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Abstract. This work deals with improvements of the calculation and design methods of 

rotodynamic pump volutes taking into account viscous liquid flow. The research was 

performed with torque flow pump of "Turo" type. The analytical solution for the problem 

within the one-dimensional model of viscous liquid allowed to obtain a viscous liquid flow 

pattern in the volute. The law of velocity variation of viscous liquid flowing through the volute 

was obtained. There are numerical solutions of the problem concerning of viscous liquid flow 

in the pump with volute designed for traditional model of non viscous and viscous fluid.  

The research results are given by means of head-capacity and power input curves. To estimate 

the results of numerical study the tests were performed on the test stand. 

1. Introduction 

Rotodynamic pumps are energy machines. They are widely used in many branches of the industries 

and sectors of the national economy. Today’s tendency of the development of rotodymanic pumps is 

connected with the increasing of their efficiency without any change in their mass and dimension. 

Following the energy balance the part of the hydraulic losses occurs in the volute chamber. The 

decrease of such losses within the total losses balance of a pump needs the improving of the 

calculation and design methods of pump volute especially in case of viscous liquid. 

One of the most effective methods with regard to minimum energy losses is a volute. It consists of 

a volute chamber casted integrally with a pump casing and a diffuser nozzle.  

Volute shall provide axially symmetric flow downstream of an impeller and thus producing steady 

flow in the impeller, convert part of the kinetic energy of the flow downstream of the impeller into the 

pressure energy and direct flow to the discharge nozzle or to the next pump stage.  

Volute designing is carried out for the rated conditions of the pump. Therefore, a relatively small 

circumferential non-uniformity of the flow is observed only within a rather short operating range, 

close to the optimum condition. Beyond the above mentioned range the non-uniformity of the flow 

around the impeller increases greatly. If this occurs the hydraulic losses as well as pressure pulsations 

and radial forces also increase in the volute and impeller. The usage of the volute is economically 

feasible only at the rated conditions. 

The existing methods for calculation of the volutes are based on a number of assumptions which 

simplify the physics of the liquid flow passing through the volutes. These assumptions include [1]: 

 the liquid flow in the volute at the rated condition of the pump is assumed as steady flow;  
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 the liquid flow at the inlet of the volute is axially symmetrical i.e. flow rate throughout any 

section of the volute is proportional to angle of center  ; 

 kinetic energy is transformed into potential energy due to the change of the circumferential 

velocity uV  (radial velocity rV  may be neglected as its value is low relative to the circumferential 

velocity). 

The flow in the volute is determined by constant velocity moment construV 

 
and proportionality of 

its flow rate to angle of section: 
0360

QQ


  [1,2]. 

The principle of the geometry designing of the volute consists of uniformly reducing of its capacity 

from the design section to the "zero" (section through the cut water of the volute) [2]. The law of 

circumferential velocity distribution in such volute is parabolic rather than linear, as it is treated in the 

calculations. 

Following [3], two approaches to the designing of the volute geometry are considered: the friction 

in the volute is not taken into account and it is taken into account. In the equation of the slope angle of 

the volute, which describes its geometry, the correction for liquid friction against the surface of the 

volute channel is applied. And upon that we have made an assumption that the additional friction 

surfaces affect the flow as well as completely closed shell. However, the losses in the volute are 

characterized not only by the wall friction of the liquid but local losses as well (smooth enlargement in 

section of the outlet, flow separation and vortex formation, etc.) which are not included in the present 

calculation.  

In the work [4] the flow in the volute is treated as plane flow induced by straight vortex source with 

infinite length. As the result of this assumption we have received equation for flow line in the polar 

coordinates, which has a form of the logarithmic spiral and is treated as the wall outlines of the volute. 

And two approaches for volute designing is considered: the method according which the velocity 

moment is constant and the method consisting of determining of mean velocity of the flow in the 

volute. The present calculations do not show the pattern of the velocity distribution for viscous flow in 

the outlet channel as they are based on the flow of non viscous liquid. 

Flow area of the volute chamber designed for models of non viscous liquid will differ from that 

designed for models of viscous flow. Subsequently, the volume of losses will be different in these 

volutes. That is why to calculate and study the volutes taking into account the influence of viscosity 

and determination of decreasing of loss volumes while changing the non viscous liquid into viscous 

liquid is still a topical problem. It is considered in the present work. 

2. Theory of calculation and designing of volutes 

The liquid flow in the volute is treated as spiral flow. The flow velocity in the circumferential 

direction is uV  and in radial direction is mV . The volute shall provide the axisymmetric liquid flow at 

the inlet of volute which means that the inlet angle of flow entering the volute 3  in circumferential 

direction shall be constant and equal angle [5,7] (Figure 1): 

3uV

3mV
3tg        (1) 
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Figure 1. Kinematic parameters of liquid flow at the inlet of the 

pump volute. 

