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Squeeze Film Flow of Viscoplastic Fluids
II. Investigation of the Yield Surface by Finite Element Simulations

In Seok Hwang and Seung Jong Lee

Department of Chemical Engineering, College of Engineering, Seoul National University, Seoul 151-742, Korea
(Received 27 April 1988; accepted 16 June 1988)

2 o

Faraanlel o3 42 2AE s3sl] Had FA RS LH‘ﬂWQJ FEAAAE ] Ex ARE
z2b519ie}, Bingham #3192 A%, gEFEe] A&se & 53 ol 7 AH] EHA g
= o] vk om, ZapAo g AREE bi-viscosity 2@ ALolE shatgr @ y(=w/u,) Fholl

ape} 7| 2ol AAY oA Rokel FEAAM] BF AT & UL
s slel A% YAl Ao Bale,

292}, Bingham Zrlol] A&

It

Abstract—The existence of the yield surface in the squeeze film flow of viscoplastic fluids was investigated by
finite element simulations. In the case of Bingham fluid, the yield surface does not exist within the squeezing flow field
as long as the squeezing process continues, When the bi-viscosity model is used as approximate constitutive equation
of viscoplastic fluids, various shapes of the yield surfaces which have been proposed by previous rescarchers are observ-

ed depending on the squeezing speed and the value of Y(=g,/x). But, eventually the yield surface disappears as the
model approaches to Bingham model.
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Fig. 1. Schematic of squeeze film flow geometry.
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Fig. 2. Flow characteristics proposed by previous
researchers in the squeeze film flow of
viscoplastic fluids. The shaded parts show
the yielded region.
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(a) Bingham model (b) Bi-viscosity model
Fig. 3. Viscoplastic fluid models used in this
study.
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Fig. 4. Finite element meshes used in this study.
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NOMENCLATURE

d - deformation rate tensor (= [pr+y27)/2)

A ZAboll olgh FEAAH 24 433

H(ty : half of the film thickness

H, : initial height of the plate at t=0
Fl(t) . velocity of the plate

P : pressure

P, . nodal value of pressure

r . radial coordinate

R . radius of the plate

t : time

t,.t, : components of contact force vector
u; . nodal value of »,

vj : nodal value of »,

v . velocity vector

vy, v, : components of velocity vector
z . axial coordinate

Greek Letters

Y ©oratio u,/ .

¥ : shear rate

Ve . critical shear rate

7 : viscosity function

u, : plastic viscosity

ur : unyielded viscosity

z : extra stress tensor

Trr, Tos, Tzz, Trz . COMponents of extra stress tensor

%o : yield stress

@, : bilinear interpolation function

v, . biquadratic interpolation function

Others

I, : second invariant of d

I, : second invariant of 7
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