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NekTar 2d FENE−P, cosh profile, SVV on conformation tensor
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Effect of the two boundary conditions on the conformation tensor

ε = 0.0001
ε = 0.001 
ε = 0.01  
ε = 0.1   
ε = 1.0   
ε = 10.0  
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polynomial order: 5
polynomial order: 6
polynomial order: 7
polynomial order: 8
polynomial order: 9
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cylinder in a channel − polynomial order N=6
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details

CFD:
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modeling
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DPD:

each particle is 
a collection of molecules

Brownian Dynamics,
momentum−conserving
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4000 DPD particles, FENE+LJ forces

vv: 4 chains of 20 beads each 
vv: 4 chains of 50 beads each
vv: 4 chains of 100 beads each
lowe: 4 chains of 20 beads each 
lowe: 4 chains of 50 beads each
lowe: 4 chains of 100 beads each
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Static exponent scaling (ν) for different polymer spring models

Stiff: ν = 0.49719

FENE 2rc: ν = 0.57235

Hookean: ν = 0.55148

FENE 2rc, L−Jones: ν = 0.61669

FENE 3rc, L−Jones: ν = 0.61358

Hookean, L−Jones: ν = 0.61046

Stiff, L−Jones: ν = 0.5736

Wormlike: ν = 0.55162
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Static exponent scaling (ν), velocity−Verlet method, δt=0.01

vV ∆t/δt=1 : ν = 0.595

vV ∆t/δt=6 : ν = 0.599

vV ∆t/δt=10: ν = 0.593
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Static exponent scaling (ν), Lowe method, δt=0.01

Lowe ∆t/δt=1 : ν = 0.6

Lowe ∆t/δt=6 : ν = 0.602

Lowe ∆t/δt=10: ν = 0.602

Lowe ∆t/δt=20: ν = 0.598

� M�K4X�@IJ [ � � �kT*HKJPJ�Z J�>[G/L�B�GIM � J�b T$GIF�K�K>J�@�MYQ�K L>Q GIHKJ Tc>�F��YMRQ�K J�S ? L>QSJ�Q2G + L�BmG�HKJ'@1F N MYXSThL�B�K�AD@1F7G�MYL>QkL�BF T�MRQ�K��YJ ? L!��A � J�@#>1HSF>MRQ K4L \ J�@IQKJ N WDA �������kF_Q N HSF�@ N > 	 ? L_G�J�Q2G�M F�� TYB
L�@ G�HSJ \DC ��X ?�? J�@��UF_Q N\E LHG�J>3 T� �YLHG�J�@���T�>1HKJ � J!�



M�M [

10
1

10
2

10
0

10
1

M−1 (=number of beads−1)

<
R

gy
ra

tio
n

2
>

 

Static exponent scaling (ν), velocity−Verlet method, a
ij
=0, δt=0.01

vV ∆t/δt=1 : ν = 0.594

vV ∆t/δt=10 : ν = 0.604
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DPD, 5 beads
Analytic, τ=45.6
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DPD Lowe:   2 beads (τ~29.9)

DPD Verlet:  2 beads (τ~16.5)

DPD Verlet:  5 beads (τ~20.8)

DPD Verlet:  10 beads (τ~31.2)

DPD Verlet:  20 beads (τ~51.8)

BD: 20 beads (Hur et al. 2000)

Experiment (Smith et al. 1999)
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wormlike model, 2 beads
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wormlike model, 5 beads

Experiment: We=1.3
Experiment: We=6.3
Experiment: We=19
Experiment: We=19
DPD: We=1.3
DPD: We=6.3
DPD: We=19
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wormlike model, 20 beads
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DPD,∆t/δt=1  Lowe:  5 beads  (τ~45.6)
DPD,∆t/δt=6  Lowe:  5 beads  (τ~45.6)
DPD,∆t/δt=10 Lowe:  5 beads  (τ~45.6)
BD: 20 beads (Hur et al. 2000)
Experiment (Smith et al. 1999)

�)(�K+*�@�, [�- � � �NZS,b>@3X1�B �=^,M��cL#��M
�^*�I2:�,�@�.�02,A4�@ - �T4HS�(7<?*�< ? @91 C�,�>@3�,A: 4DC�,�@O4�K+,#,�SH3�,5I2.9(M1+I=1�B)4'oDL WZ,;4�:` ��4i<E1�67,�>5*�67,K</1�:�,A6M,;:1WDA=390�,�� ���kBY1�@�<?*2674cC�,�@�.9*2. ��� - �#,�@�, (*&�^ �," ��M!O�	\^ �5" o -



MbQ��

')( � � ��
�	���� - 5���� �����05 � � 
 	�
	��
 � 5 - � 5 � � �

TX0�,F>O024�@�4!>@3�,�@�(�e;4�39(71�I 1�BP3902,^.�(7<?*�6F4�3�,A: �2*�(F:W(7Ii`���`b(F.#1�B)<>4 C�1!@�(M< ? 1�@93�4�I�>V,#BY1!@�390�,?*�I2:�,�@�.�3�4�I2:�(7I�K
1�BP3�0�,c.�3c@�,5I�K�3902. 48I2:�GG,A4�%NI2,A.�.�,;.X1�BP390�,c<E,V39021H: - 0 IW390�(F. .9,�>V39(71�I GG,^,�S�48<E(7I�,JBY*�IZ:�48<E,5IN3O486�gN*24�IN39(ML
39(7,A.�OZ.9*�>O0d4�. %N(7I�,A<E4839(`>fCH(7.�>V1N.�(M3�A + ^
��T48IZ:B:�( Za*2.9(M1+I\>V1H, 
 >V(7,5IN3���� 4�I2: 390�,A(�@ :�, ? ,5I2:�,AI�>V,?1�IW3902,
. ? ,b>V(�IP> ? 4�@O48<E,539,�@O.G1�B),A4�>O0d`��2`b(MIN39,�K�@O4�3�(MI�KE.�>O0�,5<E, -

