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Abstract © As a suitable volute configuration in the range of low specific speed, circular
casing is suggested in this study. The internal flows in a centrifugal pump with the
circular and spiral casings are measured by PIV and analyzed by CFD. The results show
that the head and efficiency of the pump by a circular casing of very small radius are
almost same as those by the spiral casing. Even at the best efficiency point, the internal
flow of the pump by circular casing is asymmetric, and vortex and strong secondary flow
occurs 1n the impeller passage. The radial velocity becomes higher remarkably only near
the region of the discharge throat. The flow in the impeller outlet is strongly controlled
by the circular casing because the velocity distribution almost does not affected by the
position of the impeller blades.
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1. Introduction contrary result to the conventional theory
in the range of normal specific Speedm.

As the specific speed becomes lower, the Also, semi-open type impeller is suitable
efficiency of the centrifugal pump  Dbecause of their good stability, comparing

decreases rapidly'". Kurokawa et al.’?'®®  with the closed type impeller in the range
]

have studied on the performance of of very low specific speed™ .
centrifugal pump for the low specific As specific speed becomes lower, the
speed, and have made clear the effects of spiral angle becomes very small. Therefore,
impeller and casing parameters on the manufacture of the spiral casing needs
performance near the specific speed range  Vvery high accuracy and thus, manufacturing
of nye=60 [m, m’/min, min™?). Moreover  cost becomes higher considerably.

new study result was found that increase Choi et al.'” have suggested circular
of leakage and disc friction in the pump casing in the range of very low specific
can increase efficiency in the range of Speed, and conducted experimental study

very low specific speed, which is a to improve the pump performance.
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The purpose of this study is aimed to
examine the characteristics of the internal
flow as well as the performance of the
pump with circular casing in order to

achieve basic knowledge of the internal
flow field.

PIV(Particle Image Velocimetry) and
CFD(Computational Fluid Dynamics) are
adopted for the investigation of the

internal flow.

2. Experimental and numerical
methods

2.1 Experimental apparatus

Fig. 1 shows the cross—-sectional view of
a test pump. The channel from the inlet of
the impeller to the outlet of the casing is
made as a two-dimensional configuration

The
front wall and side walls of the casing in

between two pieces of flat plates.

the test section are made of transparent
acrylic resin for the visualization and
PIV(Particle Image Velocimetry) measure-
ment.

Fig. 2(a) shows the schematic view of
This 1s the
semi-open type, whose outlet angle of the
blade is B = 30 degree. Tip clearance
is ¢/bs = 0.125, while ¢
clearance between front casing wall and
uppér wall on the impeller blade. Depth of
the impeller blade at impeller outlet is
bz=8mm. The rotational speed of the axis
1s n=900rpm.

the test impeller. impeller

ratio s tip

The shapes of test casing are shown in
Fig. 2(b). The casing type can be easily
changed and modified from the test pump.

The ratio of cross-sectional area at the

discharge throat Az of the casing is As/A»

= 0.056 for all casings. while Az is
cross—sectional area at the outlet of
impeller passage. These casings are
designed to be the specific speed of

ns=100(m, m’/min, min?) at the matching
point between impeller and casing.

Two types of discharge channel are used
2(b). One of the
channels 1s expanded from the discharge
throat to the end of the channel with the
The other

as shown 1in Fig.

expansion angle of 8degree.

channel has a straight shape.
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Fig. 2 Test impeller and casings
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Fig. 3 Raw image by PIV measurement in the
discharge throat region

The spiral casing has a logarithmic
radius because the depth of the casing is
constant. In the case of circular casing,
type A has a straight channel but type A’
The
radius ratio R by the outer radius rs of

has an expanded diffuser channel.

circular casings to the radius of impeller
outlet rz has the various values that are
R=rs/rs = 1.03, 1.15, 1.3, 1.5.

The internal velocity field near the
tongue area 1s measured by the PIV
method of Choi et al." A double-pulsed
Nd:YAG laser sheet (20 mdJ) is used as a
source of illumination. The thickness of
the light sheet 1s fixed to 0.5 mm. A CCD
camera whose resolution is 1300 x 1030
pixel takes the image of the flow field
from the direction perpendicular to a
plane of light sheet. The intervals of the
laser pulses are set to 100 us. Particles of
nylon 12 whose diameter 1s about 30 ym
are used as tracers.

One plane in the direction perpendicular
to the Iimpeller axis are measured at
middle passage width (z/b=0.5), while z
is a wall-normal distance from the shroud

side wall, and b is an impeller passage

height (9mm).

A triggering signal is captured from the
shaft of the pump, so that the PIV raw
images in which the impeller blade is at
the

averaged.

same position are collected and

Fig. 3 shows a raw image taken by
present PIV system. Though there are
shadows made by impeller blade and
casing tongue, the discharge inlet region

of the channel is taken very clearly.

2.2 Numerical methods

Unsteady numerical simulations are
performed using a commercial software of
ANSYS-CFX'®.

flow field by modeling'®

Figure 4 shows the total
of the test
pump(Fig. 4(a)) and the magnified grid
view in the discharge throat(tongue)
region of the test pump(Fig. 4(b)). The
of the test

consists of four parts, such as the suction

calculation region pump

pipe, discharge channel, impeller and
casing, as shown in Fig. 4(a).

