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This supplementary information document is divided into four distinct sections. In §S1,
we provide a detailed derivation of the Modified Smoluchowski Slip Velocity at O(¢3) in a
viscoelastc medium, by taking into consideration particle’s rotation. This section complements
§3 and of the main manuscript and in particular eqn. (3.20) therein. In §S2, we complement
§4.2 of the main manuscript; here we outline the expressions for the stream functions and their
components at O(¢3). In §S3, additional details on the numerical simulations for FENE-P
constitutive model discussed in §4.4 of the main manuscript have been included. Finally, §54
is dedicated to provide further insights into the distribution of polymeric stresses around the
particle, in the outer layer. This section complements the discussions on “birefringent strands”
in §4.5 of the main manuscript.

S1 Derivation of Modified Smoluchowski Slip with par-
ticle rotation

S1.1 Assumptions associated with particle rotation

It is assumed that the particle rotates with angular velocity €2 around it’s center. In general,
this angular velocity may be expressed as: 2 = Q,&, + Q,&é, + €2,€,. Because of rotation,
the charge distribution on the particle surface with respect to a frame fixed at the particle’s
center (but not rotating with the particle) will change with time, which naturally makes the
flow unsteady. However, the analysis simplifies if the time scale of rotation (|©2|7!) is large
as compared to the relaxation and retardation time scales of the fluid. We therefore assume
that |Q]~ > X\, A, is satisfied, which ensures that the motion is quasi-steady and the flow
field around the particle depends on the instantaneous angular and translational velocity of
the same. It is clear that the above condition is satisfied for slow rotation of the particle. To



complete the description, it is necessary to determine how the surface charge density evolves
in time, so that it is a known quantity at any given time. The rate of change of surface charge

density is given by:
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It may be verified that the rate of change of angles # and ¢ of a point on the particle surface
is linked to it’s angular velocity as follows:

0= (Qx8,) & =Q,cosp—Q,sinp (S2a)
and ¢ = (2 x &) &, = —[Q,sinp + Q, cosg| cosf + (2, sin f (S2b)

Once the angular velocities are known, eqn. (S1) may be solved to deduce the surface charge
distribution at the subsequent times, subject to some pre-specified initial condition.

S1.2 The leading order Salt and Current flux matching conditions

Eqn. (3.8) of the main manuscript outlines the leading order salt and current flux matching
conditions at the edge of the EDL. These conditions are required to write solutions for the
potential and the salt concentration in the outer layer. In this subsection, we present a brief
derivation of the conditions mentioned in (3.8) of the manuscript. We can arrive at the necessary
matching conditions by writing the Nernst-Plank equations in the following conservative form:
V-i=V.j=0, where i and j are the current and salt flux densities respectively. These
flux densities can be written as (see eqns. (2.1a) and (2.1b) in the manuscript): i = Pevp —
Vp—cV (¢ + pert) and j = Peve — Ve — pV (¢ + dert), wherein the following char. scale has
been chosen for the flux: i, ~ j. ~ D¢} /a. In the inner layer, the flux components have to be
rescaled as follows [1, 2]: i, — 6~ ', ig — Iy and i, — I, wherein I, (k =7, 0, ¢) ~ O(1).
Similar rescaling also applies to the salt flux. After rescahng, the salt and charge conservation
equations in the inner layer may be expressed as:
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where, O is the flux density of a generic quantity and may represent both current (é =1 ) or
the salt flux (© = J). The matching condition for the fluxes then take the following form [1]:

lim [, 071J,] = lim(ir, j] (S4)
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We may now use eqn. (S3) to evaluate the LHS of the above matching conditions [2]. To this
end, eqn. (S3) may be integrated in R to write:
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Equations (S5) and (S4) may now be combined, along with the expressions for the outer region
fluxes given prior to eqn. (S3), to write down explicit matching conditions for the net charge
and salt concentrations at the edge of the EDL. It then follows from the expressions for i and
j mentioned earlier that in the leading order of §, we may write:
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This is the eqn. (3.8) in the manuscript.




