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Shear alignments in three-dimensional simulations of lamellar phases
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Experiments studying layer orientation of sheared lamellar phases have consistently observed not only the
seemingly obvious parallel orientatigwith layers parallel to the shear planéut also the so called perpen-
dicular orientationwith layer normals along the vorticity directipat the condition of higher shear frequen-
cies and near the lamellar phase transition. We find that three-dimensional simulations of a deterministic
mesoscopic dynamical equatiémithout thermal fluctuationsunder the convection of simple shear flows have
shown exactly such a dependence. The simulations show the important role played by the transverse orienta-
tion (layer normal along the velocity directipand highlight the mechanism of the shear alignment being the
competition between the shear frequency and the mesoscopic time scale of pattern organization.
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I. INTRODUCTION is related to a characteristic frequency associated with local

Lamellar and smectic phases of many soft matter materidomain deformatior10,11. _
als have many interesting and important propeftidswhen It is then reasonable to expect that the mechanism of
a sample is prepared in the condition of lamellar phases, suciignment selections would be captured by a dynamical
as lowering the system temperature below the transitiofduation describing lamellar phases in a mesoscopic scale. In
point, usually it is seen to develop a characteristic lengtihis paper we present results from three-dimensional simula-
scale (e.g., as observed in scattering experimertsrre-  tions of such a deterministic dynamical model. Our results
sponding to the preferred layer spacing. However, the layershow shear-dependent alignments consistent with the general
are usually poorly organized and do not show coheren€haracteristics as seen in experiments. By studying the time
lamellae in a macroscopic scale. Because the samples ag&olutions of components in different orientations and ob-
usually in liquid states, among many possible external force§erving their competitions, we find that ti orientation
which could organize layers in large scales, shear flows arglays an important role. We identify two key mechanisms
proved to be effective. responsible for these shear induced alignments.

In addition to promoting uniform layers, experiments ap-  The first mechanism is that from an isotropic and poorly
plying shears to lamellar phases have also revealed interegttganized lamellar phase, kinetics of shear deformations ac-
ing alignments of the layers relative to the shear direction. Ifually promotes organization in both and B alignments.
many different experiments using the thermotropic and |yo.The second is the competition at phase boundaries between
tropic liquid crystalg2—4], block copolymer§5-12], liquid  the A orientation and8/C alignment(those intermediate be-
crystal polymer$§13,14), and surfactantgl5], there is a gen- tween B and C, i.e., the layer normals on the velocity-
eral characteristic for the appearance of two alignments unvelocity gradient plane At low shear rates th&/C align-
der shear: the so callgd orientation(Fig. 1), which has the ~ments are seen to expand into #heegion, and opposite at
layer normals along the shear velocity gradient direction, andtigh shears. The crossover shear rates are related to the char-
the A orientation with the layer normals pointing in the vor- acteristic inverse time scales of the pattern relaxation.
ticity direction. Although theC orientation is initially re- Our model is based on the well-known modelas clas-
garded as the obvious result, it was seen repeatedly that thesified in Ref.[17]. It is noted that we neglect both the hy-
orientation appears at the condition near the lamellar transArodynamicgthe momentum equatiorand fluctuations. Our
tion and of high shear frequencies. At low shear frequenciegesults showing consistence with experiments without these

or away from the lamellar phase transition point, @eri-  two factors suggest that they are not important here. As will

entation is obtained. be discussed in more detail below, the dynamics seen in
Recently an interesting molecule dynami4D) simula- shear

tion [16] using amphiphilic dimer particles has investigated -

the transformation of th®& orientation(with the layer nor-

mals along the velocity directigrio theC andA orientations

under shear flows. Similarly, under high shears the transition

to A alignments is seen, and @ alignments at low shears.
With the trend being seen in different materiédsd even

in the simple dimer MD simulationsit points to a universal A B c X

mechanism independent of detailed material microscopic perpendicular  transverse parallel

structures. However, the mechanism of such selection is still o

puzzling. Some researchers have argued that the crossoverFIG. 1. Three principal orientations of layers with respect to the

