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INTRODUCTION

The Navy currently is defining a series of V/STOL (Vertical/
Short Takeoff and Landing) aircraft that could satisfy several
Navy Missions, including Close Air Support (CAS), in the
post-1990 time frame. The CAS mission requires operation
from forward bases with minimum facilities. Prepared hard
surface runways will not be available, and the mandatory
military requirements of fast base establishment and relocation
will not allow time to prepare, maintain, and protect such
runways,

Utilization of a Surface Effect Taokeoff and Landing System
(SETOLS) will provide an operational capability from unob-
structed areas, that require only minimum preparation, and
the resulting aircraft should be attractive when compared to
VTOL (Vertical Tokeoff and Landing) and STO/VL (Short

Takeoff/Vertical Landing) aircraft that have a forward base

capability.
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SUMMARY

A conceptual design of a CTOL SETOLS CAS Aircraft has been developed. The
significont design feature is the use of a Surface Effect Takeoff and Landing System
(SETOLS) in liev of a normal landing gear. The SETOLS is an integral part of the
point design, thereby achieving full design compatibility compared to an add-on
which is typical of flight test work to date. This feature provides a tokeoff and
londing copability on the inflated rubber fabric type trunk installed on the bottom
of the fuselage from any unobstructed area, such as a river, lake, swamp, grass,
soil, etc, Effective operation is thereby achieved in the Close Air Support (CAS)
mission from forward bases where time prevents preparation and maintenance of con-
ventional runways, The design is, therefore, a Conventional Takeoff and Landing
(CTOL) aircraft with all the inherent design advantages of low weight and low cost
compared to V/STOL (Vertical/Short Takeoff ond Landing) aircraft.

Advanced state-of-the-art design appropriate for 1995 IOC has been incorporated.
This consists of use of composite structure to reduce weight, 10% for the wing, 25%
for the tail, and 15% for the fuselage. Advanced NASA airfoil technology is in
the wing design to allow the use of thicker wing sections to save weight without
sacrifice of a high performance copability.

One advanced technology Pratt & Whitney STF 529 turbofan, with 13202 pounds
thrust, a thrust to weight ratio of 8.2, and other favorable characteristics, powers
the aircraft. A P&W designed peripheral fan bleed is used to inflate and pressur-
ize the trunk, This engine, if funded, will meet the MQT (Military Qualifications
Test) requirements for availability by fiscal year 1985.

The aircroft has ¢ high wing in order to carry twelve Mk-82 Snokeye bombs (6840
Ib droppable weight) below the wing in the specified CAS mission radius of 160
N.M, Sufficient internal fuel capacity is provided for the specified 2500 N, M,
ferry mission, The high speed is M = 0.89 at 35000 feet, and a maximum sus-
tained maneuver load factor of 4g is achieved at M = ,70 at 5000 ft. Gross
weight is 24,300 Ib; wing area 280 sq ft; takeoff speed 138 knots; and takeoff run
2945 ft at sea level, 89.8°F (Navy Tropical Day). Mission Profiles are on Pages
14 ond 16.

The design is shown by the following three-view and inboard profile drawings.
Design features, weight and performance results are summarized briefly in the
following Design Analysis Section. Supporting data and calculations are presented
in six attached appendices.

Preliminary work summarized in Appendix E shows the design should have one engine
versus two engines, engine fan bleed instead of an auxiliary power unit to pres-
surize the trunk, and the advanced P&W STF 529 ‘turbofan as the best of the
candidate engines.
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DESIGN ANALYSIS

PRELIMINARY SIZING STUDIES

Preliminary work to establish the size and configuration using parametric and
tradeoff studies is summarized in Appendix E and shows the following:

(@) A two-engine configuration has substantially greater gross weight and
size compared to a one engine configuration.

(b) Pressurization of the SETOLS trunk is best accomplished by engine fan
bleed compared to use of an auxiliary power unit,

(c) The Pratt & Whitney STF 529 Turbofan is a conceptual engine but is the
best of the candidate engines.

(d) A one engine configuration with a high wing and the bottom of the
fuselage shoped to support the trunk, both in the pressurized and in
the collapsed and stowed conditions, results in the best overall design
for weight, simplicity, and design risk.

FINAL CONFIGURATION

The final configuration is shown on the preceding drawings, SAE 79-007 and
SAE 79-008, and uses the P&V STF 529 turbofan (scale 1.0) for propulsion
and trunk pressurization. P&W quotes this engine as having a high probability
of meeting the Military Qualifications Test (MQT), if funded, and be avail-
able by FY-1985, There is sufficient internal fuel capacity to accomplish the
ferry mission without the use of external tanks. Only the required stores for
the CAS mission are carried externally below the wing on four pylons,
Rationale and calculations are presented in the following design analysis end
supporting appendices to substantiate the results of this conceptual design of

a CTOL SETOLS CAS aircroft,

DESIGN REQUIREMENT CHANGES

Changes to the design requirements were made early in the study os follows:

(a) Decrease of the 8,000 foot takeoff run to between 2,000 feet and 4,000
feet which resulted in selection of 3,000 feet for design.

(b) Elimination of the provisions for a 25 mm gun installation.
(c) The high speed requirement of M = 0,91 at 35,000 feet is compromised

to M = 0.89 favoring other design goals such os weight, size and mini-
mized propulsion system,

. “M - : R CHEE . WIEUOPLY “STNr™ S
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e




SANDAIRE

(4) WING SIZING

The selected wing loading was bosed on the desire to hold the takeoff
speed between 135-140 knots in the interest of some conservatism with ‘
respect to the fairly new SETOLS state of the art. ;

For the specified 1995 JOC, use of an odvanced airfoil section is appro-
- priate even though only meager data are available. An increase in the
- Mach No. for drag rise of the order of AM = .07 has been incorporated
o in the drag polars based on mostly qualitative information about these air-

foils. The typically blunt airfoil nose shape should preclude the necessity

' of wing leading edge flaps or slats, to obtain satisfactory stall charocter-

. istics, and none are incorporated. Appropriate selection of outboard
camber and twist, when airfoil dota are available, should produce satis-
factory flight characteristics,

—— -

The wing sweep of A_/y = 0.25° was selected because of its adequate
stall characteristics without the use of wing leading edge devices. The
wing configurotion resulting from this sweep permits reasonable C, G,
control through the placement of stores and inherent fuel management
while providing sufficient stores clearonce, especially during rotation at
take-off ond landing. Wing thickness selection then results from the need
to meet the high speed requirement at 35,000 feet. The selected wing

i thickness, t/c = ,12-.10 root to tip, produces the drag rise shown in

' Appendix B and results in o smoll compromise of this requirement to M =
.89,

Sufficient iteration and design refinement were done in the preliminary
work to estoblish a gross weight of 24,300 pounds for design, Early
caleulations, prior to receipt of the P&W STF 529 engine data, indicated
o considerably higher weight; however, the high engine thrust to weight
ratio of 8.2 and other favorable characteristics of the STF 529 gave a sub-
stantial reduction in weight down to the 24,300 pounds.

e w——
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Considering, then the above 135-140 knot takeoff speed objective, a wing
area of 280 square feet gave a tokeoff speed of 138 knots at sea level, 89.8°F,
This is based on takeoff ofter 4.5 minutes of fuel has been used of the 5 min-
vtes at maximum thrust specified, as shown in Appendix B.

No extensive numerical onalyses were attempted for the selection of wing aspect
ratio and taper ratio. Factors bearing on the selection of AR =6, A =0.30
are:

(@) Low span for low weight.

(b) Adequate span to carry the required stores.

(c) High taper for low weight as limited by satisfactory stall characteristics
with the selected spon.

(d) Admittedly, comparison with previous aircraft also has a significant effect
in the selections.

(e) Subsequent weight and mission calculations and the configuration design
layouts have qualitatively verified that the selected wing geometry is
appropriate for this aircraft design.

The selected high wing configuration is mandatory for fheosfores to ground/water
clearance in takeoff and landing. A wing incidence of 3" is used which works
well with respect to fuselage attitude for tokeoff, landing, and cruise.

A summary of the wing characteristics is included with the following tail data.

TAIL SIZING

From the configuration design layout work, a conventional tail became appro-
priate with the horizontal mounted on the fuselage. An all-movable horizontal
(no elevator) was considered; however, it was not used pending an in~depth
control system analysis which is outside the scope of this study.

Selection of the tail geometry considered the usual factors of:

(a) Displocement of (&/4) and (& /4)y, to prevent odding pedk pressures with
- resultant adverse Mach No. effects. The displacement used, 13.4 inches,
is considered a minimum,

(b) Sweep and thickness combination to give a higher critical Mach No. for
the tail (for lift) thon developed by the wing. Thus, tail effectivenes
will be retained ofter excessive speed waning (buffeting) occurs due to
the normal lift deterioration with Mach No. on the wing.

() Low span and high taper for low weight as limited by tail effectiveness
and past practice.
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The following table summarizes the wing and tail characteristics. Calculations
are in Appendix B.

