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Nacelle Integration To Reduce The Sonic Boom

Of Supersonic-Cruise Aircraft

Robert J. Mack
Langley Research Center

Hampton, Virginia

SUMMARY

An empirical method for integrating the engine nacelles on a wing-fuselage-fin(s)
configuration has been described. This method is based on Whitham theory and Seebass and
George sonic-boom minimization theory. With it, both reduced-sonic-boom as well as high
aerodynamic efficiency methods can be applied to the conceptual design of a supersonic-cruise
aircraft. Two high-speed civil transport concepts were used as examples to illustrate the
application of this engine-nacelle integration methodology: (1) a concept with engine nacelles
mounted on the aft-fuselage, the HSCT-10B; and (2) a concept with engine nacelles mounted
under an extended-wing center section, the HSCT-11E. In both cases, the key to a significant
reduction in the sonic-boom contribution from the engine nacelles was to use the F-function shape
of the concept as a guide to move the nacelles further aft on the configuration.

INTRODUCTION

The conventional location for engine nacelles on a supersonic-cruise aircraft is under the
wings. This is the arrangement seen on the United States’ XB-70, the English-French Concorde,
and the Russian Tu-144, references 1 to 3. It is desired because the engine inlets are in a favorable
flow field under the wing where the shock losses from the nacelles can be recovered through
nacelle-wing interference lift. Most conceptual high-speed civil transport (HSCT) aircraft studied
in subsequent years followed this engines-under-the-wing practice. References 4 to 10 document
but a few of the configurations that have appeared during the time period when the Supersonic
Transport (SST) Program and the follow-on Supersonic Cruise Aircraft Research (SCAR)
Program funded studies of design, performance, maintenance, and marketing problems.

When the engine-nacelle location was changed, it was usually for a specific reason. One such
reason was the reduction of the aircraft’s sonic-boom on the ground. Sonic-boom minimization-
theory, reference 11, and sonic-boom reduction methods, references 12 to 14, showed that ground
overpressure noise could be reduced by careful shaping of the aircraft’s geometry. These methods,
however, assumed that the aircraft’s components had areas that were smooth and continuous. It
was found that engine nacelles did not meet this criteria, so they had to be treated differently. In
this paper, the reasons for moving the engine nacelles aft to reduce sonic-boom are analyzed and



discussed. The conceptual aircraft in these discussions were those instrumental in discovering and
isolating nacelle-integration effects on sonic boom, as well as subsequent conceptual aircraft
whose unconventional engine-nacelle positions would enable them to cruise supersonically with

reduced ground overpressure.

SYMBOLS

CL lift coefficient

Cpcruisg  lift coefficient at beginning of cruise

F(y) Whitham F-function of variable y

h altitude or separation distance, ft

M Mach number

\'Y aircraft weight, Ib

X longitudinal distance along model signature, in

y effective length along the longitudinal direction of the aircraft or concept

BACKGROUND

The impact of nacelles on the shock systems from conceptual aircraft was first observed
during wind-tunnel measurements of pressure signatures from the Mach 2 and the Mach 3 theory-
validation wind-tunnel models of reference 15. These were 1:600 scale models of conceptual
aircraft designed with the methodology documented in references 16 and 17 as well as
methodology reflected in the wind-tunnel models and pressure-signature measurements described
in reference 18. A three-view sketch of the Mach 2 concept is shown in figure 1.

— — 1

Figure 1. Mach 2 low-boom theory-validation concept.




During the wind-tunnel tests, this model generated a pressure signature which had an unexpected
strong shock between the nose and tail shocks as seen in figure 2.
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Figure 2. Pressure signature from the Mach 2 wind-tunnel model: M =2.0, 2 = 6 in, and
Cp. = 0.068; nacelles on.

The model’s nacelles were thought to be a possible source of the shock, so they were removed and
another pressure signature, figure 3, was measured.
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Figure 3. Pressure signature from the Mach 2 \’Jvind-tunnel model: M=2.0, h = 6 in, and
Cr =0.068, nacelles off.

Comparisons of figures 2 and 3 showed that the unexpected strong shock observed in figures 2
was, as suspected, caused by the engine nacelles. However, the shock should not have been
present since the Mach 2 and Mach 3 models had been designed with the latest methods,
references 16 and 17, which should have accounted for these nacelle disturbances.

