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1.1
1 B ) X ’y
* , Up Vo, U U «x s
do
Re :Re= PU(d/2)/ 7, P n y
du
Veu= 0, ot u* Vu=- Vp+ VT, ul,-+= 0, (1)
u P , v
T= Ts+ Tf;
1
x
1
Ts_ ReE,
€= Vu+ Vu'e 2 T
. 1
1.2
) p *
¢(p), ¢(p)dp p (p+dp) .
(az a4) [10]:
ajj = }{pipj ¢(p)dp. aju = fpipjpkpl“’(P)dP, (4)
p . a» :
D
ﬁ:_ %( Wear— ar ®)-— %(8'a2+ a €— 2€. ay) +
2D, (I - may), (5)
© A= (P=1)/(P 1), r - I .m :
D, (e Folgar  Tucker!™ D, Gl ell,
C 0.01°
a2 a47
. 3 1 Verieye
Dupretll3J s
1 1
aijk = gdet(aij)(aj Qi+ GG+ G Ge)+ 3l @i an+t angi+ aid), (6)
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[14] 4 ) 3 ’

1
aii = fajap+ (1—f)[g(aj Su+ anSi+ anGp+ anGi+ apbi+ @iSy) -

2i4( & S+ i+ Ouly )],
f = 1- 4det(ay«)'

g 1
aij = fajan+ (1—f)[7(ai Su+ andi+ anGe+ audi+ aibi+ qibu)—

3%5( & S+ Gr G+ G @k)] ,

f= 1= 27det( a; ) -0

(5) ,

[16,17] .

T = /Ivlz_j[““‘ %Ia% ;g

? : , Batchelor
2
[
3in( J21/ )
(9) 2 , . |
= a4: € T= HF.
1.3
(2) (3) (1),
%* u*vVu=- Vp+ R—levzu+ Ve (HF),
2 3

U(y)= 1=y Vo(y) = 0, oo(y)= 2y, Wy)= y- 75,

Ub(y) Vo(y) s @o(y) W(y)
an(y) Fo(y) .

O, y, ) = Wo(y)+ ®(y)e ™",

a ,c= cCr+ iC‘i , Cr ,
’ (11)

ia/(lo= ¢)(D’~ ) = D*Uo] ¢~ RLe(Dz— Q)=
H[(D2+ (12)F]2+ iqD(F”_ F22)]’

D= d/dy, ¢
o(t1) = 0 DL = 0

(7)

(9)

(10)

7H: Ad)/Rg’F

Fourier

Bi = dc;i*

(11)

(12)

(13)

(14)

(15)
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(H = 0) (14) Orr_Sommerfeld .
2
(14) (15) 7 Re, a
H, c . ¢
0.005 - 0.005 - 0.003 ¢
- F - /\
C RN E - -
: L 0.m3j v - \
oasf /O 0.008- - A\
B E f f»’ -\‘\. :A E 1 ;_ \‘
-/ 7 / A\ — [ .- 1
SRR ¥ oomff 7L
S A [ i vy
0.0011 " r \ 0.0, 0 -y I.f vy
[ \ J / -~ \\ y
0 lJ_l!J A ] -0.m]t1jIJYx14|‘|_l‘||
0.8 09 1.0 1.1 0.8 1 0.8 0.9 1.0 1.1
a a a
—H=0 —~H= —H= - -H=0.001 —H=0 -—H=0.0001
== H=0.0003 —--~--§=33%; #0003 TIHZ00005 —— 7200003 —-——H=0.0005
(a) (b) (¢
2 (Re = 10 000)
2.1 3.5 —
‘. H=0 H=0.0005
H , S — -—— ARHM
s RAHA (D
B; a 2 X! A ~—- - - -REHM(D)
T
H N an
2 | “ ;‘l‘
’ , s T e e et v Al
, ¥
H L]
3
2.2
3 H R ai * anl
> > * an
y , ai H ,



285

(1]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

?

