                  [rpm] 

cosφ  : Motor power factor                  [−] Pd: pump discharge pressure.    [barg] 

CQ: flow coefficient                             [−] Ps: pump suction pressure         [barg] 

CH: Head coefficient                            [−] Q: flow rate                               [m3/hr] 

CP: Power coefficient                           [−] Qn: discharge at BEP                [m3/hr] 

Di: outside diameter of impeller           [m] SG.: specific gravity                      [−] 

Fr: The radial thrust force                      [N] V  : line to line voltage               [volt] 

g  : Gravity acceleration                   [m/sec2] ηmotor: motor efficiency                [%] 

H: pump head                                       [m] ηpump: pump efficiency                 [%] 

Hv: Velocity  Head                               [m] θ: Angle measured from tongue  [deg] 

Hz: Elevation Head                               [m] ρ  : Density of water                [kg/ m3] 
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Introduction 
The volute casing of a centrifugal pump is designed such that it maintains a uniform pressure 

distribution on the impeller. Once the pump departs the best efficiency point, BEP, this 

uniformity in pressure is no more ensured. And hence, the impeller, and consequently the shaft, 

are subject to a resultant radial force. This force is more pronounced as the departure from the 

BEP is increased, especially at the shutoff point, and might cause failure in bearings or break 

the shaft.  

Stepanoff [1], introduced the following equation that correlates lateral force to the impeller 

geometry and predicts the value of radial thrust;  

 

 Fr = SG. K H Di Bi                            (1) 

 

where SG is the specific gravity and equals 1 for water at ambient condition.  

 

Karassik et al. [2], showed that the values of K coefficient were determined by Agostinelli et al 

[3], as a function of specific speed and flow rate. He got an estimation of the direction of Fr. He 

also compared the results obtained from a single volute pump with another double volute pump. 

It was found that K is minimum at Q=Qn , where Qn is the discharge at BEP, and as the pump 

depart from the BEP, the radial thrust increases till it reaches the maximum value at shut-off. 

Also, the values of radial thrust of the double volute pump were always smaller than that of the 

single volute pump. This reduction is more pronounced at off-design conditions; where the 

radial thrust values are high and considered a problem. According to Agostinelli et al.[3], the 

direction of the radial thrust in double-volute casings was found to be generally toward the 

casing tongue. 

Lebanof et al [4]; performed experimental studies to get the optimum radial rib length 

(minimum radial force). He found that the lowest radial thrust force obtained when the radial 

rib did not extend all the way to the discharge flange. Mazhar [5], experimentally investigated 

the length of the partition vane at 2000, 2250, and 2500 rpm. He showed that a partition vane 

that extends to 90 % of the length gives the best efficiency, and the minimum radial thrust is 

obtained between 90 to 95% of the total length. The same length of partition vane was adopted 

in the current research. A patent was published in 2006 [7], about double volute with passages 

in the flow splitter. The effect of passages in the flow splitter on pump hydraulic performance 

and ease of manufacturing was highlighted. 

Several modifications to the volute casing other than partition vanes, were adopted to reduce 

radial thrust. Baun et.al [6] investigated the use of circular casing instead of the volute casing. 

The optimum geometry that results in the best efficiency and minimum radial force was found 

through several experiments. Agostinelli et al [3], performed an experimental investigation to 

determine the magnitudes and directions of the unbalanced radial forces on centrifugal pump 

impellers by using strain gages. The work covered single volutes for a wide range of specific 

speed, double volutes, concentric casings, and modifications of the concentric casing. 

