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Abstract

We present the results of numerical calculation of velocities and pressure allocation in the flow part
(turbine setting) of the torque flow pump type "Turo" in the origin and growth of cavitation using the software
ANSYS CFX 11.0. Torque flow pumps yield to centrifugal pumps in terms of efficiency, but also provide
reliable and continuous work throughout the period of operation. To estimate the reliability of the pump work
it is necessary to focus attention on their cavitation qualities. To ensure in reliable continuous operation of the
pumps it is requires to estimate numerically the degree of cavitation growth, as well as features of its origin.
To perform the calculation it was constructed the computational domain, which consists of a free camera and
the impeller. At the initial stage, we calculated the flow in free of cavitation mode for single-phase medium
using a standard k-¢ turbulence model. In the next step we calculated the model of flow with cavitation. This
calculation is performed in a wide range of static pressures at the pump inlet. As a result of the calculation, the
areas of origin and growth of cavitation were defined in the flow part of the torque flow pump at different
values of NPSH and the cavitation characteristic of the pump was obtained. The results of numerical studies
are confirmed by the physical experiments taking place earlier.

Keywords: cavitation, torque flow pump, cavitation curve, numerical calculation, two-phase model.

1. Introduction

Torque flow pumps (TFP) finds an application for the pumping of untreated industrial and domestic waste water,
semi finished products in a form of viscous liquids, liquids with solid particles and fibrous inclusions, and various
suspensions,

The free chamber (FC) before the impeller (IM) is a constructive feature of the TFP pumps. IM location in the
casing cylindrical boring (Fig. 1) and free passage of the fluid main flow through the FC allows the pump to pump
mixtures of high concentration of solid impurities without changing the basic parameters and with high cavitational
properties

Torque flow pumps yield to centrifugal pumps in efficiency, but they provide reliable and durable work during the
entire period of operation.

When assessing the reliability of pumps, special attention is given to cavitation properties. Ability to work without
cavitation with increasing the hydraulic resistance at the inlet of the pump makes it possible to increase the
concentration of the pumped fluid, and a later demonstration of the cavitation consequences makes it possible to
decrease the depth of the foundation laying for pump units. Ultimately, this all leads to increased efficiency of using the
TFP pumps [1].

Providing reliable and durable work of pumps requires knowing a quantitative assessment of the cavitation
development degree, as well as features of the onset and development of cavitation occurrences.
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Fig. 1 "Turo" type torque flow pump design (1 — casing; 2 - impeller; 3 — end seal; 4 - bearing housing)

2. Setting numerical investigation of cavitation in the flow path of the torque flow pump

Investigation of cavitation in pumps is conducted mainly on the basis of energy method of research. In this case,
cavitation characteristics are built by change of their pressure and power characteristics. The goal of theses
investigations is to determine a moment when energy parameters on the stalling cavitation characteristic of the pump
start to decrease, which indicates the influence of cavitation on the work process in the pump. However, cavitation
occurs long before the mentioned characteristics have been changed. It is impossible to determine the time of cavitation
occurrence in the pump and to ascertain the location of its onset by using the energy method. Besides, a physical
experiment requires high material costs during the investigations.

This paper proposes a method of computational analysis for cavitation process in TFP using the ANSYS CFX11
software [2]. Analyses were conducted for the TFP containing a half-open type impeller with 10 flat radial blades
installed with tilt angle of 90 degrees. The basic pump parameters are: capacity Q = 80m’/h, head H = 20m.

Calculation area consists of two following elements: the free chamber (FC), which is a stator element, and the
impeller (IM), which is a rotating element. For each element of the work area, an unstructured calculation mesh was
built. To simulate the flow in the boundary layer with sufficient accuracy, a layer, consisting of prismatic cells, was
selected near the solid walls. There is a tetrahedral mesh for the FC and for the IM in the flow core area. The total
number of elements of the computational mesh is 2 million 700 thousand cells. Flow simulation was realized in
stationary definition.

At the initial stage, the calculation of flow was performed with conditions that eliminate cavitation occurrence. This
calculation was performed for single-phase fluid using the standard k - & turbulence model. Two interfaces were given
in the work area between the stator and rotor elements: at the inlet to the IM and at the outlet from it. The "frozen rotor"
data type of interfaces was accepted, which assumes averaging the parameters over time. As boundary conditions, there
were specified mass flow rate at the inlet to the calculation area and the value of static pressure at the outlet. Flow
calculation with the model of cavitation was the next stage. The boundary conditions had been changed: there were
specified static pressure at the inlet and mass flow rate at the outlet. The calculation was carried out in a certain range of
static pressures. Each subsequent calculation was carried out with a lower static pressure at the inlet by the accepted
interval. Data from the cavitation free mode calculation had been used as an initial approximation for the first point, and
then from the previous ones for each of the next point. It made possible to obtain the stalling cavitation characteristic at
a constant flow rate.

