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ABSTRACT

A numerical study is performed in order to evaluate the capability of the mono-dispersed multi-

phase model in ANSYS CFX to predict the flow of liquid-gas mixture in radial pumps. A radial

research pump with annulus casing and low rotational speed is investigated for different opera-

tion points. The drag force is approximated by the Schiller Nauman model. No other interfacial

forces are considered. Both, liquid and gaseous phase are treated incompressible. The inlet gas

volume fraction is varied up to 7 %. The comparison of a full-geometry model and a single

blade model shows that the single blade model predicts the head sufficiently accurate. A grid

study is performed for single-phase flow. Head as well as blade pressure profiles are compared

to experimental data. For IGVF up to 3 % the head is predicted with a good accuracy. While

the experimental blade pressure profiles indicate that the accumulation of gas is located close to

the blade surface, the simulation predicts their location rather in the channel center. This mis-

location of large gas zones leads to an even qualitatively wrong head drop in the simulation for

IGVF > 3 % and high flow rates. It can be concluded that the accuracy of the multiphase model

needs to be improved, particularly by the consideration of lift force and bubble interaction, for

a reliable simulation of liquid-gas flow in radial pumps, in particular at higher IGVF.

NOMENCLATURE

Roman symbols
b Width [m]
cD Dimensionless drag co-

efficient

[−]

d Diameter [m]
g Gravitational force [m s−2]
H Pump head [m]
Mk Interfacial forces [kgm−3 s−1]
n Rotational speed [s−1]
nq Specific speed [s−1]
p Pressure [Pa]
Q Flow rate [m3 s−1]
Re Reynolds number [−]
s Blade thickness [m]
T Timestep [◦]
u Velocity [m s−1]
z Number of blades [−]

Greek Charackters
α Gas volume fraction [−]
β Blade angle [◦]
ηi Inner efficiency [%]
µ Dynamic viscosity [m2 s−1]
ρ Density [kgm−3]

Subscripts
1,2 Impeller position 1 and 2

B Bubble

g Gaseous

k Phase

l Liquid

opt Best efficiency flow rate

s Static

swg Side wall gap

t Total

tot Total at inlet

Abbreviations

CFD Computational fluid dynamics

GVF Gas volume fraction

IGVF Inlet gas volume fraction

MP Monitor point

MPPi Monitor point pressure at radial

position i

MPS Monitor point suction
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INTRODUCTION

Usually, radial centrifugal pumps (low specific speed) are designed for pure liquids. For the trans-

port of liquid-gas mixtures, even at very low values of the IGVF of 1 % or 2 % the head may drop,

usually more significant in part and overload (low and high flow rates) operation conditions than for

nominal flow rate. As a source of the head drop, phase separation and large gas accumulations within

the blade channel due to the Coriolis force, the slip between bubbles and liquid as well as pressure

gradients in cross-flow direction have been identified (Sato et al. 1996). In axial pumps a secondary

flow reduces the tendency of phase separation, so that axial pumps can handle higher gas volume

fractions than radial ones (Gülich, 2010). The present paper focuses on the flow in radial pumps.

Previous experimental studies of the two-phase flow characteristics of radial pumps have shown a

decrease of head even at low gas loading (Cappelino et al., 1992, Furukawa et al., 1988, Murakami

et al., 1971, Tillack, 1998). A significant decrease of head in part- and overload occurs, whereas at

design point the pump is able to handle higher IGVF (Cappelino et al., 1992). Murakami et al. (1971)

have experimentally carried out that a radial pump can be operated at higher IGVF if the rotational

speed is increased, since the air bubbles crash into finer bubbles. The motion of air bubbles has been

theoretically analyzed for a radial pump by Minemura and Murakami (1980). They have solved the

equation of motion for air bubbles in the flow field including the effects of the drag force and slip,

density differences between the phases and inertia force. By comparing their results to the experi-

mental data, they have demonstrated that the bubble motion within the impeller is controlled by the

corresponding drag force and the pressure gradient around the bubble. The tendency that bubbles

deviate from the streamlines of liquid water raises with increasing bubble diameter. Numerical sim-

ulations of the flow in radial pumps have been carried out by Minemura and Uchiyama (1993a). For

low IGVF small deviations have been found between simulation and experimental data. However, at

high IGVF the head drop is underestimated in the simulation. Significant deviations have also been

found for the numerical investigation of a high specific speed pump (Caridad et al., 2008, Yu et al.,

2012). A numerical study of the region of bubble accumulation in a radial pump has been performed

by Minemura and Uchiyama (1993b) as well as Pak and Lee (1998). Both have carried out that the

bubbles move to the shroud of the impeller as well as to the suction surface of the blade and assume

that the head drop is a result of the gas accumulation.

