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coordinate produced by the test to that which would have
been produced by the specification impulses is

Gt/ = Qut[sum]t/ Q.o [suml* (7

Although the form of the generalized forees is unknown,
since it is supposed that there are no spatial differences be-
tween the specified and test forcing functions, the ratio
Qq0?/Q:° equals the ratio of the maximum force or pressure
of the test to that specified. These latter quantities are
known. Denoting them by #¢ and F'+, we have

Git/q* = Ft[sum]¢/Fs[sum]s (8)

1f Eq. (8) > 1 for the ith mode, the test impulses generated
more excursion in that mode than the specified impulses
would have. If Eq. (8 > 1 for all 4, the test is clearly as
severe as that specified. If Eq. (8) < 1 for all 4, the test is
clearly not as severe as that speecified.

Discussion

For those cases when Eq. (8) > 1 for some modes and <1
for others, judgement must still be applied. However, it is
felt that knowing these ratios for the first few modes is a
great advantage over guesswork. Perhaps a reasonable cri-
terion would be that the average of Eq. (8) over the known
modes be at least one.
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Sonic Boom Minimization
Schemes
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ECENTLY, it has been suggested that desirable modi-
fications of objectionable sonic boom pressure signatures
may be accomplished by the addition of mass or energy or by
electro-aerodynamic means. The possibility of successfully
utilizing any of these schemes is a matter of much current
controversy.l=® It is the purpose of this Note to present
simple analytical techniques with which proposals involving
mass or energy addition may be evaluated and to infer some
preliminary results concerning their feasibility.

The objective of the proposed mass or energy addition
schemes is to create a ‘“‘phantom” boundary which will
favorably alter the effective area distribution of a given air-
plane. Such favorable alterations may be designed to pro-
duce either plateau (A.aX?%?) or finite rise time (4 .0X%?)
pressure signatures.* The effective area variation required of
the addition scheme is, therefore, the difference in effective
areas between the phantom and actual bodies

AMX) =4 X)) -4 X ey
PHANTOM ACTUAL

Assuming for the time being that this distribution has been
selected, the problem becomes one of relating the required
area growth to a causal mass or energy distribution. Identi-
fying the phantom boundary as the “dividing streamline”
for cases involving mass injection only, the mass distribution
required to produce a given variation in area under the flight
conditions of interest here can be determined by application
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Fig. 1 Effective area distributions of actual configuration
and phantom boundary.

of the results of slender body theory®
(@) = pol. f( T AL Ol (@)

where the pressure coefficient ix explicitly related to the area
distribution by Eq. (9.34C) of Ref. 5.

The analysis of energy addition schemes is more complex
and the model adopted should, strictly speaking, be de-
pendent upon the proposed manner in which the energy is
to be added (conduction, convection, radiation). The
problem may be viewed as essentially an inviseid interaction
problem in which the flow within a reference streamtube
tries to expand in area (due to heat addition) against a seli-
induced, retarding pressure gradient. (It is assumed that
thermal layer growth (aXV2 or X°#®)will not be sufficiently
rapid to be important in this application).

The inner (duct-like) flow can be described by the one-
dimensional flow equations

(d/dz)(pud) = 0 (3u)

pul(du/dzx) + (dP/dx) = 0 (3b)

v 1dP_Pdp v —1 du) . . o
v—1 puA(p dx p? dx Y U dx) = 4@ (80)

Equations (3) are 3 equations involving 5 quantities. The
additional relations required for closure of the system may be
obtained from 1) the outer flow, where it is required that the
axial pressure distribution and area variation of the reference
streamtube be related’ and 2) the requirement that the area
variation be that given by Eq. (1). Cases involving both heat
and mass addition would require the addition of a source term
in the continuity equation plus one more relation (such as
specifying either 7 or ¢ and solving for the other or giving a
functional relation between m and ¢).

