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Abstract. The stochastic Dissipative Particle Dynamics (DPD) method is calibrated to 
discover how relative viscosity of monodisperse colloidal suspension versus volume fraction 
behaves against different settings assumed for solid mesoparticles. This process together with 
monitoring the system statistical properties and temperature reveals routes towards capturing 
the experimental relative viscosity with reasonable computational cost and numerical 
complexity. Amongst many setting parameters, we only focus on alteration patterns in relative 
viscosity in semidilute regime obtained by changing solid DPD particles diameter, repulsion 
coefficient and dissipation rate. Repulsion parameter for solid species plays a major role in 
adjusting system homogeneity which is crucial to have a stable suspension by avoiding 
agglomeration. An interesting connection is made between the degree of suspension 
homogeneity, 3D occupancy patterns and maximum peak in radial distribution function 
(RDF). The isotropy in diffusion patterns and MSD linear graphs assist to obtain the optimum 
species size ratio leading to experimental relative viscosity. 

1 INTRODUCTION  
Suspensions contain dispersed particles within the range of 10 nm to 1 μm which 

reasonably fall in mesoscale range. Therefore, Dissipative Particle Dynamics (DPD) 
mesoscopic method[1,2] has been utilised widely to study colloidal suspensions. The off-lattice 
DPD method offers the coarse-graining ability that facilitates the multiscale simulation of 
suspensions where background solvent and suspending solutes differ in relaxation time and 
length scale. First attempts in suspension analysis were made by Koelman and 
Hoogerbrugge[3], and then suspensions including spheres, rods and disks were studied by 
Boek et al.[4] to explore the shape and size of suspending particles on rheology. They found 
DPD as a suitable alternative to continuum-based approaches like Brownian Dynamics or 
Stokesian Dynamics methods. Whittle and Dickinson[5] reported that bigger size of colloidal 
particles can enhance the hydrodynamic interaction in suspension. In 2006, Chen et al. 
emphasised on the importance of DPD dissipation rate on the drag force and torque calculated 
for an immobilised DPD particle[6]. Martys[7] captured the experimental relative viscosity in 
very dilute and semidilute regimes in a big simulation box of volume of 453 (DPD units) and 
particle-to-solvent size ratio of 11.022. Then he included the lubrication force to avoid 
particles overlap in dense suspensions. Pan et al.[8] proposed a hybrid conservative force to 
perfectly represent a colloidal particle by a single DPD particle where colloid rotational 



 
 

A. Moshfegh and A. Jabbarzadeh 

2 
 

degree of freedom was taken into account. Colloids size was taken 5.511 times bigger than 
solvent particles. They introduced the exponential pairwise conservative potentials as the key 
factor to prevent probable aggregation of colloidal particles. It will be shown later that 
repulsion coefficient between colloidal particles plays the same preventive role by tuning the 
intensity of agglomeration. 

In this study, contrary to prevalent approach in DPD simulations, we are interested to 
perform sensitivity analyses to find the hidden and non-monotonic correlations between DPD 
input parameters and simulation results. The study focuses on the solid mesoparticles setting 
parameters including the inter-repulsion coefficient, species size ratio and dissipation rate. 
System statistics, temperature and relative viscosity are monitored rigorously to guarantee that 
experiment has been captured correctly. 3D system snapshots, colloids occupancy pattern, 
radial distribution function, and isotropy of diffusion coefficients are all scrutinised to achieve 
a set of optimum setting parameters. 