The previous attempts of numerical simulation of the liquid-gas mixture in radial pumps have in com-

mon, that they show significant deviations between predicted and experimentally determined head

drop, especially for higher values of IGVF. Therefore, the aim of this paper is the assessment of a

common simulation method (ANSYS CFX) to predict the pump head of a radial pump (nq = 32

min−1) at design and off-design conditions for IGVF of 1 % to 7 %. A mono dispersed phase distri-

bution and a constant bubble diameter size is assumed. Bubble population, breakup, and coalescence

as well as lift force are neglected. Global performance parameters of the pump such as pressure head,

power consumption and pump efficiency for single-phase flow (water) and pump head as well as blade

pressure for two-phase flow (gas/water) are determined, and validated against existing experimental

data.

METHODOLOGY

Pump characteristics

Experimental data, i.e. performance data as well as blade pressure profiles by Suryawijaya and

Kosyna (2000) and Wulff (2014) on a radial research pump is used for validation. The pump design

is optimized for flow visualization within the impeller as well as blade pressure measurements. Flow

visualizations as described by Wunderlich (1981) and performed in a scaled-down (scale 1:0.5) vari-

ant of the research pump, indicate that there is a highly unsteady flow field, and that gas accumulates

at different location at the blade surfaces, Wunderlich (2014).
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Figure 1: Cross section of the centrifugal pump

Table 1: Pump geometry data

Impeller inlet diameter d1 260 mm

Blade inlet width b1 46 mm

Impeller blade inlet angle β1 19◦

Impeller outlet diameter d2 556 mm

Blade outlet width b2 46 mm

Impeller blade outlet angle β2 23◦

Blade thickness s 13 mm

Blade shape 2 circular

arc

blade number z 5

The pump is characterized by a closed impeller with a simple blade design based on two circular

arcs and a low rotational speed. A rotation-symmetrical annulus instead of a volute chamber is used to

obtain essentially uniform flow conditions downstream of the impeller and to simplify the numerical

modeling. Geometry details of the pump are listed in table 1 and the pump performance data in table 2.

Table 2: Pump performance data

SI units industry units

Nominal flow rate Qopt 0.114 m3/s 412 m3/h
Nominal pump head Hopt 10.16 m 10.16 m

Nominal rotational speed nopt 9 s−1 540 min−1

Specific speed nq 0.535 s−1 32 min−1

Due to the specific design the head characteristics has a rather flat slope and the efficiency does

not decrease significantly towards overload, cf. fig. 4. In fact, a significant recirculation within the

impeller is present even at nominal flow rate so that the presence of a distinct best efficiency point is

not discernible.

Numerical method and two-phase model

The commercial 3D RANS CFD-solver ANSYS CFX version 15 is used for the flow simulation

of water-air mixtures. The momentum equation and continuity equation are solved in a coupled way.

Since the coupled solution of momentum equation and continuity equation together with the volume

fraction equation shows a poor residuum, the volume fraction equation is solved in a segregated way,

i.e. decoupled from momentum and continuity equation. This approach shows a better residuum

drop. Double-precision accuracy of floating point numbers and second discretization order in space

and time is chosen, assuming a mono-dispersed phase distribution and a constant diameter size of

perfectly spherical bubbles. The Eulerian description of the dispersed phase is preferred to the La-

grange approach, since it is assumed that Euler-methods have better numerical properties regarding

grid dependency (Wan and Peters, 1999) and their validity in regions where the dispersed phase is

dense, i.e. very high gas volume fractions (GVF). High GVF are in fact present in regions with gas

accumulation in the blade channels, as it is demonstrated in the result section. The good performance

of Euler methods for liquid-gas mixtures is confirmed by the simulations of bubble columns (Hlaw-

itschka et al., 2011, Krepper et al. 2007).

