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У роботі визначені основні геометричні роз-
міри, які впливають на характеристики вільно-
вихрових насосів. Запропоновані зміни дозволи-
ли знизити гідравлічні втрати у міжлопатевих 
каналах робочого колеса. У результаті про-
веденого факторного експерименту досягну-
то підвищення к.к.д. насоса на 4–5 %. Робота 
виконана з використанням методу чисельного 
дослідження. Результати підтверджені шля-
хом проведення фізичного експерименту

Ключові слова: вільновихровий насос, Turo, 
робоче колесо, чисельне дослідження, Ansys 
CFX, факторний експеримент

В работе определены основные геомет-
рические размеры, которые влияют на харак-
теристики свободновихревого насоса. Пред-
ложенные изменения позволили снизить 
гидравлические потери в межлопастных кана-
лах рабочего колеса. В результате проведен-
ного факторного эксперимента достигну-
то повышение к.п.д. насоса на 4–5 %. Работа 
выполнена с использованием метода численно-
го исследования. Результаты подтверждены 
путем проведения физического эксперимента
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1. introduction

Torque flow pumps (TFP) are applied:
– in housing and communal services for the transporta-

tion of ground and waste water, fecal masses, sewage sludge; 
– in the food industry for pumping the syrups, juices, 

suspensions and other liquids with elevated viscosity; 
– in metallurgy and coal industries for the transportation 

of coal, ores, ashes, sludge; 
– in the oil industry for pumping the waste of petro-

leum-chemical production;
– in agriculture to transport organic fertilizers, potato, 

vegetables;
– for pumping other liquids, which have abrasive, fibrous 

and easily damaged particles.
Improving energy efficiency of pumping equipment is an 

important task today given high energy prices.
Torque flow pumps of the «Turo» type are equipped with 

impellers with radial blades or with the blade outlet angle 
β2<90° (Fig. 1).

Such arrangement of the impeller blades ensures low 
energy efficiency indicators related to a mismatch between 
the blade inlet angle β1 and the blade outlet angle β2 from the 
impeller and the angle of flow arriving to the blade. 

Improvement of the design of impeller without changing 
its overal dimensions looks promising. This makes it possible 
to improve existing pumps by replacing the impeller. In this 

case, the remaining elements of the flowing part do not need 
to be replaced. Thus, the improvement of energy efficiency of 
torque flow pumps is achieved at minimal investment cost. 

Fig.	1.	Working	impeller	of	a	torque	flow	pump

The relevance of present work is in improving the effi-
ciency of existing torque flow pumps at minimal investment 
funding.

2. literature review and problem statement

Life cycle cost of torque flow pumps (TFP) is signifi-
cantly lower than that of other types of pumps [1]. This is  
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linked to bringing down the investment costs, related to  
a significant increase in the operating resource of elements 
of the flowing part of the torque flow pumps, in comparison 
with centrifugal pumps.

Authors of article [2], using a high-speed video camera 
and a thread of various length, showed a flow pattern in 
the flowing part of a torque flow pump when transporting  
a liquid with fibrous inclusions. As a result, a method was de-
veloped for assessing pump clogging with fibrous inclusions 
that are contained in the liquid. 

Investigation [3] determined that an increase in the blade 
inlet angle β1 at impeller input leads to lower head and pump 
efficiency while in the blade outlet angle β2 – to an increase 
in the head and efficiency.

Paper [4] addressed the ways of improving efficiency by 
changing the structural elements of the impeller of torque 
flow pump of the «Seka» type: impeller diameter D2, the 
impeller width b2 the blade inlet angle β1 the blade outlet  
angle β2 of the impeller, as well as the number of blades z. In 
contrast to the article reviewed, the paper assessed mutual 
influence of factors, as well as the degree of influence of each 
factor on the pump parameters. In addition, an increase in 
the impeller width b2 leads to the movement of the impeller 
to the pump free chamber. However, that results in a decrease 
in the operation resource, as well as the damage is possible 
to the transported products that contain easily damaged 
particles. 