shear frequency above which tAeorientations are obtained shear flow.
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simulations leading to the shear alignment involve determinof the stability properties of uniform well-aligned lamellae
istic responses to the shear deformation. Some deviatiortsave been studiel®0].
introduced by the hydrodynamics should not change the Recently there are simulations of the model we used to
main effects of shear deformation. Thus we would reasortudy the shear alignment of the hexagonal cylinder phases
that it is not the deciding factor for the transition betwé&2n [21]. They obtain at high shears the perpendicular hexagonal
and A alignments. Furthermore the degree of deviation dugylinders and the parallel ones at low shears. However, in
to hydrodynamics will be highly dependent on the materials g simulations we demonstrate that in the mechanisms lead-
The fact that the transition is universal in different materialsing to lamellar phase alignment, the formation and dynamics
suggests that the hydrodynamics might not be an importani¢ ihe g (transversg orientation play an important part. In
facéqr. iarl h | | d the fi . the report of the cylinder phases, the selection mechanism
fromlrgll?rrr{oéveel V\?r\:i(lee ?hseoflsgt% gt%i ist ae;] eggteun"’;itg;np;ﬁrmbetw_een perpendicular and parall_el has not been clarified and
a thermodynamic description, we feel that it probably plays athe significance of transverse cylinders is not seen.
minor role in our study concentrating on the diffusive relax-
ation of system structure driven by external shears.

While the oscillatory shears are commonly used in experi- |l THE MODEL AND SIMULATION METHODS
ments, we have used both the oscillatory and steady shears in

our simulations. They give essentially the same conclusions In the mesoscopic scale the system is described by an
; ) Y9 y o order parametey(r). The lamellar phases are formed by the
There is only one parameter, the shear ratein steady

shears, while the oscillatory shears have two parameters, tijaStPution of regions of positive and negatiyevalues. For

shear frequencys and amplitudey,, However, the differ- example in a symmetric diblock copolymer melt, the two

ence should not be significant because, withat order 1(as polymers h"?“’.e. the same total volume fraction ?‘F‘d* asguming
chosen in most experimeigsthe oscillatory shears have incompressibility, the sum of the two local densitjgs p, is

similar average shear rates with the steady shears when a constant. The ordfr parr_;tmeter would pe definegag,
~ y. Experiment§9,12] have also shown that the crossovers P2/ (P1+p2)- Thusy=1 indicates a pure first-polymer phase

from theC to A orientations occur in the combination gfw an%‘/’:_l.for t?e sepond.d led to be dri by th |
in oscillatory shears. ynamics ofi(r) is modeled to be driven by the relax-

It was often seen that th& orientation flips back to th€ ation of the free energl, which is written as a functional of
orientation at even higher shear frequencies larger than aﬁé(r) [22],

other characteristic frequeney,. In diblock copolymers, it 1 1 1

is thought thatw, is related to the conformation relaxation F:f (— —P+ Syt + |V z/1|2)dl’
time scale of the polymer chaingll]. In polystyrene- 2 4 2
polyisoprene melts, it is also argued that the flipping back to 1 W) (r) ,
the C orientation at high shears is due to the mechanical +§BJ f Wd dr

contrast(difference in the viscoelastic response of the two

blocks [7,10,18. Most experiments were performed near Here we have written the free energy in a dimensionless
the glass transition point of PS, resulting in a stiffer PS blockform. To model diblock copolymers, the original expression
relative to the PI block. In a mixed surfactant-water written in terms of the polymer parameters such as the de-
(DMPC/C,,Es/watel system[15], the flipping back fromA  gree of polymerization, the segment length, and the Flory-
to C is also seen at high shear rates. The experiments obseryiggins parameter can be found in REZ2]. When B<‘—11

a 10% increase of the wavelength at the flip, hinting thethis free energy has a lamellar solutigfr) ~ cosq-r as the
possible changes of microscopic structures. The authors alsfinimum free energy state with a constant finjtéThe time

speculated on the role of defect formation in this behavior. evolution of ¢, with the addition of the shear convection

Nevertheless these processes involving microscopic strugerm, is then assumed to be
tures are beyond the simple generic mesoscopic model we ” .
consider in this paper. Effects of shear deformation on de- ?J¥ _ w2 _ oo w2
tailed microscopic dynamics, as postulated to be related to gt *wo- V)Y=V &p_v (=y+y?-V2)-By.
the flipping back taC orientation at high shears, can only be (1)
considered in detail models specific to different samples.