S1.3 Derivation of rescaled constitutive relations inside the EDL -
Eqns. (3.5) of the manuscript

To better illustrate the nature of the constitutive equations presented in (3.5) of the manuscript,
we consider two representative stress components and establish their rescaling inside the EDL.

The first example is for the 80 component of the stress, which satisfies the following equation
[3] (note that the “dashed” variables denote dimensional quantities with units):

oo + N Tog = 21 [Dyg + A5Spy] (S7a)
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Notice that Ty, is the 80 component of the convected derivative of the stress and Sp, also has
analogous expression as given in (S7b), with 7;; replaced by Dj;
Now, let us first establish various relevant scales as follows

1. Outer Region:

k2T? U
< >—; Length: a; Stresses: 7. ~ 1
e’na a

Velocity: u,. ~ (S8a)

2. Inner Region:

A
Velocity: up and u, ~ ue; u, ~ 2D e ~ Sue;  Length: Ap
a

' . ) ' EDL _ MUe < 4
T, ~ Te; Shear Stresses: 7/, and 7,, ~ 7,7 = N, T, (S8h)

EDL
Other extensional stresses: T, T, and TQ@ ~ Tome

Recall that in the above equations, Ap is the Debye length (characteristics thickness of the
EDL) and Ap/a = 4. In the inner layer, we have assumed that the shear stresses (7/,, 7,,) and
the extensional stresses (744, 7., and 7, scale differently. First, notice that 7/, ~ 7. - this may
be attributable to the fact that the Oldroyd-B fluids have zero second normal stress coefficient
[3]. Further, because this model does not predict shear thinning, it is expected that the shear
stresses inside the EDL will scale as: 7/, ~ §*= = 7°P%, which may be rewritten as: 0~'7.
This is exactly same as a Newtonian fluid and also exactly same as what has been represented
in Table 1 of the manuscript. However, so far, we have not assumed anything about the
characteristic magnitude of the extensional stresses, Teb;lzL . Once TEDL (scale for shear stress)
is fixed, this scale may be worked out from (S7a). Notice that so far, for estimating the orders
of the stress components, we have also not encountered Deborah number anywhere.

Let us now examine the orders of magnitudes of different terms appearing in 7T, in (S7b).

/
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All the terms containing extensional stresses, such as u;. 52, = o e 0% etc., scale
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scales as: )\—TEDL =4t ( - ) EDL Therefore, the left hand side of eqn. (S7a) contains terms
that obey the following scahng behav10r. (i) the first term, 75, ~ 7EPE; (ii) terms in N7,

ex,c
Aoue ~EDL

that contain extensional stresses: “2%e7.27% and (iii) finally the term containing shear stress,

§~12uuerEDL - Note that we have assumed A ~ Xy ~ Ag. Now, if one defines De = 22% ag

as: (%) 7E2L. On the other hand, the only term containing the shear stress, i.e., 7/, (8% - u—‘/">
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the nominal Deborah number and sets De ~ O(1), it follows that the left hand side of eqn.

(S7a) contains terms with two distinct scales: (i) 720F and (i) 6~'75P%. Since this equation
must retain g9, it follows that 75°0% = 6~'7/P% = §7?7.. This is exactly the same scaling that
represents the extensional stresses in the manuscript - see Table 1. An explanation for why this

scaling is observed has been presented in details after eqns. (3.4) of the manuscript.
5270

Now, we may define non-dimensional stresses inside the EDL as follows: 7y =
Top = ;0—;;, Tro = (;ﬁgT etc., such that all these dimensionless stresses are O(1). We further

enforce, % = ﬁa% = 5’1a’13iR and normalize the velocity components with their respective

characteristic scales inside the EDL, as mentioned above in eqns. (S8a) and (S8b). Analogously,
the right hand side of eqn. (S7a) may also be scaled in the same way - we do not mention
that to avoid repetition. It then directly follows that the leading order (in ¢) non-dimensional
version of the #0 component given in (S7a) inside the EDL takes the following form:

7~'€0 + )\1D67-99 = 2)\2D€c§09 (89)

where, it may be verified that the expressions for 7'99 and 599 are exactly the same as given in
(3.5b), (Ald) and (A2d) in the manuscript.

