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ABSTRACT

CFD analysis of two first - stage centrifugal imped is
undertaken with the main goal to obtain additioeluation
data regarding flow characteristics of the oldtfatage impeller
design and in the proposed new cantilever impeisign. The
new design is developed to reduce thé stage impeller
cavitation erosion damage of a multistage centafufiped
pump. This stage of work comprises computationatstef
both impeller models under the same mode of omera8000
RPM and volumetric flow rate 0.0503 m3/s. Both iitgrs are
planning to be tested experimentally. The inletrgety for
CFD tests is taken from the test facility draft.eThutlet is
made like a circular vaneless diffuser. In the aédign, a hub
developed upstream presents the through shaft. Qatignal
results are compared with the head/efficiency datevered by
plane cascade theory. Computational data showslamntage
of the new design by head and efficiency althouble t
efficiency level is underestimated. Computationatadshows
lower pressure zones in the proposed design aaéided at the
impeller inlet periphery, in the old design loweegsure zones
spreads along the blade inlet height. Further caatipmal test
will be made for the whole geometry including thege stator
part and experimental validation of the proposedigie will
follow.

INTRODUCTION

The multistage centrifugal pumps are applied ad fee
pumps in heat and nuclear power plants, in shiprggne
installations, in petroleum and other industriesctspump has
a long through shaft of large diameter with two shmaft seals,
oil lubrication bearings installed beyond the pucaging, and a
lateral fluid inlet to the first stage. The longrdbgh shaft
worsens the rotor dynamics, increases fluid vejoeit the

impeller inlet reducing cavitation quality, and estgthens
cavitation erosion of the pump first stage. Despié
disadvantages, such design concept of multistagérifteyal
feed, petroleum, mine and other pumps is conveation

During activity under the CRDF contract in the pump
laboratory of Kaluga branch of Bauman Moscow State
Technical University (Bauman MSTU) a preliminarysig of
the new multistage feed pump for 300 MW power usit
developed. It has the first stage cantilevered Irepand axial
fluid inlet. The pump shaft rotates in two hydrodymc
bearings fed by the pumping fluid. The first begrioush is
located in the vane stator disk bore, and the skedrefore the
unique tip shaft seal at the pump drive side. Tidicated
arrangement of bearings allows to reduce essentiadl shaft
length and its bend and to improve dynamics charistics.
Cantilever centrifugal impeller installation of tHest stage
decreases input diameter and relative flow velogitthe blade
input. It improves suction capability and decreasasitation
erosion intensity. In the laboratory pump old aegvrmodel of
the multistage feed pump first stage will be test€dnfuser
inlet, centrifugal impellers and vane diffuser witleturn
channels are designed by one-dimensional theorgloeed in
Bauman MSTU.

With rotation speedn =3000RPM and flow rate
Q= 005m?/s both stages are designed for a head level of
H=69m. The specific

makedng = 365N El/@/ H °”® =100, cavitation specific
speed is C = 562[h E{/al NPSH*®=1000 and

reduced eye diameter coefficient

Ko =+4/DZ-d?/3/Q/n=39 that is typical for the

modern feed pump first stage. Both centrifugal ilepe are

stage speed
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contoured by conformal mappings method. Blades have
cylindrical form at the exit and spatial shape e tmpeller
inlet. The latter gives small positive angles ahelk and avoids
flow separation and back flow at the impeller inlEbe ratio of
inlet diameters of old and new impeller designs @sak.4. The
intensity of cavitation erosion is proportional abdhe sixth
power of the ratio of input peripheral velocities R]. Thus,
one can expect that with the cantilever impellerititensity of
cavitation erosion will decrease approximately Haetor of 8.
The methods planned to be used for evaluationeotévitation
erosion include location of varnish coating remo¥atms of
the cavities, length of the cavities, and vibrasi@nd pressure
pulsations level. CFD unsteady flow analysis isaerteken to
get additional evaluation data regarding flow paters of two
impeller designs. The part of this computationalgedure[3, 4,
5] is a common iterative method for non-compressithid
flow.

NOMENCLATURE
V -- Velocity vector
t -- Time
X -- spatial coordinate
P -- Relative static pressure
L -- Density
-- Dynamic viscosity
-- Volumetric force

-- Turbulence energy
-- Turbulence dissipation rate

M X T

GOVERNING EQUATIONS

The mathematical model bases on the Navier-Stokes

equations

ov op 1

——+0(VOV)=-—+=0((u+p)(OV+(OV)' ) +F
ot p P

1)

and taking into account the continuity equation for
incompressible liquid
av =0

2

Relation (3) uses standaki— &£ model of turbulence [6]
to determine turbulent viscosity
k2
=C I
/'It pp £
3
The following equations make kinetic energy and
dissipation:

K L avk) =L ogu+ Aoy + & -«
ot p o, p

4)
% s nve) = Lou+ Eoyne +£c, S -ce)
at yo, g, k o,

®)
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( +

WhereG =
o 'utdxj Ix; IX

)

The turbulence model constants are

0, =1.0;0,=13;C,=0.09; C, =1.44;C, =1.92

Navier-Stokes equations are solved by splitting hoet
with implicit algorithm and high-order numericalhsne for
convective transfer terms. Initial condition is@@ressure and
velocity in entire computational domain. Initial lvas of
kinetic energy and dissipation are calculated aatmally
during the first step of computation. At the inteiundary the
normal velocity component defines volumetric floate. At the
outer boundary, free-outlet flow condition is useith constant
pressure and linear extrapolation of velocity friomer nodes.

Boundary condition on the wall represents a lobarit
law numerical equivalent for the velocity tangehtiamponent.

