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Aircraft Design at the Naval Postgraduate School:
Tactical wWaverider/Long-Range Cargo Aircraft

Conrad F. Newberry, P.E.," David M. Dober,* Peter J. Riester,*
Robert B. Stoney,* Thomas A. Johnston,* and David R. Price*
Naval Postgraduate School

Abstract

The graduate program of the
Department of Aeronautics and BAstro-
nautics at the Naval Postgraduate School
uniquely supports a comprehensive design
program in aircraft, spacecraft, misgsile,
helicopter, and engine design. This paper
is focused on four aircraft configuration
designs proposed by AA 4273 Military
Aircraft Design course team members. The
AA 4273 course is, in turn, supported by a

\\_Jgrowing research program to enhance and
£

urther develop the methodolegy of
aircraft design. Thig design effort has
received considerable support from the
NASA/USRA Advanced Desgign Program in
Aeronautics. Specifically, two design
solutions for a long-range, carrier based,
tactical, wave-rider configured
fighter/interceptor aircraft are reviewed
herein, as are two solutions for a global
range military transport. Both types of
aircraft were developed as a graduate
student team response to specific design
RFPs.

Zatreduction

The Naval Postgraduate School (NPS)
exists for the sole purpose of increasing
the combat effectiveness of the U.S. Navy
and Marine Corps. This purpose is achieved
by providing military officers and defense
officials with a quality education which
supports the unique needs and interests of
the Defense establishment. Although the
NPS programs are developed for Navy and
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Marine Corps personnel, the student body
congists of U.S. officers from all
branches of military service,
international students from allied
countries and civilian employees of the
United States Federal Government.® Eleven
academic departments and four academic
groups provide a wide spectrum of degree
programs for about 1800 students. Nearly
half of the students receive advance
degrees in disciplines different from
their undergraduate area of study.

The Department of Aeronautics and
Astronautics offers the Degrees of Master
of Science in Aeronautical Engineering,
Master of Science in Astronautical
Engineering, Magster of Science in
Engineering Science, Aeronautical and
Astronautical Engineer, Doctor of
Philosophy and Doctor of Engineering.
Doctoral programs are available in the
fields of gas dynamics, flight structures,
flight dynamics, propulsion, aercspace
physics and aerospace vehicle design.

There are approximately 180 students
distributed across the aeronautics,
astronautics and avionies curricula
supported by the Department of Aeronautics
and Astronautics. Departmental design
requirements are supported by aircraft,
missile, aircraft engine, helicopter,
avionics and spacecraft design courses or
course sequences. The aercnautical and
avionics programs are accredited by the
Accreditation Board for Engineering angd
Technology (ABET).

The aircraft design course, AA 4273
Military Aircraft Design, is a single,
twelve-week quarter course offered twice a
year (summer and winter quarters). The
course enrollment typically supports two
7-10 member design teams. These design
teams typically respond to a Request-for-
Proposal (RFP), which specifies
requiremente for a wilitary aircratv.
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NASA/USRA Advanced Design Program

During the fall of 1984, the National
Aercnautics and Space Administration
(NASA) developed the Advanced Design
Program (ADP) as a national pilot project
initiative to encourage and nurture
engineering design education in the
universities and to supplement NASA's
internal efforts in the advanced planning
for space system design. In 1986 the ADP
was expanded to include aeronautical
design activities. The ADP is administered
by the Universities Space Research
Agsociation (USRA), which consists of some
75 academic institutions, supported by
grants from NASA Headquarters. Some 44
academic ingtitutions are  currently
participating in this program. Of the 44
participants, twelve are pursuing
aeronautical design initiatives, while the
remainder are investigating space related
design concepts.??

