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474 4 7

¥ #

004 £ H 36

PTT AT B AR 5 Hode il o i R S B i, B B
Pk 2 TE R T {E . R SR Y R T
PR S L R Y R R, AR () B ),
PR i o [ R

P R L 0 A 4 T L ) 1R L ) L R
8, FOAT BERIRR AR S A Y R . A LB R
A, P LR 500 mm , SPEEEY T00mm ,
A1 100 BARY PR 2 b, R p e e )
PR AR al, P EEEEnT iR, LA 2 7 /min B,
O B 12 600 mm &b i ¥ shER S RE Y 0.063m /s 2
A, PR ) TR L [ A A A S )
Re 24 126003 (B TR &, 5050 HN Re f1L
A ). SCEE Ul &SR Smin 24,
FOLAE B ) I sl s BB A s BN R e . /2 2R
R H O T e . S LR m, 7R B L i
ekt DU Rl o o] WA SR A R, R S W
il PR AR, H LR R A i
R R A MR, R R
Qe 2SR e B o A P, U0 B R
PR et 0 Bl IE AT SN AR AT e
B 1 s i X Rli77 ], IO A i R il 1 R
SrAFECHLAR, AR B QBT R R TR R PR R R
BN LF 0 B 4 34 1oy 00 ] 5 1o

AT FIEH p = W kg/m?, uy, =
0.063m/s, jo = 100 Ajm?, d = 0.02m, Re = 1260.

odulsion | PIWEr eonirnl
appamaus | | SEem

rumpline and
drive sysen

P 2 e e il T
Fig.2 Experimental set-up of flow controlling modified by
electromagnetic forces

3 HERUGE

ERERER R (L) H,
A F iR Pl

=" f = 2,

a0 W) AWR)
Hor + ¢ an
2 0 90
E(W + W)
E:]Fﬂ an
(FET el aFy — T
NH [:3& + 27Fy Eﬂn)

(5)

a2 o
% + % — —HO 6)

i

ﬁt{:l H = 4_11.2(!2&-": - = aiflJ

r = HI'IIIET*T': —Fm: =

i ¢
Up = HV2ug_ o T 02 4350 2 i o6 Eofnigs &, o 0

g A B EERE v, 6 J7 [ St BT S, TR
(5) FH ADI #42 (alternating direction implicit) ,
J7BE (6) FA] FET #4ak (fast fourier transforms).

BLREA T HE LIRS, T LA AL 5 B i Re
ML A A 300, P BHSENAE 150 < Re <
3% 10° 45 [ AT R SRR 0 1 B | 5 R T M
AL R R A 3, BT Re = 200
MOF UL ES B S Re = 1260 40F T RS0 160F 97 &5
BHEA - EM Y, BT sa e e Tix
— B

A LRSI A PR G RlA Ay =
0002, AL = 0,004 At =0.005; Re=200; N=2
Tl o = 1.

4 A5 R LAY R

4.1 TS Wi

fE s % SHAH A4 T, AREREE
SEBRET (6 =0, 6, = 180°) [y AR fr4a i 2
PRI R AT AR ST, 905 S Bl g S an
P 3 FnfE 4 fias.

()0 <t <500, LF =0, FIBEES. Habts
T St T, e T R TR R TR ) bR R
WNPE 3(a) Bras. HEIE) R T R Y ) [ R
W, W 4(a) Bras.

(2) 500 < t < 650, LF > 0, W0iE [ B i
. ST R AR S, TR R,
N 3(b), E 3(c) Wram. AR R T
Je, RN R, tWE 4(b), F 4(c) B,

(3)650 < t < 800, LF =0, HUpEty. S
A IR, T L T () BT, A B(a) TR
ASLIL b S O T R L B ) R AR, B 4(a) BT
5.

