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Purpose of this meeting.

• Views of capillary net-
works.

• Probably retinal.

• Where else can capillar-
ies be seen?

What is MIRAW?
Mathematics Interdisciplinary Research at Warwick.
Support for this MIRAW Day comes from the MIRAW and the Centre for Scientific

Computing.
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Purpose of this meeting.

• Views of capillary net-
works.

• Probably retinal.

• Where else can capillar-
ies be seen?

Capillaries and the flow
through them can also be
seen through the skin around
the fingernails if illuminated
with high intensity infrared
light.
These images were taken in Clinical
Pharmacology & Therapeutics, led by
Professor Donald Singer. Within the Warwick

Medical School at University Trust Hospital at Walsgrave in

Coventry.
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Purpose of this meeting.
Views of capillary networks.
Probably retinal.
Where else can capillaries
be seen?

Capillaries and the flow
through them can also be
seen through the skin around
the fingernails if illuminated
with high intensity infrared
light.
These images were taken in Clinical
Pharmacology & Therapeutics, led by
Professor Donald Singer.

	  
These images should show smooth, untwisted capillaries. They don’t.
If true throughout the body, a possible source of high blood pressure.

What can be done about this?
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• BEGINNING: 3 years ago Professor Singer gave a seminar to the
Warwick Centre for Scientific Computing
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• BEGINNING: 3 years ago Professor Singer gave a seminar to the
Warwick Centre for Scientific Computing

• His question to us: Could a group of us in engineering and mathematics at Warwick
help him develop the visualisation and simulation tools he needed to facilitate a
symbiotic approach to answering this question.

The goal of this one-day MIRAW Day is to help us know what is currently being
done in these areas. Then, hopefully in the next two weeks, we will meet to determine
how best to apply our expertise.

In particular we want to know the state-of-the-art in visualising capillary flow, and
simulating it.

The long-term goals of the Warwick collaboration would be these:

1. Upgrade imaging facilities at University Hospital.

2. Develop simulations capable of representing these flows. In particular how clusters
form at constrictions, leading to traffic jams and back-pressure.

The simulations should:

Represent the background fluid. The red and white blood cells. The structure
of the cell walls.

– Less obvious but crucially important:

How to represent the soluble factors, in particular those related to stickiness and
clotting.
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3. Validation of simulations using images and flow observations. The simulations will
only represent a partial reality. Which properties are worth validating?

Can we reproduce the capillary structure for in-vivo patients?

4. Clinical studies and data bases. CPT has collected a substantial data base that
needs to be analysed and interpreted.

Once the simulations are validated, can they be used to characterise the morpholo-
gies observed? And if so, can this help us explain the origins of high blood pressure
in these cases?

5. Existing treatment.

Existing drugs can modify the stickiness of the blood (aspirin suppresses clotting),
others modify the response of the vessel linings to stimuli (α and β blockers for
example), weaken the strength of the arterial walls (calcium channel blockers) and
control other factors as well.

6. Future treatment.

Which combinations of drugs addressing these individual effects is likely to have
the greatest benefit for a given patient? Can simulations be used to provide insight
into the proper treatment?

To accomplish this bio-markers must be identified.

That is we need indices or measures of the risk of future disease or the response to
treatment.
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Can we relate: Observations

	  

To Simulations.
Flow-induced clustering and align-
ment of vesicles and red blood cells
in microcapillaries
J. Liam McWhirter, Hiroshi Noguchi, Ger-
hard Gompper
Institut für Festkörperforschung,
Forschungszentrum Jülich, 52425 Jülich,
Germany;

6



Current Warwick Engineering Capabilities

RBC	  Velocity	  Determina2on	  

•  image	  registra*on	  and	  pre-‐processing	  

•  skeleton	  extrac*on	  

•  sketch	  the	  skeleton	  to	  es*mate	  

	  	  	  	  	  	  	  horizontal	  and	  ver*cal	  displacements	  

•  velocity	  of	  all	  the	  pixels	  

Image	  Processing	  

2009-‐2010	  ES9P5	  Remote	  Sensing	  and	  Data	  Processing	  Presenta*on	   9	  

1 Introduction	  
2 Instrumentation	  
3 Imaging Process	  
4 Further Work	  
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Current Warwick Simulation Capabilities

Phase field methods for simulating ⇒

SFE for Biomembranes with Lateral Phase Separation Introduction

Biological Membranes with Lipid Decomposition

Elastic energy: Lipid bilayer resisting deformations.