[ ]

Arranaga A B. Friction reduction characteristics of fibrous and colloidal substances[ J]. Nature,
1970, 225(9) : 447—449.
Mansour A R. Simple and explicit equations for the friction factor in turbulent fiber suspension flow
[J].J Non Newtonian Fluid Mech, 1985, 17(2): 245 —247.
Nsom B. Computation of drag reduction in fiber suspensions[ J] . Fluid Dynamics Research, 1994, 14
(5):275—288.
Pilipenko V N, Kalinichenko N M, Lemak A S. Stability of the flow of a fiber suspension in the gap
between coaxial cylinders[ J]. Sov Phys Dokl , 1981,26(7) : 646 —648.
Azaiez J. Reduction of free shear flows instability: Effects of polymer versus fibre additives[J].J
Non Newtonian Fluid Mech, 2000, 91(2/3): 233—254.
Azaiez J. Stability of the mixing layer of fiber suspensions: role of the closure approximation and
off plane orientaion] J]. J] Non Newtonian Fluid Mech, 2000, 95(2/3): 253—276.
LIN Jian zhong, YOU Zhen jiang. Stability in channel flow with fiber suspensions| J]. Progress in
Natural Science, 2003, 11(2): 95—99.
YOU Zhen jiang, LIN Jian zhong. Stability in the circular pipe flow of fiber suspensions| J]. J of Hy-
drodynam ics, 2003, 15(2): 12 —18.

, . [J]. , 2003, 24(8): 771 —778.
Hinch E J, Leal L G. Constitutive equations in suspension mechanics. Part 2. Approximate forms
for a suspension of rigid particles affected by Brownian rotations[ J]. ] Fluid Mech, 1976, 76(2):
187—208.
Koch D L. A model for orientational diffusion in fiber suspensions[J]. Phys Fluids, 1995, 7(8):
2086—2088.
Folgar F P, Tucker CL. Orientation behaviour of rigid fibres in concentrated suspensions[J]. J] Rhe-
ol, 1982,26(6): 604 —614.
Verieye V, Dupret F. Predicion of fiber orientation in complex injection molded parts[ A] . In: Angel
Y CEd ASME, Applied Mechanics Division [C]. New York: Academic Press 1993, 139 —163.
Cintra J S, Tucker C L. Orthotropic closure approximations for flow_induced fiber orientation[ J] . J
Rheol , 1995, 39(6): 1095—1122.
Advani S G, Tucker C L. The use of tensors to desaibe and predict fiber orientation in short fiber
composites[ J] . ] Rheol, 1987,31(8):751—784.
Batchelor G K. The stress generated in anon_dilute suspension of elongated particles by pure strain-
ing motion[ J] . J Fluid Mech, 1971, 46( 8): 813—829.



286

[17] Shagfeh ES G, Fredrickson G H. The hydrodynamic stress in a suspension of rods[ J]. Phys Flu-
ids, 1990, 2(1):7 —24.

Effects of Tensor Closure Models and 3 D
Orientation on the Stability of Fiber
Suspensions in a Channel Flow

YOU Zhen_jiang, LIN Jian_zhong
( Department of Mechanics , State Key Laboratory of Fluid Power Transmission and Control,
Zhejian g University, Hangzhou 310027, P.R. China)

Abstract: Three different kinds of dosure model of fiber orientation tensors were applied to simulate
numerically the hy drodynamic stability of fiber suspensions in a channel flow. The effects of closure
models and three_dimensional (3 D) orientation distribution of fibers on the results of stability analysis
were examined. It is found that the relationship of the behavior in hydrodynamic stability and the pa-
rameter of the fiber given by dl the three models are the same. However, the attenuation of flow in-
stability is most distind using 3 D hybrid model because the orientation of the fiber departures from
the flow direction, and least apparent using its 2_D counterpart for that the fibers show a tendency to-
wards alignment with the flow direction in this case.

Key words: fiber suspension; hydrodynamic stability; channel flow; dosure model; fiber orientation