It is essential to solve two different velocity fields (inhomogeneous flow), one for each phase, to al-

low phase separation of air and water. The turbulence fields are also treated in a non-homogeneous
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way. The pressure field is modelled in a homogenous way, i.e. shared by all fluids. The conservation

equations of mass and momentum for unsteady turbulent flow of multiple phases k (k = l,g) can be

written as follows:

∂

∂t
(αkρk) +∇ · (αkρkuk) = 0 (1)

∂

∂t
(αkρkuk) +∇ · (αkρkukuk) = −αk∇p+∇ · (αkµk(∇uk + (∇uk)

T )) +Mk (2)

The lift forces are neglected, since to the knowledge of the authors, no validated lift model is

available for the specific flow conditions in radial pumps, i.e. separated turbulent flow and strong

pressure gradients due to Coriolis and centrifugal forces. All other interfacial forces but drag forces

are neglected, too. The drag force acting on the liquid phase l can be written as follows:

Ml = −Mg =
3

4
cD

ρl
dB

αg |ug − ul| (3)

The dimensionless drag coefficient cD is calculated by the Schiller Naumann drag law (Schiller

and Nauman, 1933, ANSYS Inc., 2014), cf. equation 4.

cD = max(
24

Re
(1 + 0.15Re0.687), 0.44) (4)

Preliminary tests have shown that an incompressible treatment of the gas phase enhances the

stability of the CFD solver significantly and hardly changes the results, so that both phase are treated

incompressible.

Set-up

Two geometrical models have been set-up, a full geometry and a single blade channel model, cf.

fig. 2 for a schematic meridian view of both models. Regarding the single channel model, due to the

simple geometry of the annulus chamber, the same flow field in each blade channel is assumed. Since

the impeller has 5 blades the model consists of a 72◦ segment and periodic boundary conditions in

circumferential direction. The annulus chamber has been simplified by a radial outflow surface. A

confuser is added at the radial outlet flow section because it avoids flow separation due to the adverse

pressure gradient in the annulus and therefore stabilizes the numerical flow solver. The confuser re-

duces the radial outflow surface to 60 % of the radial outflow surface of the impeller. In the single

channel model, the side chambers are neglected. To avoid influence of a too close inlet boundary on

the prediction of the part load swirl the axial length of the suction pipe is extended to three times the

diameter of the pipe.

outlet

inlet,MPS

x MPPi

suctionpipe

side chamber

impeller

annulus chamber side chamber

xMPPioutlet

inlet,MPS

MPPi

suctionpipe

impeller

part of annulus chamber
and confusor

outlet

Full model Single channel model

x

pressurepipe

pressurepipe

Figure 2: Schematic meridian view of the numerical models
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For verification of the single channel model, a full geometry model is investigated, containing the

impeller, the annulus chamber, the side chambers as well as the suction pipe and the pressure pipes –

there are 12 pressure pipes mounted at the annulus, uniformly distributed in circumferential direction.

The subsequent evaluation of the impeller outlet pressure and the head is done on the same radial

positions for the full and single channel model, indicated as MPPi in fig. 2., i = 1 to 8.

The numerical set-up is summarized in table 3. For the full model, steady simulations for 3 different

rotational speeds and about 8 operation points per speed have been performed on a grid with about

1.1 million nodes. For the single channel model, steady simulations only for n = 540 1/min have

been performed. The governing equations in the impeller are solved in the relative motion frame. All

single-phase flow simulations with the single channel model fulfill the convergence criteria. However,

for about 60 % of the full model single-phase simulations the residua do not drop below the criterion

of 1.e−4. There is no particular operation range, where these convergence difficulties occur. Since

transient simulations are very costly and it can be assumed that integral values as the pump head are

assessable even though the residua have not dropped by the full 4 orders of magnitude in steady simu-

lations, an approximative convergence criterion has been applied. For a sufficiently long time interval,

where the residua do not decrease further but oscillate around an average level, it can be observed that

the standard deviation of the head and the inner power are significantly lower than 1 % of the average.

Therefore, this average can be assumed to be a suitable estimation of the final value. In order to verify

this approximative convergence criterion for steady state results, exemplary transient simulations are

performed (absolute frame of reference, i.e. moving rotor and a sliding interface between impeller

and static components) for the full model and two operation points (n = 540 1/min, flow rates 350

m3/h and 412 m3/h) with particular poor steady state convergence behavior and with a time step size

that corresponds to 1◦ rotational of the impeller. After a number of about 25 revolutions the head and

inner power have approached steady state values. The time average over the last complete impeller

revolution shows a deviation of less than 0.5 % percent to the results of the steady simulations, so that

it can be concluded that the much less time consuming steady simulation is accurate enough for the

evaluation of the performance curves.