In the first approximation the liquid is assumed as non viscous. Determining the geometry of the 

volute instead of the traditional approach consisted in building of a finite and therefore intermediate 

sections we determine the line of volute assuming it as flow line of liquid particle which starts near the 

bottom of the volute cut water. So we can write the differential equation of the flow line in the form 

of: 

ru V

r

V

r dd



      (2) 

The circumferential velocity of non viscous liquid flow follows the law of potential vortex 

constKrVu   [2]. The radial velocity is determined by the flow rate equation. For the radial 

velocity following figure 1, we can write: 

 ddd 33 brVbrVQ rr       (3) 

Taking into account the forgoing, we obtain from the equation (2) the dependency for building of 

the flow line: 

Q
bK

r
r dd             (4) 

Equation (4) determines the value of volute line ascent in the circumferential direction which 

corresponds to the angle of bend   (Figure 2 (а)). 

For outlets with eccentric volute (Figure 2 (b)) the equation takes the form: 

Q
bK

r
l dd             (5) 

where 

 dl – element of the flow line length of meridian section of the volute. 
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(a)  (b) 

Figure 2. Calculation model of volute: (a) construction of the 

volute with coaxial cross-section; (b) construction of the volute 

with eccentric cross-section. 

We shall consider the flow of viscous liquid in the volute chamber of the pump. 

The motion of liquid particle can be conceived of as a group of stream tubes flowing into volute 

and moving along spiral flow lines (Figure 3). 

 

Figure 3. Liquid flow in the pump volute. 

For inlet of volute, section 1 and optional section at the angle   we write Bernoulli equation [6]: 




 1

22
11

1
22

h
g

VP
z

g

VP
z

    
(6) 

where 

1h  - energy losses along the stream tubes; 

01  zz  - energy of position of liquid particles is neglected. 

Energy losses 1h  are assumed as a group of local losses Mh  including bend, flow expansion and 

other as well as losses due to the length Dh : 

 
g

V

g

V
hhh cDМDМ

22

22

1  

   

 

(7) 

where 
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 М , D  and DМc    are coefficients of resistance. 

We replace the stream tubes in the form of spiral lines with the stream tubes in the form of 

concentric circles. The coefficient of resistance is calculated by Welsbach formula [8], obtained 

empirically: 

0

05,3

90
16.031.0


 
























r

d
c   

   

(8) 

where 

d  - pipe diameter; 

r  - bending radius of pipe; 

  - bend angle of pipe. 

According to equation (8), the coefficients of resistance of the pipe for stream tube with rd   

equals: 
0

0

90
31.0


 c

. 

As a first approximation we assume the law of variation of the coefficient of the resistance along 

the section of volute as linear (see Figure 3): 

 

0

3

r

rrtg
c







     

(9) 

where 

10 r  - a single linear size. 

Then calculating the equation (6) with provision for (9), we obtain the dependence of the flow 

circumferential velocity in the volute on radius: 

  constrrbaV a
a

a

u 














1

2

2

    
(10) 

where 

tgb  ; 31 rba   - are coefficients. 

From equation (10) it fallows that when the viscous liquid flows through the volute chamber the 

velocity moment is lower than the velocity moment of non viscous liquid, flowing through the volute, 

it can be explained by energy losses. It means that the sections of volute calculated for viscous liquid 

by equation (10) shall be large than those calculated for non viscous liquid by the condition 

constrVu  . 

3. Research methods 

The check of calculation and designing of volute were performed with the testing torque flow pump 

125/28 with eccentric volute [9]. It is overhung pump designed for Q = 125 m
3
/h, H = 28 m. The 

hydraulic flow part is made according to the method [12]. It is shown in Figure 4. 



6

1234567890

(HERVICON+PUMPS-2017) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 233 (2017) 012005 doi:10.1088/1757-899X/233/1/012005

 
Figure 4. Testing torque flow pump 125-28. 

The researches were conducted by means of numeric modeling and physical experimentation.  

We used ANSYS CFX version for university to carry out numerical modeling of the liquid flow in 

the hydraulic flow part of the examined variants of the torque flow pumps. While modeling the 

operation conditions of the torque flow pump we applied computational domain consisting of pump 

casing including volute chamber and impeller. Computational mesh of impeller had about 1.63 

millions prismatic cells, pump casing – 1.86 millions of cells. Prior to research mesh the independence 

check was made for each element of the computational domain. The value of the variable Y+ was in 

the range from 1 to 20 units, it was complied with the recommendations given in the user manual [10].  

Typical Menter SST model [11] was used for turbulence modeling.  

