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useful information to re-evaluate existing hot-film and hot-
wire measurements of separating turbulent boundary layers.
For example, if the measured U,/(u,2)” value was_greater
than 2, then v, >0.9 and U, should be valid. The u,? values
should only be trusted when v, >0.95.
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Comment on ‘‘Buckling of Open
Cylindrical Shells with Torsionally
Stiff Rectangular Edge Stiffeners’’

A.V. Viswanathan* and M. Tamekuni*
Boeing Commercial Airplane Company,
Seattle, Washington

LASSICAL theoretical solutions based on
small deflection theory for buckling of open cylindrical
shells (curved plates), both unstiffened and logitudinally stif-
fened and more general than that of Ref. 1, are available in
literature.?® References 2 and 3 and the associated computer
program ‘“BUCLAP2” consider curved laminates (with dif-
fering orthotropy directions in each lamina) subjected to com-
bined inplane loads N,, N,, and N,,. Boundary conditions
along the longitudinal sides can be arbitrary. While Refs. 4
and 5 present a unified analysis for longitudinally stiffened
structures (open or closed) subjected to biaxial inplane loads,
the algorithm of the associated computer program
“BUCLASP2”’ takes advantage of “‘open’’ structures with
open or closed stiffeners. The case of open cylindrical shells
with torsionally stiff edge stiffeners thus become only a par-
ticular case of the more general solution. The analysis of Refs.
4 and 5 unlike that of Ref. 1 does not involve quantitative
assumptions of the torsional stiffness or the lateral resistance
of the stiffener and also does not ignore local stiffener defor-
mations at buckling. Such deformations lower the effective
stiffness of the stiffener, thereby further reducing the
buckling loads.” ]
Reference 6 is an extension of Refs. 4 and 5 and presents an
analysis for thermal stresses and buckling of heated
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logitudinally stiffened structures. While the temperature is
uniform in the longitudinal direction, temperature variation
in the cross-section is allowed. The analysis is also applicable
to buckling of the structures described, with nonuniform
loads in the cross-section, e.g. bending.

The formulation of Refs. 2 to 6 leads to a symmetric
““buckling determinant.”” This enables the use of the
algorithm of Ref. 8 which ensures that the lowest buckling
load is determined with certainty and with few iterations. This
method avoids the main disadvantages of the technique used
in reference 1, namely, the risk of missing the lowest buckling
load unless extremely small load increments are used and the
consequent uneconomical computing time required.

The analysis of Refs. 9 to 12 are exact tor prismatic flat
plate structures. However, as discussed in Ref. 13, these
methods can also be approximated with certain limitations to
analyze open cylindrical shells, both unstiffened and
longitudinally stiffened.
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Reply by Author to A.V. Viswanathan
and M. Tamekuni

G. Krishnamoorthy .
San Diego University, San. Diego, Calif.

OST of the references quoted in the discussion
refer to the shell problems in which, the stifferners are
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uniformly spaced and suitable deflection functions were
assumed. The thrust of the paper is to compute the critical
buckling load without assuming a deflected shape. The
theoretical methods developed here are definitely superior to
finite element formulations (Ref. 5) as they are inherently ap-
proximate in nature.

To preserve the clarity of the presentation, the twisting and
buckling of the edge stiffeners were neglected. However the
procedure presented in the paper can be adopted by
generating these quantities from the cross sectional properties
and the connectivity to the open shell. It is not difficult to
adopt the same technique for various prescribed kinematic
boundary conditions and/or force boundary conditions.

The symmetry of the system was employed to reduce the
general 8 X 8 matrix to a 4 X4 matrix. With the modern day
digital computers like CDC 7600, IBM 370 etc. it is not
uneconomical to find an iterative solution by using small in-
crements of load instead more logic in programing. The
author appreciates the fact that there are other efficient
techniques and encourages the use of those methods.