TX0�, ? ,�>V*26M(F4�@PC�,A6M1 >5(e3�A��� � 1�B ? 4�@�3�(�>56M,��h(F.Q:�,�I2I2,A:?4+.��� � ^ � � )��� ��� � O�G�0�,�@9,��� ��� �)(F.�3�0�,�.�3�@9,;48< C+,5671D>5(e3�A
4�3 ? 1+.9(e3�(M1+I�� - �21�@K4=.cA�.�3�,5< 1�B " ? 4�@�3�(�>56M,;.]1�B�<>4�.�. ' � ,A4!>O0 �Y(7IR1+*�@K.�(7<?*2674839(71�I2.U48676 ? 4�@939(`>V67,A.U4�@�,
4�.�.9*�<E,A:E3�1c024DC+,#*�I�(M3X<E4+.9.�� ODGG,]:�,�I2I�,]390�, ���hL >51�< ? 1�I�,AI+3X1�B�390�,f.�3�@9,;.9.�39,AI2.91�@�3�0�@�1�*�K+0>390�,@0 @�CN(7I�K�L
 f(�@�%DGG1N1�: BY1�@�<?*�6F4 � M
�!o��


"!$# ^ ) M
g&%8g('�g&) �(*+ � � � ' � �

� � ! �� � # �,*+ � � � *
+
�.- � � ���

!0/ ��� # ��1 243 -6587
9 0�,;:9, / � � # (7.#390�,<� L>=51�<�?Z1+I�,5IN3 1A@P390�,^I2,V3B@Y1C:D=5,?4A=V39(7IFE>1�IG?24A:�3�(H=56M,I�X:�*�,^391J?24A:�3�(H=56M,#�0KS48I2: � � � ! (7.
3902,BL LM=V1+<�?S1�I2,5IN3Q1$@23�0�,5(H:�:�,56F4�39(7C�,�?S1+.9(e3�(M1+IcC+,;=@3�1A: -ON 3�(F.P(MIN3�,P:�,A.�39(7IFE 3�1KI�183�,X0�,P:�,G3902483P,RQN*24�3�(M1+I 3 -65 (7.
:�(H:9,R=@3�66S?4A?F?�67(H=A4$T�67,X(MIE(M3�.U=5*F:D:9,AI+3V@Y1A:�< 3�1f390�,�C+,5671W=5(e3XSNL>YQ,P:�6M,53)<E,5390�1�:�T�*�3 �[Z J]\ 1 9 , � .).D=O0�,A</,CK 9 0�(^=O0
6F4A=`_�.G,.ab?�67(H=5(e3�=A486^=V*�6F4�3�(M1+I 1A@P:�(F.�.�(H?24�3�(MC+, � :�4�I2:�1�<c@Y1C:D=5,A. -]d 1E3902(7.�,AI2:eK 9 ,f?F:�1A?S1+.9,U4E<E1�:�(6g0=54839(71�IB1$@
,;QN*24839(71�I 3 -65 3�1=(7Ih=V1C:i?S1A:O4�3�,f390�,/C�,A6M1b=5(e3XSj:9,5L\,RQN*�(M67(HTF:�4839(71�I�kmlonK(7I�\�1 9 , � .#.D=O0�,A</,c(MIN3�,P:D?F:9,539,;:d4�. 4�I
4�:2:�(e3�(M1+I2486[@Y1C:D=5,U39,P:�<	p


O!q#Jrts 5g % g ' g ) ��*+ ��� � ' � �� �
! �� � # �u*+ ��� � *+ �.-	� � ���

!v/ ��� # �w*+ ��� � *
+
�.-	� ' � � � �

! , � � #
, & ��1 243 - xC7

9 0�,;:9, , &#(7.U3�0�,c39(7</,;.�3�,P?y@Y1A:U3902,E.91�67C�,AIN3 2 (7IR390�,>.�3�4$ECE�,;:9,;:d.i=O0�,A<E,?3�0�(7. 9 1�*267:y=V1A:D:�,A.i?Z1+I2:B391B3902,
<>4qa�(7<?*�< 1$@�� , & 1 (*& � 7@-fd 0�,c:bSHI24�<E(H=?CN(F.D=V1+.9(M3XS{z 1A@Q390�,}|2*�(F:T(F.f:�,V3�,P:�<E(MI�,;:d*�I2:�,P:f.�0�,;4$:]390F:�1�*hE�0
3902,�391�3�486S.�02,A4$:�.�3D:9,;.9. 
 %;' 2	� (7.�390�, :�(6:�,;=V39(71�IE1$@a3902,].90�,A4A:�48I2: � 390�, 9 4�6M6ML\I21A:�<E4�6�:�(H:9,R=@39(71�I 7 390F:�1�*hE�0

z r 
 %R'
!) 1 !) r 
 %g&' 1



5Rx��
48IZ:>3902,P:�,.@Y1A:�,]390�, _H(MI�,A<>4�39(^=]CN(F.D=V1+.9(M3XS/(F. + r � � r � ��� ��� ���

* -�� ,P:�,AK !)W(7.XI�1�3�3�1}TS,I=V1+Ib@Y*2.9,A: 9 (M390 3902,
:�(F.9.9(H?24�3�(MC+, @Y1C:D=5,I=V1H, 
J=V(7,5IN3�) -

N I_3902(7. 9 1C:i_ 9 , 9 (76M64KP0�1 9 ,5C�,;:;K�*2.�, 4d:�(
	a,P:�,5IN3c4A?F?F:�1+4C=O0�@Y1C:}=54�6H=5*�6F4�39(7IFEW3�0�,JCH(7.D=V1N.�(M3XS - � 4A=`_�,;:�� J
H�
 ��� 5������ .9*FEAE+,A.�39,;:W390�, E��� M Z 2 M L�� Z M�� ��� M 
�
���H Z � </,5390�1�:eK 9 02(H=O0m=V1�IZ.�(F.�3O.#1A@�.�(7<�?�6HST.�*F?S,P:�(7<�?S1+.9(7IFE
4�=V1�IZ.�3O48IN3&@Y1C:D=5,��A% 1 s �A%?(7IJ3�0�, � L :�(H:9,R=@39(71�I @Y1A:X48676[?24$:939(^=V67,A.�� 9 (M390 � � � � ���� K � � � # ���� :9,;. ?S,;=V39(7C�,A66S -
d 0�,AI"Kv@Y1A:f4J?S,P:�(M1�:�(^=?.9(M<c*�6F4�39(71�IGTS18ad1$@�67,5IFE�390bg&'/(MIi390�, � s :�(6:�,;=V39(71�I"KSIH*�<�TS,P:f:�,AI2.�(M3XS � KaC+,5671W=5(e3XS
?F:�1$g267, 
 2	� 7 (7I=3�0�, � L :�(H:9,R=@3�(M1+IW4�I2:B:bSHI248<E(^=fCN(F.D=V1+.9(M3XS zi3�0�,f@Y1�676M1 9 (7IFE}@Y1A:�<?*�6F4/0�1�6F:�.;p