2 PHYSICS AND FORMALISM 

2.1 DPD governing equations  
The spatiotemporal evolution of each DPD particle is integrated by Newton’s second law 

of motion in a Lagrangian particle tracking approach via: 

𝑑𝒓𝑖 = 𝒗𝑖 Δ𝑡 , 𝑑𝒗𝑖 =
𝑭𝑖
𝑚𝑖

=
1
𝑚𝑖

�𝑭𝑖𝑗 Δ𝑡
𝑗≠𝑖

 , 𝑭𝑖𝑗 = 𝑭𝑖𝑗𝐶 + 𝑭𝑖𝑗𝐷 + 𝑭𝑖𝑗𝑅  
(1) 

where (𝒓𝑖,𝒗𝑖) are respectively the position and velocity vectors of indexed 𝑖th particle in 
Cartesian coordinate, Δ𝑡 is the simulation time step, 𝑚𝑖 is the particle mass and the vector 𝑭𝑖𝑗 
stands for all kinds of pairwise interparticle forces applied from 𝑗 th particle, and 𝑭𝑖 is the 
vector sum of all forces applied on 𝑖th particle. This encompasses three pairwise-additive 
major DPD forces known as conservative (𝑭𝑖𝑗𝐶 ), dissipative (𝑭𝑖𝑗𝐷 ) and random (𝑭𝑖𝑗𝑅 ) forces. 
Common form of deterministic conservative force is given by: 

𝑭𝑖𝑗𝐶 = 𝐴𝑖𝑗𝜔𝐶�𝑟𝑖𝑗�  
𝒓𝑖𝑗
𝑟𝑖𝑗

= 𝐴𝑖𝑗 �1 −
𝑟𝑖𝑗
𝑅𝑐
�
𝒓𝑖𝑗
𝑟𝑖𝑗

 . (2) 

where 𝒓𝑖𝑗 is interparticle distance vector, 𝐴𝑖𝑗 is the repulsion parameter adjusting the 
repulsive strength and can be set differently for each species, 𝑅𝑐 is the cutoff radius (or 
particle effective diameter) and DPD length scale beyond which the interparticle repulsive 
interactions are turned off, and 𝜔𝐶�𝑟𝑖𝑗� is the weight function for this force. The pairwise 
random force stochastically compensate the lost degrees of freedom due to coarse-graining. 

𝑭𝑖𝑗𝑅 = 𝜎𝑖𝑗 𝜔𝑅�𝑟𝑖𝑗�  
𝜉𝑖𝑗
√𝑑𝑡

 
𝒓𝑖𝑗
𝑟𝑖𝑗

 , 

��𝜉𝑖𝑗(𝑡)� = 0 �     𝑎𝑛𝑑     ��𝜉𝑖𝑗(𝑡) 𝜉𝑘𝑙(𝑡′)� = (𝛿𝑖𝑘𝛿𝑗𝑙 � + 𝛿𝑖𝑙𝛿𝑗𝑘) 𝛿(𝑡 − 𝑡′), 

(3) 

Here, 𝜔𝑅�𝑟𝑖𝑗� is the weight function, 𝜎𝑖𝑗 is the noise amplitude for randomly generated 
numbers (𝜉𝑖𝑗) with Gaussian white-noise statistics, zero mean and unit variance. They are 
uncorrelated for different pairs of particles while holding in the relation (𝜉𝑖𝑗 = 𝜉𝑗𝑖) to maintain 
centrality of pairwise force. In this paper we adopt an alternative and use the Mersenne 
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Twister pseudorandom numbers generator[9] to yield double precision equidistributed uniform 
numbers (𝜃𝑖𝑗) between 0 and 1: 

𝜉𝑖𝑗 ≈ √12 �𝜃𝑖𝑗 − 0.5�. (4) 

This distribution not only resembles Gaussian distribution but also excels in computational 
efficiency. The viscous resistance is modelled by dissipative force varying as a function of 
inter-particle relative velocity, it reads: 