Comment on ‘‘Explicit Numerical
Method for Solution of Heat-
Transfer Problems”’

John D. Randall*
Applied Physics Laboratory/ The Johns Hopkins
University, Laurel, Md.

ITH reference to a recent synoptic by Segletes,!

the stability criterion quoted by Segletes for the rate-
exponential numerical solution of the heat conduction
equation is unnecessarily restrictive. To derive the stability
criterion directly, in a one-dimensional constant property
system with a uniform grid spacing Ax, his Eq. (8) would ex-
press

Tipras= (Tie=7+a(Tiy +Tiy) (Ie™7)

+ (T + T A8 I—2r) 1 (1—e=)] ), (1)
where r=aAf/Ax?, and a=k/pc. From Eq. (4) of Segletes
paper T;., and 7,_; can be found in terms of T, ,, T;,;, T;
and 7;, T,_,, T,_,, respectively, so that Eq. (1) becomes
Tipeno=(Tie ™+ (T, +T,_)) (I—e= ) +r/2

(Ti2=2T  +2T, 2T, + T, _; )’

[I=Qry ' {1-e 7)), (2)
For stability, the coefficients of the temperature terms on the
right hand side of this equation must sum to unity and must
all be positive. This condition is satisfied provided that

l—e= 2 —r=0 3)

The previous expression is the coefficient of T,,,, all other
coefficients are positive for all positive values of r. The
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maximum value of r for which inequality (3) is satisfied is
r=0.7968 @)

The well know result for the conventional explicit finite dif-
ference method is r=0.5, so Segletes’ method allows for a
59.4% enhancement of the maximum allowable time step in
this case, much better than the 15% cited by him.

Secondly, as Fig: 2 of Segletes’ paper shows, both his
method and the conventional method are superior to Larkin’s
method, Eq. (1) with T,,,=T,;_,=0. This is due to the in-
consistency of Larkin’s method with the governing dif-
ferential equation. By differencing old and new temperatures
in the same heat flux expressions, Larkin’s method leads to 0
(A6/Ax?) terms in the resulting truncation error in the
present one-dimensional example. To provide time increments
that are competitive with those permitted by the Segletes” and
the conventional methods, Af should be at least 0(Ax?) for
the Larkin method. If this is the case, the 0(A6/Ax?) term
will not vanish from the truncation error as Ax~ 0 and con-
sequently Larkin’s procedure will not provide a solution of
the heat equation

aT 9T
36 ¢ ax )
but it will be a solution of
aT 0 8T
L g+ y=
a9 Ut ag ) =g 6)

where 6 =0 at the start of a time step and 6= A# at the end of
the time step. After one time step, one can treat an interior
grid point as if it were embedded in an infinite solid. Under
this assumption, the solution of Eq. (5) after one time step is

+oo T(x',0) —(x=x")?
T(x,A8 =g , [ ] L
(X, 46) —o  2(maAl)” 4o Af dx' (D
whereas the corresponding solution of Eq. (6) is
+ 0o T /’0
T(x,A0) =S (x’,0)
—» TaAfd .
2\ ——n (1+2r) "
N - (x—x")?
ex
P 4aA0  in (1+2r) } dx’ (8)
2r

Comparison of these 2 equations shows that the Larkin
method provides a numerical solution to the heat equation
with an equivalent thermal diffusivity o, where

o, = (a/2r) In(1+2r) %)

According to Carslaw and Jaeger,? the terminal slopes of the
temperature vs time curves in Fig. 2 of Segletes’ paper are
proportional to «. The correct terminal slope is about 72°
F/sec., a value with which Segletes’ and the conventional
methods agree. Table 1 shows the value of the time steps con-
sidered by Segletes and the corresponding Larkin terminal
slope values found using Eq. (9).

The slopes listed agree well with the Larkin terminal slopes
in Segletes’ Fig. 2. The time steps listed all correspond to the

Table 1 Time steps and Larkin slopes

Af(sec) Larkin Slope (°F/sec)
0.100 46.3
0.050 55.8
0.005 69.8