Wing H. Tail V. Tail

s Sq Ft 280 67.1 47.5
AR 6 3.5 1.5
b Ft 41 15.33 8.44
Cp In 126.1 70.0 90.0
Ct In 37.8 35.0 45.0

: N .30 .50 .50

: g In 89.8 54.5 70.0

, Ac/a Deg 25 35 40
1/ (Root-Tip) Jd2-.10 .12-.10 .12-.10
Iy €/Ahyimg & Dy I 183.5 170.1 (Pg. 3)

(6) ENGINE FAN BLEED REQUIREMENT

Appendix A presents the SETOLS trunk analysis. Briefly this analysis shows:
(a)

Mean trunk to ground effective clearance in takeoff (daylight gap),
estimated from other data 0.28 in

Trunk pressure, design 360 Ib/sq ft

Trunk orifice area exhausting to atmosphere,
design 20%

Trunk shape, design Pages 3, 28 & 29

Trunk contact centerline perimeter, design 49.5 ft

Trunk contact centerline area (cushion area),
design 150 sq ft

Required cushion pressure for the design gross weight
of 24,300 Ib 162 Ib/sq ft

Required engine fan bleed to pressurize the trunk 39 lb/sec
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FLAP CHARACTERISTICS 1

Due to the reduction in the required takeoff run from 8000 feet to 3000 feet,
Page 5, Item (3a), a large flap setting is used to give this shorter run;
however, it may not be the best for takeoff over an obstocle. Fixed vane,
double~slotted flaps are selected with extemal hinges. Flaps extend from
the fuselage to 70% semispan. The rear wing spar is ot 68% chord, which
allows use of a 27% chord flap as shown diagrammatically by the following
sketch.

st 27% C

-

40°}

500 .

Data for flap application to advanced airfoil sections, Item (4) above, are
not available. However, fiap characteristics are estimated from avoilable

data for other flapped airfoil sections as shown in Appendix B.
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TAKEOFF PERFORMANCE (89.8°F ot Sea Level)

Takeoff ground run is calculated from basic relations and the flap charocter~
istics in Appendix B.

Loading CAS mission

Tokeoff Weight 23686 Ib ofter 4.5 min. fuel has been used as
explained on poge 7

Flaps 40 Deg

Takeoff Speed 138 knots (page 7)

Engine data are shown in Appendix D. P&W provides a 6% throttle advance
for 90" F tckeoff at sea level to minimize the odverse effect of a hot day.
This overcomes the normal thrust deterioration with this temperature.

The instolled thrust is reduced 18.7% (Appendix B) to account for the 39 Ib/sec
fan bleed to pressurize the trunk.

The major portion of the takeoff run is with fuseloge level (trunk level) ond
AL = .05 (the coefficient of takeoff surface friction) is a representative value
based on availoble data. A factor of 1.3 is applied to give an average

AL = .065 to account for greater volues of 44 at the start of the run and ot
pull up. See analysis in Appendix A,

The calculoted ground run, ot 89.8°F, sea level, is 2945 #t.

The air distance over a 50 ft obstacle is calculated from an empirical method
that checks well with test data. It includes transition from the level takeoff
run to the climb path. The distance is 1272 ft mdking a total distonce over

50 feet of 4217 ft (89.8°F at sea level). Only 2.4 deg rotation from the level
takeoff run is required to lift off which should favor smooth operation with the
SETOLS.

ENGINE SIZING

The design takeoff run is established os 3000 ft on pg 5, item (30). Prelimi-
nary work indicated that a scole 1.0 P&W STF 529 engine was needed to
achieve this distance. The final calculation, App. B , shows 2945 ft using
ascale 1.0 engine. Therefore since the preliminary work has indicated that
takeoff is the critical requirement for sizing the engine, scale 1.0 is now
established as the final engine size. The small compromise of the M = 0.91
high speed requirement discussed on page 5, item (3) and page 6, item (4),
would not be significantly improved by any reasonable increase in engine size
unless the combination of wing sweep and wing thickness was changed to delay

the drag rise with Mach No. This is not considered a justifiable change s
previously discussed on pages 5 and 6.

10
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LANDING PERFORMANCE

Landing is calculated in Appendix B for the maximum landing design gross
weight, (MLDGW) = gross weight minus 60% CAS mission fuel of 4552 Ib
for standard day at sea level,

MLDGW = 24300 - .60 x 4552 = 21569 b

Flops are 50% trunk is pressurized; approach at 1,2 Vs; and londing at
1.1V.
s

The glide angle is 11.3 degrees, which requires 250 ft to clear o 50 ft obstacle
ond, as in tokeoff, the rotation or flare angle is small, 2 degrees, thus
increasing the fuselage angle of attack to 4.5 degrees at touch down. The
transition distance needed to slow from opproach to landing speed is 548 ft.

The ground run is based on developing aon average ratio of braking force to
aircraft weight of .27 and is equal to 2200 ft, Therefore, the total landing
distance required to clear a 50 ft obstacle is 2998 ft (SLS).

P&W has calculated that the minimum throttle setting, with the required

39 Ib/sec fan bleed to pressurize the trunk, gives 2500 Ib thrust which is
dissipated by turning vanes in the tail pipe.

WEIGHT

Some of the weight equations are empirical. They ore reasonably accurate
and are based on comparisons with various aircraft; most have been used in
preliminary design study work before, The development of these equations
and the weight calculations are shown in Appendix C.

Anticipated advances in technology are incorporated as follows; this must bte
recognized when making comparisons with other weight data:

(a) Use of composite materials
Wing group weight reduced 10%
Tail group weight reduced 25%
Fuselage basic weight reduced 15%

(b) Flight controls weight reduced 10%
due to the fly-by-wire system

n
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Calculated weight is summarized as follows. A Group Weight Statement is in
Appendix C where the weight allocation has been changed to conform to the Group
Weight Statement Form. The weight total is of course the same.

Wing Group 2334 Ib
Horiz. Tail Group 307
Vertical Tail Group 206
Fuselage basic 2088
Canopy 260
Speed brakes 104
Engine 1618
Tail pipe extension 43
Engine section 146
Inlet ducts 160
Engine controls starting, lub., and oil
(including unusable oil) 94
Flight controls 567
Fuel tanks - wing integral 107
- fuselage integral 96
Unusable fuel 46
Fuel system 170
Instruments 85
Electrical 350
Anti=icing 130
Air conditioning 160
Fumishings, incl. ejection seat 330
APU 120
Armament provision 200
Equipment (incl. oxygen & survival) 175
SETOLS 756
Protection
fuel cells in wing 67
armor - pilot (allowance) 300
other (allowance) 100
CAS mission loading (specified 8574 Ib)
installed avionics 770
crew 180
4 - TERs 384
12 - Mk 82 (droppable) 6840
4 - pylons 400 -
CAS mission fuel 4552
Unassigned _55
Gross Weight 24300 b
12
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BALANCE

Balance calculations are in Appendix C ond are summarized below. All
conditions are considered satisfactory.

Loading CAS Mission
Weight C.G.
Condition Lb % c
Weight empty for balance
(gross weight less pilot,
12 - Mk 82 droppable stores, |
ond fuel) 12728 25.4
Operating weight (plus 180 Ib
pilot) 12908 22.7
Zero fuel weight (plus
12 - Mk 82 droppable stores,
6840 Ib) 19748 23.6
Gross weight (plus CAS mission
fuel, 4552 ib) 24300 23.0

The C.G. locations shown above leave margin for the inevitable oft drift
of the C.G. when the aircraft is built, see tail sizing in Appendix B.

DRAG

Preliminory drog estimates were made in support of the early work and, since
then, drag changes were incorporated corresponding to the changes in the
configuration os the design work progressed. The final drag estimate shown
in Appendix B is very close to the preliminary estimate as modified for con-
figuration changes. Therefore, conclusions made based on the preliminary
work are considered reliable, and no recycling of the preliminary work is
needed.

MISSION PERFORMANCE AND PROFILES

The majority of the performance was done with computer programs developed for
this study as explained in Appendix F using engine data from Appendix D and
a fuel weight of 6.8 pounds/gallon. CAS and Ferry Mission Profiles, along
with additional performonce data, follow.
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CAS MISSION

>/ 4
1 | 2
I-—-— 160 N. MI.

OPERATION

‘OQ\IO.(J!#ODN—-

.

- -
- O
L

—
N
.

For specific data on each operation, see following page.

Initial

Warmup and Taokeoff
Climb Out
Cruise Out
Descend

Loiter

Drop Stores
Climb Back*
Cruise Back*
Descend .
Loiter

Land and Reserve

*Minimum fuel to return,

because of additional climb fuel required.