𝑭𝑖𝑗𝐷 = −𝛾𝑖𝑗 𝜔𝐷�𝑟𝑖𝑗� �𝒓𝑖𝑗 ⋅ 𝒗𝑖𝑗�  
𝒓𝑖𝑗
𝑟𝑖𝑗2

 . (5) 

where 𝜔𝐷�𝑟𝑖𝑗� is the weight function, 𝛾𝑖𝑗 is the damping factor or drag coefficient between 
particles species 𝑖 and 𝑗, and 𝒗𝑖𝑗 is the relative velocity between two indexed particles. The 
negative sign indicates that this force is the only force which decelerates particles motion. The 
combination of dissipative and random forces creates a DPD thermostat enabling the system 
to reach a guaranteed equilibrium[2]. Stationary solution to the Fokker-Planck equation in 
form of Gibbs function is achieved only when dissipation-fluctuation theorem is satisfied in 
equilibrium temperature 𝑇 via the following relation[1]: 

𝜔𝑅�𝑟𝑖𝑗� = �𝜔𝐷�𝑟𝑖𝑗��
1/2 ,      𝜎 = (2 𝑘𝐵𝑇 𝛾 )1/2. (6) 

where 𝑘𝐵 is the Boltzmann constant. This suggests that one of the weight functions in 
dissipative or random force can be opted arbitrarily.  

𝜔𝐷�𝑟𝑖𝑗� = �𝜔𝑅�𝑟𝑖𝑗��
2 = ��1 −

𝑟𝑖𝑗
𝑟𝑐
�
2

  ,     𝑟𝑖𝑗 < 𝑟𝑐
        0          ,     𝑟𝑖𝑗 ≥ 𝑟𝑐

� (7) 

The (𝑭𝑖𝑗𝐷 ,𝑭𝑖𝑗𝑅 ) forces act along the line of centres and conserves both linear and angular 
momenta[10]. 

2.2 Auxiliary formulations 
   The emphasis is on the linear Couette flow as a successful numerical viscometer via Lees-
Edwards boundary condition[11]. The DL-Meso adopts the modified Lees-Edwards shearing 
method as articulated by Chatterjee[12] which minimises the numerical artefacts in form of 
abrupt jumps in velocity profiles near shear boundaries. The modified version attempts to 
avoid thermalising the particles crossing the shear boundaries via DPD thermostat. Relative 
viscosity is then obtained by dividing the viscosities calculated for suspension and solvent 
individually via 𝜂 = −𝑆𝑥𝑦 �̇�⁄  where numerator is the shear stress and denominator stands for 
shear rate[1]. There have been several methods to calculate the volume fraction of solid 
particulates in suspension in which the radius assigned to colloidal particles differs. Among 
using the hydrodynamic radius out of Stokes-Einstein relation of diffusion, effective diameter 
based on peak in RDF graph, and cutoff radius set for solid particles we pick up the last 
method as used in Martys’ work[7]. It reads: 



 
 

A. Moshfegh and A. Jabbarzadeh 

4 
 

𝜙 =
𝑁𝑝𝑉𝑝
𝑉𝑏𝑜𝑥

      𝑤ℎ𝑒𝑟𝑒       𝑉𝑝 =
4
3
𝜋 𝑅𝑐3 (8) 

where 𝑉𝑏𝑜𝑥 is the volume of cubic simulation box. In this study we decided to match the 
density ratio between solvent and solid mesoparticles to de Kruif et al. experiment[13], 
therefore the below formula is used to find the solid particle mass (𝑀𝑝):  

𝑀𝑝 = 𝑀𝑠 ∗
𝜌𝑝
𝜌𝑠
∗ �
𝑅𝑝
𝑅𝑠
�
3

 (9) 

Here, subscripts 𝑝 and 𝑠 refer to particles and solvent respectively, 𝑀 is the mass, 𝜌 stands as 
the species density in nature and 𝑅 represents the radius of DPD particle.  