The senior author of this paper
develcped an undergraduate*® ADP effort in
the mid-to-late 1980s, and proposed to
develop a graduate ADP effort at NPS
during the most recent NASA/USRA ADP
proposal period.® Based on a competitive
selection in 1992, the Naval Postgraduate
School was selected to participate in the
NASA/USRA Advanced Design Program in order
to pursue waverider design initiatives.
These waverider design -initiatives were
concerned with the  development of
tactical, carrier compatible, military
aircraft. Once these waverider initiatives
received appropriate consideration, in any
given year, other design topics could be
addressed, if there was sufficient student
interest and if class enrollment could
support additional ajircraft design teams.®

During the past vyear, student
enrollment in AA 4273 Military Aircraft
Design supported four design teams. Two
teams elected to pursue waverider
configurations and two elected to pursue
subsocnic, long-range, heavy-1ift-
capability configurations., The design
teams were composed of either seven or
eight members, depending upon the
particular academic quarter. One waverider
team (SABOT) was comprised of eight
members, while the second (LONGBOW)} was
comprised of seven members. Similarly, one
subsonic transport design team (DUMBO) was
comprised of eight members, while the
second team (HUGO) was comprised of seven
members. The efforts of these four design
teams are reported herein.

In the following discussion of these
four aircraft designs, samples of the
design effort will be presented herein.
However, no effort will be made to compare
the performance, life-cycle-cost or other
parameters of any two similar aircraft.
Instead, methodology and design results
will be stresgsed.

Waverjiders

Initially, waveriders were conceived
as aerodynamic configurations that could
be designed inversely to £fit known
flowfields. Nonweiler’ proposed a wedge-
based configuration similar to that shown
in Fig. 1. Cone-based configurations may
result in planforms similar to that shown
in Fig. 2.' The XB-70 may well have been
the first practical waverider
configuration.?

The present National  Security
Strategy reflects resized Naval forces
that can effectively support Jjoint
warfighting scenarios in the littoral
regions of the planet. For the Navy, this
new strategic direction represents a shift
away from open-ocean warfighting on the
gea, toward goint operations conducted
from the sea.!

In keeping with this new warfighting
direction, a hypothetical scenario was
suggested by the senior author, wherein a
carrier force was deployed sufficiently
far at sea to preclude any land-based
aircraft threat, yet able to support joint
operations in the nearest littoral zone.
The design question was whether or not a
waverider configured aircraft could be
developed as a plausible tactical aircraft
capable of operating from such a carrier,
vyet able to provide significant support
for joint operations in littoral zones of
conflict.

One approach was to suggest that such
an aircraft should have a large radius of
operations, a high speed capability to
traverse that radius and reach the
littoral zone of conflict and then spend
an acceptable residence time in the
littoral zone, 1in order to provide
sufficient support for joint operations.
The vehicle should be able to carry
acceptable quantities of ordinance and
armament for that support as well as be
able to provide adequate self-protection.
Within this framework, the design team was
free to refine and otherwise supplement
these requirements.

The waverider Request-for-Proposal
(RFP), to which the design teams
responded, was developed by the senior
author and consisted of few but stringent
requirements. The specific waverider air
superiority/fighter/interceptor
requirements consisted of the following:

, 1. 1500 nm unrefueled range
2. Waverider planform
3. Cruige at 3 g M, < 6
The cruise Mach number should be
dependent upon a design team trade
study
4. Carrier suitable

5. Major system considerations (not
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76,036 1b,.

necessarily in the orxder of

N importance}

a. Fuel fraction
b. Cost

c. Maintainability
d. Structures

e. Propulsion

6. 100 page final report.

There were two responses to these six
regquirements. The SABOT interceptor
approximates the waverider planform, but
is not a true waverider configuration. The
LONGBOW configuration closely approximates
a true waverider configuration,

SABOT

Fig. 3 presents a three-view of the
SABOT aircraft. The tralling portion of
the wing swings forward for low-speed
flight. The aircraft has a length of 63.9%
feet, a height of 14.2 feet and a span of
32.5 feet (swept forward wing position,
50.6 feet). Based upon a constraint
analysis, the thrust-to-weight was
determined to be T/W = 0.55 with a
corresponding wing loading of W/S = 105
psf. The cruise configuration leading edge
sweep angle was determined to be A = 70
degrees. The design team considered a
maximum weight limit of 85,000 1b, for
carrier suitability requirements. The
maximum weight of the SABOT vehicle is
Since this is somewhat less
than the 85,000 1lb, projected limit, there
ig some growth potential.'?