Several studies were concerned with the unsteady performance of the pump. Weaver et al. [8], 

reported the results of an experimental study of the pressure pulsations produced by a 

centrifugal volute pump at its blade passing frequency. Detailed measurements were made for 

the pressure fluctuations in the piping as a function of pump rotational speed and flow rate. The 

effects of changing tongue profiles were studied.  M. Behzad et.al. [9], has carried out vibration 

measurement in different conditions in order to find the main reason for excessive vibration of 

the pumps. He found that the major reason for the pump vibration is working in off design 

conditions, and also two-phase flow due to dissolved air in the suction fluid leading to the pump 

vibration. Aoki [10], studied the fluctuating of radial thrust on single-blade centrifugal pumps 

handling waste water with solids, by measuring instantaneously pressure distribution close to 

the impeller discharge along the impeller periphery affected by volute pressure distributions on 

the suction cover surface of a pump with an open-type centrifugal impeller having one blade. 

http://gasturbinespower.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=A.+Agostinelli&q=A.+Agostinelli
http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&possible1=Behzad%2C+M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=Masanori+AOKI
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The fluctuating radial thrust mechanism has been clarified on the basis of these measurements, 

and a difference between actual radial thrust and the integrated value of static pressure along 

the impeller outlet was discussed. It was found that at best efficiency point the radial thrust 

force vector could be represented by a circle with center at origin. Away from the best efficiency 

this distribution takes the form of an eccentric ellipse. 

With the increase in computer capabilities, several researches dealt with several aspects of 

pump design, including volute casing. Gonzalez [11,12] for example studied the effect of 

unsteady component of the flow on the radial force and revealed that the dynamic component 

of the radial thrust may be more significant than the static force.  Guo et.al., [13], studied the 

clearance area between impeller and volute in a low specific speed centrifugal pump equipped 

with three different impellers outlet diameter and variable cut-water geometry. The numerical 

study results indicated that the maximum efficiency point is shifted along the lower flow rate 

direction with the increasing of impeller-volute radial gap.  

the previous studies summarized above studied the effect of several aspects of the pump design 

and their effect on the radial thrust force. None of the literature surveyed, however, studied the 

use of triple volute. The current study tests experimentally triple volute pump and compares its 

performance and radial thrust with the single and double volute. 

The rest of this paper is organized as follows section 5 (material and methods) this section will 

discuss the following: pump design, test setup and data reduction / calculations. Section 6 

(results) will discuss the following: pump performance, pressure distribution and radial force. 

Section 7 (conclusions) and section 8 (references)  

 

 

Material and Method 
 

 Pump Design 
The pump was designed to deliver 54 m3/hr against 10 m head.  The procedure described in 

Church[14] was followed and resulted in an impeller with 7 blades and 29.5 cm outer diameter 

with a blade exit angle of 30°. For the simplicity in manufacturing and assembling of the pump 

and volute, we chose constant width for the whole pump. The complete dimensions of the 

impeller are shown in  

Figure 1 

 
 

Figure 1, Pump impeller drawing 

 
The volute was designed to accept partition vanes to operate as single, double, and triple volute. 

Figure 2 shows the volute, with the partition vanes used for each case. For the double volute 

case, one partition vane that extends from θ=180 until close to pump discharge. For the triple 

volute, two partition vanes are used, the first starts at θ=120, and the second starts at θ=240  

http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&possible1=Zhu%2C+Guojun&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
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Figure 2, Pump volute design drawing showing points of pressure measurements. 

 

Test Setup 
A test rig was designed and set up to test the manufactured pumps at three different speeds 500, 

800, and 900. The setup shown in Figure 3 and Figure 4 consists of the pump driven by a 30 hp 

electric motor. The pump is connected to a large elevated open tank about 1.5 m higher than 

the pump intake and a discharge pipe that discharge back to the inlet tank. Pressure gauges are 

connected to both inlet and exit flanges. Pressure gauges are also connected to 17 points along 

the back side of the volute casing close to the impeller discharge to monitor the pressure 

distribution along the impeller periphery as shown in Figure 2. The electric motor receives 3 

phase current through a digital panel that controls the motor speed and monitors the voltage, 

current, and phase shift. A flow meter with minimum count of 0.01 m3 and a stop watch are 

used to estimate the pump discharge. A tachometer is used to measure the motor rotational 

speed.  
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Figure 3, Schematic diagram for Test rig 

 

 
 

Figure 4,  Picture of test rig 

 

Data Reduction/ Calculations 
Experiments are performed on the three pump volutes (single volute centrifugal pump, double 

volute centrifugal pump, and triple volute centrifugal pump). For each run a valve is used to 

change the load on the pump. For each valve opening the head is calculated from the following 

equation: 

   

   𝐻 =
𝑃𝑑−𝑃𝑠

𝜌𝑔
+ 𝐻𝑣 + 𝐻𝑧        (2) 
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The discharge Q is estimated by recording the difference in the flow meter reading in a time 

interval. 

