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Regenerative pumps are turbomachines that achieve lower mass fluxes
but higher-pressure differences than comparable pumps at the same
circumferential velocity. The construction of these machinesisvery simple
and inexpensive. On the other hand their efficiency does not exceed 45 %
and they are noisy. To improve efficiency and reduce noise generation, a
detailed knowl edge of the unsteady flow in the machine is essential. In this
work, we present unsteady flow characteristics of a typical regenerative
pump based on numerical results obtained by using CFX-Tascflow code.
The numerical results show highly unsteady pressure fluctuations around
the stripper near both inlet and outlet ports. The lower pressure predicted
near the inlet port indicates that the machine is prone to suffer cavitation
problems. The amplitude of pressure fluctuation near the inlet is much
higher than the outlet.

KEYWORDS: Regenerative pump, Unsteady flow, Siding interface,
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1. INTRODUCTION

Regenerative pumps are widely used as pressureasiog devices. The principles of
these machines are almost like those of torque extens. As shown in Fig. 1, the
impeller derives the circulating flow in the sideacinel from the inlet port to the outlet
port. The inlet and outlet ports are blocked byoaalled stripper. In comparison to
other pumps, the regenerative pumps are of singistauction and cheap to build and
they generate higher pressure difference. Theydsadvantageous in the sense that
the efficiency does not exceed 45 percent andhiegtare very noisy.

In spite of the low efficiency of regenerative puanghey have widely been used
for many applications where low specific speedsreggired, i.e., for low flow rates at
high-pressure heads, such as in automotive andae fuel pumping, chemical and
oil processing industry, process and engineeriagtp) etc.

The flow in regenerative pump can be describebbsws. When the impeller
starts rotating, the fluid in the blade-chambers/@sowith the same circumferential
velocity as the impeller, but the fluid in the sicleannel is still at rest or moves slowly.
The fluid in the impeller chambers starts movinghe radial direction as a result of
the centrifugal force leaving the impeller and emtthe side-channel. This imparts
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momentum to the fluid in the side-channel and cgusgtly the so-called ‘circulating
flow’ is established.

| Inlet port
Outlet porgmﬂ,Ioer PO Stripper

Side channel\

Fig. 1 Regenerative pump

Because of its practical applications, the regainergump has been the subject
of theoretical and experimental studies. Wilsomlefl] presented the first simplified
model to permit the development of a theoreticalysis of the three dimensional
fluid motion inside a regenerative pump. Meakhaidl #ark [2] and [3] presented a
steady numerical simulation for the pump and imptbthe theory made by Wilson et
al. [1]. The improved theory suggested the spilalvfpath shown in Fig. 2. The
analytical and experimental studies of Badami $tng et al. [5] and Meakhail et al.
[6] have been carried out to describe some featofepump performance. It is
worthwhile to mention Kunz and Lakshminarayana’srkvfr] on hydraulic torque
converter, as the torque converter is similar ® rbgenerative pump except for the
difference that the torque converter does not laayestripper.

So far, little attention is given to unsteady floharacteristics of the regenerative
pump. As the circulatory flow is driven by a peilimghassage of the impeller blades
into and out of inlet/outlet ports, the flow is eqbed to be highly unsteady. The aim of
this work is to investigate the unsteady flow clteastics through numerical
simulation of the fluid dynamics of the regeneratpump using the CFX-Tascflow
code [8].

2. NUMERICAL CALCULATION

For the simulation, a complete machine had to kentanto account because of the
absence of any symmetry or periodicity. A high guahesh of a single block H-grid
through the blades was produced using CFX-Turbogoitware [9] and the CFX-
Tascgrid was used for side-channel grid genera®nvell as inlet and outlet ports.
The channel and the inlet and outlet ports areddvinto four blocks (inlet, outlet, top
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channel, side channel), and then they are appeaondether with the impeller to cover
the complete machine. This type of blocked-griciagement yielded better minimum
skew angle, which should not be less than 20 degrekbetter maximum aspect ratio,
which should not be more than 100. The blades wefsmed by blocking off grid
elements. Figure 3 illustrates the grid of the whwolachine. The total number of grid
nodes was about 1,000,000 for the total pump cardiipn. This number of grid nodes
was the maximum allowable number for the PC useédigwork.
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Fig. 2 Helical flow path as suggested by Meakhadl Rark [3].