Numerical calculations were carried out in nonstationary problem. The outlet boundary of the 

calculation domain was located at 6 diameters away from the inlet boundary of diffuser nozzle. As 

boundary condition at outlet of calculation domain we set static pressure. As we assumed the presence 

of back flow at the outlet of the calculation domain the type of the boundary condition was set as 

"opening". 

To conduct this research we designed two variants of casing of the torque flow pump with 

dimensioned volute according [13] (Figure 5): 

variant No.1 – the absent of losses in the volute, according equation (5); 

variant No.2 – the losses in the volute channel is taken into account, according equation (10). 

The calculation showed that the finite section of the volute No.2 was higher by  = 710% than 

the finite section of the volute No.1 due to viscous. 
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Figure 5. The calculation of casing of torque flow pump 125-28 

with eccentric volute. 

4. The study results of the volute geometry of the torque flow pump 

By means of the numerical study we received a head-capacity and power input curves for volutes of 

the torque flow pumps (Figure 6). The curves for model hydraulic flow parts were calculated in a 

capacity range from 0.5 Qopt to 1.25 Qopt. 

According to the research results the optimal operating range of the pump with volute No.1 with 

the highest efficiency 46.4% shifted from the rated capacities towards the area of smaller capacities 

with the value of Q=120 m
3
/h with the head Н= 31.1m. The optimal operating range of the pump with 

volute No.2 corresponds to the rated operating range with efficiency 48.6%: Q=125 m
3
/h, Н= 30.9m. 

Flow area of the volute No.2 is greater than the flow area of the volute No.1. The optimal operating 

range of the pump with volute No.2 corresponds to the rated operating range at the lower losses in the 

volute than the losses in the volute No.2 (Figure 7). 

  
Figure 6. Head-capacity and power input curves 

for casings of the torque flow pumps. 

Figure 7. Distribution of the losses in the 

volutes of the torque flow pumps. 

The shift of the optimal operating range in the volute No.1 with decreased flow areas and increased 

losses can be explained by axially symmetrical distortion of the flow at the inlet of the volute chamber. 

The volute No.2 is characterized by minimal losses at the design point. Therefore, taking into account 

the viscous of the liquid during the designing of the volute leads to the axially symmetric flow at the 

inlet of the volute chamber providing the steady-state flow near the pump impeller thus reducing the 

hydraulic losses. According to the research results (see Figure 6) efficiency of the pump with volute 

No.2 calculated with an allowance for viscosity exceeds by 1-2% the efficiency of the pump with 
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volute No.1 calculated for non-viscous liquid. A good example of ensuring axial symmetry of the 

liquid flow at the inlet of the volute is the dependence of the flow rate 
2K

Q  of the volute chamber on 

the contact angle   (Figure 8). 

The account of the viscosity in the calculation of the volute leads to a linear dependency 
2K

Q ( ), 

and hence it provides axially symmetric flow at the inlet of the volute chamber. The reducing of the 

velocity moment 
2K  in the volute No.1 below the calculated value leads to the shift of the rated 

conditions towards the area of smaller capacities. Volute No.1 is characterized by deviations of the 

analytical and calculation values of 11%, for volute No.2 – 3.5%. 

 

Figure 8. Flow rate of the volute of the torque flow pumps. 

In order to confirm the results of the numerical calculation we tested the volute No.2. The testing 

results are presented by means of head-capacity and power input curves (Figure 9). 

 

Figure 9. Comparative characteristics of the torque flow pump 

with dimensioned volute received after numerical calculations and 

tests. 
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According to the test results the optimal operating range of the torque flow pump with dimensioned 

volute No.2 corresponds to it calculated operating range with efficiency 47.8% and head Н= 28m. The 

comparison of the characteristic curves obtained by testing with the results of numerical calculation 

shows that the head discrepancy is not more than 3% and efficiency discrepancy is about 2%. The 

most likely cause of such discrepancy of characteristic curves of the torque flow pump is the lack of 

information about the operation of the torque flow pump. 

5. Conclusions 

The method for calculating of volute based on the differential equation is presented.  

The usage of one-dimensional model for viscous liquid flow allowed to specify the law of 

circumferential velocity distribution and therefore the velocity moment along the section of the volute. 

The volute calculated on the assumption that the velocity moment is constant along the section of 

the volute chamber constrVu   leads to the shift of the optimal operating range from the calculated 

value towards the area of smaller capacities. The discrepancy of the velocity moment obtained by 

numerical calculation of the viscous liquid problem and non-viscous problem for such volute is 11%. 

The velocity moment discrepancy obtained by calculation performed by proposed dependency with 

account for viscous allows reduce the velocity moment discrepancy up to 3%. 

According to the numerical calculations the volutes of the torque flow pumps calculated by the 

method presented in this work improved the efficiency of the pump up to 1-1.5%. 
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