Previous theorief19] have been proposed that the shearThis equation is in the form of the well-known modeélas
alignments are due to the effects of shear flows on thermatlassified in Ref{17]. The random noise term is not included
fluctuations of layers in thermal equilibrium for well-aligned in the model. The flow, is taken as the simple shear flow
domains. In our model the thermal fluctuation is not includedfield: vy=yyX. (See Fig. 1. The shear plane is on thez
and the shear alignments are due to deterministic nonequiliplane and the velocity is in thedirection. In principle there
rium dynamical processes. Although there seems no obvious also the momentum equatighydrodynamics which in-
reasoning to distinguish the two different modelings, we doclude the contributions from the osmotic pressure/cdnd
believe that the dynamical approach, combined with numerithe viscosity contrast of different phases. This could intro-
cal simulations, does offer many opportunities to model maduces deviations from the simple shear flow. In this paper we
terial properties and complex dynamics. Anyway, undemeglect the momentum equation and take the flow as a
shear a system is in principle in a nonequilibrium state. Somsimple shear.
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FIG. 2. Two examples of time
evolutions ofiy under steady shear
with time evolving from left to
right. (@) €e=0.1 andy=0.000 05;
(b) €=0.1 and y=0.0005. The
v & numbers below each frame denote
800 (0.04) 16000 (0.8) 16800 (0.84) 48000 (2.4) [C orientation] the time and shear straifinside

¢ : : the parenthesgsThe shear flow
direction is indicated by the two
big arrows at the rightmost
frames. The three arrows in the
middle two frames of(a) are
showing the motions of edge
" — — dislocations.

7

800 (0.4) 2000 (1.0) 6000 (3.0) 16000 (8.0) [A orientation]

Without shear the lamellar phase transition i8gt1/4. and the numbers below each graph indicate the time elapsed
With the reduced control parameter defined @s (B, and the shear straifinside the parentheses(The shear
-B)/B,, Eq. (1) gives lamellar solutions whea>0, with a  strain values are defined asy/Ax.) The time evolution
critical wave numbeq,=11/2 ate— 0. Thuse plays a simi-  shows that the system develops a fial(paralle) align-
lar role of the quenched depth below the temperatures ofnent. On the other hand in the lower panel, the shear rate is
e.g., the order-disorder transition for diblock copolymers andncreased toy=0.0005. It is seen that a final (perpendicu-
the nematic-smectic transition for liquid crystals. Also, thelar) alignment is instead formed.
time scale of the lamellar phase evolution is inversely corre- The final alignments depending on the shear iéte-
lated toe. quency and e are shown in Fig. 3 for the steady shears and

There are three principal orientations of the lamellarfor the oscillatory shears with a 2.0 maximum shear ampli-
phases relative to the shear flow. As illustrated in Fig. 1tude in Fig. 4. The solid squares denote therientations
lamellar phases with wave vectors in tkgy, andz direc-  and the open ones ti@ It is expected that thB orientations
tions are conventionally called ti&, C, andA orientations,  Will not be stable since they are tilted continuously by the
respectively. In the literature they are also referred to as thehear. In both figures, the distinction between fhand C
transverse, parallel, and perpendicular alignments, respeéfientations is that thé orientations occupy the region of
tively. From Fig. 1 it is clear that the shears would continu-high shear ratefrequenciesand are near the order-disorder
ously tilt and compresB (towardC) orientations while leav- transition(small €). The crossover shear ratdsequencies
ing uniform A and C alignments unchanged. separating the two orientations increase wéth

Three-dimensional simulations of Ed.) are done in rect- In Figs. 3 and 4, some squares have the upper parts of
angular boxes using a pseudospectral mefl@@l In thex  their interiors filled to different proportions. They indicate
direction the periodic boundary condition is used. Since théhat the simulations yield thé or C orientations from dif-

imposed simple shear flowy=yyX is not compatible with Shear Rate

the periodic boundary condition in thedirection, ¢ is taken 0.00001 0.0001 0.001 0.01
to have zero normal derivatives on the boundaries ofxthe L L L B L
-y andx-z planes. O mEE B HEHBE ﬁ
Time evolutions of the simulations use the implicit -~
011
method for the linear terms on the right hand side of @&g. U OooB BEEN BN
The convection and nonlinear terms are treated by the ex- -0 000 ooOom
plicit Euler method 23]. 20 000 OON B E
w —
Ill. RESULTS AND DISCUSSION -0 OO0 OO0 m .
The selections of final alignments are studied by starting —
simulations from small randon# fields under various values =
of the control paramete#, with the application of steady or 04 L EIE ? . EIE g | E”r

