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the value
Ie** _
I,
2(d/a)(w/a)[2 — (w/a)]l5(d/0)* + (A + k)/4] 0.097
(h/a)[f5(h/a)? + 1] '
(14)

and an upper limit for the moment of inertia.
The effective moment of inertia ratio is therefore

Ie/Is = (Ie/ls)swb + IB**/I,g + (Ie/Is)bd =~ 0.346 (15)

For a container with five baffles, the effect of the two addi-
tional baffles has to be added by multiplying the effective
moment ratio of one baffle by [1 + 4(d/a)?]. It is therefore

1oL (1Y o (1) (L
L (L)m + <Ir>b1 +2 <IT>bd +2 <Ir>bzd 16)

which yields here
I,o/I, = 0.21 + 0.033 + 0.077 4+ 2(0.054) = 043 (17)

Again this value is smaller than the measured one. Consider-
ing the liquid completely trapped between the baffles would
yield a value

[e(s)/Ir = (Ie/Ir)swb(Irf=b/In=a) + IB*/IT ~ 0.51 (18)
where the value for the trapped liquid has been obtained from

I* _ @/a)lf50/a) + (1 +k)/4]12 ~ (w/a)]
1, [s(h/a)* + 5]

~ 0.38.

(19)

The following table summarizes the results of theoretical
approximations and the experiments (n is number of baffles).
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Reply by Authors to Helmut F. Bauer

F. T. Dopge* anp D. D. Kana*
Southwest Research Institute, San Antonio, Texas

HE authors welcome Professor Bauer’s comments, which
should be added to his already long list of contributions in

the study of the dynamic behavior of liquids in moving tanks.
Before making a detailed reply, we would like to correct two
slight errata in our Note (1). First, the heading for Table 1
should read n = 0, 1, 3, 5 instead of n = 0, 1, 2, 3 as printed.
Second, in the calculations presented below Eq. (5) of the
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Note, the numerical values should be corrected to read I1;q =
167 kg — em?, 1.3, = 331 kg-em?, and T1iq/1ri = 0.51.  These
corrections indicate that the approximate theory and experi-
ments agree even better than originally implied.

Dr. Bauer has given a very plausible method of calculating
the moment of inertia of the liquid in a baffled tank. The
arguments he uses [which lead to Eq. (1)] for calculating the
moment of the inertia when the liquid near the baffles can be
considered as rigid are quite similar to the ones we presented
in our Note for the same case. His further theoretical work,
which permits the caleculation of moment of inertia for tanks
in which the baffles are not closely spaced, is indeed valuable
and will be of considerable help to missile designers. We are
especially glad to see the close correlation between his theory
and our test results; this gives us further confidence that both
his theory and our experiments are essentially correct.
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Comments on ‘“Approximate Re-Entry
Velocity and Heating Equations”

RicaAaRD T. THEOBALD*
Lockheed Missiles & Space Company, Sunnyvale, Calif.

LOVER! developed approximate equations developed
for an atmosphere in hydrostatic equilibrium deseribing
the time of flight and the total convective heat input at the
stagnation point. It is the intent of this comment to cast
these equations in a slightly different form which will allow
their evaluation from standard mathematical tables. The
particular equations derived here will assume an exponential
atmosphere; however, one will recognize the equations to be
of the same form as for any atmosphere in hydrostatic equi-
librium. The nomenclature used herein is consistent with
standard re-entry literature.
The velocity history may be approximated by?:

V= Vgemoe @ )
where « is defined by
a = poCpA/2Bm sing (2)
The equation governing the time of flight becomes

1 z e%

=ty = —— [~ =
¢ BVgsing Ju z

dx (3)

where z = e~ f. The integral in Eq. (3) may be evaluated
in terms of the exponential integral tabulated in Ref. 3:

x ex x ex Zy ex
Lozdﬁ = f_w?dx—f_m—x‘dli
= Ei(z) — Ei(x) )

Making use of a series expansion for the exponential integral
in Ref. 4, we may write

Eilzy) = Inxo + v + 2o + (2%/2-20) + ... (5)

where v is Mascheroni’s or Euler’s constant. Assuming that
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