3 RESULTS AND DISCUSSION  
   We believe that in order to capture experiment by the stochastic DPD method, one should 
not expect predictable monotonic correlation between setting parameters and simulation 
outputs. Nevertheless, this does not mean that exploring a clear and smooth correlation is 
beyond possibility. Hence, the need for numerical calibration as defined further becomes even 
more prominent. The calibration scenario begins by a set of setting parameters as a 
computationally inexpensive case and then altering parameters individually to see how crucial 
outputs respond. Convergence of system total energy as equilibrium criterion, temperature as 
a testament for acceptable thermostating, and relative viscosity of suspension compared with 
experiment are valuable outputs to guarantee the calibration. 
   To examine present calibration method on a firm rheological basis, we focus this study on 
semidilute colloidal suspensions (𝜙 ≤0.2) consisting of two species: the solvent particles and 
solid mesoparticles. As a result of an unsystematic calibration to get experimental behaviour 
with reasonable computational cost at 𝜙 = 0.193, the following optimum case was obtained 
which counts as foundation for an organised calibration in this work: 𝑉𝑏𝑜𝑥 = 103, Δ𝑡= 0.01, 
total time steps 𝑁𝑡= 50,000, solvent-solvent repulsion coefficient 𝐴𝑠=18.75, 𝛾𝑠= 50, 𝜌𝑠= 4, 
number of solvent particles 𝑁𝑠= 4000, 𝑑𝑠= 1, 𝑀𝑠= 1, 𝑉𝑠= 1, 𝑀𝑝=9.33, 𝑑𝑝=1.75, 𝐴𝑝=3500 and 
𝛾𝑝= 4.5. We aim to match our rheological results to experiment on the basis of relative 
viscosity reported in de Kruif et al.3 where silica particles with density of 1.74 kg/m3 suspend 
in an oily solution of cyclohexane without active electrostatic interactions. Data production 
starts after 40,000 time steps and lasts for the remnant 10,000 time steps. System statistics, 
temperature and relative viscosity are investigated in a range of varying repulsion coefficient 
(𝐴𝑝) of solid particles, mesoparticles diameter (𝑑𝑝) and dissipation rate between solid 
particles (𝛾𝑝). Morphological diversity in mesoparticles occupancy patterns plays the key role 
to classify degrees of homogeneity as major criterion to have a stable suspension.  

