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We use a mesoscopic particle-based simulation technique to study the classic convection-
diffusion problem of Taylor dispersion for colloidal discs in confined flow. When the disc
diameter becomes non-negligible compared to the diameter of the pipe, there are important
corrections to the original Taylor picture. For example, the colloids can flow more rapidly
than the underlying fluid, and their Taylor dispersion coefficient is decreased. For narrow
pipes there are also further hydrodynamic wall effects. The long-time tails in the velocity
autocorrelation functions are altered by the Poiseuille flow.
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1. Introduction

In a classic paper [1], the great Cambridge hydrodynamicist G.I. Taylor studied
the convection-diffusion behaviour of small tracer particles that are introduced
into Poiseuille flow, that is laminar flow between plates with stick boundary con-
ditions. Because the fluid velocity is zero at the plate surfaces, an inhomogenous
flow velocity is generated of the form [2]:

u(y) =
3

2
ū

(
1− y2

L2

)
, (1)

where ū is the mean velocity, 2L is the plate separation, and y is a coordinate
measuring the distance from the centre of the pipe. The maximum velocity u0 = 3

2 ū
is at the centre of the flow profile. Taylor pointed out that if a solute particle diffuses
between the stream-lines of such a flow field, which have different velocities, then
it will acquire an axial diffusive component relative to the average flow field, an
effect now called Taylor dispersion.

Taylor’s argument is further illustrated in Fig. 1: for time scales much less than
tD ∼ L2/D, which measures the time for a particle with diffusion constant D to
diffuse over the radius of the pipe, convection initially stretches the solute into a
parabola. The solute at the front end of the parabola leads the solute at the edges
by a distance u0t after a time t. On time-scales on the order of tD, diffusion across
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Figure 1. Taylor dispersion between parallel plates: The initial solute gets stretched to a paraboloid
shaped plug. Diffusion, indicated by the vertical arrows, evens out the concentration profile leading to a
wider plug. Taylor dispersion describes the diffusive spreading of width of the plug. This explanation is
adapted from ref. [3].

the channel will smear the parabola into a plug of width WtD ∼ u0tD = u0L
2/D.

This process can be described as the plug taking a random step of size ∼ WtD at
each ‘time step’ tD. If we now repeat the process for different stripes of the plug,
each convectively stretched then diffusively smeared, then after N steps the plug
will have evolved to a mean squared width of

〈W 2〉 ∼ NW 2
tD ∼

u2
0L

2

D
t. (2)

Accordingly, in addition to molecular diffusivity D, the solute can be seen to diffuse
along the channel, with respect to the average flow, with an effective dispersion
coefficient

DT ∼
u2

0L
2

D
. (3)

Note that the effective dispersion coefficient is inversely proportional to the
molecular diffusion coefficient, which may seem counter intuitive at first glance.
However, solute molecules with higher molecular diffusivities spend more time dif-
fusing across the pipe and less time sampling particular velocity streamlines, thus
reducing their effective spreading.

In his original work, Taylor derived the asymptotic form of the dispersion coef-
ficient. For flow in a three dimensional pipe of radius L this takes the form [4]

DT =
ū2L2

48D
. (4)

Later, van den Broeck [5] derived an exact expression for the dispersion valid
at all times. Further work in the field has lead to the development of a more
generalised Taylor dispersion theory that has many applications [6]. For example,
Taylor dispersion has been extensively used to study the diffusion coefficients of
small molecular solutes [7]. Experimental setups examining molecular Taylor dis-
persion use tubes of the order of a few mm in diameter and lengths of many meters
and can routinely measure D with accuracies as high as ±1% [6]. Taylor dispersion
in oscillatory flows, such as those that arise in estuaries and blood flow have also
been the subject of intensive study [6].

