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1 Particle translating in the general quadratic flow

The components of the disturbance velocity and the pressure fields in the fluid at leading-order are obtained
as
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respectively. Here, % and Qy,, with i, j,k =1,2,3 and [,m = 1,2,3 are the Cartesian components of ¥ and
Q, respectively and 7; = tk. The components of the displacement at O(«) are obtained as
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The expressions of Zy, Z;, and Z3 in point torque at O() [eqn (46) in the paper] are obtained as
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2 Particle translating in the quadratic component of elliptical Poiseuille flow

The components of the disturbance velocity and the pressure fields in the fluid at the leading-order are ob-
tained as
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respectively. The expressions for &7, 2%, o, <, and 9, are given in eqn and (28)), respectively. The
components of the displacement at O(x) are obtained as
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The expressions for &7, .%| and .%; are given in eqn and (30), respectively. The components of distur-
bance velocity and the pressure fields in the fluid at O(«) are obtained as
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The expressions for J7, (with n =1,2,..,22), ., (with n =1,2,..,18), _#, (with n =1,2,..,9) and %, (with n
=2,3,..,7 and 9,10,11) are given in eqn (31)-(69).

The components of the displacement at O(a?) are obtained as
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The expressions of .27, By, En, Fns o, In, P, and J;, in velocity, pressure, displacement and deformation
till O(a) are obtained as
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8
10 =§<%”13, (54)
o 5(wi —v7)(264(44T) (4 +5T) + (6196 + (8168 +22711) ) (v + v7;)) s
=" 11264(2+T)(2+3I) ’ (53)
P ~35(yg — ) (66(4+T) (4 +5T) — (—284+T(488 + 3811)) (y7 + ¥7)) 56)
2 2816(2+T)(2+3I) ’
2 3(1+y2+y}) 24+ 45y +45y7
35(y; + ) 65(y; — vy) 7
16 R RS 17 = 3202430 F18 = Efn, (58)



5(w — ) (198(40+T°(564-9T)) — (—1340 +I'(6824 +4341T) ) (v + 7))

S1= 8448(2+1)(2+3I) ’ (59
5(yr = yy)(198(72 +T(104 4 191)) — (—3284 + 1'(9272 + 64470) ) (w5 + vy)) 60
S2= 8448(2+T)(2+3T) (60
2
S =z, (61)
25(y7 — 9y)(=396(4+T) (4 +5T) + (716 + T(7768 +4101T)) (yy + v)) 0
S4= 16896(2+1I)(2+ 3T ’ (62)
35(wg — ) (—99(4+ 1) (4 + 51) + (344 + (2272 + 11490)) (w7 + vy)) 6
5= 4224(2+T)(2+3I) ’ (63)
12 266 25(—yi + )
f6:E<%ﬂl6; /7:—3%09,/82—22%7 /9:W, (64)

1

_ o 4 2.2
s =22528(2 - 1) (2131 [63((—6044T(904 +735T) )y’ —2(1844 + (1576 4 195T) )y, ;
+(—604 +T(904 +735T) )y — 132(4+ ) (4+50) (w2 + ;)] | (65)
A=, Ha= o 5, (66)
e 175(w2 — w2)(33(4+T)(4+5T) —2(—=74+T(116 +931)) (w2 + y7)) &N
T 1408(2+T)(2+3I) ’
7 14 3(1+ vy +vy) 35(w +vy)
%—5%7%—?220%%__ 2(2+3F) ) 10—_m7 (68)
175(y5 — v5)
N7 782 +30) (©9)

The expressions of .7, in the surface deformation at O(a?) are obtained as

1
© 2162688(2+T1)2(2+30)2(14+ 17T) (14 + 19T) [
+1°(33504 + (53806 + I'(40067 4+ T'(13704 + 1739T)))) ) + 3(3828969536 4 I'(19657251968

(40731330192 + T'(43445669056 + I'(25023158572 + 9T'(813558984 + 941921 15T)))))) y*
+2(8793555008 + (39493764224 + (66758503056 + (50939754688 -+ ['(14952492076

