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B [B] 49 8 P BBl AR VR B, 56 X S HL B 5 A9 T 40 T 4E BT LAZE Parthasarathy 1 Klingenberg
(1996)“ it 3.
BEREERTREAT IR RBH YRS S HRESHNERINEREZXE
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FFXEDREA., BEENERERR, EETHKBUEIREN XBHE., TUBRLHERE
BREERMSFE. BETFXAAEESR, AT LIRS A9 3 LA K e 37 28 A% i By B+ 18]
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WK o M ooy WRKRE, KA o RETFEE . HEROIEH a3 R P = a3/, FEEH
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SW, +3W, + 8W, + dW, - T8S = 0, (1) © e ©®

He, dw, 0w, oW, MW, SR ARG E TR TG, &
5. KPR RARME S BT B B T, 3S 2 o TR
T, TEAXKZE—BSFHEFER) PETFHELHN
WAH.

2 HBHAEGHHED

2 78 i /N BB 300 WA B TR AT A o e
T 450 R 5 2 VR VR B B TE T A AT A AR L AR R, 24 5
IR 5 R BRI M /AR , Bl R B S AR TR
AT B (B 1), M et R 7= A
SRk, BTHERREONTHRNREER TR
ErHAE—SRNBEE. T REREN, RENS M1 REEATERERD
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REM BREBRARLETHE N PRRET,ATUBNAENRRGEENRERX . BE
FIRES R HEAT RN CRE T, R HARALBEN P, X RR AL, MR R
BER T E A

- lj“ E-Ddv = —UJ (E° + AE)-(D® + AD)dv =

- ] - 31 i

HF, E°.D° i e i 3558 B A ARRL A9 M A2 3 s AE \AD R h 48 8 AR AL 3/NBLF P, B £
MEGREMBME. i ARNTFMSBWZEERN

Af = - ”an'zpjdu _ —%JIIQAEW?dv, (3)

HARUREFBNORIBA T, AEWH AE = (- p,/6)kRE. HTREGE N MRILK

FARERETHUTERA L. P; ijH(m P H() B i -th B FE XA Heavi-
side M. A% BH FEZEIER, EB‘JB’EEﬁE%Tﬁ

AF = - j”nzzspzdu - %anAE,.(PS)P:du, (4)

B SR B AREE , BB S BORLT — N 15 BT 0 e 7 10 O 1) AR TR B, (R R L U
B HORL T RE A (B B AL ROk A, Rk, B RE B A R R R BB R

AU = ‘-i(_ﬁtF—) - [- “Jnmpzdv —”JnAEipidv]%. (5)

2.2 KRR BBEE

HH#HE RS ERT, B e F R TR TN L. FR, 0 B EREE AT
MERMEE. TESEHEEEERNGRMERNELR. ERRERARE vV, HF- R
R T8 (B 2) , SN R A T a0 s s B

= .;_J-fJV(E.D_,_H.B)d,,, (6) D D D D b D D D

S, v RALYEE K TR AR B AL
RN r
U=+ ”;‘”JV(E~D + H-B)dv] =

JJJV[‘E°J— V-(Ex H)]dv. (7)

TG HFE ) B, RATH T Maxwell %588 8 SESISHSHSESESNSNS

MarBheBSBEEFFR. FR()ODER H2 BEHERTFTERD
HS Poynting EFE. S = E x H, &, S #HH BN T

Poynting B ¥, R AE B & B 2 & 52 1 I AR AV BE B .
2.3 BETLRAWMANRBREEER
SN A R AR

W - _j _8-ds. (8)
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2.4 BFHHGHET
REUMERAT/ILERYS.

C=W-U+al= p,ﬁsagiemds . ”S[S]-ds + AU =
” {pELR(s) - [S;1n:}ds + AU, (9)

RERMENREFRORS. WEFR, SHAEHNREFTEN DN ZEFRERHKE
L. HEm:

W, + W =-G. (10)
HE, CRETHAEKRNES . % G > O, BEKNBIGMERTREMED. BMR
EkFEHNBMIBHOBEGMEGRRER, TUSARRRN T EE.

: p.dzv 1 I(ﬂ) pr
¢ = & de Ve - 38 ~ 4me; c-” 2R(t)ds, (11)
KX,
O(A) = 31 = memdn(D)],
22y () = 1L () + 3L, (R) + 231,(Q),
I(d) = ;%arccoshl—;, .
I,(1) = 4xB(arccoshb - d/b)/(B - 1)*7?,
I,(3) = I,(1) = 2np(bd - arccoshb/(f* - 1)*7?,
: iq:’
b=V (@+2)/(ai+2),d =+(d-a})/(a}+2),
A RTEBHRKERR,
i =3 + i =1 (13)
G+ @+ (@+r)
Yy ERFEATE,A = 0.
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G = g%‘?, (14)
Hep, g = 96/3p RENKBHFA RN KEN KR BHNER,
%‘3 - ?TN’ (15)
i i
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3W, + dW, = — gd8, (16)
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pi 1 (gg)2” P R, gg” 3P aRd]

