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ABSTRACT

We study the capillary rise of wetting in liquidy blightly modifying Ponomarenko’s result, a redgnt
derived and observet® law, without omitting the corresponding gravityrteand therefore we fintnew
()0.908%,, (t) instead, which corresponds to a 9% differencethieumore, in order to examine the
effect of corrected gravity, we extend the resulttbhe surface of a planetary body by correcting the
gravitational acceleration for its oblateness doififit and rotation. We find that experiments tlake place

on the equator result in highest capillary heighitgn those at mid latitudes and the poles. Sitgjlar
analyzing the effect of reduced gravitational stirgy on the capillary rise under conditions of ragmavity

in experiments aboard orbiting spacecraft, we firat equatorial circular orbits exhibit the higheapillary
heights, where equatorial elliptical orbits of largccentricities exhibit the smallest capillary giés.
Finally, we calculate the rate of change of the ismrs height in the time domain, for the different
laboratory conditions on the surface of the Eartti en space and as example. As an example we aay th
laboratory sites at the equator will exhibit largiese rates of change for the meniscus height. I1Srhyj for
experiments above a spacecraft we find that circetpuatorial orbits exhibit the highest time ratds
change, where elliptical orbits exhibit smallerginates that reduce as the eccentricity increases.

Keywords: Capillary Effect Rise, Capillary Height, Wetting,idlogravity, Gravitational Acceleration,
Oblateness

1. INTRODUCTION the shape of oil droplets for lubrication applioas
(Tanner, 1979), for the determination of the waelitgb
Capillary rise is used in the study of the perfoncea  of powders (Galetet al, 2010), among many other
of low-pressure plasma treatments with differenéega  applications. In addition, in plant systems, foonces are
on synthetic fabrics in order to improve wettakgilit involved in water transport from the roots, throutle
(Ferrero, 2003), in the study of the shape of araacing xylem elements to the roots. Water is transpiredufh
interface in a liquid gas system (Hoffman, 198%,aa the leaves pulling water up through the xylem of th
mechanism of water penetration into building maideri  plant utilizing this way the energy of evaporatiand
(Karoglou et al, 2005), for the characterization of the tensile strength of water. The movement of watemfr
structure of porous media (Marmur, 2003), in thedgt  the roots to the leaves is driven by a combinatén
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adhesion, cohesion and tension forces throughlagpil location of the front is then given by the equation
formations known as xylem structures (Nobel, 1999). (Ponomarenket al, 2011):

Capillary action effects are also of significanoar f

improvement of appropriate porous media involved in 2t pgr?
plant growth experiments in space (Jones, 19989199 h (rt) Ofj——-——t
Furthermore, the capillary rise of liquids plays an 1 1

important role in wetting phenomena and liquid ] ] o ) ]
motions through porous media especially under Taking the first derivative with respect taf Equation

microgravity because the capillary rise that is 1 @nd equating to zero we can obtain the radiuthef
suppressed under normal gravity become dominant€@ding meniscus and therefore we have that:

under conditions of microgravity (gravitational

shielding of capillary effects) (Kanelét al, 2000). [ﬂ} oot 2ert_, @
High altitude aircraft parabolic flights (EuropeSpace or ., J2pryt g

Agency Caravelle aircraft) and an orbiting spacgttid
(NASA discovery mission STS-91) have been used to Solving the equation below Equation 2 for wewe
obtain the leading radius of the meniscu® be:

)

conduct capillary flow experiments in porous medis,
part of a broader program aimed at a better
understanding of mechanisms involved in processes 13

designed to recover oil and gas from petroleum D( " ] (3)
reservoirs with the use of different fluids it hbsen 89°p’t

observed that there is a masking influence of nbrma

gravity on capillary flows (Schramnet al, 2003; Next, substituting Equation 3 in (1) without
Smirnov et al, 2004). Moreover capillary rise omitting ogrét/n as in (Ponomarenket al, 2011) we
phenomena have direct applications to a number offind that the capillary height rises as a functioh
problems associated with fluid handling in spackiales time t and h(t) is given by a slightly different
of various kinds (Ostrach, 1982; Schraremal, 2003).  expression that involves numerical factor (3/4)
The enhanced apparent capillary phenomena such as0.9085 and therefore we find that:

the capillary rise, that have been observed under

conditions of corrected gravity merit a further 32 }°

theoretical investigation to existing experimental Mea(t) O, (1 1t)D(490] [10.90856 f,( X (4)
models. Our study is based on the experimentaliset- 1
and derived and observed model introduced in
(Ponomarenket al, 2011) where two solid rods made