(4) 800 <t < 950, LF < 0, fi i o 755,



#o4 M FE AR - A 3t L R O 0 e e R 475

() S T 2 S B (b FF Wi i
(a) Typical vortex street (b)) Vortex suppressing

() e M (el % A L T
(€] Vortex suppression (] Vortex acceleration

B R A U A T A
Fig.d Experimental results of flow flied structure controlling

() 8700 00 2 BEA () IF i i
(a) Typical vortes strest (b Wortes suppressing

() S i L (el s o L
(] Vortex suppression () Vortex acceleration

P LR 3 ST B O A AT ()
Fig.d Numerical simulation results of flow flied structure

comtrolling (vortex contour)

ShE R R AL, Wt B R, WE 3d)
Jifas. HU R R R R, Wi R R,
A(d) FFz.

(5) 950 < t < 1100, LF = 0, KU EREA. 58
T TR N T ) R A, An P 3(a) BT
A o S TR A T ) R iR, A 4(a) B
o

A ok FRE T T i S W R S EaT A,
FELREE oy f T B 8 i s ol R SR T i B (AR 2 B
S e B E B ] k.

42 RS SRR SR

fE F R AT, SR r R
FED (G 3o R 4 T PG, 7 P S0 | e
T BB, PR 176 LA FE R B
A5k, BUFEEE 4 RS T LU T i RS i
PR S80S, W 5 B S R T S I 5 . 40
RS S B T S R A, WY B AR, J
AT S BE . FH A B 2o, KGN 0° ~ 180°.
FREGRS, RHATRAG M 5 < 110° B, R
WA M > 150° B, R ) 5
AN %G > 165 B, RHE S BRI — AN
TR, Ak AT LA A A E BT R B
RO F DL SE 40 S A Sl S50 45 5Lt

(1) FEAR MRS I F, bR,
ATRAPRE] B 1107, MM 4 S750 S8 0 4 8 At
=

B 5 R A R A
Figd Experiments for the effects of flow acted by

electromag netic foroes



476 4 7

004 £ H 36

(2) S OB T (8, =0,68, =1807),
T o] FLREE S i, 1R E 0 = 1657, T i R
G R iR, B 0 <757, MR

(3) MRS ST A BRI T, I IE i B
B, MR AR S~ 1107 SR E S B
AEArEe, 85F) 8 < 1107, B R arel,
HLRE P E i e, SR Ensg 7=~ 1100
T PSR B G AR A O AL b e e,
MRS M ES 6, = 1057, 6, = 45 B, 8§
F| 4= 165° , HRFMEREE, B aas
T 6, = 1057, 8, = 7.5, B Ll 15 £ S 4 Pt oot
1 L LA 750 B, 183 8 > 1200, dRE T
w Il ffERE, B G ER e, R AR
B R s s B Y, R A E R R
AR T 10F f5, U A T P R
7.

(4) LR S0 - WA R R, IR ] LR )
. BEEEaMEEEY 6 =008, =757,
B L R e B R4 750 B,
# < T.5%, B TRL A BE

(5) EHEFFHRMHRT, SERH 2mm
B, AR O 4 B PR b (E R R BT R 4mm
M, R s R R, O R R e
PRFET, PR G R, R Y 1 R
]

(6) fEHES&MFHREMISR T, 2508 NE 8EH
[, T (R S0 He) FRRE S ER FICiy .
W R P, R R R T, B
1EH 584 R e (EH M B AR, {335
FL A Y L AR 1 B i, AR e AR Y Bl B 4.

4.3 BB ERFAE
Ly e JOE [ Fem AP AT A h

Ft=j’/jﬂ3+/j’fu.d3=Fp+Fr (7)

AWM 1 WY ES, S 2 WY
T [ 17 P B A A [ i s B

-F;‘..'c - Fp.'[: =+ F'.r.'[: {8)

A IS 1 Iy PR EE R, S 2 I MEREEE .

P 62t M RS RS AT T, R S
AR T 52 ] BEL B [0 7 R MR O S R
B e B e 2 T s S PR T e R &=
Hotedt, FRBE A By, FOEESRER ) B ATRER A
WL, MR EEE T B fH] SR L

=
1 I L [

PRI I T ) BT SR R A MO
300 2000 350 500 630 200 950 1100
t

P 6 BELAY R
Fig 6 Control effects of controlling drag foree

()0 <t < 500, LF =0, AmEgs.
B A S A 2 R A E A, FTIRET F, P,
T OF,, HIEERGS; %4+ = 350 JE LS o o R o s gy
if, FEHBETT P, S, SEEEHND R g
WA, HS R SRR BN R AR, T BEE
BN F, SR{hE.

