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A Basic Study on the Pump Characteristics Experiments

Operating in Air-Water Two-Phase Flow
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Fig. 1 Characteristics of horizontal-type centrifugal pump in air-water

two-phase flow according to void fraction"
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Fig. 5 Schematic view of air-water two phase flow experimental apparatus



Fig. 6 Picture of air-water two phase flow experimental apparatus
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Fig. 7 Front view of the suction cover casing for visualization
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Fig. 10 Control panel of air-water two phase flow experimental apparatus
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Fig. 11 Initial screen of LabVIEW
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Fig. 12 Initial screen after starting LabVIEW
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Fig. 14 Test pump
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Fig. 15 Principle of electro-magnetic flow meter

_25_



Fig. 16 Picture of electro-magnetic flow meter(FM-100MG series)
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Table-1 Technical data of electro-magnetic flow meter(FM-100MG series)

Main Part Technical Specification
METER SIZE A A3 DN20-DN300 (3/4'-12") (OPTION : £ 3)
FLANGE KS 10K (OPTION : ANSI, DN %)
=5 g T, 3, g 2 Ads F AVIFAEE 5pS/em 0] 4]
EE RA
54 44 Pulse DC field 2] 9] Az}7] 53 H#4
A &5 894 0.1 m/s~10m/s (tumdown ratio 100:1)
22 U9 +5% of SPAN (OPTION : +0.25% of SPAN)
T 22 205 ~+80%
20CHARX2LINE TEXT LCD with LED backit
PISFLAY cnF, 2URE AL, AN
gto] g HARD RUBBER, CERAMIC
A4 A= SUS316, Hastelloy C4, ™, E|E}E
A SUS316, SUS304, STEEL % ¢Fu|F tho]A2H
CURRENT 4-20mA
=9 PULSE DC 15V Pulse or Open Collector
A% | STATUS Low/HI LIMIT (OPTION)
DIGITAL RS-232 (OPTION)
_ Tudd 110/220V AC, 60Hz (OPTION : 220/240V AC, 50Hz)
AH| Y 21VA
H35H IP65 == NEMA 4 and 4X
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Fig. 18 Reappearance of single-stage centrifugal pump in single-phase flow
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Table 2. Compare experiment value with company value

o] Ao A AAIFE Zk A & o=t
14.99m
o}z ™ 0.07%
o} 0= 5 A AN 1)
14.57m
@ Aoy 287
67.24%
ot29 | 3.94%
e 70% g 2D
66.34% | ¢ 934,
@ Aol )
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Fig. 23 Air supply system

_40_



A
A

0/ min

=

71 E

REYA

[e)
o}, @3S, Fig. 279149}

ol A

Azrddes yer
Al S 7E Doty e

o] 6%E == Al A7t

=

7] 9o

=

T

o eie] WA} anlH ol FolAA W, 9

=

Aol A Ko

e}

23t

< A
o]
=

1

L

7| W o] 457 A

T

22 gl o

)

o] )
=

frgolol uk A

2

Fig. 24, 25
AN RA E4

5
ol A Hol=go]

[e)
kel
.

she] Ero] o

2ol ]

)

B

—

o) =

0

27} W

_41_



r_— void fraction 1%
—— void fraction 2%

~void fraction 3%
[ ™ void fraction 4%
S~

void fraction 5%

.06

0.2

0.1

P PR T TP PR PO NI PO SO |

g void fraction 1%
/ oid fraction 2%
/ roid fraction 3%
:”_____.—mi(i fraction 4%

void fraction 5%

— void fraction 6%

0.01

0.05

Characteristics of closed-type impeller

Fig. 24 Characteristics of single-stage closed-type centrifugal pump in

air-water two-phase flow according to void fraction
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Fig. 25 Characteristics of single-stage semi-open-type centrifugal pump in
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Fig. 28 Picture of visualization experimental apparatus
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(a) void fraction - 1%

(b) void fraction - 2%

Fig. 29 Pictures of void fraction 1% and 2%
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(c) void fraction - 3%

(d) void fraction - 4%

Fig. 29 Pictures of void fraction 3% and 4%
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(e) void fraction - 5%

(f) void fraction - 6%

Fig. 29 Pictures of void fraction 5% and 6%
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Fig. 30 Pictures of break down
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Abstract

In a general centrifugal pump, if it is operated for a two-phase flow the
activity of the impeller usually degrades and occasionally losses its function.
However, the effect of break down of centrifugal pump due to entrained air
has not been clarified yet. Thus, air-water two-phase flow experimental
apparatus was installed to acquire basic data. This paper tries to analyze the
single-phase flow and air-water two-phase flow characteristics through this
air-water two-phase flow experimental apparatus. The pump rpm and the
shaft torque are measured by rpm sensor and torque sensor. The casing is
made up with transparency acrylic for confirmation the flow patterns.
According to void fraction, mass and shape of impeller, the pump
characteristics under a single-phase flow were measured. The test pump's
maximum rpm, head, kW are 1,750, 15m and 1.5kW, respectively. The
performance results of a single-stage closed-type centrifugal pump satisfied
reappearance and reliance. Also, in a single-phase flow, compare to
semi-open type impeller, closed-type impeller has superior and efficiency.
But in air-water two-phase flow, the rate of decrease of efficiency and head

decreases.
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Nomenclature

A D AEY E @A (em?)
H H3z o] G4 (m)
L, T (W)

Q e (m* /min)

U HAFE= (m/sec)
8 D HOIEE (%)

B D Fa HolE=g (%)
v B &% (glem’)

n HE a8 (%)
T SEEAT

¢ FFAT

VY FB AT
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