1.1. The Gravitational Acceleration at Orbital

of Plexiglas are pressed together by regularly epac Point and the Action of Gravity in
threaded rods and the capillary rise of silicon (thle Capillaries
wetting liquid contained in a Petri dish whose icatt In our effort to study the effect of gravity on

position is controlled by a Micro-Controle transtet  anjjaries in altered gravity environments let us

table) is observed through the cylinders and thecgnpsider the acceleration of gravity g at the stefaf
location of the liquid fronth(t) and its time evolutions 4 spherical body as well as at the orbital altitofiéhe
is_determined. The background laboratory in oudgtu spacecraft in which a capillary experiment is takin
will be (a) on the surface of a planetary body #bl  pjace under controlled conditions. At a radial aiste
inside an orbiting spacecraft. . r of the spacecraft from the center of the planetary
The organ model consists of a collection of phody we have that the corrected acceleration ismyiv

juxtaposed tubes of decreasing diameters as theyy the sum of three different components namely:
approach the corner ahg(r,t) is the location of the front

in the tube of radiug at time t. Based on Stokes' g (1)=g _ (r)rg,(r}g o) ®)

equation the driving capillary pressure gradieigﬂt is

M, where, ge.(r) represents the central part of the
balanced by both the force of gravity and the viscous  gravitational accelerationgy,(r) is the correction of
friction based on the velocity of the froht and the  the gravitational acceleration due to the oblaterss
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the planetary body and finallg..(r) the contribution _GM, 3GM_J,/., . )

in the gravitational potential due the rotation the 7R TR (3sirp- 1) - Revgeosy ©)
planetary body. Furthermore following (Haranas and

Harney, 2008; Haranast al, 2012) we write the Furthermore, thinking the Earth to be an ellipsoid
magnitude of the acceleration of gravity to be: revolution we can write that (Kaula, 2000) Equatidhn

_ GM 3GMR J,
SR PNE 12 orh

(3sin*p-1) -w’rcos’y  (6) Re = Req(l-[ f +g f'zj SinZ(pE+gf "Sin‘p .- J 10)
where, M is the mass of the spherical bodly,is the »R*“(l- fs'ﬁq’E)

zonal harmonic coefficient that describes the @vlass

of the Earth. Zonal harmonics are bands of latitude Where, ¢ is the planetocentric latitude arfd is the
whose boundaries are the roots of Legendre polyaomi Earth’s flattering that it is given by Equation 11:
(Vallado, 2001). This particular gravitational hanmic

coefficient is a result of the Earth’s shape andhisut fr= Req = Rool 33, Rof (11)

1000 times larger than the next harmonic coefficien Req 2 2GM
J; and its value is equal td, = -0.0010826260
(Vallado, 2001). Given that the radial distancettud where, Req and Ry, is the Earth’s equatorial and polar

spacecraft is given by Equation 7: radii and therefore. Equation 9 becomes:
a(l-ez) - GM.
— 7 gs - L.
(1+ecosf) % qu(l- fs"ﬁ”)z (12)
3GM. J,

——— B2 __(3sirfp-1) - 1- fsirf 20057
Equation 6 becomes a function of the spacecraltabrb 2R (1- frsirfq,)z( siTe ) &q( St <")‘”EC°S¢’
elements which for an elliptical orbit it takes tbem:

On the surface of the Earth and for the geocentric

g _ GM (1+ecosf)® latitude @ = 0°, 45, 90° Equation 12 results in the
“ ,512(1.92)2 following expressions for the gravitational accatem
. (8) Equation 13 to 15:
3GM J (1+
EF% (1 ecosf i -9 o 36h 3
2a (1-62) 90 = E 4 Ev2_ Reqa)éi (13)