5 minutes at maximum power

Best speed to 36089 feet

At 36089 feet

To 5000 Feet (No time, fuel, or dist.)
1 hour at best speed

Retain TERs and pylons

Best speed to 36089 feet

At 36089 feet

To sea level (no time, fuel, or dist.)
10 minutes at best speed

5% initial fuel

Cruise back at best cruise altitude requires more fuel
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SANDAIRE

FERRY MISSION

T2
I¢ 2500 N. MI, =i

i OPERATION
o 1. Initial J
] 2. Warmup ond Tokeoff 5 minutes ot maximum power |
‘ ! 3. Climb Out Best speed to cruise altitude
' 4. Crvise Out Best altitude and speed
5. Descend To S.L. (No time, fuel, or dist.)
6. Loiter 10 minutes at best speed
7. Land and Reserve 5% initial fuel

For specific data on each operation, see following page.
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éjd_diﬁonal Pe?formonce Data

Performance Item

Atta ine_d

Takeoff ground run w = 24300 Ib - 4.5 min ot TMax
(CAS mission loading)
S.L. sud. 2813 ft
s.L. 89.8°F 2945 ft
Takeoff over 50 ft obstacle w = 24300 Ib - 4.5 min ot TM
(CAS mission loading) ax
S.L. Std o 4045 ft
S.L. 89.8°F 4217 ft
Landing over 50 ft obstacle MLDGW = 21569 Ib
(CAS mission loading)
S.L. Std o 2998 fit
S.L. 89.8°F 3158 ft
Best cruise Mach No. and M = 775
altitude for clean Alt, = 45800 to 52500 ft
configuration (ferry)
Max range vs cruise Mach No. See Appendix F,
for clean configuration Sections (2) and (3)
Best endurance Mach., No. and For CAS mission, 1.0 hr ot
altitude, Hr M = .31 at 5000 ft. (o gain of 2
to 3% in endurance may be
possible at 10,000 ft based on
questionable extrapolated engine
data - see Appendix F)
Service ceiling (300 ft/min R/C),
CAS mission loading, W at start
of climb = 24300 - 5 min ot
TMox (fuel consumed in climb) 36800 ft
Mox rate of climb (ft/min) CAS Std. 89.8°F
mission loading, for S.L., S.L. 9880  Eng. data
5000 ft and 15000 ft for 5000 ft 8250 not available;
Std day agd Navy tropical 15000 ft 5000 see App. F
day (89.8°F)
W at start of climb = 24300 -
5 min, ot TMax (fuel consumed
in climb)
18
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Performance Item Attained
Std.  89.8°F
Max rate of climb (ft/min) at S,L., CAS
loading, W = 24300 Ib - 5 min ot T "
SETOLS deployed, taxeoff speed, flaps 400 2597 2719
SETOLS retracted, fokeoff speed, flaps 40° 7367 7441
Max rate of climb (ft/mm) at S.L.,
CAS loading less 60% fuel (MI.DGW)
W = 24300 - .60 x 4552 = 21569 Ib
SETOLS deployed, Approach speed, flaps 50 2838 2963
SETOLS retracted, Approach speed, flaps 50° 4486 4659
9 S.L. 5000 ft
Max sustained maneuver load factor -
vs Mach No. at S,L. and 5000 ft, 2 .765 775
CAS mission payload less 40% 3 755 .755
fuel 4 725 695
W = 24300 - ,40 x 4552 = 22479 1b
g_ S.L, 5000 ft
Max sustained maneuver load factor
vs Mach No. at S.L., and 5000 ft, 2 .850 .865
CAS mission less 40% fuel and less 3 .845 .855
12 Mk 82 dropped 4 .835 .845
W = 22479 - 6840 = 15693 Ib
Navy
Trop.
Std 89.8°F
Stall speed at S,L., SETOLS deployed - knofts
Des. G.W. 24300 Ib 112 115
MLDGWO 21569 b 105 108
Flaps 50
Navy
Trop.
Std 89.8°F
Landing approach speed at S.L,
SETOLS deployed = knots :
MLDGW6 21569 b 126 130
Flaps 50

Aircraft range with the ferry mission payload
GW = 20243 b
Fvel = 7687 Ib

No extemal fuel tanks

2500 N. M,

19
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(15) DESIGN

(o)

Conformity With Design Requirements

Conformity with the design requirements is essentially achieved
except for the M = .91 high speed requirement which is compromised
to M = 0,89 favoring other design options as discussed in preceding
sections,

Structural design load factors from the Statement of Work are

+7.0, - 3.0
and are applied to the Basic Flight Design Gross Weight (BFDGW)
which is defined for this study as Design Gross Weight less 40% of the
CAS mission initial fuel:

24300 - .40 x 4552 = 22479 b
The design limit load on the wing is then 7 x 22479/280 = 562 1b/sq ft
which is used in the calculation of the wing weight. Ultimate load is
1.5 times the design limit load.

A specific list of design requirements is presented below with
comments on the conformity of this design study.

Design Requirements Status
Aircraft shall have a CTOL Aircraft is conventional in design
caopability and shall include a except for the SETOLS which
SETOLS has been conservatively designed.

The cushion pressure is 162
1b/sq ft (1.125 psi) which is in
line with current state-of-the~
art.

Aircraft shall be land based The design of the SETOLS has
with capability of takeoff and considered trunk stability and

landing from flat terrain such aircraft control in takeoff and
as fields, marshes, 1okes and landing at low speed. The
rivers, design as presented should have
acceptable characteristics, see
Appendix A,
20
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Design Requirements

Status

Specified maximum military load

Installed avionics 770 Ib

4 - TERs 384
12 - Mk 82 6840
4 - pylons 400

Total 8394

This load carried for CAS
mission as specified,

Propulsion system shall utilize
one or more turbojet or
turbofan engines

One P8W STF 529 study turbo-
fan engine used

JP-5 fuel at 6.8 Ib/gal shall
be used

Fuel weight 6.8 Ib/gal

Fuel dumping capability shall
be provided

Fuel dumping provided ot outboard

pylons and through bottom of
fuselage for ferry tank

Aircraft shall have self starting
capability

APU provided for self starting

Aircraft shall have an environ-
mental control and life support

system

Air conditioning is provided ond
oxygen and survival weight is
included

Speed brakes shall be provided

Speed brakes on the aft fuselage
are provided

An ejection seat escape system
shall be provided

Ejection seat provided

Aircraft shal! be single seat

Design has one crew member

21
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Design Requirements Status 3

Single point type ground pressure  Provided and located on left hand

fueling shall be provided side of fuseloge below wing center ;
section
A
Provisions for aerial refueling Forward boom type to connect
shall be provided with refueling aircraft drogue.

Boom not included in weight

The avionic system shall provide  The specified 770 Ib installed

the following functional avionics is incorporated with
capabilities: 35 cuft space allowed
wegpon delivery and distributed in three
stores management locations in the fuseloge. No
mission computer work was done with respect to
control and display the avionics system capability.

communication/navigation/
identification

flight system

electronic warfore

Extemal carriage shall be 4 - TERs, 12~ Mk 82 ond

provided for 4 pylons carried below the wing
4 - TERs (see pg 3 ). No extemal fuel
12 - Mk 82 (3per TER) corriage provided as internal fuel
4 -pylons- - - copacity is sufficient for ferry. S e
4 - 300 gal ferry fuel tanks !
MLDGW (Maximum Londing MLDGW = Design Gross Weight
Design Gross Weight) = TOGW (24300 1b) - (60% of CAS
for CAS mission minus 60% of mission fuel of 4552 |b)
maximym intemal fuel = 21569 b
{
22
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SETOLS

The SETOLS (Surface Effects Tokeoff and Landing System) is another nome
for an air cushion landing system, ond to date very little development

work has been performed. The present, limited R&D efforts indicate the
potential value of the system for use in landing aircraft on various surfaces
other than runways. These surfaces could be swamps, rivers, lokes, pro-
tected bays, beaches, unimproved fields (even if moderately battlescarred),
snow, ice, efc., as long as they are generally free of large surface disrup-
tions throughout the distances required for landing and tdkeoff.

The system consists of a large, elastic air container (trunk) attached to the
bottom of the fuselage. Inflating it with low pressure air creates a lorge,
doughnut-type pad whose planform area (cushion area) is essential to the
support of the vehicle. Discharging the air through controlled orifices in
the bottom of the trunk produces a positive pressure against this area. suffic-
ient to suspend the vehicle a small distance above a surface. This is an
oversimplification of the system, but many popers are available giving
detailed information on the system principles; therefore more is not warranted
here.

The system uses controlled engine fan bleed air through a sonic orifice to
provide a constant air flow of 39 pounds/second (approximately 510 cu.ft./
second) at 360 pounds/sq. ft. pressure to inflate the trunk and support the
vehicle during takeoff and landing. Four bags or parking bladders are
installed within the trunk and, when inflated to 275 pounds/sq.ft., are

used to support the vehicle when it is not in operation. Brake pads installed
in the bottom of the trunk and actuated pneumatically are used to stop and
hold the vehicle. A suction system, integral with the trunk support structure,
is used to hold the trunk, when deflated, tightly against the fuselage bottom
to prevent it from fluttering in flight.