A methods analysis and re-evaluation revealed that the original methodology was based on
assumptions not completely fulfilled on real wind-tunnel models or real aircraft. These idealized
assumptions concerned the fineness ratio and inlet-lip angles of the engine nacelles: nacelle
diameter/length ratios of 1/10 or more, and inlet-lip angles of 1.0 degree or less. Nacelle diameter/
length ratios were actually closer to 1/8 and inlet-lip angles were in the 3.0 to 4.0 degree range.
The aerodynamic volume of the nacelle (integral of the nacelle cross-section area minus the inlet
area along the length) was usually a small contribution to the total equivalent area of the aircraft.
However, a lip angle of 3.0 to 4.0 degrees generated a strong shock and an abrupt “jump” in front
of the nacelle F-function because the inlet-lip radius is not zero as it is on the nose of a slender



body of revolution. Similarly, the area gradient at the start of the nacelle-wing interference-lift
distribution had a linear component which introduced a similar “jump” in front of the nacelle-
wing interference-lift F-function. The analysis and its results were presented in reference 19
where it was shown that: (1) sharp-lip-angle nacelles would generate undesirable flow-field
shocks if the nacelles were positioned by low-drag rather than by low-boom criteria; and (2) the
nacelles generated these strong shocks under choked-flow or unchoked-flow conditions. So a
modification was made to the design and analysis method: equivalent areas would be summed and
used to calculate a combined-area F-function only if each area component started with zero area
and had smooth and continuous derivatives at their origins; F-functions for components like
engine nacelles would be calculated separately, and then combined with F-function from the
components with smooth and continuous area distributions to obtain an aircraft F-function.

APPLICATION OF MODIFIED METHODOLOGY

The modified method for predicting sonic-boom overpressures and designing low-boom
conceptual aircraft seemed theoretically and empirically correct, but wind-tunnel tests were
necessary for validation. To achieve this objective, new aircraft concepts were designed,
references 20 to 22, and 1:300 scale wind-tunnel models were built. The concepts were designed
with the high-aerodynamic efficiency approach and methods of reference 23. They also
incorporated the results from the most recent low-boom technology studies. The desired goal was
to determine whether mission requirements and low-boom constraints could be met with aircraft
concepts whose gross takeoff weights were similar to those without sonic-boom reduction
features that were designed by United States aircraft companies. Mission characteristics were
determined by weights and performance codes similar to the code in reference 24. Sonic-boom
characteristics were predicted with Whitham theory during the design process or with Computer
Fluid Dynamics (CFD) methods for comparison with data from the wind-tunnel tests.

Two of the three conceptual aircraft, references 20 and 21, had engine nacelles in the usual
under-the-wing location where they generated both nacelle-volume and nacelle-wing
interference-lift disturbances. The third concept, the HSCT-10B, reference 22, had the engine
nacelles mounted on the aft-fuselage where they generated nacelle-volume, but not nacelle-wing
interference-lift disturbances, in the flow field. Large flow-field disturbances from the engine
nacelles would be readily observed in the measured pressure signatures from the HSCT-10B
model if the design methodology was inadequate or was improperly applied when the nacelles
were integrated with the wing-fuselage for reduced sonic boom. Such data would be helpful when
the complete body of wind-tunnel test data was interpreted.

The HSCT-10B concept was designed after an analysis of wind-tunnel data from the
previously-mentioned Mach 2 low-boom theory-validation concept, figure 1. Similar in length,
but with 6.25 percent less span, it was designed to have low sonic-boom characteristics at a Mach
number of 1.8 rather than 2. There were other performance-based design differences as well. The
HSCT-10B was designed to cruise at Mach 2.4 over water and Mach 1.8 over land. The Mach 2
theory-validation concept had the engine nacelles under the wings, but the HSCT-10B had its
engine nacelles mounted behind the center-section trailing edge on the aft fuselage. The Mach 2
concept had slightly-notched wing with an area of 15, OOO ft2, but the HSCT-10B had a
moderately-notched wing with an area of about 10,500 ft>. A three -view sketch of the HSCT-10B
concept is shown in figure 4.



