
are negligible. Further analysis is necessary to introduce inertial 
effects in the model (Simon and Frene, 1992) and to establish 
a relation between the equivalent sand roughness and the 
roughness normalized characteristic Ra. Finally, it is necessary 
to validate the rough turbulent model through an experimental 
study. 
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D I S C U S S I O N 

W. F. Hughes1 

The authors have presented an interesting and informative 
paper which helps in understanding the effect of roughness on 
annular seals. However, it is not clear that inertia effects may 
be entirely neglected. The "inlet losses" are due to inertia 
effects and if the back pressure is low enough there is the 
possibility of anomolous liquid choking as the liquid flashes 
at the exit, again an inertial effect. 

While it is true that the mean acceleration terms are iden
tically zero in a uniform channel of fully developed flow in 
steady state, the inertia (i.e., kinetic energy) effects can be 
vitally important if the flow channel is not uniform as is the 
case if the shaft is misaligned or eccentric. These effects might 
indeed be small for low leakage seals, but they are generally 
important in high leakage turbulent seals such as those analyzed 
by P. A. Beatty and myself (1987, 1990). 

Perhaps the authors could comment on any restrictions on 
leakage rate or the general validity of their model. 
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L. San Andres2 

A model of turbulent flow in annular seals taking into ac
count the surface roughness of the stator and rotor is a welcome 
addition to the literature. The authors are complimented by 
their comprehensive work on the mechanics of turbulent flows 
with rough surfaces. The analysis complements and extends 
the classical work of Elrod and Ng, and soon, it will have well-
deserved recognition by the fluid film lubrication dynamicists. 
Although the omission of land fluid inertia effects in annular 
pressure seal analysis is a major drawback of the work, I do 
agree with the authors' treatment that reduced the complexity 
of the problem, in order to give close attention to the mechanics 
of turbulent flow with rough surfaces. 

Relevant questions which may improve the quality of this 
paper are: 
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(a) How are damping coefficients extracted from Eq. (3) 
since this does not have any squeeze film term, i.e., d(ph)/ 
df] 

(b) As derived in the analysis, the turbulent coefficients Gx 
and Gz are strictly valid for planar flows (dh/dx = 0). How 
do the authors consider applying these results to seal geometries 
which as soon as rotor eccentricity varies, then dh/dx is non
zero. 

(c) Could the authors provide a clear discussion as to the 
Reynolds number ranges (pressure and shear flow) defining 
the transition zone from laminar flow to fully developed tur
bulent flow? How is this accounted for in their analysis? Many 
annular seals handling light hydrocarbons appear to operate 
with shear Reynolds numbers between 800 to 2,000 and pres
sure flow Reynolds numbers on the same magnitude. The au
thors input on this issue would be most welcome. 

(d) Is it possible for the authors to publish the polynomial 
expressions for kx and kz as outlined in Eq. (32)? 

(e) Are Eqs. (40) for the force coefficients correct? Why 
is the total load WTo used on the calculation of the stiffness 
and damping coefficients and not its component on the X and 
Y direction? For example, the direct stiffness coefficient kxx 
should be equal to kxx- ( WTo cos (j>- Wxx)/AX, where <j> is 
the attitude angle between the load vector and the X axis. 

(/) The results from the analysis are to be used for annular 
pressure seals where the axial pressure gradient is typically very 
large, i.e., axial pressure flow Reynolds no. of same magnitude 
or larger than circumferential flow shear Reynolds no. How
ever, the results presented in Fig. 4 for the shear coefficients 
Gx and Gz are more applicable to plain journal bearings rather 
than pressure seals. Could the authors provide a similar figure 
but for dP/dz»dP/dx1 Also, some results for dP/dx>0 
(backflow) will be of extreme interest. 

(g) I would very much appreciate the authors comments 
on their planned work to analyze seals with macroscopic rough 
surfaces such as honeycomb or knurled patterns. Is the present 
work applicable to such situations? 
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W. F. Hughes discussion: 
Inertial effect may be very important; we have chosen, as 
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