� � % 2 � �� 7 �
58x z

r xg('
 ' ��! ��
' � � 
 2�� 7#" �

$�,;E+4$:O:�(7IFEc390�, &P1+(7.9,5*�(7676M, ?F:�1$g267,f</,5390�1�:eK2(e3#(F.�(7I+3�,P:�,A.�39(7IFE/391EI�1�39,f390Z4�3;p

5+- N 3#,567(M<E(7I24�3�,A. ?S1+.�.�(HT�67,^4$:939(6g0=V(F486 .9(F:�,VL ,%	a,;=V3�.�@�:�1�< (7<�?Z1N.�(M39(71�IW1A@)1�390�,;:�3XSW?Z,;.�1$@]TZ1+*�I2:�4A:iS{=V1�I�L
:�(e3�(M1+I2.;K%.9(MIh=5,J(M3<:9,;.�*�6M3�.^(MI 4j@Y*�676HSy?S,P:�(M1�:�(^=�|21 9�9 (e3�0 48676Q390�, 4�:�C�48IN3O4$E�,;.K. ?Z4�39(F486�?S,P:�(71H:�(H=5(e3XS
024�.G3�1/1�	S,;:B=V1+<�T�(7I�,A: 9 (M390T4�&P1�(F.�,A*�(76M67, ?h:91Ag26M, -

x�- � 1�390B1A?F?S1+.9(M39,�&P1�(F.�,A*�(76M67,f?F:91Ag267,A. =54�I{TS,K*2.9,A: 391E1AT�3�48(7I	TZ,53�3�,P:#,AI2.�,A<�T�67,K4DC�,;:�4AE�,A. -
& - � 4C=`_�,;:'� J H�
 �'� 5��(�)� 024DC+,^:�,5<E1+I2.�3D:�4839,;:=3�024�3U(e3](7. </1C:9,c4A=P=5*F:O4�39,f3�0248Id1�390�,;:]4�66:�,A4+:bSJ,.a�(F.�3�(MIhE

</,5390�1�:�. -

�Z-+* *F:G.�39*Z:�(M,;.(@Y1A:�TZ1�390BC Y 48IZ: \ 1 9 , � .�<E,5390�1�:�.G(7I2:�(^=54�3�,U4cI�,;E�67(6E+(6T�67,]:�(7.�4$EC:9,A,5<E,5IN3�1A@
$ 2 5�� ��, 7TZ,53 9 ,A,5I 390�, =51�<�?�*�3�,A: CN(F.D=V1+.9(M3XS CD4�6M*2,A.ECH(74R3�0�,d.�0�,;4$:J.�3i:�,A.�.E48I2: &P1�(F.�,A*�(76M67, |Z1 9 <E,V3�0�1�:�.PK
:9,AI2:�,P:�(7IFE}TS183�0W</,5390�1�:�.-�/.�� M 1 H�
����GJ�@Y1A:#4�6M6e?h:�4C=@39(^=54�6e?�*F:D?Z1N.�,;. -

0)(6E+*F:�, 3 - 1 .�021 9 .�.9*h=O0 4�?F:�1$gZ6M, 9 (e3�0=3�0�,I=V1C:i:�,A.i?Z1+I2:�(7IFE?4DC+,P:O4$E�,;:E1�I�,CKH391CE�,V3�0�,P: 9 (M390 390�,f?24A:�4ATZ1+6M(^=
67,A4�.�3�L .DQ+*Z4$:�,A.�g�3 -Bd 0�,c4A:9,;4c*2I2:�,P:]3902,<:9(HE�0N3 =5*F:�C�,<=54�IGTZ,�=54�6H=5*�674839,;: ,A(e3�0�,P: TWSB:�(H:�,;=@3�66SB(7I+3�,PEC:�4839(7IFE
3902, g23�39,;:{QN*24+:b:O4�39(^=#1C:(TWSJ.�3�4�I2:�4$:O:>(7IN39,PEC:�4839(71�IJ:�*�67,A. -�2 676e:9,;.�*�6M3�.(?F:�,A.9,5IN39,;:J0�,;:9,U*2.9,U4�I2486HSN39(^=#(7IN39,VL
EA:O4�3�(M1+I=1A@%3�0�,fg�3�3�,A:	QN*24�:F:�4839(^= -



5Rx��

−0.1 −0.08 −0.06 −0.04 −0.02 0 0.02 0.04 0.06 0.08 0.1
0

1

2

3

4

5

6

7

8

9

10

U
x
 profile

L y

−0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

U
x
 profile

L y

DPD data
Parabolic Fit

0)(6E+*F:�, 3 - 1 p���48<�?�67,^:�*24�6e?24$:O4$TS1�67(H= 2 6M,P@j3 7 4�I2: :�,.|Z,;=@3�,A:B48I2:{g�3939,;: 2 :9(HE�0N3 7 ?F:91Ag267,A. -

d 0�,UC�,A6M1b=V(M3XSE48*�3�1W=51A:D:9,A674839(71�I�@Y*�Ih=V39(71�I 2 � 4 � 7 =A48I{:9,AC�,A4�6�(7Ib@Y1A:�<>4�39(71�IJ@Y1A:�390�,U*�I2:�,;:96HSH(MIhE?I24839*F:�, 1A@�4
:bSHI24�</(^=54�6F?F:�1b=V,A.�. - �b,�=V1+I2.�3D:9*0=@3Q(e3G4�.V@Y1�67671 9 .Pp�(U(MC+,5I>48I>4$?h?F:91C?F:�(74839,X1A:�(6E+(MI/1$@S39(7<E,AK 9 ,#:�,5I�1�39,X3902,
C�4867*�,f1$@P48676Z3�0F:�,5,I=V1+<�?S1�I2,5IN3�.X1A@ 390�,KC+,5671b=V(M3XS>C�,;=V391C:X4+. � " � � � r�� � " � � � 1 � " � � � 1 � " � � ��� -�d 0�,fC+,5671W=5(e3XS
=V1+<�?Z1+I�,5IN3�.�483 48IW4$:DT�(M3i:O4$:DS/(7I2.�3�4�I+3 ���
	 r � 4$:�, :�,;=51A:O:�,A:eK�4�I2: 390�,^.D=54�674A: QN*24�IN39(M3XS

