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ABSTRACT
Primary stability of rotating disk boundary layer flow over a rough surface for

stationary modes was investigated by using the weakly nonlinear theory where the

Reynolds number R is close to its critical value R, as determined by linear theory. Both
the single mode case, where the wave vector K equals its critical K, at the onset of

stationary primary stability, and the bi-modal case, where the wave vectors 1:(,z (n=1,2)

are close to K, for the primary stability of the flow, are considered. The analysis leads to

stable solutions for particular roughness forms and magnitude, and particular wave

vectors {~{n (n=1,2) of the surface roughness.

@



INTRODUCTION

Recently Vonderwell and Riahi [1] investigated the problem of primary stability of
rotating disk boundary flow for stationary modes using the weakly non-linear theory for
the Reynolds number R close to its critical value R, as determined earlier by linear
theory [2]. They derived a Landau type equation for the disturbance amplitude A and
found that for R < R, subcritical instability occurs, while |A| becomes very large and the

solution breaks down in a finite time for R> R.. The problem treated by Vonderweil and

Riahi [1] was for flow over a smooth disk where roughness effects were absent. In the
present study, we extended [1] to the case of flow over rough surface. In contrast to the
results reported in [1], we find that roughness effects can lead to single mode or bi-modal
steady stableb solutions, for either R>R, or R<R, with R smaller than the
corresponding one in the smooth surface case [1].

The results presented in this paper and described briefly above are the first reported
theoretical ones on the effects of rough surface upon a shear flow. Theoretical studies,
prior to the present one, are largely absent despite the fact that roughness effects are
known both experimentally and technologically to be quite significant affecting the
instabilities and the transition path to turbulence [3,4]. The importance of roughness
effects in technological applications is numerous. For example, the influence of aircraft
manufacturing inhomogeneities on three-dimensional flows and on the cross flow
vortices, resulted from the instability of such flows, can be quite important.

The development of the present investigation was facilitated by the prior author's
work on the effects of surface corrugation upon thermal convection [5] which resulted, in
particular, to the theoretical development of two distinct regimes, corresponding to the
cases of §=¢" and 0(¢?) < 5 <0(). Here & represents a small parameter describing the
order of magnitude of surface corrugation, and€ is the small amplitude of the primary
disturbances superimposed on the basic steady state. It turns out that in the present

problem we also have two distinct regimes of analysis of the types detected in [5].



Although the specific problem of rotating disk flow is considered for the illustrative
purpose of the present method of approach to demonstrate the significance of the
presence of certain families of surface roughness shapes, the qualitative results presented
in this paper remain ﬁnchanged for nonlinear development of primary ’stationary
disturbances in any wall bounded shear flow, provided such disturbances are the most
critical ones for the Reynolds number near its critical value.

FORMULATION

Consider the problem of an infinite horizontal rough plane rotating about a vertical
axis with angular velocity Q; It is convenient to use cylindrical coordinates‘ r, 0,7,
with z° =0 being the averaged location of the plane of the disk and assume that an

incompressible fluid flow lies in the region z" >0. Let the over-bar variables,

1“),» u, v, w, denote the steady b@sic states for pressure and velocity in the radial “(r'),
azimuthal (@) and axial (z') directions, respectively, in the rotating coordinate system.
The well-known Von Karman's exact solution of the Navier-Stokes and continuity
equations [6] is obtained by setting
U=r'QF(z), v=r'QG(z), w=(v Q)”H(z), P =9vp(z), 1)

where z= z'(Q/v)%, v is Kinematic viscosity and ¢ is a constant (reference) density.
The fpnctions F, G, H, and P satisfy a well known system [6] whose solution is easily
determined [6].

To study the stability of the basic state (1) with respect to small disturbances, we first
non-dimensionaliie the governing Navier-Stokes and continuity equations by using
(v/Q)% as the reference length, r’Q as the reference velocity, and (orez Q? as the
reference pressuré, where 7, denotes the radial location near which the analysis is to be
made. The disturbance variables «, v, w, and p superilﬁposed on the base flow variables
(1) are used to satisfy the Navier-Stokes and continuity equations in cylindrical
coordinates. The resulting equations for the disturbance variables, as functions of non-

dimensional space and time variables r, 0, z, and ¢, can be simplified by applying the



usual quasi-parallel flow approximation [2]. We are interested in the stability near a

radial location such that the Reynold's number R =r, (Q/ v)yz, equals its minimum value,
R., below which no stationary mode is amplified based on the linear theory [2]. The full
non-dimensional form of the equations are given in [1] and will not be repeated here.

