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Analysis of Sloshing Flow in Highly-Viscous Fluids

Jun Sang Park”’

Abstract A sloshing motion of highly viscous fluid in a rigid rectangular box with free surface is
considered. The flow is generated by the motion of container being in harmonic motion in time along
the horizontal axis normal to gravity, where the container velocity externally imposed is
u = cos (27t ). Matched asymptotic method is invoked to elucidate flow visualization results such as
linear profile of free surface and thin film flow on the vertical sidewall. Theoretical solution and
physical reasoning are given to confirm that no-slip condition could be satisfied through near wall

boundary layer of the thickness of I ~
and Reynolds number.
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O(F./\R.),

where /. and R, denotes, respectively, Froude

1), Boundary Layer(“3 7A1), Highly Viscous Fluid(2Z8d -F-A)),
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Fig. 1. Schematics of the experimental system



62 2
2. MY ZAnt

o7| A B =io] §A 3 ulae] 8 Qs
A9 Ang e eotan) AF gAe T

o]
4R AR AFGEE g WA vt HAE
5o Bl AAE W& Park”9] 278 3l
st4d uet)

2 Ao M= 23k E2A, S, v —yEY
oA LAstE fr5S thET (Figl 3 o]
7]/\1 -5 T +4

ol gl 2] wWgkolth. A7 A}

%ﬂ /719 A7+ -8 F L =60mm, y—

WaF {7 =180mm °]aL, %7] X AEjelA

2Hgfale] Eol2 Hy=90mm=E A9 A
q

Iz
el
!

p—

=7} 100%H, ﬁ, 100cs J a8 A
&3kt ol & %éH 18 &

o
=
24§ 542 M sheks 43

>

MM 12-F71(05 < t(=¢t f ) < 1.0) ¢ A
B Ao wE ARERS GY e 0
otk UwA 12-5719] Wghe £
F714 20 Fel= Yehr] wzl 1&49& 5

Fig. 25 =¥ d7dst4Ql #xleld o=t
& AHde o Ak

1 2 el A A HelA W
o] Wi R FA(Fig 39 T 99
Fayell A= AFEHe] AF s AL
FHE (0,05 THOE AL 5 FH 7714
A TEFE A o] AR A ¥ A= O
7P E A free] RS (07§ AA
of itk AL ofuldtt}. aelal Aol
shdetil gl -5 Wl ghe fto] 9
AEa et o] AL ARl FA Sl =

17
N
o

(@

(b)

©

[

(d

©

Fig. 2. Photos (left column) and surface-curves
(right column) of free surfaces evolution during
half cycle. (a) t =10.5, (b) t=0.65, (c) t=10.8,
d t=0.9, (¢ t=1.0. S =20mm and
f =25Hz



A Ao &2 R S 63

g
free|surface

't Inner bulk zone i

Fig. 3. Schematics of flow zones : (i) boundary
layer and (ii) thin film layer. The % denotes a
vertical coordinate with respect to free surface.
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Fig. 4. Evolutionary profile of flow variables.
(a) free surface height, (b) horizontal velocity wu,
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