�
� " � � � r 5� *+ � � � �
" � � � � � " � � �

(F.�3�0�, � 4 � �$@Y1A:P.�0�1C:�3RK 9 , 9 :9(M39, �
� 2 	 7 r � � � 2 � 7 � � � 2 	 7 � -�d 0�, � 4 ��?h:91�CH(F:�,A.%C�4867*24$T�67,�(7Ib@Y1C:9<>4�3�(M1+I?4$TS1�*�3
3902,/.iS�.�3�,5< � .U*�IZ:�,P:�66SH(7IFEJ@�:�,;QN*�,AIh=V(7,A.;K 48IZ: 9 0�,5IR(e3^:�,R=548S�. 391��A,P:�1 4+. 	 � � Kh(M3f=A48I�TS,/(MIN39,;EA:O4�3�,A:
391 =A486^=V*�6F4�3�,]3�0�,^:�(�	S*Z.�(71�IG=V1H,�
 =5(M,AIN3����&p

��� r 5&
 � ���
� � � � � 2 	 7 "�	��

d 0�(F.�3XSW?S,]1A@�:�,.gZI�(e3�(M1+I=1A@%4K3D:�4�I2. ?S1A:93(=51N,�
J=V(7,5IN3 2 .�*0=O0=4�.���� 7 390F:�1�*FE+0J48IJ(7IN39,;EA:O486S1$@�4�=51A:D:9,A674839(71�I
@Y*�Ih=V39(71�I (7.E4��
�/�/��� /������ ZG:�,56F4�3�(M1+I � 5�� 3 �\- � � <>48S 486F.91�TS,j=A486^=V*�6F4�3�,A: 3�0F:�1�*FE+0 390�,B<E,A4�I�L .DQN*24$:�,
:�(F. ?2674C=V,5<E,AI+3X1$@ ,;4A=O0W`���`�?24$:939(^=V67, -VN I ?h:�4C=@39(^=V,CKN390�,U(MI2(e3�(74�6SC�4�6M*�, � " � � � (F.&:�,A.9,V3�:�*F:�(7IFEc4/.�(7<?*2674839(71�I
IH*�<E,P:�1�*2.]3�(M<E,A.^(MI_1A:O:�,;:]3�1G=V1�6767,;=@3^<E,;48I�(7IFE$@Y*26Q,5I2.9,5<}T�6M,>4DC+,P:O4$E�,;.#3�024�3<=A48I TZ,E,;4�.9(M6HST(7I+3�,PEC:�4839,A: -
N @X390�,J39(7</,;.�3�,P? (F.I:�,56F4�39(7C�,A66Sb.�<>4�6M6 2�� 	 [ � � �F587 390�,J(7IN39,;EA:O486U=54�I TZ,=4C=P=5*F:�4839,A66S�=A486^=V*�6F4�3�,A:b*2.9(MIhET4



5Rx��
.�3�48IZ:�4$:O:J3D:�4A?Z, �51+(7:�4�6a1A:�<E(7:F?Z1+(MIN3B:�*�6M, -

d 0�,I@Y*2I2:�48<E,AI+3O486P:�(�	S,;:9,AIh=V,;.BTS,V3 9 ,5,5IW3�0�,^CWY&4�I2:G\ 1 9 , � .#.D=O0�,5<E,K<>48I2( @Y,;.�3]390�,A<E.9,567C�,;.�(7Id390�,cC�486ML
*�,;.#1$@Q3�0�,?:�(�	a*2.�(71�Iy=V1H, 
J=V(7,5IN3 ���&K23�0�,?CH(F.i=51+.9(e3XS + 48I2:W,AC�,AI+3�*248676HS=3�0�,��b=O0�<E(F:H3]IH*�<}TZ,;: 
 ) r ����
=O024A:�4C=@39,;:9( �5(7IFER390�,T.9(7<?*�6F4�3�,A: |2*�(F: - ( :�1H183J48I2: �_4$:D:9,AI � 3 5%� .�021 9 ,;: 3�024�3>3�0�,TCWY <E,V39021H: @Y1C:J4
IH*�<�TS,P:/:�,5IZ.�(M3XS � r & 48I2: 4T:�(7.�.�(H?24839(71�I 48<�?�67(M39*2:�,�) r � � 3 � ?F:�1�:�*h=5,A: �b=O0�<E(F:H3cIH*�<}TZ,;:^C�4867*�,A.
=V671+.9,U391>3�0�1+.9,f?F:�,A:�(^=@3�,A:	TWSJ3�0�,f390�,A1A:DSAKFT2*�3 ,.aH3D:9,A</,A66SB.�<>4�6M6"=51�<�?24$:�,A:=391 :9,;486[|2*�(F:�. 2 390F:�,5,?1A:O:�,P:O.
1$@P<>4$E+I�(e3�*2:�,K.9<E4�6M67,P: 7@- �b,K(MIHC+,A.�39(HE+4�3�,U390�(F.X(7.�.9*�,KI�,.aH3 -

<�������� �	� �&��" � $�
9 ��
�
� $��K� ���O��� � � �
�i������"�
���� ���i� �����h� �X" � ��$ ������� �"!$#%!'&�(