Trunk

The trunk size and shape ore the result of many iterations of trunk planforms
and pressures to minimize the effect on the vehicle's size, configuration and
performance. The trunk configuration chosen is shown on the general arrange-
ment drawing, Page 3, ond on Poges 28 and 29. This configuration was
selected because of its continuously curving planform which will help prevent
flagellation in flight and trunk side flutter in hover while permitting aero-
dynomic shaping of the sponson. The planform width was a compromise
between maximum sponson extension and vehicle roll stability. Thus the
length was established by the cushion area required. This shape contains a
cushion area of 150 sq. ft. which requires o cushion pressure of 162 pounds/
sq. ft. to support the vehicle ot its maximum gross weight of 24300 pounds.
Using a trunk pressure of 360 pounds/sq. ft., the cushion to trunk pressure
ratio Pe/PT varies from .45 ot maximum gross weight to approximately .27
at minimum gross weight (Figure 5A, App. A).
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The trunk material elongation characteristics used for this design are shown
in Fig 2A. App.A. Development will be required to obtain these character-
istics but should not be difficult, as they are similar to existing materials.
The girth elongation ratio of 44, =3 was chosen os the working design
point, which corresponds to a material tension (T) of 56.25 pounds/inch.
Using this tension, the girth outer radius (r), shown on Page 28, for

a maximum gross weight vehicle in hover, is 22.5 inches and the inner
radius (R) is 40.91 inches. Therefore, the cushion area and inner radius,
R, decrease as the vehicle approaches empty weight.

Jet nozzles or discharge ports are installed on the bottom periphery
(49.528 feet) of the trunk to help provide an air cushion supporting the
vehicle off the surfface. The trunk planform and cross~section, Pages

28 and 29, change with weight or Pc/Py ratio ond only at the
design point, maximum gross weight, is.the jet nozzle height (h) constant
around the periphery. At this point, h is approximately .28 inches but
increases at the ends as P./Py decreases. This maximum gap is referred
to as AH. As AH increases, h decreases on the sides to maintain proper
cushion pressure and approaches .09 inches for the empty weight vehicle;
see Fig 13A App.A, This gop is caused by the underside of the fuselage
being a different radius than the sponsons, resulting in the elongation, and
thus tensions, being different except at the design point.

The trunk discharge area is 1.4603 sq. ft., which is also the equivalent
area that will permit trunk pressure to remain at 360 pounds/sq. ft. when
the vehicle is out of ground effect. Only a portion (80%) of this area
(1.1682 sq. ft.) is used to help maintain a cushion pressure while the
remainder (.2921 sq. ft.) is outboard of the ground tangent line ond is
used for air lubrication. Because a total of 1.5343 sq. ft. is required to
maintain the 162 pounds/sq. ft. cushion pressure, an additional .3661 sq.
ft. is provided through control valves between the trunk and cushion area.
At minimum cushion pressure of 96.5 pounds/sq. ft., the valve area needed
is approximately one-half that required ot the design point. This value is
controlled by pressure sensors to maintain the trunk pressure constant; see
Page 30 for the system schematic. The areas and flows are established
using a discharge. coefficient of .66 .and a cushion.to atmosphere dischorge
coefficient of 1.0 during a hot day operation.

Slits installed in the bottom of the trunk will become openings or jet
nozzles as the trunk is inflated. They will be sized and distributed, about
the ground tangent line, to obtain the discharge area previously mentioned.
The size and distribution has not been determined, as the trunk material
characteristics will offect the configuration of the nozzle opening during
trunk expansion. This determination will have to be made ofter some
testing. Replaceable nozzle plugs, containing pads to help prevent trunk
abrasion, will be used in conjunction with the slits. Additional abrasive
pads will be required on either side of the area assigned to the discharge
nozzles to help olleviate this condition.

24
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It was decided to use pneumatically operated braking pods on the bottom

of the trunk in place of suction braking because of the additional weight,
volume and complexity required. The pump or fan needed for this system
would also have to withstand contaminated water that could possibly be
ingested during water landings. The broking pads are actuated by pressur-
izing a bag located above the pads with cooled engine bleed fan air at
the command of the pilot. This oction forces the pads against the surfoce,
causing the trunk locally to deflect upwards, venting the remainder of the
cushion pressure. This reduction in cushion lift, forces the trunk to flatten
over the surface creating odditional braking from the abrasive pods. Differ-
ential broking, in conjunction with a yaw control nozzle located oft of the
vertical stabilizer, provides directional control ot low speeds.

The center of pressure of the cushion is located 6.8 inches forward of the
vehicle C.G. and the centerline of thrust is approximately 7 inches below
the vehicle C.G., Thus the cushion lift and the engine thrust both pro-
duce a positive pitching moment. This moment is balanced by trunk lift
which is approximately 91*inches aft of the C.G., plus trunk to surface
friction if the vehicle is moving. For a design gross weight of 24300 Ibs.,
max takeoff thrust of 10172 lbs., cushion lift of 22549 lbs. ond a trunk
lift of 1751 lbs. the resulting friction force is 875 lbs. assuming a friction
coefficient of .5. This corresponds to an effective friction coefficient for
the vehicle of .036 which is about the same as rolling friction.

The inner ond outer periphery of the trunk contains indexed holes for
attachment to the vehicle structure by threaded fosteners to react the trunk
loods and create a seal. The index holes will thus provide the proper
pretension which is approximately 77% at the forward ond oft ends and
6% on the side. Because of this low pretension, a suction system is used
to prevent flagellation during flight.

Roll stabilizing doors, that retract into the upper surface of the sponsons,
are installed on each side of the vehicle. These doors help to prevent
roll perturbations and vehicle "lean" during tums and crosswinds. They
are coupled to the roll axis of the autopilot system and decoupled dfter
vehicle liftoff.

Pctkigq Bladders

Four elastic bogs, one at each end and on both sides, are installed within
the trunk and, ofter inflation, are used to support the vehicle when it is
not in use. The bags, or parking bladders, are used so that any one air -
leck would still leave the vehicle partiolly supported. The parking bladders,
when inflated, force the trunk to expond to its design point of %, =3,
or approximately 590 cu. ft. of volume. At this point, the bladders are

*Distance from aircraft c.g. to centroid of aft trunk area flattened against
the ground, (See Figure 14-A, Page A-22).
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pressure relieved ot 275 pounds/sq. ft. Inflation is initiated by switching
the engine fan bleed air from the trunk to the bladders. The bleed qir
rate of 39 pounds/second (approximately 510 cu. ft./second), fills the
blodders as fast as the bladders can force the air out of the trunk and
the vehicle will settle approximately 3 inches below its hover height.
The trunk is inflated, from the parking position, by engine fan bleed air
while simultaneously venting the bladder to the trunk, cousing the bladder
to deflate to its stowed position.

Engine Operdtion

Engine fon bleed air, used in operating the system, is coptured by a scroll
odded to the STF~529 engine and then distributed through two exit nozzles.
Sonic orifices, culminating in three-way valves, are installed between the
nozzles and the trunk system for control. The valves control the air flow
to the trunk, bladder and a shut-off position. ‘ The orifices are sized to
permit a constant air flow of 39 pounds/second ot a pressure to maintain
360 pounds/sq. ft. in the trunk; the resulting pressure drop reduces the
engine air from approximately 270°F to 128°F. It is possible, through
further design, that the orifices could be incorporated into a jet pump
system, thus reducing the required flow from the engine, and consequently
the thrust or conversely maintaining the same thrust level and increasing
the flow capability.

To maintain 39 pounds/sec engine fan bleed, the minimum throttle setting
required results in on engine thrust of approximately 2500 pounds, thus
nullifying some of the braking action if not diverted. This force must be
controlled and/or preferably diverted into reverse thrust at landing or
during braking, but also some thrust must remain for taxiing. Taxiing
might be accomplished by reducing throttle, and consequently air flow to
the trunk, causing the trunk to partially collapse, thus increasing trunk
drag to balance the thrust. This technique would have a slow cycle
response, increase trunk abrasion, ‘and put an undue hordship on the pilot
to constantly rebalance the engine because of surface varionce. Insuffi-
cient dota are available to do such an analysis. A full thrust reverser
would be heavy and could cause some problems through reingestion while
operating on unimproved surfoces or water. Although not shewn on the
inboard profile drawing, it is planned that diverters be employed for
landing which would redirect the 2500 pounds of thrust up and outward
resulting in no net forward thrust.

A proposed method is shown on Page 31, This would help prevent
reingestion ond impingement of the exhaust on odjocent aircroft or personnel
during taxiing or parking., Taxiing would also be made simpler by manipu~
lating the diverters for the required thrust.
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The near frictionless contact between the vehicle and the surface makes

it mandatory to use a means for directional control at slow speeds other
than cerodynamic controls, Therefore, a yow control nozzle using engine
exhaust gases is installed at the aft end of the fuselage beiow the vertical
stabilizer. The gases are directed sideward by eyelid-type diverters to
produce a yawing moment., When not in use, the gases exhaust rearward
for thrust,

Comments and Recommendations

Some time dfter the present shape and planform were established, it was
found that other forms may be odvantageous but time did not permit a
change.

During the trunk analysis, it was discovered that the running tension

lood at the front of the trunk around the inner radius is over 500 pounds/
inch. A larger inner radius is required to reduce this load. Also, the
pretension in the side trunk is low (approximately 6%) and could be
increased by making the bottom radius of the sponsons larger. In fact,

it would be ideal if this radius was the some, or nearly so, over the com-
plete trunk areq; however this would result in extension of the sponsons.
These are but two areas where improvements could possibly be achieved,
and it appears a different planform, such as shown on Page 32, would

be better.