Figure 4. Three view of the aft-fuselage engine nacelle concept, the HSCT-10B.

The HSCT-10B wind-tunnel model had the sting integral with the fuselage. Strain gages were
recessed in the model sting to form a balance-sting support so that lift and pitching moment could
be monitored during the measurement of flow-field overpressures. This arrangement permitted a
smooth transition between the model and the sting support, but it meant that the area aft of the

fuselage altered the shape of near-field pressure signatures.

WIND-TUNNEL TEST DATA AND ANALYSIS

The HSCT-10B wind-tunnel model produced pressure signature data that were both
encouraging and disappointing. With the model at half the cruise lift coefficient, the top of the
measured pressure signature was markedly flat and level. This was the desired shape that was
expected from the modified design, analysis, and nacelle-integration methods employed during
the design process. As the lift on the wind-tunnel model was increased, a slight “ramp” started to
form across the top of the positive-pressure section of the signature. As cruise lift was neared, the
aft end of the “ramp” erupted into a pressure disturbance which quickly grew to shock levels as
full cruise lift was reached. The appearance and strength of this shock was not expected.
However, these pressure signatures, with both large and small engine nacelles, somewhat
resembled the shape and features of the pressure signatures from the Mach 2.7 low-boom wind-
tunnel models whose data was reported in reference 18. In the following sections, samples of
these pressure signatures from the HSCT-10B model will be presented. They were measured
through a range of C; from 0.5 CL cruisk to full CL,cruisk - The practice of using varying lift
had been used before in previous wind-tunnel pressure-measurement tests with references 18, 25,
and 26 being typical though not an exhaustive set of examples.

HSCT-10B Concept Model. The two measured pressure signatures in figure 5 and 6 are from
wind-tunnel tests, reference 27, of models derived from the HSCT-10B concept shown in figure 4.
They were measured at a Mach number of 1.8 and at a distance of 24 inches with the mode] ata
CL = 0.0511, which was a Cy /Cp_cgysE ratio of about 0.5.
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Figure 5. Pressure signature from the HSCT-10B at M = 1.8, C; = 0.0511, and 4 = 24 inches;
small nacelles.
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Figure 6. HSCT-10B pressure signature: M = 1.8, C; = 0.0511, and & = 24 inches; large nacelles.

Both positive-pressure sections of the pressure signatures are virtually identical in shape, length,
and magnitude although the large nacelles were 19-percent longer and 39-percent wider than the
small nacelles. However, the Cp was only half of C; crugsg- At this lift condition, the top of the
pressure signatures is virtually flat without any indication of wing-fuselage junction, wing
leading-edge crank, or nacelle shocks. '

When the C; was increased to 0.1022, the cruise lift coefficient, the pressure signatures in
figure 7 and 8 were recorded.
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Figure 7. HSCT-10B pressure signature: M = 1.8, C; = 0.1022, and & = 24 inches; small nacelles.
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Figure 8. HSCT-10B pressure signature: M = 1.8, CL=0.1022, and h = 24 inches; large nacelles.

Again, both positive-pressure sections of the pressure signatures were virtually identical in
shape near the front with an additional strong shock (due entirely to wing lift) positioned before
the expansion to the tail shock. These changes in signature shape, from figure 6 to figure 8, over a
range of lift coefficients, CL/Cr cruisk of 0.50 to 1.0, are shown in figure 9.
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Figure 9. HSCT-10B pressure signatures: CL/CL cruisg ratios of 0.50, 0.625, 0.75, and 1.0;
M=18 k= 24 inches, large nacelles.

Since the wing leading edge contour on the HSCT-10B planform was purposely made smooth
and continuous, the growth and strength of the lift-induced shock was a source of concern. This
rapid growth in flow-field disturbance was the result of 2 relatively small increase in angle of
attack. The positive-pressure segment on the signature in figure 5, CL/Cy crutsg = 0.5, suggested
that, at the low lifting pressures across the win g upper and lower surfaces, the equivalent areas
and summation of F-functions represented the model’s low volume and lift disturbances



about 1.5 degrees in angle of attack which corresponded to an increase in equivalent area-due-to-
lift from 400 ft? to 800ft%.

