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Abstract : [t was reported recently that the pump head degradation near the best

efficiency point from single-phase flow to the break-down due to air entrainment
became less in a screw-type centrifugal pump than in a general centrifugal pump. In

this paper, I carried out internal pressure measurements and visualizations, and

investigated the various physical phenomena occurring inside a screw-type centrifugal
pump operated in air-water two-phase flow. The results could give some characteristics
about the degradation of pump performance on air-water two-phase flow.
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1. Introduction

A screw-type centrifugal pump is
manufactured to carry solids primarily
and its impeller has a wide flow
passage'. The effect of flow passage
shape on delay of the break-down due to
entrained air and details of characteristics
of the pump was investigated by Kim et
al.’” They showed that the screw-type
centrifugal pump is more suitable than a
general centrifugal pump for transporting
air-water two—phase flow because its 4¢
(loss of pump head from single-phase
flow to the

entrainment)

break-down due to air

near the best efficiency

point was smaller. And the effect of flow
delay of the
they
also reported that the pump head became

passage shape on

break-down was little. Moreover,
partially higher in two-phase flow than
that in single-phase flow near the best
efficiency point at narrow tip clearance.
However, the internal pressure
fluctuations on this pump due to air
entrainment have not been studied yet.

of this

investigate the relationship between the

The purpose paper 1is to
pump head and the pressure distributions

under air-water two-phase flow
conditions at »=3.000rpm with different

impeller tip clearances, flow coefficients
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and void fractions by using a small
screw-type centrifugal pump designed to
acquire basic data. Moreover, the internal
flow patterns by using a stroboscope and
halogen sheet light was observed. Then,
we have investigated the influences of

flow patterns on the pressure
distributions.
2. Nomenclature

b,y © width of the volute casing
B, ' height of the blade
C, ‘ pressure coefficient

(= (P iy— 08Z imy— P I/ (1/2)0u)
'C, @ mean pressure coefficient during

one revolution.
d mee - Maximum diameter of the impeller

g : acceleration of gravity

H : pump head
(=(Py=P)/(og) + Z s+ (Vim VH/(22)

n . rotational speed

P, ' pressure in the delivery pipe

P, ° pressure measured in the pump

casing
P,  pressure in the suction pipe
Q © volume flow rate of liquid

Qn  volume flow rate of air

R,.. ' maximum radius of the impeller

T. ' tip clearance

u, ° peripheral speed at the R,..

V. © mean velocity in the delivery pipe
Vs : mean velocity in the suction pipe

Z, ¢ height from the pump shaft to
pressure tap of P,

Zmp  height from the pump shaft to
pressure tap of P,

(1204)

B - void fraction (=@ ,/(Q+ Q)
A - maximum void fraction

4¢  : degradation rate of ¢ from single-
phase flow to the break-down due
to air entrainment (=¢¢— ¢ cop)

0. ' phase angle of the impeller

A " non-dimensional tip clearance
(=T /By

o * density of liquid

é  flow coefficient (= Q/(7b2d st 5))

¢ head coefficient (=2gH/u3)

¢y ° head coefficient at =0

¢ aoke - head coefficient at 8= 8

3. Experiment

Schematic view of the small screw-type
centrifugal test impeller is shown in Fig.
1. The impeller had 60 degree vertical
angle hub corn and had a
blade. the
maximum radius of which, defined as

three-dimensional  spiral

R, had a length of 44mm and was
located 400 degree from the impeller front
tip. The location of R,,. faced the end of
the suction cover casing. The impeller
blade width decreased gradually behind
R,.. and vanished at 540 degree. The
impeller was made of aluminum. In this
paper, tip clearance, 7. were 0.2mm and
1.0mm. Non-dimensional tip clearances
based on the blade height are 2=0.012
and A=0.058, respectively.

We have set up the experimental

sketched Water

circulated from a water tank through an

apparatus in Fig. 2.

electro-magnetic flow meter, a suction

pipe, a pump, a flow control valve and a
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discharge pipe. The flow rate of liquid
was measured by the electro-magnetic
flow meter installed in the suction pipe.
Air was injected at the location 80mm
upstream of the suction cover casing
inlet. The water tank had the dimensions
of 700mm diameter 600mm height and
had a bulkhead at the

bulkhead removed air bubbles naturally

center. The

on the occasion of air-water two-phase
flow experiment.

