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Fig. 2 Induced cone pressure.
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The foregoing expression for V,/U, may be simplified by em-

ploying the folowing assumptions. 1) § ~ §*; and 2) r >
0 (neglecting transverse curvature). Then

Vc/Uc = (pwVw/peUz) + (ds*/dx)

Mann? has derived the analogous expression for two-dimen-
sional flow. The effective body shape or local cone angle
then becomes

0eff = 6c,ol‘g + (PwVw/PeUe) + (d&*/dx)

The quantities p.,V./p.U, and dé*/dx are obtained from the
- solution of the similar boundary-layer equations® wherein
the gaseous composition of the boundary layer is assumed
to be a binary mixture of equilibrium air and injected gas.

By using the noninteracting or original conical flow, the
effective body shape may then be rewritten in terms of the
similarity variables as
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w = — wVw T = : f d
f P <3PwﬂwU¢> K <2pwﬂwx> 0 pay

and the resulting local pressure may then be obtained by
employing the tangent-cone method. Of course, the rigorous
procedure involves iterating to a final pressure distribution.
However, for the cases analyzed in this analysis, the use of
the original conical flow to compute the pressure interaction
was sufficient. The induced pressure and pressure gradient
had an insignificant effect on the slope, dé*/dz, and on p,V,/
pU. .

Figure 2 illustrates induced pressure distributions on an
8° cone. Also of interest are the boundary-layer thickness
and boundary-layer displacement thickness. Resulting val-
ues of these parameters are given in Table 1 and apply to the
1-ft cone station.
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Table 1 Boundary-layer thickness and displacement

thickness
Freestream
conditions Injected
Ve,fps Zo, ft conditions 3, ft 8%, ft

22,000 200,000 Teflonablation 4.52 X 1072 3.45 X 10~

22,000 200,000 Forced air

injection 3.81 X102 2.55 X 10~
22,000 200,000 Clean air, no

injection 2.92 X 1072 1.8 X 102
22,000 150,000 Teflonablation 1.36 X 1072 1.06 X 10~
22,000 150,000 Clean air,no

injection 1.06 X107 7.6 X 1073

Conclusions

1) There is a significant increase in the pressure with blow-
ing as compared to the pressure interaction without blowing.

2) In general, for the case of blowing, the pressure inter-
action will be a function of the gas injection rate and a func-
tion of the injected gas itself.
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Effects of Orthotropicity Orientation on
Supersonic Panel Flutter

Joun M. Carrigeros* anp JoHN DucunpIr
M assachusetts Institute of Technology, Cambridge, M ass.

N important structural aspect of the panel flutter prob-
lem is the effect of orthotropicity. Although gener-
ally it is felt that aligning stiffeners parallel to the airflow
would give the maximum increase in the flutter boundary,
it might be possible that some other angular orientation
of the stiffeners would give a greater increase. Accordingly,
this problem has been investigated for flat, rectangular,
simply supported panels in a supersonic flow. This note is
based on work reported in greater detail in Ref. 1 and is an
extension of the basic problem of Hedgepeth.?
Consider the panel of Fig. 1. Using small deflection thin
plate theory, the total potential energy = is given by?
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The rigidities D;; are given by

Du = Dnl COS4¢ + D22' sin4¢ +
2(D12, + 2D33l) COS2¢0 SiIl2qS

Dis = (D' + Dy’ — 4Dy") cos®¢ sin?¢ +
Dy’ {cose + sin'g)

Dzz ng’ COS4¢ + Du, sin“q& +

2(Dyy’ + 2Dg’) cos?¢ sin?¢  (2)
Dy = [Ds’ sin?p — Dy’ cos?¢ -+
(D12’ + 2Dy3")(cos?p — sin?¢p)] cose sing
Dy = [Dy' cos®¢p — Dy’ sin’¢ —
(Dys’ + 2D3')(cos?¢ — sin?¢)] cose sing

Ds; = (Du’ + Doy’ — 2Dyy’) cos?¢ sin?¢p +
Dy’ (cos?¢p — sin?¢)?

Il

where the principal elastic axes z’-y’ are rotated an angle
¢ with respect to the geometric panel axes z-y as shown in
Fig. 1. When ¢ = 0° or 90°, then Dis = Dy = 0, thereby
reducing to the classical orthotropic plate case.

