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Fig. 3 Plate deflection vs dynamic pressure.

the flutter oscillation of an imperfect plate is no longer sym-
metrical about its shape. As may be seen the change from
the flat plate result is very modest for no in-plane load
Rx/ir2 = 0; however, for Rx/ir2 = —9 the change is very
substantial. Hence in Fig. 4 we plot the dynamic pressure
at the onset of flutter, \f vs maximum rise height for Rx/ir2 =
— 9. Note the significant effect even for imperfections small
compared to the plate thickness. Finally in Fig. 5 we plot
\fvsRx for a flat plate and an imperfect plate.
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Fig. 4 Rise height vs flutter dynamic pressure.

From these results we make a second important observa-
tion. For an imperfect plate flutter will never begin at X =
0. However for nearly perfect plates it should be possible
to approach this result.

Conclusions

Based upon the present results, and quite aside from any
possible effect of structural damping, it is seen that any
realistic, i.e., imperfect, plate will not flutter at zero dynamic
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pressure. The flutter dynamic pressure will depend upon
the magnitude (and distribution) of the initial imperfections.
Further the present results suggest the difficulty of experi-
mentally establishing the flutter boundary under conditions
at very low dynamic pressure. While the plate will flutter,
the amplitude may be sufficiently small so that it is indis-
tinguishable from plate response to flow noise. Finally,
even for a perfect plate in the absence of flow noise, an aero-
elastic instability only occurs under trivial conditions at
zero dynamic pressure, i.e., zero plate amplitude.

The implications for design are obvious. A rational de-
sign may be based on either 1) maximum permissible plate
deflection or stress or 2) the inclusion of realistic plate
imperfections.
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Stagnation Temperature and Molecular
Weight Effects in Jet Interaction

R. A. CHAMBERS* AND D. J. COLLINS|
Naval Postgraduate School, Mouterey, Calif.

IN a recent paper by Chrans and Collins,1 the effects
of injectant stagnation temperature and injectant molec-

ular weight variations on the flowfield generated by
secondary injection were determined experimentally. The
purpose of this Note is to extend their work to consider the
effect of these two variables on the interaction side force and
the amplification factor. Relationships between the side
force and penetration height (h) and between side force and
the characteristic radius (R0) of the blast wave theory are
also developed.

Experiments were conducted in the Naval Postgraduate
School supersonic wind tunnel at a primary Mach number of
1.92. The interaction side force was determined from the
integration of the pressure measured from 47 pressure ports
in the base of the wind tunnel. The geometric pattern of
the pressure ports and the associated recording system are dis-
cussed in Refs. 2 and 3. The ratio of injectant stagnation
pressure to freestream stagnation pressure (POJ-/P000) ranged
from -f to 6, whereas the ratio of injectant stagnation tern-

Fig. 5 Flutter dynamic pressure vs in-plane load.

Received October 3, 1969; revision received November 24,
1969. This was supported by Naval Air Systems Command
Contract A33-330/551/69.

* Captain, U.S. Marine Corps.
f Professor of Aeronautics. Associate Fellow AIAA.



MARCH 1970 TECHNICAL NOTES 585

Semi-Empirical (Dahrrfs)
Mean Line of Doto by Koch
MCO= 2.80

Mco =1.92
O Nitrogen
A Helium
D Argon

Flogged data d = 0.075
Shaded " (8 Runs)
510° < TOJ < 1200°

30 40 50 60 70 80

M co =1.92 d =O.I4O6

O Nitrogen
A Helium Shaded data 510° < TOJ < 1200°
D Argon

.02 .03 .04 .05 .06 .07.08 10
rhj

Fig. 3 Force amplification factor vs secondary mass flow
rate (Poj = 120).

Fig. 1 Force amplification factor vs secondary momen-
tum flux.

perature to freestream stagnation temperature (TOJ-/Tom)
ranged from 1 to 2.4.

Injection was normal to the tunnel wall from a sonic
circular port. Two different injection diameters (0.1406
in. and 0.075 in.) were used. Argon, helium and nitrogen
were used as test gases. This gave a fairly wide variation in
molecular weight.

Figure 1 shows a plot of the amplification factor

plotted vs the secondary momentum. Fi is the interaction
side force and F, is the force of the jet. The data correlates
well as a function of the secondary momentum. No system-
atic variation with molecular weight or heating can be seen.
At the higher values of momentum flux reasonable agree-
ment with values predicted by Dahm's semiempirical second-
order theory4 is obtained. A mean line of the injection data
obtained by Koch2 at a Mach number of 2.80 is also shown on
the figure. This data was obtained using a flat plate with the
identical pressure port distribution as that used for the M =
1 .92 data. At the higher secondary momentum or higher inj ec-
tion stagnation pressure no influence of Mach number is ob-
served.

In accordance with the theoretical development of Dahm4

the side force is

while in the theory of Zukoski and Spaid5 one has

Figure 2 shows the side force plotted in turn as a function of
the two characteristic dimensions (R0,h). Less scatter is
observed in the plot of Fi vs R0 since R0 is a calculated quan-
tity. Although the data at higher values of R0 agrees some-
what with R0*12, the over-all trend of the data is more closely
represented by R0 to the first power. In the plot of Fi vs
h the trend of the data is also more closely represented by h
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rather than hz. Within the range of the data one can con-
clude, as was the case in Ref. 1, that h and R0 are equivalent
characteristic dimensions for jet interaction.

The final series of tests were directed at the question of the
dependence of the amplification factor on secondary mass
flow and secondary stagnation temperature variations.

In Fig. 3, the amplification factor is plotted as a function of
secondary mass flow rate (rhj) for constant POJ- = 120 psia.
The graph includes data from all three test gases as well as
secondary stagnation temperature variations. In Fig. 4,
the same data is plotted as a function of secondary stagnation
temperature. Within the scatter of the data the amplifica-
tion factor, for constant POJ, is independent of the mass flow
and the stagnation temperature.

The results of this article extend the work of Chrans and
Collins to include the case of side force and amplification
factor. A connection is made between side force and pene-
tration height, and between side force and the characteristic
radius of blast wave theory. The momentum of the in-
jectant is the determining variable both for the geometry of
the flowfield and the side force generated by the interacting
jet.
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Fig. 2 Interaction side force vs blast wave characteristic
radius, and penetration height.
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Fig. 4 Force amplification factor vs secondary total
temperature (POJ- = 120).
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