R, 2R,

where, a is the semi-major axis of the orbiting

spacecraft,i is its orbital inclination and is its true Ojess = ZGME' =+ 3GMEJ? Z-fl[l-—ijeqsz (14)
anomaly and we have also used the relationpsirsin | R(1-1) 4R (1i) 22

sin (w+f), which is a standard transformation of celestial 2

mechanics relating planetocentric latitude, or

colatitude, to the inclinatiori, argument of the perigee ¢ =__SMe 4 3GM Jzz (15)
w and the true anomafyof the orbiting spacecratt. OR(1-F) R(1-1)

12. Capillary Rise of _Wettlng Liquids on the Therefore, substituting in Equation 4 we obtain the
Surface of a Spherical Body following expressions for the capillary height rise the
First let us consider a capillary experiment tledes ~ geocentric latitudes af = 0°, 45, 90° given above and
place on the surface of the Earth Re. In this case from  therefore we respectively obtain:
Equation 6 we obtain the following expression fbe t
acceleration of gravity corrected for the oblatenaad [Syzt[

the rotation of the Earth on the Earth’s surfacel an h(t)=h, (r t)=

aN\Y/3
GM, , SGMEJZ_RequEJ ] (16)
therefore the gravitational acceleratgybecomes:

4n\ R, 2R,
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N\L/3

GM,

2 Rezq(l' f')z (17)
= |+ 3OMe3 1[ ] ijeq 2

(1G] 5
"2

_ (34 om som3, ||
- o] ¥ e EY2 18
(=h. (w0 [4;»7(%(14')“ qu(l-ff” -

1.3. The J, Harmonic and Flattering Resulting
from a Surface Earth Capillary Experiments

Solving Equation 16 to 18 we obtain an expression f
the J, spherical harmonic of the Earth, as a functiothef
experimental parameters involved in a capillaryegixpent
that is taking place on the surface of the Earththarefore
we respectively find that Equation 19 to 21:

1, (3t+deih®(t)mp)

H=GM_R?(3J,-4 H(Jowm’®

24
(5 +GM ch° (1) %0 (3, - 4)) %)

Finally when¢ = 45° we obtain that Equation 25:

GM,,(1-33,) B(dnp
f'=112 = 2
\/ SR?qyzt

1.4.Capillary Height in
Conditions

(25)

Altered Gravity

Next let us consider a capillary experiment that is
taking place in altered gravity conditions and &rbore
specific in a spacecraft orbiting a spherical boiyst,
let us consider a circular orbits = O with various
inclinations i.e.,i = 0°, 45, 90°. Using Equation 8 we
obtain that the corresponding capillary heightsopee:

h(t)= h, (ert): [yzt(G'\gE+ 3GM, '{q Jz]- ] (26)

ol a 24’

Similarly Equation 26 to 31:

J,=-=|4- @ 19
S AP O B9 hi=n, ()=
, @ - a3 (27)
"2 3 NG s 2 7’t[ GMg | 3GM: R, J,( 3si f
3= 3(2' f ) Ry’t+h (t)(lGGME '(2' f) @we)’#’ (20) (/”7[ a2 + 23 2
: 12GMpy (1)
And finally:
1 (1-f)YR
Jy=+—— Tt 21 = =
: 3+ 4GMcpn h*(t) (21) h(t)=h, (r..t) y
-1
%(GM, . 3GM.R, J,( 3sirf f -1 (28)
Similarly we can also obtain analytical solutiom foe y[ azE + 2;"‘:{[1 2[ ° 5 D ]
flattering of a spherical body if the height h(t)eocapillary P
experiment can be measured from the casgs-o015°, 90. - - . : )
Here we only give the solution that results frgn= 90° Similarly, for elliptical orbits we obtain that:
geocentric latitude and therefore we can obtain the h(t)=h, (1 t)=
following expression for the planetary flattering be it s
. . -1
Equation 22 to 24: yzt[<3|v|E(1+ecosf)+ 3GM, R, J,( 1+ecos}“} (29)
— 2 4
Rt R%t? 1 pn| a*(1-¢) 24( 1-¢)
2JQ +R,(H )]’
[ T 1 h()=h, (1.)=
6 6:3) |3 1/3
f.:+[2 QR (H - )Js (22) GM, (1+ecosf) B
3 2Me\ 2T RS
h*(t) Ramw s @(e)
Where: pi1| 3GM, R, I, 1+ecosj4(35in2 f -1] (30)
a(1_2\ 2
H = 2GM,,(4-33,) B (ol (23) 2a'(1-¢)
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h(t)=h, (r..t)=