The non-dimensional boundary conditions for the present problem are that

!'.l:O at z=oo, (2)

where u is the disturbance velocity vector, and the total velocity vector (sum of base

flow and disturbance velocity vectors) equals one at z=Jh(r, ), where & is a small
(constant) parémeter (6 << 1) describing the magnitude of the lower boundary roughness

and h(r, ) is surface roughness shape function which is assumed to be of the single or

bi-modal form

2 ~
h(r, 9) = zA"E,l +C.C., (3&)

n=1
where

E = exp(i K, {(), v (3b)

A_ is a constant amplitude, i is the pure imaginary number (\/: ), {fn = (6:,,, RCB,,) is the

horizontal wave number vector for the boundary roughness, &, is the radial component

of I:Y, Rp, is the azimuthal component of K,, X=(r, 6) and C.C. indicates the

complex conjugate of the entire preceding expression. Applying Taylor-series expansion
about z =0 for the total velocity vector, we find the following boundary conditions at the

lower boundary

u= —é'h[F (0)+ %:I at z=0, (4a)



y= —5h[G'(0) + %] at z=0, (4b)
w=—6h%zu—} at z=0, (4c)

where only the lowest order terms of order &, which is needed here, are retained in (4), a

prime denotes a derivative with respect to z and

F’(0)=0.51023, G’(0)=-0.61592 (4d)

[71.
ANALYSIS FOR CASE 6 = ¢°

This case corresponds to the critical regime where R= R, and & =&’ [5], where ¢

here is a small perturbation parameter defined by
&' =(R-R))/R,, )

R, is a real constant and R, is the value of R on the neutral stability curve close to R as

determined by Malik [2] based on the stationary modes of linear theory. We also assume
that R, does not deviate much from R (R0 -R ~ 0(82) or less) and define the slowly

varying time ¢,

=gt | 6)

[1]. Applying the weakly nonlinear theory [8], we pose expansions in powers of € like



Using (5)-(7) in the governing system for disturbances, we find to the lowest order in &
the linear system for &, and P, quantities. This system admits solution of the form

W 2 Lfln(z)
(RJ_»;[R”(Z) & 2

E = exp[i{(,, : X) (8b)

where

the amplitude function A, (#,) satisfies the condition

A, =4 (8¢)

a ‘star’ indicates complex conjugate, K, = (e, R.B,) is the horizontal wave vector of the
disturbance, a, is the radial component of K,, R B, is the azimuthal component of K,,

and the coefficient functions %, and B, satisfy a system of the type given by (6) in [1],

provided (a, B) in that system is replaced by (e,, j,).

It should be noted that the solution of the form (8a), which consists of two modes

plus their complex conjugates, is considered here since the results for the neutral stability

curve reported in [2] indicated two distinct neutral modes for given R= R, close to R..

For R,=R, these two modes merge into the critical mode at the onset of primary

instability of the stationary modes.
The linear system for u,, and F, represents a linear eigenvalue problem which was

solved in [1] using a collocation method to find the following results for the minimum

value of R, =R for the neutral stability of the stationary modes and the associated

critical values of &, =a, and B, = 3,

R =275.36, a,=0.38318, B, =0.078232 ©9)



The solution to the adjoint linear system is of the form

Y 2,0 h,(2)
= - (10)
(131} ZZ[IA’M(Z)}A”EM

where the coefficient functions &, and f{n satisfy a system of the type given by (11) in

[1], provided (c, f8) in that system is replaced by (c,, j3,).
Later to form the so-called solvability condition for the higher order system [8], we

need to consider particular solution (ua,,, Pan) of the adjoint linear system which can be

isolated from (10) in the form

) | ha(2)
(" J= e v
R"' I)ln (Z)
The solution to order £ System can be written in the form

u2 2 ullp(z)
= - A EE : (12)
(Pz) l,pz———Z[Pz,p(Z):IAI re

where the coefficient functions W, and P, satisfy a system of the form given by (7) in

{1], provided (2a, 2f) in the homogeneous version of the system is replaced by

[(a,+ap), (B,+Bp)], while (o, ) in the non-homogeneous part is replaced by
(,. B,)-

We now form the solvability condition for order & system. Take dot product of the
momentum equation, in the order £*, with u,, , multiply the continuity equation, in the

order €2, by F,,, sum the equations, integrate in z from z=0 to z = oo, average in the
(r, 6) plane, apply integration by parts and use the zero boundary conditions for both u,

and u,, . We then find 0 =0 so that such condition always holds for the order £* system.



In the order &, the boundary conditions at z=0 are no longer zero, in general, as

can be seen from (4). The solvability condition for this order system then yield the
following system of equations for A4 (n=1,2):

%‘L&: Ra A +b,,§;:§,,,<E§§m>+

5

mnip* “m

3 & AnA(E:E,EE, ), (13)

m, i, p
T oA
where the expressions for the coefficients a,, b, and C,,,, are given by (A1)-(A3) in the

appendix. Here an angular bracket ( ) denotes an average over the fluid layer.

The integral expression (E: EmE,Ep> in (13) is non-zero only if

p= Il=n m=n
D i=-m ) p=-m I p=-I
p#En p#tn

Using these conditions, (13) is simplified to the form

=R b L A(EE,)

Claf A+ YeulAlA, (1=-2...,2), (14a)

m#tn

where

n nn,~1n,n —n,nnn nnn,—n

Co = (Connn + Conn + G} (14b)

e =(C‘m +& & ) _ (14c)



To distinguish the physically realizable solution(s) among all the solutions of (14a),

the stability of A, (m =-2,...,2) with respect to disturbances B, (ts) are investigated. The

system of equations for the time dependent disturbances is given by

All

a . 2 p*
(z;;“'l%(%l]l% —'C;(/xilh +2

s

ZB,;)'*' Zemn

m#tn
(!Am|2 B, +A,AB, +AALB, ) (15)

where B, also satisfies condition of the form (8c).