Fig. 4 presents the SABOT weight
statement. Weight relationships from the
Nicolail? and Raymer?® texts were used to
generate these weight estimates. It should
be noted that the fuel fraction is
approximately 51% of the grogs takeoff
weight. The combined fuel and ordinance
weight fraction is approximately 55%. The
corresponding (large) c.g. travel varies
from 23.8% to 83.5% of the mac.

Fig. 5 illugtrates the carrier
approach and landing characteristics for
the SABOT. As can be sgeen in Fig. 5,
operations under no-wind conditions are
limited to full flap landings at weights
under 43,000 1b,. The deck handling
characterigtics of the SABOT are in
compliance with MIL-STD-B05A.

Fig. 6 illustrates the SABOT zero-
lift drag coefficient variation with Mach
number. USAF DATCOM!* methodology was used
to compute the subsonic, transonic and

supersonic Cp, values. Fig. 7 illustrates

representative drag polars for the SABOT
aircrafr.

The propulsion system features a

—~variable bypass turbofan engine with

afterburner. Automatic controls vary the
bypass ratio from 0 (turbojet), at high
Mach numbers, to 1 at subsonic speeds. The

maximum turbine inlet temperature was
assumed to be 3200 °R.

The SABOT V-n diagram for sea level
operation is shown in Fig. 8. This diagram
is based on guidelines set forth in FAR
Part® 25 and in MIL-A-8861(ASL).Y” A
similar diagram was developed for the
SABOT at 50,000 feet of altitude. The gust
load lines all fall within the operating
envelope. Fig. 9 presents the flight
envelope for the SABOT aircraft.

The SABOT flying qualities are
compared with MIL-F- 8785C'* class IV,
level 1 requirements in Table I. As can be
seen, the SABOT exceeded all requirements
except for a small excursion in exceeding
the maximum roll rate time constant (7.} .
All gtability derivatives were calculated
by USAF DATCOM methodology. The waverider
stability sensitivity, together with the
large center-of-gravity travel, requires
the utilization of a three-axis stability
augmentation system,

Development, Test and Evaluation
(DT&E) costs together with production
costs were considered to result in a unit
cost of § 89.1 million (FY 2000 dollars)
for the SABOT. ‘This unit cost was based
upen a 100 aircraft purchase, with a

production rate of one SABOT per month and
was based upon cost estimation methods
provided by Nicolail?

Table II permitas a comparison of the
SABOT performance with the RFP
requirements. It can be seen that the
SAROT meets oxr exceeds the design goals
set. for the aircraft.

LONGBOW

The LONGBOW wasg essentially designed
to the sgame RFP specifications as the
SABOT. Fig. 10 presents a three-view of
the LONGBOW aircraft. As with the SABOT,
the LONGBOW features a swing-wing
configuration for low-speed, subsonic
flight. The LONGBOW has a 14 foot height,
a length of 57 feet and a cruise
configuration wing span of 57 feet (low
speed span of 76 feet). The cruise
configuration has an approximate leading
edge aweep angle of 67 degrees.®®

The constraint analysis for the
LONGBOW is illustrated in Fig. 11, which
indicates that the design point has a
thrust-to-weight ratioc of T/W = 0.55 and a
corresponding wing loading of W/S = 120
psf. It should  be noted that -the
maintainability and reliability constraint
relationships are baged upon historical
data. This constraint analysis is
consistent with the migsion profile of the
LONGBOW shown in Fig. 12.

Turbojet, turbojet with afterburner
and ramjet engine cycles were considered
for the primary propulsion system. The
result of several studies by the design
team suggested that the afterburning
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turbojet should be the cycle of choice.
Accordingly, the ONX, OFFX computer
programs of Mattingly?® were used in the
optimization of the cycle pressure ratio.
Tsfc, specific thrust and aerodynamic
heating trade studiesgs resulted in the
selection of M, = 3 for the cruise portion
of the mission.

