
Accepted Manuscript

Anderson acceleration method of finding steady-state particle size
distribution for a wide class of aggregation-fragmentation models

S.A. Matveev, V.I. Stadnichuk, E.E. Tyrtyshnikov, A.P. Smirnov, N.V. Ampilogova,
N.V. Brilliantov

PII: S0010-4655(17)30372-7
DOI: https://doi.org/10.1016/j.cpc.2017.11.002
Reference: COMPHY 6368

To appear in: Computer Physics Communications

Received date : 5 December 2016
Revised date : 22 September 2017
Accepted date : 7 November 2017

Please cite this article as: S.A. Matveev, V.I. Stadnichuk, E.E. Tyrtyshnikov, A.P. Smirnov, N.V.
Ampilogova, N.V. Brilliantov, Anderson acceleration method of finding steady-state particle size
distribution for a wide class of aggregation-fragmentation models, Computer Physics
Communications (2017), https://doi.org/10.1016/j.cpc.2017.11.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cpc.2017.11.002


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Anderson acceleration method of �nding steady-state particle size

distribution for a wide class of aggregation-fragmentation models

Matveev S. A.∗3,2,1, Stadnichuk V. I.4,

Tyrtyshnikov E.E.1,2,6, Smirnov A.P.1,2, Ampilogova N. V.1,Brilliantov N. V.5

1Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University,

Russia
2Institute of Numerical Mathematics of Russian Academy of Science, Moscow, Russia

3Skolkovo Institute of Science and Technology, Moscow, Russia
4Faculty of Physics, Lomonosov Moscow State University, Russia

5Department of Mathematics, University of Leicester, Leicester UK
6University of Podlasie, Siedlce, Poland

September 22, 2017

Abstract

A fast numerical method of �nding steady-state distributions of particles sizes for a wide class of aggregation-

fragmentation models, including the models with a source of monomers is developed. The method is based on

a fast evaluation scheme for large sets of non-linear Smoluchowski-type ODE with an application of the An-

derson acceleration method of the �xed point iterations. In the numerical tests of the suggested approach we

demonstrate that huge sets of non-linear ODE may be solved with high precision in terms of Euclidian norm of

the residual in modest times with use of a regular desktop computer. We compare our numerical solutions with

the known analytical results for the steady-state distributions as well as with the other fast numerical schemes

and prove the high accuracy of the novel method and its signi�cant superiority with respect to the existing fast

numerical method of solution of the addressed problems.
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1 Introduction

The processes of aggregation and fragmentation are ubiquitous in nature and occur at all length and time
scales [25], from the nano-scales of molecular aggregation and fragmentation [11,18,35], to the astronomical scales,
where aggregation of dust in interstellar dust clouds and proto-planetary discs [5, 8, 10, 44] as well as collisional
fragmentation of celestial bodies (comets, meteoroids or planets) takes place, see e.g. [2]. Airborne particles perform
Brownian motion in atmosphere and coalesce giving rise to smog droplets [25,40]. Aggregation and fragmentation
also occurs in a social life: for instance, consolidation of users in the Internet leads to the emergence of internet
communities, forums, which can further merge or split [14, 23]. Vortexes in a �uid �ow merge and decompose
forming turbulent cascades [3, 49].

There exists a wide class of systems, where a balance between aggregation and fragmentation is established,
leading to a steady-state distribution of objects size, so that, in spite of permanent coalescence and breakage of
the system elements, the average concentration (or number) of elements of a particular size does not alter with
time. Such systems may be exempli�ed by "living" polymers solutions, e.g. , in vivo solutions of prions (cell
proteins), which can aggregate in large �brils destroying cellular membrane � the malicious process taking place
in Alzheimer-like diseases. At some conditions a steady-state distribution of the �bril sizes may be achieved [35].
Another example is the planetary rings, e.g. , Saturn Rings, comprised of billions of icy particles. Here a subtle
equilibrium between fragmentation of particles colliding with large impact velocities and aggregation of particles
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