It is clear from (14a) and (15) that the surface roughness affects the solutions directly
as source term in (14a), while the surface roughness affects the disturbances indirectly

through the solutions. It is also seen from (14a) that the surface roughness can affect the

solutions only if there is at one m for which I;m =K, , otherwise the second term in the

right-hand-side of (14a) vanishes and surface roughness becomes insignificant.

Before considering (14)-(15) for significant surface roughness effects, it is

instructive to analyse these equations for the cases where none of the wave vectors K, of

the surface roughness equals K. In this situation the second term in the right-hand-side

of (14a) vanishes and the most preferred solution, which corresponds to the smallest R,

is that for which R, =R_. Hence, A, = A for all n, where A is the amplitude of the

critical mode, corresponding to R, = R , and (14a)-(15) reduce to

o0A

Fri R,aA+dAF A, | " (16a)
9 Ralp= o(A’B" +2/4f B) (16b)
or, ’ a

where B is the disturbance amplitude and
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a=(2.8993-2.5127i) (10°), ¢=0.0976+5.1792i a7

[1]. Using (16), it can be shown that, due to positive real part ¢, of ¢, the steady
solution always leads to positive growth rate for B and, thus, the steady solution is
unstable. For time dependent solution, it is found that, due to ¢, >0, |4] increases
indefinitely with respect to f, leading to solution breakdown of the present weakly
nonlinear equation. On the other hand, it is known from solution of the Landau equation
[8] that steady stable solution is possible if ¢, were negative and a, R, were positive. We
shall demonstrate below that, with the aid of pahigular surface roughness, it is possible to

have steady stable solution for the present problem.
Consider first the case of single critical-mode, where R, =R, and K, =K,. Here

K, is the critical wave vector (., R.B,). For significant surface roughness, where

I_-(,l =K, (14a) is reduced to the form

3’2 = Riad, +dA[ 4 +bA, )

where A, is the amplitude of the surface roughness and b is value of b, at the critical
mode. We are going to select particulér A, which leads to steady stable 4, .

The form of A, which leads to steady stable A, is given by

bA, =[(a |R|+ ||+ ib,) + (~c, = |a| + ity (@, |R,|+ @, R, +[a,|/|a]

A A P2 .
R|+aR, '*'Iazl)/]all] +(cos y+isin y), (19a)

.[(ar

where ||, |d,}, &, and y are arbitrary constants (real),
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by =-aR,—(c,+b)(a|R|+a,R, +|d))/la). | (19b)

and g, and c; are the imaginary components of a and c, respectively. The steady solution

for (18) subjected to (19) is then
~ ~ 14 ..
A= [(ar|R2|+a,R2 +|a2|) / Iall] (cos y+i sin ) (20)

The solution (20) subjected to the surface roughness amplitude of the general form (19) is

also found to be stable with respect to infinitesimal disturbances, provided

R, <-2C,|a,|/(a,}a])- | @
These disturbances are found to be only stationary, which satiSfy equation of the form
(166). It is seen from (19-(21) that there are infinite number of possibié forms of the
surface roﬁghness amplitudes which lead to steady ;stabie solutions which are subcritical
by the fequirement 21). |

It should be noted that in order to arrive at the form (19) for Al, which led to the
solution (20) for A, we first assumed that bA, is the sum of a term proportional to A
and a term proportional to A |4, |2. Then, we used such form for A, in (18) and applied
conditions for prediction of steady stable solutions, where the resulting coefficient of A
in (18) should have positive real part and the resulting coefficient of A1|A,|2 in (18)
should have negative real part. This led to (20) which was used in the assumed form of
A, to find (19). |

We now consider the case of non-critical bi-modal flow, where R, is slightly larger

than R, and K, # K . For significant surface roughness, where i(n =K,(n=1,2), say

(14a) is reduced to the following two equations
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dA . -
dt: =(Ra,+&,|4,[)A +clAl A +bA, (222)
‘::: = (}%az + gxziAz !Z)Az + Cz!Aerz + bz‘&z’ (22b)
where
EnZey te,, by =€y te,. (22¢)

For A, = A,, roughness effect is absent in (22), R, > R, and such flow is not preferred as
compared to critical modé case [8]. For the case where either A, or Au2 is zero, then (22a)
or (22b), respectively, implies indefinite increase of |4,| or |4,| with time since ¢, and c,
has positive real part. Consequently, such case also is not preferred. Thus we consider
the case where both A, and A, are assumed non-zero. Following the procedure described
before for the single critical mode case, we select Al and 52 appropriately such that the
resulting coefficients of A, and A, in (22a) and (22b) have positive real parts and the
resulting coefficients of A A, and 4,J4,]" in (22a) and (22b) have negative real parts.
This procedure then leads to steady solutions for A;(i=1,2) which are stable for
sufficiently large |R,| (R, <0). Again, as in the case of single critical mode, there are
many different possible forms of the surface roughness amplitudes which can lead to
steady stable bi-modal flow solutions which are also subcritical.

