
2. SUMMARY OF WORK COMPLETED OR IN PROGRESS UNDER 
GRANT NO. N00014-92-J-1664 

A. Two-layer or free surface shear flows 

[1] M. Renardy, A possible explanation of "bamboo waves" in core-annular flow of t|ro 
liquids, TheoT.  Corrvp. Fluid Dyn. 4 (1992), 95-99. 

A perturbed KdV equation is derived to model interfacial waves in viscous two-layer 
flows Bamboo waves", observed in recent experiments [IS], might correspond to solutions 
which are close to sohtons. 

[2] M. and Y. Renardy, Sideband instabilities in two-layer flows, Phys. Fluids A 5 (1993) 
2738-2762. 

We consider sideband instabilities following the onset of traveling interfacial waves in 
wo-layer Couette-Poiseuille flow. The usual Ginzburg-Landau equation does not apply to 

this problem due to the presence of long wave modes whose decay rates tend to zero in the 
limit of infinite wavelength. Instead of the Ginzburg-Landau equation, we obtain a coupled 
set of equations for three amplitude factors. The first corresponds to an amplitude of the 
graveling wave, the second to a long wave modulation of the interface height, and the third 
is a long wave perturbation of the pressure. Criteria for sideband stability are derived. 
This substantially extends earlier work of Blennerhassett [19]. The coefficients in the 
amplitude equations are evaluated numerically for various situations, and the criteria for 
mstabihty are checked and related to experiments [20]. In addition, we show the existence 
of (spatially) homochnic and heteroclinic solutions. These solutions approach either a flat 
interlace or periodic waves at ±oo. 

[3] Y Renardy, Weakly nonlinear behavior of periodic disturbances in two-layer Couette- 
Poiseuille flow of upper-convected Maxwell liquids, /. Non-Newtonian Fluid Mech 
submitted. '' 

* fl St4Udi? !f ^Stab!Hty We reVeaIed a maj0r effect of fluid elastici*y on ** stability 
of fluid mterfaces [21-24].   This paper proceeds beyond linear stability analysis to an 
investigation of the nonlinear bifurcation problem. ^From a mathematical point of view 
this is a Hopf bifurcation leading to an amplitude equation of Ginzburg-Landau type 
The coefficients m this amplitude equation have been evaluated numerically for various 
situations. 

[4] Y. Renardy  Spurt and instability in a two-layer Johnson-Segalman liquid,  Theor 
Oomp. Fluid Dyn., submitted. 

A well-known phenomenon in the processing of molten plastics is the emergence of in- 
stabilities and a sudden increase in the flow rate when a critical shear rate is exceeded One 
explanahon which has been offered for this is that the constitutive law relating the shear 
stress to the shear rate is non-monotone and that a two-layer configuration arises beyond 
a critical shear stress [25],[26]. This paper investigates the stability of such a two-laver 
shearing flow to two-dimensional disturbances. The flow is found to be unstable to short 
enough wavelengths. Such instabilities might explain the observed surface irregularities in 
polymer extrudates ° 
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of interest for his because ,t allows to treat equations of hyperbolic type, which is clearly 
a prereqmsite for dealing with viscoelastic flows. Unfortunately, the assumptions reaped 
on the spectrum of A0 limit the applications to problems in one space dimension 

[9] M. Renaxdy On the linear stabihty of hyperbolic PDEs and viscoelastic flows   Z 
angew. Math. Phys., to appear. ' 

This paper has two main results. First, it is shown by a counterexample that a result 
along the hnes of [8] cannot be generalized to more than one space dimens on   Lid 
one can construct lower order perturbations of the wave equation"* twoTmeTsLs^vhTct 
hav^eigenvalues m the left half plane but are nevertheless linearly unstable    From a 

"at"" P ' th6re " a Similadty betWeea tHs —*—pie and thaTof 

However, this does not rule out positive results for specific problems in more than 
one space dimension.   The second part of the paper generalizes the result of [7     Tte 
model ,s generalized to any differential constitutive equation of Jeffreys type and the flow 
is generahzed to any parallel shear flow with strictly monotone velocity pronL  ft isshowl 
that the spectrum of the linearized operator determines the linear stabfhty of the flow 

C. Convections-flows 

1101 JÄ T^t^st °sdUatory ^in th—*> 
,nH t kyer °f äUid H<* betw<ien tw° P^^l horizontal walls and the solute concentration 

at«« is afltd^r P      ™ »«*»<•   P»°«ty with respect to the hexagonal 
lattice .s assumed   The no-shp conchhon is imposed at the top and bottom boundaries 

low Xal :rth       ?PDS T1U',i0nS 'I4 "" 'heir StabilHy is determi-d- Forrda'eTy 
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patchwork qu,lt, and either the standing hexagons or the standing /egujar trianÄ 

[UJ twowH LmH Y- M 
0ardy' TKe interaCli0n °£ T -d ■*«* m°** in the two-iayer Benard problem, m preparation. 

steadv and ^^B^ problem, * is possible to have simultaneous criticalitv of a 
teady and an oscillatory mode. An interesting problem of mode interaction arise/when 

^t2L      r CritiCaI m°deS W ^ a ratl° °f 2:1 MW   Ifc is P^le   : achieve this situation by an appropriate combination of a destabilizing density difference 

«JeTÄSrr1 conructivifcy difference-The paper exhibits such ^«^s 
stabm v of ,"P,       6 equatl0ns

]S°veminS «" mode interaction.   The bifurcation and 
stability of traveling waves, standing waves and steady solutions is investigated. 



D. Problems with open boundaries 

[12j M. Renardy, Stability of uniform flow, Int. J. Num. Meth. Fluids, to appear 

fa.UA ThV;!1^ °ften invoIve °pen b°»d^ *** «* 
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inflow and outflow boundaries is X„<S ■ i ,     , ' boundary conditions for the 
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E. Viscoelastic flow near corners 

1141 &Ä£££^" "ir rred M,reu fluM -* "-**» ->-* ar a reentrant corner, 7. Von-Newtomun Fluid Mick. 50 (1993)  127-134 
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F. Breakup of viscoelastic jets 

[16] M. Renardy, Some comments on the surface-tension driven breakun (nr th» 1   u   c -^ 
of ^scoelastic jets, /. Non^toman Flmd Mech  51 £5^5,7^ ^ 

It is shown that Newtonian jeTo« teak in S       ^T^ 'W -^«^ 
models eannot exhibit breai-uP inlite1" **" "me' ^ ~t"» ™cod-li< ^ 

G. Spreading of surfactants 

^frfap^n^cht^ 

for «he «^»zrÄ^^^i,a r?"system of a paraboiic e'mtion 