Much of this work has focussed on particles whose radius R is much smaller than
the channel radius L. In this paper, we study what happens to Taylor dispersion
when the particle radius R is no longer negligible compared to the pipe radius,
building on earlier work by Brenner and Edwards [8]. We focus on colloidal sus-
pensions since it should be fairly straightforward to make microfluidic channels [3]
with narrow enough widths to observe the qualitative effects we measure in our
simulations. We find firstly that a colloid flows faster than the average velocity
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of the underlying solvent, mainly because the colloid is excluded from the slowest
flow lines at the edge of the flow profile. Secondly, the Taylor dispersion coefficient
is decreased, because the colloid can sample a smaller range of flow velocities. Fi-
nally, for very narrow pipes more subtle hydrodynamic effects arising from direct
interactions with the walls start to become important.

To include the hydrodynamic interactions (HI) for the colloids, we use a
mesoscale simulation method based on the stochastic rotation dynamics (SRD)
algorithm of Malevanets and Kapral [22, 23]. Note that in the literature, this
method is sometimes also called multiparticle collision dynamics, see the recent
review by Kapral [24] and by Gommper et al. [25]. In a previous paper [21] we
presented a careful analysis of how to retain both the Brownian fluctuations and
the long-ranged hydrodynamic interactions for colloidal suspension by using SRD.
The SRD method has been applied to a wide number of different systems, including
fluid vesicles in shear flow [26], clay-like colloids [27], sedimentation of hard-sphere
colloids [28, 29] and attractive colloids [30, 31], cluster formation in attractive col-
loids [32, 33], tracer diffusion of colloids [34, 35] colloidal rods in shear flow [36],
knots in viral DNA [37], and many other systems [24, 25]. We have applied this tech-
nique to diffusion in two dimensions [38] and to one-dimensional diffusion in narrow
channels [39]. In this paper we will carry out most of our simulations and analy-
sis in two dimensions, simply because simulations are easier, and the fundamental
physics we are after should not be qualitatively different from three dimensions.

The paper is organised as follows: In section 2 we describe and justify the meso-
scopic simulation method we use to obtain a coarse-graining scheme for colloids.
In section 3 we describe our main results for Taylor dispersion for the situation
where the colloid radius is not negligible compared to the pipe width. Finally, in
section 4, we discuss our main conclusions.

2. Coarse-graining dynamics of colloids

In this section of the paper, we briefly review the mesoscopic simulation method
we employ, and show how it can be used to bridge the time and length scales of a
colloidal system where HI are important. Coarse-graining is needed to treat colloids
in suspension because of the enormous time and length-scale differences between
mesoscopic colloidal and microscopic solvent molecules. Even a nano-colloid of only
10 nm in radius will displace on the order of 140,000 water molecules. Moreover,
such a small colloid would still need about 5×10−6 s to diffuse over its radius, while
a typical collision time of water molecules is on the order of 10−15 s. Simulating
just a few nano-colloids in solution is therefore prohibitively expensive with any
explicit model of water. On the other hand, it is clear from experiments that many
general properties of colloidal suspensions, such as phase behaviour and basic non-
equilibrium behaviour, do not depend strongly on the radius R of the particles,
even though the number of water molecules per colloid scales as R3. This physical
fact immediately suggests that coarse-graining methods which ignore the fine detail
of the solvent should be applicable.

2.1. SRD method

The solvent induces Brownian motion and long-ranged hydrodynamic interactions
(HI) [9, 10] between the colloids. These HI may decay as slowly as 1/r and can
qualitatively affect the dynamical behaviour of a suspension. To describe these ef-
fects, we follow [21] and implement the SRD method [22]. The method works by

3



February 19, 2015 Molecular Physics Taylor-version3

exploiting the fact that Navier Stokes hydrodynamics arises from local momentum
conservation. Thus one can employ greatly simplified dynamics that are computa-
tionally very efficient to simulate, and still generate hydrodynamic behaviour. SRD
has the particular advantage over some other particle-based hydrodynamic meth-
ods that transport coefficients have been analytically calculated [41–43], greatly
facilitating its use.