The power drawn by the motor is calculated from:  

 

   𝐵𝑃 = √3𝑉𝐼 cos∅ 𝜂𝑚𝑜𝑡𝑜𝑟       (3) 

 
and hence the efficiency is estimated by dividing the fluid power over the brake power: 

 

   𝜂𝑝𝑢𝑚𝑝 =
𝜌𝑔𝑄𝐻

𝐵𝑃
         (4) 

 

The curves of the performance are plotted in non-dimensional form. The head, flow, and power 

coefficients are defined as in the following equation   
 

    𝐶𝐻 = 𝐻𝑔 𝐷2𝑁2⁄                 (5a) 

   3

QC Q ND                      (5b) 

  3 5

PC BP N D                  (5c) 

 

The components of the thrust force are calculated from integrating the forces on all segments 

of the impeller periphery  

 

  𝐹𝑥 = ∫𝑃𝑖𝜋𝑑𝐵cos𝜃𝑖                (6a) 

    𝐹𝑦 = ∫𝑃𝑖𝜋𝑑𝐵sin𝜃𝑖               (6b) 
 

The resultant force and its direction are calculated from the following equation:  
 

   2 2

x yF F F                   (7a) 

   1tan x

y

F
F

   
  

 
                         (7b) 

 

 

Results 
 

Pump Performance 
The above described procedure was used to access the pump performance. Figure 5 shows the 

performance of a single volute pump. The points corresponding to different speed overlap and 

could be represented as one curve on the non-dimensional scale. Figure 5 represents the relation 

between the head and flow coefficient. The shut off head coefficient is around 5, while the 

maximum flow coefficient is 0.048. The power coefficient is presented in Figure 6. It is noticed 

that the brake power increases continuously as the discharge increases. The efficiency 

represented in Figure 7 shows that the best efficiency is always around flow coefficient of 0.025 

and that the efficiency increases as the rotational speed increases.  
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Figure 5, Head coefficient (CH) versus flow coefficient (CQ) for single volute pump 

 

 
Figure 6, Power coefficient (CP) versus flow coefficient (CQ) for single volute pump 

 

 
Figure 7, Variation of efficiency ratio (η/ηb) versus flow coefficient (CQ)  

for single volute pump 
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The curves between Ch and CQ are plotted for the three pumps in Figure 8. It is noticed that 

the performances of the three pumps are nearly the same for the three casing types (Single, 

double and triple volutes). However, the values of the efficiency, Figure 9, reveal an 

improvement in efficiency associated with the presence of the volute for example the double 

volute recorded a 6% improvement while the triple was 10% higher than the best efficiency of 

the single volute. This could be due to the guidance imposed on the flow by the partitions which 

reduces eddies. 

  
Figure 8, Comparison of Head coefficient (CH) versus flow coefficient (CQ)  

for single, double and Triple volutes pump. 

 
Figure 9, Comparison of efficiency ratio (η/ηbep(Single)) versus flow coefficient (CQ) 

for single, double and triple volutes. 

 

Pressure Distribution 
The pressure distribution along the volute is shown for the three studied cases in figures 10-

12). The distribution in case of a single volute is shown in Figure 10 for a speed of 900 rpm. 

Three flowrates are chosen to illustrate the distribution in case of shutoff, best efficiency and 
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minimum radial force. The angle (horizontal axis) extends from 0o the actual tongue to 360o the 

inlet to the discharge nozzle. The pressure distribution is continuous and the level of pressure 

is reduced as the flowrate increases. The forces associated with these cases as well as other 

cases are presented in the next section. For the double volute, Figure 11, the pressure 

distribution has a clear discontinuity at the angle, of 180o, associated with the leading edge of 

the second volute. In case of triple volute, Figure 12, the pressure distribution has two clear 

discontinuities at the angles, of 120o and 240o, associate with the tongues of the second and 

third volutes.  