The growth and behavior of this lift-induced disturbance suggested that it was due to near-field
effects. If this hypothesis was correct, the observed extra shock was an imbedded shock that
would decrease in strength rapidly before it could move forward to coalesce with the nose shock.
The “ramp” section of the signature will lose its “roller-coaster” appearance and would approach
the shape of the desired ground signature. However, further wind-tunnel tests at larger separation
distances would be required to check this hypothesis.

The pressure signatures in figure 5 and 6 showed no large shocks from either the small or the
large engine nacelles, while the pressure signatures in figures 7 and 8 showed almost identical
shocks when the lift on the model was increased through the same range. These results were the
basis of a conclusion that the engine nacelles had been successfully integrated into the wing-
fuselage of the HSCT-10B concept and that nacelle-integration methodology could successfully
account for nacelle volume disturbances. Since only the small engine nacelles were used in the
design of the HSCT-10B, the carry-over to the large engine nacelles must be considered
fortuitous.

There was no time available to begin a new design that would test the complete nacelle-
integration methodology. A “boom-softening” study was undertaken to reduce the sonic boom of
a configuration without employing the configuration tailoring described in reference 11. This
study, then, became an opportunity for employing and theoretically evaluating the full capabilities
of the Langley nacelle-integration methodology.

METHOD APPLICATION TO A “BOOM-SOFTENED” CONCEPT

The conceptual aircraft shown in figure 10 was designed as part of the “boom-softening” study
reported in reference 28.
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Figure 10. Three view of the “boom-softened” arrow-wing concept, the HSCT-11C.

Tt differed from the baseline McDonnell-Douglas concept mainly in two ways: (1) its planform



had an extended and curved leading edge to “soften” the sonic boom without drastically
increasing the wing area and the gross takeoff weight; and (2) the configuration was given a
canard, rather than a horizontal tail, for takeoff and landing operations. ,
The design Mach number for the HSCT-11C was 2.4, the cruise Mach number specified of all
the “softened-boom” study concepts. Figure 11 shows the complete F-function of the HSCT-11C.

Nacelies on
Nacelles off ——— -

0 100 200 300 400
Xe, ft

Figure 11. F-functions of the HSCT-11C concept at M = 2.4 and W = 684,400 Ib.

The location of the engine-nacelle disturbances, both volume and interference lift, are readily
apparent on these summed F-functions. In figure 12, the predicted ground pressure signatures,
nacelles on and nacelles off, are presented and compared for the HSCT-11C at cruise Mach
number and 56,850 ft.
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Figure 12. Predicted ground signatures from the HSCT-11C at M = 2.4, W = 684,400 Ib, and
h =56,850 ft.

There is a 0.3 psf increment between the nacelles-on and nacelles-off condition which is
noticeable even on this non-low-boom-tailored configuration. If the engine nacelles could be
moved further aft, their disturbances would be superimposed on the F-function’s expansion region
and considerably reduced in its effect on the nose-shock strength. The nacelles could be moved
further aft by extending the central wing section; an idea modeled after that feature on the Russian
Sukhoi S-51 conceptual aircraft, reference 29, which is shown in figure 13.



Figure 13. Three-view of the Sukhoi S-51 conceptual aircraft.

This modification to the wing planform of the HSCT-11C was employed as a “softened-boom”
feature on the HSCT-11E. With it, the wing-mounted engine nacelles could be moved aft so their
lip-shock disturbances should not add to the strength of the nose shock. The canard on the
conceptual HSCT-11E, as on the HSCT-11C, was used only for takeoff and landing. A three view
of the HSCT-11E concept is presented in figure 14,
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Figure 14. Three view of the HSCT-11E concept (the modified HSCT-11C).

With the engine nacelles shifted to this aft location, the combined nacelle volume and interference
lift disturbances are also moved aft on the concept’s F-function, as seen in figure 15.
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Figure 15. F-functions of the HSCT-11E concept at M = 2.4 and W = 696,000 Ip.

Predicted pressure signatures from the HSCT-11E concept, with and without nacelles, were
obtained from the F-functions in figure 15. These pressure signatures are presented and compared
in figure 16, ~
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Figure 16. Predicted ground signatures from the HSCT-11E at M = 2.4, W = 684,400 Ib, and
h = 56,850 ft.
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while the span remained constant. Moreover, the additional wing area and volume would mean an
increase in the configuration’s gross takeoff weight.