If the SETOLS is to be a serious contender for future operations, compre-
hensive design ond testing should be instituted, especially as a system
integrated with on acceptable aerodynamic vehicle configuration. Much
needed data could be gleaned from a structural mockup or model containing
a trunk system. The mockup could be self-propelled and used for all
ground testing of braking systems, jet nozzle configurations, abrasion protec-
tion, trunk.dynamics including forwardly propelled drop tests, etc. Also,
airbome testing for temperature effects, trunk flutter, inflation loading, high
speed effects, etc., could be done using the mockup or model offixed to
the underside of a suitable aircraft or a ground track sled vehicle.

It is unknown, and even questionable, that an elastic trunk system could be
developed for use on the exterior of a high Mach Number aircroft. There-
fore, work should be done on on inelastic system that could be mechanically
retracted into a protected compartment. An inelastic trunk system would
have some new and different problems than an elastic system, but conversely
could alleviate some.

27
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Subsystems
Flighf Control - Flight is controlled by a fly-by-wire totally electric

subsystem. Pilot flight commands are inputs to a central computer from
which outputs are commands to electro-mechanical actuators at the
control surfaces. By incorporating the V/n' diagrom as part of the
central computer program, flight commands could never cause the
vehicles to exceed the safe structural limitations. An override pro-
vision must be permitted, in an emergency at the pilot's discretion, so
that the V/n diagram would be expanded to the ultimate structural
limitations., Additional inputs from sensors, such as altitude, attitude,
velocities, accelerations, heading, etc., would be required for the
computer to make proper judgments and consequential outputs. All
computer inputs and outputs are relayed via fiber optics to and from
miniprocessors located ot the various termini.

In the 1995 time frome, electro-mechanical actuators should be weight
to power competitive with any other mode of actuation. Thus, the
R&M would be improved if for no other reason than the elimination of
additional subsystems for the source of power. A high reliability should
be obtainable through redundancy of major components in the system.

Electrical = The electrical subsystem is basically an AC/DC system
deriving its energy from engine~driven alternators (prime), an APU
(stondby) or battery/inverter (emergency). AC is used for all power
systems, while the DC is provided to maintain the battery charge and
for some discrete commands. All power transmission is by hard wire
controlled with discrete commands relayed via fiber optics to and from
miniprocessors. This should provide the lightest weight system even
though "battle damaged” hardened by redundancy.

Avionics ~ The avionics system was specified at 770 pounds ond 28
cubic feet installed. It is intended for the major components to be
installed immediotely forward and oft of STA 188.0 (approximately the
aft end of the canopy) forward of which is environmentally controlled.
The usable volume between the pilot's seat and STA 188.0 is approxi-
mately 20 cubic feet and will contain those components needing
environmental control. The useful volume immediately oft of STA 188.0
is opproximately 15 cubic feet and will contain the remainder of the
components. Servicing of this section will be through o door in the top
and through the open canopy area for those components forward. The
ormor protection required in the pilot's comportment will thus provide
some degree of protection for those components installed in the cockpit
area.

Life Support =~ The cockpit, pilot's pressure suit and selected avionics

equipment will be supplied with conditioned air from the ECS (environ=
mental control system). The ECS will use high temperature, high
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pressure engine bleed air and consist of air-to~air heat exchangers, an
expansion device and pressure/temperature regulating, mixing and
control valves. It will be used to select and control cockpit tempera-
tures and pressures, pressure svit operation including G-system, necessary
avionics cooling and pressurization, defogging and emergency ram air
operation. In addition, a LOX system will supply oxygen to the pressure
suit in emergencies.

An "any attitude zero velocity" ejection seat is installed for pilot escape.
Canopy ejection will be mandatory because of the intended use of high
strength, bullet-resistant glass.

Propulsion System

Engine Installation ~ Installation information for the STF-529 engine is
Timited because it has not been built, but it is assumed installation can
be made using standard proctices. Provisions are made to remove the
empennage and part of the oft fuseloge as a unit to permit the install-
ation and removal of the engine. A door in the top of the fuselage will
allow access and inspection of the accessory section which is located at
the top front of the engine. Additional occess doors are provided ot
other special points of interest.

The fuselage is extended to provide tailpipe protection during water
londings and to attempt to reduce the IR signature. The basic IR energy
will be reduced below that for comparable present-day engines because
of the lower exhaust temperatures resulting from mixing the fan and core
gases prior to expulsion from the tailpipe.

The air inlets are quite long because of the engine position required in
the fuselage for proper balance and the need to have the inlets high
on the fuselage to help prevent water ingestion. Additional inlet area
will be required for high engine thrust at no, or low, vehicle velocities
and will be provided through pressure-balanced "suck-in" doors. As
greater knowledge is obtained of the engine characteristics, it may be
possible to use an inflatable bulb on the inlet lip in place of "suck-in"
doors.

The engine starter is a hot gos turbine-type deriving its energy from
the APU which also is used as standby electrical power source. The
vehicle battery is used to stort the APU.

Fuel System = The entire mission fuel is contained within the wing,
with tﬁe center section fuel protected in a self-sealing fuel bladder
(1150-pound capecity) sized for 50 CAL projectiles. The wing fuel
tanks extend to 63% of semi-span (WS155) and can accommodate a
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total of 4600 pounds of fuel plus 7% ullage. An odditional tank with
3200 pounds capacity is housed in the bottom of the fuselage and is
intended for use during ferry operations. (Space is available if a
greater range is desired).

All fuel is transferred to the center section tank, from which the engine
is supplied, via boost pumps located in a negative G sump. A single
point refueling valve with associated control valves, for wing tanks or
ferry tank, is located on the left hand side of the fuseloge below the
wing center section. Hand filling can be done through receptacles
mounted on the upper surface of the wing for each outboord tank.
Because of the fyel volume available, only provisions for an inflight
refueling boom is provided on the right hand side of the fuselage for-
ward of the sponsons. Wing fuel dump provisions are provided in both
outboard pylons (WS155) and through the bottom of the fuselage for
the ferry tank.

Lubrication - The engine oil is stored in a tank located on the lower
Teft hand side of the fuselage. Access for replenishment is made when
the trunk stability doors are extended. Skin radiation is used for
cooling but, if greater heat transfer is needed, the alternate hat sections
of the trunk support structure could be used as a radiator.

Structures

The structural weight was assumed to be less than that determined from
empirical equations for present day conventional construction. This
reduction was predicated on the use of improved materials, composite
construction techniques and other technical advancements existing in the
1990 decade. Even so, it is intended that metal monocoque construc-
tion be used in most primary load paths.

The major structural difference between a conventional aircraft and one
equipped with SETOLS is in the trunk support area. This results from
the pressure required in the trunk and cushion area to support the
aircraft. It is envisioned that this area would be constructed of double
skins separated by corrugations or a continuous hat section with each
altemate section spanning a row of perforations (holes or slits) in the
outer skin. By manifolding these altemate sections to a suction source,
a positive pressure can be maintained against the external surface of
the trunk. This external force would help the trunk pretension to hold
it firmly ogainst the bottom when deflated. This, or a similar method,
will be mandatory to prevent trunk flagellation at high speeds or during
maneuvers. Warm air could also be circulated through each remaining
hat section to help maintain trunk flexibility during exposure to extreme
cold.
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The fuselage size was dictated by the maximum diometer of the engine
and the area necessary to support the trunk system. The latter results
in a sponson~-type structure on the bottom of the fuselage which contrib-
utes to the vehicle drag. However, this increased volume does have
some benefits, such as providing sufficient buoyancy in the event of a
deflated trunk and/or parking bladder, providing enough room for oddi-
tional fuel tankage (sufficient fuel to perform the 2500 NM ferry
mission without extemal tanks), permitting the installation of the valving
and plumbing necessary to control trunk and blodder inflation ond also
room for additional miscelloneous equipment. The entire fuselage in

the area of the sponsons (WL60) down to the bottom is sealed against
water entry. All maintenance and access doors would be above this
area.

It appears that from 16 to 20 inches could be removed from the length
of the fuselage ond approximately six inches in depth and still have
adequate volume for all the necessary equipment. Because of time
constraints, this was not analyzed for its effect on performance; there-
fore, it remains in this design for potential growth.

Dual spars are used in the wing ot 13% and 68% of the chord to
provide volume for the basic mission fuel. Close out ribs are located
at the intersection with the fuseloge (BL 27) and at the outboard pylon
(WS155) which is olso the extremity of the fuel tank area. From this
station, outer panels would finish out the span of the wing and contain
the ailerons.

Flops, located from the side of the fuselage to 70% of the semi-spen,
comprise the last 27% of the wing chord. The leading edge contains
deicing provisions, and all electrical wiring and plumbing is aoft of the
rear spar. The integration of the trunk system could be improved if
the wing could be blended into the bottom of the fuselage, but it
would then be difficult to provide clearance for the external stores.

The entire horizontal tail is movable for trim with full span elevators
compromising the trailing 25% chord. Spars are located ot 30%-and
70% of chord, with the forward spor reacting all bending loads.
Installation or removal can be made after removing the vertical tail
trailing edge fairing.

