atergy| nats x| &8, M1Z, pp. 116~123, 2004 (ISSN 1226-9549)
Journal of the Korean Society of Marine Engineers

PIV 71W& o83 ER $419] $EEA] Bat AgA o7

2y |t
(B384 20039 9¢ 199, A4k 120039 12€ 129)

Experimental Study on Flow Characteristics of ERF
by using PIV Technique

Tae-Hyun Changt

Abstract : An experimental investigation was performed to study the characteristics of
ER (Electro-Rheological) fluid flow in a horizontal rectangular tube with or without D.C
volatage. To determine some characteristics of the ER flow, 2D PIV(Particle Image
Velocimetry) technique is employed for velocity measurement. This research found the
mean velocity distribution with 0 kV/mm, 1.0kV/mm and 1.5kV/mm for Re = 0, 0.62,
1.29 and 2.26. When the strength of the electric field increased. the claster of ERF are
clearly strong along the test tube and the flow rate decreased.

Key words : Electro-Rheological Fluids(A71d4%A), Cluster(Zel2E), Particle Image
Velocimetry (3245 3/54)

Nomenclature v : radial velocity
X ! axial length
A :cross-sectional area of the test tube  X/b ‘ non-dimensional length
b . the height of the test tube y  : radial distance from tube wall
E : D.C. voltage r ! shear stress
H : the width of the test tube
L : the length of the test tube 1. =
m : mass flow rate
AP pressure drop

A7 FAE  dvtgde®  ERF(Electro-
Rheological Fluids)fAlzt: B29H, ¥de
qol A4 9Y Fol 7 AEAe iﬂ "3
U, ° mean axial velocity AE BEAA 7] B etolo]y x47]

s

Re : Reynolds number
u © axial velocity

pA

deg4eo] Matstes 7]

t AYA A GG AN A AE8ESH), E-mail : changtae@kyungnam.ac.kr, Tel: 055-249-2613
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Fig. 1 Experimental apparatus and PIV system.
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Fig. 2 Photograph of the test tube.
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Fig. 3 Geometry of the test tube.
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Fig. 4 Distributions of electro-rheogical prticles
for Re=2.267 along the test tube without
D.C Voltage.
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Fig. 5 Mean velocity vectors distributions along
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Fig. 7 Distributions of electro-rheological particles
along the test tube for Re=0 with D.C
1.5kV/mm.

Fig. 8 Mean Velocity vectors distributions along
the test tube for
1.5kV/mm.
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Fig. 9 Vortex flow distributions along the test
tube for Re=0 with D.C 1.5kV/mm.
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Fig. 10 Velocity vectors distributions along the
test tube for Re=0 with D.C 1.5kV/mm.
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Fig. 13 Distributions of electro-rheological particles
for Re=2.077 along the test tube with
D.C 0.5kV/mm.

3 T ?
30 a5 40 45 50 55 60 65

X/b

Fig. 14 Mean velocity vectors along the test tube
for Re=2.077 with D.C 0.5kV/mm.

Fig. 16~18& 7Fdst 1.0kV/mmelA ER
¢ AFe dekdt. 4o AdHol AA
3011 o] Feje FEAEVE 8ol FAE
T}, ol¢} Zo] FAH FH A

SEE7F A =, ¢



PIV 712 ol§% ER #49 #5540 28 294 a7 121

T E A ] b ey A e Hrh {7 10
Hol YT @ g geeHE 9Y 944 e
F 1 HHE ASH2E {fAFE o] oz, 0s- e-a0
ol 40e AAE B FA1E W AS 50
0.6 4 .
2 & AU Fig. 163 Fig. 1794 &=EE -4 8.0
N o]
= dsbastel g FesHe d¥ow Has D]
Fuo drson Frl8it A4S Fig 18
o vheldl . 2} 024
1.0 e 0.0 i T T T T T T T
*E\ X/b 0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
< a3
0 ‘;\\.;:Q b u(m/s)
;i‘;g\% ‘gg Fig. 18 Velocity distributions along the test tube
06 ] R P 55 for Re=1.29 with D.C. 1.OkV/mm,
«.\R 4 6.0

y/b

Fig. 19~Fig. 212 A74e 2= E=1.5kV
/mm A7 T FFES WEAZ Ao PIV
=74 Aag Jehd Zolth. Fig. 199 el 4
00 el o] e Ao AF TrtelA FAY Fe2H

