
Effects of dissipat ive pa ir ing,  w a ke inversion   and   sign change
of effect ive dissipat ive forces betw een im pur it ies in gas f low

Role of shor t - range interact ion   and   non- linear  blockade effect

O.V. Kliushnychenko · S.P. Lukyanets

Departm ent  of Theoret ical Physics



Wake of m agnet ic im purity
m oving through fer rom agnet
[ PRL 1 0 4 ,  080601 (2010) ]

W akes and w ake- m ediated interact ion of var ious physica l nature

Lam inar and turbulent  wakes in hydrodynam ics [ J. Phys.:  Conf. Ser. 5 9 4 (2015)  012044]

Cherenkov radiat ion and
vort ices [ JETP 1 1 0 ,  877 (2010) ]

Non-equilibr ium  deplet ion forces
in  colloida l suspension
[ PRE 9 1 ,  042303 (2015) ]

Mach cones in com plex plasm a [ Phys. Rev. E 6 1 ,  5557 (2000) ]
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1) large spat ial extension

→ m em ory ( long- t im e correlat ions)
2) long- range interact ion
3) anisot ropy

(non-Newtonian interact ion)

Proper t ies of dif fusive w akes and w ake- m ediated interact ion
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short - range inter-part icle
interact ion in Brownian gas

( lat t ice gas m odel)

changes in
st ructure of wakes
(blockade effects)

character of
dissipat ive
interact ion
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non-linear blockade effects
blockade effects
can be neglected



Effect  of concent ra t ion- dependent  w ake inversion
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Concent rat ion dist r ibut ion of the lat t ice gas part icles n(x,y) around obstacle em bedded into flow (2D)
is bath fract ion0n
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Allow s to descr ibe:

• Wake asym m etry
• Wake inversion and switching of dissipat ive interact ion
• Non-Newtonian character of dissipat ive forces

The type of dissipat ive interact ion:
I nduced dipole- dipole ( m ult ipole)  interact ion, associa ted w ith

anisot ropic ( asym m et r ica l) Yukaw a potent ia l,
tota l “ induced charge” is not  conserved
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A m ore r igorous analyt ica l approach: single- layer  potent ia l m ethod

nonlinear
collect ive
effects

Agreem ent  w ith num er ica l
ca lcula t ions w ith in LG m odel

in the m ean- f ie ld approx.
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Non- linear  blockade effect  and shock- w ave form at ion of k ink- like
dist r ibut ion profile near  big and closely located obstacles

Form at ion of com pact  st ructures in dusty/ com plex plasm a
[ New J. Phys. 1 0 ,  033036;  M. Schwabe, Diss. (2009) ]
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Steady-state concent rat ion dist r ibut ions 
(average occupat ion num bers)  of the gas 
part icles n(x,y)  near the obstacles, evaluated 
num erically within the m ean- field approx.

200 .  n  500 .  n  800 .  n 

Effect  of sw itching of dissipat i ve interact ion ( num er ica l results)
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Dependencies of y-com ponents of dissipat ive
forces against  gas concent rat ion.



Result : We show the possibilit y of concent rat ion-dependent  switching of 
dissipat ive interact ion between inclusions ( from  at t ract ion to repulsion or vice-
versa)  due to wake inversion effect , entailed by the nonlinear blockade effect  for 
the gas flow of Brownian part icles with short - range interact ion.

Steady-state concent rat ion dist r ibut ions (average 
occupat ion num bers)  of the gas part icles n(x,y)  
near the obstacles, evaluated num erically within 
the m ean- field approx.
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Dependencies of dissipat ive forces
against  gas concent rat ion.



Dependencies of dissipative forces

(a)  for orthogonal spatial alignment and

(b)  longitudinal one

against magnitude of external driving field

at bath fractions 0.1, 0.15, 0.2.
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Result : The form at ion of com m on 
perturbat ion “coat ” (or com m on wake)  
around obstacles and non- linear 
blockade effect  can lead to significant  
enhancem ent  of the effect ive dissipat ive 
interact ion for closely located inclusions 
and, as a result , to the effect  of 
dissipat ive pair ing, i.e., the form at ion of 
quasi- inclusion.
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 The effect  of concent rat ion-dependent  switching (at t ract ion- repulsion)  of the 
effect ive dissipat ive interact ion between obstacles due to wake inversion entailed by 
the nonlinear blockade effect  for a gas flow of Brownian part icles with short - range 
interact ion is shown.

 I t  is established, that  for sm all and/ or distant  inclusions the dissipat ive (wake-
m ediated)  interact ion is a kind of dipole-dipole (generally, m ult ipole)  interact ion
associated with anisot ropic Yukawa potent ial and, form ally, belongs to the induced 
dipole-dipole interact ion with nonconservat ion of total induced charge. The lat ter 
entails known non-Newtonian behavior of dissipat ive forces. To this aim , the single-
layer potent ial approach was generalized to the non-equilibr ium  case.

 I t  is shown, for the case of closely located inclusions, that  dissipat ive 
interact ion is determ ined by the non- linear blockade effect  which leads to addit ional 
enhancem ent  of the gas flow screening. This results in essent ial enhancem ent  of 
dissipat ive interact ion and can lead to the dissipat ive paring effect  between 
inclusions. The lat ter is m anifested by generat ion of pronounced step- like density 
profile due to form at ion of com m on non- linear perturbat ion “coat ” around inclusions.

 All the results are obtained within classical lat t ice gas m odel in the mean- field 
approxim at ion and are in qualitat ive agreem ent  with experim ents on st ructure 
form at ion in dusty plasm as and colloidal suspensions.

Main results
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Applicat ions

Developed approaches and obtained results m ay be of interest  when 
considering the dissipat ive st ructure form at ion, collect ive fr ict ion force or 
collect ive energy losses in an ensem ble of inclusions.

I n part icular, the results can find applicat ions

- in system s with dr iven hopping t ransport :

- surface kinet ics of adsorbed atom s
- superionic conductors

- can serve as a rough m odel of st ructure form at ion in

- dusty/ complex plasmas
- granular gases
- colloidal dispersions
- under m ot ion of m agnet ic im purit ies
- two-dim ensional elect ron plasm a

in the presence of defects.
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