CONCLUDING REMARKS

An analytical and empirical technique for integrating the engine nacelles to a wing-fuselage-
fin configuration has been described. The technique was based on a more-complete application of
Whitham sonic-boom theory and sonic-boom minimization of Seebass and George, and was
developed to remedy the shortcomings of the previous method for analysis of sonic-boom
characteristics which was developed during the 1960’s and 70’s. Previous methods assumed that
engine nacelles slender with smooth and continuous area distributions, but the new technique
made no such assumption and permitted the application of low-boom methods along with high
aerodynamic efficiency methods to the analysis and configuring of a supersonic-cruise conceptual
aircraft during all stages of preliminary design.

Two HSCT concepts were used as examples to illustrate the application of this engine-nacelle
integration method: (1) a concept with engine nacelles mounted behind the wing on the aft-
fuselage, the HSCT-10B; and (2) a concept with engine nacelles mounted under wing center-
section extensions, the HSCT-11E. In both cases, the key to reducing the flow-field disturbances
from the engine nacelles was to move them behind the wing where they would be in a “Mach-
sliced” or area-ruled expansion region, where the wing lift was reaching its maximum value.

Mounting the nacelles behind the wing on the aft fuselage removed the interference-lift
disturbances and helped shift the center of gravity rearward, but it would place the nacelle inlets
in the upper-surface flow fields of the wing and the fuselage. It would also impose a large weight
and thrust loading on the tail section of the fuselage. Extending the wing center section so that the
engine nacelles could be mounted further aft under the wing moved both the nacelle volume and
the interference lift disturbances closer to the desired expansion region on the conceptual
aircraft’s F-function. Additional benefits were extra wing volume available for fuel, landing gear
stowage, and nacelle support structure. However, these advantages were obtained at the expense
of extra wing area that reduced overall aerodynamic efficiency, and wing volume that would
probably increase the gross takeoff weight.

Both the Mach 2.0 theory-validation concept and the HSCT-10B were, theoretically, low-
boom conceptual aircraft. However, if the “boom-softened” HSCT-11E would have been given
low-boom area-rule tailoring, it could have become an aircraft concept with engines in the under-
the-wing location that possessed reduced- or low-boom characteristics. Nevertheless, both
concepts, the HSCT-10B and the HSCT-11E, demonstrated that low-boom technology and
nacelle-integration methodology along with high aerodynamic performance efficiency, innovative
structural efficiency, and advanced-composite materials could be included in the process of
preliminary conceptual-aircraft design. The HSCT-10B and the HSCT-11E concepts are most
likely not the only possible configurations that could achieve low-boom or “softened sonic-boom™
status. Since the canard on the HSCT-11E concept was intended only for takeoff and landing, both
concepts were flying wing configurations during the supersonic-cruise segment of the mission. It
is likely that there are canard-wing or wing-horizontal tail configurations, with the canard and the
horizontal tail carrying positive lifting loads, that might be achieve reduced- or low-boom flight
during supersonic cruise. In either case, the keys to achieving a low-boom conceptual aircraft
design would include the successful integration of engine nacelles on a wing-fuselage

12



REFERENCES

1. Taylor, John W. R., ed.: Jane’s All T, he World Aircraft, 1967-68, 58th Edition, pp. 320-321,
McGraw-Hill Book Company, New York, USA. (North American XB-70)

2. Taylor, John W. R., ed.: Jane’s All The World Aircrafft, 1967-68, 58th Edition, pp. 87-88,
McGraw-Hill Book Company, New York, USA. (British-French Concorde)

3. Gunston, Bill: Aircraft Of The Soviet Union. Pp. 345-349, Osprey Publishing Limited, 1983.
(Tupelov Tu-144)

4. Taylor, John W. R, ed.: Jar;e s All The World Aircraft, 1969-70, 6oth Edition, pp. 282-283,
McGraw-Hill Book Company, New York, USA. (Boeing 2707-300)