Improved parameters of TFP are attained by applying 
the winglets on the blades of the impeller [5]. Thus, in the 
workflow of the pump, the centrifugal component increases 
while the vortex component decreases. However, this results 
in a significant decrease in the operation resource of elements 
in the flowing pump part and possible deterioration in the 
quality of transported product as a result of hitting the blade 
of the impeller.

Investigation [6] found that in order to improve pump 
parameters when using an impeller blades with winglets,  
a gap between the impeller and the casing is required. This 
gap can be of conical shape with a cosine angle of 15°, or of 
cylindrical shape with size not less than 10 mm. 

With the aim of increasing head in the pump based on  
a torque flow pump, a spiral pump was designed [7]. Im-
proved head is achieved by increasing the centrifugal compo-
nent in the pump workflow. A wide gap between the casing 
and the impeller prevents blockage of the pump.

Paper [8] proposed a design of the TFP diffuser, which 
enables improving efficiency of the pump by up to 4–5 %. 
This is achieved through the harmonization of geometrical 
parameters of free chamber of the pump casing with the di-
rection of the vortex flow. 

Study [9] reported a significant increase in the centrifu-
gal pump head for flow rate modes Q<0.5QBEP with the in-
troduction of a vortex stage in the composition. Elimi nating 
a lagging zone of Q-H characteristic for flow rate modes 
Q<0.5QBEP made it possible to improve vibration characte-
ristics of the pump, as well as to avoid surge.

Articles [10–12] compared pump parameters derived 
from numerical analysis using the Ansys CFX programming 
package with data obtained as a result of physical experi-
ment. The difference in results does not exceed 5 % for the 
operating range, Q = 0.7–1.2QBEP, as well as 7 % for supply 
modes <0.7QBEP, and Q>1.2QBEP. This does not exceed an  
error of experimental research methods. Thus, a numerical in-
vestigation can be applied to improve the torque flow pumps. 

The need for further research is predetermined by the fol-
lowing. Existing studies do not make it possible to determine 
geometric dimensions of the impeller, which demonstrates 
maximal efficiency. For example, in order to improve energy 
efficiency of a torque flow impeller, it is recommended to 
increase the blade outlet angle β2. For the same purpose, it is 
recommended to reduce the blade inlet angle β1. The simul-
taneous use of these two recommendations leads to a signifi-
cant change in the blade installation angle in the direction of 
fluid motion in the inter-vane channels. As a result, losses in 
the impeller will grow while its energy efficiency falls.

3. research goal and objectives 

The goal of present research is to identify the influence 
of geometrical dimensions of the impeller on the efficiency 
of a torque flow pump of the «Turo» type. This will make it 
possible to reduce hydraulic losses in the nter-vane channels.

To accomplish the set goal, the following tasks have been set:
– to derive regression equations in the natural form for 

the pump head and efficiency. To identify statistically sig-
nificant factors influencing the pump head and efficiency. To 
determine the degree of impact of each factor on the pump 
head and efficiency in accordance with regression equations;

– to determine the effect of change in the examined struc-
tural elements of the impeller on the head and efficiency of  
a torque flow pump using the method of numerical investigation;

– to design an improved impeller of a torque flow pumps 
with elevated efficiency;

– to carry out experimental investigations in order to 
confirm adequacy of the undertaken series of numerical in-
vestigations.

4. Examining the impact of design of the impeller  
on pump characteristics

4. 1. Procedure of conducting the research
In order to improve efficiency of a torque flow pump tak-

ing into account the minimal life-cycle cost of the pump [13],  
it is proposed to improve design of the impeller. In this case, 
other design elements of the pump, in particular, casing, re-
main unchanged. 

To conduct the investigation we employed a planning 
method of factorial experiment. Similar research procedure 
was applied in papers [14, 15].

The 23 first order plan was accepted (Table 1). It allows 
us to estimate the impact of each factor on the optimization 
parameters. The head H and the pump efficiency η served as 
the optimization parameters.