The total node number of the numerical
grid is about 1.3x10° in all simulation
cases. The grid parts of suction pipe and
the

boundary condition of transient rotor-stator

impeller are combined by grid
method. The same method is also used in
the grid boundary between the impeller
and casing.

The k-« SST turbulent model is used.
As the the

calculation domain, average velocity 1s

boundary condition 1in
given at the inlet of the suction pipe and
constant pressure is set at the outlet of

the discharge pipe.
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Disclmrgé :
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(a) Modeling of total flow field in the test
pump

(b) Numerical grids near discharge throat

Fig. 4 Numerical grids of test pump

Fig. 5 presents the performance compa-
rison at the best efficiency point by
experiment and CFD, where the head

coefficient (v = Hf (u3/2g)) is plotted vs. the
coefficient (¢ = Q/ A,u,).
the factors of H, uz, g @ and A, represent

head, rotational speed at impeller outlet,

acceleration of gravity, discharge flow rate
and

discharge where,

cross—sectional area at impeller
passage outlet, respectively. The time-
averaged head calculated by the CFD
with the
experimental result, both in the case of

spiral casing and circular casing.

simulation agrees very well

3. Results and discussion

3.1 Performance curves

Fig. 6 shows the performance curves

with various radius of the circular casings,
where the head coefficient(v), the power
coefficient(7), the local type number(k)'"
are plotted vs. the discharge coefficient
(¢). The casing types A, B, C, and D have
different outer radius of rz. In the case of
type A, whose radius R=r3r:=1.03, the
discharge flow rate at the best efficiency
(BEP) is @per=1.7Tm’/h, its
discharge coefficient is 0.0293, the total
head

number(which is

point

is Hprp=1.52m. The local type-
non-dimensional local
specific speed) at the best efficiency point
1s kpgp = 0.275, that is a little higher than
the designed value, 0.244.

As the increase of the outer radius ratio
R, the head is reduced. However, at the
smallest R, type A, the highest head and
best efficiency 1is achieved. The power
coefficient T is not changed so much by
the outer radius ration. Therefore, almost
the same value of the power coefficients
that the of head

difference 1s mainly resulted from the loss

Indicates reason

in the casing.

—/— Iup, of spiral casing

¥ Calc. of spiral casing
0.7 —O— Bap. of circvlar casing (R=1,03)
@ cCalc, of circular casing

0.6 | J | |
0 10 20 30 40

4

Fig. 5 Comparison of performance curves
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Fig. 6 Performance by outer radius ratio (experimental
results)

Fig. 7 indicates the comparison of the
performance curves by the casing types of
spiral casing, circular casings A and A’.

The result by the spiral casing shows the
higher head coefficient ¥ than those of the
circular casings in the almost range of the
discharge coefficient ¢. The result by the
circular casing of type A" shows the almost
same head and efficiency with those of the
spiral casing near the best efficiency point.
However, at the excessive range of discharge
coefficient, both head and efficiency are
decreased. The efficiency by the casing A is
a little lower than that of the type A” in the
almost whole flow rate range.

Therefore, in order to examine the
reason of performance difference by the
casing type in detail, flow fields of the
pump both by the casing A" and spiral
casing are Investigated by use of CFD
analysis and PIV measurement.
and  distributions

3.2 Transient velocity  vectors

calculated by CFD

Fig. 8 shows the calculated velocity

vectors in the test pump with the variation
of casing type. The velocity vectors are
shown on the middle cross section of
z/b=0.5. The calculated discharge value is
set at the best efficiency point of the
experiment.

The angle { means the position of the
When ¢=0 degree, the

blade end tip at the impeller outlet 1s on

impeller blade.

the line between the center of the axis
and tongue tip. As the number of the
the next blade

comes on that line when =90 degree.

impeller blade is four,

When the spiral casing is installed in
the pump as shown in Fig. 8(a), there are
inlet of the

and very strong through flow

separated vortices at the
impeller,
goes downstream along to the both suction
and pressure sides of the blade. In the
center region of the blade passage, strong
secondary flow occurs to the pressure side
of the blade. This is a typical flow pattern

in the low type number impeller.m

] ! I {
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e

G.8 - —{— vel. 2 £=1.03), parailel channel
— @~ ¥cl. B° (R=l.83), diffuesr channel
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Fig. 7 Performance change by casing types(experimental
results)
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¢.05%  fm}

(a) Spiral casing (=67 deg.)

(b) Circular casing A" ({=48 deg.)
Fig. 8 Transient velocity vectors by CFD.

The flow in the pump by circular casing
A’ shows more complicated flow pattern
(Fig. 8(b)) than that by spiral casing(Fig.
8(a)). in the
center of each impeller channels except

There are large vortexes

for the channel near the discharge throat
region, as well as strong secondary flow in
all blade passages. The flow at the outlet
of the impeller goes out only at the throat
region and the flow does not go out from
the impeller outlet in the other region.
Even at the best efficiency point, the flow
in the

asymmetric.

pump by circular casing is

Also
much larger than that by spiral casing.

the unsteadiness is
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Fig. 9 Transient velocity distribution in the circular
casing A' (CFD)

Fig. 9 shows the calculated wvelocity
distribution at the impeller outlet of
R=r/r»=0.99 with the change of blade
location ¢ of the test
circular casing A’ is adopted. Discontinuity

impeller when
region In the velocity distribution means
the location of impeller blade.