3. Analysis of simulation results

As a result of the flow structure analysis in the TFP setting at the cavitation free operation mode of the pump,
distribution of absolute velocity and pressure had been obtained. Fig. 2 shows results of the calculation analysis of
absolute velocity and pressure distribution nature in the pump IM between blades channels near the bushing and on the
periphery. Velocity value (Fig. 2a) at the back side of the blade is higher than one at the work side, but the peripheral ‘
velocity is reduced to 0. At the back side of the blade, pressure value is less than one at the work side, but in the
direction of IM outlet, pressure increases up to its largest values.

For more detailed understanding of nature of the fluid motion in the TFP impeller, calculations were performed in
the IM sections (Fig. 3) in XY plane: on edges of the IM blades, at a distance of 22 mm from the IM inlet and near the
basic disk.
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On the section of the IM blades edges (Fig. 3a), areas of small velocities are located randomly, and at the periphery,
velocities increase on the perimeter of the cylindrical niche. Nearby the bushing (Fig. 3b) along the fluid flow, areas of
small absolute velocities increase; however, distribution of velocities in the between blades channels has approximately
the same nature. (Fig. 3c) shows distribution of absolute velocity near the impeller basic disk. In this case, it becomes
noticeable an expansion of small velocity area along the entire blade at its work side and high velocity area at the back

side.

a) b)
Fig. 2 Distribution of absolute velocity and pressure in the between blades
channels of the pump impeller

©)

Fig. 3 Distribution of absolute velocities in the IM sections

To explain the results, let us consider the work process of a TFP pump [3].

The fluid from the suction pipe enters into the impeller at the bushing area and is directed to the periphery under
centrifugal force. Total flow of fluid in the pump consists of a flow in the FC and a flow in the IM. When the fluid flow
goes out from the IM, one its part with a high reserve of energy goes to the outlet, and the second part loses energy
reserve during interaction with the stream flow in the FC and is directed towards the inlet. As a result, fluid meridional
motion or longitudinal vortex appears. Uneven distribution of velocities in longitudinal vortex affects the pressure value
in the FC and IM. The mentioned fact is a cause of the uneven distribution of absolute velocity in the IM between

blades channels along the direction of the fluid motion.
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The presence of area of absolute velocity small values at the bushing area is explz&ined by the presence of vortex area
due to detached flow of the IM entrance edges or fluid flow inlet on a larger diameter.

Fig. 4 shows nature of absolute velocity change in the FC of the pump. For both iM and FC, the highest values of
velocities are seen at the periphery of the setting. At the perimeter of the FC, uneven distribution of velocities takes
place. With this, areas of high velocities are located symmetrically. The mentioned fact can be explained by deformation
of the longitudinal vortex caused by influence of the pump outlet.

Velocity
{Vector eming)
17.9

s

8.9
e a1}

Fig. 4 Distribution of absolute velocity in the FC

Primary goal of the analysis was to calculate two-phase fluid with the cavitation model. As the initial data, results of
the single-phase fluid calculation were used.

Investigation of cavitation phenomena and development of measures to prevent cavitation or to reduce its
consequences are the part of the overall trends to energy and resource saving in the development and operation of
pumping equipment. Cavitation should be considered as a major negative consequence, which prevents normal pump
operation. To improve the design of pumps, it should be known locations of cavitation occurrence and causes of their
onset.

As a result of the calculation, areas of cavitation onset and development in the TFP setting at various values of
suction head have been determined, and a stalling cavitation characteristic has been obtained.

Result of the numerical calculation is confirmed by the physical experiment conducted earlier. Along with visual
observations, photography of cavitation areas at different stages of its development was carried out (Fig. 5-10).

When suction head is NPSH = 8.2 m, on the back of the blade near the IM bushing, cavitational bubbles are visible
(Fig. 5).

Formation of the cavitation area is explained by local pressure drop due to imperfect flow around the entrance edges.
Though, bubbles aggregation areas do not form a continuous cavitation area. Bubbles periodically tear off from the
blade surface and disappear in the IM between blades channels. Bubble size depends on the concentration of saturated
steam fluid. :

Watw Vagow w25 £ Vokroe Fraction
[ ]
18

Fig 5. Cavitational areas when NPSH = 8 m

When suction head is NPSH = 6.3 m, cavitational bubbles have a clearer form. Aggregations of cavitational bubbles
form a continuous cavitation area extending along the back side of the blade (Fig. 6). With this, pump head is practically
unchanged.
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When NPSH = 4 m, a border is clearly visible at the IM inlet in the minimum pressure area, downstream from which,
at the rear side of the IM blade, cavitational bubbles move. Some of them fall into the between blades channels, and the
other part goes to FC. It is distinguished by the gap cavitation appearing in the clearances between the ends of the
blades on the outer diameter and the pump case cylindrical boring (Fig. 7).

Water Vapour at 25 C.Vokme Fraction
Dumsriacs 1)
18

Fig 6. Cavitational areas when NPSH = 6.3 m

Water Vapoer at 25 C. Vohame Fraction
Oy e Y
(X"

Fig 7. Cavitational areas when NPSH =4 m

With further decreasing pressure on the pump inlet, when NPSH = 3.7 m, area of cavitation at the IM inlet is
extended downstream (Fig. 8). Under these conditions, resistance of flow, running on the IM blades, increases. Effective
cross-section of the active flow decreases, and velocity in the between blades channels increases. Vapor-liquid bubbles,
having torn from the cavity, reach the IM outlet. This causes changing the flow parameters and consequently reducing
the pump head.