oscillatory shears. Two examples of simulations under steady
shear are shown in Fig. 2. The results under oscillatory shear F|G. 3. The appearance of tie(the solid squarésandC (the
are essentially the same. The upper panel shows the timgen squaresorientations under the steady shears at different val-
evolution ate=0.1 andy=0.000 05. The two big arrows on ues of the shear ratg and control parameter. See text for expla-
the last graph depict the direction of the applied shear flownations about the two kinds of half-filled squares.
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S f
w § 100 B -
i G - fe c
| 1 | 1 | 1 | 1
-k OO0 ONNE N % 1 5 3 1
B g Shear Strain
-0 DODUOUODD ODUON N FIG. 5. Time evolutions of thé’s (corresponding to Fig.)2at
Lol Lol Lo €=0.1 with '7=(a) 0.0005;(b) 0.000 05.

FIG. 4. The appearance of ti#e(the solid squaresandC (the . . .
open squargsorientations under the oscillatory sheamwith a the theories proposed earligt9] that layer fluctuations of

maximum shear strain of 2.@&t different values of the shear fre- the Iallmellaelfllre goluple? to thglshﬁar |r;]the paré%&:lorl-

quencyw and control parameter. See text for explanations about entatlon, ma-lng it less favorable than the perpendiotAar

the two kinds of half-filled squares. alignment. Since the shear needs to be faster enough to be
effective such that the fluctuations are not averaged out, it is

ferent small random initial distributions. The reason that thethEA allgnmen'ts to be expepted at high sheqr rates:
However, without fluctuations and concerning mainly the

system does not always evolve to a definite final state i?:l namical relaxation, our simulations show different mecha-
probably due to the finite size of the simulation box. Never- y '

ielss after many simatorn the order of Z5ateach 7 01 t e shear ajgrment. Secaise 1o oce
condition, we count the occurrence of theand C orienta- y y 9y

tions. The proportional area filled inside each square is prol-ayer structures, we propose that the important &ajés the

portional to the fraction of appearance of therientation. rate for lamellae organizing toward coherent layers. The con-

We can see that this fraction is consistent with the trend o%rm parametere SErves as an indication of the time scale
the C to A transition at high shear ratésequencies about.the. evolution of domain strgctu_res and the lamellar
Also there are squares with filled triangles, especially neagrgan|zat|on(largere—> faster organization So wq should

the C-A transition at higher shear ratésequencies They e roughly proportional te. In both Figs. 3 and 4 we see
indicate final lamellar states with no dependence on the flo at the transition shear rates and frequencies increasewith

P : : ; his supports the idea that the competition betweendhe
velocity direction(X): ¢=i(y,z). Their dynamics essentially . .
become two dimensional with the flow no longer playing anyand shear ratéfrequency determines the selection of tile

. ; oS and C orientations.
role. Typically they are wregglar_lamellar distributions on the To understand the detailed mechanisms leading tcthe
y-z plane and further evolution is very slow.

This selection diagram shows shear alignments similar t(goAtransmon, we want to consider th_e temporall eVO'F’“O” of
System wave vectors. To characterize the orientation of a

those found in many experiments, for example in liquid CrYS-ived lamellar phase we simply defifie as
tal polymers of the main-chain BB(3-Me) polyester[14]. P Py g

This also occurs in a lyotropic lamellar phase of the mixed
DMPC/C,Es/water systenil5]. (Interestingly the transition

to the smectic phase was obtained by increasing tempera-
ture)

For diblock copolymers, experiments usirigthylene-
propyleng-poly(ethylethyleng samples [5,6] have also and similarly forfc (with q,>q,, g,>0,) andf, (with g,
shown similar behaviors. Nevertheless there are some dis>d,, d,>0qy). Thusfg,fc, andf, quantify the relative mag-
agreements for polystyrene-polyisoprefl@S-P) samples nitudes of theB,C, andA orientations, respectively.

[7-9,19, where at lower shear rates two experiments found In Fig. 5, time evolutions of thé’s from the simulations

A orientations and two others four@ orientations. The re- shown in Fig. 2 are shown. In Fig(l9, initially from a state
sults were summarized in Rdf10]. They identified a fre- with a small random field o#, all f’s quickly reach a similar
guency wyq Which they suggested characterizes an invers&alue (~100 in the figurg¢ corresponding to an isotropic
time of local domain deformation. The experimental resultdamellar state. Evolution of this isotropic state shows that
were summarized as follows: at< wgy, two A and twoC  gradually increases under the action of the shear with fpth
orientations are seen in four studies and/atwy all studies and f¢ decreasing, indicating that the shear deformation is
seeA orientations. promoting uniform distribution of/ on the velocity-velocity

