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Abstract— The local shear viscosity of the linear dumbbell polymer between two parallel plate with a rectilinear
poiseuille flow was given as a function of the lateral position Z_(center of the mass coordinate of dumbbell) from the
center of the channel. This was obtained by neglecting the brownian diffusion term of Z. as induced from the fact that
the configurational probability distribution with respect to Z_is unchanged at steady state.

The average shear viscosity is increasing by increasing channel size. But upon the critical channel size the average
shear viscosity is not increasing with channel size.

The local first normal stress coefficient was given as a function of the lateral position, too. But in the center of the
channel its value has a infinite value which should be corrected in the future.
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Fig. 1. Definition sketch for pressure-driven flow
between infinite parallel plate.
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Fig. 2. Probability distribution of center of mass
as a function of lateral position.
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Fig. 3. Local shear viscosity as a function of later-
al position.
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Fig. 4. Local shear viscosity as a function of later-
al position.
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Fig. 6. Average shear viscosity as a function of
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function of lateral position.

T Aok, ofrME 71]4“" Al wizel B/L=1
74ab etk FAl BollA FakeiA
Zhx & ol that A E 5& A2 dA 2 i8]
gb hab she) shede ogah 2ok, 2e FAledl
A shear rate 7} o] =7 wjgqldl A4
9| 74 fol% chear rate7} o= 7irto] 7b first
normal stress coefficient 7} Aleds] #|=x]= 7oz

e gl

alo 0 nf

F

o
B

A&

fu

Linear elastic dumbbell polymer & I =% %
4 FAl M E-Ele 7]2] Z.Y 2 78 £ o), A
£ 589 Fo] FL4F Zo AsH 4~~0LU4 2
‘HH BHAE s 529 277 AASFE AR,
First normal stress coefficient & Z 9| 342 T
2 4 led FAlA FERe et
Appendix A : #4iHAll &

Sl o4 elastic dumbbell & £Fu4AE Al

< gt A4 ol (viscous drag), B %, 7
bead *tel2] comnnector force% Tsof g}, 7z
beadoll 3t force balance A< A% oh&z 2

c},

mi,,;= - ¢, —u,)+K ) @;—1,,)

HWAHAK KONGHAK Vol. 27, No. 6, December, 1989



764 e
_kTa—g%gT@ (Ala)
= = ¢ (o ts) ~K (0 (11, ~KT 28
(Azl‘b)
o 7|4l m2 bead® #4 1, 1, bead 1, 29
2% vector, K(r,)+ connector &l AZ2 Al4E

vEhdth,
Inertia term-% 45}3L bead ol $l1% vector &
R e = 2

. Kir,) kT 2(ogg)
r —Uu+__§_ ( 20— ) — ;- ar,, (A2a)
K,) kT o (log¢)

r Uzi_%(rzt r”)_T—aI%ii (A2Db)
Dumbbell o] od&ulg e opgap et

—‘d"‘*‘"‘ |t¢) a rzt¢ (AS)

arll Zl

o] uff, AEF ®WF ru(= r,.+rz.), 2R=r1,— 1%
A3 1y, el B3 o) o g-a Zo] wFe}

8 _ 28 .1

ar, - 3R, T2 (Aa)

8 2 .1 a ,

ar., ~ 9R, T 2 ar., (Adb)

re = dumbbell 2 FAIZ42l 214 vector oI+ R,
 bead #}o]¢l separation vector ©|t},

Al (A2)9F (A3)S M= weE Jeplg ohgat
ek,

R,= (- u,,) [K(R R,+kT§’;—°Rgféj (A5a)
o= fatu, ) - % a;’fﬂ" (ASb)
§?+aR R+ 55— Geig)= (A6)
A1 (A5)oll 4 (A6)% tHidbd chgah Zet,
% U+ w-EL 2
-51 g%-?ﬁmm) W=0 (A7)
U,=u,,~uy, u,=%(u“+u,,)