At this point, it may be noted that if one defines Degppr = 0 'De = Au./Ap as the
characateristic Deborah number inside the EDL, the terms containing the shear stresses in
N Tgp would then scale as: Degpr7l’" = Depprd'7.. But since Degpr ~ O(57"), it follows
that this same scale may also be represented as: 6~ '7/P* = 67?7, which is identical to how we
have scaled the extensional stresses (except 7..) inside the EDL. The argument presented here
indicates how defining a characteristic Deborah number inside the EDL as Degpr = Agu./Ap
is exactly equivalent to re-scaling the shear stresses as §~'7. and the extensional stresses as
0727, inside the EDL.

The contextual appropriateness of the Oldroyd-B model and the scaling mentioned above
is that its consistency may be checked, by non-dimensionalizing the equation for 7/, inside the
EDL with the same characteristic scales as mentioned above, and then observe whether the
same fits in. This aspect is further elucidated below.

The dimensional version for the 6 component of stress reads:

T+ N T = 21 [Dyg + NSy (S10a)
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where,
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Let us again examine the orders of magnitudes of different terms appearing in (S10a). In view
of the scales we have already discussed in relation to the 86 component of the stress in (S7), it
is straightforward to show that the dominant scale in all the terms in 7, appearing in (S10b)
is simply, YerEPL — (“7) 5~ 17.. We would like to clarify that to arrive at this conclusion, one

a 'sc
has to take into account that 720" ~ 67'7P* inside the EDL. Therefore, overall the term

ex,c

N T}y scales as (224) 7EPL - Since we have already enforced De = 2% ~ O(1), it follows that

all the terms on the left hand side scale as: 7EPL = §~!r,. The right hand side of eqn. (S10a)

may also be scaled analogously inside the EDL and we do not mention that here for the sake

of brevity.



Now, if one enforces the non-dimensionalization scheme mentioned before (S9) for all quan-
tities inside the EDL, it may be easily verified that in the leading order of §, we get the following
equation for 7,¢:

Tro + )\1D67~;9 =2 [Dr,g + )\QDEST@ (Sll)

In the above, 7,4, D,s and S,¢ are identical to those in eqns. (3.5a), (Alb), (A2b) and (A4) in
the manuscript and nominally they are all O(1). Likewise, the rescaled forms of the equations
given in eqn. (3.5) and Appendix-A of the manuscript for other stress components, may also
be verified.

Notice that in deriving (S9) and (S11) by enforcing the scaling inside the EDL, we have
never used the fact that the surface charge is weak. Therefore, these scalings are valid as long
as the characteristic velocity scales as u.. Now, for a weakly charged particle, {, < 1 (see
the manuscript for definition), and therefore the flow will be weak in nature. Thus, the non-
dimensional velocity (ug, u, etc.) in both the regions will at the most scale as O((y), which
means that the appropriately normalized stresses would scale at the most as O((y) everywhere.
Therefore, it naturally follows that the non-linear terms represented by 7~;9, 7~59, etc. would
scale at the most as O(C_O) Consequently, if we expand all variables in an asymptotic series
of (p, in the leading order of (y, only linear Newtonian-like contributions will be present and
the non-linear components of the polymeric stresses given by T4 etc., would start to contribute
from O(¢2) onwards. Therefore, the flow is effectively Newtonian in the leading order of (, and
viscoelastic effects play a subdominant role to an extent to influence higher order effects only.
In other words, the overall transport is weakly viscoelastic. Considering that the asymptotic
expansion in (, may also be treated as an expansion in De sy = DeCy ~ O((p), it is imperative
that the flow is effectively weakly viscoelastic, despite nominally De ~ O(1).

