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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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Subsonic Lift Interference in a Wind
Tunnel with Perforated Walls
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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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Fig. 1 Lift interference factor at the model position for
rectangular tunnels with all walls perforated, Q,=Qr=0.

point-matching method in conjunction with Fourier trans-
forms, which has been used previously in the slotted-
wall tunnel.? The material contained in this Note concerns
the results for lift interference only. The solid and wake
blockage interferences may be found in Ref. 6.

General Analysis

The field equation of an inviscid, irrotational fluid for
subsonie flow in terms of the perturbation velocity potential
¢ in cylindrical coordinate is

[(B2(d2/0x%) + (d%/0rY) + (0/ror) +
(1/r9)0%/(00%) ] = 0 (1)

The boundary condition for a perforated wall is derived?
in an average sense as

(0¢/0x) + (1/R)o¢/Oon = 0 (2)

where R is the porosity parameter which is an empirical con-
stant; it was measured in Ref. 1 for a sample wall. In this
Note, a related porosity parameter is introduced as @ = (1 +
B/R)* where the value of @ = 0 corresponds to a closed
wall and @ = 1 to an open wall.

The linearity of the field equation and its boundary condi-
tion permits the perturbation potential to be separated into
two parts as

¢ = ¢n+ ¢ (3)

where ¢, = the disturbance potential caused by a model and
@: = the interference potential induced by the tunnel bound-
ary. A horseshoe vortex is used as the mathematical model
for the disturbance potential in the caleulation of the lift
interference. A doublet and a source can be used in the
calculation of solid and wake blockage interference, respec-
tively.® The interference potential ¢; is obtained by Fourier
transform in conjunction with point-matching method.?
For rectangular test sections where the vertical walls and
horizontal walls having different porosities, the transformed
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Fig.2 Distribution of the lift interference factor along the
centerline of a square wind tunnel with all walls per-

forated, Q. = Q. = Q.
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Fig. 3 Streamline curvature at the model position for
rectangular wind Tunnels with all walls perforated, @, =

Q. = Q.

solution @; of the interference potential may be written as a
series solution with undetermined constants in the form

H_Dt:z

m=0

r
[Cim cosmb® + Cy,, sitmb) . (Z—) (4)
where
P = (2r) 102 f“” 004t

I, = modified Bessel function

The undetermined coustants €., Cs,, are determined by using
the transformed boundary conditions

—iq: & (bB/R.)OP:/Oy =

—[=q¢n *= (bB/R)0G./Oylaty = £b ()
—1yg; = (bB/Ry)0p:/0z =

—[—1¢on = (bB/R)Oon/0z] at z = b (7)
where

P = (2m) 102 f " et/ g (8)

The series solution Eq. (4) is truncated at a finite term M.
A set of simultaneous linear algebraic equations can be ob-
tained by substituting Eq. (4) into Eqs. (6) and (7) and
selecting 2M discrete points uniformly distributed along the
boundary. Improved accuracy is achieved, however, by
selecting more than 23 points along the boundary and
caleulating Cin, Csn by satisfying the boundary condition in
the least-squares sense. Once the transformed potential
&: is obtained, then the interference potential in the physical
plane is determined by the inversion formula.

Lift Interference

The lift interference is calculated using a horseshoe vortex
to represent the wing model. The potential of the wing with
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circulation I' at the origin is given by

I's sinf I's sinf x
m = 17T PO T e e my ,0 ~
o= oy T om e @ f ey emnf)

Sé’mz(xyrye) (9)

Since the disturbance potential consists of two terms, one
independent of z and the other dependent of z, the inter-
ference potential may be split into two parts as

$i = ‘pfx(r’a) + prz(x;rya) (10)

The potential ¢;,. induced by ¢,,,, is found as

I's i
Qi = — Z D,, rm sinmf (11)
2rh T35

The transformed potential @, due to @, is reduced from
Fq. (4) to

m

d T
@i, = o (G, k) sinmbl,, <Z> (12)
=1,3.5 ¢

The coefficients D,, (., and E, are determined from
matching the boundary conditions at discrete points by the
point-matching method.

The interference potential is obtained from Eqs. (11) and

(12)

901'(]"77‘:0) = Fi{ i

27b U135

2 po & ) qr qx)
- sin(m@)f,, { — )| Gmcos{ — 1+
- j:) m=zl?3-5 in(m) <b ) |: cos <ﬁb
E,, sin (g)} dq}v (13)

The hft interference factor & and the streamline curvature
d; are defined as

; hC 1 2¢;
*iLé‘f ;mdalztzﬁl (O‘F>
re=l)

T 8CL U o: SC. U \ox oz

D, rm sinmf +

respectively.