Another paper[11] which also measured thé(high  gradient plane.
shea)-C(low sheay behavior in PS-PI suggested that the ex- When v is decreased to 0.000 05 in Fig(@h we see a
planation for the preference of thiealignment is related to different and interesting evolution. Although the final state is

fe= 2 |wa)f

0>y, Oh>

061503-4



SHEAR ALIGNMENTS IN THREE-DIMENSIONAL ... PHYSICAL REVIEW E 71, 061503(2005

the C orientation, after the initial growth for af's we find
that bothf, and fzg components increase whég decreases.

fa andfg reach maximum values roughly at the shear strain
0.8, with fg larger thanf,. If we examine the second frame
of Fig. 2(a) we can see that it is indeed showing the devel-
opment of dominatindd orientation under shear flows. The
shear then gradually tilts th® towardC, also manifested in
Fig. 5(@) in which fg and f, start to decline and at the same
time fc begins to increase and eventually dominates.

The time evolutions in Fig. 5 seem to suggest two mecha-
nisms involved in forming thé\ alignments at high shears.
First the shear kinetics enhance thendB alignments ini-
tially. Second, at high shears theorientation is winning the
competition against th&/C orientation and losing at low
shears.

The first mechanism in which the shear initially enhances
the A and B alignments should relate to the nature of shear,
which produces deformation in they plane. Consider the

shear .drlvm.g a C(_)ntlnuous shear deformauon .On Xhe FIG. 6. Time evolution at=0.2 andy=0.0005 with a mixed
plane in an |sotr0p|c_ lamellar statg. We can envision that th?\-B initial condition under a steady shear. TRBeorientation in the
free energy relaxation, respon_dmg to the deformation ofgniral part gradually expands as time evolves feairto (d). The
(r), would promote homogeneity af(r) on thex-y ory-z  number below each frame indicates the shear strain. The two big
plane, but not th&-z plane. For example when two separatearrows show the shear flow direction.

blobs of the same phase on a particiar plane are brought

together by shear convection, they will merge and enhanane time evolutions of prepared initial distributions consist-

uniformity on thex-y or y-z plane, depending on circum- ing of mixedA andB alignments as shown in Figs. 6 and 7.
stance, but never on thez plane. Together with the effect of With €=0.2, the time evolution ay=0.0005 as in Fig. 6
shear also tilting and compressing the layers inBherien- ' ) '
tation, we could understand that while in Figapboth theA
andB components increase, it is omythat increases in Fig.

shows that theB alignment at the central region gradually
expands, while ayy=0.002 as in Fig. 7 th& region shrinks
and then disappears. This characteristic is consistent with the

5(b) at high shears. final alignment summarized in Fig. 3 after we recognize that
We also remark that ay<0.000 02 for the steady shear the B algi]gnment is eventually con%erted in@ d

and w=0.000 02 for the oscillatory shear, sometimes we did
obtain a tiltedB-C orientation(depending on initial condi-
tions). This probably is another indication of the shear en-
hancedB orientation. Such states are still tilted by the shear
flows. Because the shear rates are very low, the layers have
enough time to uniformly break on a particulae plane and
reconnect to relieve the tilting angle. This of course may just
be an artifact due to the limited size of the simulation box.
However, it is noted that there were observations ofBher

B/C orientations under oscillatory shears in experiments us-
ing various samples of diblock copolymdz4].

We also discuss briefly the process of Bi¢o C conver-
sion, which can be seen in Fig(aé2. The production and
motion of edge dislocation®5] play essential roles. As the
layers are tilted and compressed, they merge to create edge
dislocations. Motions of the edge dislocations then relieve
the compression. Three arrows are drawn in Fi@) B in-
dicate these dislocation motions. The layers can thus main-
tain the original wavelength and gradually tilt toward t@e
alignment.