Flow direction i Suction pipe

Maximum
radius

Suction cover casing
60°

Impeller hub . m_
Volute casing / C!)w

Fig. 1 Test impeller

Flow direction
Flow control valve
Tank Pressure taps Rotational angle indicator
Bulkhead Torque meter

Rotational
Electro-magnetic ) speed detector
water flow meter \ Air

supply |

—_—
Flow direction

Fig. 2 Schematic view of the
apparatus

experimental

On the occasion of visualization test, an

acrylic-resin-made  transparent casing
was used. The visualization section is a
square of 120mm x 120mm.

The stroboscope was used as a light
source to synchronize with the angle of
blade.

Furthermore., we visualized a

(1205)

rectangle of 8 0mm x 60mm near the
volute tongue by using a halogen sheet

light.

Suction

Unit : mm 1
cover casing

20 |30

Fig. 3 Locations of pressure taps

Fig. 3 shows the locations of pressure
taps on the pump casing which has No.
1~8 measuring holes in the volute casing
and No0.9~38 ones in the suction cover
casing has a

casing. The volute

rectangular cross section.

Pressure

Counter circuit _transducer 2ischarge pipe

A/D board

Amp.]|Rotational
speed
detector

; ——-
Electro-magnetic / Pressure
water flow meter tap

Rotational
angle indicator/” Torque meter

Fig. 4 Measurement system

Fig. 4 shows the measurement system

for pressure distributions, which are

consisted of semiconductor pressure
an A/D board,
The phase

angle of the rotational impeller, 6, was

transducers, amplifiers,

and a personal computer.

measured by a special phase indicator
and was defined as 0 degree when the
impeller front tip was right vertically
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above the pump shaft. A rotational speed
detector and a torque meter measured
the pump rotational speed and the motor
torque, respectively. Pressure
fluctuations were evaluated by pressure

coefficient, C, with averaged ensemble

over 100 pump revolutions.

Pressure fluctuation measuring
experiment has been achieved mainly at
#=3,000rpm, ¢=0.025 best

efficient point).

(near the

4. Results and Discussions

Pressure  fluctuations during one
revolution of the impeller at 4=0.012, 8
=( in the different locations, radial (No.
24~28) and peripheral (No. 11,16,21,26)
in Figs. 5(a) and 5(b),
5 present that the

pressure increases gradually in the radial

are plotted
respectively. Fig.

direction, while there is no increment in

the peripheral direction.

Pressure tap : No.24 - 28 Pressure tap : No.11,16,21,26

n = 3000 [rpm] n = 3000 [rpm]
0.8 6 =0.025 0.8, » =0.025
A =0.012 1 =0.058
B =0 B=0
a 26 11 16 21
&) 27 Q

28
o 04 0.4
26
25
e B

24

0 90 180 270 360 0 90

180 270 360
gimp[° 1

gimp[ ]

(a) radial (b) peripheral

Fig. 5 Pressure fluctuations in the suction cover
casing

Fig. 6(a) and Fig. 6(b) show pressure
fluctuations with different void fractions
at No. 26 for different tip clearances. In
Fig. 6,
increased with the

regardless of A, the pressure

impeller rotation,

dropped right down to the lowest point
just after the blade passed and then
increased again gradually. However, the
width of lowest area is much wider at 2
=0.012.

Pressure tap : No.26 Pressure tap : No.26

0.8 0.8
n = 3000 {rpm] n = 3000 (rpm]
0.6 —_— =0 06
- 3=0.01 =
04 —— ﬁ =0.022 04t g ;g o
- $=0.03 .
--- B=0.03
£=0.05

6 =0025
1 =0058
% 180 270 360
Gimp[" ]
(a) 2=0.012 (b) 4=0.058

Fig. 6 Pressure fluctuations with different void
fractions and tip clearances in the suction
cover casing

0.6
o5 | .————. n=3000 [rpm] |

' =8=0 | ¢$=0025
04 c-@=B=001 j——— [ —
03 | & B=0022,

|8 : ~A B=0.03

02 S =
o1

0 {

-0.1
24 25 26 27 28
Pressure tap number
(a) 1=0.012

0.6

n = 3000 {rpm]

24 25 26 27 28
Pressure tap number

(a) 2=0.058

Fig. 7 Mean pressure distributions for different
tip clearances in the suction cover casing