5. Taylor, John W. R., ed.: Jane’s All The World Aircraf, 1966-67, 57t Edition, pp. 274,
McGraw-Hill Book Company, New York, USA. (Lockheed Model 2000)

6. Morris, Odell A.; and Fournier, Roger H.: Aerodynamic Characteristics At Mach Numbers
2.30, 2.60, And 2.96 Of A Supersonic Transport Model Having A Fixed, Warped Wing.
NASA TM X-1115, 1965. (Supersonic Cruise Aircraft Transport SCAT-15F)

7. Baber, Hal T.; and Swanson, E. E.: Advanced Supersonic Technology Concepr AST-100
Characteristics Developed In A Baseline- Update Study. NASA TM X-728 15, January 1976.

8. Fitzsimmons, R. D.; and Roensch, R. L.: Advanced Supersonic Transporst. Society of
Automotive Engineers, Air Transport Meeting, May 6-8, 1975.

9. Robins, A. Warner; Dollyhigh, Samuel M.; Beissner, Fred L. Jr.; Geiselhart, Karl;
Martin, Glenn L.; Shields, E. W.; Swanson, E. E.; Coen, Peter G.; and Morris, Shelby J.:
Concept Development Of A Mach 3.0 High-Speed Civil Transport. NASA TM 4058, 1988.
10. Domack, Christopher S.; Dollyhigh, Samuel M. ; Beissner, Fred L.; Geiselhart, Karl A.;
McGraw, Marvin E.; Shields, Elwood W.; and Swanson, Edward E. - Concept Development
Of A Mach 4.0 High-Speed Civil Ty ransport. NASA TM 4223, 1990.

11. Seebass, R.; and George, A. R.: Sonic-Boom Minimization. Journal of the Acoustical Society
of America, vol. 51, no. 2, pt. 3, February 1972, Pp- 686-694.

12. Darden, Christine M.: Sonic Boom Minimization With Nose-Blunmess Relaxation.
NASA TP-1348, 1979. , : :

13. Mack, Robert J.; and Haglund, George T.: A Practical Low-Boom Overpressure Signature

13



J—

Pl B

Based On Minimum Sonic Boom Theory. High-Speed Research: Sonic Boom. Volume II,
NASA Conference Publication 3173, 1992.

14. Mack, Robert 1.: Additional F-Functions Useful For Preliminary Design Of Shaped-
Signature, Low-Boom, Supersonic-Cruise Aircraft. High-Speed Research: 1994 Sonic Boom
Workshop, Configuration Design, Analysis, and Testing. NASA/CP-1999-209699, 1999.

15. Mack, R.; and Needleman, K.: The Design Of Two Sonic-Boom Wind-Tunnel Models From
Conceptual Aircraft Which Cruise At Mach Numbers Of 2.0 and 3.0. ATAA-90-4026,
13th AJAA Aeroacoustics Conference, Tallahassee Florida, October 22-24, 1990.

16. Mack, Robert J.; and Needleman, Kathy E.: A Methodology For Designing Aircraft To Low
Sonic Boom Constraints. NASA TM 4246, February 1991.

17. Mack, Robert J.; and Needleman, Kathy E.: A Semiempirical Method For Obtaining Fuselage
Normal Areas From Fuselage Mach-Sliced Areas. NASA TM 4228, December 1990.

18. Mack, Robert J.; and Darden, Christine M.: Wind-Tunnel Investigation Of The Validity Of A
Sonic-Boom-Minimization Concept. NASA TP 1421, October 1979.

19. Mack, Robert J.: Some Considerations On The Integration Of Enéine Nacelles Into Low-
Boom Aircraft Concepts. High-Speed Research: Sonic Boom, Volume II, NASA Conference
Publication 3173, 1992.

20. Haglund, George T.: Low Sonic Boom Studies At Boeing. High-Speed Research: Sonic
Boom, Volume II, NASA Conference Publication 10133, 1993.

21. Baize, Daniel G.; and Coen, Peter G.: A Mach 2.0/ 1.6 Low Sonic Boom High-Speed Civil
Transport Concept. High-Speed Research: Sonic Boom, Volume II, NASA Conference
Publication 10133, 1993. :

22. Mack, Robert J.: Low-Boom Aircraft Concept With Aft-Fuselage-Mounted Engine Nacelles.
High-Speed Research: Sonic Boom, Volume TI, NASA Conference Publication 10133, 1993.