Before considering another major regime of interest in the next section, where a
double expansions in powers of § and € for the dependent variables and for R is
required, it is of interest here to consider briefly other particular 6 = £" cases for n# 3
with n a positive integer. For n > 3, the magnitude of the roughness elements is so small
that all the main results follow, up to order &, without consideration of the surface

roughness. For n =1, the trivial result that the roughness controls the linear solution

follows. For n =2, one needs to define € and ¢, like
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e'R, +€R +(R-R))=0, t,=¢t. (23)

In the order €, the preference of the solution, in the form of either single critical mode or

non-critical bi-modal, can be followed by the effect of surface roughness as in the case

discussed in this section. The steady solutions for A,(i=1,2) are then determined in
terms of A, and R, and they are also stable with respect to infinitesimal disturbance for
sufficiently large |R| and &R <0. The solvability condition in the order & then
detérrnines R, R, and A4, in terms of ;4,., and, of course, the preferred solutions are those

stable ones which correspond to the smallest value of R.
ANALYSIS FOR CASE 0(¢”) <8 <0(e)

This case belongs to the critical regime where R= R, and 0(e")< &< 0(8("")) for

n=2. Here £ is the amplitude of the primary stationary modes. We consider double

expansions in powers of 6 and & for the dependent variables and for R

u Unn
P|=Ye"8"| P, | uyp=Py=0, »
R mn Rmn (24)

and we define the slowly varying time ¢, in the form

t,=0t (25)

Using (24)-(25) in the governing disturbance system, we find to the order & the linear
system for u,, and F, quantities. This system admits solution of the form (8), provided

Ry, (yl,Pl) and (y,n,Pln) are replaced, respectively, by Ry, (E‘w’on) and (E‘mmen)-

The resulits (9) then follow from such system. The solution to the adjoint linear system is

of the form (10), provided (t?l,f{) and (@ln,f’ln) are replaced, respectively, by (1_2101310)
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and (L?mn,f;on). Particular solution of the adjoint linear system is of the form (11),
provided ( g’iln,f’inj is replaced by ({twn, 2, )

In order &, the governing equations and the upper boundary conditions are of the

same form to the corresponding ones in the order €, provided (t_tm,Pm) is replaced by

(yo,,}},,). The lower boundary conditions are, however, of the order § version of 4),

provided u is replaced by u, . This system admits solution of the form

Uy, 2 up(2) ]~
py = - En’ (26)
(‘R)IJ ";J:I)Oln(z)

where the equations and the upper boundary conditions for the coefficient functions

(gmn, I-},ln) are of the form to the corresponding ones for (1},0",1”,0”) described before.

However the lower boundary conditions for these coefficients are now
Uy, (2) = =F(0), vy,(2) =—G'(0), wyy,(z2)=0atz=0. 27

In the order £, the solvability condition leads to the result R, =0. The leading

possible non-zero term R,J, in the expansion (24) for R, beyond Ry, appears in the

solvability condition for the £6-order system. This condition can be reduced to

s P

where the expressions for the coefficients a,, and é’n,p are given by (A4)-(AS) in the

appendix.
The integral expression (E,, E,Ep> in (28) is non-zero only if
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K,=K+K, (29)

for at least some / and p.
Before considering (28)-(29) for significant surface roughness effects, it is of interest
to note that for the cases where none of the surface roughness wave vectors ;k, satisfy

(29). In this situation the second term in the right-hand-side of (28) vanishes. Referring

to (A1), (A4) and the results presented in the previous section, it is apparent that the real

part of a, is positive, and the solution A, to the reduced equation (28) increases

indefinitely with ¢, unless R,. Hence R, =0 and A, becomes constant. Therefore,

non-trivial and significant result can follow only if f{ , satisfy (29) for at least some [.

Consider first the case of single critical-mode, where Ry=R and K =K, . For

significant surface roughness, where (29) holds, we have
p pld (30)
for, say I=1. Using (30) in (29) (for n = -1,1), we find
= Rt + Cu A AL, (n=-11) 61
The form of A, which leads to steady stable A, is found to be

Connhy =—Rya, (32a)
provided
: ROlanlr < 0’
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where a,,, denotes the real part of a,,. Since a,,, >0, we have

Ry <0. (32b)

Using the property (8c) and (32) in (31), we find that A is a real constant, and it turns

out to be stable with respect to infinitesimal disturbances. Again as in the corresponding

result presented in the previous section, in order to arrive at (32), we had to choose fln

according to (32a) which suppresses the time dependence part in (31) and leads to stable

solution for A, if (32b) holds.

The flow solution described above is preferred and since

6>0, ’ (33)

it leads to subcritical steady stable solution (6R;, < 0).

Next, consider the case of non-critical bi-modal flow, where Ry, is slightly larger
than R, and K, # X, . For significant surface roughness, there are two cases of general

interest. For the first case, the surface roughness wave vectors satisfy the conditions

{2" =2I~<n, (n=1,2). (34)

Using (29) and (34) in (28), we find equations of the form (31) which now hold for
n=-2,..,2. Again the form of A, which leads to steady stable A, is found to be of the

form (32a) which now hold for n= -2,...,2, provided

Rya,, <0 and R,,8 < 0. ' (35)

These results again imply subcritical steady stable solution for the particular non-critical

bi-modal flow satisfying the conditions (34).
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For the second case of non-critical bi-modal flow, the surface roughness wave

vectors satisfy the conditions, say, of the form

K =2K, K=K+K, (36)

where the wave vectors I_E'z, I:('_z, K, K,, K, and K, form a six-sided polygon.