From Fig. 5, the other mechanism leading to high sitear
alignment involves the competition between different orien- G, 7. Time evolution a&=0.2 andy=0.002 with a mixedA
tations. To probe this mechanism we study the time evolu:B intial condition under a steady shear. TBeorientation in the
tions from initial conditions consisting of two regions with central region gradually shrinks and disappears as time evolves
well-aligned orientations. As Fig.(& suggests the initial from (a) to (d). The number below each frame indicates the shear
growth of bothA andB orientations under shear, we look at strain. The two big arrows show the shear flow direction.

c(2.0) d (4.0) [A orientation]
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o ———

l

FIG. 8. Time evolution with a
mixed B-C initial condition. (a) €
=0.2 andy=0.000 05. TheB ori-
entation in the central region
maintains the tilting angle and
gradually expands as time evolves
from left to right. (b) e=0.2 and
[ ——————————————— ¥=0.0002. TheB orientation in
A diiiiiie—m e —— —m m —  f——— the central part gradually shrinks

% / and disappears as time evolves.
Wi

The numbers indicate the shear

strain.

0.0 0.25 0.75 10

So while the centraB layers are tilted continuously by the which is strongly limited by computation ability. In real ex-
shear, the responses depend cruciallyyo8imilar behaviors  perimental samples, one understands that a state identified
as those shown in Figs. 6 and 7 are also seen wher\the by, e.g., the scattering data as tGeor A orientations will
orientations are replaced b@ in the initial distributions. still contain many imperfections. The competition between
These time evolutions are shown as two-dimensional simudifferent orientations as seen in our simulations then has a

lations in Fig. 8. very good chance to induce transitions under shear.
For both mixedA-B and B-C distributions, as the shear
tilts the B orientations, its effective wavelength decreases, IV. CONCLUSION

causing the increase of free energy. However, at low shear
rates these tilted stripes actually maintain their tilting angle
and relieve the compression by expanding vertically towar
the A or C region, as seen in Figs. 6 an@8 This mecha-

The appearance of tha and C orientations in sheared
jamellar phases in many experiments using different materi-
als has shown consistent characteristics such thaf tbe-
entation appears at the condition of high shear rates and

nism can be clearly seen in Figi8 where the tilting angle close to lamellar phase transition points. In this paper from

of the B region remains unchanged under the action of Stead%ree-dimensional simulations we show that a Mesosconic
shear. Thus the tilting action of the low applied shear on the P

3 oretaton actaly e i expansion.
With the increased shear rate, tBeexpansion whose P y P :

speed is dictated by the control parameterannot follow key_mechanlsms are seen in simulations leading to _the for-
L E e mation of theC orientation at low shear ratdfrequencies
the shear. The layers cannot maintain a constant tilting angle

: . S . .. > and theA in high shears. The first is that with a random
and the wavelength is decreasing with increasing tilting S .
angle[as clearly seen in the middle two frames of Fig)8 lamellar distribution, shear deformations enhance Boémd

With the compressed layers not favored by the free energB orientations initially. The second mechanism is that low

. o : hears actually drive the expansion of tiltBdorientations
relaxation, the system then relaxes by shrinking the region 0iut high shearg have the opr?osite effect. It is shown that the
the B orientation. '

. . C reason for expandinB orientations is that the expansion can
When we start simulations from an initial distribution of a relieve the laver compression induced by the shear flow. In
uniform B orientation, we see evolutions very similar to Y P y '

those discussed abové) At small shear rates, the tilted and Cﬁgglruiss' C;Eethcerur(?iz?%rllesrie?rf]tti(:;?rmsix;rsﬁlhaeﬂ?rigeatl? ::ﬁem
compressed layers nucleate dislocations to relieve compreg— For the future we believe that three-gdimensional gsimula-.
sion, similar to those seen in Fig(a& The lamellae gradu- . . .

. . . ; tions of the mesoscopic model can be very useful in the
ally convert to theC orientation with defect nucleation and tudv of complex phase dvnamics in soft matter svstems
motion. (2) At large shear rates, it seems that there is no S gciall Witl’Fl) the r})ncreaseyof computational abilit v)\//e can'
enough time for the defects to form and tBeorientation P y P Y,

essentially melts under shear compression. Then incohererdertake simulations witfd) a larger system siz¢2) the

lamellae first form and they quickly align to tieorientation inclusion of the ﬂuctuatlo_n terr_ns, ar@) the c0n3|d_erat|on
: ! of the momentum equation with adequate modeling of the
with the action of shear.

Finally we note that if the simulations are started from material viscoelastic properties. It is hoped that interesting

perfect lamellae of th€ orientation, application of a shear dynamics will be found with such studies.
larger than the transition value will not convert them to ghe
alignment. Similarly, theA orientation does not transform to
the C under a small shear. However, unifo@andA lamel- This work is supported by the National Science Council
lae are prepared artificially in the finite simulation size, of Taiwan.
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