The rotation of a mesh region is required for umdyecalculations for the
machine. One of the possible methodologies is aale “sliding mesh” or “sliding
interface”. The cells at the interface between stegtionary and rotating parts are
disconnected and reconnected at every time stegpe&ial form of this feature (an
arbitrary sliding mesh), which does not require shene mesh structure on both sides
of the interface was used for the present calanati

Owing to poor initial guess for such complex flothie unsteady calculations
could not be performed directly. The interface sces between moving parts and
stationary parts should be modeled. Figure 4 shthaeslocation of the interface
between the rotating impeller and the fixed sidanctel. CFX-Tascflow code has two
models; one is called “Frozen Rotor Model” andssdito get the steady state solution
for different components of the machine. That g interface condition is in steady
state and the geometry remains fixed across tleeface. The other model is called
“Rotor-Stator Model” and is used for unsteady sitioh. The components on each
side of unsteady sliding interface are always iatig motion with respect to each
other. Pitch change is automatically dealt withhat sliding interface. The profiles in
the pitch-wise direction are stretched or compmrbdsethe extent that there is pitch
change across the interface. The results of thedgtealculations are used as initial
guess for unsteady simulation.



936 Tarek A. Meakhail

Fig. 3 The grid system

2.1 Boundary conditions

There are several different types of boundary davdthat can be applied at the inlet
boundary. For example, the velocity (or mass flatey or the total pressure can be
specified. The true unsteady boundary conditioasat usually available.

For the present calculation, the total pressurespasified over the entire outlet
face of the outlet port (R=162200 Pa), Abdel-Messih, and Mikhail [10]. At tinet,
the measured mass flow rate was applied as angeveedue over the inlet area of the
inlet port (my=5.6 Kg/s). The impeller was rotating with a ratatl speed of 1000
rev/min. A sliding interface model was set betwéssm impeller and the side channel
as shown in Fig. 4. Additionally, in the &turbulence model in Tascflow requires an
inlet value for the turbulence intensity (Tu) ahe eddy length (L), which was given
by the cubic root of the volume of the calculatiomain. The computations for the
present work was run in fully turbulent mode witb=b percent and L=0.2 m and the
Reynolds number (based on the length scale) w&st4.5

2.2 Solution procedures

The frozen rotor simulation is obtained first usimdarger time stepM=1 E-3 sec).

The subsequent simulation is done using smallee step £t=0.000125 sec. which
matches a 0.75 degree of impeller rotation) byaisiie frozen rotor simulation results
as initial guess. The number of iterations per tgtep is 15 for unsteady simulation.
The calculation results discussed here were runPentium-4 with 2 Gbytes of
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memory. Typical CPU times were around 2 days fdd ROrations for frozen rotor

simulation and 13 days for 500 time steps for firissimulation necessary for a run
to converge down to maximum residuals (maximum dsi@nless residual for each
equation) of less than E-04.

side channel

Z

impeller sliding interface

T

_

Fig. 4 The sliding interface

3. RESULTS AND DISCUSSION

Unsteady calculations are important in understandime interaction between the
rotating blades and the fixed stripper at the ialed the outlet. These interactions are
mainly responsible for the poor efficiency and wofable noise emission.

Two monitoring points are considered to show tresgure fluctuations near the
stripper: one is point (A) near the inlet and tlileeo is point (B) near the exit, at the
mean radius of the impeller as shown in Fig. 1.0h& can see from Fig. 5, the
calculations are periodic after about 300 time stéjso the present calculations show
that the numerical estimated periodic pressuretdtons are characteristics for
regenerative machines. These pressure fluctuatiomsonsidered as high source of
noise at Blade Passing Frequency (BPF), which eatalzulated as

BPF= No. of blades*RPM/60

Pressure fluctuations also caused by the interacidhe circulating flow with
blade edges and the stripper edges at BPF.

At point A, a low-pressure region appears peridiicaehen two successive
blades block the stripper region. At the same tiatgyoint B, a pressure peak appears
because this is the moment of maximum decelerafidine circulating flow. When the
blade further rotates, the high-pressure regioremixith the low-pressure region and
the final pressure at the inlet increases agairs pilenomenon can cause cavitation at
the inlet and vibration at the outlet. These presd$luctuations explain also why the
performance of these machines is low. Also from Bjgt is clear that the amplitude of
pressure fluctuation near the inlet is much highan the outlet.