A\L/3

) &
pn| 3GM, R, J,( 1+ecos}’ (Ssinz f -1}
2&1“(1-6)4 2

1.5. The J, Harmonic and Flattering Resulting
from Space Experiments and the Rate of
Change of Meniscus Height

Next, let us consider a capillary experiment thsat i
taking place in altered gravity conditions and ® b
more specific in a spacecraft orbiting a spherbxady
of oblatenesg,. First, let us consider a circular orbits
e = 0 with various inclinations i.ei, = 0°, 45°, 90°.
Using Equation 8 we obtain that the corresponding
capillary heights become Equation 32 to 34:

_a [ 3ayi
JZ_GR?[4+GMEH’(Q'7P] (32)
3= 3a'y’t - 4GM, & h3( t)iypz 33)
9GM. (1) I{np(sinzu -5)
3a'yt - 4GM_ & h3( t) np (34)

2~ 6GM, I (1) R (1-3siry)

where, for circular orbits the element of true aadyn
cannot be defined and gets replaced with the argume
of the latitudeu instead. Similarly for elliptical orbits
we find that Equation 35 to 37:

a2(1-e2)2{

3a’(1-€)yt-4GMh°
(t) pn-4eGM. K ( § cos{ 2+ecosf

J,= - (35)
6GMR, I¥( 1) pn(1+ecosf)
(1-¢) [Saz(l-ez)zyzt-4GMEh3(t);1p-]
4eGM_ 1 ( ) npcosf( 2+ecos)
J,=- —— (36)
3GMR,, (1) o (1+ecosf) (SSlﬁ f ?
az(l_ez)z[Saz(l-ezyzt-4GMEh3(t);7p }
5= -4eGM, i ( {)ypcosf( 2 +ecos) (37)

6GMR,, I ( l)pn(l+eCOSf)4( 3sin f )

///// Science Publications
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As a last step of our work we calculate the
velocities at which of the meniscus height changing
Therefore on the surface of the Earth we obtain tha
Equation 38:

1/3

3y2
GM,
RE,(1- fsirfp)’
3GM_J,
2R, 1- Psirip)’
Ry ( 1- f'Sirfgo) w20y

-2/3
t

(38)

4pn (3sirfp-1) -

which for the particular latitudeg = 0°, 45°, 90°
takes the form Equation 39 and 40:
GM,

|

2 R?q(l_ f')
3GM.J,

4F§q( r

1—
2

3,))2

4on

GM¢ , 3GMJ,
2
&q zgq

1
Vi = 3

N3
_Reqszcoszq;J J t%* (39)
13

Yy

t2° (40
o (40)

f
2

2
E

JZ El( J&“w

1/3

and finally Equation 41:
GM(1-3J,

col
Ra(1- )’

Next, let us proceed with the calculation of the
velocity of the meniscus height in space and in a
microgravity environment let us consider the
acceleration of gravity at the orbital altitude thfe
spacecraft. Since the derivatiwer. t. to timet should
be taken, we write Equation 8 as a function of time
making use of well known transformations of celalsti

21

3

3})2

4on

-2/3

Vit (41)

PI
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mechanics. For that we use the relation between the

true anomalyf to the true anomalyl (Murray and
Dermott, 1999) Equation 42:

f = f (nt)»M +2esinM +g sin2M =nt
4

2 (42)

+2esin(nt) +57 sin(2nt)...

