Retraction of a viscoplastic sheet
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Introduction

Fig. Photograph of a bursting soap Fig. Photograph of a bursting
film (Savva and Bush (2009)) bubble (www:.flickr.com)

» Sheet fragmentation and atomization.
» Fragmentation is desirable in spray formation and undesirable in curtain
coating.
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Dupreé (1867)
Ranz (1959)

Taylor (1959), Culick (1959)

McEntree & Mysels (1969)
Debrégeas et al. (1995)

Brenner and Gueyffier (1999), Savva and
Bush (2009)

J2o0l ph

The retraction velocity is less than that
predicted by Dupré’s formula.

Jo !l ph

Experimentally verified the Taylor-Culick
velocity.

Rupture of polymeric films; No rim formation
and exponential hole growth with time.

Absence of rim can be a result of pure
viscous effect.
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oo, If T<7Ty,
Bingham model ( Bingham (1922)): 14 =

y:
' = -+ and y =27 /2
Deformation rate,  7i,j ox, . ox /4 Vi, ,/
Regularized version of Bingham model ( _ Ty
Allouche et al. (2000), Frigaard et al (2005)) : F=Hp y+e ’
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Characteristic shear rate Ve = % e
Characteristic viscosity e = Hp +7y 17
Plastic number Pl=z,/(zy +uy7c)
Ohnesorge number Oh=n./{pmoh
e PI
Viscosity =u |1+ -
H ”p( (1—PI)7>]

Governing equations:

u —ou. | P U ou;
p a—Lﬂ+ui =P onL i ou L2 + KNS,
ot 0x; | 0% OX; 0X; 0%

% +U; (jTC =0; ci1s volume fraction and is 1 for fluid 1 and O for fluid 2
j

p = pC+ py(1-c), H = C+ tp(1-C).
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Collapse of a Bingham flow

Physcical problem

application tomud flows: slump, appbcation o wet concrete flow: collapse of columns (Abrahams cone est).

equations

W progeoses an e plemenation of the Binghem rhenlogy, For those Tess, when siress s argen tana yishd valie, the media lowes, For non Messionizn fuids, the viscosiy” is ol least @ funcion of the secord prioncped rvariant of the shesar stain mie
tersa that we difine here as {other defiritions proportoral o this ane are possibe);
0, = 'III'IIE DDy
ia

I BEEralLre: ban s A s, the Euclidian:
D) = v-’; 3 Dy
and he Frabenus e d
[P = 1'||'Iz DD

Qlwriously

1 0
1D/ =4/ 3Dl = =5

Y]

The: sirsn rile mnsorn s D‘-‘; - {&ﬂJ + 8‘;1;,-],."2, it hews enit of &1, e comparess 0 20;
D=8 0n= %{% ) Dn =L = %I:%L, bR Dy = o

Andwhere the second ivariang is Dy — v T jlf”lf
DE =Dyl = DDy 4 DDy + Dy Dy + Dy Dy

L]
nence, as DDy — Dy Iy
A i 1 e
i =U=‘ju=':'={ﬁ]! N [a_y_]z ; E{H_a; } ﬁ]!

e have by delinition of he Birgham reoiogy
I
T = 2 D+ K]

(hence & ||7:;|| = T, there is a fiow). Inorder to identify this as an offcctive viscosity, i} = 2 {effi D (i} 4,

. no_, 7
Tij = 2pdd;; f,m = N | gll—al;lﬂij

then the quivalent, of effective. of apparent vacosty s with 11, — /2| 1

Ty

Yog =1 VD,

wie can use 2 general Herschel-Bulkley formuation, with here NV = 1,
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|
Fluid <2’ Y :__ I,
|
|

Fluid ‘1’ (viscoplastic)

i 1.5L, .
_ﬁ »
Non-dimensional Parameter ~ Range <l

! level n-1

Oh 0.1-10 |
: level n-2 -

Pl 0-0.9 : A

Lo /h 10 i
A
Grid cell size = 102 x h L.
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Optimization of infinite viscosity :

Oh=1.0, PI=05 0.25
5 Hmax = 103
Hmax =107 %177, 021 Mmax = 103
. Mmax = 105 -
Mmax = 106 -
0.15 B “ma}{ = 10 -
U
0.1}
0.05 |
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Oh=0.1
(a) Pl = 0.0 (b) Pl =0.1
:3';—; 2 4 @\ \ l\\l(} :"o 2 4 6\ \ l\\l[}
(¢) Pl = 0.5 (b) Pl = 0.9
:3, LY ; IR
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Momentum balance I
APy )L x 1) ]=2 O8] -
_a( P (LO_Xm( ))a(xm())j— o |
0.6
Assumption: UM _ _
Mass of the blob = 2/h(Ly =X (1)) iy —
02t/ 4 Pl=05 —— .
/ e —
dx.. (t) dR(t 7 . . 2410 7
Ugip () = — (r:lnt — dE) 00 1 2 - 3 4 5
_ - 1 /- _ o\ /4 t
Uy (t)=(1—— (Ly - X, (0)* +T? j S — (16)
* NZ( . ) J( =%, (0))2 + 2
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(a) T=0 (b) F=1

I 2.5 5 10 20 40 E0 160 320 1 25 5 10 20 40 i 160 320

Oh=1,Pl=0.1
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3
Simulations
----- w=0025r+1
_ 25F
dh dlhu)
-+ =)
ot ar
= 2F
i Ju  dp o T T Ok
— 4 t—=—— | h=—] = —— =
ot it h dr \ or oo :
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(b)yt=1
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