S1.4 Velocity field in the Inner layer and the Modified Smoluchowski
Slip

We first note that in presence of particle rotation, the “Modified Smoluchowski Slip” will be
defined as: vg = limp ,o[U&y + Wé&,] — Q x &,. Recall that in the inner layer, the velocity
field has the expansion: V = (,V; + §§V2 + fg’V3 + ..., where V. = Uy + We, + Ve,.
Further recall that (see §3.4 in the main manuscript) both U and W remain bounded inside
the EDL and on the particle surface, V satisfies the following b.c.. V(R =0) = Q x &, =
I'éy + x&,. Recall that, I' = (2 x &,) - & = Q,cos(p) — Qysin(p) and x = (X x &,) - &, =
— (Q4 cos(p) + Qy sin(e)) cos() + Q2 sin 6. The O(¢y) and O((Z) velocity fields in the EDL and
the resulting modified Smoluchowski slip, accounting for particle rotation have already been
mentioned in §3.4 of the main manuscript - see eqns. (3.14) and (3.18) therein. However, in
eqn. (3.20) of the manuscript, the corrections to the Smoluchowski slip at O(¢3) was reported
only for non-rotating particles. Here the complete results for the O({3) modified Smoluchowski
slip in the presence of particle rotation has been discussed.
At O((), the velocity field satisfies the equations (see eqns. (3.19) in the manuscript):

2 2
%RUj —2(A1 — Ao)DeWV - [(5 - AlDe%) : ég] - 25\/1 2 aagj (S12a)
O2W. .
S =2 = A)Dev. - [(s . A1D6%> : éw} (S12b)

Where,ﬁzeraR egau\/ +e¢8 and V, :e,,aﬁ3 ega# 1—u2+é¢\/1’i7. The

various components of S have been mentioned in Appendix-A of the main manuscript. The
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required components of & may be expressed as follows:
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Eqns. (S12) may be solved subject to appropriate boundary condtions (see at the beginning
of §51.4), from which the O((}) slip velocity might be deduced. The final result for the slip
velocity takes the following form:

3) _

vy = IIH;O[Ugég + W38y — Q3 x &, = vfgg(),eg + vg’;é@ (S14a)
vgg :v(;’) - &y = De*U, + Del; + U, (S14b)
USL zvg) 8, = De*W, + DeW,
where, U, = _1_1653/8\/1_7M2 (S14c)
Us =wiHi(p, ) + Holp, ¢) (S14d)
Us =wiGs(p, ) + wiGalp, @) + wr1Gi(p, @) + Golu, ¢) (Sl4e)
with, H, = %u) (31T — dxay) (S14f)
Ho =222 220 i, — Tana(1 - 1)) (S1g)
Wy =— Sﬁ(ﬁi—ﬂ{ X2, (1* = 1) = pxa} w (S14h)
Wy =K1wi + Kowy + Kawry, + Kawi (S14i)

Expressions for G; (j =1 —3) and K; (i = 1 — 4) have been given in the next subsection (see
§51.5). We reiterate that eqn. (3.20) in the main manuscript may be recovered by enforcing
'y = xo =I'1 = x1 = 0 in the above expressions. Notice that the rotation only influences the
slip velocity from O(¢2) onwards, as is obviously true at O((}), evident from (S14) here and
eqns. (3.18) of the main manuscript. This is a unique result for viscoelastic medium and to
the best of our knowledge, ours is the first study to bring this effect to light. More discussions
on this topic has been included in §3.5 and §5 of the main manuscript. Further observe that at
O(¢2) and also at subsequent higher orders, W becomes a function of R, whereas in Newtonian
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fluids, W (within the EDL) will simply be the local velocity at the particle surface. As a
result, particle’s angular velocity makes the flow within the EDL fully 3-dimensional. The
same is also expected of the outer layer because of inherent anisotropy in the Smoluchowski
slip boundary condition, applicable to the flow in that region. Such physical paradigms may
result in anisotropic drag on the particle [4], which might lead to a mismatch between the
velocity of the particle (4/é,) and the direction of the imposed electric field.