Using Equation 40 and substituting in Equation 8
and then Equation 8 into Equation 4 we obtain that

Equation 43 and 44:

)=, (9= @
Where:
o - S0Lzed L)

(44)
3GM. R J_( 1+ecosf )’

28.4(_']__ 6‘2)4 (Sinzisinz f( nt) _])

where, f(nt) is given by Equation 5 and whereis the
mean motion of the spacecraft in rad/s and thesetioe
capillary meniscus velocity on a general ellipticabit
of eccentricity e and semi-major axisa becomes
Equation 45 to 49:

43)
_\npQ Q

h(t) — 62/3Q12/3t2/3 (45)
Where:
3 5née
A=n+2necog n} Y cof 2nt (46)
_ 5¢
B =nt+2ecoq n) ey co$ 2nt (47)
y2
Q= ; (48)
GM_ (1+ecosB
az(l-ez)2
’ 3GMR L( 1+ecos$4( s Bsin i-)
b 4
2a*(1-¢€)

///// Science Publications

__ 2eAsinBGM ( 1+ecosp
az(l-ez)2
2 3GM, J, R Asin2Bsih(i 1+ecogB
2at(1-¢€)'
,6eGM AJ R sinf st Bsin i )1
a‘(1-¢)'
Q=- N 2( ) 2
GM (1+ecosB”
az(l-ez)2
3GMR J( 1+ecos$'( st Bstn i-)
4
2a*(1-¢)

(49)

np

Specifically, for circular orbite = 0 andd = 0°, 45°,
90° we obtain respectively that Equation 50:

v:{ y? (6GME+ 3GM, R Jzﬂ

1/3

(50)

36opt* | a? 2a’

Next defining Equation 51:;

= 51
@ a? 2a* 2 (51)

GM. SGMEF{J{sinZ(nt)_l]

And therefore Equation 52:

1/3
3" GMeResin( 2n) t
4a'pnQ; npQy

(52)

And finally Equation 53:

1/3
3" GMeResir( 2n) t
2a' pnQZ npQ;

(53)

For elliptical orbits with eccentricitg # 0 and the

same inclinations as above we obtain the following

capillary meniscus height velocities when the expent
takes place in orbit and therefore for= 0° we obtain
Equation 54 and 55:
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GM ,(1+ecosB’ 3GM, R 1,( 1+ecos}

= 2 7 54
T P 24(1-9) &9
:_2eAGME(1+ecost sinl
’ az(l-ez)2
(55)
_6eAGM, R J( 1+ecosp sinl
2a' (1-¢€)'

And therefore the meniscus capillary height velocit
in an equatorial elliptical orbit becomes Equatién

43)
_\rQ Q

h 7
(1) 62/3(17pQ4)2 3213

(56)

For the inclination of 45° we similarly obtain that
Equation 57 to 59:

GM _(1+ecosB’ )
az(l-ez)2

3GM. R 1+ecosbf(sin28_1J
2a“(1-ez)4 2

Q=
(57)

_ 2eAGM,( 1+ecosif sinB
’ az(l-ez)2
3eAGM, R J( 1+ecosg sin2B
4a*(1-¢)'
6AeGM, R J sin 1+ecos)l§(sin28 j
+ : -1
a*(1-¢) 2

Lwal3]

h 7
(1) 62/3(17pQ6)2 31213

(58)

(59)

2.NUMERICAL RESULTS

Next, for the evaluation of our results we are goin
to use the following parameters, a cylinder diamdte
10 30 mm, which implies a capillary radius= 0.005-
0.015 m, filled with silicon oil of liquid surfacension
y = 20 mNm* and viscocity7 = 10-1000 mPas and
silicon oil densityp = 760 kg/m (Ponomarenket al,
2011). Similarly, for the mass/radius of the Eavitb
use Mg, = 5.9410* kg and Re = 6378.1363 km,

///// Science Publications

angular velocity of rotationy: = 7.29211%10° rad/s
(Vallado, 2001) and the oblateness coefficignt= -
0.0010827 (Kaula, 2000) and the period of the
revolution of the spacecraft at 300 km e, =
5463.282 s and its mean motiorr 0.001149492 rad/s.
Our results are tabulated in the tables below.