A detailed static and dynamic

stability analysis was conducted for the
Mach 0.2 powered approach (configuration
PA) and at the Mach 3 cruise
{configuration CR). The USAF DATCOM! and
Etkin®* methodologies were used to compute
the requisite stability derivatives.
Stability augmentation was used as needed
to ensure compliance with all of the
stability requirements of MIL-F-8785C.%*

Fig. 13 illustrates the results of
the aerodynamic heating analysis. This
analysis is based on a eleven element
model of a typical section of the leading
edge. Element 1 18 the leading edge
element, elements 1 and 2 comprise the
leading edge heat sink. Elements 3,4,5,6,7
and 11 are skin temperatures near the
leading edge. Elements 8 and 10 are spar
caps and element 9 is a spar web. Element
20 is an isolated skin element six feet
aft of the leading edge. The analysis
suggests that the skin temperatures are
acceptable for the materials selected for
aircraft construction, without using an
active cooling system. Painting the skin
black typically reduced the titanium skin
temperatures by some 35 degrees (°F).

The maximum structural loads on the
wing were considered to be associated with
a 6g, Mach 3 turn at 50,000 and 65,000
feet of altitude on a standard day. A
finite element model was developed with
MSC/PAL2 software. Stress levels were
acceptable for this design condition. The
swing-wing is fully swept aft at Mach
numbers above M, = 0.8. Thus, the swing-
wing was designed for a maximum load
factor of n = 3 at a Mach number of M, =
0.8,

Based on the acquisition of 250
aircraft, the unit cost of the LONGBOW
(DT&E and production) is estimated to be $
46.9 million (FY 1993). Based on ten years
of operation, the life-cycle-cost per unit
is estimated to be $ 55.3 million.

Global Range Military Transport

The world is rapidly changing from
one with two major military powers in
which most countries were more or less
aligned with one or the other of the so-
called superpowers, to one with many
downsized military powers. In this
changing world environment, the United
States can no longer count on the
availability of worldwide operational
bases that can be used by American forces
responding to international crises. It is
recognized that there is an increasing
need to rapidly transport large numbexs of

both troops and equipment from the
continental United States {CONUS}) to
potential crisis centers throughout the
world. To respond to this perceived need,
the naticnal  AIAA/McDonnell  Douglas
Corporation Graduate Student Team Aircraft
Design Competition for 1992-93 addresses
this global <range military transport
requirement .® :

This design study was, as required,
performed in two phases. Phase I was
performed to formulate the mission
performance specifications for range,
speed and payload that will maximize the
amount of material that can be transported
in 72 hours (3 days). Phase II of the
study was required to develop an optimum
aircraft design capable of meeting the
performance specifications developed in
Phase I. The minimum designated unrefueled
range vrequirement was 6,000 nm and the
corresponding minimum designated payload
was 400,000 1lb, (at a 2.5g maneuver load
factor). The mission specification for
this heavy lift system is as follows:

1. Warm-up and taxi for 15 minutes

2. Takeoff and c¢limb to best cruise
altitude

3. Cruise at best cruise altitude and
Mach number to the mission mid-
point

4. Descend on course and land

5. Taxi/idle for 30 minutes, off-locad
full payload

6. Load 15% of full paylocad, takeoff
and climb to best cruise altitude

7. Return at best cruise altitude and
Mach number

8. Loiter 15 minutes (15 minutes
reserve fuel)

9. Descend, land and taxi 10 minutes

The specifications further stipulated that
the aircraft must be able to operate from
existing domestic airbases and use
existing airbases or sites of opportunity
at the destination. Takeoff and landing
rules (critical field length) were also
required.