(2) 500 < t < 650, LF > 0, W0iE [ B i
5. IR Fe IVGEREAEE — A R 1 f 4,
TEESERE 1 F WG b A R
FPHEN F, R TRET R RSN Y
e 7By St (8 Lh BE R BH 7 Bt (R, [ A D 22 3
WESTRERL. BRLL, R i e Y H R
LA AT o U B 45 R S

(3) 650 < ¢ < 800, LF =0, RUF RS, BHA
AR (1) H I T R R S T A1
—F, B EH.

(4) 800 < + < 050, LF < O, fn 5[] B i
. IEAEG L, 2E, BAEahb il K
D F 2R TR, Bl Fu,
Fro WAL, BN F, HSERAEE, B
ZHBEWC ISR T, fEH TR L
) FLREE h 5 T (R R ARG B, LG TR ) sl sty 4
B

(5) 950 < ¢ < 1100, LF =0, Wi apEd. H
FAE AR S (1) o T A R s T R I AT B 6
3, [ FARSE— a BETEH.

4.4 FH AL RAE
Bt (7)), AT y 0 A9 A ER Y B HE L
37

Fiy = Foy + Fory {1.]]



#o4 M

F AR - Al L L o i e e R 477

ERA EE R R
P 7Rt N R R RS AR T, AR R
A T 2 3 e ) A SRR A RS S

ko Ll e

=1
-2
—4
—
£
-7

u%———fﬂi_ﬁjw v

'TRNET FEETE PRERE I
B0 2000 350 200 @50 S00 950 1100
t

BT
Fig.7 Control effects of controlling 1ift force

(1) 0<t < 500, LF =0, Ameagkt. B
RS iz A R EE, F, A RETECY
&t =350 FFRTE AR R, TR Fy,
A, I 5 i TR SR T N A 5 A
HAE{k.

(2) 500 <t < 650, LF > 0, ik i B g friy
. TN Fy, BN E R R, S
el Rr R R PRl (R FilEGA R R Lis
7 LA TR A O B R

(3) 650 <t < 800, LF =0, i, 75
TSRS (1) WL T LA R R R A A A R
— 3, B RS AR

(4) 800 < t < 050, LF < 0, fiECE R
. 0 Ry, 2B, HAagshardad, (BRI
VRS R AR LA N R R R

(5) 950 <+ < 1100, LF =0, WS, 7+
F1 By BRI (1) o T T e T R T i A e
M0 — B, B ARSE— MRS T ER.

4.5 et

B8 R s R T, B
T AE S8 4 B R M AEFUA L. v S DA BT (i B
sk, (R M T e A A RE. e i b i
{3 £ B phy S ST OE R A 0 B, R B
FrIRAEIE b . =5 A R R g e, [ e T
A bR BRI W R AR A R, S
B T 2 — B 2 R e R e Ak, B Y 1087
HIT S g 3] o B D i o 2 e e, WY
FEdem i st A FABIET A, B S R A

[F) 0 S e T A P TS L S 8 1) e S
T E [y MRS AT i e e, SRR e S LA BUF AR RREE
s tk, (Rt pseat E B, SRR e R
B 57 [ B AL AR R . e FRRE
St (A i e R A R R R
AR, e B o AR LR e, AE(LEE
TR, ATEEFEIES dbor B pm, FRRE RO W1
.

