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Air-Water Two-Phase Flow Characteristics of Volute Pump

according to the Number of Blades

Kim Young

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

Mostly recent, pump operating is dealt with a peobl of value in
air-water two phase flow. However, it is difficutb examine a cause of
performance slow down closely due to entrained @&iis paper tries to
analyze the single-phase flow and air-water twosphdlow characteristics
according to semi-open type impellers with 3, 5, blades through
experimental apparatus. The casing is made up trathsparency acrylic for
confirmation the flow pattern. The pump rpm and thkaft torque are
measured by rpm sensor and torque sensor. Theptesp's maximum rpm,
head, kw are 1750, 15m, and 1.5kw, respectivelye Thappearance and
reliance of apparatus are satisfied through anfiable experimentation
with separate ways. As a result in experiment, adtaristics of single

stage centrifugal pump are excellent in the orderaw impeller with 7, 5,



3 blades in a single-phase flow. But the break davinpump has been
happened slowly in the order of an impeller with 8, 7 blades in
air-water two-phase flow. Also, this paper tries émalyze flow pattern
between impeller and casing in order to examineaase of break down in

air-water two-phase flow.
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Fig.5 Pictureof air-watertwo- phaseflow experimentaapparatu

electro-megnetic flow meter

notor  casing suction pipe

Fig.6 Schematic view of air-water two- phase flovperimental apparatus
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(a) 3blade impeller (b) 5blade impeller (c) 7blade impeller
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Table 1. Technical data of electro-magnetic flowter@&M-100MG series)

Main Part Technical Specification
METER SIZE A& DN20-DN300 (3/4"-12") (OPTION :#2]3)
FLANGE KS 10K (OPTION : ANSI, DN%)
=4 o &, é}f, H B At 5 HA7]HEE 5puS/lem ©]d<d
B2E §A
=2 A Pulse DC field®d o] dAt7] 574 4]
S5A 5 94 0.1 m/s-10m/s (turndown ratio 100:1)
A W +5% of SPAN (OPTION : #0.25% of SPAN)
R R -20%= ~ +80%
20CHARX2LINE TEXT LCD with LED backit
DISPLAY
i S G s B RS B Pl B o
Z}ol g HARD RUBBER, CERAMIC
A4 A= SUS316, Hastelloy C4™ &, EJEHT
A SUS316, SUS304, STEEE! &1 tho] A A~H
CURRENT 4-20mA
=9 PULSE DC 15V Pulse or Open Collector
A% | sTATUS Low/HI LIMIT (OPTION)
DIGITAL RS-232 (OPTION)
e THHd 110/220V AC, 60Hz (OPTION : 220/240V AC, 50Hz)
Bl 21VA
Ho5H IP65 == NEMA 4 and 4X
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Fig.11 Principle of electro-magnetic flow meter
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Fig.12 Picture of electro-magnetic flow meter(FMAMG series)
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Table 2. Data of compare electro-magnetic flow metgh weir

) ) electro-magnetic
Valve open w eir(m' /min) . (A-B)x100
flow meter (W' /min) e —
degree(%) A B A
16 0.0327 0.032 2.14
23 0.0674 0.066 2.08
28.7 0.096 0.094 2.08
34.6 0.1305 0.128 1.92
39.5 0.162 0.159 1.85
445 0.1955 0.192 1.79
49.6 0.229 0.225 1.75
55.7 0.261 0.257 1.53
64 0.2935 0.289 1.53
100 0.326 0.321 1.53
0.357 7]
0.30- —
_ P _
T 0.25- . -
E 1
E 0.20- -
Q 1
S 0.15- -
2 ]
Y 0.107 .
1 —i— Weir
0.05 Electro-magnetic |
1 ./ — flow metger 1
0.00 T T T T T T
20 40 60 80 100

Valve open degreg%)

Fig.13 Graph of compare electro-magnetic flow metéh weir
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Table 3. Data of compare analog pressure gauge digitel pressure gauge