S1.5 Expressions for the constants G;’s and K;’s in Eqns. (S14)

The functions G;’s (j = 1 — 3) are as follows:

3 — M)’
21— )
Go =W + YW + 1311 + YaX 1.6 + VX100 + V6 X100 + V7w + Yswa 4+ Yows,  (S15b)

8152 1( Ay — A1) (401 — 5Ag) ¢ g = 2733 (N — A1)

Gs = (37u* +29) (S15a)

where, v, = (21X — 34)9) (S15¢)

2(1 — M2)3/2 4(1 — p2)1/2
20\, —
s :—9§ (fA_? /ﬂ;l) (Mo (40 +7) = 5A1 (1 +3)] (S15d)
7821u(Ag — A
Vo= — & i(llf(—iﬂ)z 1); Y5 = —(2/3)7a; Y6 = (1/3) 1 (S15e¢)
9821u(Ay — A 273%(A\1 — Xa)? 4532(\; — A9)?
Tl = R
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(S15g)
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2(1—p?) V1=
4562<>\2 — )\1),[11 962()\2 - )\1)/L 27&2()\2 - )\1)2
L3 = 2<1 — u2)2 ()\1 — 2)\2) X1 + W (2)\1 — 3)\2) Xl,u — 2<1 — /,L2)3/2 w3
(S15))
9( Ay — A1) /32
Ly :% (M = 6X2) x15 Ls = —(1 = ) La(T1/x1) (S15k)
GB/\Q()\Q — )\1),& 3B/\2()\2 — )\1)
Lﬁ = 1 ,u,2 (09)) -+ 3)\26 ()\2 — )\1) WQ"U‘; L7 = _W(l -+ M2) (S].51)
38— A)? 3pu(A3 — A1) 3A1 (A2 — A1)
Lg =— 1_—M20‘J3 + m)ﬁ + ﬁ)ﬁm (S15m)
38Aa2( A — )\2)_ 38A2(A1 — Ag)
Ly :ﬁ, 10 = 1_—,“2002’9" (S15n)
Go :leiu + JQWLM + J3w1,<p + J4w1,,w + J5u}17%0 + JGWLMM (8150)
Wlth, Jl = 18()\1 — )\2)62()\1 — 3/\2)P1 (Sl5p)
18(A1 — X2) B2 (A1 — 3\ 3uda (A1 — A
Jy = (M 12)6:2 : 2>X1ww + %r? + 66A2( A2 — A)Tyws
- —



n 3BA2(A2 — A1)

m X1F17¢ (Sl5q)

T 65N (M — A
J3 :W {(1 — ,MZ)XLN + 3/.LX1} Fl + %
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The functions K;’s (j = 1 — 4) have the following expressions:

X1W2
(S15r)
Jy =

lel; J5 = X%, J6 3)\2 )\1 )\2 B\/ 1 — Fl (8158)

K1 =Kinws + Kiows ,, + Kizws o + Kiax1 + Kisxau + Kiexi,e + KirXa,op + Kisxi, (S16a)