—31(246275624 +268856295T1))))) ) Wi 5 +3(3828969536 + I'(19657251968

+T(40731330192 + ['(43445669056 -+ (25023158572 + 9'(813558984 + 94192115T))))) )y
+6336(5509504 + (27914608 + I'(56856960 + (59270984 + I'(33048488

+92080231 +99208812))))) (w7 + ;)] | (70)

P = 304128(14 + 171) (7840



1

T 1441792(2+T)2(2 +3T)2(14 + 170) (14 + 19T) |
T (42109 +T(15864 4 2101T))))) — (2634134720 + (10174509440 + I'(21446075568
(34750482496 + (35446691908 + 3T(5917712968 + 11004015631)))))) v + 6(—598261440
+T7(970209920 -+ (10885313744 + T'(21189560768 + 21T°(831256684 + 308613192T"

+4201634712))))) w2 w2 — (2634134720 + [(10174509440 + T'(21446075568 -+ I'(34750482496
+I(35446691908 +30(5917712968 + 11004015631)))))) i +5632(2481920 + (15231920

+1(36584256 + ['(43640392 + I'(26832856 + 78436830 + 81289812))))) (w2 + y2)] , (71)

5
~ T 720896(2+I)(2+30) (14 + 17T) [
+2(—2774408 + ['(—4182636 + ['(—457246 +691995T)) w2y + (—477848 + (3199164

+T(6842534 4 2783505T))) y;f +4928(—208 + I'(—306 + (109 +2400))) (w2 + v7)] | (72)
1
270336(2+T)(2+3T) (144 170) (14 + 19T)
+1°(246476 + (360128 + (219889 +43092I))) ) + (145457200 + I"(459208832

(

+T(473450696 4+ I'(169213408 + 132234991)))) (w2 + wyz))} : (73)
1

k) 202752(14 + 17T) (5600 -+ (27360 + (50066

2 (—477848 4+ T'(3199164 + ['(6842534 -+ 2783505T)) )y’

5
= o His, s = [5(w2 — w2)(1056(61600

L =— 35(y? — y?)(88(—208 + I'(—306 + (109 + 240
6=~ 2253802 1 T)(2 1 30) (14 1 170) (Vi — ¥5)(88(—208 +T/(=306+T'(109+-2401)
+3(—10888 + ['(—6812 + 3I(5054 + 30811))) (w + v2))] , (74)
5 2819 385 1 105(y; + wy)
Lr=—He, L=———H, Lo=—"I, L10= =75, L] = o2’ 75
1 =0g 76, L8 1680770 49 = 3g 70 L0 = o3y A 128(213T) (75)
P 3(64(5+ 80 +2I%) +3(220+ 1841+ 211%) (w2 + v ) 105(y2 — y2) 6
2= 128(2+T)(2+3I)2 BT T30 (76)
The expressions of 2, in the point force till O(a?) are obtained as
pe  9(—140—360I' — 22712 + 6I° +T') 3(—2520— 42441 423412 4 1893I° + 47T%) an
PT84+ D)(2+30)2(14+19T) T2 32(2+1)(2430)2(14 + 19T) ’
3047408 + 142439361 + 2791812012 + 291168641 + 158725751 4 34047421 78)
3=

448(2+T)(243T)2(14+171) (14 + 19T ’
g, — _ 142225832+ 608291292 + 98050269412 + 7151415691 4 2025398881 (79
44352(2+30)2(14+170)(14+19T) ’
g, — 26025272 — 487174521 + 21 16922612 + 750272911 + 292479571 (80)
14784(24-3T)%(14+17T) (14 + 19T) ’
 —4220272 + 144343361 49254788002 + 1404037041° + 82322565I™" + 1611853217

6~ 2016(24T)(2+30)2(14+ 170) (14 + 19T)

(81)

3 Particle translating in the quadratic component of Plane Poiseuille flow

The expressions of A, By, E,, F,, Hy,, I, J,, K,,, and L, in velocity, pressure, displacement, deformation and
point force at different orders in o are obtained as
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2 44y Tw? Ty? 1 11y?
A1:3+V[ 7A2:_ +ll/ 7A3:_l7A4:l’B1:(___ IV), (82)