3.1 Repulsion coefficient (𝑨𝒑)  

   Among the relevant DPD setting parameters, we found repulsion coefficient of solid 
mesoparticles (𝐴𝑝) very effective to adjust their spatial spacing in an equilibrated simulation. 
As backed by Flory-Huggins theory[10], repulsion coefficient of suspending species is closely 
related to its solubility which characterises the intensity that mesoparticles tend to scatter 
thorough the solvent.  
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   Snapshots of solid mesoparticles in the last time step are depicted in Fig. 1 for 𝐴𝑝 values 
changing from 18.75 (same as solvent) to 3500. The particles travel in the form of aggregates 
so that their relative positions remain relatively constant. Qualitatively speaking, for 𝐴𝑝 <75 a 
fairly dispersed solid phase is observed, while for 75≤ 𝐴𝑝 <2000 homogeneity deteriorates 
and particles form discernible aggregates. This trend is conversed for 2000≤ 𝐴𝑝 ≤3500 where 
interparticle repulsion is strong enough to avoid agglomeration and approach the system to 
experimental behaviour at the same time.  
   We need more quantitative tools such as RDF graphs and system relative viscosity (𝜂𝑟) to 
come up with an optimum 𝐴𝑝 value. Fig. 2 renders radial distribution function plotted for 
solvent particles in which no fundamental difference is apparent when 𝐴𝑝 alters. RDF graphs 
are then plotted for solid mesoparticles without inclusion of solvent particles in Fig. 3 to 
connect them with observed bimodal behaviour between 𝐴𝑝 and agglomeration. The major 
discrepancy between RDF graphs is the magnitude of abrupt peak in population density which 
is intensified as 𝐴𝑝 increases from 18.75 to 500 as shown in Fig. 3 (a). This correlation is 
reversed when 𝐴𝑝 exceeds 500 so that increasing 𝐴𝑝 reduces the maximum concentration 
occurred in RDF (see Fig. 3 (b)). It is simply inferred that 𝐴𝑝= 500 is the turning point in this 
bimodal behaviour, a fact not recognisable from snapshots (Fig. 1). Another noticeable point 
is the obvious reduction in DPD particles softness up to 𝑟 𝑟𝑐⁄  = 1 (as opposed to solvent RDF 
shown in Fig. 2) which reflects the transition from soft DPD beads to relatively hard spheres 
for solid mesoparticles. 
   Maximum RDF versus repulsion coefficient is diagrammed in Fig. 4 to support this bell-
shaped trend with turning point at 𝐴𝑝=500. Solid particles behave rather similar to solvent at 
small values of 𝐴𝑝 due to equal repulsion. Higher RDF values denote greater spatial 
concentration of mesoparticles and therefore less homogeneity across the system. This leads 
to an unstable suspension which we intend to avoid from in the present study. We concluded 
that to avoid prominent heterogeneity or agglomeration, two conditions must be met. First, 
RDF for solid particles should vary in the same scale as solvent. Secondly, the density 
distribution for solid particles across the sheared domain should be as uniform as possible.  
   The suspension relative viscosity and its deviation percentage from experiment (1.76≤
η𝑟 ≤2 at ϕ=0.191)[13] are plotted versus 𝐴𝑝 in Fig. 5 based on η𝑒𝑥𝑝=1.8. System static 
temperature is also histogrammed over the ranges of 𝐴𝑝 studied. At small repulsion 
coefficients, the solid mesoparticles hydrodynamics resembles the solvent and therefore they 
both manifest similar viscosities (ηr ≈1). Increment of interparticle repulsive force not only 
cools down the suspension temperature but also approaches the relative viscosity to 
experiment. In conclusion, it was realised that repulsion intensity affects the suspension 
hydrodynamics and at some stages can cause significant agglomeration. It is crucial to find an 
optimum value such as 𝐴𝑝=3500 by maintaining the RDF peaks at reasonable scales to avoid 
aggregate formation, and monitoring the suspension snapshots, system relative viscosity and 
temperature.  
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3.2 Species size ratio (𝒅𝒑/𝒅𝒔)  

   Due to incredibly higher population of solvent particles, they are coarse-grained while the 
solid particles are meant to represent actual mesoparticles. Therefore, coarse-graining 
prevents us to have a clear size ratio between two species since it is not adaptable to size 
ratios observed in reality. Even though a variety of size ratios are utilised in literature such as 
𝑑𝑝 𝑑𝑠⁄ =5.5 [7], 𝑑𝑝 𝑑𝑠⁄ = 5 [14] and 𝑑𝑝 𝑑𝑠⁄ = 3.6 [8], we believe there is no definite choice. 
Instead, suspension microstructure and the type of intended rheology and relative viscosity 
dictate the appropriate size ratio at which correct simulation statistics are obtained. Regarding 
the solvent particles diameter set to unity in setting parameters of optimum case as introduced, 
the size ratio (𝑑𝑝 𝑑𝑠⁄ ) or solid particles size (𝑑𝑝) varies from 1 to 5 in this study. 