The lift interference factor and its distribution along the
centerline are shown in Figs. 1 and 2 for test sections of
various height-to-width ratios and different porosities.
Figure 3 shows the streamline curvature at the model position.

All numerical results presented herein were determined by
using ten terms of the infinite series and twenty points
along ome quadrant of the bhoundary because of the sym-
metrical property of this prob'em. In order to examine the
accuracy of the present method, the case of closed vertical
walls and perforated horizontal walls has been caleulated
and compared with the results obtained in a closed form by
another method in Ref. 8. The comparison indicates excel-
lent agreement for the case of a square or nearly square
tunnel and satisfactory agreement for the case of test see-
tions having height-to-width ratios around 0.5. Similar
results have been noted for a slotted wall tunnel as previ-
ously reported in Ref. 5.

It ix interesting to note that zero interference can be ob-
tained by the proper combination of porosity in the hori-
zontal and vertical walls. The proper combination of
porosity required for zero lift interference is shown in Fig. 4
and indicates the lift interference is insensitive to the porosity
of the vertical walls for height-to-width ratios less than 0.8,
as is alse the case for the slotted wall tunnel.

References

! Pindzola, M. and Chew, W. L., “A Summary of Perforated
Wall Wind Tunnel Studies at the Arnold Engineering Develop-

ENGINEERING NOTES 283

ment Center,” TR-60-9, Aug. 1960, Avnold Engineering Develop-
ment Center.

2 Treon, 8. L. et al.,, “Data Correlation from Investigation of
a High-Subsonic Speed Transport Aircraft Model in Three
Major Transonic Wind Tunnels,” AIAA Paper 69-794, Los
Angeles, Calif., 1969.

3 Garner, H. C. et al.,, “Subsonic Wind Tunnel Wall Correc-
tions,” AGARDograph 109, Oect. 1966.

¢ Rushton, K. R. and Laing, L. M., “A General Method of
Studying Steady Lift Interference in Slotted and Perforated
Tunnels,” R and M 3567, 1968, Aeronautical Research Council.

5 Lo, C. F. and Binion, T. W., Jr., “A V/STOL Wind Tunnel
Wall Interference Study,” AIAA Paper 69-171, New York,
1969; also Journal of Aireraft, Vol. 7, No. 1, Jan.-Feb. 1970,
pp. 51-57.

6 Lo, C. F. and Oliver, R. I{. “Boundary Interference in a

tectangular Wind Tunnel Wire Perforated Walls,” TR-70-67,
April 1970, Arnold Engineering DDevelopment Center.

7 Goodman, T. R., “The Porous Wall Wind Tunnel, Part II.
Interference Effect on a Cylindrical Body in a Two-Dimensional
Tunnel at Subsonic Speed,” Rept. AD-594-A-3, 1950, Cornell
Aeronautical Lab. Inc.

8 Oliver, R. H., “Determination of Blockage and Lift Inter-
ference for Rectangular Wind Tunnels with Perforated Walls,”
MS thesis, Aug. 1969, University of Tennessee, Knoxville, Tenn.

Simplified Analysis of a Trifragment
Rotor Disk Interaction with a
Containment Ring

R. Bruck McCaLLum*
Massachusetts Institute of Technology,
Cambridge, Mass.

Introduction

ECENT spin-pit tests have been performed at the Naval
Air Propulsion Test Center, Philadelphia, Pa. on 15-in.-
i.d. steel rings of various thicknesses using comparatively
nondeforming steel fragments (as illustrated in Fig. 2) to
evaluate the possibility of using an inexpensive standard
fragment generator in future parametric studies. The
purpose of these parametric studies would be to test the
merits of various materials to be used for jet engine burst
rotor containment devices. In those tests where contain-
ment-ring failure occurred, high-speed photographs show a
“shattering” effect, where the ring appears to separate in
one or more locations with little noticeable deformation,
within 400 wsec after collision. Since other tests, using
bladed rotor segments as fragments, show considerable ring
deformation before ring failure occurs, the use of nondeform-
ing fragments has been considered by some as an unsatis-
factory substitute for the more expensive bladed-rotor
fragments.
In the present Note, the results of an analysis (using a
computer program written al Massachusetts Institute of
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