It makes from the following expression

Ve YTyt <y
V. |u" y"=yf
(6)
V.= B
Yo,

where V. is the friction velocity, 7, is the wall shear

stress and the turbulent boundary layer kinemagiasdmeters
are defined by the following formulas

u’ :%In(EW)
(7

+_ pV.h
= AV (8)
H

where Kk = 04, E =10, y, =1196and h makes a
distance from the wall to the center of the boupndgid cell.

y

COMPUTATIONAL PROCEDURE

Computational Domain

The computational domain is divided on 3 parts letjn
rotor and stator. The inlet and stator (outlet) aretionless
parts. They link to the rotor part by “sliding-gridhterface
accounting rotation of the impeller. It makes aeiipolation of
flow data from motionless part to rotating part arnse-versa
accounting impeller rotation speed. Computatiatoshains for
two impeller designs are presented Kig. 1 and. In
computational space, three above-mentioned domsimfi
from actual positions and link virtually to eacthet through
sliding surfaces at the impeller inlet and outlEtese sliding
interfaces serve as control surfaces in estimatiopeller
characteristics. In the old design, a hub developpstream
presents the through shaft. The part of the hubtéscin the
inlet motionless domain. The rotation of this paraccounted
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by a velocity-swirl boundary condition that ensustequate
modeling of the experimental test condition.

hg
Z M | S

Fig. 1: Old design with through shaft simulation

Computational Grid

The 3D numerical procedure bases on non-staggered

Cartesian grid with adaptive local refinement andub-grid
geometry resolution method for description of climear
complex boundaries.

£
Fig. 2: New design with cantilever impeller

During grid adaptation, an initial grid can be maténser
by splitting each parent grid cell to 8 smalleriseiear wall
boundaries with new adaptation level. In additignid cells
intersected by wall makes polyhedron cells keepiegl
geometrical parameters and improving accuracy evi#ém a
relatively lower total number of cells.

The grid adaptation method gives reduction in dVvera

processor time by making computation on a rougt dtiring
first 6 impeller turns. Then the grid refines whagmproaching
to the convergent oscillatory solution. Present potational
tests are completed on grids of 200-400 thousaltsl foe both

impeller designs. Sketches of the computationad gqudapted
near wall and blade surfaces are presentétgin3 for the new
impeller design inlet view anHig. 4 for the meridional view.
On blade surfaces thé“3evel of grid adaptation, in the inlet
and outlet sliding surfaces thé®2evel of grid adaptation. is
applied.

Such a grid provides on blade wall surface the utient

layer kinematical parameters givin@0<y* <300 by
relation (8).

Conver gence and Post-Processing

Iterative procedure goes up to convergence tateady”
periodical solution. Resulting impeller flow chatexgstic
parameters can be determined by time- and flowameg of
unsteady computational flow data. The convergense
controlled by the effective head value level betwadet and
outlet rotor sliding surfaces. One determines ibnfr a
differential of time- and flow-averaged total presss through
the inlet and outlet sections of the impeller

H=(R,-R)/p.

One has to note the pressure reference levelli®QPa.
In computations and resulting data, one makes presslues
from the reference level and it delivers negatiletistatic and
total pressure values.

Theoretical head comes from Euler relation by tiraed
flow-averaged circumferential and circular
components

Ht :CuZ |]JZ _Cul |]'Jl'

Finally, the impeller hydraulic efficiency make®fin ratio
of the effective and theoretical head

n=HI/H,.

Fig. 3: Computational grid — inlet view
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Fig. 6: Total pressure isolines in the new impetesign;
deep blue color stands for -600000 Pa, red color
stands for 200000 Pa

Fig. 4: Computational grid — meridian view

In Fig. 5 and Fig.6, one can find distribution ¢dit&c and
total pressure in the cantilever impeller designsHows the
impeller flow has a steady character with a corstmooth
increasing of fluid energy downstream. The onlytatisons of
flow one can note at blade tips. The same conatusite can
make on absolute and relative vector maps shoviigin7 and
Fig. 8. There are no flow separations or back fimmes in the
blade channels. The same data are obtained faslthdesign
with through shaft. This ensures both impeller glesinear the

best efficiency point have no essential flow digtms that
spoil energetic characteristics.

COMPUTATIONAL RESULTS

Computations are completed on double Pentium - IV
processor PC with 2 Gb RAM. Computational resfdtsthe
new impeller are outlined below. There are presknte
instantaneous flow parameters distributions for thew
impeller design. Anyway one can say the old dedigs
qualitatively the same flow parameters behavior.

Fig. 5: Static pressure isolines in the new impeflesign;
deep blue color stands for -600000 Pa, red color
stands for -100000 Pa

Fig. 7: Absolute velocity vectors in the new imgretlesign
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Fig. 8 Relative velocity vectors in the new impedlesign

In Fig. 9 and Fig. 10 are presented surfaces of
instantaneous static pressure level —650000Pahéookd and
new impeller design. One can note the lower presganes in
the new design are at the impeller inlet periphamnythe old
design lower pressure zones spreads along the béaglet.

This shows the through shaft can provoke a morensite
impeller cavitation erosion but this result needditonal study
with application of denser grid by using parallehgutations.

Fig. 9: Lower pressure zones in the old design

Fig. 10: Lower pressure zone in the new design

Below are outlined impeller design characteristiatad
They show better parameters for the cantilever itapdesign
although the absolute efficiency value is undemesttd. The
plane cascade theory calculations gives theoretieatl values
780 — 797 JIKG.

Parameter Old design New design

Ht [J/kG] 775 800.37

H [J/kG] 726.13 762.8

Efficiency 0.9369 0.9531
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