Flow rate Digital pressure Analog pressure (A-B)x100
(m’ /min) gauge kgler) : A | gauge ksg/er) : B A
0.002 1.294 1.28 1.08
0.032 1.262 1.25 0.95
0.066 1.240 1723 0.81
0.094 1.201 1.2 0.08
0.128 1.146 1.13 14
0.159 1.033 1.02 1.26
0.192 1 0.98 2
0.225 0.904 0.9 0.4
0.257 0.796 0.79 0.75
0.289 0.682 0.67 1.76
0.321 0.559 0.55 1.6
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Fig.17 Visualization experiment apparatus in singlese flow
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Fig.19 Picture of flow pattern in single phase flow
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Fig.20 Air supply system

_37_



o o] 44 7 4] 9

g 7]

52 70 & W3t u

790
o ¥y A

o
p

Fig.21 Fig.22 Fig.2

[ g A [

=
=

H
gl
=0
o

W
W

)

Azddo= e gl

7§

HolEXE hRAH0E A7

w

124 Imin® =71A17]4

72
o AL AA

A
7_}-

fviel

o)

[¢]

ol eEhh AT

5]

=N
[¢}

7_}-

Z 6.
- =

1
R

7 AL 3ol A

Al A

1}
A

)

on
_#O#H

—_—

Mo

71e] Wst7b l9lal 4% o] el M

-
-

4% o]l A

o
=

elil

il

7190) g5 A Aol Ao

=
T

T3 Fig.24 Fig.25l A9} o] 71 Zrol u}

o

(6.77%), 174

]

NS

oA 371(6.87%), 5

_38_



1.004

Void

e .
LN fraction
r
0.754 1%
2%
Y T
0.50- a “L\\\ 4%
[ 5%
6%
0.25- E
T T T T T T T T T T T T T T T
000 001 002 0.03 004 005 0.06 0.07 0.08 0.09
T T T T T T T T T T T T T T T
0.10 —
0.09 —
0.084
T 0.07
0.064
0.05
0.04
T T T T T T T T T
000 001 002 003 004 005 0.06 0.07 0.08 0.09

1%
2%
™ 49

™~ 50
6%

0.09

Fig.21 Characteristics of single-stage centrifugaimp with 3 blade

semi-open type impeller in air-water two-phase flow

_39_



1.00_ T T T T T T T T 'bII 'd T T i Void
T 5 blade i
= fraction
0.75- — 1%
L— 2%
W
0.50- T~ 4%
1= 5%
6%
0.25- 4
000 001 002 003 004 005 006 007 008 009
0.10- 4
0.09-] 1%
0.08- 2%
T 0.07-
] T~ 4%
0.06-
\ 5%
0.05- 6%
0.04- —
000 001 002 003 004 005 006 007 008 0.09
60
™ 1%
[~ 2%
40
7] '§4%
204 5%
6%
o = -
0.‘00 I 0:01 0‘.02‘ 0‘.03‘ E)O4I IO.Ol:': I0.0‘6 I0.0‘7 0.(I)8 0.09

Fig.22 Characteristics of single-stage centrifugamp with 5 blade

semi-open type impeller in air-water two-phase flow

_40_



ol 1 Void
e 7 blade fraction
0.75- |_—1%
— 2%
v
0.50+ ™~ 49
™S 5%
0.25- -
000 001 002 003 004 005 006 007 008 0.09
0.104 4
0.09
] — 1%
0.08- 2%
7 0.074
] 4%
0.06+4 5%
0.054
la"
0.044