With these analytical models available, the mass or energy
requirements to suitably modify the effective area distribu-
tion of a simple cone-cylinder-subsonic leading edge delta wing
configuration can be estimated. The effective area of this
configuration can be obtained analytically® and is shown in
Fig. 1. (Wing-body interference effects were neglected and
only normal “cutting planes” were considered.) A finite-
rise-time bow shock modification requirement was postulated
and the resulting minimum length phantom body effective
area curve, also shown in Fig. 1, was found. This minimum
length phantom was about 255 ft longer than the reference
aircraft; shorter phantoms being prohibited since they re-
sulted in negative areas for the axisymmetric “blown” body.
The blown body area distribution, from Eq. (1), is given in
Fig. 2. The mass addition analysis can be applied in an
approximate manner (by neglecting the variation of density)
and results in an approximate mass flow distribution given by
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Fig. 2 Area distribution required of addition scheme.

mx) = pULAA(x) (4)

Since the maximum area change required is about 120
ft2, it 1s found that a maximum mass flow of approximately
2500 1b/sec is required. This estimate is conservative since
the actual density contributions up to the body station where
the maximum area change oceurs will inerease the result.
This mass flow rate iz about the total capability of the SST
engines.” If the additional weight necessary to cycle this
mass flow Is estimated as that of the engines plus the addi-
tional fuel to run a second =et of engines, the total weight
penalty without considering the additional lift required ix
prohibitive even for a perfect system. In addition, if only
10 1Ih/sec were not reclainied, it would result in a loss of over
100,0001b of material during the course of a three hour flight.
The question of whether heat addition is possibly more
effective can be answered by applying the analysis embodied
in Egs. (3) in an approximate manner. A “most favorable”
estimate will be obtained by neglecting the pressure inter-
action since there will then be no induced counter force to
oppose the arca growth. The result of this procedure is

f "l = y T IPUL(AA@) ~ A9) ()

where X 1s the station at whieh AA(Xy) = A,.

Since the continuity and momentum equations result in
the fact that pA = const, reasonable upper limits of the area
ratio can be deduced by imposing limits on the temperatures
to be reached.t At an area ratio of Adn.e/A9 = 9, one ob-
tains a power level of 4 million horsepower which is approxi-
mately 709, of the engine capability. The weight penalties
are, therefore, essentially the same as in the mass addition
case. I one attempts to produce “lower bound” shapes
using these schemes the weight penalties increase. The
energy required to obtain the maximum area change, AA ..y,
falls 1o zero as the reference streamtube’s initial area ap-
proaches AAduu. In this case, there will be no area vari-
ation of the reference streamtube and consequently the re-
quired phantom boundary shape («X??) will not be obtained.
If large initial streamtube areas are to be considered, the
final area change must be allowed {o increase such that the
proper distribution is attained. This will involve larger
volumes of air and, henee, even more power than estimated
previously.

In summary, simple techniques by which the effects of
mass and energy addition upon the area distribution may be
assessed have been presented. Also presented were the re-
sults of some sample calculations which indicate that the
mass and energy addition schemes are probably not competi-

t It is postulated that the {ransition from supersonic to sub-
sonic flow is indicative of strong shock generation and should be
avoided.
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tive with configurational changes as sonic hoom minimization
techniques. i
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Introduction

HE development of large, high subsonic speed aireraft

requires rather accurate wind-tunnel data for aero-
dynamie des'gn.  Testing for such aireraft has normally
been performed in transonic wind tunnels that have ventilated
test sections such as the transonic wind tunnels at Arnold
Engineering Development Center. Historically, the per-
forated walls were developed to minimize blockage inter-
ference at low supersonic Mach numbers by using a non-
lifting, cone-cylinder model.’ As a result, corrections to
the data for a lifting-body model are necessary to obtain
accurate data. This fact was pointed out in a recent study
of wind-tunnel data correlation? where it was concluded that
wind-tunnel wall effects must be taken into account to im-
prove the quality of test data.

It is indicated in Ref. 3 that there is no available analytical
solution for the boundary interference in a wind tunnel with
perforated walls. The only existing solution has been ob-
tained by an electrical analog measurement? for the case of a
square tunnel with four walls perforated.

The purpose of this Note is to present an analytical solu-
tion of the boundary interference for wind tunnels with per-
forated walls. The method used in the caleulation is the
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