3. DISCUSSION

As a first step;Table 1 below presents the numerical
results for the meniscus capillary height and for a
experiment that takes place on surface of the Easihg
Ponomarenket al (2011) result, as well as the corrected
acceleration at various geocentric latituges 0°, 45°,
90°, in the time interval = 100 s. Next, inrable 2, we
present numerical results Capillary meniscus hdihan
experiment that takes place on the Earth for 180dsat
various geocentric latitudes and using our modified
gravity result as given by Equation 4.

Similarly, in Table 3-6 we present capillary height
raise for various orbital eccentricities when tlagtigular
capillary experiment is taking place aboard an torpi
spacecraft 300 km above the Earth surface, using
Ponomarenkoet al (2011) as well as our corrected
gravity results. InTable 7 we demonstrate the change of
the meniscus capillary height as a function of speaft
eccentricity and for the inclination= 0. The capillary
height has been calculated for a titrequal 100 sec and
also 5463.283 s a time that is equal to the peoioithe
spacecraft revolution around the planetary bodgG
km, Earth in our case. Next, we find that the dapil
meniscus height is higher for an experiment thkégta
place at the equator and lower for experimentshat t
poles in accordance with Equation 4, sif®0 g™~
Similarly, there is a 9% difference between the
numerical results derived by Ponomarenko’s fornaund
our derived formula with a corrected gravitational
acceleration in which thé, harmonic and the angular
velocity of the Earthuy has been taken into account. On
the surface of the Earth, using our corrected gyave
find that iy = 1.02 Ry, where for a 50 times higher
viscosity we obtain that, (171) = 3.7q (17,), wheren, <
1. Finally, in Table 8. we obtain the capillary meniscus
height for an experiment that takes placeaimircular
orbit of various inclinations at the orbital altie of 300
km, for the duration of the orbital period of the
spacecraffl = 5463.283 wsing our corrected gravity
result. We find that circular polar orbits redalta lesser
meniscus height raise when compared to the eqahtori
orbit. As an example ifable 1 we see that for circular
equatorial orbits the meniscus height does change i
spite the fact that different eccentricities ar@sidered.

In other words inclination does not affect the rsens
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height in circular orbits. This is due to the falat in
circular orbits, orbital acceleration remains tlaens, as
the spacecraft orbits around the Earth.

Table 1. Capillary meniscus height for an experiment thikésa

Table5. Capillary meniscus height for an experiment that
takes place in an elliptical orbit at the orbithitade

of 300 km,
Ponomarenket al. (2011) result

in 100 s and 5463.283 s using

Orbital eccentricity

Capillary height

place on the Earth for 100 s and at various gedcent -1 h [mm]
latitudes and the result of Ponomarermgtaoal (2011), ———
. B 1 Inclinationi =0 66.552

with /7 =20 and 1000 mPs anpd 20 mNm i = 450 66.050
Geocentric latitude Time Capillary height i = 90° 65.562
¢° t[s] h [mm] Inclinationi = 0° 252.533
25 100 gf-‘?fg i = 45° 250.624
90 63.821 i =90 248.772
25 100 1177235 Table 6. Capillary meniscus height for an experiment that
9 17'324 takes place in an equatorial circular orbit atahatal

Table 2. Capillary meniscus height for an experiment thaésak

place on the Earth for 100 s and at various gedcent

altitude of 300 km, in 100 s and 5463.283 s usimg 0
corrected gravity result

Orbital eccentricity

Capillary height

latitudes and using our corrected gravity resith vy e=0.1 h[mm]

= 20 and 1000 mPs and= 20 mNni* Inclinationi = 0° 60.470
Geocentric latitude Time Capillary height '~ gg: gggég
o° t[s] h [mm] =9 -
0 100 59129 Inclinationi =0 229.441
45 sgoay =45 227.707
90 57085 =9 226.024
0 100 16.050 . . . .
45 15.892 Table 7. Capillary meniscus height for an experiment thagsak
90 15.740 place in an equatorial orbits of various eccerttesi