96% (A1 — X)) 967 (M1 — Ao)? 1
K1 = (1 — 232 ; Ko = W, Kis = —§K12 (S16b)
98%(M = A2) (12 (M1 + Xo) + 354) 2B (N — M)p
= 21— ) e T (516
A 27 3
Kis =K1 (1 - 272) Kir = 08 (00 = Ao)s Kis = SKir (S16d)
1
Ko =Ka1wi 4 Kaswi o + Kogws + Koaws , + Kosws o + KogI't + Korws + ’Czsxip + K29 X100
(S16e)
458%(\; — \2)?
where, Ko = Koniws + Kaiax1 + Kaisxi,, + KotaXi,e; Kon = F 2) (S16f)
2¢/1 — p?
982X2(A\; — A2) (20 + 3\
Koo = — Fa(Ms 1 _2)/52 ! 2),u; Koz = 9>\152()\1 Ao); Koy = 95 (A1 — A2) (A1 +3X2)
(S16g)
1 681N — N\g)?
Koo = — g’Cznwa; KCog = Koz 't + Kagowa + Kasslx1,0; Kazi = — 5”5 i 2 2) (S16h)
368(A K .
Koz % Kass = \/%; Kas = =38\ = Ao)'T (S161)
Kos = — Kasax1; Kas = Kasix1 + Kasa X1, + Kass X1, + KasaX1,up (516j)
36(X2 — A1) 9 3BpA1( A2 — A1)
K :—/\1+2 + 1| Koga = S16k
261 1— M)?’/Z [ 1( M) H 2} 262 = 2 ( )
3Bu(A2 — N2
Kase3 —M; Kass = 3BA1 (A2 — A1)/ 1 — p? (S161)
—p
3B8(\2 — \2 38A (A — A
Koz :5(11—11122) [(1 - M2)X1,<p + MXJ ;Ko = —%; K9 = —Kssx1 (S16m)
AL+ A
Ks =38(A2 — A1)y % + (M + X)) V1= pPxi, + )%] (S16n)
— 12
pAL+A2) 5 At Ao A2 — A\
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S2 Components of the stream function at O((;)
S2.1 Expression for Nl(g)

6

Recall that Uj satisfies the equation: £4W5 = De?B3(A; — Ao) 3 N (1)@, (1). Further note
n=1

that N¥ = Py (r)ad + Ps(r)aga?. Expressions for P; and P are given by the following;

178200 —A) 25800 1224)

P 8 10 5 and Py = A\Par + AP (S17a)
T r r
27 |7035 11375 22896 94500 96700 72000
where, Pﬂ_ﬁ[ 3 0 + . S E + .E (S17b)
27 10335 37625 3456 1600
P =175 {_ R (S17¢)

S2.2 Stream function at O(¢}) for a uniformly charged particle

Complete solution for W3 for the special case of a uniformly charged particle (ag = 1, a; = 0)
is given by:

Wsuep =De* 5% (A1 — Ag) My (1) Q1 (1) + Mis(r) Qs (10)] (S18a)

) :Dezgg,(u;i,ri bt b% 9{M(15T30 + 5;?;) - 68) 1T}

V() :% . %  3{ (38617 + 10;27455 16) — 38612977} 150
bu =~ 2962225[2’3?_ ) %(Al T8h) - 122268683 At %A2 B 16D62535()\1 )

(S18d)
b1z =~ f_()(Al T 8h)+ 2D6253L({i1 EpWi 11010474001A1 - % 2 16D62B3ﬁ(>\1 —5y) B18¢)
bay :%(802)\1 —13692) — 112024301/\1 4 %Az (S18f)
- :7210885/\1 - 2233 X + %(802)\1 — 1369,) (S18g)

and finally, Us uep = De*B2( A1 — \a) (28—3)\2 - 250782109)\1) - iﬁ (S18h)