3.2.1 Diffusion patterns  

   The radial distribution function peaks roughly at unique radius ranges of 𝑟 r𝑐⁄ ~ 0.82-0.89 
and 𝑟 r𝑐⁄ ~ 1.005-1.09 respectively for solvent and solid particles regardless of 𝑑𝑝 value 
chosen.This conveys the fact that RDF is mostly affected by repulsion coefficient not the 
species size ratio. Therefore, the calibration process in this section relies on diffusion of solid 
mesoparticles rather than the RDF. Complicated measures must be taken to calculate the 
diffusion coefficient in the direction where streaming velocity dominates the particles 
transport. Hence, the diffusion coefficient is calculated for both species in 𝑦 and 𝑧 directions 
perpendicular to linear streaming velocity. Fig. 6 contains 𝐷𝑧 and 𝐷𝑦 diffusion coefficients 
plotted over the size ratio range 1≤ 𝑑𝑝 𝑑𝑠⁄ ≤5 for solvent and solid species. In Fig. 6 (a), 
solvent particles almost adhere to a unique diffusion pattern along both studied directions 
except at 𝑑𝑝 𝑑𝑠⁄ = 1. In Fig. 6 (b), the solid mesoparticles show relatively constant and equal 
𝐷𝑧 and 𝐷𝑦 diffusion coefficients (~0.2) for 1.4≤ 𝑑𝑝 𝑑𝑠⁄ ≤3.5 while sort of asymmetric 
diffusion is apparent out of this range. It shows that colloidal particles diffuse almost similarly 
and uniformly in 𝑦 and 𝑧 directions which proves that suspension homogeneity stays isotropic 
for these size ratios. Other prominent feature is convergence of solvent diffusion components 
to unity which shows that solvent diffusive behaviour is left rather intact for 4≤ dp ds⁄ ≤5. 
This is because of reduced number of solid particles influencing the solvent as species size 
ratio rises. It was decided not to bring the Mean Square Displacement (MSD) for simplicity 
since diffusion graphs express the same message. The best correspondence between 𝑦 and 𝑧 
diffusion and also MSD linear graphs takes place at 𝑑𝑝=1.75 as shown by a circle as the 
optimum size ratio to yield isotropic diffusion and homogeneity. For 1.0≤ 𝑑𝑝 𝑑𝑠⁄ ≤1.75, 
plotted density profiles for both solid and liquid phases shows uneven concave and convex 
extremisms as a result of mesoparticles agglomeration. This phenomenon influences the 
velocity profile accordingly and deforms its linearity to curvature. In general, as 𝑑𝑝 increases 
from 1 to 1.75 these anomalous behaviours are all rectified and density profiles become 
horizontal and linear velocity profiles are achieved. Further increase in 𝑑𝑝 value accompanies 
by increasing erratic fluctuations in density profile for solid particles only, while the liquid 
density profile and velocity profile behave still naturally. 
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Figure 1: Snapshots of equilibrated solid mesoparticles at last time step versus different repulsion coefficients,  
18.75 ≤ 𝐴𝑝 ≤ 3500. 

3.2.2 Temperature and rheological aspect 

   Deviation percentage of calculated relative viscosity (𝜂𝑟) from experimental values in the 
range of studied mesoparticles sizes are shown in Fig. 7. The absolute relative viscosity and 
system static temperature are also appended for clarity. Gradual decrement in suspension 
relative viscosity is the dominant trend as solid particles get bigger. For 3.5≤ 𝑑𝑝 𝑑𝑠⁄ ≤5, 

x 

y 

z 
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relative viscosity becomes independent of species size ratio. This means that the simulated 
system behaves differently from the actual suspension in which 𝜂𝑟 is very sensitive to solid 
particles size. Temperature assists greatly to spot the optimum species size ratio so that  
 

 
Figure 2: Radial distribution function dedicated to solvent particles plotted across studied repulsion coefficients. 

minimum system temperature occurs exactly at the point where least deviation of 𝜂𝑟 from 
experiment takes place, say 𝑑𝑝 𝑑𝑠⁄ =1.75. An abrupt jump in both relative viscosity and   
temperature is observed for 1.1≤ 𝑑𝑝 𝑑𝑠⁄ ≤1.2 where RDF of solid mesoparticles shows 
maximum concentration, i.e. agglomeration. Therefore, size ratio as well as the repulsion 
coefficient plays a key role to cause or prevent aggregates formation. The optimum size ratio, 
𝑑𝑝 𝑑𝑠⁄ =1.75, accompanies with lowest standard deviation or fluctuation in density profile of 
solid particles across the Couette flow. 