Table 3. Capillary meniscus height for an experiment thaésak

place in an equatorial circular orbit at the orbita

at the orbital altitude of 300 km, for the duratioh
the orbital period of the spacecrdft= 5463.283 s
using our corrected gravity result

altitude of 300 km, in 100 s and 5463.283 s using Orbital eccentricity

Ponomarenket al. (2011) result

Inclinationi =0

Capillary height

h[mm]

Capillary height Eccentricitye= 0.0 230.960
Orbital eccentricity e=0 h [mm] e=01 229.441
Inclination i=0° 66.993 e=0.2 224.855
i = 45° 66.993 e=0.3 217.112
i=90° 66.993 e=04 206.048
Inclination i=0° 254.205 e=0.5 191.403
i=45° 254.205 e=0.6 172.800
i=90° 254.205 e=0.7 149.600
e=0.8 121.102
Table 4. Capillary meniscus height for an experiment that e=0.9 90.577
takes place in an equatorial circular orbit atdhatal
altitude of 300 km, in 100 s and 5463.283 s usiag 0  Table 8. Capillary meniscus height for an experiment that

corrected gravity result

Capillary height

takes place im circular orbit of various inclinations at
the orbital altitude of 300 knfpr the duration of the

Orbital eccentricity

e=0 h [mm] orbital period of the spacecraft T = 5463.283sing
Inclinationi = 0° 60.863 our corrected gravity result

i=45° 60.863 Orbital eccentricity Capillary height
i=90° 60.863 e=0 velocityvmm/s]

Inclinationi = 0° 230.945 Inclinationi = 0° 0.014092
i=45° 230.945 i =45° 0.014016
i=90° 230.945 i =90° 0.013942
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Since we are interested in experiments that takeepin
spacecrafts in orbit, we have calculated all
corresponding meniscus heights for
revolution period at the orbital altitude of theaspcratft,
i.e.,t =T =5463.28%.

Fig. 1 givesdemonstratethe wetting effecbetween two
solid rods of the same or different sizes. For shene
elapsed time, high viscosity fluids result to digaintly
smaller meniscus heights. Similarly, as the ecimigtrof
an orbit of certain inclination increases the csponding
meniscus height decreases drastically, for anyngivee of
observation, with equatorial circular orbits reisgitto the
smaller decrease. Fig. 2, we plot the meniscus height as a
function of geocentric latitude, which demonstrates
maximum height at the equatorial latitude of zeegrdes.

In Fig. 3, we give a 3-D plot of the capillary meniscus
height as a function of timeand the acceleration of gravity
g for an experiment that takes place on the surfasthE
using the result obtained by Ponomareekal (2011),

where inFig. 4 represents a similar plot using the result

the derived by the authors of this study. A high meuassc
one orbital height requires a small gravitational accelerationl a

higher interaction time and we find that

2/3
heor :0.422n,on[;j , Where R, is the meniscus height

derived by our corrected gravity ahg,, is the meniscus
height calculated by Ponomarenko’s result. NexEig 5
we give a 3-D plots of the capillary meniscus hemgh a
function of time t and the mass of the sphericalyid on
the surface of which the experiment that takesepissing
the result derived by the authors of this studyenelfrig.
6 plots the meniscus height as a function of viggogi
and fluid surface tensiop Furthermore, for the time of a
full orbital period we find the following ratio b&een the
height of capillary for an experiment taking placea
circular equatorial orbit, to that taking placeanhighly
elliptical orbit of eccentricitye = 0.9, i.e.hg = 2.5%.

A

rix)

“.
\/

Wetting effect: (Ponomareniat al, 2011)

16.05F T

Meniscus height 2(mm)

n
=

0

Planetary latitudes ¢ (deg)

Fig. 2. Plot of meniscus height as a function of geocendtitude
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ht{mm)

Fig 3. 3-D plot of the capillary meniscus height as a fiorc
of time t and acceleration of gravity g for an expenimn

hémm)

that takesplace on the Earth using the result by rig g 3.D plot of the capillary meniscus height as a fiorc

Ponomareket al (2011)

ht(mm)

Fig4. 3-D plot of the capillary meniscus height as a fiomcof
time t and acceleration of gravity for an experiment that
takes place on the Earth by the authors of thifystu

h(mm)