There were two NPS responses to these
requirements. It should be noted that the
competition requirements were not
finalized until mid-to-late August of 1992
(midway through the course). The initial
specified payload requirement was 800,000
1b,, in contrast to the £inal payload
requirement of a minimum of 400,000 1lb,.
The DUMBO design responded to the 800,000
lb, payload requirement while the HUGO was
designed for a payload of 450,000 lb,.
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N’

“gMBO

p— The solution space for the DUMBO

design is shown in Fig. 14. The constant
speed climb, takeoff and landing
constraints tend to define the solution
space. The point design thrust-to-weight
ratio is T/W = 0.21 and the corresponding
wing loading is W/S = 140 psf.®

Quality Function Deployment (QFD) was
used to identify significant design
related attributes of the DUMBO aircraft.
One of the corresponding House Of Quality
diagrams is shown in Table III. The
800,000 lb, payload was considered the most
important attribute of DUMBO. A plus sign
indicates a strong positive relationship
between the design (aircraft
characteristics) parameters; a minus sign
indicates a strong negative relationship.
For example, the Mgng = 0.77 customer
requirement is shown as having a strong
positive relationship with L/D.

Lambda, conventional tail, c¢anard,
two wing and three wing configurations
were considered for this aircraft. The
final DUMBO configuration is shown in Fig.
15 with a span of 239 feet, length of 295
feet and a height of 64.5 feet.

The DUMBO configuration features a
front loading raised cab visor nose; a
~anard; six unducted propfans mounted on

he underside of the main wing comprise

\——%he propulsion system; a landing gear of

gix main struts and two nose struts; a
flight cxrew of pilot, copilot, £flight
engineer, navigator and two load masters;
and a primarily composite airframe. The
weight estimates are based upon the
gtatistical (historical) weight
methodology provided by Nicelai.? The
maximum gross weight of DUMBO ias
approximately 4,000,000 1lb,, with a fuel
fraction of 0.425. The static margin is
approximately 13.8% of the mac. The
largest shift in the c¢.g. occurs when the
required 60,000 payload drop is completed.
However, the <¢.g. is always within
acceptable limitg.

Turbojet, turboprop, turbofan and
unducted fan (UDF) engine cycles were
considered for the DUMBQ propulsion
system. The mission requirements
eliminated the turbojet and the turboprop.
The UDF was selected for fuel savings and
life-cycle-coasts. The UDF core engine has
a maximum pressure ratio of 45, sfc of
0.21 per hour and a compressor frontal
area of 6.7 ft?. To meet the thrust
requirements of DUMBO, counter-rotating
fans (10 blades per each of the two discs)
with a 24.2 foot diameter were selected.
At sea level takeoff conditions, the
sropfan will have a disc loading of 120
3HP/D? and a tip speed of 800 fps. For
cruise conditions, a disc loading of 36
SHP/D® and a tip speed of 789 fps are
optimal.

The DUMBO winévféatures an NASA SC(2)-
0714 airfoil. Leading and trailing edge

flaps are employed to achieve a Croe ™
3. The wing 1lift curve slope is C; =

5.51/rad at M_ = 0.5. The wing aspect ratio
is AR = 10 with a cruise 1lift-to-drag
ratio of L/D = 21.

The DUMBO V-n diagram was determined
to ensure compliance with MIL-A-8861B.Y’
The maximum wing loading condition (3.75g
at cornering speed) results in a wing
shear of 4.3x10° 1lb, and a corresponding
bending moment of 3.75x10* ft-1lb, at the
wing root. The corresponding wing shear
and bending moment distributions are shown
in Fig. 16.

Oon a standard day, the DUMBO can
takeoff in 7833 feet (8767 feet on a hot
day). The corresponding landing distances
are 8798 feet on a standard day and 9396
feet on a hot day. The critical field
length is estimated to be 8675 feet on a
standaxrd day and 9570 feet on a hot day.

The longitudinal dynamic
characteristics of DUMBO are shown in
Table IV. Stability augmentation about all
three axes, using state variable feedback
design techniques, is employed.

The main cargo deck of DUMBO is 200
feet long and 33 feet in width. At the
center it is 15 feet high, tapering to a
height of 10.5 feet at the sides. The
upper cargo deck is 20 feet wide and 185
feet long. The entire upper deck can be
rigged with jump seats for approximately
500 personnel. The DUMBO kill tree is
shown in Fig. 17.