The vertical tail contains two spars at 25% and 70% of chord, with a
rudder comprising the trailing 25% chord. The rear spar coincides-with
the fuselage frome that supports the horizontal. tail.

The rear end of the fuselage is split for removal to provide for engine

installation. For normal maintenance, a semi-structural access door
is provided in the top of the fuselage over the engine accessory section.
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Aerospace Ground Equipment (including assessment of peculiar ground
support equipment - PSGE)

The vehicle readiness is determined through its onboard instrumentation
and automatic checkout, which is part of the central computer program,
making it self-sufficient except for flight expendables. This method
provides detection and identification of any LRU (line replaceable unit)
that needs replacement. Using this concept will reduce the stondard
support equipment necessary for maintaining flight readiness in remote
areas. Unfortunately, this concept does not alleviate the requirement
for some peculiar equipment for this vehicle.

Some special equipment and potential solutions ore needed for:

(1)  Elevating and moving the vehicle resulting from trunk and/or
bladder failure.

Potential solutions: (a) aircraft wrecker and a mobile cort,
(b) bolt-on jacks with built in wheels, or (c) built~in jacks
(which would increcse vehicle weight).

2 Vehicle support during trunk or blodder replacement.

Potential solutions: (a) stondard aircraft jacks, (b) some
as (b) above, or (c) support stonds.

(3) Pretensioning the trunk during replacement.
Potential solutions: (a) clamps around the periphery of the
trunk, which are bolted to the structure, to stretch the
trunk through camming action, or (b) reduce pretension to a
level permitting installation by hand.

(4) Trunk or bladder hole repair.

Potential solutions: (a) tire and tube type repair kit, or
(b) develop special plugs.

(5) Empennage and engine removal.
Potential solution: (a) special slings and mobile hoist.

6) Empennage ond engine support.

Potential solutions: (a) standard "Air Log" type mobile stands
with special support adapters, (b) built-up stands, (c) modified
shipping containers. '
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AREAS THAT WARRANT FURTHER STUDY

Parking bladder failure or puncture could result in the vehicle resting on its
understructure. Also, a lorge portion of the understructure is occupied by the
trunk system. Therefore, little area remains for antenna placement to prevent
cross coupling, proper pattem coverage or breakoge.

Wave oction could be responsible for the penetration of a wing tip during
landing or tokeoff on water, resulting in domage to the vehicle or injury to
the pilot. The wave height or sea state limitations should be established or
buoyancy requirements for the wing tips determined. Whatever is used for
wing tip buoyancy should contain a skid for ground protection in the event of
a bladder or roll stabilization system failure.

An elastic trunk system was used for this study because some data and test
results were available. Very little or, in some areas, no data exists on
inelastic systems, but they appear to offer a better solution to flogellation ot
high speed flight if a reasonable retraction system, into a protected compart-
ment, could be developed. Further work in this area may be justifiable.

The minimum engine RPM or thrust level is high (approximately 2500 pounds of
thrust) to maintain the required air flow to the trunk. In order to tdke full
adventage of the braking system during landing, a means of eliminating or
reversing this thrust is required. A full thrust reverser could produce undesir-
able reingestion, especially when used on unimproved or water surfaces. The
portial employment of a full thrust reverser to control the minimum thrust would
produce on undesirable conical dispersion on adjacent parked aircraft or ground
personnel. Therefore, o diverter to control only the 2500 pounds should be
lighter and give better control of the exhaust gases. It is unique because it
will be required to reverse or nullify a minimum thrust ofter landing yet pemit
enough thrust for taxiing.

The trunk dynamics and their effect on the vehicle at speeds below aerodynamic
control velocities have not been studied. The worst of these effects results in
pitch, roll and heave perturbations that could possibly become unstable under
certain conditions. These octions have appeared on at least one full scale test
vehicle. Using roll stabilizers controlled by the roll channel of the autopilot
is only a partial solution and needs further analysis. But solutions for pitch
oscillations and vertical perturbations are not as readily available. Just the
simple things, such as a changing friction coefficient on the dragging trunk
surface, can excite these two conditions and, when coupled with varying terrain
and maneuvers, it becomes worse. A possible solution could be roll and pitch
reaction nozzles, thereby eliminating the need for roll stabilizing doors, and
couple the nozzles to the pitch and roll axis of the autopilot. This would not
eliminate heave, as heave is caused by cushion pressure variations. But this
should result in low amplitude, low frequency perturbations and may not be too
disturbing to the pilot. One solution is always available, and that is to stop
the forward motion of the vehicle. A true simulation would require a complex
computer program. Further study is needed in this area.
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APPENDIX A

TRUNK ANALYSIS

The trunk planform used for this study was originally sized for the following design
conditions:

(GW) - Maximum Design Weight = 27000 Lb

(PC/PT) - Cushion/Trunk Pressure Ratio = 0.5

Pc - Cushion Pressure = 180 PSFG

PT = Trunk Pressure = 360 PSFG

w ~ Maximum Cushion Width = 8.75 Ft (Approx 20% Wing Span)
Ac - Cushion Area = 150 Sq Ft

Sw - Wing Area = 315 Sq Ft

In addition to the above design conditions, it was decided that the trunk planform
would be "egg" shape to improve trunk stability, maximize trunk width, and mini~
mize the ground tangent circumference, for a given cushion area. The selected
trunk shape will also maximize the trunk footprint at landing impact.

The outer trunk radius (r), ot the design hover condition, was sized by static hover
over water, That is, the aircraft would not be allowed to sink to a depth greater
than the outer trunk rodius (r).

The above design constraints are all reasonable, when compared with previous studies,
with the possible exception of the frunk width. The trunk width was a compromise
between roll stiffness requirements during ground operations and the size of the
external fairing (sponsons) required to mount the trunk system. A low wing config-

uration would be preferable and would permit the installation of a more optimum

trunk planform; however, the design requirement for the circraft to carry 12-MK-82
stores under the wing seems to dictate a high wing configuration. To improve the
roll stiffness of this configuration, roll stabilizers were added.

To meet the static flotation requirements, a mimimum outer trunk rodius (r) of 22,5
inches is required. This resulted in an inner trunk radius (R) of 45 inches for the
design cushion/trunk pressure ratio of 0.5. These trunk radii did not allow suf-
ficient space to attach the inner trunk to the bottom of the aircraft. The design
cushion/trunk pressure ratio was reduced to 0.45, which resulted in a trunk inner
radius (R) of 40,909 inches and pemitted sufficient space (minimum) to attach the
inner trunk to the bottom of the aircraft, The trunk pressure was raised to 400
PSFG to obtain the 0,45 pressure ratio.

The above design constraints resulted in the cushion footprint and the trunk cross-
section shown in Figure 1A.

The aircraft was then resized using new engine data (P&W STF-529) and the trunk
configuration described above. The aircraft gross weight was reduced to

A-1
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WT = 24300 pounds, and the wing area was reduced to 280 square feet, The
fina? cushion plonform and trunk cross-section used for this study (Figure 1A)
are based on the following design conditions:

WTO = 24300 b
PC/PT = .45
Pc = 162 PSFG
Pr = 360 PSFG
2

A = 150 Ft

¢ 2

SW = 280 Ft

w = 875 F (Approx, 21.3% Wing Span)

If time had permitted, the cushion width would have been increosed and the cushion
length reduced to increase the radius of the inner attach line at the forward torus
(as shown on Page 34). This would reduce the stress on the trunk materials and
improve roll stiffness,

The requirement for the elastic trunk to hug the bottom of the fuseloge when it is
deflated requires the use of two-way stretch material with a programmed memory,
For this study, the trunk material was assumed to be similar to that used for the
XC-8A program, The trunk is constructed of nylon tire chord wound around a
notural rubber core. This is sandwiched between natural rubber sheets and molded
into a homogenous sheet, The attachment holes and nozzles are also molded into
the trunk material. By varying the number of coils per inch, the individual tapes
can be programmed to have the desired elongation characteristics. The material
stretch characteristics assumed for this study are shown in Figure 2A.  These
characteristics represent the average conditions,

For the design hover conditions, the ratio of relaxed length to stretched length

(f/ ) of the trunk material is 3.0 with a tension of 56.25 Ib/in (at the ground
tonge%t line). When deflated, the trunk elongation ratio, prestretch, varies

from 1,066 on the sides to 1,77 at each end. The bottom surface of the aircraft

is curved to minimize trunk flagellation during flight. The radius of curvature on
the bottom of the aircraft varies from 300 inches at the front and rear to 54,3 inches
on the sides. This results in the trunk tension, when deflated, to be 3 pounds per
inch and 19 pounds per inch on the sides and ends, respectively. If the tension in
the trunk material is:

T = Ap xR Lb/in
Then Ap = T/R
Where: Ap = the differential pressure (psi) across the trunk

material required to pull the material away
from the fuselage.