2 8 8 4 4 64
o 3(32(—1+T2) 4 (—2+30) (22 + 130) y?) A (B+T)(3+y?) ®3)
64(2+T1)(243I) ’ 42+1)
P 192(1 +T)(3+2I) + (932 + (1160 +363I) ) w? &4
128(2+1)(2+3T) ’
H, _72(5+2(4+T)) +3(100+T'(88 + 7)) w? —4(10 +T'(44 4+ 21T) ) y* 85)
128(2+1)(2+43T) ’
Hy =3, Hy — SOV T8Y) (86)
192
Hy = : [—25344(5+20(4 +T)) — 132(1520 + (1784 4 281T) ) y* + (— 13100
45056(2+T)(2 43T
+T°(102632 4 62643T))y*] (87)
Hs 1126402 +1r)(2+3r) [—19008(5 +2'(4 +I')) — 132(1000 + (1128 + 167T) ) y* + (—4540
+T(69064 +40551T))y*] (88)
o 17 (—132(4+T) (44 50)y? + (—604 + (904 +735L) ) y*) 9)
6~ 45056(2+T)(2+3I) ’
i 592 (99(384+ (568 + 113I')) — 2(—4846 4 I'(10108 + 7503T") ) y?) ©0)
T 8443(2+T)(2+3I) ’
Hy — 17592 (33(4+ 1) (4 +5T) — 2(—=74+T(116 +93T)) y?) on
2816(2+T)(2+3T) ’
5254 5(14256(4+T)(4+5T)y?* —3(2756 + (81544 +44835T) ) y*)
9 =563 10 = 540672(2+T)(2+3) : ©2)
25(4224(4+T) (44 50)yw? — (1252 4+ T'(70088 + 38955T) ) y*)
e 360448(2+I)(2+ 3T ’ ©3)
175(528(4 +T) (44 5T) w2 + (652 — (7144 4 4263T) ) y*)
2= 180224(2+T)(2+3I) ’ 4
Hi— — @Hg Mo — 125y2(—792(4 +T) (4 + 5T) + (6052 +T'(24776 + 11667T) ) y?) (95)
64 67584(2+T)(2+3I) ’
His _525y?(—22(4+I)(4+5T) + (228 + T(808 + 369T) ) y*) %)
5632(2+T)(2+3T) ’
2
Hie Z%H%HnZ—%H9,H18=—%H9,H19=—%, o7
12+5y? 3592 35y2
0706 +240 P T 164240 P gy 120 ©8)
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2 1