Using (36) in (28), we find

d A - P
(Et— - Ryay, JAI =Cp2AA,+C, AA,, (37a)
d A« A - o
(E‘ -Rya,,, )A—l =C 24,4 +C, A A, (37b)
d o -
[E‘ — Ryay, )Az =G, 04,54, (37¢)
d A -
(I - Rma—z,l)A-z =044 . (37d)
There can exist steady stable and real solutions A, for (37), provided
A-zcz,—z,—x ==Ryay, (38a)
Aqu—l +R a, = “Azcnz,-z’ (38b)
real part of
(Alc'll,—l +Rya, + ROIaZI) <0, ' (38¢)
and such solutions are preferred if |
R,6<0. (39)

Finally, for completeness, we consider here briefly other particular 0(8")<5

< O(e("")) cases for n#2 with n a positive integer. For n=1, the trivial result that
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roughness controls the linear solution follows. For n>3, the £°R,, term in the series

expansion (24) for R dominates all the other terms containing factor 6™ (m > 0) and thus

implying negligible roughness effect on the amplitude solution A,.

SOME CONCLUDING REMARKS

In this paper we evaluated the effect of small roughness elements which are found to
have significant influence, under certain conditions on their magnitude, amplitudes and
wave vectors, on the selection of particular flow development resulted from the primary
instability of the stationary modes in rotating disk flows. In particular, we found that
there are certain families of the surface roughness shapes with particular wave vectors
and amplitudes which can lead to the preference of steady stable single critical-mode
vortex or non-critical bi-modal vortices.

An important feature not considered in the present study is thaf of consideration of
wave packet disturbances. In the absence of any roughness effects, Riahi and
Vonderwell [9] investigated weakly nonlinear development of wave packet disturbances
in a rotating disk flow and found that the solution of the amplitude equation can increase
indefinitely with time at the center of the wave packet disturbances. In the presence of
some particular forms of surface roughness, it is anticipated that steady stable flow can be
predicted as the results of some preliminary investigation by the present author indicates
but the completed full results will be reported elsewhere. Some roles of surface
roughness was detected experimentally by Wilkinson and Malik [10] who found that the
stationary disturbances can originate from isolated roughness sites on the rotating disk
and several vortex pattern emerges only when the different wave packets have spread and
filled the entire disk circumference.

A related important problem investigated presently by the present author is the
determination of the surface roughness effects on the nonlinear development of travelling
wave disturbances which can be preferred as in the case of Tollmien-Schlichting waves

development in a channel flow. Similar to the rotating disk flow, it is known that in the
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absence of roughness no steady stable solution can be predicted based on the weakly
nonlinear theory [11]. Hence, consideration of particular surface roughness may have

~ significant effects on the flows in such cases as well.
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Appendix

The expressions for the coefficients a,, b, and C np i0troduced in (13) are given below

a, = =([i, (L, = 2iB, v,,/R.)+ 07, (L, vy, +2iB, 1, /R.)
+Wi (L, + /R )w, ) /(R3d,),

where g
2

L= (02 4 B +1/R) ia, R,
2

d,= <(ulnuln ViV, T W, Wy, »v

b, = [F'(O)d"'*" 0)+ G(O)‘”'*"(")] /(Rodn),

é <ul"[ (al to )ul"’uﬂp + iamulmuZIP +
( )vl"‘uz"’ +ip mlimVa1p 2Vim Vap [ R + Wy, -
;zuzxp dsl Wz[p] + v,n[ (0!, + o )ulmvw +1a

Vimbbyyp + ’(ﬂ: + ﬁp)vlmvﬂp + iﬁmv]mvup - (ulm Vip T ¢
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The expressions for the coefficients a, and C » introduced in (28) are glven below
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+ﬁ’l*0n([1n + I/Rcz)wlon>/[(R00)2dnl]’
where L, is given in (A1),

A% Ax A X
d, = <(u10nu10n FVionYi0n T WionWion )>’

(Al)

(A2)

(A3)

(A4)



nlp —

o o] 20, (0) ditg,(0) By, dvio,(0) iy, (0) o, (0)
dz dz dz dz dz dz

/R + {“10,:(’0‘1“10,;“0” +10 Uy Uy, + ’ﬁl"mp“ou + prV(mump -

duy, ,

dz

du,
] , ol 5* i~
2V Vigp [ R+ Wou + Wou Wiop dz * Vion (’azulo,:"ou +

L0 lg Vg, T lﬁlvl()pv()ll + lﬁpv()llvl()p — g, Vou /R, =ty Vl()p/Rc +
dvyy,

dv ~
10,-; A'* o~ . .
100 "4, Wou dz + Wlon(laluwpwou +10 Uy Wy, + lﬁlva

dwy, dwg
. P
Wou + ’ﬁpvouwlo » T Wi, dz + Wy dz d,

|

/

(A3)



No.
741

742

743

744

745
746

747

748

749
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756

757

758

759

760

761

Authors
Zhang, Y., and
R. L. Weaver

Weaver, R. L., and
W. Sachse

Sundermeyer, J. N.,

and R. L. Weaver

Li, L., and N. R. Sottos

Jones, S. W.

Stewart, D. S., and
J. Yao

Mei, R., and
R.]J. Adrian

Liu, Z.-C.,

R.J. Adrian, and
T.J. Hanratty
Barnhart, D. H,,
R.]J. Adrian, and
G. C. Papen

Qi, Q.