R =  the radius of curvature (in)

A-3
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Trunk Ends  Ap 19/300 .0633 psi

Trunk Sides Ap = 3/54.3

.05525 psi

It is anticipated that in high speed flight at low oltitudes, the differential pressure
across the trunk material might be as high as 1,0 psi. |t was therefore concluded
that prestretch of the trunk material by itself would not be sufficient to hold the
trunk material against the bottom of the fuseloge in the trunk deflated configura-
tion, Therefore, a suction system has been utilized to hold the deflated trunk in
place during flight (see Page 25).

The equations used to determine the tension in the trunk material at the design
hover condition are defined on Figure 3A. The calculated trunk tensions are sum-
marized in the table shown on Figure 4A.

The effect of cushion/trunk pressure ratio on various trunk parameters during hover
was calculoted., These dota ore presented in Figures 5A through 9A. The relation
between cushion lift and pressure ratio is shown in Figure 10A,

Parking

To park the aircraft, four bladders inside the trunk are infloted to 275 PSFG. The
trunk pressure was selected such that maximum stretch ratio (fore and aft trunk torus)
was 3,0, and the cushion pressure was zero (PC/PT = 0). This resulted in a trunk

radius of 29.4 inches for the forward and aft torus, and a trunk radius of 26.76
inches at the sides, when no load is on the trunk. However, due to the trunk
oiﬁ)chment locations, the distance from fuselage hard structure to the bottom of the
trunk (H) is 33.6 inches and 30 inches for the sides and ends of the trunk,
respectively. Calculations were made to determine the distance from the ground to
the bottom of the aircraft (H) as a function of aircraft gross weight when setting

on the inflated parking bladders. The results of these calculations are presented in
Figure 11A,

With the parking bladders inflated, it is possible to park the aircraoft in water, At

maximum gross weight (24300 pounds), the aircraft would float with the hard struc-~
ture approximately six inches out of the water,
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Air Flow

SANDAIRE

Design Conditions

1. Cushion Area (AC) = 150 Ft2

2, Cushion Perimeter (C) = 49,528 Ft

3. Cushion Press (PC) = 162 PSFG

4, T.0. Weight (WTO) = 24300 Lb

5. Trunk Pressure (PT) = 360 PSFG

6. PC/ PT = .45

7. Engine Bleed Air Press (PE) = 36.7 PSIA

8. Engine Bleed Air Temp (T)) = 730° R

Assumptions

1. Twenty percent (20%) of the air flow from the trunk will be
discharged to atmosphere (outside the ground tangent line of
the trunk) to provide an air bearing when the trunk is flattened
against the ground.

2. Bleed air from the engine will pass through a sonic orifice to
provide a constant air flow.

3. Trunk pressure will be maintained at a constant pressure
(PT = 360 PSFG). Variable orifices (controlled by trunk
pressure) will vary the trunk flow to the cushion to maintain
a constant trunk pressure,

4, Total Air Flow (Wa) = 39.00 Ib/sec

Tot

Note: This air flow was calculated earlier, based on a mean
air gap (h) = .25 in, The engine was sized for takeoff at the
air flow. The mean air gap (h) is corrected, herein, based on
the updated bleed air temperature and pressure shown above.

5. Discharge Coefficient (C d)

(o) Cd = ,bb

(b) Cy 1.0

(from trunk)

(from cushion)

A-15
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SANDAIRE

Basic Equations

T. Air flow from trunk to atmosphere (hover)
0.5
(W‘,)l = ~9Cj (AJ)] 29 P/ gl

(A J) = Area trunk orifices to atmos (Ft2)
1
PT = 360 PSFG
29 = ,070623 |J:>/Ft3
Cc d = .66

(WQ = 26.7061 (&)

2, Air flow from trunk to cushion (hover)

— =

0.5
W) =29 CyllAY + (A 12 (r-Pe)ios)

(A J) = Area trunk orifices to cushion (Ft2)
2

! AV = Area variable trunk vents to cushion (Ff2)
| Pr = 360 PSFG
; Pc = 162 PSFG
3
29 = ,074452 Lbs/Ft
C d = ,66
&, (Wo)2 = 20,3347 [(A J)2 + Av]

3. Air flow from cushion to atmosphere (hover)

——— . -

W) = e (C) CF g P /1"

C = Cushion perimeter (Ft)
h = Mean air gap (Ft)
P = 162 PSFG
¢ 3
~g = .070623 (Wb/Ft7)
C = ].0
d
(W) = 1344.3870 h
a
3
A-16




SANDAIRE

Determine Mean Air Gap (h)

(Wu)3 = (W")z
[(AJ)z + Av] = 66,1129 h
W) = W) + W)
? Tot ol | a9
But W) = .2 (W)
’ N @ Tot
W) = (w)/.8 = 1680.4838h = 39,00
a Tot o)

Then h = ,023208 Ft (.2785 in)

Determine Area of Orifices in Trunk

1. Area of trunk orifices to atmosphere (hover)

(A = .2 (Wo) / 26,7061 = .29207 Ft2
Tot B

2. Area of trunk orifices to cushion in free air
Variable vents closed and Py = 360 PSFG and/og = ,070623 lbs/ft3

)
I

W) = 39.0 = 26.7061 [(A) +(A) ]
o 1 2
SoA) o= (39/26.7061) - (A)
2 1
Then (A) = 116827 B’
2

3. Total orifice area in trunk

(A) = (A) +(A)
¥y SRS
Then (A) = 1.46034 Fr2
" P
(A)
I = L2
)
t
|
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SANDAIRE

Determine Maximum Required Variable Vent Area
from Trunk to Cushion (To Maintain PT = 360 PSFG)

From Above
(A) +A = .19 kK
J 9 v
R = .023208 Rt |
A) = 1.16827 Ft
¥

Total flow area to cushion at design hover

A +(A) =1,5343 Ft2
v J o t—

2
Then AV = ,36605 Ff2

Summary of Data at Design Hover Condition

Weight Takeoff (WTO) = 24300 Lb j
Cushion Area (AC) = 150 Ft2
Cushion Pressure (PC) = 162 PSFG
Trunk Pressure (PT) = 360 PSFG
Cushion Perimeter (C) = 49,528 Ft
Air Flow (Total) (Wo) =  39.00 Lb/Sec
t
Trunk Orifice Area (A J) = 1,4603 Ft2 (20% of this is outboard
t of ground tangent)
*
Variable Vent Area (Av) = ,36605 Ft2 (Trunk to cushion)
Mean Air Gap (h) = ,023208 Ft**
Air Temperature in trunk = 12868°F
Air Temperature in Cushion = 115°F
Air Temp Dischorged to o
Atmosphere = 103°F

* Varies with PC/P'I" Equal to zero in free air.
*+The effect of PC/ Py on h is shown on Figures 12A and 13A.
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SANDAIRE
Summary of Data at Design Hover Condition (cont'd)
Air Density - Trunk = ,0790 b/ ng
Air Density - Cushion = ,07445 Lb/Ft
Air Density - Discharged 3
to Atmosphere = .07062 Lb/Ft

Trunk Drag (Takeoff)

The center of pressure of the air cushion is located 6.8 inches ahead of the
aircraft c.g. During taxi operations, this will cause some of the aircraft
weight to be supported by the aft end of the trunk. The drag force due to
flattening part of the trunk against the ground will tend to stabilize the air-
craft directionally. A force diagram is shown in Figure 14A.

LT = g—?—)s:—:%v-) = Lift on Trunk (Lbs)

F er

At Takeoff (Low Speed)

Drag on Trunk (Lbs)

a = 6.8in

b = 7.0in

c* = 91.0 in

d = 74.,5in
(T-D) = 10172 Ibs (D = 0 at low speed)

W = 24300 Ilbs (maximum G, W.)
H Y F L () o ¢
A4 1853 741 22447 .0305
) 1751 875 22549 .0360
.6 1659 996 22641 .0410

It is apparent from the calculations shown above that the maximum trunk drag
during takeoff is approximately 740 to 1000 pounds, This is roughly equiva-
lent to the rolling coefficient of conventional landing gear.

*c is distance from aircraft c.g. to centroid of aft trunk area flattened
against the ground.
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Trunk Drag (Braking)

The force diagram for the braking condition is shown in Figure 15A., To
check the nose down attitude of the aircraft during braking (plough-in),
the following assumptions were made:

w = 2159 b (Maximum landing weight)
P C/P = ,061 (After brake applied and
T [l
cushion vented)
Pc = 22 PSFG
P.I. = 360 PSFG
(AC) = 108,8-27,1 = 81.7 Ft2 (AA = 27,1 due to flattening
eff trunk on ground)
M = k p= .25 (Air lube on trunk)
(T-D) = 0
a = 6.8 in (Reference Figure 15A)
b = 7.0 in " " "
c = 29 in " " "
d =  79.5in " " "
e = 75 in " " ”n
LC = 81,7 x 22 = 1798 (Lb)
L = W—LC-Lb = 19771-LD (Lb)
F = M (Lb + k Lt) = p [Lb+ k (I977|-Lb)] = u (.75 |..b + 4943)

(T-D) b + (L) @ + 19771 e - 4943 dy
(c¥e+.75dp

I'b =

Using data from Figure 16A and substituting into the equation for Lb’ the
effective braking coefficient and plough-in angle were calculated as o
function of p.