8re; cai\de) Jlrag 3B 3B 3B
A(ma—t@w(m(f) + C(B), (18)
K
o o 2] 2228,
B(p) = 8£Z,CI ra;ﬂ? ng (20)
c(p) = Z—:vn[_é_ 13(.3)] (21)
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HRBRES A UEH,. THAREASR RO T SRR, JEm SB35 R
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EMNAETHESHEFERIIDNE L, NFRERUMEATRES. XN MEERE
D’ Alembert JRH , ¥ = EBH N N FEFR ENXB—EBK. XB, RIOTUFB GRS
T RER. ATRHCER, RENFLUEMER « 83, NTFS5HIANERE
Ax, RERTFEETLBIZRME. WREEAKWEEN B N FREDIHE L HBTE R

t = 1/8. (22)
H— R FHB6 LR ENHENRKREL IR 8M. Bk, MEETLGES TESR
BE:

Ax = J vdt = J;atdt = %ﬂ% (23)
B (23)M(22) AT LAB Y .

a = 2Ax 3. (24)
HTRMNKBRENERFEER M FHEER, FEREMRSTT 8 LHRESS

fi = mdfa = 2Ax B*mdp, (25)

K, mB-MRFRORE. BEAIWFRSMEEN T EAER, BN, REETREHER
bsi
SWl = fidx = 2822 mdgB, (26)
XEREWREDNERE P AT,
2. T REDE ERHRES NS
BFEROREFHS. B, IRBRERNFRUMBREHEE NT, S ARFAL, Hit,
R B B T B S &

Ax t t
= J f,dx = mB,BJ vvdt = maﬂJ’ vdy =
0 0 [}

5 m3BLv*(2) - +*(0)] = 0. (27)
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4 Rtk e B iR 2

UNTBIREIE L, N TFHZAREORBED, UREFREER » 25, R
ARKE,BPEHEH Re < 0.2 MFHT BT 57 3 ARG B BE 0 T LAE 1F Stokes B 1A 5 B4
.

Sfo = 6nmpayv, ; (28)
KA g BBIEME , o) MR FHEZ . XHTR,MAN .38 Hilt, Bitlish Az, BEHF
T R .

3W; = J:zfvﬁﬂdx = ijBvdt = 61r1;0a1a288J’ t2ds. (29)
HAX(22) 2R AK(29),78
3W; = 8npa,Ax*R3P. (30)

5 HEBMERFS TR |
¥ (16), (26)fﬂ(30)ﬁAﬁyJ§i$iQ,’Ait(l)%HiT%%ﬁﬁﬂ@%#‘iﬁﬁﬁﬁﬁ:

A § —@ + [B(g) - 2mAx2](%€)2 - trpaad 2 792 ﬂ +C(B) = 0. (31)
iﬁ(31)ﬂﬁﬂiﬁﬂﬁﬁﬁﬂ7‘fﬁ,@ﬁTﬁﬁ]FﬁEﬁEEﬁﬂ AR MR, A1) 5% —1 K
FHTHENED T ERANAREE R LA, K &5 I8 E M5 788 S 0.

FakRA AR) M B(B) I (19).(20) FimR, o, RAHRBBEAEREKPHEBEE , ENZL
WK EE dp/d: KBE, YERESIREH, RGP HE—T LI 2, Bk, K (31)%
K
248 _ . dS

2
2msz(%€) +8rppa8a’ - T2 - C(B) = 0. (32)
KR(R2)WBEL FREAEW:
%‘? = 4m1sz{ﬁ81r770a1Ax2)2 + 8mAx*[ C(B) + TdS/dB] - 87r7]0a1Ax2}, (33)

Hd, RAT R T 3 RR REER.

MK (33) 5, TRATVAT LATE #3075 BI4ETE AR 00 2 BE 55 5 0 A ¥R 3 , YR fAR B O v 3 B TR
B RKMAREREEZEAXR.

MRRATRFARRLIE A E AR R (16) . QNDAGORARBIRER, 2X(DE
TR EAE S TR

d? dp\? 2 d
A(ﬁ)a‘§+ B(ﬂ)(f) —81t170a1Ax —B+ Td_,B + C(B) =0. (34)
FASAKXG)RENER, BBEI.
BryparAet Qﬁ ‘;Z - ¢(p) = 0. (35)
EERMTHR:
g _ 1 36
d: ~ 81t170a1Ax [C(B) ,3 (36)

W M1 KBTS AR, K1) FH C(B) K ORMMEB p2o,/6e;, K (36) Fiéh ih ER
5 RMEIFHR. R, AEERRL, RINAWTRRSIFHORMERE. NEFTLIHE
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0.200
S 0.15}
<t
i 0. 10}
= r
ﬁ 0.05]
o
O 0 O S e TR
mREKRL B HRREREK B
B3 BRRGEMICME " dp/de(e” = jeAad?/(pl/v,)) B4 s#ETRRTEABRE
PigEiCRE s TR e/t (17 = geAx?/(ple,))

EHE L BEROERRREBBAREME. KA (33)5G6), 8T BRI K #2551 A
UG R

d 1
(f) L 4mAx2{~/T8m;"3ale2)2 + 8mAx*[ p*v,/6e; + TdS/dB] -
87”7001Ax2}; (37)
dg _ 1 pive . dS
d‘)mxz T 8nppa,AxPl 6eg + Tdﬂ : (38)

RGEOWAH TEHELRRZ BT/ HBSE, NE 4 iR, KB, 1 = gedx®/(plv,). ME
3EE4PUMLUBRHEFRERKEAA XD REM KA.