W. D. O'Brien Jr., and

J. G. Harris

Mittal, R., and
S. Balachandar

Students in TAM 293—

294

Thoroddsen, S. T.

Turner, J. A., and
R. L. Weaver

Riahi, D. N.
Riahi, D. N.

Riahi, D. N.

Jog, C.S., and
R. B. Haber

Qi, Q. and
G.]J. Brereton

Shawki, T. G.

Balachandar, S.,

D. A. Yuen, and
D. M. Reuteler

List of Recent TAM Reports

Title

Scattering from a thin random fluid layer—Journal of the Acoustical
Society of America 96, 1899-1909 (1994)

Diffusion of ultrasound in a glass bead slurry—Journal of the
Acoustical Society of America 97, 2094-2102 (1995)

On crack identification and characterization in a beam by nonlinear
vibration analysis—Journal of Sound and Vibration 183, 857872
(1995)

Predictions of static displacements in 1-3 piezocomposites—Journal
of Intelligent Materials Systems and Structures 6, 169-180 (1995)

Chaotic advection and dispersion—Physica D 76, 55-69 (1994)

Critical detonation shock curvature and failure dynamics:
Developments in the theory of detonation shock dynamics—
Developments in Theoretical and Applied Mechanics 17 (1994)

Effect of Reynolds-number-dependent turbulence structure on the
dispersion of fluid and particles— Journal of Fluids Engineering 117,
402-409 (1995)

Reynolds-number similarity of orthogonal decomposition of the
outer layer of turbulent wall flow— Physics of Fluids 6, 2815-2819
(1994)

Phase-conjugate holographic system for high-resolution particle
image velocimetry—Applied Optics 33, 7159-7170 (1994)

The propagation of ultrasonic waves through a bubbly liquid into
tissue: A linear analysis—IEEE Transactions on Ultrasonics,
Ferroelectrics and Frequency Control 42, 28-36 (1995)

Direct numerical simulation of flow past elliptic cylinders— Journal
of Computational Mechanics, in press (1996)

Thirty-first student symposium on engineering mechanics,

J. W. Phillips, coordinator: Selected senior projects by

D. N. Anderson, J. R. Dahlen, M. J. Danyluk, A. M. Dreyer,

K. M. Durkin, J. J. Kriegsmann, J. T. McGonigle, and V. Tyagi
The failure of the Kolmogorov refined similarity hypothesis in
fluid turbulence—Physics of Fluids 7, 691-693 (1995)

Time dependence of multiply scattered diffuse ultrasound in
polycrystalline media— Journal of the Acoustical Society of America
97, 2639-2644 (1995) :
Finite-amplitude thermal convection with spatially modulated
boundary temperatures— Proceedings of the Royal Society of London A

- 449, 459-478 (1995)

Renormalization group analysis for stratified turbulence—
International Journal of Mathematics and Mathematical Sciences, in
press (1996)

Wave-packet convection in a porous layer with bounda
impertfections—Journal of Fluid Mechanics 318, 107-128 (1996)

Stability of finite element models for distributed-parameter
optimization and topology design—Computer Methods in Applied
Mechanics and Engineering, in press (1996).

Mechanisms of removal of micron-sized particles by high-
frequency ultrasonic waves—IEEE Transactions on Ulirasonics,
Ferroelectrics and Frequency Control 42, 619-629 (1995)

On shear flow localization with traction-controlled boundaries—
International Journal of Solids and Structures 32, 2751-2778 (1995)

I—Iigh Rayleigh number convection at infinite Prandtl number with
temperature-dependent viscosity

Date
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Dec. 1993
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Jan. 1994
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Feb. 1994
Feb. 1994
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Mar. 1994
May 1994
May 1994
May 1994
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June 1994

June 1994

July 1994
July 1994

July 1994

July 1994
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782

Authors
Phillips, J. W.

Man., C.S., and
D. E. Carlson

Zhang, Y., and
R. L. Weaver

Cortese, T. A., and
S. Balachandar

Balachandar, S.

Piomelli, U.

Harris, J. G,

D. A. Rebinsky, and
G. R. Wickham
Hsia, K.J.,and
Z-Q. Xu

Balachandar, S.

Lufrano, J. M., and
P. Sofronis

Aref, H.,, and
S. W. Jones

Stewart, D. S.,

T.D. Aslam, J. Yao,
and J. B. Bdzil
Mittal, R., and

S. Balachandar
Stewart, D. S,

T. D. Aslam, and
J. Yao

Aref, H.