23. Baals, Donald D.; Robins, A. Warner; and Harris, Roy V. Jr.: Aerodynamic Design Integration
Of Supersonic Aircraft. No. 68-1018, 5th ATAA Annual Meeting And Technical Display,
Philadelphia, Pennsylvania, October 21-24 1968.

24. McCullers, L. A.: Aircraft Configuration Optimization Including Optimized Flight Profiles.
Recent Experiences In Multidisciplinary Analysis And Optimization.
Jaroslaw Sobieski, compiler, NASA CP-2327, Part 1, 1984.

25. Carlson, Harry W.; McLean, F. Edward; and Shrout, Barrett L.: A Wind-Tunnel Study Of

Sonic-Boom Characteristics For Basic And Modified Models Of A Supersonic Transport
Configuration. NASA TM X-1236, May 1966.

14



26. Hunton, Lynn W.; Hicks, Raymond M.; and Mendoza, Joel P.: Some Effects Of Wing
Planform On Sonic Boom. NASA TN D-7160, January 1973.

27. Mack, Robert J.: Wind-Tunnel Overpressure Signatures From A Low-Boom HSCT Concept
With Aft-Fuselage-Mounted Engines. High-Speed Research: 1994 Sonic Boom Workshop,
Configuration Design, Analysis, and Testing. NASA/CP-1999-209699, 1999.

28. Mack, Robert .. Boom-Softening And Nacelle Integration On An Arrow-Wing High-Speed
Transport Concept. 1995 NASA High-Speed Research Program Sonic Boom Workshop,
Volume II - Configuration Design, Analysis, and Testing, NASA/CP-1999-209520, 1999,

_ 29. Lambert, Mark, ed.: Jane'’s All The World Aircraft, 1994-95, g5th Edition, Sentinel House,
Surrey UK. (Sukhoi S-51)

15



REPORT DOCUMENTATION PAGE ki ighl

e =1 OMB No. 0704-0188
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
coliection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Aeports, 1215 Jefferson
Davis Highway, Suite 1204, Arfington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project {0704-0188), Washington, DC 20503.

e ——— Y ——— g ————————
1. AGENCY USE ONLY (Leave blank)]2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

December 1999 Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Nacelle Integration To Reduce the Sonic Boom of Aircraft Designed To

Cruise at Supersonic Speeds WU 537-07-21

WBS 4.3.3

5. AUTHOR(S)
Robert J. Mack

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

NASA Langley Research Center L-17742

Hampton, VA 23681-2199

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

NASA/TM-1999-209534

9. SPONSORINGMONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC 20546-0001

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Unclassified-Unlimited

Subject Category 05 Distribution: Nonstandard
Availability: NASA CASI (301) 621-0390

13. ABSTRACT (Maximum 200 words)

An empirical method for integrating the engine nacelles on a wing-fuselage-fin(s) configuration has been
described. This method is based on Thitham theory and Seebass and George sonic-boom minimization theory, With
it, both reduced sonic-boom as well as high aerodynamic efficiency methods can be applied to the conceptual
design of a supersonic-cruise aircraft. Two high-speed civil transport concepts were used as examples to illustrate
the application of this engine-nacelle integration methodology: (1) a concept with engine nacelles mounted on the
aft-fuselage, the HSCT-10B; and (2) a concept with engine nacelles mounted under an extended-wing center
section, the HSCT-11E. In both cases, the key to a significant reduction in the sonic-boom contribution from the
engine nacelles was to use the F-function shape of the concept as a guide to move the nacelles further aft on the
configuration. ~

12, SUBJECT TERMS, - o 15. NUMBER OF PAGES
Sonic boom; High-Speed Civil Transport; Supersonic aircraft 20
16. PRICE CODE
AQ3
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION |19, SECURITY CLASSIFICATION 120, LIMITATION
OF REPORT OF THIS PAGE OF ABSTRACT OF ABSTRACT
Unclassified Unclassified Unclassified UL

NSN 7540-01-280-5500

Standard Form 298 (Hev, 2.89)
Prescribed by ANS! 5td. Z39-18
298-102