Table	1

Levels	and	intervals	of	factor	variation	

Factor Denotation Interval
Factor levels

Primary 0 Upper +1 Lower –1

z x1 2 6 8 4

β2, ° x2 20 50 70 30

D2, mm x3 5 320 325 315

Based on the review of scientific literature, we chose as 
the main influence factors (Fig. 2) on the optimization pa-
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According to the model received, the greatest influence 
on the efficiency of a torque flow pump is exerted by a change 
in the diameter of the impeller. At an increase in the impeller 
diameter, a gap between it and the casing bore reduces. This 
leads to a decrease in the losses.

An increase in the blade outlet angle β2 leads to a de-
crease in the efficiency of a torque flow pump. The differ-
ence with the results obtained in [3, 4] is explained by the 
following. At a change in the blade outlet angle β2, the blade 
installation angle in the blade inlet angle β1 does not change. 
In the present work we proposed the dependence β2/β1 = 1.5. 
Therefore, an increase in the blade outlet angle β2 results 
in the increase in the blade inlet angle β1. This reduces the 
mismatch between the given angle and the angle of a fluid 
inleakage on the blade.

At the same time, while increasing the number of blades z 
and the blade outlet angle β2, there is a certain fall in the effi-
ciency of a torque flow pump. This is explained by increasing 
losses at the input and in the impeller inter-vane channels. 
Thus, these losses exceed the gain of energy, which is trans-
ferred from the impeller to the flow. 

Adequacy check of the received model was conducted 
using the Fisher’s criterion:

F FpH TH= < =2 02 6 2. . ,  (3)

F Fp Tη η= < =2 02 6 2. . ,  (4)

where FpH, Fpη are the estimated values of the Fisher’s crite-
rion by head and efficiency; FТH, FТη are the theoretical values 
of the Fisher’s criterion by head and efficiency. 

The estimated values of the Fisher’s criterion for head 
and efficiency are lower than those theoretical. Accordingly, 
the resulting model is adequate. 

In order to refine the extent of influence of the struc-
tural elements of impeller on the characteristics of a torque 
flow pump, we conducted an additional series of studies 
with one variable impact factor by the method of numerical 
analysis.

We examined the influence of the blade installation angle 
in the blade outlet angle β2 on the pump operating parame-
ters (Fig. 4): head H (Fig. 4, a), efficiency η (Fig. 4, b), flow 
rate Q (Fig. 4, b). The given parameter varied ranging from 
30° to 50°. To minimize hydraulic losses due to the increased 
difference between the installation angle in the blade inlet 
angle β1 and the blade outlet angle β2, the value of the given 
angles was chosen as a ratio of β2/β1 = 1.5.

The head of a torque flow pump increases with an in-
crease in the blade outlet angle β2 in a non-linear way. Para-
bolic curve of head dependence on the value of this angle is 
explained by the following. An increase in the blade outlet 
angle β2 also increases the blade outlet angle β1. In this case, 
the losses at the input and in the inter-vane impeller channels 
increase faster than the gain in energy that is transferred 
from the impeller to the fluid.

The highest value of the torque flow pump efficiency was 
achieved for the impeller with the blade outlet angle β2 = 50°. 
In this case, the blade inlet angle β1 = 33°. 

A separate series of investigations implied identifying  
a degree of influence of the change in the number of blades on 
the pump operating parameters (Fig. 5): head H (Fig. 5, a), 
efficiency η (Fig. 5, b), flow rate Q (Fig. 5, c).