N Ii1C:�:�,P:]391=(7IHC�,;.�3�(6EN4�39,?390�,/,%	a,;=V3K1$@�3�0�,/:�(7.�.�(H?24839(7C�,c4�I2: :O48IZ:�1�< =V1H,�
 =5(M,AIN3�.#) 1 � 1�Ii390�,}|2*�(F:eK 9 ,
=V1+<�?�*�39,	���UK + 48I2: 
 ) @Y1C:/4 9 (7:�,j:O48IFE+,J1$@ C�4�6M*�,;. - 0)(HE�*F:�, 3 -65)� .�021 9 .^3�0�,j=51�<�?�*�3�,A: :�(
	a*2.9(M1+I
=V1H,�
 =5(M,AIN3;KhCH(7.D=V1N.�(M3XSd48I2: �b=O0�<E(F:H3KIN*2<�TS,P:O.�@Y1C:K4 � ����� L4?Z4$:939(^=V67,f|2*�(F:eK (7IR4 5�� 
 5�� 
 5)� .9( �A,A:yTZ18a
9 (M390i4J39(7</,5L .�39,;? � 	 r � � �F5 48IZ:T4J=V1+I2.9,P:�CD4839(7C�,f@Y1C:D=5,�=V1H, 
J=5(M,AI+3 � � � r 3 �*),+ �.- � - 021A:#3�0�,?CH(F.i=51+.9(e3XS
=54�6H=5*�6F4�39(71�IZ. 9 ,>4$?F?�6HST4j=V1�IZ.�3O48IN3 @Y1C:D=5,?1A@�<>4$E+I�(e3�*2:�,-� % r 5 4�. ?F:9,ACH(M1+*2.�6HST:�,;.i=P:9(HTZ,;:d3�1 1CT�3�4�(MIb4
?S,P:�(M1�:�(^= &P1+(7.9,5*2(M676M,�?F:91Ag267, - ( :91H1�3U48IZ: �_4$:D:9,AI � 3 5 � =V1C:i:�,;=V396HSB4A:iE+*�,K390Z4�3U390�,ECWY&.D=O0�,5<E,�?F:�1H:�*h=V,;.
*�IF:�,A4�6M(F.�39(^= C�4867*�,;.U@Y1C: 
 ) -�d 0�, =A486^=V*�6F4�3�,A:=CD4�6M*2,]1A@ 
 ) r 5�� �(�0/ � � � & @Y1A: � r & � � 3b1 � r & ?F:�1�CH(7:�,A:>(7I
� 3 5 � (F.�(7IG:9,;4�.91�I24AT�67,U4AEA:�,5,5<E,AI+3 9 (M390B3902,^1�I�,K.90�1 9 IW0�,P:�, 2 
 ) � 5�� & @Y1A: � r & � � 1 � r � 7V-&d 0�,K<>48(7I
?S1�(7I+3#02,P:�,U(F.G390Z4�3�3902, �b=O0�<E(7:�3#IN*2<�TS,P:#(F.21 2 5R7 @Y1C:X390�,KCWY <E,V3�0�1�: -
3T4A:�.90 � . � � K 5��,4 K 5)���)� 390�,A1A:�,V39(^=54�6Z,;.�3�(M<>4839, 1+I>3902,�_H(MI2,5<>4�3�(H= CN(F.D=V1+.9(M3XS + 2 � 7 @Y1A:�4�IJ(F:�,A4�60EN4�.&=51�I2.9(F.�3O.
1$@�4d:�(F.9.9(H?24�3�(MC+,c3�,P:�< 3�024�3K3D:�4�I2.X@Y,;:�.f<E1+</,AIN39*�< 390F:�1�*FE+0y?Z4$:939(^=V67,J=V1�6767(7.9(M1+I2. 2 � � � 7 4�I2:_4	_N(7I�,539(^=
=V1+IN3i:�(6T�*�39(71�If390Z4�3)3i:O48I2. @Y,P:O.h<E1�<E,5IN3�*�< 390F:�1�*FE+0<?24A:�3�(H=56M,�<E1�39(71�I?4�I2:K:�(F. ?�6F4A=5,5<E,5IN3 2 � � �

� 7 KDI248<E,A66S

+ 2 � 7 r � � 2 ),+ � 7 �
x�5 � � �76� �

� 5 � � � � 7�
5 � 3 �*),+ � � 243 - & 7

0)(6E+*F:�, 3 -H5A5 .�021 9 .#4�:9,;4�.91�I24AT�67,U4AEA:�,5,5<E,AI+3�1A@)3�0�,^(F:�,A4�6"E+4+. ?F:�,A:�(^=@3�(M1+I 9 (e3�0W390�,�=51�<�?�*�3�,A:	:�,A.9*�6M3�. -�b,}=V1+<�?24$:�,f390�,/48I24�66SN3�(H=A486 ,PaW?h:9,;.9.9(M1+I 243 - & 7 9 (e3�0d390�,E`���` C�4867*�,A.B@Y1A: =51�I2:�(e3�(M1+I2.�=51A:D:9,;. ?S1�I2:�(MIFE/3�1



5Rx 3

0 2 4 6
0.15

0.2

0.25

0.3

0.35

0.4

σ

D
iff

us
io

n 
co

ef
fic

ie
nt

 D
T

Velocity−Verlet (δt=0.01)

0 2 4 6
0.2

0.75

1.3

σ

K
in

em
at

ic
 v

is
co

si
ty

 ν

0 1 2 3 4 5 6
1

1.5

2

2.5

3

σ

S
ch

m
id

t n
um

be
r 

ν/
D

T

0)(6E+*F:�, 3 -H5�� p � (�	S*Z.�(71�I�=51H, 
J=V(7,5IN3V��� 2 *F?F?S,P:)67,.@j3 7 K$_H(MI2,5<>4�3�(H=�CN(F.D=V1+.9(M3XS + 2 *F?F?S,P:]:9(HE�0N3 7 K�48I2:��b=O0�<E(7:�3IH*�<�TS,P: 
 ) 2 6M1 9 ,P: 7 ?�6M1�3�3�,A:W4$EN48(7I2.�3 � @Y1A:�CWY -0d 0�, �b=O0�<E(7:�3#IN*2<�TS,P:#(F.21 2 5R7V- � ,;:9, )*+ � r 5+-
(F:�,A4�6VEN4�. 2 � � � r �C7 48IZ: 9 4�39,;: 2 � � � r 3 �,)*+ �.- � 7@- � ,.aH3;K 9 ,c,Pa�48<E(MI2,c.9(M<E(7674A: QN*24�I+3�(e3�(M,;. @Y1A:I\ 1 9 , � .
.D=O0�,5<E, -

<�������
 �	� �&��" � $�
9 ��
�
� $��K� ���O�����^���b����'��X" � ��$ � ����� � !'# ! !'&��7!$#%!'&�(

0�1C:I\ 1 9 , � . .D=O0�,5<E, 9 ,/(MIHC+,A.�39(HE+4�3�,^3�0�,>.94�</,/. S�.�39,A< 48I2:i(e3O.K:�,P?S,5I2:�,5Ih=5,c1+IT3902,�?Z4$:O48<E,V3�,P:f	 -<d 1
3902(7. ,5I2:eK 9 ,I?S,P:i@Y1A:�< 1+I�,^.�,;:9(7,A.#1$@Q.�(7<?*�6F4�3�(M1+I2. 9 (M390 � 	 r � � ���h5 4�I2:B1�I�, 9 (M390 � 	 r � � �F5+- � 1 9 ,5C+,P:RK
	 (F.]CD4A:9(7,A:i.�1=3902483U	 
 � 		� � 5 1 5��(����� 
 � � ���h5 r � ��� �(�F5 1 5%� 4�I2:T	 
 � 	
� � 5 1 5��(��� 
 ��� �h5 r � � � �F5 1 5%� K
:�,A.i?Z,R=@39(7C�,A66S - 2 6M390�1+*FE�0GTS183�0TCWY 48I2:G\�1 9 , � . .i=O0�,A<E,A. .90�1 9 4J=V67,A4A:;KZ<E1�I�1�391�I2(H=K:�,;?Z,AI2:�,AIh=V,c1$@U� �
1�I 390�,{:9,;. ?S,;=V39(7C�,J?24A:�4�<E,V39,;:�. � 48I2: 	UK�� � 2 � 7 1$@#CWY (7.?6M(7I�,;4$:E48I2:_6F4$:DE�,;:^(MI C�4867*�, =V1+<�?24$:�,A:b3�1
��� 2 	 7 1A@O\ 1 9 , � .�.D=O0�,5<E,AK 9 0�(^=O0=.�021 9 .�48I=4+. SH<�?�3�1839(^=#4�I2:EI�1�I�L\67(MI2,A4$:�3i:�,5I2:eK�.9,5,�0)(HE�*F:�,A. 3 -H5Rx K 3 -H5 �Z-