Table 3: CFD setup

Single-phase flow Two-phase flow

Fluid Water (ρl = 998 kg/m3) Water (ρl = 998 kg/m3),
air (ρg = 1.185 kg/m3,dB = 0.5 mm)

Morphology Continuous phase Continuous (water) and dispersed phase (air)

Turbulence model Shear stress transport Shear stress transport

Inlet boundary Mass flow water Mass flow water and air, IGVF

Outlet boundary Static pressure Static pressure

Wall boundary Adiabatic, smooth, Adiabatic, smooth,

non-slip condition non-slip condition

Rotation treatment steady (relative frame) transient (relative frame)

Convergence criteria Max residuals < 1.e−4, Max residuals < 1.e−3,
imbalances < 1 %, imbalances < 1 %,

stability of macro (head,

torque) and local (pressure,

velocity) parameters < 1 %

The computational grids are generated by the commercial packages ICEM and TURBOGRID.

For the full model and single-phase flow, the results are compared on a coarse (1.1 million nodes,

average y+ = 80) and a fine (4 million nodes, average y+ = 18) mesh. Since a poor grid quality does
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not allow the residua to drop significantly, the drop of the residua by at least 4 orders of magnitude

for a couple of operation points is an indication for a sufficiently good grid quality. The results of

the grid study are shown in figure 4, where the head H , the inner power Pi and the inner efficiency

ηi are compared for both grids and the data for a rotational speed of n = 540 1/min. The maximum

deviation of the head between both grids occurs at the nominal flow rate and equals 1.4 %. For the in-

ner power the deviation is even below 0.5 %. In addition the maximum deviation of local parameters

(pressure, velocity) at different MP between both grids is 0.5 %. Therefore, it can be concluded that

this deviation is small enough, so that all subsequently discussed results are obtained by the coarse

grid. The corresponding coarse single channel grid has a node number of about 66 thousand.
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Figure 3: Periodicity interval

All two-phase flow simulations have been performed on the single channel model assuming that the

findings of the single-phase flow grid study are transferable on the two-phase flow, an assumption

which is a first starting point for such investigations and which is to be verified in the future. Due

to the bubble diameter has not been measured in the experiment, a constant bubble diameter size of

0.5 mm is assumed, according to the measurement by Minemura et al. (1985). Since steady state

results could not be obtained due to the highly-unsteady nature of the flow, all simulations have been

done in a transient way within the relative frame of motion, i.e. with frozen rotor. The time step

size corresponds to 0.5◦ rotation angle, and the maximum residuum of all equations drop by at least 3

orders of magnitude. The gas volume fraction is monitored in the course of time at different MP within

the blade channel and shows two types of simulation results. One type with a stationary behavior of

the GVF and the other with an oscillation behavior. The results of the type with an oscillation behavior

are time averaged for a sufficiently long time interval of 5 periods (cf. figure 3).

RESULTS

Evaluation of integral values

The evaluation of the integral values in the simulation follows the same procedure as in the exper-

iment. The pump head is calculated by equation (5). The total pressure difference between eight

circumferentially with equal spacing arranged monitor points (pt,MPPi
, cf. Figure 2), which are lo-

cated at a constant radius in the annulus chamber, and the total inlet pressure (pt,MPS , cf. Figure 2.)

is determined.

H =

8∑

i=1

pt,MPPi

8
− pt,MPS

gρl
(5)

For two-phase flow simulations the pump head is evaluated by equation (6). In that case the density

of water is replaced by a mixture density at the inlet.
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H =

8∑

i=1

pt,MPPi

8
− pt,MPS

g(αlρl + αgρg)
(6)

The blade pressure at any radii pBl,i is determined by equation (7). In this equation ps,bl,i is the

pressure at radial position i and pMPS the pressure at inlet.

pBl,i = ps,bl,i − ps,MPS (7)

Single-phase flow

In figure 4 the single-phase flow performance curves (H , Pi, ηi) are shown for the experiment and

the full geometry, steady simulation model at three rotational speeds.
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Figure 4: Single-phase flow performance curves of the full model for diff. speeds

The head is well predicted: The maximum head deviation between simulation and experiment is

smaller than 0.5 m for all operation points. The inner power curve from the simulation is compared

to the measured coupling power. The coupling power is underestimated by the simulation. As

the evaluation of the inner power does not consider the mechanical losses, the observed tendency

of increasing underestimation with a rising rotational speed is feasible. Thus, the efficiency is

overestimated by the simulation, while the trend of increasing efficiency with decreasing speed up to

a flow rate of 300 m3/h is well captured.