U 8 A xlolA taylor series & A7fskd cf
&3} ol o,

SISt ZS HI27TH X6 1989 12

JE
ilo
Jo

uli=u0i+ru (rl,r—rclv)+A2”k (ru_rcj) (rl‘r—rch:)
{Aga)
A
uZt:uct+Flj (rzj_rc))+ Zi” (r,, l'c,) (r,,—r”)
(A8b)
vV, =-2V,Z
r,= gx—t: _Bz_o_ 01,05, (A8c)
3
'V, 2V
Auk=m=“3_oauauan (Asd)
J
_:'_Ei"d U,‘, Ui%
oV, Z 2
Ui=u,~u,,=I'yR,= —Zg';—*é‘,, (A9a)
u,= E“_‘;l—ll&‘:au [Vo (1'Zi/Bz) - 2’B\élz/g
(A9b)
(AT)Ael U, us ®yslwd  steady state oF
Hooken dumbbell 2] 73%- #ap41e cpgat #o| 5l
=3
2Voz. , 0¥ _2KT 8'¥ kT 9
B* “oX ~ ¢ aR' 2t oR’
2H 3 R¥) _ ,
el L=(2kT/H) A7 r=¢/4H 2 2R 36t

oA (D g & ek,

Appendix B : g,(X), g.(X)8 #&

o

(94
2(20thl 4 2% (

(M)Al ehsishs okt 2ot

J+[ +~i1

L

IX =0

B1)

= (J:——Hogoexp (-x?—2z?) °l=2(g,=1, H,=1)
b9

= J——Hkgkexp (=x*-2z%)

2 Fx 4 (Bl)el didshd
9°H, s aH
o TGy 2 e

=z (2zH,_, - gag;.‘

f

> [

-2z H,,ag"




Poiseuille Flow Z-of 4 2}

oju H,+ Hermite polynomial ¢|=]

oH,

e ok, (B3a)
2

s ok ok - 2)H, B3b)
[2).8

H,, = 2xH,- 2kH,., (Bc)

ol z7le] 4alelez A (B2)E thest gtol g,

978« o8k _ —

Py +2z 32 2kgx=28x+ (B4a)
98k ) at g=2Y B4b)
oz

gD:l°[—‘5’—i gl-g]
—z/40] |9 g,¢ homogeneous solution & tt
o 27 ghEd

nonhomogeneous solution &

g O8in _
32° -2z 2z 2g,,=0 B5)

g.. % z9 series Z 1 A5 vlmsld

gur=a, I+ x4 Sxt )

+a (x+—x g 2y 2 x)
! 53 -5:3°

7
) +C,exp (z*)erf (z) B6)
g|:g1n0n+g1h

=a,exp (x

Yerf (z) - = B7)

H+C.explz 1

=a,exp (x

7 27 o 2 5-E

a,=0 (B8a)
_ 1
C= Bt GBI F e DA oo
g,2! nonhomogeneous solution &
2C 2 2!
C,exp z?)erf (z )-—JT‘ (x+—3—x’+§§x’+--~)
B9)
2 ED gGuons 29 series 2 FH ohgat 2o,
B2non™ 7‘=S (X) (Z + ) (Blo)
Gond Thee =g abE et
', O _ _
2z° 2z 9z 4g:n= B11)

LR PR

55 765
2234 series FelE  Taler] Azl ofdle
243k g glo A
o= (142x7+ 2 x*+ 2o xotorr) B12)’
R 3 5-3
2C,
=C,(1+VrZ exp (Z*)erf (Z )]+J__S Z)
1oy 1,
+32 (z*+ 2 ) (B13)
C,=
- (C,Wm)S, 2Y) ++ Y]
Jymexp @Y *)erf 2Y) +J_8Yexp (4Y ?)erf (2Y) +4Y
B14)
NOMENCLATURE
B : half of channel size
C(z,) : probability distribution function of center of
mass
H : spring constant of Hooken dumbbell
K : Bolzmann constant
L . length scale parameter [(2kT/H)"]
m : mass of bead
n : number concentration of dumbbell
r;,t; : position vector of bead 1,2
Iy : position vector of center of mass
R; . separation vector between two bead
t : time
T . absolute temperature
u);, Uy : velocity vector of bead 1, 2
U; DUy Uy
u; : 12 (uy+uy)
Ve : unbounded velocity of solvent
v, : maximum velocity at center of channel
X . X axis
Y o Y axis
Z . Z axis
Z, . coordinate of center of mass in Z axis

Greek Letters

€ . dimensionless time (2V,L7/B?)

z - time scale parameter (S™)

¢ : [riction factor of bead

' . configurational distribution function of
dumbbell

] : solution viscosity

/R : solvent viscosity

é . first normal stress coefficient
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