0�1C:�48IE(F:�,A4�62:�(F.9.9(H?24�3�(MC+,�EN4�.;KA\ 1 9 , � .)3902,P:�</1N.�3O4�3�(F.�E�1�C+,P:�I�,A:�TWS^3 9 1f:�(7.�39(7Ih=@3�39(7</,;.i=A4867,A.;K+4+.Q.�0�1 9 IE(7I
� 3 � ��4^3XSW?�(^=54�6Z3�(M<E, 	 � (e3�3O4$_+,A.G4}?Z4$:939(^=V67, 3�1?3D:�4DC+,56h4c:�(7.�3�4�Ih=V,3��� 9 (M390W4�E�(7C�,AI=C�,A6M1b=5(e3XSCKH4�I2:=4c3XSW?�(^=54�6
39(7<E, 	 � (e3]3�4$_+,A.#390�,cC�,5671b=V(M3XSj=51A:D:9,A674839(71�I2.�391=:�,R=548S -�2 .�.�*2</(7IFE>3�0�,?6F4�3939,;: 3�1JTZ,E:�,;?Z,AI2:�,5IN3U1�I�6HS 1+I
	UK 9 ,f024DC+,



5Rx,4

0 1 2 3 4 5 6
0.2

0.75

1.3

σ

K
in

em
at

ic
 v

is
co

si
ty

 ν

DPD
 

DPD a
ij
=0, g

x
=0.1

Marsh prediction

0)(6E+*F:�, 3 -H5A5 p� f(MI�,A<>4�39(^=XCH(7.D=V1N.�(M3XS + ?�67183939,A:E4AE+48(7I2.�3 � @Y1C:�(F:�,A4�6bE+4�.Q4�I2: 9 4839,;:�:9,;?�*�6F.�(71�I�?24A:�4�</,539,;:�. �3902,^.�1+6M(F:=67(7I�,<=V1C:i:�,A.i?Z1+I2:�.�391/3�0�,f390�,A1A:�,V3�(H=A486h(F:�,A4�6eE+4�.X,Pab?F:9,;.9.9(71�I � � � -

0 20 40 60 80 100
0

0.05

0.1

0.15

0.2

0.25

Γ

D
iff

us
io

n 
co

ef
fic

ie
nt

 D
T

Lowe (δt=0.01)

0 20 40 60 80 100
0

5

10

15

20

25

Γ

K
in

em
at

ic
 v

is
co

si
ty

 ν

0 10 20 30 40 50 60 70 80 90 100
0

500

1000

1500

2000

Γ

S
ch

m
id

t n
um

be
r 

ν/
D

T

DPD
~ Γ2

0)(6E+*F:�, 3 -H5Rx p � (�	S*Z.�(71�I�=51H, 
J=V(7,5IN3V� � 2 *F?F?S,P:)67,.@j3 7 K$_H(MI2,5<>4�3�(H=�CN(F.D=V1+.9(M3XS + 2 *F?F?S,P:]:9(HE�0N3 7 K�48I2:��b=O0�<E(7:�3IH*�<�TS,P: 
 ) 2 6M1 9 ,P: 7 ?�67183939,A:i4$E+4�(MIZ.�3]	 @Y1A: \ 1 9 , � .#.i=O02,5<E, 9 (M390 � 	 r � � �F5+-Bd 0�,��F=O0�<E(7:H3fIH*�<�TS,P:](7.1 2 5�� 6 7V- � ,P:�, ) + � r 5+-



5Rx�1

	 � r
�
' � ��
) + �

1 	 � r 5	 � � r 	 �
	 �
r �

)*+ �
' � �� 	 � �

� ,AIh=V,CK8*�I2:�,P:)390�,X4�.�.9*�<�?�39(71�I?3902483%3�0�,XC�,5671b=V(M3XSI=V1A:D:�,56F4�39(71�IZ.�:�,R=548Sf(MI?39(7<E,G(F. � � � �� K$\�1 9 , � .).D=54867(7IFE
@Y1A:X3�0�,I_H(MI2,5<>4�3�(H=fCH(F.i=51+.9(e3XS + r 5 � 	�� 7� - 3 � ' =54�I{TS,K*2.9,A: 391>.90�1 9 3�024�3�3�0�, �b=O0�<E(F:H3#IH*�<�TS,P:


 ) r ��� ��� � �
�����
`	� ����� ��� ����� � r +��� r 5 � 	�� 7� - 3 � '