I =—Z2Hy I, = —4224(542T(44T)) — 44(480 + I'(472
P s R T 2642+ (2431 13( (5+20(4+17) —44(480+ (47
+530)) y? + (1340 + 31°(3944 +20510) ) y*) ], (99)
; _ 5y2(99T(8 4 7T) +4(199 4 794T + 37212 ) y?) (100)
3T 8448(2+1)(2+3T) ’
; 35(—132(4+T)(4+50)y? + (—604 + (904 + 735T) ) y*) (101)
T 22528(2+T)(2+3I) ’
; 35y (—33(44T)(445I) +2(—74+ (116 +93I))y?) Pl (102)
T 5632(2+T)(2+3I) T
77 5(3168(4+T)(4 + 5T w? —9(4596 4 I'(14824 + 6615T) ) y*)
I7 =—Hpy ;18 = ) (103)
3 135168(2+ 1) (2 +3T)
35(264(4 +T)(4 4 50)y? + (788 — I'(2648 4 17850) ) y*) 77
Iy = o =——Ho, (104)
11264(2+T)(2+3I) 8
; _ 5y?(264(4+T)(4451) + (6196 + (8168 4 2271T) ) y?) (105)
= 11264(2+T)(2+3I) ’
;  35y2(66(4+T)(4+50) + (284 — (488 +381T") ) y?) P (106)
2= 2816(2+T)(2+3I) T e
3(1+y?) 24 445y 35y 65y 7
Iy=——2 L5 = = 1=——"—— Lig=—I 107
M43 P T eat96er T 6496 T 496l T 1371 107
; _ 5y2(198(40 +T'(56 +9I)) + (1340 — I'(6824 + 43411) ) y?) (108)
b 8443(2+T)(2+3I) ’
;  5y2(198(72+ (104 + 19T)) + (3284 — ['(9272 + 6447T)) y?) (109)
2 8448(2+1)(2+30) ’
2 25y%(—396(4+T)(4+5T) + (716 + (7768 + 4101T") ) y?)
J3s ==Hy,Jy = ) (110)
5 16896(2+T)(2+3I)
35y?(—99(4+T)(4+5T) + (344 + (2272 + 11491 ) y?)
- = 11H. 111
Js 4224(2+1)(2+3T) s % (b
266 25y
=—""Hy,Jg=—22Hy,Jg = — 112
J7 15 9,J8 9, J9 ERETE (112)
(14+3c0s26) 2
— —72(5+2I'(4+T)) —3(1004I'(88 + 7T 4(10
| 64(2+F)(2+3F)[ (5+20(4+T)) —3(100+T'(88 +7I) )y~ + 4(
5
+F(44+21F))1//4} + % [l//z(9+81[/2)c0s2¢ sin’ 6], (113)
_63(—132(4+T)(4+50)y? + (—604 + (904 + 735T) ) y*) 114)
2T 22528(2+T)(2+3I) !
20 35
K3 ZEKz, Ky = 3K27 (115)
© 175y?(33(4+T)(4+45T) —2(—74+ (1164 93I)) y?) (116)
> 1408(2+T)(2 43I ’
7 14
Ke =§Ks, K7 = ?H% (117)
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174y*

g = [—3(50+ 105c0s260 + 126cos46 +231cos66) + 112(35+60cos26

49152
+33¢cos46) cos2¢ sin? @ — 336(9+ 11cos26) cos4¢ sin* 6] (118)
301+ 35972
K Kijo=———=—,K11 =10K 119
9= 20 13n) K0T Tx g K 10, (119)

1
 2162688(2+1)2(2+3T)2(14 + 17T) (14 + 19T) :
+1°(53806 + (40067 4+ (13704 + 17391))))) + 6336(5509504 + (27914608

1T(56856960 + (59270984 + I'(33048488 + 9208023 + 99208812))))) y2
+3(3828969536 + (19657251968 + ['(40731330192 + ['(43445669056 -+ ['(25023158572

+OT(813558984 + 941921151)))))) ], (120)
1

1441792(2 +T)2(2+ 30)2(14 + 17T) (14 + 19T)

HT(50066 + (42109 4+ T'(15864 +2101T))))) + 5632(2481920 + I'(15231920

1T(36584256 + I'(43640392 + I'(26832856 + 7843683T + 812898T2)))) ) w2
— (2634134720 4 ['(10174509440 + (21446075568 + I'(34750482496 + (35446691908

+31(5917712968 4 11004015631)))))) w*] | (121)
Ly=— > [
37 720896(2+T)(2+3T) (14 + 17T)

+(—477848 + (3199164 + (6842534 +27835051)) ) y*] | (122)

385 1
Ly=>"Ho, L

472565 T 270336(2+1)(2+30) (14 + 170) (14 + 19T)

+T(360128 4+ I'(219889 +43092I)))) + (145457200 + I'(459208832 + (473450696
+T(169213408 + 13223499T)))) y?)] , (123)
1
Le =
® 7 22528(2+1)(2+3T) (14 + 17T)

304128(14 + 170)(7840 +I'(33504

L= [202752(14 + 171) (5600 + (27360

4928(—208 + I'(—306 + (109 4 240T) )y

[592(1056(61600 + (246476

[352(—88(—208 + I'(—306 + (109 +240T')) )+

3(10888 +I'(6812 — 3I'(5054 +30811)))y?)] (124)
385 2819 385 1 105y?
L; =—Hy, Ly = ———Hy,Lg = —H. = L= 125
T T T80 0 T 4 0T o3 TN T T 8(2 430 (125)
960 +384°(4 +T) +9(22 +3I) (10 + 70" y? 105y?
Lip=— 5 Liz=_——0—. (126)
128(2+T)(2+3IN) 64 +96I