MR BATE AR RIS F 5 05 R R Inf FH 1 BoME L, R4, B H A LUREE
TREGHE:

c(p) + T% =0. (39)
Y g~ o B, RATEEB R E FBOREER B G ERME,

B, - |2CRT (40)
3a‘esy,

KPR =-dS/dp EHFRA)WESH , RNAATHEGL. FBRAKMERS Tao %
AR BB R0, ETFHME, E T RIE BN, RITH % E AR BRI
R

6 HRONERELBERREDFINHFEUERK LK

FETRATOBIE, RAIIBIE 5L 45 o 4% 8] K Br 68 BT 7% B 18] G X 2% W Bz B+ 8] , BT LA 38 5 % 5
BOG6)RaEB3
T = 8n7]0ale2j:/al[ C(B) + T:—‘g dg, (41)
e, L A RmE EBRE s, F S RSB P e R AR, BEEFRQORAFTE@NF,
R,

T = 8n7pa,Ax? :f J‘L/a' 1 13(‘3)] dg. (42)
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MEBRERTE . MUNEASPRNKKEZERNXRASH A BT, A RPN RED
LOTMBINTHER . b TERAESEGRELA,Ax 5 BB vk B2 B 6% R0 R
H— AR ILATEE . BRERTE oo’ BRH, 00’ RIEVHZ L FRERMEL . BR
BB o PRRKBERRMARSAE, W, AR FES B MRERY.

Pri = k) = (—’i"!)—ke-w, (43)
Ko, n R ARNBRESE . A THEFRSERLNE oo ZEBREES, RITkS
B—4 oo’ IIMME 2R r WEEE. ZXEAGEBRARMESY.

Pr(i =0) = e ™ = e""'"'z, (44)
B BB REEREN 2enlr. Bk, BINEEXEN r HEBEXSALEN, B2, B8
Hoo ZEMBEERBEEREERBELAEBEREFERE, Bt

F(r) = 2mnlre™t" . (45)
YHEH Ax B TFAFL LB T

Ax = jo f(r) = I 2nnlL rze""'l"zdr =
0

21tnLj: rle 'zdr = (nnL)'mI‘( %) . (46)
BUARNBREFHESEARSEZEXR, T
n = ‘P’/va (47)

Kb, v REBAEEE, , BEANBOR K EHER.
BHERBG@HARAWGE)F,TTLUEED

Ax = (nL)‘VzF(%) (fT;)m, (48)

BRTR@)RAMBE B REXE)F , RONEAMBUMEIARXER ¢ « V', Klingenberg
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w28 ARl R AT T ISR ¢ o« T2, RBRRE , BxFw N6 [ H TR0
LRI BT,
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BE MEXFYRHNATHT— T B4,
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BN By R T RS RNER M TR, XFHERITRRZN T3 ERHE
FERALAEA RS RT LR B TR RS FHALRAAHME . MARE
B, RINTUEKRSSEE R XL AUBREREW A BB, EXRF, RMNAEE
MEKZH BRI X2E. YR, XAFHEBTRRLBRENERSIBEL BL L &R
Bl BIMRIEE T SMBRN 34 B i B, S X P Bk, W RBATHAENRD
RSS2,

2) RATVEHLES TR RGEE,FRA, - BEFFHER, THUIEHT.

3) RAVFKBTRMERRENWRRE, K SXRERMBESRENT T LK.

4) BRAEXPRHMEBRENFEERNARERSHERAERE, AEXRR TR
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A Theoretical Modelling of the Chain Structure
Formation in Electrorheological Fluids

LIU Yu-lan, WANG Biao, WANG Dian-fu
( Research Center for Composite Materials , Harbin Institute of Technology,
Harbin 150001, P. R. China)

Abstract: A model was developed to understand the aggregation process of the particles in elec-
trorheological(ER) fluids under the action of an applied electric field . By establishing a generalized vir-
tual work principle based on the consideration that the released electromagnetic energy accompanying
the growth of the chain should equal to the dissipated energy related with friction resistance of the vis-
cous fluid in the chain formation, the governing differential equation of the chain growth was estab-
lished . Based on this energy model, the velocity of the chain forming, and the response time of ER fluid
can be predicted. The present model can also predict the effect of the temperature and some mi-
crostructural parameters, such as the dielectric constants and concentration of the particles, etc. , on
the response of an ER system.

Key words: electrortheological fluid; response time; dynamic model