The c¢ost analysis for DUMBO was
computed using the methodology presented

in Nicolai,!? It was determined that only
13 aircraft would be required to meet the
global airlift requirements; one test
aircraft and twelve operaticnal aircraft.
Based on these assumptions, the unit cost
of each DUMBO aircraft is $ 6.29 billion
(FY 1992 dollars).

HUGO

The HUGO configuration was designed
as a global mobility platform. The mission
profile for HUGO is shown in Fig. 18.3%¢

As with DUMBO, Quality Function
Deployment (QFD) was used to identify
gignificant degign related attributes of
the HUGO aircraft. The HUGO House of
Quality for Product Characteristics is
shown in Table IV. The significance of the
plus and minus signs is the same as
specified in the description of Table III
above.

Table VvV shows a comparison of
subsonic and supersonic aircraft delivery
capability. Speed is shown to have little
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influence upon the total delivered payload
quantity. The 1life-cycle-cost analysis
shown in Table VI indicates that the
subsonic, single fuselage HUGO concept has
the lowest life-cycle-cost.

The HUGO constraint analysis is shown
in Fig. 19, where the design point thrust-
to-weight ratio is T/W = 0.265 and the
corresponding wing loading is W/S = 135
psf. A three-view of HUGO is shown in Fig.
20,

The NASA SC(3)-0615 supercritical
airfoil was chosen for the wing root
section, while the NASA SC(3)-0609 section
was chosen for the wing tip section. The
wing thickness ratio versus the wing
semispan is shown in Fig. 21. The extra
thickness inside the 40% semispan break-
point is used to balance Mg,y across the
span, to hold fuel and to match required
bending moments.

The HUGO cargo bay loading
configuration is shown in Fig. 22.
Various civilian and military cargo
payloads were investigated. It was fognd
that civilian <c¢argo container size
dominated the selection of the cargo bay
width, while the military cargo
requirements dominated the cargo bay
height selection.

The HUGO configuration has a gross
takeoff weight of Wge = 1.367 million
pounds, with a payload of 450,000 lb, and
a fuel load of W, = 500,000 lb,. The fuel
fraction is W,/Wgo = 0.366. Cruise is at a
Mach number of M, ~ 0.8, at 35,000 feet on
a standard day, with a c¢orresponding
(L/D)m = 17.

The cargo bay is 160 feet in length,
13.5 feet in height and 35 feet in width.
The wing span is 300 feet and the wing
planform area is 10,080 ft?, with a taper
ratio of A = 0.38 and an aspect ratio of
AR = 8.93, The wing quarter chord is swept
aft by 22.6 degrees.

The ¢.g. shift due to payload and
fuel usage is shown in Fig. 23. The
maximum c.g. travel is 23% of the mac (mac
= 35.27 feet) and maintains a static
margin of less than 15% of the mac. The
cruise and ultimate wing shear and bending
moment distributions are shown in Fig. 24
and 25, respectively.

Although several engine cycles were
considered, asg shown in Fig. 26, the AIAA
ATF competition engine was selected for
the HUGO. 8ix pylon mounted engines
provide power for the HUGO aircraft.

The HUGO stability augmentation
system (SAS) longitudinal and lateral
stability characteristics are shown in
Tables VII and VIII, respectively. The
augmented Dutch-Roll response [(roll/yaw
rate {(deg/sec} versus time] is shown in
Fig. 26.

Life-cycle-cost (LCC) estimates were
based on methods outlined by Nicolai}? and
Earles.? The results of the cost trade

the aeronautical related design classes.

3. Four graduate student aircraft
design configurations are summarized
herein. Two solutions are proposed for the
high-supersonic, carrier suitable,
tactical waverider. Two solutions are also
proposed for a 6,000 nm global range
military transport.

