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Abstract. We consider fluid flow in an axial gap around the smooth disc
rotating in a closed cavity. According to the results of experiments on different
working fluids in a wide range of operating modes for smooth discs, the
formula is presented to determine the coefficient of fluid flow spin subject to a
rate fluid flow from the periphery to the center. On the basis of the
experimental data the empirical formula is obtained for the friction torque with
respect to a rate fluid flow.

Modern pumps have very compact construction and low mass. They have an electric motor
or a gas turbine as a rotor drive. Given the functional purpose, in addition to flowing parts,
pumps contain many rotating cavities and channels with fluid or gas. These are varied
hydraulic components: tip clearances and side cavities between disks of impellers and the
body; axial gaps and cavities in contactless and hydrodynamic seals of the rotor; cavies
between the rotor and the pump body [1, 2, 3, 4].

Achieving high performance and efficiency in a centrifugal pump, in addition to effective
energy conversion in its flowing part, substantially depends on perfection of the hydraulic
path with a complex internal interaction of fluid flows and its mutual influence on the flowing
part of the centrifugal pump [1, 2, 4, 5, 6].

Let us consider the flow in the axial gap near a smooth disk rotating in a closed cavity.
Imagine a smooth disc with a cylindrical surface of radius R, , rotating in a closed chamber
with an angular velocity o in the absence of an expenditure fluids flow (figure 1). As a result
of viscous forces impact, a circular movement arises in the chamber: near the disc a fluid
moves from the center to the periphery, and near the wall it moves from the periphery to the
center. Flow continuity is ensured by axial movement of the fluid: it moves from disk at the
periphery in the boundary layer of thickness 8, and it moves to the disc at the central part.

In systems of such type, the flow characteristics (angular velocity of the fluid and disk
friction loss) significantly depend on a change of the Reynolds number Re = wR? /v, relative
axial gap L/R,, , and roughness.

Experimental researches of a fully wetted disc have shown that there are four flow regimes
in the gap between the chamber wall and the rotating disk (figure 2):

- regime | - laminar fluid flow and merged boundary layers due to the small axial gap L.
Circumferential velocity in the axial gap varies linearly;
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Figure 1. Disk rotating in a closed cavity.

- regime Il — laminar fluid flow in the axial gap at separate boundary layers on the disc
and the stationary wall of the chamber. Between the boundary layers, there is a flow
core within which the circumferential velocity is constant;

- regime Il — turbulent fluid flow with merged boundary layers due to the small axial
gap L. Flow velocity of the fluid in the gap varies linearly;

- regime IV — turbulent fluid flow in the axial gap at separate boundary layers. Between
the boundary layers, there is a flow core within which the circumferential component
of the absolute velocity V| is constant.

Each flow regime characterized by its own relations that allow us to estimate the velocity
of fluid flow in the gap and the moment resistance of the rotating disk.

For the Reynolds number Re > 3-10° the flow stops being laminar. And turbulent behavior
of the flow is characterized at the pump elements in the real range of the viscosity of the
working fluid for any value of the axial gap. Moreover, considering the large axial gaps in the
high-speed centrifugal pump, i.e. L >> (5. + 8), we come to the conclusion that the analysis is
required only for the regime IV of the fluids flow.
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Figure 2. The area of existence of different flow regimes in the gap
between the chamber wall and the rotating disc.

Such flow near a smooth disc has been studied in [7]. In this paper experimental data are
presented, which show that the main part of fluid in the axial gap, called a flow core, rotates
in the circumferential direction according to the law of solid body with constant angular
velocity o. The transition from the circumferential velocity of the fluid in the core to the
speed at the disk and to the zero velocity at the wall occurs in a thin boundary layer between
the core and the walls.

By the condition of equality of the moments on the wall and on the smooth disc, the value
of the coefficient of the resistance moment for the smooth disk can be found by the formula

[7]:

C - 0.2335[(R, +C)/R, [*°¢"®
M 4Re1/5 '

R, +C

Where the coefficient ¢ is determined for small values n=100 -1 from the

H
expression 1/¢ =2.06 (1 + 0.014 3n + 0.000 141 n’+...).

For the axial gap limited by the ratio L/Ry < 0.44, what is typical for the construction of a
centrifugal pump unit, with sufficient accuracy we can use the empirical formula for
determining the coefficient of the resistance moment for the smooth side of the disk [7]:

0.151 1.02+L/ RH
n oz 0182 "
(L/RH) Re 12(6 + L/RH)Re

(1)

In a pump unit the flow of fluid is forced and its flow rate is usually determined by the leak
of a centrifugal pump or by conditions of heat removal from the seal cavities.