(1206)
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1Pressure tap : No.1-8

n = 3000 frpm]
.025

6 =

50 180 270 360
Dimp " ]

(a) ¢=0.025

1Pressure tap :No1-8
n = 3000 frpm]

90 180 270 360
Gimp[ 1]

(b) ¢=0.025

1Pressure tap . No.1-8

-~

V
l’ 'n = 3000 [rpm] J
. ¢ =0.005
1 =0012

0% 80 160 270 360
Gimp [ ]

(c) 4=0.005

Fig. 8 Pressure fluctuations and flow patterns for
different flow coefficients in the volute casing

Mean pressure distributions during one
revolution with different void fractions in
the radial direction (No. 24~28) at A
=0.012 and 2=0.058 are plotted in Figs.
7(a) and 7(b),
=0.01, pressure distributions are almost
with A=0 at both tip
while they decrease slowly

respectively. As for #8

the same
clearances,
with the increasing of void fractions at

over than #=0.01. When C, at 4=0.012
was compared with that at 4=0.058, the
degradation rate of C, becomes less at 4
=0.058 than that at 2=0.012. Both tip

clearances, C, at #=0.05 has almost the

(1207 )

same value for that reason.
Consequently, it is considered that the
influence of tip clearance on pressure
distribution become less, as the void
fraction become larger.

Pressure fluctuations at 4=0.012, B=0
with the different flow coefficients, ¢
=0.025. 4#=0.015. ¢=0.005 in the volute
casing are plotted on the left-hand side of
Figs. 8(a). 8(b) and 8(c), respectively.
The pictures on the right hand side of
those show the flow patterns near the
volute tongue of those flow coefficient at
8=0.002 taken by using a halogen sheet
light. In the volute casing, the peak point
of pressure fluctuations appeared once
during one revolution, which means the
blade of the

impeller appeared intensively in the exit

influence of one spiral
of volute casing. Fig. 8 also show that
the growth of pressure gaps between the
volute exit (near No. 7, 8) and volute
tongue (No. 1) causes gradual increment
of recirculating bubbles as the flow
coefficient becomes less.

Pressure fluctuations at 4=0.012, §
=(0.01 with the different flow coefficients,
$=0.025. ¢=0.020, ¢=0.015, in the
volute casing are plotted in Figs. 9(a),
9(b) and 9(c),

air-water

respectively. In the
two-phase flow, as like

flow, the gaps
between the volute exit (near No. 7, 8)

single-phase pressure

and volute tongue (No. 1) increase
gradually as the flow coefficient becomes
considered that the

recirculating bubbles

less. So, it is
increase, as the
flow coefficient becomes less.
In order to clarify the influence of

recirculating bubbles on pump head
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we show the pump head
characteristics on #=3.000rpm at A
=0.012 and 1=0.058 in Fig. 10"
According to Fig. 10, 4¢ near the low

performance,

flow coefficient was large. Therefore, it is
considered that the increment of 4¢ near
the low flow coefficient was caused by the
increment of recirculating bubbles.

 Pressure tap : No.1~ 8

Pressure tap : No.1- 8 Pressure tap : No.1 - 8

n = 3000 frpm} n = 3000 {rpm}
08 # =0.020 o8 ¢=0018 5678
3 )567/3
80.6 12l 806
1
. 0.4 -
N 88y
O‘D 90 180 270 360 O"( 90 180 270 360 0 80 180 270 360
gimp [ ] gimp[° ] gimp[* ]
(a) ¢#=0.025 (b) ¢=0.020 (c) ¢=0.015

Fig. 9 Pressure fluctuations for different flow
coefficients in the volute casing at 3=0.01

1.0
os >B=° $=0.01 [1=0012] B=0 g=g01 A= 0.058]
CIB=0.027,  p-004] | Q_ge002 |
06 |, - EI, i 7 =0.041
= & y £=0.0 1
04 | oy R t . g & B
02} HFF 3=0.05) B=0.075 =0.04
B=0.06 B=0.068 B=0.074=0.06
0 001 002 0030 001 002 003
Fig. 10 Screw-type centrifugal pump  head

characteristics™

Mean pressure distributions during one
revolution with different void fractions in
the volute casing (No. 1~8) at 2=0.012
and 4=0.058 are plotted in Figs. 11(a)
and 11(b), respectively. Same with the
results in the suction cover casing, the
degradation rate of C, becomes less at 4
=0.058 than that at 4=0.012. These
results coincide well with the change of ¢
at ¢=0.025 in Fig. 10. Moreover, it can
be seen that C, at 8=0.022 of 1=0.012
becomes higher than that in single-phase
flow.