The SRD fluid is modelled by N point particles of mass m, with positions ri and
velocities vi. The coarse graining procedure consists of two steps, streaming and
collision. During the streaming step, the positions of the fluid particles are updated
via

ri(t+ δtc) = ri(t) + vi(t)δtc. (5)

In the collision step, the particles are split up into cells with sides of length a0,
and their velocities are rotated around an angle α with respect to the cell centre
of mass velocity,

vi(t+ δtc) = vc.m,i(t) +Ri(α) [vi(t)− vc.m,i(t)] (6)

where vc.m,i =
∑i,t

j (mvj)/
∑

jm is the centre of mass velocity of the particles the

cell to which i belongs, Ri(α) is the cell rotational matrix and δtc is the interval
between collisions. The purpose of this collision step is to transfer momentum
between the fluid particles while conserving the energy and momentum of each
cell. The algorithm is efficient because direct interactions between the particles are
not taken into account.

Spherical colloids of mass M can be embedded in an SRD solvent using a Molecu-
lar Dynamics technique, as first shown by Malevanets and Kapral [23], and studied
in detail in ref. [21]. We employ the following scheme: for the colloid-colloid inter-
action we use a standard steeply repulsive potential of the form:

ϕcc(r) =

{
4ε
((

σcc

r

)48 −
(
σcc

r

)12
+ 1

4

)
(r ≤ 21/24σcc)

0 (r ≥ 21/24σcc)

while the interaction between the colloid and the solvent is described by a similar,
but less steep, potential:

ϕcs(r) =

{
4ε
((

σcs

r

)24 −
(
σcs

r

)6
+ 1

4

)
(r ≤ 21/6σcs)

0 (r ≥ 21/6σcs)

where σcc and σcs are the colloid-colloid and colloid-solvent collision diameters.
Coupling the colloids in this way leads to slip boundary conditions. Stick boundary
conditions can also be implemented [44–46], but for qualitative behaviour, we don’t
expect there to be important differences.

A flow is generated by applying a body force on the fluid, which is equivalent to
a constant pressure gradient along the channel.

We propagate the equations of motion of the colloidal particles with a velocity
Verlet algorithm using a molecular dynamic time step ∆t which is possibly smaller
than δtc. In parallel the velocities and positions of the SRD particles are streamed
in the external potential given by the colloids and the external walls and updated
with the SRD rotation-collision step every time-step δtc. We chose σcc = 4.3a0.
Throughout the paper we refer to the colloid radius R = σcc/2. The choice of time-

4



February 19, 2015 Molecular Physics Taylor-version3

steps, as well as a number of other technical issues are described in more detail in
ref. [21] and, for the case of two-dimensional discs, in [38, 39, 47].

2.2. Dimensionless numbers and telescoping down time-scales

Hydrodynamic phenomena occur in different regimes that are set by a set of dimen-
sionless numbers. Therefore, one key step in the implementation and interpretation
of these kinds of coarse-grained dynamical simulations is to make sure that they are
in the right regimes in order to reproduce the correct physical behaviour. Typical
key numbers include the Reynolds number Re which measures the relative strength
of viscous and inertial forces, and the Mach number Ma, defined as the ratio of a
typical colloidal velocity to the velocity of sound cs of the underlying fluid. In a real
colloidal system, Re and Ma are very small, typically on the order of 10−6 or less.
Nevertheless, as long as one keeps them less than about 10−1, the physical regime
does not really change, a fact that can be exploited in simulations, as discussed in
more detail in ref. [21].