Cherukuri, H. P,
T. G. Shawki, and
M. El-Raheb

Li, L., and N. R. Sottos

Phillips, J. W.,

D.L. de Camara,

M. D. Lockwood, and
W. C. C. Grebner
Xin, Y.-B., K. J. Hsia,
and D. A. Lange

Yao, ]., and

D.S. Stewart
Riahi, D.N., and
T. L. Sayre

List of Recent TAM Reports (cont’d)

Title
Arthur Newell Talbot—Proceedings of a conference to honor
TAM’s first department head and his family

On the traction problem of dead loading in linear elasticity with
initial stress— Archive for Rational Mechanics and Analysis 128,223-
247 (1994)

Leaky Rayleigh wave scattering from elastic media with random
microstructures— Journal of the Acoustical Society of America 99, 88-99
(1996)

High-performance spectral simulation of turbulent flows in
massively parallel machines with distributed memory—
International Journal of Supercomputer Applications 9, 185-202 (1995)

Signature of the transition zone in the tomographic results
extracted through the eigenfunctions of the two-point correlation—
Geophysical Research Letters 22, 1941-1944 (1995)

Large-eddy simulation of turbulent flows

An integrated model of scattering from an imperfect interface—
Journal of the Acoustical Society of America 99, 1315-1325 (1996)

The mathematical framework and an approximate solution of
surface crack propagation under hydraulic pressure loading—
International Journal of Fracture, in press (1996)

Two-point correlation and its eigen-decomposition for optimal
characterization of mantle convection

Numerical analysis of the interaction of solute hydrogen atoms
with the stress field of a crack—International Journal of Solids and
Structures, in press (1996)

Motion of a solid body through ideal fluid—Proceedings of the
DCAMM 25th Anniversary Volume, 55-68 (1994)

Level-set techniques applied to unsteady detonation
propagation—In “Modeling in Combustion Science,” Lecture Notes
in Physics (1995)

Effect of three-dimensionality on the lift and drag of circular and
elliptic cylinders—Physics of Fluids 7, 1841-1865 (1995)

On the evolution of cellular detonation

On the equilibrium and stability of a row of point vortices—Journal
of Fluid Mechanics 290, 167-181 (1995)

An accurate finite-difference scheme for elastic wave propagation
in a circular disk— Journal of the Acoustical Society of America, in
press (1996)

Improving hydrostatic performance of 1-3 piezocomposites—
Journal of Applied Physics 77, 4595-4603 (1995)

Strength of silicone breast implants— Plastic and Reconstructive
Surgery 97,1215-1225 (1996)

Quantitative characterization of the fracture surface of silicon
single crystals by confocal microscopy—Journal of the American
Ceramics Society 78, 3201-3208 (1995)

On the dynamics of multi-dimensional detonation—Journal of Fluid
Mechanics 309, 225-275 (1996)

Effect of rotation on the structure of a convecting mushy layer—
Acta Mechanica, in press (1996)
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Aug. 1994

Aug. 1994

Aug. 1994

Sept. 1994

Sept. 1994
Sept. 1994

Sept. 1994

Oct. 1994

Oct. 1994

Oct. 1994

Oct. 1994

Oct. 1994

Nov. 1994
Revised
Jan. 1996
Nov. 1994

Nov. 1994

Dec. 1994

Jan. 1995

Jan. 1995

Jan. 1995

Feb. 1995
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Authors

Batchelor, G. K., and
TAM faculty and
students

Sayre, T. L., and
D. N. Riahi

Xin, Y.-B., and
K.]. Hsia

Riahi, D. N.

Turner, J. A., and
R. L. Weaver
Weaver, R. L., and
D. Sornette

Students in TAM 293—-

294

Figa, J., and
C.]J. Lawrence
Figa, J., and
C.J. Lawrence

Cherukuri, H. P., and
T. G. Shawki

Harris, J. G.”

Sottos, N.R,,
J. M. Ockers, and
M. ]. Swindeman

Aref, H., and
M. A Stremler

Barenblatt, G. I., and
N. Goldenfeld

Aslam, T.D.,
J. B. Bdzil, and
D. S. Stewart

Nimmagadda, P. B.
R., and P. Sofronis

Hsia, K. ].,
T.-L. Zhang, and
D. E. Socie

Adrian, R.J.
Riahi, D. N.
Thoroddsen, S. T.

Riahi, D. N.
Meleshko, V. V.

List of Recent TAM Reports (cont’d)

- Title

A conversation with Professor George K. Batchelor

Effect of rotation on flow instabilities during solidification of a
binary alloy—International Journal of Engineering Science, in press
(1996)

A technique to generate straight surface cracks for studying the
dislocation nucleation condition in brittle materials —Acta
Metallurgica et Materialia 44, 845-853 (1996).

Finite bandwidth, long wavelength convection with boundary
imperfections: Near-resonant wavelength excitation

Average response of an infinite plate on a random foundation—
]oumaf of the Acoustical Society of America 99, 2167-2175 (1996)

The range of spectral correlations in pseudointegrable systems:
GOE statistics in a rectangular membrane with a point scatterer—
Physical Review E 52, 341 (1995)

Thirty-second student symposium on engineering mechanics,

J. W. Phillips, coordinator: Selected senior projects by

K. F. Anderson, M. B. Bishop, B. C. Case, S. R. McFarlin,

J. M. Nowakowski, D. W. Peterson, C. V. Robertson, and

C. E. Tsoukatos

Linear stability analysis of a gravity-driven Newtonian coating
flow on a planar incline

Linear stability analysis of a gravity-driven viscosity-stratified
Newtonian coating flow on a planar incline

On shear band nucleation and the finite propagation speed of
thermal disturbances—International Journal of Solids and Structures,
in press (1996)

Modeling scanned acoustic imaging of defects at solid interfaces—
Chapter in IMA Workshop on Inverse Problems in Wave Propagation,
Springer-Verlag, in press (1996)

Thermoelastic properties of plain weave composites for multilayer
circuit board applications

On the motion of three point vortices in a periodic strip— Journal of
Fluid Mechanics 314, 1-25 (1996)

Does fully-developed turbulence exist? Reynolds number
independence versus asymptotic covariance—Physics of Fluids 7,
3078-3082 (1995)

Level set methods applied to modeling detonation shock
dynamics—Journal of Computational Physics, in press (1996)

The effect of interface slip and diffusion on the creep strength of
fiber and particulate composite materials—Mechanics of Materials,
in press (1996) .