An increase in the number of blades z leads to increased 
head of a torque flow pump. This occurs as a result of an 

increase in energy, which is transferred from the impeller to 
the fluid flow. The pump head increases with an increase in 
the number of blades in a nonlinear way. Parabolic curve and 
reduced head gain at an increase in the number of blades is 
explained by a decline in energy that is transmitted from the 
impeller to the flow. In this case, the losses at the input of the 
impeller and in the inter-vane channels grow.
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Fig.	4.	Effect	of	the	blade	outlet	angle	β2	on	the	torque	flow	
pump	operating	parameters	(z	=	6;	D2	=	325	mm):		

a	–	on	head	H;	b	–	on	efficiency	η;	c	–	on	flow	rate	Q
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Fig.	5.	Effect	of	the	number	of	blades	z	on	the	torque	flow	
pump	operating	parameters	(β1	=	33°;	β2	=	50°;	D2	=	325	mm):	

a – on	head	H ;	b – on efficiency	η;	c	–	on	flow	rate	Q
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7. conclusions

1. Regression equations for the head and efficiency re-
vealed significant impact of the blade design on the operating 
parameters of a torque flow pump of the «Turo» type. In 
terms of head, statistically significant factors include: the 
number of blades z, the blade outlet angle β2, as well as the 
outer impeller diameter D2. In all cases, at an increase in the 

factors, the pump head increases. In 
terms of efficiency, statistically sig-
nificant factors are: the blade outlet  
angle β2 and the impeller outer diame-
ter D2. Statistically significant is also 
the mutual influence of the number of 
blades z and the blade outlet angle β2.  
With an increase in the impeller diame-
ter D2, the efficiency improves.

2. As a result of a series of nu-
merical investigations conducted, we 
revealed the influence of change in 
the examined structural elements of 
the impeller on the torque flow pump 
characteristics. An increase in the 
blade outlet angle β2 to 50° leads to 
improved efficiency of the pump. The 
same result is obtained at a simulta-
neous increase in this angle and the 
number of blades z. A further increase 
in the blade outlet angle β2 to 70° leads 
to a decrease in the pump efficiency. 
Such difference between the results 
of previous studies is explained by the 
following. In the present work, the 
blade inlet angle β1 changes by de-
pendence β2/β1 = 1.5. This contributes 
to reducing the flow tear-off regions 
in the impeller inter-vane channels. 
An increase in the blade inlet angle β1  
leads to an increased mismatch bet-
ween the given angle and the angle of a 
fluid inleakage to the blade. As a result, 
hydraulic losses at the input to the im-
peller increase. A special feature of the 
present work is the examination of mu-
tual influence of the the blade inlet an-
gle β1 and the blade outlet angle β2 on 
the torque flow pump characteristics.

3. We determined values of the 
examined structural elements of the 
impeller, at which the largest effi-
ciency of the pump is reached: impel-
ler diameter D2 = 325 mm, number of 
blades z = 6, the blade outlet angle 
β2 = 50°. In this case, the blade inlet 
angle β1 = 33°. By changing the im-
peller design, we achieved a 4–5 % 
increase in the efficiency as a result 
of reducing hydraulic losses in the 
impeller inter-vane channels.

4. The physical experiment confirmed adequacy of con-
ducting a numerical investigation. The difference in results 
between the numerical investigation and physical expe-
riment study does not exceed 5 % for the flow rate of the 
operating range, which does not exceed the error limit in 
experimental research methods.

а b c

Fig.	9.	Velocity	distribution	at	the	rim	of	the	blade	(Q = 80	m3/h):		
a – location	of	the	cutting	plane;	b – velocity	distribution	in	the	inter-vane	channels	

of	the	existing	impeller;	c – velocity	distribution	in	the	inter-vane	channels		
of	the	new	impeller

Fig.	10.	Velocity	distribution	in	the	middle	of	the	inter-blade	channels	(Q = 80	m3/h):	
a – location	of	the	cutting	plane;	b – velocity	distribution	in	the	inter-vane	channels	

of	the	existing	impeller;	c	–	velocity	distribution	in	the	inter-vane	channels		
of	the	new	impeller

а b c

Fig.	11.	Velocity	distribution	near	the	disc	(Q = 80	m3/h):		
a – location	of	the	cutting	plane;	b – velocity	distribution	in	the	inter-vane	channels	

of	the	existing	impeller;	c –	velocity	distribution	in	the	inter-vane	channels		
of	the	new	impeller

а b c
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