A related set of arguments can be made for the time-scales of a typical colloidal
system. A colloid of radius 1µm diffuses over its radius in a time of order several
seconds. Once the solvent is coarse-grained out, the shortest physically relevant
time-scale for the colloidal dynamics is the Fokker-Planck time τFP , defined in
ref. [10] as the time over which the colloidal force-force correlation function decays.
For our 1µm colloid this may be as small as 10−13 s. Other important time-scales
include the sonic time-scale tcs = R/cs, on the order of 10−10 s for a 1µm colloid.
The kinematic time-scale τν = R2/ν which measures the time for vorticity, which
diffuses with the kinematic viscosity ν, to diffuse over one colloidal radius is also
important, and linked to the Re number. The discussion above demonstrates how
these time-scales can be separated from each other by many orders of magnitude
in a typical colloidal system. As first discussed in Ref. [21], and as illustrated in
Fig. 2, in a dynamical coarse-graining scheme the time-scales can be telescoped
down to a hierarchy which is compacted to maximise simulation efficiency, but
sufficiently separated to correctly resolve the underlying physical behaviour. Once
the simulation is completed, it can be mapped back onto a real physical system by
telescoping out to the correct time and length scales. For the simulations in this
simulation, we employ this general strategy for diffusive time and length scales,
but also separately for time-scales on which velocity auto-correlation times decay.

Having sketched our simulation technique, we now turn to Taylor dispersion
where diffusion, convection, and hydrodynamic interactions all play a role.

3. Taylor dispersion of finite sized colloidal discs

The Taylor diffusion coefficient for point particles in two dimensions can be easily
calculated by extending Taylor’s original calculation [1] to find [49]:

DT =
2ū2L2

105D
. (7)

As in Taylor’s original work, the calculations above assume that the molecular
diffusion in the axial direction is negligible. When this is not the case, it was shown
by Aris [50] that a good first approximation is to simply add the two coefficients:

DTA = DT +D. (8)
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Figure 2. Telescoping down: the hierarchy of time-scales for a free colloid in solution is compressed in
the coarse-grained simulations to a more manageable separation, and irrelevant time-scales are integrated
out. Here the example taken is for a colloid of radius 1 µm in H2O. Time scales from shortest to longest
include the fluid-fluid collision time τcol, the time τf , for the fluid-fluid velocity correlations to decay, the
Fokker-Planck time [10] τFP which measures the the decay time for colloidal force correlations, the sonic
time τcs for a sound wave to travel the radius of one colloid, the Brownian time τB on which the colloid
velocity correlation decays in the Langevin description, the kinematic time τν which measures the time
for fluid momentum to diffuse a distance equal to the radius of the colloid, and finally the diffusion time
τD which measures the time for a colloid to diffuse over its radius. Under conditions of flow there are new
time-scales such as the Stokes time τS which measures how long it takes for a colloid to advect over its
radius. As long as the physically important times are clearly separated, a coarse-grained simulation should
still generate the correct physical picture.

DTA is often called the Taylor-Aris dispersion coefficient.
When the colloid radius becomes comparable to the pipe radius L, the colloids

can no longer sample the entire Poiseuille flow profile. This leads to a number of
corrections [8]. Firstly, because the colloids are excluded from the slower flow-lines,
their average velocity is faster than the underlying flow of the fluid. For planar
Poiseuille flow the corrections take the form:

uc =
3

2

ū

L−R

∫ L−R

0

(
1− y2

L2

)
dy = ū

(
1 + χ− 1

2
χ2

)
. (9)

where χ = R/L measures the size of the colloid compared to the distance between
the plates. For infinitely small particles with χ = 0, the average velocity is uc =
ū, but as χ increases, so does the average velocity, until it reaches a maximum
of uc = 3

2 ū at χ = 1. This size exclusion phenomenon can used to analyse the
relative diameters of colloidal particles as is done, for example, in hydrodynamic
chromatography [51].

For finite χ, the Taylor dispersion coefficient also undergoes corrections [8]. It
is not too hard to see [49] that the exclusion of the colloid from exploring all
streamlines generalises the calculation of Eq. (7) to:

DT =
ū2L2

D

(
(1− χ)4

30
− (1− χ)6

70

)
(10)

for planar two-dimensional flows, which reduces to Eq. (7) if χ = 0. The radial
dispersion of the colloids is now effectively reduced as they are unable to sample
the higher velocity gradients near the edges, reducing the radial dispersion and
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Figure 3. Simulation snapshots of colloids in a Poiseuille flow field, with time increasing from top to
bottom, demonstrating the diffusive spread caused by Tayor dispersion

leading to a lower value of the Taylor dispersion coefficient.
Note, however, that the calculations above have ignored the direct hydrodynamic

interactions between the colloids and the walls. For three dimensions, Brenner &
Gaydos [52] used a moment analysis to show that the wall-colloid hydrodynamic
coupling reduces colloid velocity of Eq. (9) further. Secondly, the calculations above
have ignored the fact that the underlying flow profile is itself perturbed by the
presence of the colloids. Both these neglected effects should also affect the Taylor
dispersion coefficient, but there is little theoretical work in the literature that has
investigated this problem, and analytic results are hard to come by.

We therefore turn to SRD computer simulations to study the effect of finite par-
ticle size. Fig. 3 shows some typical snapshots of a colloidal dispersion undergoing
Taylor dispersion. We simulate up to 60 colloids in boxes of length 238R. We are
careful to insure that the Re number is always less than about 0.1, and that other
hydrodynamic numbers are also in the correct regime.

The first effect that we note is that the colloids can increase the overall viscosity,
which in turn affects the average velocity (note that in this work a fixed pressure
gradient is imposed along the channel). This is illustrated in the top panel of Fig. 4.
By fitting the measured profile for different colloid packing fractions φ we find that
the viscosity of the mixture scales roughly as ηφ ∼ (1+1.95φ)η0 in two dimensions.
In three dimensions and in the bulk, the pre-factor in front of φ is expected to be
2.5 [9, 10].

In the bottom panel of Fig. 4 we plot the average velocity uc of colloidal particles
as a function of the ratio χ = R/L. Because we normalize uc by the average velocity
ū of the fluid, the viscosity increase caused by the colloids is taken into account.
Nevertheless, we see a further reduction of the colloidal velocity compared to the
ideal calculation of Eq. (9). We attribute this to the effects of hydrodynamic inter-
actions with the walls, the same qualitative effect as predicted for three-dimensions
in ref. [52]. We also tested the average velocity of SRD tracer particles (‘ideal col-
loids’). These are point particles, but with a mass equal to that of the colloids
that interact with the walls with an interaction of radius R. Otherwise they don’t
interact with one another except through their participation in the SRD collision
rules. We expect that these particles have a smaller effect on the fluid flow profile
than the colloids do because they do not have explicit excluded volume interactions
with the fluid. As shown in the bottom panel of Fig. 4, for larger χ these particles
also don’t follow the ideal correction terms from Eq. (10). Again, hydrodynamic
interactions with the wall must be the cause of the observed additional reduction
in velocity.

Now we will turn our attention to diffusion and velocity fluctuations. Within
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Figure 4. Top: effect of the colloid concentration on the solvent flow profile. The straight line represents
the flow profile for a pure SRD solvent. The circles represent the flow profile for a homogeneous distribution
of colloids at a packing fraction of φ = 0.1 while the dotted line shows a fit with a Poisseuille profile for a
fluid with an increased viscosity. Bottom: the average flow velocities of colloids (solid circles) and ‘ideal’
colloids (open squares) are compared to the original simple prediction of Eq. 9 (solid line) that ignores the
hydrodynamic effects of the walls. The relative error bars (not shown) are expected to be on the order of
10%. For increasing χ = R/L, the hydrodynamic wall effects increasingly slow down the particles compared
to what one would expect if they just followed the unperturbed Poiseuille flow lines.

a simple Langevin picture, a colloid loses memory of its velocity fluctuations on
a time-scale given by tξ = M/ξ, where the friction coefficient ξ follows from the
Einstein relation D = kBT/ξ. Although for colloids this Langevin picture is heavily
oversimplified, see e.g. the discussion in the appendix of ref [21], for our purposes
here it should suffice for defining a useful reference time-scale.