4 Particle translating in the quadratic component of Hagen-Poiseuille flow

The expressions of A, B, E,, F,, Hy,, I, J,, K,, and L, in velocity, pressure, displacement, deformation and
point force at different orders in & are obtained as

342y i 2+y? Ty? - 1 1ly?

Al 2 y A = — 4 7A3:_TuA4:0731__Z_3—27 (127)

3 3(32(—1+4T?) +2(—2+30) (22 + 13T y?)

Ey=— ; (128)
64(2+T)(2+3I)
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[:IZ :31:11 71:13 :07]:14 =

H p—
> T 1408(2+T)(2+3I)

q 525y (—11(4+T)(4+50) + (204 + (=56 +45T)) y?)
6 =

= (B3+D)3+2y?)

42+1) T

96(1+T)(3+2I) + (932 + (1160 +363I)) y?

64(2+T)(2+3T)

7 108(5+20(4+T)) +9(100+ T(88+71))y? —4(—40+ T(64 + 511y

1

192(2+T)(2+3T)

1
16896(2+T)(2+3I)

+2810))y? + (—96700 + T'(— 152+ 361770))y*] |

- 1

+(—18820 +I'(1432 +7863T)) y'] ,

H;=Hg=Hy=0,
7 17820(4 +T) (4 +5T) w? — 5(—41596 +T'(30856 +32955T") ) y*
10 =

Hyy=Hys=H¢=Hy7=Hs=0,Ho=—

Hy;

5632(2+1)(2+3I)

Y

67584(2+T)(2+3I)

- 26400(4+T)(4+450)y? —25(—12724 4+ T(8344 4 9465 ) y*

11

45056(2+T)(2+3)

. 525y (44(4+ T)(4+5T) + (620 - 3T(56+ 1090)y?) -

12

[y

il :07 iz =

22528(2+1T)(2+3I)

44-6I'

— Hyr —
8120 2

1

4224(2+T)(2+3I) [

34+6y? 7

Y

+(—16220+ (8744 + 11001D))y*] , 5 = 0,

7 105y?(—11(4+T) (44 5T) + (—204 4+ T (=56 4 45T)) y?) 7
4 =

20

Y

13— —

6+5y?

~8+120°

i7 :07 ig -

Y

Y

8575y

Y

[—2376(5 + 2I'(4+T)) —33(1000 4+ I'(1128+ 167T)) y*

4096

9

Ii7 =l =0,

2816(24T)(2 +3T) I5=0,16=
3960(4 +T') (4 +5T)w? —5(3932 +T'(33208 + 17205T") ) y*
16896(2+T')(2+3I) ’
P _ 35y2(66(4+ 1) (4+5T) + (1084 + (56 — 3751)I) y?) 7 _ 122594
B 1408(2+TI')(2+3I) S )
T =l =Ty =0, 1y = SEOW [ 124V v
8+ 120 32+480 32+480
h=h=h=l=J=Js=h=J=J=0,

14

)

Y

)

[—9504(5 4 2I°(4 +T)) — 99(1520 + I'(1784

—4752(54 2T (4 +T)) — 99(480 + ['(472 + 531 )y

(129)

(130)

(131)

(132)
(133)
(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)
(145)

(146)



- (1+3co0s20)
1=-

; [~108(5+2T(4+T)) — 9(100 + (88 -+ 7T)) y? 4 4(—40

96(2+T)(2+3T

+I(64+510)y*] | (147)
_ 189y?(—11(4+T)(4450) + (204 +T(=56+450)y?) . 20, . 35
Ry = R3="FK ,Ky="FK 148
2 2816(2+T)(2+3I) k=g K="k, 148
g - 175y
Ks=K¢=K;=0,Kg = 6144 [50+ 105¢c0s26 + 126cos46 +231cos66)] , (149)
s 346y? 3592
Ko =— =——— _ R = 1
9 arer K0 T oar Ku 0, (150)
N 1
Li=— [38016(14 + 171') (7840 +I'(33504

