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Abstract

Centrifugal pump converts the input power to kinetic energy in the liquid by accelerating the
liquid by revolving impeller. The most common type is the volute pump. The performance of a
centrifugal pump can be shown graphically on a characteristic curve. A typical characteristic curve
shows the total dynamic head plotted over the capacity range of the pump. Most often, the
characteristic curve is obtained by measurement. In the process of pump design, numerical modeling
can be applied to investigate the flow in a complex geometry of a centrifugal pump and to predict the
achievable head and capacity. Based on the obtained results, further modifications of the impeller and
volute geometry can be designed

Abstrakt

Odstfediva cerpadla transformuji mechanickou energii na hydraulickou prostiednictvim
energie kinetické. NejcastéjSim provedenim je spirdlni Cerpadlo s uzavienym obéznym kolem. Pro
posouzeni odstfedivych ¢erpadel ma velky vyznam Q-H kiivka uréend pii konstantnich otackach na
zkuSebn¢€. Numerické modelovani pfindsi nové moznosti vySetfovani struktury proudéni v
hydrodynamickych cerpadlech a odhad dosahovanych parametrli zejména ve fazi jejich navrhu.
Zpétna vazba mezi trojrozmérnym rozlozenim veli¢in popisujicich proudéni a navrhovanou geometrii
umozinuje korigovat hydraulicky navrh obézného kola a spiraly cerpadla.

1 INTRODUCTION

Fluent software package was applied to investigate the flow in a centrifugal pump with given
parameters: Q = 0.007 m’/s, H = 80 m, n = 2 900 min™' designed at the Victor Kaplan Department of
Fluid Engineering, Energy Institute, Technical university Brno.

2 PUMP FLOW

All centrifugal pumps use an impeller and volute to create the partial vacuum and discharge
pressure necessary to move water through the casing. The impeller and volute form the heart of the
pump and determine its flow and energy transfer. An impeller is a rotating disk with a set of vanes
coupled to the engine/motor shaft that produces centrifugal force within the pump casing. A volute is
the stationary housing (in which the impeller rotates) that collects, recirculates and discharges water
entering the pump. The main function of the volute is to transfer the kinetic energy to pressure en-
ergy. A diffuser is used on high pressure pumps, its function is similar to that of volute but is de-
signed as a set of short channels created by stationary blades. Many types of material can be used in
their manufacture but cast iron is most commonly used for construction applications.
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3 NUMERICAL MODEL

For the numerical modeling of the flow through the impeller and volute CFD code FLUENT
Release 6.3 was applied. The incompressible, unsteady (and steady to compare) flow was modeled in
complex 3D geometry. The RANS approach to turbulence modeling (RNG k-g& model and k- SST
model for the last case) has been applied to a strongly unsteady flow.

A computational grid was prepared respecting the designed dimensions and shape of impeller
and volute. Impeller and volute were modeled together to account for their interaction and resulting
dynamic effects (see Fig.1).

To investigate the influence of the grid accuracy, two different grids were prepared with dif-
ferent type of meshing and number of cells. In FLUENT it is possible to use a grid composed of cell
zones with non-conformal boundaries. That is, the grid node locations do not need to be identical at
the boundaries where two sub-domains meet. Non-conformal grid was with generated with 233 259
cells. Beside this, grid with boundary layer attached to blades and disks was prepared including
802 555 cells. This mesh was further adapted near the blades and the resulting number of cells was
1 028 416 (see Fig.2).

Fig. 1 Schematic of the modeled geometry Fig. 2 Detail of computational grid
with 802 555 cells

The problem involves multiple moving parts as well as stationary surfaces which are not sur-
faces of revolution. Zones which contain the moving components can then be solved using the mov-
ing reference frame equations, whereas stationary zones can be solved with the stationary frame
equations. In Fluent, two approaches can be applied for the modeling of such cases:

U Multiple Rotating Reference Frames

e Multiple Reference Frame model (MRF)
e Mixing Plane Model (MPM)

O Sliding Mesh Model (SMM)

Both the MRF and MPM approaches are steady-state approximations, and differ primarily in
the manner in which conditions at the interfaces are treated. The sliding mesh model (SMM ap-
proach) is unsteady due to the motion of the mesh with time. This approach was applied in most
cases. Data Sampling for Time Statistics was applied which enable to compute the time average
(mean) of the instantaneous values and root-mean-squares of the fluctuating values sampled during
the calculation.
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Boundary conditions were set according to the optimal parameters of the pump. Dimen-
sionless flow rate varied from 0,014 to 1,000 (optimal flow rate). The computational parameters lead-
ing to the most reasonable result were as follows:

U pressure based solver, 3d

U k-omega SST (2 equation)

QO unsteady formulation: 1* Order Implicit

U time step: 0,0001 [s], max. iterations per time step 20

All the simulation had to be run for long time. However the calculations were run for a long
period, the calculated flow time in all tested did not exceed 0,3s, which means that it is difficult to
compare the statistical data with experimental measurement, hence we compared data in these cases
together (k-epsilon with k-omega, time depend and time independent, rough and fine mesh).