4. The design classes alsoc provide
the impetus for considerable graduate
level research in aircraft design
methodology. An optimum M, = 6 tactical,
carrier suitable, waverider configuration
was developed as part of this thesis
effort. Water and wind tunnel models of
this configuration will be tested in the
near future to provide support for future
tactical waverider design efforts.
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SABOT Drag Polars
Lateral-Dutch Roll
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! e Toenr
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Veluchy Ve 00 Table I
SABOT Flying Qualities Summary
Figure 8
SABOT V-n Diagram
Specitication Required Sabot
Minisum Radius 700 nm 762 rm
Dash Mach umber <8 3
Misstle Carriage ' 4
(Internal/Conformal)
Cycle Time 1400 (Min} 1+00
1430 (Des)
Sustained Turn 29 or 49 43
Maximum Gross Weight <85, 000 76,036
~ Table II

SABOT Performance Comparison With RPP




Downloaded by NAVAL POSTGRADUATE SCHOOL on January 11,2023 | http://arc.aiaa.org | DOI: 10.2514/6.1993-4007

Tt W werght 13w, | Wio

—_— 57 v
LONGBOW K S '{
CRUISE CONFIGURATION ‘ N — i
- s 1w
B ' l/‘:‘a \ reET
wo \\ i "' N i
5 ) s
A \' ) 57
AR.: 178 S *® ) o, ;,_.
Sref: 1800 SOFT /4 ;Q:? ' f//‘ A¥
s i i <‘}¢" v,
X, i LA Y
/& sey i v \::_
s i R
YN VN
iZ/‘ \ ,f'-' . | i
;i I ‘ i W \\ ‘ - H
figure 10 ﬁ
LONGBOW Aircraft . / ~ \
e = : 14’
1
f§

. Cruise M w3 Vio {KIAS) = 150
35 . ClimyMe 09 Cimaxm A
N Tum M w23 Takeo!l roll w 4000
. Al for tum = 000 andmng roll = 7300X
L] S ' - gloerem=23  MMHAH®23) 1
. MFHBE = 0.7

design point

sersvsesasddiiibig

gans il ]

SRR .,
savpraaxaned 3
L -2 b

~Craise +Climb oTum *Accel xT/0 & LDG ~MAINT __RELIAD

EX]

0 4 6 8 100 120 40 160 (80 200
Wing ioading, Wio/$
Pigure 11

LONGBOW Design Solution Space

MISSION PROFILE
tonery
vescENT
M= 0.0 RETURN CTRRSE
\ M- JOCTRISE
89.000 #T
SRSSH € $11OT
180 DEQ TUNM
/ " weoncuve
b
Pigure 12

1,ONGBOW Mission Profile

P i — o] . =
4t 0 [ N L] L1 o
MISSION IR (noin)

Pigure 13
LONGBOW Transient Temperature Distribution Analysis

10



Downloaded by NAVAL POSTGRADUATE SCHOOL on January 11,2023 | http://arc.aiaa.org | DOI: 10.2514/6.1993-4007

(A

02

o1

A i 1 N 1
L] 100 12 (40 60
wis

VY D High Speed Colse AL HeD 77 & 390 (1 »ey ©_
216.onsianl Spesd Clinb al 110 ST S 15K (1 ey ‘wy'
TrSustalned 0 YTwn at L20S & AW IL wer T 0’
Ar{ovet Accal Rim 3t 30K £ w=> ‘go°
51 Takentl Pertnrmance (HICoiat) =) ' ™
6) Laeding Eorfnrmane s (NIcnlal) wes |
7V EAILAInah by (TN 2%) =es *_

Figure 14
DUMBO Design Solution Space
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DUMBO Aircraft
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Hach = 0.2 Mach ~ 0.2 | Mach w» 0.77 | Mach = 0.77
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damping
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freg.
L.P. -.0124.19124 | -,0124.191 | -.0024.08085 | -.004+.087}
coote
L.P. 0626 L0628 .0329 0596
dasping
L.P. nat. L1918 L1918 .0608 L0871
teeg.

Table IV

DUMBO Longitudinal Stability Characteristics
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Military Pallets: 60 8x8x10ft
@ 111bs/N*43=422,4001bs

Civil Containers: 8 9x10x20M
@ 101bs/1123=432,0001bs
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Figure 22
HUGO Cargo Bay Loading Configuration
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HUGO Wing Shear Distributions
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HUGO Wing Bending Moment Distributions
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