Effect of crack surface morphology on the fracture behavior under
mixed mode loading —ASTM Special Technical Publication 1296, in
press (1996)

Stochastic estimation of the structure of turbulent fields
Perturbation analysis and modeling for stratified turbulence

Conditional sampling of dissipation in high Reynolds number
turbulence— Physics of Fluids 8, 1333-1335

* On the structure of an unsteady convecting mushy layer

Equilibrium of an elastic rectangle: The Mathieu-Inglis-Pickett
solution revisited—Journal of Elasticity 40, 207-238 (1995)

Date
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Feb. 1995
Mar. 1995

Mar. 1995
Mar. 1995

Apr. 1995

Apr. 1995

May 1995
May 1995

May 1995
May 1995
May 1995

June 1995

June 1995
June 1995
July 1995
July 1995

Aug. 1995
Aug. 1995
Aug. 1995

Aug. 1995
Aug. 1995



No.
805

806

807

808

Authors

Jonnalagadda, K.,
G. E. Kline, and
N. R. Sottos

Nimmagadda, P. B.
R., and P. Sofronis

Carlson, D. E., and
D. A. Tortorelli

Sayre, T. L., and

~ D./N.Riahi
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Xin, Y.-B., and
K.]. Hsia

Ulysse, P.,and
R. E. Johnson -

Fried, E.

Mittal, R., and

S. Balachandar .
Segev, R., E. Fried,
and G. de Botton
Weaver, R. L.

Haber, R. B, C.S. Jog,
and M. P. Bensoe

Xu, Z-Q., and

K.J. Hsia

Adrian, R.J.

Fried, E., and

- G.Grach

Vonderwell, M. P.,
and D. N. Riahi

Short, M., and
D.S. Stewart

Casagranda; A, arv\d‘ |
P. Sofronis

Xy, S., and
D.S. Stewart
Weaver, R. L.
Fried, E.

Students in TAM 293—
294

Riahi, D. N.

Riahi, D. N.

List of Recent TAM Reports (cont’'d)

Title

~ Local displacements and load transfer in shape memory alloy

composites

On the calculation of the matrix-reinforcement interface diffusion
coefficient in composite materials at high temperatures—Acta
Metallurgica et Materialia, in press (1996) ‘

On hyperelasticity with internal constraints—journal of Elasticity
42,91-98 (1966)

Oscillatory instabilities of the liquid and mushy layers during

solidification of alloys under rotational constraint— Acta Mechanica, -

in press (1996)

Simulation of the brittle-ductile transition in silicon single crystals
using dislocation mechanics '

A plane-strain upper-bound analysis of‘unsymmetrical single-hole
and multi-hole extrusion processes

Continua described by a microstructural field—Zeitschrift fiir
angewandte Mathematik und Physik, in press)(1996)

Autogeneration of three-dimensional vortical structures in the near
wake of a circular cylinder : ’

Force theory for multiphase bodies—Journal of Geometry and
Physics, in press (1996) ‘ _

The effect of an undamped finite-degree-of-freedom “fuzzy”
substructure: Numerical solutions and theoretical discussion
A new approach to variable-topology shape design using a
constraint on perimeter— Structural Optimization 11, 1-12 (1996)

A numerical solution of a surface crack under cyclic hydraulic

- - pressure loading

Bibliography of particle velocimetry using imaging methods: 1917~
1995—Produced and distributed in cooperation with TSI, Inc., St. Paul,
Minn.

An order-parameter based theory as a regularization of a
sharp-interface theory for solid-solid phase transitions—Archive for
Rational Mechanics and Analysis, in press (1996)

Resonant instability mode triads in the compressible
boundary-layer flow over a swept wing

Low-frequency two-dimensional linear instability of plane

- detonation

On the scaling laws for the consolidation of nanocrystalline
powder compacts

Deflagration-to-detonation transition in porous energetic materials:
A comparative model study

Mean and mean-square responses of a prototypical master/fuzzy
structure

Correspondence between a phase-field theory and a
sharp-interface theory for crystal growth

Thirty-third student symposium on engineering mechanics,

J. W. Phillips, coordinator: Selected senior projects by

W. J. Fortino II, A. A. Mordock, and M. R. Sawicki

Effects of roughness on nonlinear stationary vortices in rotating
disk flows

Nonlinear instabilities of shear flows over rough walls

Date
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Aug. 1995

Aug. 1995

Sept. 1995

Oct. 1995
Oct. 1995
Nov. 1995
Nov. 1995

Dec. 1995

~Jan 1996

" Feb. 1996

Mar. 1996

Mar. 1996

Mar. 1996

' Mar. 199

Mar. 1996
Apr. 1996

Apr. 1996

Apr. 1996

Apr. 1996

May 1995

June 1996

June 1996