Fig. 5. 3-D plot of the capillary meniscus heigbtafunction

of time t and the mass of the spherical body M on the
surface of which the experiment that takes pladegus
the result derived in this study

h{mm)

Fig. 7. 3-D plot of the capillary meniscus height as a
function of semi major axis and true anomaly, of
the orbit for an experiment in an elliptical orlifth
eccentricitye = 0.1, taking place aboard an orbiting
spacecraft using the result derived in this stuoly d
timet equals to the spacecraft’s orbital period

In relation to the capillary height time rate ofadige, we
find that laboratory sites at the equator will dsihiarges
time rates of change for the meniscus height. Siiyijlfor
experiments above a spacecraft we find that circula
equatorial orbits exhibit the highest time rateslofinge,
where elliptical orbits exhibit smaller time thaduce as

the eccentricity increases. Since capillary expenits are
major part Earth based experiments as well as ef th
research taking place above the International Space
Station (ISS) (Weislogedt al, 2008), our work can prove

of ime't and the mass of the spherical body M on the t0 be essential in high accuracy experiments, iithvthe

surface of which the experiment that takes pladegus
the result derived by the authors of this study
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4. CONCLUSION

In this study we have considered the capillary dse
wetting in liquids in the corners. For, that we @av
examine and extended Ponomaremkal (2011) result
by taking into account a term that Ponomareko omits
the derivation of his result. We find that the irsibn of
this term results in the following relation i.e.,
h.e.(t) 00.9085,,(t) . In particular and on the surface of

the Earth we have corrected the gravitational
acceleration for the oblateness coefficiégnand also for
the Earth’s rotation via its angular velocitg:. We
father extent the meniscus height in the case &inget
experiment takes place above and orbiting spadeuayaf
A ) . writing the gravitational acceleratiamas a function of
of semi major axis1 and true anomalf, of the orbit the satellites orbital elements. We find that andbrface
for an experiment in an highly elliptical orbit Wit . : .
eccentricitye = 0.83, taking place aboard an orbiting ©Of the Earth experiments at the equator resultigher
spacecraft using the result derived in this stidy,a capillary heights, where experiments on the paesit in
timet equals to the spacecraft's orbital period lower capillary heights. Similarly, equatorial citar
orbits result to higher capillary heights when canegal to
elliptical orbits of various eccentricities. Highfliptical
equatorial orbits considerably reduce the capillagight,
when compared with the capillary height resultingnf
equatorial circular orbits. These observations are
suggestive of implications in biological systemseveh
capillary formations are integral for their growtnd
function. Water transport and storage in plantseddp
strongly in the capillary action of xylem formatgnhe
finding that capillary height varies significantlsom the
pole to the equator may have implications on tloeafl
distributed in a range of geographic latitudes. For
example, it may be a favorable factor for the ghowt
development and sustainability of gigantic plantshsas
the trees found in the tropics. More over, capilidiiven
Fig. 9. 3-D plot of the capillary meniscus velocity as adtion  root module designs for growing plants in microgsav
of semi major axisa and timet, of the orbit for an  \yhich require minimal external control have been
experiment in an circular Ol’bllt.WIth eccentricigy= 0, proposed (Jones, 1999). Matching growth media and
taking place aboard an orbiting spacecraft using th . -
result derived in this study, for a tinteequals to the water ret_en_tlon_ Characte_'rlstlcs o the_ porous r."e’.“br
spacecraft's orbital period characteristics is essential for supplying adeqligted
flux and gas exchange (Jones, 1998). The depenaénce
In Fig. 7 we plot the meniscus height as a function of c@pillary height in the flight path suggests tegtii these
the spacecraft's semimajor axis and true anoma|y,mate_r|als in (jn‘ferent orbital conditions in orderachieve
orbiting in an elliptical orbit an eccentricig/= 0.1. We  functional adjustments.
find that the heighh exhibits an increasing behaviour
that reaches a maximum at the value of the true 5. REFERENCES
anomalyf = 180° and then progressively declines. In
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h(mm)

Fig. 8. 3-D plot of the capillary meniscus height as a fiorc

[ mm )
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