The vapor pressure at operating temperature (2% &jout 3000 Pa, as shown
in Fig. 5, from the present calculations, the pessven decreases than the vapor
pressure and that causes cavitation with its hdreffect.
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Fig. 5 Pressure at the monitoring points A and B.

A huge amount of data has been obtained during@raution of the unsteady
simulation process; hence, all of the impeller fpmss could not be presented here.
However, as long as the flow is periodic the floehavior is analyzed numerically
through one pitch only. Figure 6 shows the detailpressure characteristics versus
number of iteration during one pitch of impellerctilation. Five positions (1, 2, 3, 4
and 5) of the impeller relative to the stripper @dge selected to present details of the
pressure at the middle cross section of the impe#ar the inlet.
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Fig. 6 Pressure characteristics for one pitch treaimlet

Figure 7 shows the absolute circumferential veyoeéctors at different relative
positions between the impeller and stripper antidzdle section of the impeller around
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the inlet port and outlet ports. From Fig. 7-afasition 1) the two successive blades
completely block the stripper region between thghpressure region at the outlet and
the low-pressure region at the inlet. At this moméme flow in the stripper region has
a higher value of radial flow velocity componentike the other parts of the impeller,
which have a nearly zero radial velocity comporamd high value of circumferential
component in the direction of rotation. When th@dther rotates, (position 2), the flow
in the high-pressure region escapes to the lowspresregion and hence the pressure
at point ‘A’ increases. Further impeller rotatigiposition3) the area increases and
mass flow from the high-pressure region to the loaree increases where the pressure
at point ‘A’ reaches its maximum value. When reaghposition 4, the effect of high-
pressure flow is decreased due to mixing with the-pressure flow and hence the
pressure decreases again. At position 5, agaitwheuccessive blades block the flow
and the pressure at point ‘A’ becomes minimum.

@ @x @FX

a- position 1 b- positdn c- position 3

d- position 4 e- position 5

Fig. 7 Circumferential velocity vectors at the migldection of the impeller

To show the pressure field, Fig. 8 shows the pressontours at the same
section where the two successive blades complbtetk the flow at this moment and
a lower pressure region can be found near the jpddtand a higher pressure region
near the exit at the same instant. When the impetiates the high-pressure fluid
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mixes with the low pressure and hence making alyighsteady flow around the
stripper at the inlet.

To the best knowledge of the authors, no simildliphed work available for the
unsteady flow in regenerative pumps. Weise andckBdgil1] carried out experimental
and numerical investigations in a regenerative Tdrey made their investigations only
at a point near the exit, corresponding to thet@®iaf Fig. 1.

Figure 9 shows the calculated pressure tracegpaina near the exit and Fig. 10
shows the experimental ensemble averaged pressuestat the same point (Weise
and Beilke). From the two figures, there are soifferénces in the pressure traces but
they give a good overview of the pressure flucaratiear the exit of the regenerative
fan.

2 4 6 8 10 12 14 16 18 level
| | | | | | | |

|
| | 1 | 1 | 1 1 |
1E3 2.5E3 5E3 1.2E4 2.6E4 5.2E4 0.8E5 3.2E67E5 Pressure

CEX (E)S CEX

a- position 1 b- position 2 c- position 3

aX (ER)S

d- position 4 e- position 5

Fig. 8 Pressure contours at the middle sectiohefrhpeller.
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Fig 9 Calculated pressure traces at a point neagxh (Weise and Beilke-[11])
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Fig. 10 Ensemble averaged pressure traces neexith®Veise and Beilke-[11])

Comparing the present calculation for the pump wlitlt obtained by (Weise
and Beike) for a fan, a similar characteristic pugs history is shown in Fig. 11 near
the point B.
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Fig. 11 Pressure traces for the pump at point B

5. CONCLUSIONS

The present calculations clearly demonstrate tieatOFX-Tascflow code is well suited
to compute the unsteady flow inside the regenargtivmp. Unsteady results help to
understand some of the mechanism of the noise ptiodu Extremely pressure
fluctuations have been found near the stripper be#n inlet and outlet ports. The
amplitude of pressure fluctuation near the inletmisch higher than the outlet that
makes the machine very easy to undergo cavitapooisiems. The present results are
similar to that obtained experimentally for a regi@tive fan at a point near the exit.
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