4 RESULTS

Average head at the outlet of volute was evaluated. Characteristic curve showing the depend-
ence of dimensionless pump head (vertical axis) on capacity (horizontal axis) was investigated in the
range of dimensionless Q from 0,014 to 1,000 for various combination of grid and technique of mod-
eling the rotor motion (see Fig.3 and Fig. 4).

Symbol Grid Motion Type Model Time
la 233 259 cells | moving reference frame k-¢ steady
2a 802 555 cells | moving reference frame k-¢ steady
Ic 233 259 cells moving mesh k-¢ unsteady
2¢c 802 555 cells moving mesh k-¢ unsteady
2c-adapt | 1028 416 cells moving mesh k- SST | unsteady
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Fig. 3 Performance of a centrifugal pump
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Fig. 4 Detail for 2c-adapt for various values of dimensionless flow-rate

Variation of head in time for dimensionless Q ranging from 0,01 to 1,000 was further investi-
gated (see Fig.5).
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Fig. S Variation of head in time for capacity ranging from 0,01 [-] to 1{-] O

Regular oscillations of head can be observed, the magnitude of which decreases with growing
flow-rate and reaches the minimum for optimal flow-rate. The time period of harmonic function 7 =
0,0042 s and the frequency f = 1/T = 241s™", which corresponds to frequency of rotation 48,33 s
multiplied by number of blades.

Static pressure, axial, radial and tangential velocity was evaluated to understand the flow in the im-
peller (see Fig.6 and Fig. 7).
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Fig. 5 Contours of static pressure for 2c, sstk- ® model of turbulence
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Contours of Tangential Velocity [(m/s) [T|rne 2.2470e-01) Mar 26, 2008
FLUENT B.3 [3d pbns, sstkw, unsteady)

Fig. 6 Contours of tangential velocity for 2c, sstk- ® model of turbulence
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5 CONCLUSIONS

CFD tools can be applied to model the complex flow in a centrifugal pump and to predict the
achievable head and capacity. Longer history of modeled variables is necessary for more precise
spectra and statistics evaluation.

Rychly rozvoj vypocetni techniky pfinasi nové moznosti vysetfovani struktury proudéni v
hydrodynamickych Cerpadlech s vyuzitim nastroji numerického modelovani. Avsak bez posouzeni
realnosti dosazenych vysledku, jejich porovnani s daty ziskanymi pomoci fyzikalniho experimentu
nepiinaseji tyto nastroje oéekavany uzitek. Velkym piinosem pro danou ulohu bude realizace méfeni
a srovnani vypoctenych a naméfenych hodnot Q-H.

Dosavadni prace poskytuje fadu moznosti navazat na dosazené vysledky zdokonalovat navr-
zenou metodiku v téchto smérech:

O modelovani na jemné siti (Fadové 10° )
U testovani modell turbulence (byl pouzit pfevazné model k-g, ktery je pokladan za vyhovujici
pro vétsinu inzenyrskych aplikaci, avSak jsou znamy i jeho nedostatky v pfipadé proudéni

v zakiivené geometrii a v ptipad¢ odtrzeni proudu. DalSim problémem je rychly pokles rych-

losti proudéni v difuzoru a je znamo, ze k-& model neni pfili§ vhodny v ptipadé opacnych tla-

kovych gradientd. Je vhodné provést vypocet jinymi modely, zejména k-w SST)

O testovani okrajovych podminek

U monitorovani veli¢in v pribéhu feSeni, vysetfeni dynamickych ucinkl v dusledku interakce
obézného kola a spiraly

Numerické modelovani za predpokladu dostatecné verifikace umoziuje snizit pocet realizova-
nych méfeni na modelu a navic lze ziskat hodnoty veli¢in popisujicich proudové pole v mistech, kde
meéfeni je obtizné. Zvoleny postup je piinosny nejen z hlediska zlepseni hydraulickych parametrti a
ucinnosti Cerpadla, ale i z hlediska modelovani turbulentniho proudéni v hydraulickych strojich.
Hodnoty, ziskané experimentalnim méfenim, slouzi k verifikaci vysledkd numerického modelovani
turbulentniho proudéni. Dale by mély byt vysledky méfeni a numerické simulace vyuzity pro navr-
zeni optimalniho tvaru kola difuzoru, ¢imz se zlepsi vystupni parametry ¢erpadla.
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