270336(2 + )2(2+ 30)2(14 + 170) (14 + 19T)
+T(53806 + (40067 + T'(13704 + 1739T))))) -+ 1584(5509504 + (27914608
+T(56856960 + (59270984 + T'(33048488 + 92080231 + 992088I'2))))) w2
+(5070115904 + I'(24616380032 + ['(47238123408 + I'(45319190464 + I'(22505491948
+5306816424T +434154555T2)))))y*] | (151)
) 1
2 802242+ T2 2+ 30 (14 4 170) (14 + 19T) :
+T(50066 -+ I'(42109 + (15864 + 2101T))))) + 1408(2481920 + I'(15231920
T(36584256 + (43640392 + (26832856 + 78436831+ 812898I2))))) w2
+(—1107229760 + I'(— 1815969920 + I'(2802466416 + I'(7204549952 + (4230619796
+3(140791016 — 54514569T)1))))) y*] (152)
) 1
T 90112(2+ D) (2+30) (14 + 170) [
+35(—116152 4 T(—35124 4 (228046 + 124125T))) ], (153)
. 612 S L . 1 . 105y?
616355 L6:L7:L8:L9207L10:m, 112—%,
~ 96(5+2I(4+T)) +9(22+30)(10+70)y?

Lip=— Li3=0. 155
12 64(2+1)(2+3T)2 3 (159)

25344(14 + 17T (5600 + (27360

6160(—208 +I'(—306 + (109 +240T))) y*

(154)

S Passive particle translating in the quadratic component of elliptical Poiseuille flow

The velocity boundary conditions at different orders in ¢, given in eqn (32)-(35) in the paper, are modified.
At leading-order, the modified boundary conditions are obtained as

v =0as & =1, (156)
S vg— (V) kas & = oo. (157)

Here, v(0) = VL(iO) +vy— (V()(O))pl'i. At O(), it is

0)
v+ p YTy 0y kg (158)
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and at O(a?), it is

A

2
1) © | 5240
1) aV (2) aV [ i| a v . (V()(Z))pk:() (159)

o ot e
The velocity fields v(1) and v(? are the disturbance fields and decay as & — oo,

The expressions for .4, .#>, .#5 and .4; (with i =1,2,...,13) in surface deformation until O(a?) are obtained
as

v 4

5(—10+ 170) (w2 + y2) 7. 5 7 5
__ __! = “(y?— 160
1
= 5(—3(4237912 + (14866340 + (16607002 + 5674079T))) (y
| =2 16a688(2 1 302 (14 1 1or) O +I +I * N)(v
+y)) +2(—3094616 4 I'(3665756 + 31'(9068578 -+ 74622191)) )y vy | (161)
1
Ny =— 25((11844280 +I'(33765044 + 31'(14910102 4 94650650
2 4325376(2+3F)2(14+19F)[ (( + I +30( + )
x (w4 ) +2(10045672 + (9708092 — 3T°(5099982 4 4530781T)) ) w7 ;) | (162)
_25((2918 — 843270) (yy¢ + ) +2(52130 — 10509T) y7 y77) e 6125(3(y + wy) + 2y yy)
) 2162688(2 4 3T) ’ 131072 ’
(163)
v | —25(—294700 4 ['(—381584 +76270)) (v — ) e 35(—2846+36510) (v — ) 164
> 90112(243C)(14+ 19T e 67584(2+3I) , (164)
C6125(yy —wy)  14095(yg —wy)? o 6125(yr —yy)? (165)
7T 82 7T T o112 TP 8192 ’
. o 105(yR 4 v) 15(=34+130) (v + ) (166)
T2+ N T T 128(24+3) T T 128(2 4 3T)2 ’
105(y?2 — y?

64 +96I"
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