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Our experimental capability spans light and heavy duty
engines, with particular expertise in imaging techniques

Optical eggine diagn

Laser and optical

techniques




Microgravity

*®

Wrlvarakly of Deighias

MANAGEMENT IN
MICROGRAVITY

heat control in a floating world

ﬂlv
ers:ty "fﬂng/,,

Best M5/7€5/£ 2

@k/\l Ry

Hybnd heat pipe for space and ground applications




My research projects

Parts of the Nephron Filtered
Unfiltered
Nephron - Blood In

Unfiltered

Meibomian

Gland
Glomerulus Tubule

Meniscus

\ Upper Meniscus
\ Black line Lacrimal

Lacrimal Punctum Lacrimal
g ’ Tear film Sac & Gland
Kidney Cross Section N b = g i Comea
. ’ I f Black line
< Meniscus

MCJ

/
e Eyelid analculi
f Lower Meniscus
Conjunctival/
Fornical Sac | Nasolacrimal Conjunctiva
Duct




The drag-out problem

Model includes

« Gravity;
« Capillarity;
« Perfect Wettability.

If o is small, then Ilubrication
approximation can be used, and the
Stokes set can be reduced to a single
equation
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E.S. Benilov, V.S. Zubkov (2008) J. Fluid. Mech.

E.S. Benilov, S.J. Chapman, J.B. McLeod, J.R. Ockendon and V.S.
Zubkov, (2009) J. Fluid Mech.




The Human Tear Film Modelling

Tear Film Dry Eye Syndrome

What is the salt
concentration
here?
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Mathematical model of Kidney Development
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Mammalian kidneys are vital organs that filter wastes such as
urea from the blood and excrete them, with water, as urine.




Kidney morphogenesis (observations)

The pictures are provided
by Dr I. Smyth and Prof. M.
Little




Mathematical Modelling

First branching of the Bud (gray curve is the boundary of the epithelial

explant
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Problem Statement

Current mathematical models of
sprays use spherical approximation
for droplets.




Problem Statement

However...

Current mathematical models of
sprays use spherical approximation
for droplets.




Problem Statement

Can the spherical approximation of droplets be used?

We will consider heating and evaporation of a single non-
spherical droplet and compare it with a spherical one.

?




Mathematical Modelling

Heating and evaporation of a single non-spherical droplet.

Droplet .




Mathematical Model

T— temperature: :
Heat capacity

Tonini & aT
Cossali [ 6" — V(kVT)

solution
Droplet density Thermal conductivity

Boundary conditions at the drop surface:

—n(—kVT) = h(T, — T) — g J

Normal to the surface fij Heat transfer @i Latent Heat of
coefficient vaporisation

Defined by S. Tonini, G.E. Cossali
(2014) solution for the gas phase

o =-UT,x,y,2)




Model parameters

Temperature [K] Temperature [K]




Results: Prolate droplet

ﬂax: 300 Max: 515.915

510

1500

490

r 1480

470

460

1050 05 1 15 2 4 D5 0 05 1 15 2
r[m] x10™ Min: 300 r[m] %107

T[K] Max: 619.033 T[K] Max: 631.601

618
\ t=0.004 s I : t=0.004885 s Iﬁ3ﬂ

616
r 1628

Min: 452.5

1614
F 1626
- 1612

r 1624

1610

/ - 622

04 08 606 -1.5-05 05 1.5 25 35 6%
r [m] x10™ Min: 605.584 r[m] x10”7 Min: 619.062




Results: Oblate droplet
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Results. Droplet evaporation time

x10_'5

15 225 3 35 445 5
Time (s) -3

x10

© ==



Conclusion

Local temperatures can vary noticeably along the droplet
surface.

Droplet becomes more spherical.

The effect of droplet non-sphericity on the evaporation
time of droplets was shown to be relatively small for the
range of parameter values under consideration.
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