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Introduction 
Due to a simple design and hydraulic passage that is 
the least susceptible to clogging, torque flow pumps 
(TFP) of Turo type are the most common pumps 
used for pumping various hydraulic mixtures. These 
pumps are referred to vortex pumps, operation of 
which is accompanied by energy loss and vortex 
formation resulting in low economic efficiency. 
Since the TFP is a vortex hydraulic machine, the 
ratio of the fluid velocity in the free pump passage 
to the impeller rotational speed   is an indicator of 
the TFP efficiency. The higher the value of  , the 
more efficient the pump is. The mechanism of the 
energy transfer in the TFP is caused by both blade 
and vortex operating process, or a combined 
operating process.  

Now consider the energy balance in the TFP with 
the experimental impeller. In the analysis of the 
energy balance [7] the following types of losses are 
distinguished: 
- mechanical losses (friction losses in shaft seals  , 
friction losses in bearings  , disc friction losses ) 
- hydraulic losses (losses during the first stage of the 
energy transfer process - losses at the pump inlet 
and at the inlet to the impeller; losses during the 
second stage   -  losses caused by eddy 
displacement losses in the free passage of the 
pump; losses in the hydraulic passage outlet ). 
In the case of a combined operating process, the 
exchange of momentum between the impeller and 
fluid is performed due to both the longitudinal free 
vortex action in the free passage of the pump and 
the blade effect - similar to the operating process in 
centrifugal pumps. That is, the blades extended in 
the free passage of the TFP change its energy 
balance: losses in the second stage of the energy 
transfer process are divided into losses of the vortex 
operating process and losses of the blade operating 
process (Fig. 3). The blade effect is more perfect in 
terms of energy efficiency, since the hydraulic 
efficiency of the centrifugal pumps is 0.85-0.95, and 
in the vortex pumps the corresponding efficiency of 
the operating process is 0.60-0.63. Thus, the total 
efficiency of the pump increases, and the greater 
the ratio   the greater the efficiency is. Practically, 
the maximum achievable efficiency of such pump 
corresponds to the level of efficiency of centrifugal 
pumps with an open impeller. 
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According to the test results, the head at the design 
flow rate  m3/h at maximum extended blades is 
around 10% and the efficiency 4.5% greater 
compared to completely recessed impeller. 
The increase in the parameters of the pump can be 
explained by the fact that the more impeller blades 
extend to the free passage the more circumferential 
component of the velocity is in the area where two 
flows mix together – the one that exits the impeller 
and another that circulates in the free passage. Also 
it creates an increase of the energy transmitted to 
the circulating flow and, as a consequence, the 
number of cycles of its rotation reduces in the free 
passage before entering the discharge nozzle. This, 
in turn, reduces hydraulic fluid friction losses in the 
casing and increases the pump head and efficiency. 
In addition, the portion of the blade operating 
process increases during energy transition in the 
TFP. 
 

The mechanism of energy transfer in the TFP is 
caused by a combined operating process. Economic 
efficiency of the pump can be improved by increase 
of the portion of the blade operating process. 
The TFP is a vortex hydraulic machine in which the 
ratio of the fluid velocity in the free passage to the 
impeller rotational speed   is an indicator of the TFP 
efficiency. 
The study have shown that economic efficiency of 
the TFP of Turo type can be improved and its scope 
can be increased by modifying the design of the 
pump, namely the use of an impeller with extended 
blades. 
The basic equation of the TFP, which determines 
the dependence of the head on the geometric 
dimensions of the hydraulic passage of the pump 
with an improved impeller, is obtained by analytical 
method, which allows us to clarify methodological 
recommendations for its designing. 
Impeller blades that extend into the free passage 
change its energy balance. 
Experimental studies have confirmed the feasibility 
of changing the geometry of the impeller (extended 
blades into a free pump passage) in the TFP of the 
Turo type, since the pump head increases by 10% 
and the efficiency by 4.5%. 
The proposed solution has limitations when liquids 
with large solid inclusions are pumped. 
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Figure 1. Experimental impeller 

Figure 2. Calculation of fluid movement in TFP 

Figure 3. Balance of energy in TFP of Turo type 

with combined operating process 

Figure 4. Characteristic curves of АНSС 50/16 pump at b=0 mm (completely 

recessed impeller) and b=47 mm (impeller with maximum extended blades)  