(1208)

When the
between Fig. 7 and Fig. 11, the increment

results were compared

of C, in suction cover casing was much

larger than that in volute casing.

06
n = 3000 [rpm]
$=0025 e
05 ’
1S 04
-+ A =0 -®- £=001
03 b 350022 —f =003
-8 =005
0.2 -
1 2 3 4 5 6 7 8
(a) 2=0.012
06
n = 3000 [rpm ]
OS5 = =002 T
|S‘ 04
03 1 --B=0 -@- 5=001
- $=003 @ B=005
0.2 - : ‘ -

1 2 3 4 5 6 7 8

(b) 1=0.058

Fig. 11 Mean pressure distributions for different
tip clearances in the volute casing

Fig. 12 Flow patterns at »=3,000rpm, ¢=0.025
and /=0.012 ;(a) £=0.01, (b) 5=0.022, (¢) 8
=0.03, (d) 5=0.04, (e) 7=0.05, (f) 5~0.06
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Fig. 13 Flow patterns at #=3,000rpm, ¢=0.025
and 2=0.058 ;(a) 3=0.01, (b) 5=0.022, (c) 8
=0.03, (d) 5=0.04, (e) 5~0.05, (f) 5=0.06

Visualization experiment by using a
stroboscope has been achieved under the
conditions of »=3,000rpm and ¢=0.025.
Fig. 12 and Fig. 13 show the flow
A=0.012 and 4=0.058,
respectively. The impeller rotates from
the bottom to the top. The rear side of
blade is pressure surface and the front
These

patterns at

side of one is suction surface.

pictures show that the transition of
bubble sojourn area formed suction
surface of the impeller blade. In this
screw-type centrifugal pump, bubbles

stay always in the suction surface of the
blade, regardless of void fractions and tip
clearances. However, the sojourn area
remains as large lumps of bubbles at A
=0.012, while it does with dispersion by
much of leakage flow at A=0.058. So, it is

considered that the increment of lowest
area of C, after the blade passed at 2

=(0.012 as shown in Fig. 6(a), is due to
large lumps of bubbles in the suction
surface. This causes much degradation of
¢ at A=0.012, as shown in Fig. 10.

Near the exit of suction cover casing,
large-scale  backflow

occurs always

(1209)

of the
screw-type centrifugal pump. Large-scale

because secondary flow in a
backflow, from volute casing to suction
cover casing, can be seen at all Fig. 12
and Fig. 13 except Fig. 12(b). Fig. 12(b)
shows well-fixed air band, which was

formed at the suction surface of the blade

to the end of suction cover -casing,
blocked the backflow. It explains
sufficiently the result that C, at B8

=0.022 of A=0.012 became higher than in
single-phase flow. The other cases, the
bubble sojourn area in the suction surface
were crashed and dispersed by much of
leakage flow, and air band could not be
formed. Therefore, pump head increment
can not be seen in these cases because
there is no air band to block the

backflow.

4. Conclusions

We carried out the pressure fluctuation
measurement and visualization experiments
under air-water two-phase flow conditions
at #=3,000rpm with different impeller tip
clearances, flow coefficients and void
fractions by using the small screw-type

centrifugal pump designed to acquire

' basic data.

(1) The influence of tip clearance on
pressure distribution becomes less, as the
void fraction becomes larger.

(2) The
degradation rate

increment of pump head

near the low flow

coefficient is caused by increment of
recirculating bubbles.

(3) Both in the suction cover casing and
in the volute casing, the degradation rate

of pressure distribution becomes less at
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These
coincide well with the change of pump
head.

(4) The pressure increment in suction

wider tip clearance. results

cover casing is much larger than that in
volute casing.

(5) Pump head degradation rate mainly
of bubble
sojourn area formed suction surface of the
impeller blade.

depends on the dimensions

(6) Peculiar phenomenon that the pump
head
two-phase flow than that in single-phase

became partially  higher in
flow is due to pressure increment in the

volute casing.
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