The investigation of the pressure distribution in the axial gap between the disk and the
chamber wall in the presence of a radial flow was first held by A. A. Lomakin. The analysis
of the results of measurement in the flow between the rotating disc and the chamber wall,
carried out in [7], only generally confirmed the results of A. A. Lomakin.

The results of experiments on different working fluids [8] in a wide range of modes in
operating of smooth discs allowed us to obtain the dependence to determine furling
coefficient for the liquid flow at expendables fluid flows from the periphery to the center:
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¢ =0.578—11V, /(wR,,) —0.0658L, )

where L=L/R.

For research of influence of expendables flows along the smooth side of the impeller disc
on the pressure distribution over its radius, a series of experiments was held with smooth
disks, which have the same geometric parameters with the tested impellers [9]. Experiments
have shown that the experimental points obtained in testing a smooth disk with all the
working fluids at the expendables flows in the axial gap from the center to the periphery for
this range of parameters are well described by relation (2).

For the flow from the periphery to the center the expression is obtained

¢ =0.3865+95.3V,, / oR. ©)

For real values of clearance between the impeller and the chamber wall L =0.5...4.0 mm in the
range of expendable parameter Vr/owR =0.005...0.015.

Under presence the flow rate, changes of the circumferential velocity in the gap influence
on change in tension of friction and on the moment of resistance of the rotating disk [7]. This
can be expressed by increasing the friction moment on the elementary circular area through
width AR:

AM = 27R*ARpC,, (0-RV,)?/2. 4)

The comparison of the friction moments calculated by this equation for the conditions V=

®R/2 (no flow rate) and V, — 0 (high flow rate) shows that for the second condition the
friction moment on the disk is increased fourfold. On the basis of the experimental data the
empirical formula was obtained for the friction moment taking into account an expendable
flow:

0.0187 008 L )s
M = + — |p ®R> . 5
( YRe  JoR, /Vq, Ry Jp . ®)

The difference of the expressions (5) and (1) is that the second term in the bracket of
equation (5) is the friction coefficient, due to the flow rate

Ve,
c., = 0.08L | Vg . (6)
’ Ry \oR,
Accurate expression (6) for the expendable flow of water and air takes the form
0.75 0.3
c., =042.10°{LR) Ga @)

" (oR, /VRcc)O'S ’
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where Ga is the number of Galilee;

oR, 1V,

Ree

1
=2nR}, Lc0\7 . (8)

In testing bladed disks of impellers for the modes, which are the same as the test modes for
smooth disks, the value ¢ obtained that is larger than the value determined by the formula (2).

Let us represent the dependence ¢ = f (V) calculated according to the formula (2) and the
experimental points obtained in a test of a smooth disk (figure 3). It should be noted that a
smooth disk is characterized by satisfactory convergence of the calculated dependences and
the experimental points. However, for a pump impeller there is a significant difference
between these data. This indicates that there is essential influence of vortex impulses on the
hydrodynamics of the flow along the smooth side of the impeller. These impulses come from
the blade side. At the same time the value ¢ for smooth side of the impeller depends on the
flow rate through the cavity of the pump unit.
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Figure 3. A graphical representation of ¢ on the flow rate in the axial gap
for a smooth disk with D,; = 80 mm [4].

For estimation of the vortex impulse exchange in the cavity of the pump unit, in the paper
[6] a series of experiments is shown for smooth disks with different diameters (from 46 to 80
mm) with open impellers and hydrodynamic seals with a visor. Experiments were performed
at the same axial and radial clearances with flow rate V =0.05-10°m®s, which was caused
by the necessity of heat transfer from the cavity of the pump unit.

Analysis of the obtained expressions and the calculation of ¢ for the different disks showed
that these values for impellers with a visor and open impellers are different and at the same
time similar quantities are more for smooth disks. Taking into account existing dependencies
for smooth discs at zero and expendable flows, the value ¢ for impellers can be determined
by the expression

0, =k, 9)
where Kk is a coefficient determined empirically, it takes into account additional furling liquid

in the smooth side of the impeller. As a result of processing of data obtained during the testing
impellers and smooth disks with different sizes and different liquids at @ = 400 ... 2500 rad / s
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and flow rate V = (0.05 ... 1) -10° m® / s, values k = 2 + 0.1 were obtained for an open
impeller and values k = 1.2 + 0.06 were obtained for a hydrodynamic seal with visor.

Thereby, the results of researches conducted for the basic hydrodynamic parameters of the
rotation cavities of pumps units allowed us to develop and experimentally prove the basic
calculation expressions for calculating the flow along the smooth side of the disk impeller.
The obtained analytical expressions describe the accumulated experimental data for the
rational design of the flow part for cavities of rotation and can be used in the development of
design solutions to provide the required level of energy excellence. All this contributes to
efficiency and reliability of modern high-speed pumps units.
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