Water Vapour a2t 25 €. Volne Fraction
vometack 1
18

Fig 8. Cavitational areas when NPSH=3.7m
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When suction head is NPSH = 3.1 m, demonstration of the cavitation areas intensify (Fig. 9). Stable cavitational
area extends from the IM to the FC of the pump. The between blades channels are filled with a liquid-vapor mixture.
Transfer of energy from the IM to fluid flow takes place at the peripheral area of the IM blades. Gap cavitation
increases in size and spreads from the cylindrical niche to the FC. The pump head decreases, but does not drop sharply.

Water Vapour 8t 25 €. Vol Fraction
Gsomarioce 1}

r 1.0

Fig 9. Cavitational areas when NPSH=3.1m

At the point 6, suction head is NPSH = 1m. This case is characterized by increasing demonstration of the specified
cavitation areas (Fig. 10). Cavitational area is almost completely filled the between blades channel, but fluid pumping
continues.

Fig 10. Cavitational areas when NPSH = 1.5 m.

When the pump inlet pressure decreases, the pump parameters change due to cavitation onset and development. Stall
of the pump parameters takes place when cavitation is considerably developed.

Depending on the stage of cavitation development, radius of flow inlet to the impeller is changed. When the area of
low pressure increases, power is transferred to flow by parts of the impeller blades in which pressure is higher than the
pressure of saturated steam.

When the saturated steam pressure has been distributed throughout the between blades channel, stall of the pump
parameters takes place. Cavitation occurrences in other locations (in the connection area of the inlet fitting with the free
chamber of the pump, in the area of the outlet tongue, and gap cavitation at the impeller outlet) do not have an
appreciable effect on the parameters stall, and hence on the suction capacity of the pump. Their influence appears only
as an effect of such cavitation hazards as noise, vibration and cavitational erosion of the pump setting elements.

Fig. 11 a shows distribution of absolute velocity in the FC and IM of the pump during cavitation appearance.
Virtually, initial cavitation does not have an effect on the nature of absolute velocity distribution in the IM and FC.

Fig. 11 b shows distribution of absolute velocity in the FC and IM of the torque flow pump, before the 3% drop of
the pump head.

Fig. 11 ¢ shows distribution of absolute velocity in the FC and IM of the torque flow pump after the 3% drop of the
pump head; however the exchange of fluid energy takes place.

The results of analysis of the torque flow pump work process can represent an approximate pattern of fluid flow in
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the free camera and in the impeller during cavitation onset and development. Areas of cavitation onset in the TFP have a
certain place. Their location depends on many factors, which primarily include operating modes and conditions of fluid
intake, and also the ratios of geometric dimensions of the pump setting [1].

Analyzing the obtained distribution of absolute velocity and pressure in the impeller between blades channels, we
can conclude that cavitation in the TFP starts from the back side of the IM blade near the bushing. At the first stage of
the process, compression of flow at the inlet to the IM takes place, resulting in increasing flow velocity and
corresponding decreasing pressure. After the section has been compressed, flow expansion takes place: the kinetic
energy falls, changing partly into the energy of pressure, and dissipates under the influence of dissipative forces. When
cavitation area at the inlet to the IM expands, fluid flow from the inlet fitting goes to the between blades channels. The
process of the flow compression and expansion is repeated. With pressure increasing after compression of the section,
cavitation bubble collapse takes place in the IM between blades channels or in the FC.

Fig. 11 - Distribution of absolute velocity in the IM and FC: a - appearance of cavitation, b - before the 3% drop of
the pump head, ¢ - developed cavitation.

According to the results of the numerical calculation, a stalling cavitation characteristic of the torque flow pump was
built

(Fig. 12).
H,m
16 3% drop of the pump head Test data
14 -
Numerical results
12
10 +

0 2 4 6 8 10 12 14
NPSH, m
Fig. 12 - Stalling cavitation characteristic of the torque flow pump 3% drop of the pump head curve.
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With decreasing pressure at the pump inlet, cavitation process in the setting starts before the stall of the pump
operating mode takes place. After reaching a certain size of the cavitation area, the pump head decreases compared to its
initial value, but a sharp drop does not happen. And only after spreading the cavitation area along the setting, the head
gradually decreases. Sharp stall of the parameters does not take place in TFP, and this is their advantage in use.

4. Conclusions

Comparing results of the numerical calculation, we can draw some conclusions:

- relationship between a pattern of the fluid flow and cavitation onset start and development has been obtained;

. cavitation arises in the IM at the back side of the blade near the bushing;;

- areas of cavitation onset in the Turo type TFP with the IM have been determined;

- cavitation in the TFP exists long before the stall of its parameters;

- sizes of the cavities are not completely identical in all between blades channels due to their different location
relative to the pump outlet;

6. stall of the pump operation is a consequence of cavitation expansion along width of the between blades channels
and spread of cavitation bubbles in the free camera.

O T R S

Nomenclature
H head {m]
0 capacity [m’/h]
NPSH net positive suction head [m]
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