[ Canham, Evans, Helfrich 1970s ]:

Represented by two-dimensional hypersurface Γ.

Fb =

Z

Γ

kκ

2
(κ − κs)

2
+

Z

Γ

kgg.

κ = κ1 + κ2 mean curvature, g = κ1κ2 Gaussian curvature,

kκ, kg bending rigidities, κs spontaneous curvature.

Line energy: The lipid molecules may separate and

form different phases.

[ Jülicher, Lipowsky 1993, 1996 ]:

Two smooth domains Γ1 and Γ2

with a common boundary γ = ∂Γ1 = ∂Γ2.

Fl =

Z

γ

σ̄

σ̄ line energy coefficient (constant).

[ Peletier, Röger ]

[ Baumgart, Hess, Webb 2003 ]
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Edinburgh April 8, 2010Diffusive particle hydrodynamics can simulate a visco-elastic fluid.
A cluster of 1D objects in a shear is elongated.

nonlinear elastic (FENE) springs:

fdumb!r" #
Hr

1$ !r=rmax"2
, (14)

where r is the separation between the endpoints of the dumbbell, H is the Hookean spring stiffness (at zero
extension), and rmax is the maximum extension of the spring.

As the first validation test, we measured the velocity profile in our shear cell, and obtained the expected
linear profile. The shear viscosity, however, is now weakly dependent on the shear rate, as shown in Fig. 2a.

We also measured the first normal stress difference, see Fig. 2b. The figure shows that the model does
achieve its goal, namely that it yields a normal stress difference, which for small _g increases as _g2. At shear rate
_g\1, the coefficient C1 starts to decrease notably.
The viscoelastic modes are represented by the FENE dumbbells, to which we have full access in the

numerical simulations. Fig. 3 shows the distribution of dumbbell orientation and extension. At low shear rates
the dumbbells are isotropically oriented. At larger shear rates the dumbbells become elongated, with the
typical orientation at a small angle with the stream direction. At the highest shear rate the distribution shows
almost zero angle of the dumbbells with respect to the stream lines.

The time evolution of a typical dumbbell orientation is plotted in Fig. 4. For small shear rates the trajectory
resembles a random walk in the configuration space, while at larger shear rates the dumbbells tumble: if by
fluctuation the two endpoints get to different height z, they are dragged with different velocities, resulting in a
horizontal stretch. If at this point the endpoints move to the same height, the differential drag disappears, and
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Fig. 2. (a) Viscosity as a function of the shear rate. For large shear rates the viscosity decreases slightly (shear thinning). (b) First normal
stress difference and (c) first normal stress coefficient. The normal stress difference is quadratic for small shear rate _g, but the coefficient
decreases significantly for _g\1.

Fig. 3. Distribution of dumbbell configurations in the shear plane. Each dot corresponds to the end-to-end vector of a dumbbell in the xz
plane. For small _g the orientation is isotropic, at moderate shear rates it is an elongated ellipse, and at large shear rates it is further
deformed. The sides of the box represent the maximum elongation rmax of the FENE springs.

E. Somfai et al. / Physica A 362 (2006) 93–9796

Ellak Somfai
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• Robert Kerr (Warwick) Introduction

V 11.20 - 12.00 Peter Bryanston-Cross (Warwick) Imaging in difficult environments:
The digital Ophthalmoscope and the potential creation of a low cost capillary
imaging system

V 12.00 - 12.40 Steve Morgan (Nottingham) Optical imaging of blood flow in the
microcirculation Abstract

• 12.40 - 13.40 Lunch

S 13.40 - 14.20 Colin Thornton (Birmingham) A combined DEM-CFD approach to
the simulation of blood flow Abstract

S 14.20 - 15.00 Jordi Alastruey-Arimon (Imperial) Pulse wave propagation in large
arteries: Modelling, validation and applications Abstract

S 15.00 - 15.40 David Kay (Oxford) Modelling coupled tissue mechanics-blood flow
within the heart

• 15.40 - 16.10 Tea

S 16.10 - 16.50 Matti Peltomäki (Jülich) Mesoscale simulation of blood flow in mi-
crocapillaries Abstract

S 16.50 - 17.30 Mark Blyth (East Anglia) Numerical computation of cell motion in a
branching flow
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