T T T T
0.00 001 0.02 0.03 0.04 005 0.06 0.07 0.09

IOOS

I 29

4%
T 5%

Fig.23 Characteristics of single-stage centrifugaimp with 7 blade

semi-open type impeller in air-water two-phase flow

_41_



0.80 1 ] .
- - B:0%
0.75 - [ | 3 blade B:1% °
— @ — 5 blade B:2%
0.70 1 | — & —— 7 blade B:5%  B:3% .
- B: void fraction B:5.84% . B:4% B:0%
c 0.65 1 : ) 0
Q0 B:5% v B:1%
£ 0.60 TR Sl i
D - P PNl T
8 0.55 - 326.77‘3/? . .#B l;_z[“:'/:l%
3 ‘*9/9 N
% 0.50 1 /.. . B:4% =
[ |
0.45 A ./§~ B:5%
0.40 - . 6:6% -
0.35 A B:6.87%
T T T T T T T T T
0.045 0.050 0.055 0.060 0.065 0.070 0.075 0.080
Flow coefficient
(a) Variation of the head coefficient at a maximdilow coefficient
0.80 — — T
B:2%, 4
0.75 Bg% o.ﬁﬁz |3:1§/00%
p:5.15% * ~ )
0.70 -+ - :1@/004
g: %
0.65 :3%
g g
‘5 0.60 7 B:5% 7]
2 . ;
S 055 B:6% /.
8 B:6.32% 3:6.79%
T 0.50 T 7
I
0.45
| — Hl — 3 blade |
0.40 — @ — 5blade
0.35 ——AA—— 7 blade
B: void fraction
T T T T T T T T T T T T
0.045 0.050 0.055 0.060 0.065 0.070 0.075 0.080

Flow coefficient

(b) Variation of the head coefficient at a maximwfiiciency

Fig.24 Variation of the head coefficient accorditmy entrained air

_42_



0'8 T T T T T T T T T T T T T T T
A
= 0.7 ‘\.\.\. Ay T
Q TTe——e
o \
= .\.—.‘- L]
3 0.6- T—nm i
g o. \
©
s )
T
0.57 1
—Il— 3 blade
—@— 5 blade
0.47 | —a— 7 blade 7
T T T

T T T T T T T T T T T T
0.0 1.0 20 3.0 4.0 50 6.0 7.0
Void fraction

(a) Variation of the head coefficient at a maximafficiency

0.8 T T T T T T T T

071 A—a

A
a)  (b)
. R0 g;\u\‘
'S 0.6 7 . \(f) T
= =2 =] .\
g \ .
= 0.5 - * |
g .
|| —M— 3blade T |
0.4 —@— 5 blade
1| —— 7 blade .
03 I — T T T — T T

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Void fraction

(b) Variation of the head coefficient at a maximdiow coefficient

Fig.25 Variation of the head coefficient accordittg void fraction

_43_



53 7\ Aol A FA Y FEAY

5.31 7FA 3 Ad A=

oX,
e
L,
uei)

jad

-|-l
i

7ol d Al Hol=go mE oJdefe} Aol e VIEAF BH
THEE #Y3st7] 93 Fig.269 7ol 1d]9] Sheet light, 215X 7hv 2}

2k Stroboscop& ©] &3} T},

Visualization
section

strobo
scope

Flow
direction

Digital
camera

Fig.26 Visualization experiment apparatus in aitewawo-phase flow

_44_



532 Hol=Ego W& W3

Fig.27¢9] (a)~ M+ Fig.25 (bl el Z oA vdegds@~HAEE 1
&= sl s ol 43kl Y@ Apxlolo),

A= 52ls VT oR S vl g { Al HolEg 1% 6%
A Aol WR FEWMIE A% B ARloln) Fig.279 (a)~ (f)

EA
AP O A B Zo] HolEgo] S7tEFE Ao d Fol w717 A
o

v}

A H ®eol AFste e & 7 UlT. Hol=&o] 3% A= 3719
A 717ke]l #ol YFFo avx] B2 4o FU|7F AFEn UA &
FAIRE Hol=Fo] 4%t HA ol g Fr|7F AlFeda
Fig.25 (bl 1z el A RolFE vie} o] FZAHF AN BAHH 0
2= Wsodth. =9 Hol=g& 5% o] 4ol AE 2o ¥y oy
Ao AAA F7I7F Azl AlFeton Reol=g 6%l A=
Ao Be %9 F77F AR Hol=& 6.77%F =HA FH 3
Aol dojytt. wetA Hxe] AFo] w43 Aot

1=} A=
EALA 0w

K

_45_



(a) Void fraction 1%

(b) Void fraction 2%

Fig.27 Flow pattern according to the void fraction
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(d) Void fraction 4%

Fig.27 Flow pattern according to the void fraction
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Fig.27 Flow pattern according to the void fraction
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