-

"t =600
M E I' .I-. rl !I | i

4 i i

o~ —a00,
Iﬂ:_f/f . \

* . 1 L |
S - L |
f e,

i K '
Tt =000 Y e

i

[
=

e LF =0

LF=0 \ ;

—— LFz0 o

100 200 300
(0% ~ 360°)

B8 A
Fig.8 WVortex contour distributed on the cylinder surface

veaticity on eylinder surface [
=

|
]
=]

= T

5 & it

T FH 7 PRI 8 0 I s S L Y R R
TR, R B e .
A A T R L O A 7 A Y PR Y I SR T A
i, WIELESEE RE SR, el s L,
HAET M S e i . R B
Sl ) %) 77 o U B LR T ) B 52 A B, ISR
it o B 5 AT ELFE RT3 22 PR B Z W28 sl, ™44
[ . I R R T ) S A s
fi] BB, FELREE 7 LA Y URRRE B 45 TR A 1
A R T S AR S [ R, FRRE
Fy R B ) T s A R S b B [ e S0 v s
A e B R PR

5 £ x W

1 Gailitis A, Lielausis O. On a possibility to reduce the hydro-
dynamical resistance of a plate in an electrolyte. Appled
Muagnetofigdrodymmmics, 1961, 122 145~146G

2 Henoch O, Stace J. Experimental investigation of a salt
water turbalent oundary larger modified Ty oan applied
streamwise magnetohydmody namic body force Plys Fhidd,
1905, Ti6): 1371~13R2

3 Weler T, Gerbeth GG, Posdziedch O, e al. Experimenis
on cylinder walke stabilization in an electrolyte solution by



478 4 7 7 it 2004 £ 3 36 4
means of electromagnetic forces localized on the cylinder Mumerical investigation on wale of cylinder covensd with
surface.  Frperimendad Thermad and Fhad Scence, 1995, electro-magnetic actuator.  Acta Mechandom Sidog, 20002,
16 B4~01 G OTE~S83(In Chinesa))

4 Kim Seong-jae,Lee Choung-mook. Trvestigation of the flow G e, BSE, ST, EBE DI SME. & TS,
around a circular eylinder under the influence of an electno- 2003, 24: T4~TT(Fan Baochun, Jiang Xiaohai, Ye Jingfang.
magnetic foroe. Brperimends in fheds, 2000, 25: 252-~.260 Vortex suppression and resistance reduction by mag netohy-

O EREAE, TR {0 b R R AR [ R e (AT S, A drodynamic force. Acta Armamentarid, 20005, 20: T4~TT(in
SRR, 2002, 34(6): 9TE~O853(Chen Fhihua, Fan Baochun. Chiness) )

FLOW CONTROL EFFECTS OF ELECTROMAGNETIC FORCE IN THE
BOUNDARY LAYER "

Zhou Benmou®  Fan Baochun®  Chen Zhilua®  Ye Jingfang®  Ding Hanxin®  Jin Jianming®
“(Mngtitite of Pover Hngineering, Nafing Dndversity of Scienee and Thefinology, Noging 210004, Chin)
Ty allege of Architectrue & il Enginesring, Shenshen Uindversity, Shenshen S1R0G0, i)

Abstract The controlling affects of flow cansed by electromagnetic body forees have bhoen conducted. The
kew parameters of control experiments have been confirmed by the theoretical analysis and the mumerical
simulaticn. The electrodes and the magnetic poles are flush mounted on the cyvlinder surface side by side in
the order of magnet N-pole, positive(negative) electrode, magnet S-pole, negative(positive) electrode, and so
on. The eyvlinder covered with electro-magnetic actuator is immerged in the flowing electrolyte solution. The
clectromaghetic body forces which localized] on the cireular evlinder surface, have boen used to modify the
boundary layer of flow and control the flow flied strocture. By means of the electro-magnetic shielding and the
time-region control methods, the separation points of the cireular-eylinder flow are moving hetween the front stay
point and the back stay point as the varieties of the spacestime distribution parameters of the electromagnetic
forces, and it brings different control effects. The dectromagnetic force modified on the boundary layer is
conveniont to controlling the flow flied structure of the circular-cylinder flow and the cyvlinder wake, and it is
achieved the olwvious effects of the vortex suppression and the vortex acocleration.  There are provided with
the preferable effects of the cecillation absorption and the drag reduce while the positive electromagnetic forces
processed. There are existed very strong effects of damping control while the negative electromagnetic forces
processed, at that time the characteristics of symmetry and stability of the worticity distribution on the cylinder

surface are destroved.

Key words  dectromagnetic foree, flow control, control effect, boundary lager, exlinder walse, ciroular-cylinder

flow
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