Mathematical Exploration of New ldeas Surrounding Capillarity Understanding in Science (M.E.N.I.S.C.U.S.)

George Andrews, Matthew Kearney, Heather Miller, Laura Nicholson, Zachary Richey, and Dr. Javed Siddigue

z

Faculty Advisor Dr. Dan Anderson
- GEORGE
Mason Experimental Geometry Lab N

December 04, 2020 UNIVERSITY

INTRODUCTION AND CAPILLARY STATICS CAPILLARY DYNAMICS

Washburn Equation (1921) M.E.N.1.S.C.U.S. Dynamics Equations (2020)

Navier-Stokes Equations (circa 1821)

Jurin’s Law (1718)

ou R R R N . __yrcoséb e Remove the assumption that the velocity is constant over time.
(1) p(—+u-Vu) = —VP + uV%i + pg h(t) = VDt, where D := — | ) |
: e : at H e The pressure gradient does not depend on the position coordinates but can
Maximum height is inversely proportional
to the radius of the tube. — depend on time.
R 2) V-Ud=0z P
//f. 1.6 . : : : : : : : : . . . ap
“ 0 e For a special case with a constant pressure gradient, assume — = —(; the
2y cos(0) P. h 147 T 0z
heq — * S /_J_,.x”z . .
pgr pg O 12} - s solution is:

0.8

G - pg 206G - pREC 1 ry -3
wir, t) = (R? — 72) — Z Jo (1, Z) e *"oR
4u T SV YA o (1z)

0.6

0.4 r

height 02| G—pg)R 2mp(G—pg)R3 1 by
1elgh | | | | | h(t) — ( 3pg) t-l— p( ng) zA_SHO(/—{n) (e pR2 _1)
: : : Washburn’s Model: Later Models: o 10020 %040 50 e T0 80 8000 3 3 n=1""
Caplllary pressure in terms of saturation Bundle of Capillary Tubes Regular Sphere Packing tume _ _ _
Numerical Simulation of Unsteady Flow e For a more complex case where pressure is a function of time, assume
2D Area Bounded by Circles 3D Volume Bounded by Spheres Packing Type | Unit Cell| APF P, ap ,
e _— osin(ors) 2 -~ == W(;ﬁ); the system is given by:
- - 0 7 sin ¢ sin 2y
Simple Cubic 52.36% s’ R
0 " ow 1 P, u o ( aw)
=Fa- T T T T +g=0
o/ | msingsin(p+0) 2+ Fefaie Assume the meniscus ot  ph(t) por ar Y
BCC 68.02% B oo R atz = h(t) is approximately flat
1 3 and capillary pressure
is constant. % _ i R W(T t)TdT' =0
FCC 74.05% | TSnosin(o+6) 2y ac R270
2 ' 4—1sin” ¢ R
D < 0 1 2 3 4 w(R,t) =0
S S
F,(S) = na(2R, sin(nS) — ly) sin(rS + 6) F,(S) =mo (ZROSiTL (f(l R )) — l0> sin <f(l R) + 9) HCP 74 05% msin gsin(¢+0) 2y w(r,0) =0
02220 0,720 ' 2\/§—7rsin2¢ R
h(0) =0

Numerical Simulation of Unsteady Flow

CLASSICAL RESULTS AND NEW EXPERIMENTS

FUTURE RESEARCH ACKNOWLEDGEMENTS
AND REFERENCES

W
o

. Water, Food Coloring, Glass Tube

Water, Food Coloring, Magic Eraser
’ « Mixture Theory: How liquids and gases permeate a material
25
> . :33-1?0pm’ ] ol T 20 - Deformable Materials: How material expansion and deformation We would like to thank our project mentor, Dr. Anderson. We
E 80-212 um | - =
3 : BHLa0 ] 5l £¢F affect capillarity would also like to thank Dr. Siddique, who joins us from Penn
s _ 10 _ _ _ State: Jessica Masterson, our Graduate Research Assistant;
po 10 * More Simulations: Numerically solve the problem of unsteady flow ,
df.o.s vl o wesil sqanli 5 50 and MEGL for supporting our research.
o e e e 5o in a tube, like we did for parallel plates
ifc —x, - R
Delker, Pengra and Wong (1996) Lago and Araujo (2000) Do 05 1 15 2 2'5 s 35 4 45 & ° ° 0 e sl " 2 ” R d S h P k A b tt . t f
Water, Gl Col , Gl Bead Water, Gl Col , Gl Bead ' ¢ . “ : :
ater, Glass Column, Glass Beads ater, Glass Column, Glass Beads andaom opnere Fackings etier approximation 10r porous T. Delker, D. Pengra, and P. Wong. Interface pinning and the
materials dynamics of capillary rise in porous media”. Physical Review

Letters, 76(16):2902-2905, 1996.

- Water, Food Coloring, Cellulose Sponge

M. Lago and M. Araujo. “Capillary Rise in Porous Media”. Journal
of Colloid and Interface Science, 234(1):35-43, Feb. 2001.

h(cm)

J. |. Siddique, D. M. Anderson, and A. Bondarev. “Capillary rise
of a liquid into a deformable porous material”. Physics of Fluids,
21(1):013106, 2009.

10!

wet region height (cm)

Experimental
—— Washburmn
----- Algebraic

il Ty B T o e |

10 10° 104 105 -5 100 107 E&e{secona'é’;
s

Lago and Araujo (2000) Siddique, Anderson, and Bondarev (2009)
Oil, Glass Column, Sand Packing Water, Sponge

E. Washburn. “The dynamics of capillary flow”. Physical Review,
17(3): 273-283, 1921.

0 0.5 1 1.5 2 2.5 0 10 20 30 40 50 60 70 80 90
time (seconds)




	Slide Number 1

