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Creep Buckling of Thin-Walled Circular 
Cylindrical Shells Subject to Radial 
Pressure and Thermal Gradients1 

';tt,'..!.. H: LIN.2 Tins paper is a good application of the analogy of 
T56dy force and creep strain gradient to a buckling problem of 
a structure subject to an arbitrary temperature gradient. By 
this analogy, the creep strain and thermal strain may be treated 
in a similar way. Hence, as indicated by the author, her method 
given in this paper may be extended to creep problems subject 
to time-dependent temperature gradients. 

Since the reactor is generally designed for a life of 20-30 years, 
probably this is the reason why only steady creep is considered. 
However, for buckling problems, the transient creep has a similar 
effect as the initial imperfection. For more accurate determina
tion of creep life of the shell, the consideration of transient creep 
may be needed. 

I have found this analysis with temperature gradient very 
interesting. 

1 By Y. S. Pan, published in the March, 1971, issue of the JOURNAL 
OF APPLIED MECHANICS, Vol. 38, TBANS. ASME, Vol. 93, Series E, 
pp. 209-216. 

2 Mechanics and Structures Department, University of California, 
Los Angeles, Calif. 

Flow Over an Oscillating Plate With 
Suction or With an Intermediate Film: 
Two Exact Solutions of the Navier-
Stokes Equations1 

R. B. KINNEY.2 The authors are quite correct in their observa
tion (concluding paragraph of their paper) that the solutions 
derived by them have application to heat-conduction problems. 
In fact, the heat-conduction solution analogous to their velocity 
distribution due to suction has previously been worked out and is 
given on page 389 of [ l ] . 3 Also, a generalization of their inter
mediate film problem is discussed on page 109 of the same ref
erence. 

If one examines the aforementioned reference, it is revealed 
that the authors' equation (4a) is incorrect. The correct result 
can be shown to be 
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where the nomenclature corresponds to that appearing in the 
original paper. The subsequent results obtained by the authors 
are correct, indicating the error is perhaps typographical. 

The authors may be interested to learn that the solution for the 

1 By W. R. Debler and R. D. Montgomery, published in the 
March, 1971, issue of the JOURNAL OE APPLIED MECHANICS, Vol. 38, 
TBANS. ASME, Vol. 93, Series E, pp. 262-265. 

2 Associate Professor of Aerospace and Mechanical Engineering, 
College of Engineering, University of Arizona, Tucson, Ariz. 

3 Numbers in brackets designate References at end of Discussion. 

velocity distribution due to suction has previously been used to 
model turbulent flows near a solid wall with surface suction. In 
this case, it is required to alter the velocity solution to correspond 
to that which exists in an oscillating fluid near a fixed porous 
wall. Details of the model can be found in [2]. 
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"A General Nonlinear Relaxation 
Iteration Technique for Solving 
Nonlinear Problems in Mechanics1 

P. D. SMITH.2 The writer would like to comment on a common 
error which appeared in the authors' paper, namely, "Many old 
standbys such as Rayleigh-Ritz, Galerkin, etc., are being used 
less frequently relative to finite-difference or finite-element tech
niques. . . . " 

What should be clear by now, see references [1-6],3 but sadly 
is not, is that the finite-element method (FEM) and Ritz or 
Galerkin methods are not different methods. 

The F E M is nothing more than the Ritz or Galerkin method 
using special trial functions [6]. What may lead to the notion 
that the F E M is different from the classical Ritz or Galerkin 
methods is that choosing the trial functions in the way that they 
are, and assembling the equations in the way that they are, are 
such powerful techniques that they enable one to solve problems 
heretofore intractable (though not impossible) by classical means. 
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Authors' Closure 
Perhaps the authors and the discusser share a mutual guilt 

1 By N. Perrone and R. Kao, published in the June, 1971, issue 
of the JOURNAL or APPLIED MECHANICS, Vol. 38, TRANS. ASME, Vol. 
93, Series E, pp. 371-376. 

2 Assistant Professor, Department of Civil Engineering, Auburn 
University, Auburn, Ala. 

3 Numbers in brackets designate References at end of Discussion. 

Journal of Applied Mechanics MARCH 1 972 / 313 

Copyright © 1972 by ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/appliedm

echanics/article-pdf/39/1/313/5451773/313_3.pdf by guest on 19 M
ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1115/1.3422653&domain=pdf&date_stamp=1972-03-01


DISCUSSION 

for making oversimplified statements on the relationship between 
Rayleigh-Ritz and Galerkin procedures, and finite-element meth
ods: ourselves for implying a complete independence and Mr. 
Smith for indicating, in effect, tha t finite-element methods are 
nothing more than dressed-up Ritz-Galerkin procedures. To be 
sure, the t ruth is somewhere between these two viewpoints. 

I t is interesting to note that Courant (Mr. Smith's reference 
[1]) who in the Appendix to his cited paper was flirting on. the 
edge of finite-element methods solved an example torsion problem 
by a Rayleigh-Ritz and a variational procedure. The following 
paragraph is excerpted from Courant's paper (page 21) wherein 
he discusses a comparison of these methods: 

(a) "These results show in themselves and by comparison 
that the generalized method of triangular nets seems to have 
advantages. I t was applied with similar success to the case of 
a square with four holes, and it is obviously adaptable to any 
type of domain, much more so than the Rayleigh-Ritz procedure 
in which the construction of admissible functions would usually 
offer decisive obstacles." 

The implications of Courant's as well as our own statements 
are that Rayleigh-Ritz procedures apply, as originally conceived, 
to domains in the large. When we apply them as in finite-
element techniques to a generic small piece of a domain and 
subsequently tack all these elements together, this constitutes 
a major departure from the original philosophy of the Ritz 
approach. 

