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A PIV Visual Study on the Fluid Characteristics and
Pressure Drop of the Ice Slurry Flow

in a Horizontal Circular Tube fitted with Valve
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An experimental study on ice slurry fluid
characteristics and pressure drop characteristics in

along a horizontal circular tube with valve by PIV

KIL-YONG, SON

Department of Marine Engineering System

Graduate School of Korea Maritime University

Abstract

Recently, the government introduced the thermal storage system for the
reduction of the electric power load. Ice storage system have become
popular because they can relieve a significant portion of the peak demand
of electricity during the daytime of summer.

Specially, attention 1s being given to dynamic type ice making
technology because it overcomes a decreasing of the melting performance
and an increasing of the thermal resistance on the ice layer in static type
ice making technology. Thus the dynamic type ice making system has
more excellent characteristics than static type as follows : ice making
and melting, follow of load and transport of thermal etc. But there are
several problems to be solved for direct transportation such as fluid
characteristics of two-phase(solid and liquid) flow, decreasing of fraction

in pipeline and development of surfactant.



The fundamental research on the flowing characteristics for aspects of
ice slurry particles is necessary. Some researchers, such as that on
horizontal pipes, vertical pipes and various pipes, have been carried out,
but closer examination is urgent.

This study experimented to understand the effect of transporting ice
slurry through in pipe with valve. And at this experiment it used
ethylene glycol-water solution and a concentration is 20wt%. The
experimental apparatus was constructed of ice slurry generation tank,
turbo flow meter, manometers for differential pressure measuring, PIV
system for flow pattern measuring, illumination and along a horizontal
circular tube with valve as test section. The experiments were carried
out under various conditions, with velocity of fluid at the entry ranging
from 0.5 to 1.5 m/s and concentration of IPF is 20%, 30%. Also valve

open rate is 50%, 75%, 100%.
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Fig. 2.1 PIV measurement configuration



o
=y
M
i
o1

—

el

o

)
—_

1BH

Hrt

(el
o] A A

¢}

o] H A ofof
A # A o]

9101 A

of

o

o

ol

H

100% 7\

[

ARA| Al

kel
T

]

fasd

A %

=

2z} 0 =
= 1=

pzs

4
Fo Fig.2.29 2

]

o

shel o W A

)

e

=

=

ste] G

F(120x120mm)S B 3

oL

[¢)

il e

5

7

(<3
-

il

4 3}

Fol w3

0]
H

U

1

S

o
—_

ol

Nro

viel

mjm

_E

o)
0S

oF
)

o

oF

)
)

"

H)

of A} g

—_—

0O
o

4r

A

~
o

or
H

el

ze)

il
i

/(\j]—.

DRIV

an, oA et 2o



U=0.5{ms/sec)

E_:;w_é.» (w}sixy - (wjsixy -

30
x-Axis{mm)
(¢) Un=1.5 m/s
Fig. 2.2 Profile approaching flow

[ 1]
m - -] n
S I i R T 9
i) )
@ I’
£ £
. @
I I
2 =2
FLYyryy |L|L|||11||1.1.\. SAXEELEIAAARARAR ¥t
BN
bl
Hey yrtd = ey
ARZ ERERZ E > LROLTE ) (¢ SETTETRIREAAARAL A2y
E g £ g
it
Lo le) T = o S
m 4 ] _m . -
g N d { (&
RRRAA BRSNS D Um fomnnd < Um SEREIRTERAARARAA 111
X
3 _ =
et
e
FLYy vy yyrvryt i L|¢l+ ¥y SEREARTEAAAAARAL Y ¥ ig
FLivy; |L|L||L|l||1\..\ SAXEEREISAARARAL ]
=]
T @ g .

T
£l 8ees 60000 £901) 96850 50000 k] 9850 B0000




A2

=

R

A Awel

Jo] AA ABEe} wnol

3

] =z

T
=

]

Fig. 2.3% Fig. 2.4, Fig. 2.5, Fig. 2.6 ®WB 7} 9+ w3 oAl B 7|

A

1

0
pul

N

B
Mﬂ

—~
o
O
N
ol
TOo
wir
~
o
~~

0

oI

-
o

<

—

|

o
,mﬂ

o

dyE Az

i

A A] ¥ F(Test Section):= W H

Z o] 500mm, W7 40

& A .

S

A

J

cl

DR

=

H+= 5K-40 Aol

hE)}]
=

le;
AL,

ag=z A =s}

mm,

cel

e
X

are}

12)

&+
A

P

o} o] &~
ofo] 2% ¥ )

300 ¢ )l

ok

IR

9]

F7] A

[¢}

74 5

=

=

B

—
o

wr
b

R

+
T

B
il

~
o
7ol

ol

)

B

<

—_—

0

iy

B

,,WO

B

—_
o

N
‘WO
il
03

ok
1o

i~

o

z}o

o] §3te] Wule} Fx

NeR
=

v
o

il
il

A
of
ojn
o
o

X

gl
gl

T
1o

o

~

IPF7} o]

1

o
pul

<

m] 2]

e 9 FA A
obol 22z el el 9 A

i
-
e
<}

_10_

AE XY IPF7F 205% oW = A5



oo A&t

[e]

