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ABSTRACT 

The circumferential waves or creeping waves propagate in 
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INTRODUCTION 

The roughness criterion for random rough surfaces is 
expressed as; 

tr > J/SainO 

C < A/ß.nB 

for rough surfaces 

for smooth surfaces 

where C   = standard deviation of heights above and below the 
mean; J? ■ wavelength; and B  = incident angle, and thus roughness 
is a relativo measurement and depends exclusively on the inci- 
dent wavelength M" and the angle of incidence"0 *.  Since in 
practice, actual noanurement of microscale surface roughness on 
a relatively smooth surface is impossible, this paper offers a 
technique to obtain a measure of such microscale roughness in 
one manner. 

2 3 4 Experimental results ' '  in combination with theoretical 
di8cussions5»6»7 on the subject of circumferential waves on 
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cylindricol   surfaces   indicate  that circumferential wave  velocity 
vary with  tiie  incident wavelength.     This,  coupled with the   fact 
that  the  creeping wave must  traverse both media  at  tho   interface 
in a randon  manneri   led to the conclusion^ that this velocity 
should be  .    function  of the  interface  roughness   for a given wave- 
length.     A physical  interpretation of  this phenomena   is  given  in 
Fig.   1 when    the  surface wave  is  shown  to propagate  in  both 
materials. 

^.^quid 

• ' . Fig. 1 ". 

THEORY AND EXPERIMENT 

The port ion of the wave that propagates in the solid 
material (cyJInder) is determined by the relative roughness of 
the surface.  Figure 2 illustrates a model surface in which, for 
mathematical convenience, the height 'K'  is fixed and x'    is 
the variable.  The variation of 'x"   with respect to '1' (both 
have the same units) represents the assumed roughness of the 
surface. 
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Solid    •; 

The experimental results and theoretical v;ork show that a 
maximum circumferential velocity is obtained at a certain opti- 
mum frequency while the velocity diminishes on both sides of 
the optimum frequency as Fig. 3 illustrates. One must also 
observe 

V i K m/'-« I 

1 S 
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Theoretical 

 Fi-j.. 3 120 '.^siilQ. 

the discrepancy between the theoretical and experimental curv-js; 
it can be explained by the fact that the roughness model is an 
idealized one; many other side effects are ignored for simplify- 
ing the illustration. 

The above discussion shows that in order to determine the 
microscale roughness in terms of "x " , the theoretical frequency 
versus velocity curves should be superimposed on the experimental 
curves.  The value of JC optimum'for such a plot (see Fig. 3) 
corresponds to most of the propagation occuring in the solid and 
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hence the m 
assumed th.. 
(see Fig. •' 
is  propoi '" 

•■iraum circumfert.-utial velocity.     It   is   further 
the maximum r..n.:9hness corresponds  to opLiivam   -^ 
implying  I'hat,   in  a  first order model,   ruuj'.iess 

mal   to  the  cirr.'jmferential wave velocity. 
1 R'tx) 

e.6 

Thus the experimental velocity may be related to 3" 
following equation: 

DV   rne 

iO 

or < 

\Ax|JL'r: 
(D 

(2) 
vrtiyin f Vii.p _ Vsoita"^ 

These aquations are valid for the model surface of Fig. 2. 
The apparent discrepancy between the experiment..?.! velocity vs. 
"äß*curve and the Eq. (2), where "x*   is a single valued function 
of VcxfuT , is due to the oversimplified surface model with con- 
stant 'V .  In practice the surface remfhnoss ft*   is both a 
function of 'X"   ar J h*   : 

ft! z. P.(X,fli (3) 

Hence it is possible to have a given rouyhness and the associated 
circumferential velocity for two different values of "%'   and it 
requires a modification of F.q. (2) in order to account for the 0 
second order correction.  However, for the simple case where n 
is a constant, Fig. 4 shows the complete agreement between) theory 
and experimental results.  For instance, as 'x"   approaches zero 
or infinity a smooth surface result'- (i.e.,R'ri" ) and the prop- 
agation through the solid is minimized and so is the magnitude 
of the circumferential wave velocity. 

"■ ii 

In an effort to include the n  variation, it is assumed 
that'h''  is a function vf''x',   and the plot of velocity varsus * 
(Fig. 3) is empirically modified from Kq. (I)to express its 
curvature as being the result of its elliptical shape whose 

, (?,) and whose semi-axes are a  and '>/' or center is ( r, •,)   and whose 

(X - xf 
w 1 (4)- 

The information ror the velocities in the solid aril the fluid 
are contained in constanii *u"   and 'h* since the plot of cir- 
cumferential velocity versus frequency is unique for each ma- 
terial.  Thus a specification of a     and 'h     ar; functions of 
the appropriate sound velocities, in each material, then for 
UUfe<p«MW. i Kg. (4) would yield "x' . 
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CONCLUSIONS 

The circumferential or creeping waves propagate in both 
materials forming an interface.  The percent length of propaga- 
tion puth in each material is a function of the relative rough- 
ness Yd    or the wavelength ^ 

A first order microscale roughness criterion in terms of 
the measured circumferential wave velocity as a function of the 
frequency is offered as a useful tool for hitherto impossible to 
measure scale of roughness.  Furthermore, a second order model 
involving second degree relationship between the surface height. 
parameter and the roughnesr, parameter is also proposed. 

Moreover, experimental verification of the first order model 
is given for aluminum cylinder and advance work on this topic is 
under way at the University of Houston. 
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