 
Figure 10, Pressure distribution along the volute of the single volute pump at 900rpm 

 

 
Figure 11, Pressure distribution along the volute of the double volute 

 pump at 900rpm 
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Figure 12, Pressure distribution along the volute of the triple volute pump at 900rpm 

 

Radial Force 
The pressure measurements presented in the previous section are used to calculate the radial 

forces. Equation 6 is used to calculate the force components. The integration is done on a curve 

fit to the data using the trapezoidal rule. Finally, the magnitude and direction of the thrust force 

(Equation 7) are computed for each experimental run. Figure 13 shows the distribution of the 

pressure on the impeller circumference at shut-off for different cases, a polar plot showing the 

resultant force and each direction is shown for single, double, triple, in Figure 14, 15 and 16 

respectively.  

 

 

 

Figure 13, Pressure distribution along the 

volute of the single, double and triple volute 

pump at shut-off  (900rpm) 

 

 

Figure 14, Polar plot showing the resultant 

force direction for single volute casing (900 

rpm). 
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Figure 15, Polar plot showing the resultant force 

direction for double volute casing (900 rpm). 

 

Figure 16, Polar plot showing the 

resultant force direction for triple volute 

casing (900 rpm).  

 

Figure 17 shows the direction of resultant radial forces for single, double and triple-volutes 

pumps at various flow rates as a ratio of the force at shut off, for the studied pump. The results 

of the single volute pump compare well with the results of Karassik et al [2]. The curves 

representing radial thrust of a single volute centrifugal pump at specific speeds of 784 and 

1735[1] are overlaid on the current results.  The current pump has a specific speed of 1,125.5 

and consequently lies between the published results.  

 

Figure 17, Polar plot showing direction of resultant radial forces for single, 

 double and triple-volutes pumps at various flow rates 

 

The radial thrust ratio (Ø) is the magnitude of radial force divided by radial force at shutoff for 

the single volute casing. This ratio is plotted, in Figure 18, against the flow ratio which is the 

flow rate normalized by the flow at best efficiency. The results show that the minimum radial 

force takes place at a discharge about 25% higher than the best efficiency, for all the cases. The 

shutoff force is reduced to 48% in case of double volute and 28 % in case of triple volute. At 

flow ratio of 100% the radial thrust force is reduced to 40 % in case single volute, 14% in case 

 θ =270  

θ =0  
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of double volute, and 11.6 %in case of triple volute. At flow ratio of 125%, the radial thrust 

force is reduced to18 % in case of single volute, to 11.5 % in case double volute, and to 1%in 

case of triple volute. 

 

 
Figure 18, Variation of radial thrust force ratio versus flow ration for single,  

double and Triple volutes pump at 900 rpm. 

 

The effect of number of volutes on radial thrust force at various flow ratio is shown in Figure 

19. The radial thrust force at flow ratio of 25% at triple volute casing reduced by about 96 

Newton compared to single volute casing, the radial thrust force at flow ratio of 100% at triple 

volute casing reduced by about 38 Newton compared to single volute casing and the radial 

thrust force at flow ratio of 125% at triple volute casing reduced by about 22.5 Newton 

compared to single volute casing. 

 

 
Figure 19, Comparison of the effect of casing type on radial thrust force for different flow ratio. 

 

Force (N) 
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Conclusions 
The volute of a centrifugal pump was divided into two and three volutes and the pump was 

tested under these three conditions. The efficiency was seen to increase by 6 % in case of two 

volutes and 10 % in case of three volutes. The head and discharge of the pump was not altered 

significantly: the pump discharged a 54 m3/hr against 10 m head in all cases. The pressure 

distribution was used to calculate the radial force in all cases. The results agreed with the 

published results for a single volute. The use of the double and triple volutes reduced the radial 

thrust at shutoff to 48%, and 25 % respectively of its value corresponding with shutoff of single 

volute, respectively. The radial thrust ratio took place a 125% of the design flow rate. This 

minimum ratio was 18 % in case of single volute, 11.5% in case of double volute and 1% in 

case of triple volute. 
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