)*+ � � � - '
� 5� � �

	 �
)*+ � �

\ 1 9 ,AKN(7I=0�(F.G1A:�(6E+(MI24�6h?24A?Z,;: � 3 � :�,;:9(7C�,;.�3�0�,f4$TS1�C�,].D=54�6M(7IFE0KN4�I2:J1+*F:(:�,A.9*�6M3�.�(MI{TZ1�390{ghE�*h:9,;. 3 -H5Rx K 3 -65��
C�,;:9(6@�SJ3�0�(F.#3D:9,AI2:B391JTS,^3D:9*2,I@Y1A:U	 C�4867*�,A.].94839(F.X@�SH(7IFE � � 	 
 � 	 � � � ��- �b,c48IN3�(H=5(6?24839,f3�0�,c:�(F.�4$EA:�,5,5L
<E,5IN3&@Y1C:�6F4$:DE�,#	TC�4�6M*�,;.Q3�1^(M<�?F:�1�C�,�(6@ (7I2:�,5,;:>48I>(F:�,A4�6hEN4�. 2 � � � r � 7 (F.�.9(M<c*�674839,;: �H(MI>1+*F:�.9(M<c*�6F4�39(71�IZ.
� � � r 3 �,)*+ �.- � -(N IZ:�,5,;:eKZ4�Id(7:�,;486"EN4�.B=A486^=V*�6F4�3�(M1+IW1$@P390�,c4$TS1�C�,IQN*248IN39(M39(7,A. 9 4+.B=54A:i:�(7,A: 1�*�3]4�I2:B3902,
QN*24�:F:�4839(^=#:�,P?S,5IZ:�,5Ih=5, 1A@h390�, �b=O0�<E(F:H3�IH*�<}TZ,;:�1+I=	 9 0�,AI � � � r � (7.�<E1A:�,B?F:�1�I�1+*�Ih=5,A:EL%390�, :9,;.�*26e3O.
4$:�, .90�1 9 I>(7I�0%(HE�*h:9, 3 -H5 & - \ 1 9 , � .Q<E,V3�0�1�:J.�021 9 .UEA:�,A483U?Z1�39,AI+3�(74�6Z(7I=4+:�:b:�,A.�.�(7IFEf3902, (F.9.9*�,#1A@":9,;4867(7.�39(^=

 )�C�4�6M*�,;.PK�.9(MI0=V,B@Y1C:�3�0�,U,.a�48<E(7I�,A: :O48IhE�,#1A@"?24$:O48<E,V3�,P:O.Q3�0�,]<>4$aH(7<?*2< 
 ) :9,;4A=O0�,;.�C�4867*�,;.�1A@ 1 2 5�� 7 7 K
( - , - g2C�,U1A:O:�,P:O.�1$@%<>4AE�I�(M39*2:�,U6F4$:DE�,;:�3�0248I 39021+.9,U1A@�CWY - 0)(HE�*F:�,A. 3 -658x 48IZ: 3 -65�� .90�1 9 3902,^:�,P?S,5I2:�,5Ih=5,
1$@)3902,<=V1�<�?�*�39,A:j���UK + 4�I2: 
 ) 1+IB	 -

N I�3902,TCWY 486HE�1C:9(M390�<	K�390�,iCD4�6M*2,d1$@ �b=O0�<E(F:H3=IH*�<�TS,P:=(7. 4$:�1�*�I2: 1�I2,G@Y1A:>3�0�,i.�39*2:�(M,;: ?24$:O48<E,V3�,P:O.
� 3 5 � -�N 3�(7.#4�67.91 9 1C:�3�0=<E,5IN39(71�I2(MIFE/3�024�3X3902, �b=O0�<E(7:�3XIH*�<}TZ,;: @Y1A:�CWY (7.X,;.�3�(M<>4839,A: � 5��*4 K 3 5%� 3�1�@Y1�676M1 9

 ) � �� �	� ��

� �������� �� ��� � 7���� � - d 0�(7.],.ab?F:�,A.�.9(M1+Id<E4A_�,;.#(M3 =V67,A4A:#3�024�3U390�,�=V1C:i:�,A.i?Z1+I2:�(7IFEJ4A=O02(M,ACD4AT�67,^C�4867*�,A.U4$:�,
I�1�3�(MIE3�0�, .�48<E,�1A:O:�,;:Q1$@h<>4$E�I2(e3�*2:�,#4�.&\ 1 9 , � .Q.i=O0�,A<E, @Y1A:(=51�<�?24A:�4AT�6M,�� ���j:�,;QN*�(H:9,A<E,5IN3�. - �b,#I�1�39,AK
0�1 9 ,5C+,P:RK8390Z4�3�(7IJ3�(M<E,5L .�3�4AEAE�,;:9,;:E486HE�1A:�(M390�<>.Q3�0�,UCD4�6M*2, 1$@h3�0�, ?24$:O48<E,V3�,P:G	i.90�1�*�6F: TS, _+,P?�3�390�,f.�48<E,
4�.�(MIJ390�,f.�3O48I2:24$:O:/39(7</,5L\(7IN39,;EA:O4�391C:�.�(MIJ1C:�:�,P:Q3�1c4A=O02(M,AC�,�3�0�,].�48<E, C�4�6M*�, 1$@��b=O0�<E(F:H3XIN*2<�TS,P:�(7I TS183�0
=54+.�,;. -jd 0�(F.^(F.?:�*�,J391W3902, @
4A=V3^3902483^3902,=:�(�	S*2.9(71�I =V1H,�
 =5(M,AIN3c.i=A4867,A.^4+. �� 48IZ:R(M3?(F.?4A?F?F:�18aH(7<>4�3�,56HS
(7I2:�,P?S,5IZ:�,5IN3>1$@#3�0�,d.�( �5, 1$@]390�, 39(7<E,A.�39,P?�:�,;. ?�(M39, 3902,{@
4C=@3/3902483c3�0�,	?F:�1H:�*h=@3>	 
 , 	 =V1+I+3D:91+67.?3902,
3902,P:�<E4�6M( �A4839(71�I�?F:�1b=V,A.�.Q(7IJ\ 1 9 , � .P<E,V39021H: - 0)(HE�*F:�, 3 -65 � .90�1 9 .P3�024�3�390�,B:�,56F4qa�4839(71�I/39(7<E, @Y1A:�4 � L>TZ,;4�:



5 & �

0 20 40 60 80
0

0.05

0.1

Γ
D

iff
us

io
n 

co
ef

fic
ie

nt
 D

T

Lowe  a
ij
=0  (δt=0.01)

0 20 40 60 80
0

2

4

6

8

10

12

Γ

K
in

em
at

ic
 v

is
co

si
ty

 ν

0 10 20 30 40 50 60 70 80 90
0

200

400

600

800

1000

Γ

S
ch

m
id

t n
um

be
r 

ν/
D

T

DPD
~ Γ2

0)(6E+*F:�, 3 -H5 & p � (�	S*Z.�(71�I�=51H, 
J=V(7,5IN3V� � 2 *F?F?S,P:)67,.@j3 7 K$_H(MI2,5<>4�3�(H=�CN(F.D=V1+.9(M3XS + 2 *F?F?S,P:]:9(HE�0N3 7 K�48I2:��b=O0�<E(7:�3IH*�<�TS,P: 
 ) 2 671 9 ,;: 7 ?�67183939,A:B4$EN48(7I2.�3G	y@Y1A: \ 1 9 , � .G.i=O0�,A<E, 9 (M390�� � � r � 48IZ: � 	 r ��� �h5�-]d 0�, �b=O0�<E(7:�3IH*�<�TS,P:�(F. 1 2 5)� 6 7V- � ,;:9, ) + � r 5+-