   A range of dissipation rates between solid particles, 4.5≤ 𝛾𝑝 ≤500, was also taken under 
examination, but no meaningful and monotonic correlation between γp, relative viscosity and 
temperature was tracked. In fact, all the studied data points had less than 2% deviation from 
experimental values. The value of γp=4.5 was found as the best dissipation rate with relative 
viscosity of 1.818. 

4 CONCLUSIONS  
   Dissipative particle dynamics method was calibrated against important DPD parameters for 
solid particles in order to capture the experimental behaviour in suspensions with least 
complexity and computational cost. Particle-Particle repulsion coefficient (𝐴𝑝), species size 
ratio (𝑑𝑝 𝑑𝑠⁄ ) and dissipation rate (γp) were taken under examination to clarify missing links 
between DPD setting  parameters and aggregate formation, diffusion patterns, RDF, relative 
viscosity and temperature. The following conclusions were found noticeable as drawn: 

• A bell-shaped behaviour was observed between repulsion coefficient (Ap) and peak 
magnitude in RDF graphs as a sign of agglomeration intensity of solid mesoparticles. 
For 18.75≤ 𝐴𝑝 ≤500, there exists direct relationship between 𝐴𝑝 and agglomeration 
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Figure 3: Radial distribution function dedicated to solid mesoparticles plotted across studied repulsion 

coefficients: part (a) 18.75 ≤ 𝐴𝑝 ≤ 500; part (b) 1000 ≤ 𝐴𝑝 ≤ 5000. The insets show the close-up view. 

intensity while for 500≤ 𝐴𝑝 ≤3500 it turns into indirect correlation. More specifically, for 
𝐴𝑝 <75 solid particles are fairly dispersed whereas for 75≤ 𝐴𝑝 <2000 symptoms of 
heterogeneity arises, and afterwards intense agglomeration is restored to a homogeneous 
suspension where experiment is achievable.     

• In the range of 18.75≤ 𝐴𝑝 ≤5000, suspension relative viscosity increases from unity up to 
experimental value (𝜂𝑒𝑥𝑝=1.8) at optimum repulsion coefficient, 𝐴𝑝=3500. Temperature is 
also cooled down as 𝐴𝑝 increment approaches the system viscosity to experiment.  

• Spatial correlation of solid particles expressed by RDF is mostly affected by interparticle 
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Figure 4: Maximum spatial concentration (RDF) of mesoparticles plotted against repulsion coefficient, 18.75 

≤ 𝐴𝑝 ≤ 5000. 

 
Figure 5: Deviation of system relative viscosity from experiment (ηexp=1.8) versus 18.75 ≤ 𝐴𝑝 ≤ 5000 together 

with system relative viscosity given as inset and histograms of temperature deviation from equilibrium. 

repulsion rather than species size ratio. Diffusion coefficients, Dy and Dz, remain equally 
constant (~0.2) within 1.4≤ 𝑑𝑝 𝑑𝑠⁄ ≤3.5 that proves the existence of an isotropic 
homogeneous suspension. The best correspondence between y and 𝑧 diffusion and also 
MSD linear graphs takes place at optimum size ratio of 𝑑𝑝 𝑑𝑠⁄ =1.75. 

• A monotonically declining correlation between ηr and species size ratio was tracked in 
which independence of relative viscosity from mesoparticle size happens in3.5 
≤ 𝑑𝑝 𝑑𝑠⁄ ≤5. System temperature minimises at 𝑑𝑝 𝑑𝑠⁄ =1.75 where experimental
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Figure 6: Variation of diffusion coefficient along 𝑦 and 𝑧 directions over the range 1≤ 𝑑𝑝 𝑑𝑠⁄ ≤5: Part (a) 
solvent; Part (b) solid mesoparticles. 

 
Figure 7: Deviation of system relative viscosity from experiment (ηexp=1.8) versus 1≤ 𝑑𝑝 𝑑𝑠⁄ ≤5 together with 

system relative viscosity given as inset and histograms of temperature deviation from equilibrium. 

viscosity value is reached at the same time.   
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