It can be concluded that the full steady model is sufficiently accurate to reflect the trends of the

performance curves. Possible remaining sources of inaccuracy are the turbulence model, slight

geometry simplifications as well as the neglect of transient effects.

For a rotational speed of n = 540 1/min, the single channel model results are compared to the full

model results and the data, cf. fig. 5 a. The single channel results show a slightly higher head than

the full model, consistent with the neglect of the side chamber flow. Somewhat uncommon is the

observation that the difference between single channel and full model head is very small at low flow

rate, since usually for decreasing flow rate an increasing influence of side chamber secondary flow

can be expected in radial pumps. In fact, the gap flow rate shows a local maximum at 300 m3/h and

decreases for low flow rates, cf. fig. 5 b. The small influence of the side chambers is attributed to the

uncommon characteristics of the research pump, in particular to the low head.
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Summarizing, the deviation of the predicted head between full and single channel model is in the

same order of magnitude as the deviation of the full model results to the measurement data. It can be

assumed that it is sufficient to utilize the single channel model for the subsequent two-phase simula-

tions, which is to be verified in the future by comparing the results of the two-phase flow simulations

with both, full and single channel model.

Two-phase flow

In fig. 6 a the measured head curves in dependence on the flow rate are depicted for different IGVF.

A drop of head can be observed with increasing IGVF, which is most distinctive for IGVF between

3 % and 5 %. The corresponding single channel simulation results are depicted in fig. 6 b and show

qualitatively the same tendency as the measurement up to IGVF of 3 %. The maximum head deviation

between experiment and simulation is smaller than 2 m at a flow rate of 480 m3/h and a IGVF of 3 %.
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Figure 6: Calculated pump head curves for multiple IGVF compared to experimental data

For higher IGVF, i.e. 5 % and 7 %, a qualitatively different trend than observed in the measurements

is discernible in the simulation results: the predicted head curve rises sharply by increasing the flow

rate from 360 m3/h to 400 m3/h, while the head curve continues decreasing in the experiment. To

figure out the source of the basically different result in the simulation, the predicted blade pressure

profiles midway between hub and shroud are compared to the experimental data (Suryawijaya and

Kosyna, 2000) for the flow rates of 360 m3/h and 400 m3/h exemplary for the IGVF of 3 % and 5 %
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in figure 7. Regarding the measurement, only minor differences in the pressure profiles between flow

rates of 360 m3/h and 400 m3/h are discernible, cf. fig. 7 a and c. By a rise of the IGVF from 3 %
to 5 %, the pressure side pressure level collapses in the vicinity of the leading edge and only recovers

partly further downstream. It can be assumed that in the experiment a large bubble is present at the

pressure side in leading edge vicinity. This assumption is supported by the flow visualisations by

Wunderlich (1981, 2014).
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Figure 7: Calculated two-phase flow blade pressure profiles compared to experimental data at

mid span

In the simulation at a flow rate of 360 m3/h, cf. fig. 7 b, a significant drop of the pressure profile can

be observed on both, the pressure and the suction side. While the drop at the suction side is similar to

the pressure drop in the experiment, on the pressure side, the collapse of pressure close to the leading

edge cannot be observed but a rather uniform pressure decrease along the pressure side blade profile

is present. For increased flow rate, 400 m3/h, the drop of the pressure profile on both, the pressure

and the suction side, is less distinction than for 360 m3/h. As a consequence, the head increases with

increasing flow rate from 360 m3/h to 400 m3/h at IGVF > 3 %, cf. fig. 6 b. The head increase (cf.

fig. 6 b) at IGVF > 3 % for increasing flow rate and the corresponding change in pressure profile, cf.

fig. 7 b and d, can be attributed to the flow pattern, in particular the region where gas accumulates

within the blade channel.