S3 Numerical simulations for the FENE-P model: the
velocity field

In §4.4 of the manuscript, accuracy of the analytical solutions derived using the Oldroyd-B
model has been assessed by comparing them with numerical solutions for the FENE-P con-
stitutive model, which is more robust and does not suffer from the many shortcomings of the
Oldroyd-B model - also see §3.6 of the manuscript. The detailed governing equations, boundary
conditions and the simulation environment along with the mesh have been outlined in §4.4.1
and §4.4.2 in the manuscript. The simulations have been carried out in the commercial software
package COMSOL Multiphysics 5.6, using its Polymer flow module. Detailed comparison with
analytical solutions have been included in §4.4.3 of the manuscript.
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Figure S1: Velocity magnitude contours deduced from the numerical solutions for flow past a spherical ax-
isymmetric particle in a FENE-P fluid. The schematic of the flow domain has been depicted in figure 2 in
the manuscript. Here only the region close to the particle has been shown. The particle carries a surface
charge of the form: ¢(#) = {y(ao + aip), where ag = a; = 1/2 and (o = 0.2. Other relevant parameters are:
§=0.005, 3=De=1, C=1and 2 = 200.

To complement the discussions in §4.4 of the manuscript, figure S1 here shows a represen-
tative contour plot of velocity magnitude, as computed from the numerical solutions for the
FENE-P constitutive model. Only the contours close to the particle surface have been shown,
while values of other relevant parameters have been mentioned in the caption. Notice the large
variations in |v| around the particle caused by two main factors: (i) the non-uniform charge
density on its surface and (ii) presence of a very thin EDL (§ = 0.005), which causes the velocity
to vary to rapidly within the Double layer.

S4 Polymeric stresses in the outer layer

To better understand the stress distribution in the bulk, we have now plotted the polymeric
stress (77) at O((?), for flow past a non-uniformly charged particle. The charge density is given
by: ¢ = ag + a1 (same as in the manuscript), whereas the polymeric stress (non-dimensional)
is governed by the following [3, 5]:

v )\2
7P + Der? =2 (1 - )\—) D (519)
1

where D is the rate of strain tensor and the charactersitic stress has been chosen as: nu./a,
n being the total viscosity of the fluid, i.e., n = n® 4+ n%. Here is should be noted that
n?/n=C/(1+C) = 1—MXy/\i, where C = nf’ /n® quantifies the polymeric viscosity as compared
to the solvent. The polymeric stress 77 has the expansion, 77 = (o7 + (3L + ..., where
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Figure S2: Contour plots of polymeric stresses (7) at O(Eg) around a particle carrying non-uniform surface
charge, where ag = 0.5 and a; = 1. Other relevant parameters are: De =1, A\; =1, Ay = 0.1, g8 = 1. We have

plotted (a) TZI;Q; (b) 75’2; (c) 7'7{3972 and (d) 7'912,2-

=2 <1 — ’A\—f) D,. Hence, the O((2?) correction becomes:

v

P _ P .aa
=T, : €8,

22,2

Figure S2 depicts the contours of the four polymeric stress components at O((3), namely 7‘5272
in (a), 755 in (b), 7}, in (c) and 745, in (d), in the zz-plane, for a non-uniformly charged
particle with ag = 0.5 and a; = 1. Values of other relevant parameters have been given in the
caption. The O((2) term is chosen, because this is the first correction to the polymeric stresses
because of the fluid’s viscoelastic nature. From subfigure (a), the fore-aft asymmetry because
of non-uniform charge distribution is visible. Further insight on breaking of fore-aft symmetry

has been provided in §4.3. Noting that the particle here is moving upwards, the normal stress

For extensional stresses, we may further calculate the zz component as: 7
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in front of it is compressive, while behind the particle, 7212,72 is positive, indicating polymer
stretching. Qualitiatively, this distribution of 7., is similar to previously reported studies in the
literature [6]. Similarly, the stress components in the spherical coordinate also show fore-aft
symmetry breaking. For instance from subfigure (b), one may note that rr-component of the
polymeric stresses are compressive in front of the particle and extensional in nature behind it
- similar to the behavior shown by the zz-component. On the other hand, the #6-component
shows somewhat opposite behavior. This is because the flow has a “diverging” nature near the
north pole, while near the south pole it is converging, which results in 7/, being extensional at
the front and compressive at the back.
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