At any rate, Mr. Smith's comments are certainly well taken; 
undoubtedly, the root problem is one of semantics (or anti-
semantics). 

Measurement of Energy Dissipation in a 
Liquid-Filled, Frecessing, Spherical Cavity1 

R. E. KELIY.2 The authors have obtained many interesting 
experimental results for flow regimes for which information was 
previously lacking. Because the general problem is a very im
portant one in several areas of research, as noted by the authors, 
the results will certainly stimulate further investigations, both 
experimental and analytical. 

The use of the rigid interior sphere solution is clearly superior 
to the oscillating surface solution, which fails to model correctly 
either the interior flow or the spiral nature of the wall boundary-
layer solution. However, the author's negative statement at the 
beginning of the section entitled "Comparison With Analytical 
Approximations" should be restricted to the description of the 
turbulent regime. As noted in their introduction, considerable 
analysis of the laminar case has been done (cf. the author's 
references [16, 17]). Such analyses are applicable to the case 
when, for a fixed angle between the spin and precessional axes, the 
ratio of the precessional rate to spin rate is small. The conclu
sion is that the core will rotate as a solid body about the axis of 
precession with an angular velocity, relative to the processing 
frame of reference, equal to the spin rate. For the small values 
of f which appear to be appropriate, this appears to be the result 
obtained by the authors in equation (10). Once this important 
matter is settled, the calculation of energy dissipation can be ob
tained more accurately by use of the cited analyses (the authors' 
references [16, 17]). In other words, the rigid interior solution 
should not be viewed in any sense as being superior to the pub
lished analyses. However, the fact that reasonable agreement is 

1 By J. P. Vanyo and P. W. Likins, published in the September, 
1971, issue of the JOURNAL OF APPLIED MECHANICS, Vol. 38, TBANS. 
ASME, Vol. 93, Series E, pp. 674-682. 

2 Associate Professor, School of Engineering and Applied Science, 
University of California at Los Angeles, Los Angeles, Calif. 

obtained under conditions for which the core is probably turbulent 
is very interesting and indicates that the differential motions 
produced in the interior, reference [17] of the authors' paper, ap
parently break down to give a mean solid body rotation substan
tially the same as predicted by the linear laminar analyses. This 
point should be investigated further by experiment. 

The need to guess the clearance h would not be necessary if a 

boundary-layer analysis were employed. The estimates given by 
equations (12) and (13) are really the same and ai'e based on a 
laminar model. (The numerical factor reflects the fact that the 
boundary-layer exhibits exponential decay.) In order to got 
better agreement at the higher precessional rates, an empirical 
model might be made which reflects the fact that the boundary 
layer becomes thinner as the core turbulence increases, i.e., it 
should have a further dependence on cf> and 6, which measure the 
strength of the turbulence. 

The pronounced asymmetry of the torque results with regard 
to the sign of <j>, the authors' Fig. 3, suggesting a resonant peak, 
is very interesting. However, it should be mentioned that small 
departures from a perfectly spherical shape can lead to such anom
alies, due to the resonant excitation of spheroidal modes. This 
is discussed in greater detail by Greenspan (section 2.13 of [13] of 
the authors' paper). 

Finally, we might hope tha t Professor Busse will someday be 
able to retract his statement that the problem can only be investi
gated experimentally, in view of his recent work concerning 
bounds on the transport of momentum in turbulent shear flows.3 

R. K. WIUIAMSON.4 Energy dissipation phenomenon can have 
profound effects upon the attitude librations of certain classes of 
satellites. I t is widely known that a spinning spacecraft engaged 
in torque-free motion and configured as a prolate body that is 
spinning originally about an axis of minimum moment of inertia, 
will in the presence of energy dissipation exhibit marked changes 
in attitude, and will ultimately reside in a state of pure spin about 
an axis of maximum moment of inertia. Energy dissipation 
effects on the rotor of a specific dual-spin satellite configuration, 
in which the total average mass center transverse inertia of the 
spacecraft with respect to the composite mass center of the space
craft exceeds the rotor spin axis inertia, can have a destabilizing 
effect as well. Unless it is dominated by compensatory sources 
of energy dissipation on the despun portion of the satellite, the 
satellite may exhibit unsatisfactory performance. There is a 
growing need in the area of dual-spin satellite technology in par
ticular, to anticipate the possible sources of energy dissipation, 
and to provide characterizations for them that possess analytical 
tractability and simultaneously possess some degree of precision. 
One of the predominant destabilizing energy dissipation mecha
nisms for the specific class of dual-spin satellites mentioned arises 
due to the presence of fuel which is typically located on the 
spinning portion of the spacecraft. 

The authors have done an admirable job in characterizing the 
energy dissipation in a specific, spherical, precessing, fluid-filled 
cavity for a variety of kiuematical conditions. Some important 
first steps in acquiring an understanding of this complex physical 
system have been taken. The authors, quite fairly, and appro
priately, also recognize that much additional effort remains before 
a truly comprehensive understanding of this specific energy dissi
pation mechanism is achieved. More investigation is required to 
extend the range of kinematic variables to the important areas 
previously unexplored (ip, 0-100 rpm; 8, 0-5 deg); to examine 
functional relationships of energy dissipation upon such parame
ters as cavity radius (R) and kinematic viscosity (v); to further 
develop models that possess both precision and analytical trac
tability; to examine the effects of internal tank baffling, and 

3 Busse, F . H., "Bounds for Turbulent Shear Flow," Journal of 
Fluid Mechanics, Vol. 41, 1970, pp. 219-240. 
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