Substituting the assumed deflection shape,

w(x)y:t) = ZZ C'mn Sinw sinnﬂ-y eiwt (3)
m n a b

which satisfies the displacement boundary conditions, apply-
ing o = 0, and then substituting the following for the
lateral load into Eq. (1),

palU (0w | dw\ pow O
- v +bt> B =7 @

plz,y.t) =

the following equations for flutter are obtained:
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and where Luynes = 4mr/m(r2 — m?) if m =% r is odd and
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Fig. 1 Geometry and properties of panel.
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Fig. 3 Effect of damping on flutter boundary.

n = s, otherwise Ly = 0; and Po,r = 16 mars/n2(r2 —
m2)(s* — n?) if m = r and n = s are odd, otherwise Popp,rs =
0. In the forementioned, gr is the sum of aerodynamie and
structural damping; w; is the free vibration frequency of the
Jth mode; ¢; is the corresponding critical damping ratio;
D, = Et3/12(1 — »? is the bending stiffness of the basic
unstiffened skin; p4 and pyr are the densities of air and panel
material, respectively; cs and cax are the corresponding
velocities of sound; v is the panel mass per unit area; and
tg = ts[l + (bu/b,)(t/t:)]. Aerodynamic piston theory
and structural damping of the equivalent viscous type have
been used.

Undamped flutter boundaries may be obtained by the
method of frequency coalescence.? The effect of damping
may be investigated by Movchan’s method,* which yields the
following equation determining the flutter boundary:

Z1/(Zp)? = ga + 2Fi(wi/wo) = gr %

where Z; and Zz are the real and imaginary components of
the eigenvalue Z of Eq. (5). A 16-mode solution using the
first four streamwise and spanwise deflection modes was
obtained for the example panel of Fig. 1. A typical fre-
quency coalescence plot and damping plot are presented in
Figs. 2 and 3, respectively. It can be seen that the effect
of damping (Fig. 3) is to raise the flutter boundary and to
transfer coalescence from lower modes to higher modes.
The effect of rotating the stiffeners is to lower the flutter
boundary considerably for a/b = 1 (Fig. 4). It also is shown
in Fig. 4 that the presence of slight damping raises signif-
icantly the flutter points resulting from “weak coalescences.”
For a/b = 3, the flutter boundary is raised, however, for
some values of ¢ (Fig. 5). This may be attributed to the
“membrane-like” behavior of the panel resulting from the
dominance of the 2(a/b)2D.,/Dy'(mn)? term over the bend-
ing terms of Eq. (5) at high a/b and when ¢ ~ 45°, It
appears then that aligning the stiffeners parallel to the flow
(¢ = 0) is not necessarily the preferred orientation. Other
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Fig. 4 Effect of angle of orthotropicity on flutter
boundary.
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Fig. 5 Effect of angle of orthotropicity on flutter
boundary.

angles may be preferred, depending primarily on a/b, amount
of damping, and amount of orthotropicity present.

This investigation has limitations at high a/b. A more
refined aerodynamic surface theory should be used there,
because of low aspect ratio effects. Secondly, more de-
flection modes should be used to improve convergence be-
cause of the ‘“membrane-like” behavior at high a/b. Quali-
tative trends, however, may still be revealed.
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Rapid Discharge of a Gas from a

Cylindrica] Vessel through a Nozzle

R. C. ProgeLHOF* AND J. A. OwczaREKT
Lehigh University, Bethlehem, Pa.

Nomenclature

speed of sound

cross-sectional area

diameter of nozzle throat

length of cylindrical vessel

pressure

time

magnitude of the flow velocity
distance

boundary-layer displacement thickness
ratio of specific heats

Subscripts

0

e o

(LI '

initial conditions

exit of nozzle

minimum cross-sectional area of flow stream
vessel

1 NO. 9

Introduction

HIS note is a continuation of the investigation on the

rapid discharge of a gas from a cylindrical vessel made by
the authors.® The constrictive devices used in these experi-
ments were standard American Society of Mechanical
Engineers long-radius flow nozzles with §8 ratios of approxi-
mately 0.25, 0.50, and 0.66. The experimental equipment
and technique are identical to those of the previous investi-
gation on the discharge with orifice constrictions. Figure 1
is a comparison of three oscilloscope traces for the same pres-
sure ratio but with different nozzles. It shows how sensitive
the variation of pressure with time in the vessel is to the exit
area of the nozzle.

Fig.1 Pressurerecord at the sealed end of the vessel, X/L
= 0, for the same initial pressure, 30 psia, and oscilloscope
settings with nozzle 8 ratics of a) 0.66, b) 0.50, and c) 0.25.
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