)

[}
T T T T T T T
0.000 0.002 0.004 0006 0008 0010 0012 0014 00186 N
[e] = =] = O A -
SR FARINAA FHHEN fiol At

0.24

u(m/s)
=513} A S oy ol FEAEHE ¥z
Fig. 15 Velocity distributions along the test Tube ° ]-D_oﬂ e fE e E_i 1= A
for Re=2.077 with D.C 0.5kV/mm. HE @adel vetdd. o|Re EREF s ¥
Ad AR 4xe 4717 ABHTE RRHA 9

\'4 f&Ztel 42 @gge] A7) WFEe) FejxE
kg il ' b RHEE Reg Az 2y AF w2
141 ER %2101 @Hﬁ#fa} AR QAo FH2

Fig. 16 Distributions of electro-rheological particles L3 WA AT St wEba] A —rZ}‘G}
for Re=1.29 along the test tube with D.C Ze2EE ol AAXH ERGA &

1.0kV/mm. Z7 29 732}@1 o

E=ARgo] Hi RS & F o1, X/b=4.0 °|
1=}
B

ol

=

9
¢}
=
e
2
R
=
2
D)
e
Me ¢
2
X
fr

X/b

Fig. 17 Mean velocity vectors distributions along
the test tube for Re=1.29 with D.C
1.0kV/mm.

o il o I
2
o,
ol

T A8 B ae b odo ooy orlr
+
2
£
2
)
o
-a
rO
N
>
2
Ir
>,
8
Hr
e
ox 2
i =
ull % o

ol — o

o
22
Lt
ol

(121)



122 P

A, ERFAS A9 7oA st A Fig. 6. 11, 15, 18 13X Fig. 212 ER#A
/1A Bk H2E fue) 28 528 ERAA 7b A%W3clN fAduA Aol ejatel UA
q %

= A7 R gk (+), (-) AIe) A4 #dFo T AuolN AAGE e &
P Feage o) Wl Hu, §8 Fdn AT FUF SEET|T o] WY PAEER
Ax HF(Plug Flow) 99°] A7l A& &2 HE 33 Reynolds % S17bdgte] “ 0 "9 A
2 7 AT = 2,267, 97bH%el * 0.5kV/mm ”OM%

“

H

v v vV V 2,077, " 1.0kV/mm M= 1.29 17
1.5kV/mm "olAE 0.628 vebgr) o)} e
AHRE & W A7} Aol FretHA F8AH Y
o] Zyimlo] 8Ae HEIFS  7A3d
Reynolds =7} A atete @& vehi i

4 B
Fig. 19 Distributions of electro-rheological particles
for Re=0.62 along the test tube with D.C 2 AT E PIV 7I1¥ S ol &3t ERFAY
L.5kV/mm. & 7HA 8 Ad¥E Fletden A A
E ol&3ly QAte] HMHYE Ao N £ ¥
b :::"E&s::‘.::‘t:i:gy::“ -E.‘wm:m:‘ XE A7 Yo & ARS AQY
" i (1) A7l el wehy Aol 2
g 2o 2HE #ojAx AolA™ EREAS 55 %
B o 4" ZFay e FEAEHY AdgEe] &
1 FATLE UL, A7) 93t IdAH F
ooy S i | zEel o8 ERGAS) SEEF 9§30 W
X/b geles RS & AU
Fig. 20 Mean velocity vectors along the test tube (2) 2 Hel 49 v Fuof FeiiEe &
for Re=0.62 with D.C 1.5kV/mm. W EAHE & O JHE AEHEHOE {FAFE A
ol bz, wst A HAL B FE W
T Bahe e ¢+ AT 2Eu F80) AL 3
A $olz A7 2wl YR FA2EA R 2
PR IR GARNR, K50l A F7hPel B
06 gr F2 FYR F82HE AYsE AL ¢
o % 9t
> 04 2P, (3) 28 32= ERSAE 27139 %o
4o me} (4), (—) A3 AAHE Fe s Fo)
B e Mel Hm, §2 FFRel AR dgol 4
ol o] | =A% 9T + A
-0.0010 -0.0005 2=