In the Fig. 9(a). when the blade is
approaching to the discharge throat region
of the casing, the tangential velocity wv:
becomes so large that it is more than the
rotational speed of impeller U, However,
this high tangential velocity disappears
after the blade passed the volute tongue
region.

Moreover, the radial velocity v, becomes
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remarkable only near the region of the
throat from 6=320 to 360
degree, while volute angle 6 is the angle

discharge

from the volute tongue to a position in the
clockwise direction along the outlet of the
impeller. However, in the almost regions
of impeller outlet except for the discharge
throat region, radial velocity is constant
regardless of the blade position.
Therefore, It is clear that the flow in
the impeller outlet is strongly controlled
by the circular casing because the velocity
distribution almost does not affected by
the position of the impeller blades.
3.3 Transient

velocity distribution in the casing

measured by PIV

Fig. 10 shows the measured transient
velocity distribution at the discharge
throat of the circular casing by PIV. The
velocity measurement is conducted on the
plane of z/b=0.5 in the range of the best
efficiency point. The data are collected at
the radius ratio of R=r/r,=1.01.

Fig. 10(a) shows the radial velocity
distribution divided by the rotational
outlet U, Radial
velocity distribution at the pressure and

speed of impeller
suction sides of the blade is relatively
very high as the blade is moving from ¢
=60, 75 and 0 degree. From the angle 6
=-40 to 0 degree,
region of the casing, there exits almost
outward flow, which agrees with the CFD
results as shown in Fig. 9.

where 1s the throat

The tangential velocity distribution
Indicates that there always exists
relatively high tangential velocity about

vi = 0.9U2 around the position of 8=-35
degree as shown in Fig. 10(b). However.

the measured tangential velocity 1s not so
large as that in the CFD result at the
radius ratio of R=r/r:=0.99 as shown in
Fig. 9(a).

0.4
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(b) Tangential velocity distribution

Fig. 10 Transient velocity distribution by PIV
measurement

The reason of relatively low tangential
velocity from PIV  measurement 1s
conjectured that as the PIV data are
measured at the casing passage(R=1.01),
the flow make mixture during the flow
goes into the casing from impeller outlet,
and then the flow mixture may make the
distribution smoother in case of experi-

ment.
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Fig. 11 Comparison of velocity distribution by the
casing type (PIV)

Fig.
measured velocity distributions near the
discharge throat in the pump
according to the spiral and circular casing
types. In the spiral casing, the radial and
tangential velocity distributions becomes

11 presents the comparison of

region

flat except for just near the tongue region.

However, considerable velocity changes
with the variation of volute location of 8
can be checked in the case of installing
circular casing A" as shown in Fig, 11.

this that

velocity by circular casing in the region of

Therefore, result reveals
discharge throat near volute tongue has

higher values of radial velocity v, as well

as the unsteadiness than those by spiral
casing.

3.4 Time averaged velocity distribution

Fig. 12 shows the time-averaged velocity
distribution calculated by CFD. In the case
of spiral casing, the radial and tangential
velocity distributions are almost constant
with the variation of the volute angle 4.
On the other hand., in the case of circular
casing, the radial and tangential velocities
increase only at the region of discharge
throat but almost flat velocity distribution
at the other The high
velocity near the discharge throat should

exists region.

be suppressed to keep the stable operation
of the pump without radial thrust.

Jug

iy

Fo,,

Ve

— v, ispiral casing!
—(— v, lcircolar casing]
—h— v (spiral casingl

—— ¥, felreular caging

B {dey]
Fig. 12 Time averaged velocity distribution by CFD

4. Conclusions

The
speed centrifugal pump with circular and
analyzed by PIV
measurement and CFD calculation. From
the
following conclusions have been obtalned.

internal flows of a low specific
spiral casings are

the results of the present study,

1. Time-averaged radial and tangential
velocity distributions in the spiral casing
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are almost constant with the change of
in the
circular casing, the radial and tangential

the volute position. However,
velocities increase only at the region of
discharge throat but almost flat velocity
distributions exist at the other region.

2. The flow in the

strongly controlled by the circular casing

impeller outlet is

because the velocity distribution at the
impeller outlet almost does not affected by
the position of the impeller blades.

3. The flow in the pump by circular
casing shows very complicated flow pattern
than that by spiral casing. There are large
vortexes and strong secondary flow in the
blade passages. Even at the best efficiency
point, the flow in the 1impeller with circular
casing 1s asymmetric.

4. Circular casing has high applicability
in the range of low specific speed because
of 1ts simple configuration and almost
constant velocity distributions in the
casing passage. However, strong velocity
unsteadiness In the region of discharge
should be

suppressed to keep the stable operation of

throat near volute tongue

the pump without radial thrust.
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