An effective Taylor dispersion friction ξ∗ can be defined by invoking the
fluctuation-dissipation theorem such that DT = kBT

ξ∗ . In a simple Langevin pic-
ture, velocity fluctuations will die out on the time scale

tξ∗ =
M

ξ∗
=
MDT

kBT
=

2

105

MD

kBT

ū2L2

D2
=

2

105
tξPe2 (11)

where we have defined the pipe Peclet number

Pe =
ūL

D
=
τDL
tU

, (12)

which can be viewed as the ratio of the time τDL = L2/D it takes a particle to
diffuse across the pipe radius L, to the time tU = L/ū it takes the fluid to move in
the axial direction over that distance.

In order to compare the effect of the wall to the classic point-particle Taylor
dispersion theory, we simulated ‘point colloids’ by using SRD particles with the
same mass as the colloids (i.e. which are also allowed to come arbitrarily close to
the walls), and also studied the ‘ideal colloids’ described earlier (which are excluded
from the walls within a distance R). In the latter case we used a relatively small
diameter ratio of χ = R/L = 0.134 where we don’t expect large hydrodynamic
corrections due to wall effects [52]. Thus Eq. (10) for the corrections to the Taylor
dispersion coefficient should be fairly accurate. Fig. 5 presents the results of these
simulations. The top panel shows the running time-integral of the auto-correlation
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Figure 5. Top panel: integral of the axial velocity fluctuations relative to the average flow, DT (t) of
Eq. (13), for ideal SRD point colloids (solid line, χ = 0) and ideal colloids with a finite wall radius (dashed
line χ = 0.134). The straight horizontal lines depict the final DT predicted in Eq. (10) for χ = 0 and
χ = 0.134 respectively. Bottom panel: mean square displacement with respect to the average flow. Here
the horizontal lines depict the slope from the predicted final DT of the top panel.

function of the axial velocity fluctuations,

DT (t) =

∫ t

0

〈
δux(t′)δux(0)

〉
dt′, (13)

where δux = ux − uc, with uc the measured average colloidal velocity in the axial
direction. The horizontal lines in the top panel show the theoretical values for DT

predicted by Eq. (10) in the limit where it reduces to Taylor’s classic results, χ = 0
and for the simple wall corrections at χ = 0.134, respectively. In both instances, we
observe that the simulated integrals plateau near the horizontal lines, suggesting
good agreement with Eq. (10).

The agreement is further confirmed in the lower panel of Fig.5, which depicts the
mean squared displacement of the colloidal particles with respect to the average
position of all colloidal particles. This is expected to scale as 〈δx2〉 ∼ 2DT t. Note
that even for this relatively small value of χ, the Taylor dispersion coefficient DT

is decreased by a factor of about 2
3 , compared to the point particle case of Taylor,

while the average velocity is only increased by a factor of 1.1 due to the finite χ
corrections in Eq. 9. In fact it is not hard to see that the most that the velocity of the
colloids can be enhanced over that of the fluid in the limit χ→ 1 is by a factor 1.5
(ignoring hydrodynamic wall corrections), while the Taylor dispersion coefficient
tends to 0 in that limit. As another concrete example, consider a relatively modest
confinement of L ≈ 5R, i.e. χ = 0.2. This is enough to reduce DT (χ = 0.2) ≈
1
2DT (χ = 0), so corrections to the Taylor dispersion coefficient can be significant
unless χ is very small.

While Eq. (10) works well for the ideal colloids at modest confinement, it may
need to be modified for (excluded volume) colloidal discs because no effects other
than the inaccessibility of streamlines have been taken into account. In particu-
lar, hydrodynamic interactions between the discs and the walls may be become
increasingly important for larger χ. Fig.6 plots the mean square displacement with
respect to the centre of mass flow for colloidal discs. Simulation parameters were
chosen to ensure that φ < 0.1, that the self and Taylor dispersion are always clearly
separated, i.e. that DT /D = tξ∗/tξ ≥ 5, and that Re ≤ 0.1. The slope measures
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Figure 6. Effective mean square displacement of colloids undergoing Taylor dispersion (solid lines). Simu-
lations were carried for different values of χ = R/L. The linear dashed line represents the expected Taylor
dispersion for point particles, taken from Eq. (7), and the dotted lines include the effect of finite size
particles, as predicted by Eq. (10).

the Taylor dispersion coefficient DT and lies below the point particle prediction of
Eq. (7), as expected. The neglected hydrodynamic wall effects [39, 54] slow down
the average velocity, as shown in Fig. 4. Unfortunately, the error bars are too large
to establish how they further affect DT beyond the basic corrections of Eq. (10).