LA

°
pal

9]

B

—_
o

Az =D

=
=

bol ofe] el

S|

B

e

Tl

<]

)
5

B

e
)

B!

olol A& g7t AF HAUL

%)

g

o %

o
ol
o
N

B

—_
o

4

M
B

s
Tk

M

gl
=i
e
i

fvze)

1o

do

°

=
=

Aom, PIV 574 ]

i
()

No

T
17rL

i
LO
of
(=)

foh-

ol
=l

—

e

N

o

—_
o

Jﬁ.vﬂO
)
=

11



W

---9

Ice Slurry Flow

@ TEST SECTION

@ HEAT EXCHANGER

® DIGITAL FLOW METER
@ POWER SUPPLY

@ CCD CAMERA

@ DATA LOGGER

DK DK

e

@ ICE SLURRY TANK

@ BRINE TANK

® LASER

LASER CONTROL BOX
@ PERSONAL COMPUTER

@ THERMOCOUPLES

Fig. 2.3 Schematic of experimental apparatus
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(c) VOR 100%

Fig 2.4 Valve appearance
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Fig. 2.5 Photograph of test section
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Table 2.1 An experimental condition

Condition Range
IPF(%) 20, 30
Un(m/s) 0.5, 1.0, 1.5
VOR(5%) 50, 75, 100
Solution Concentration(%) 20
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Fig. 3.1 Schematic of flow pattern at VOR 50% (Entry)
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Fig. 3.2 Schematic of flow pattern at VOR 50% (Exit)
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Fig. 3.3 Schematic of flow pattern at VOR 75% (Entry)
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Fig. 3.4 Schematic of flow pattern at VOR 75% (Exit)
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wyyy, Accumulation Region

— lce Slurry
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Fig. 3.5 Schematic of flow pattern at VOR 100% (Entry)
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Fig. 3.6 Schematic of flow pattern at VOR 100% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.7 Flow pattern mean velocity 0.5m/s at IPF20% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.8 Flow pattern mean velocity 0.5m/s at IPF20% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.9 Flow pattern mean velocity 1.0m/s at IPF20% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.10 Flow pattern mean velocity 1.0m/s at IPF20% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.11 Flow pattern mean velocity 1.5m/s at IPF20% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.12 Flow pattern mean velocity 1.5m/s at IPF20% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.13 Flow pattern mean velocity 0.5m/s at IPF30% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.14 Flow pattern mean velocity 0.5m/s at IPF30% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.15 Flow pattern mean velocity 1.0m/s at IPF30% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.16 Flow pattern mean velocity 1.0m/s at IPF30% (Exit)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.17 Flow pattern mean velocity 1.5m/s at IPF30% (Entry)
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(a) VOR 50%

(b) VOR 75%

(c) VOR 100%

Fig. 3.18 Flow pattern mean velocity 1.5m/s at IPF30% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.19 Flow pattern VOR 50% at IPF20% (Entry)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.20 Flow pattern VOR 50% at IPF20% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.21 Flow pattern VOR 75% at IPF20% (Entry)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.22 Flow pattern VOR 75% at IPF20% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.23 Flow pattern VOR 100% at IPF20% (Entry)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.24 Flow pattern VOR 100% at IPF20% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.25 Flow pattern VOR 50% at IPF30% (Entry)
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(a) Un=0.5 m/s

NAM Y -

e — —

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.26 Flow pattern VOR 50% at IPF30% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.27 Flow pattern VOR 75% at IPF30% (Entry)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.28 Flow pattern VOR 75% at IPF30% (Exit)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.29 Flow pattern VOR 100% at IPF30% (Entry)
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(a) Un=0.5 m/s

(b) Un=1.0 m/s

(¢) Un=15 m/s

Fig. 3.30 Flow pattern VOR 100% at IPF30% (Exit)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.31 Flow pattern IPF % at VOR 50% (Entry)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.32 Flow pattern IPF % at VOR 50% (Exit)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.33 Flow pattern IPF % at VOR 75% (Entry)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.34 Flow pattern IPF % at VOR 75% (Exit)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.35 Flow pattern IPF % at VOR 100% (Entry)
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(a) Un=0.5 m/s, IPF 20% (b) Un=0.5 m/s, IPF 30%

(¢) Un=1.0 m/s, IPF 20% (d) Un=1.0 m/s, IPF 30%

(e) Un=15 m/s, IPF 20% (f) Un=1.5 m/s, IPF 30%

Fig. 3.36 Flow pattern IPF % at VOR 100% (Exit)
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Pressure drop(kPa)

—m&— 0.5m/s
—&— 1.0m/s

—@®— 1.5m/s

IPF 20%

50 75 100
VOR (%)

Fig. 3.37 Effect of VOR % at IPF 20%
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Fig. 3.38 Effect of VOR % at IPF 30%

_63_




30

25

20

Pressure drop(kPa)

15

10

—&— VOR 50%

—wv— VOR 75%
VOR 100%
—®—— VOR 50%, IPF 0%

- IPF 20%

Fig. 3.39 Effect of Mean Velocity at IPF 20%
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Fig. 3.40 Effect of Mean Velocity at IPF 30%
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Fig. 3.41 Effect of IPF% at VOR
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