Exemplary contour plots of arbitrary time instances of the GVF for operation points 360 m3/h and

400 m3/h and for the IGVF of 3 % and 5 % are shown in figure 8. For a IGVF of 3 % at a flow

rate of 360 m3/h, cf. fig. 8 a, gas accumulates close to the suction surface and the trailing edge,

whereas for a flow rate of 400 m3/h cf. fig. 8 b, the bubbles accumulate rather in the center of the

blade channel. By increasing the IGVF to 5 % for a flow rate of 360 m3/h cf. fig. 8 c, the size of

the gas accumulation region as well as the GVF increase considerably, while for a flow rate of 400

m3/h, cf. fig. 8 d, they increase only moderately. An accumulation close to the pressure side and the

leading edge as observed in the measurements even for very low values of IGVF is not discernible.
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However, a small gas accumulation region can be observed (not shown here) for higher IGVF, i.e.

7 %, at the pressure side close to the leading edge, but for lower IGVF than 7 % it is not present in

the simulation results.

Q = 360 m³/h

IGVF 3 %
tot Q = 400 m³/h

IGVF 3 %
tot Q = 360 m³/h

IGVF 5 %
tot Q = 400 m³/h

IGVF 5 %
tot

G
V

F

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

a) b) c) d)

Figure 8: GVF in blade channel at mid span for two operations points and two IGVF

Q = 400 m³/h

IGVF 5 %
T

tot

0

Q = 400 m³/h

IGVF 5 %
tot

T =T +10°0

Q = 400 m³/h

IGVF 5 %
tot

T =T +38°0

Q = 400 m³/h

IGVF 5 %
tot

T =T +59°0

G
V

F

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

a) b) c) d)

Figure 9: GVF in blade channel at mid span for 400 m3/h and 5 % IGVF at diff. timesteps

The source of the lower gas region size and lower GVF for 400 m3/h, cf. fig. 8 d, is the convection of

gas out of the blade channel for this higher flow rate in a highly unsteady way, while the flow field is

essentially steady for the lower flow rate, 360 m3/h. To illustrate the unsteady nature of the flow for

400 m3/h, a time sequence of contour plots of the GVF is presented in figure 9. The gas accumulates

within the blade channel in a certain distance of the blade walls, cf. fig. 9 a. After growing to a higher

level of GVF, the gas accumulation region divides into two parts, cf. fig. 9 b. The downstream part

of gas is convected out of the blade channel, cf. fig. 9 c. Then, this process starts again, fig. 9 d and

repeats periodically. The duration of one period corresponds to a time of about 59◦ rotor rotation.

CONCLUSIONS

In this paper it is evaluated if the head drop with increasing IGVF in a radial pump is captured by

a state of the art CFD code with a mono-disperse phase model. The qualitative trend of the head

vs. flow rate is well captured at IGVF up to 3 %. For higher IGVF, even no qualitative agreement

between measurement and simulation results can be achieved, cf. fig. 6: for IGVF > 3 % and for

increasing flow rate from 360 to 400 m3/h, the simulation predicts a rise in head in contrast to the

experimental data. The experimentally obtained pressure profiles by Suryawijaya and Kosyna (2000),

supported by visualization by Wunderlich (1981, 2014) imply that there are gas accumulations at the

blade surface, in particular at the pressure side close to the leading edge that lead to a drop of the

pressure, discernible in fig. 7. In the simulation, however, the gas accumulations occur rather in the

center of the channel and neither at the blade wall nor in the vicinity of the leading edge.

As a consequence, at low flow rates, a rather smooth pressure side drop of the pressure can be ob-

served. With increased flow rate, the gas regions within the channel are convected downstream in an

unsteady way, so that the blade pressure decrease is more moderate than for smaller flow rates and

the head rises. This observation is in significant contrast to the experimental finding.

Different reasons for the accumulation of gas at the wrong location are assumed, namely the chan-

nel center far away from the blade walls. First, the simplification of the single channel model is to

be verified and the mesh sensibility analysis has to be done also for multi-phase flow. Secondly, lift

10



forces are neglected in this first attempt to predict the liquid-gas characteristics of radial pumps. How-

ever lift forces will play a significant role for the deflection of gas bubbles toward the blade wall. In

addition, bubbles are deflected in dependence on their size. Not only the magnitude, but even the di-

rection of deflection may depend on the bubble size, cf. Krepper et al. (2007). This present approach

(mono-dispersed model) cannot account for this effect. Therefore, the multi-phase model should be

extended by a poly-dispersed phase model in combination with bubble interaction, i.e. break-up and

coalescence models. These possible sources of mis-location of the gas accumulation region in the

simulation are the subject of further research of the authors.
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