0 200 400 600 800 1000

0

0.05

0.1

0.15

0.2

0.25

Γ

D
iff

us
io

n 
co

ef
fic

ie
nt

 D
T

Lowe (δt=0.001)

0 200 400 600 800 1000

0

50

100

150

200

250

Γ

K
in

em
at

ic
 v

is
co

si
ty

 ν

0 100 200 300 400 500 600 700 800 900 1000
0

0.5

1

1.5

2

2.5
x 10

5

Γ

S
ch

m
id

t n
um

be
r 

ν/
D

T

DPD
~ Γ2

0)(6E+*F:�, 3 -H5 � p � (�	S*Z.�(71�I�=51H, 
J=V(7,5IN3V� � 2 *F?F?S,P:)67,.@j3 7 K$_H(MI2,5<>4�3�(H=�CN(F.D=V1+.9(M3XS + 2 *F?F?S,P:]:9(HE�0N3 7 K�48I2:��b=O0�<E(7:�3IH*�<�TS,P: 
 ) 2 6M1 9 ,P: 7 ?�6M1�3�3�,A:d4$EN48(7I2.�3X	m@Y1C:B\ 1 9 , � .G.D=O0�,A</, 9 (M390 � 	 r ��� �(�F5�-�d 0�, �F=O0�<E(7:H3#IH*�<}TZ,;:�(7.1 2 5�� 7 7V- � ,P:�, ) + � r 5+-



5 & 5
��� � .i=A4867,A.�:�1�*FE+0�6HS 4�. � 	 @Y1A:{\ 1 9 , � .c<E,5390�1�: - N IN3�*�(e3�(M1+I .�*h?F?Z1C:�3O./390�(F.;KX.9(7Ih=V,dCH(F.i=51+.9(e3XS .D=54�6M,;.
67(MI�,;4$:�66S 9 (e3�0W	_4+. 9 ,A6M6 -

0 5 10 15 20 25 30 35 40 45 50
−50

0

50

100

150

200

250

300

350

400

450

Γ

lo
ng

es
t r

el
ax

at
io

n 
tim

e 
τ

DPD

∼ 9.1 × Γ

0)(6E+*F:�, 3 -H5 � p�\�1�IFE+,A.�3�:9,A674$a�4�39(71�I_3�(M<E, ��@Y1A:?390�, 9 1C:9<E67(6_+, =O0248(7I 2 � TZ,;4�:�. 7 ?26M1�3�39,;: 4$EN48(7I2.�3c	 @Y1C:
)*+ � r ��� x�-

')(�� � � 9����
	�
�� 
 ��� 	
� � �	� 1 � 3���� 5 ,.- � �����}��� � �������! " � �	�

�����$#

d 0�, �b=O0�<E(F:H3/IH*�<}TZ,;:�:9,;.�*�6M3�.}?F:�,A.9,5IN39,;: (7I 0)(6E+*F:�, 3 -658x <E1839(7C�4�3�,=3�0�,{:�,VLM=54�6H=5*�6F4�39(71�I 1A@#3902, <E,A4�I
@�:O4A=@3�(M1+I24862,.aH39,AI2.�(71�IE1A@h4 9 1A:�<E6M(H_�, =O024�(MIE<E1�67,;=5*�67,#*�I2:�,;:�.90�,A4A: - 3d1A:�,#.i?Z,R=V(6g0=54�6M6HSAKN.�(7Ih=V,X3�0�,B?24A:�4�</L
,V3�,P:�	G=51�IN3i:�1�6F.)3902, �b=O0�<E(7:�3�IH*�<�TS,P:RK+4�I2:E48676�390�, =5486^=V*2674839(71�I2.P(7I>.�,R=@39(71�I 3 - x 9 ,P:�,#:�1�I�, 9 (M390>	 r ��� �
2 
 )E[ & �A7 K 9 , :�,P?S,A483K1�I�,J=A4�.9, 2 390�, � L4TS,A4+:y=O0Z48(7I 7 @Y1A:^	 r xCx 4�I2: � ��-Jd 02,A.9,/C�4�6M*�,;.<=V1C:i:�,A.i?S1�I2:
391=390�,/<E1A:�,�:�,A4�6M(F.�3�(H= 
 )^[ �(1�� 4�I2: x�� 3 � Kh:�,A.i?Z,R=@3�(MC+,56HSAKh4�3 ) + � r � � x�- 0)(6E+*F:9, 3 -H5�� .�0�1 9 .]4J<c*h=O0
TS,V3�3�,P:>4$EC:9,A,5<E,5IN3/1$@#3�0�,B4DC+,P:O4$E+,A:bC�4867*�,A. 9 (e3�0 3�0�,B,.ab?Z,;:9(7<E,5IN3�4�6G:24�3�4hK�C�,;:9(6@�SH(MIhET3902,j=51�I2.9(7.�39,AIh=.S
1$@G3902,/CH(F.i=51+.9(e3XSR48I2:b:�(�	S*2.9(71�I�=54�6H=5*�674839(71�I2.]3�024�3K3�0�, ?Z1 9 ,P:i@Y*�6�4�6e3�,P:�I24�3�(MC+,�\�1 9 , � .f.D=O0�,5<E, ?F:�1�CH(7:�,;.
390h:91+*FE�0>3�0�,f4�: C�*2.�39<E,AI+3�1A@�	 - 3d1C:9,A1�C�,P:RK81A@�(MIN3�,P:�,A.�3�(F.�3�0�,U</1+I�183�1�I�(^= :�,P?S,5I2:�,AIh=V,f1A@ 390�,f=V*h:9C+,A.�1+I

 ) -



5 & x

0 10 20 30 40 50 60 70 80 90
0

0.1

0.2

0.3

0.4

0.5

We = U
x
 τ

R
 / L

y

fr
ac

tio
na

l e
xt

en
si

on
 (

no
rm

al
iz

ed
 b

y 
m

ax
. c

on
to

ur
 le

ng
th

)

DPD, Γ=4.5  Lowe:  5 beads  (τ∼45.6)
DPD, Γ=22   Lowe:  5 beads  (τ∼180.3)
DPD, Γ=45   Lowe:  5 beads  (τ∼414.4)
BD: 20 beads (Hur et al. 2000)
Experiment (Smith et al. 1999)
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