We also investigated the behaviour of the velocity (fluctuation) autocorrelation
function (VACF) C(t) = 〈δux(t)δux(0)〉 for colloids undergoing Taylor dispersion
in a pipe of width χ = 0.134. These are shown in Fig. 7, and compared to the
VACF for particles for the case of no flow. For short times both curves are well
described by a simple Enskog kinetic equation (see Ref. [21, 47]). Physically this
is to be expected, as these kinetic processes occur on time-scales which are much
faster than time scales associated with the flow. At long times the two VACFs
differ. As shown in the bottom panel, the particle without flow shows the expected
t−1 long time tail, first observed by Alder and Wainwright [53], and expected to
be a good approximation for confined flow in two dimensions [38]. This tail is
caused by hydrodynamic correlations that propagate through the fluid. For a finite
sized pipe, however, we expect the tail to feel the influence of the walls at longer
times [38, 54], and some evidence of this may be visible. Nevertheless, this tail
clearly differs from that of the VACF for Taylor dispersion, which shows a much
more rapid non-algebraic decay. This more rapid decay is most likely caused by
the fact that hydrodynamic correlations are washed out by the effect of sampling
multiple stream lines in the flow.

4. Summary and conclusions

We have used a hybrid MD-SRD technique to study colloidal discs in two dimen-
sions undergoing flow in a narrow pipe. We measured corrections to the average
flow profile, and found that the colloids move faster than the flow when the ratio
χ = R/L increases, but that hydrodynamic wall effects also slow down the colloids
when the pipes become very narrow. Finite χ has an even bigger effect on the
Taylor dispersion coefficient, decreasing its value from that expected for χ = 0.
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Figure 7. Decay of the velocity fluctuation autocorrelation function for particles without flow (circles)
and with flow, which generates Taylor dispersion (squares), for χ = 0.134. The solid line in the top panel
depicts the Enskog exponential decay. The dotted line in the bottom panel shows t−1 decay and serves as
a guide to the eye.

We also measured the velocity fluctuation time correlations under flow conditions,
and found that they decay more rapidly than in the case without flow, most likely
because the Taylor dispersion process breaks up the long-time hydrodynamic cor-
relations.

Given that we used a ‘telescoping down’ of the hierarchy of time-scales to derive
a tractable simulation scheme for the dynamics of our colloidal system, how would
one ‘telescope up’ to make experimentally relevant predictions from these simu-
lations? The first step is to cast properties of interest into dimensionless form as
much as possible. We see, for example, that the relative decrease of Taylor disper-
sion depends only on the ratio χ, and not on the absolute value of either the pipe
size or the colloid radius R. Thus many different experimental colloid and pipe
sizes should be describable by the same set of simulations. On the other hand, if
we are interested in the long-time tails, then a more subtle analysis is needed. One
can rather straightforwardly estimate tξ for colloids if one knows their diffusion
coefficient. However, the relative values of tξ and the diffusion time tD may be very
different in the simulation than in an experiment. That is not a serious problem, as
long as they are well separated. But it does mean that the two time-scales in the
simulation, one for diffusive behaviour, and one for the decay of the VACF, need
to each be scaled differently when comparing the same simulation to experiment.

So in the end, in order to interpret a coarse-grained simulation, the best advice
is to first carefully understand the underlying physics, an emphasis that has always
marked the influential work of Jean-Pierre Hansen in this field over many years.
We are pleased to dedicate this paper to the honour of his 70th birthday.
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