(4) Reynolds ¢ A7FHSte] A= A7

u(m’s) Agtol Zrkalua ZazEe] Yol Z7hHol

Fig. 21 Velocity distributions along the test tube FA9 42 744357 Reynolds 7t A3
for Re=0.62 with D.C 1.5kV/mm. S dAS e

(122)



e

Reference

(1] K. C. Wang, R. Mclay and G. F.

(2]

(3]

(4]

(5]

(6]

ER Fluid Modelling, CFD
Laboratory, College of Engineering,
University of Texas at Austin,
Austin, Tx, USA. Proc. of the Second
International Conference on ERF, pp.
41~52, 1989.

A. J. Simmonds, "Electro-Rheological
Valves in a Hydraulic Circuit”, IEE
Proceeding-D, Vol. 138, No. 4, pp.40
0~404, 1991.

D. A. Brooks, "Design and Development
of Flow Based Electro-Rheological
Devices”, Journal of Modern Physics,
Vol. 6, pp.2705~2730, 1992,
Tetsuhiro Tsukiji, Jun Takahashi,
Noboru Sugimoto. Hiroyasu Ikeda.,
"Flow Characteristics of ERF between
Two Parallel-Plate Electrodes”, H 4
B msgBEeal 8 25% #4% pp. 10
4~561, 1996 7H

S. Yokota, Y. Kondoh, "A Control
valve by Making use of an ER Fluid”,
HABMAaRE. B 628 6013 pp.
3471~3478, 1996.

Age], "ol Wt mWE H4Un gy
ER¥R AT @ 327 A R
A7HA A63., pp. 1~11, 1998,

Carey,

[8]

[9]

(101

[11]

[12]

(123)

FEE40 B YA AT

H, o) 2E, KRBEE, LIRPE--AF, "FS
BRAST Atele] ERAA #59 7HA
', WE7)AGE =7 BE #2338 ATE,
pp. 801~ 810, 1999.

ek

A4, dve, Axd, "ByHze] A5y
ol @& ERFAS 554", dd7A s
3 FASEds =%4, pp. 207~212,
2000.

F4de 3% Fe FAFT A=Akl A
ERAA &5 78, da7)A 71453 %)
=53, pp.129~135, 2001.

F9E, dve, HEE, "FdEH Sl
A AN ZrEe wE B4 ERSAY &
G- g3 5N AFFFA/AGIR, A
129, Al 1%, pp. 78~83, 2003.

M. Nakano and T.
"Pressure Response of ER Fluid in a
Piston Cylinder ER Valve System’.
Proc. of the 4th Int. Conf. on
Electrorheological Fluid, pp.477~489,
1994

S.  B. Choi,
"Performance

=

Yonekawa,

C. C.
Investigation

Cheong,

of
Cylinderical Valve Featuring Electro-
Rheological Fluids”.
Precision Engineering, Vol.
148~157, 1994.

a

Korean Socity of
11, pp.

ZERE (GRFE)

142 29, 1960 Softhstm Z|AS
st E¢ 19719 SCHETHER 7(AH Bt
EA(SEtAAD, 1991 128 University
of Wales(Swansea, UK.) CHEH Z{AHIS
gol EY(Ph.D), 20014 5%  H6xt
ASV'6(Asian Symposium on Visualization)
TEQHUT Ao, SE - YIST|H T|EAL
A s 7| AXSESER B