A-23
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B L L L Fro (Mg FRL w
in {bsy  (Tbs) (Tesy  (Tks) (deg)

.3 75.0 11333 8438 19771 4033  .1870  -1.81 21569
35 76.0 10977 8794 19771 4612 .2138  -1.83 21569
40 77.0 10643 9128 19771 5170  .2397  -1.85 21569
45 78.0 10328 9443 19771 5710  .2647  -1.87 21569
.50 79.0 10067 9704 19771 6247  .289  -1.89 21569
.55 80.0 9717 10054 19771 6727  .3119  -1.91 21569
60  81.0 9452 10319 19771 7219  .3347  -1.94 21569

The effective braking coefficient is equal to F/W and is plotted as a function
of the braking coefficient on the brake pads (Figure 17A)., The landing cal-
culations for this report are based on an effective braking coefficient of .27,
This will require a braking coefficient of .465 on the brake pads. Selected
design alue of y = .465 is reasonable for normal landing surfaces; in fact,
values up to .8 might be attained on dry concrete, For other landing surfaces,
such as grass, sod, ice, snow, etc., very little data exist to predict the
braking coefficient for an air cushion system with pillow brakes, Other systems,
such as suction braking, might be used with better results. One possible problem
with suction braking could be foreign object ingestion when operated over
unimproved or wet surfaces,

The plough-in angles associated with the braking system presented herein should
not exceed -2 degrees on hard surfaces, This is low enough to preclude any
problems such as pilot discomfort and/or damage to the aircraft. {

The above calculations to determine the effective braking coefficient during
landing ground run do not account for the favorable effect of deflected thrust
(see discussion on Page 28 and Figure 4 on Page 33). The deflected thrust
will create a positive pitching moment around the c.g. This will increase the
lift required in the brake pads (Lb) and result in a higher effective braking
coefficient,

If it is assumed that the minimum thrust of 2500 pounds is deflected 45 degrees
from vertical, with a turning efficiency of 70%, the resultant vertical force
vector will be approximately 1250 pounds. The effective moment arm of this
thrust vector is approximately 140 inches. Calculations show that this moment
will increase the effective braking coefficient about 12-14% (shown on Figure
17A). The plough-in angle will reduce approximately .01 to .02 degrees.

It will be necessary to deflect a portion of the thrust during taxi operations,
as the thrust required for taxiing is less than the minimum thrust of 2500
pounds needed to produce the design airflow to the trunk. The moment due
to the deflected thrust will increase the drag during taxi approximately 50
percent, This is due to the increased lift (l.') required on the aft portion of
the trunk to balance the thrust moment. The increased drag of the trunk,
during taxi, is desirable because it will improve the ground handling character-
istics (yow and drift),

A-26
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SANDAIRE
APPENDIX B

AERODYNAMICS

This Appendix consists of the following sections:

(1) Minimum Low Speed Drag

(2) Transonic Drag Rise and Drag-Due-~To-Lift
(3) Stores Drag

(4) Total Drag

(5) Lift and Drag with Flap Deflection

(6) Takeoff Performance

(7) Londing Performance

(8) Tail Sizing

Most of the following data are for input to the computer programs that compute
all of the performance except for Takeoff and Londing which is shown in
sections (6) and (7). Computed data are in Appendix F.

Drag estimates for the early preliminary work, summarized in Appendix E, were
done with approximations that were updated as the design development progressed.
Block coefficients were used to estimate wetted area and some anticipation of

the final fuselage size and wing geometry was incorporated. Final drog data

check reasonably well with these earlier approximations when configuration develop-
ment chonges are considered. Therefore conclusions based on the preliminary work
are considered reliable and no recycling of the earlier configurations to incorporate
final data is needed.

Reference is made to the text of the report for dimensions, particularly the three
view drawing on page 3  and the tabulation on page 8 . In addition, other
dota are used as follows:

bexposed wing 36.5 ft

Sexposed wing 234 .4 sq ft
geometric washout 3 deg

Chi (camber) 0.20

L.E. rodius/chord .02 for /e = .12
Ac/2 wing 20.6 deg

L, length fuseloge. 42 ft

(SWET )F , wetted area fuseloge
from section cuts
plotted page B-3 834.7 sq ft




development.

Af (equivalent drag area - sq ft) for the wing

- 9 x 106 0.11

CDS = Drag coeff, = ,0052 + .018 (t/c) Max

= ,0052 + ,018 x 0,12 = ,00736 where
t/c ot root is used as effective value

effective length

B-2

3
SANDAIRE J
Retrocted trunk areq, 4
effectively the cushion area 150 sq ft
{ (S’rF )Max, Max. cross section
' area fuselage from
section cuts plotted page B-4 34.2 5q ft -
(X/CQFUSE fineness ratio :
fuselage = 42/ (4 x 34.2/4()0'5 = 6.365
I [( we) + Cu wing)] Max ~ (s‘"'inlet ducts capture) 40.0 sq ft
! ' (poge B-4) |
Total fineness ratio =42/(4 x 40/% )0'5 = 5.885
S‘If ¢ )Maxs Max cross section
area canopy from
section cuts plotted page B-4 4.3 sq ft
Reynolds No. (Representative), RN =2 x 106/&
5 Method - reference is made to the data of General Dynamics, Convair
Division, TN-70-AM-01 dated 23 March 1970 by R. E. Craig, which has
been distributed by Convair, on request, to the Navy, Airforce and others.
Craig's first reference is to Linden and O'Brinski's paper "Some Procedures
for use in Performance Prediction of Proposed Aircroft Designs” presented to
the Society of Automotive Engineers Oct. 1965, Pub., 650800, He lists
! many other references. ]
(1)  Minimum Low Speed Drag
From the plotted data in the above referenced method, equations were

developed to fit the plots for computer input. The following shows this

RN = 2 x 10° x (89.8/12) = 15 x 10 where ¢ is used as

ACpg = drog oddition due to leading edge irregularity coused
by leading edge lift devices. No such devices are used but
the addition is retained to occount for leading edge roughness.
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SANDAIRE

b
ACp, = .0007 x (22 ) 98 - 000534

A ing = [.00736 ©9/150-11 &+ .000634] x 280* = 2.126
9 x 10 .0.11
Afyey = 1.35 Cp, ( R:, ) Sy exposed

Cp, = .0040 + .018 (1/c)p,, = -00616

Ry = 2x 10°x (912) = 11.7 x 106
- SVExp. = Sy = 475 ft

Af 1.35 x .00616 x (9/31.7°° 11 x 47.5 = 0.384 5q ft

vert
AfHoriz = Same basis
= ,00616

Ry = 2 x 106 x (545710 = 9.1 x 10®

SHExp = Sy
Aftioriz = 1.35 x 00616 (/0.0 x 67,14+ = 0.557 sq ft

) C
Affyse = Chep X ('c%;,, ) Swer

( -g— ) = Overspeed correction factor to account for shape,
fp roughness, leakage etc.

60
1+ + .0025 (Vd

WFuse 25 (¥ )Fuse
1+ 60/(6.3653 + .0025 x 6.365
1.2486

C = Turbulent flat plate skin friction coefficient including
FP
compressibility effects at the start of zero lift drag rise
Mach No., MR = 0.7525 from section (2).

2.58 0.653
Crep = 1.697 195 M2
FP [ln 2 x 106xkxj{f)] /(l+0. 25 Mg')

k = 0.25 fo account for the typical termination of Cgp
decrease with Reynolds No. due to roughness.

2.58 53
- 1,697 ' 2,0.6
Ctrp [ To(2 x 10° x .25 x 42 ] /' + 0.125 x 0.75257)

= ,00256

* By using this area, instead of Sgy., wing=-fuse. interference is accounted for,
** By using this area, instead of SHExp' tail-fuse interference is occounted for.

B-5
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SANDAIRE

Swgr (effective to account for the drag of the retracted trunk)

= Swgr * (cushion area) x 0.30 where it is assumed
the retracted trunk increases the skin friction drag 30%

= 834.7 + 0.30 x 150 = 879.7 sq ft

AfFUSE = .00256 x 1.2486 x 879.7 = 2.812 sq ft

Achxnopy. = .05 x (S dgx + the .05 being an assumed drag
coefficient,

= .05 x 4.3 = 0.215 sq ft

= 0.7Cfk x S

AFcc:lmber & twist Exp. wing

CLk = lift coefficient for minimum drag

, e
0.15 (Cg x -SiE) + Cly pwist

Clypyigy = -002312/deg at RN = 15 x 108
= .002312 x 3_= .006936
Cy, = 0.15(0.20 x 234.5/280) + .006936

k

]

.03206

2 =
Afcamber & twist 0.7 x .03206< x 234.5 0.169

Af4 pylons & misc. = 0.90

Aftot = 2.126 + 0.384 + 0.557 + 2.812
+ 0.215 + 0,169 + 0.90 = 7.163

CDmin' low Speed = 7,163/280 = .0256

Computer calculation of the above minimum drag, with the same inputs, gave
essentially the same value as shown by the following ptintout copy.

B~6
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2.126034051 FW
.3833408937 FV
5577646139 FH
2.809684437 FF

0. FN
0.215 FC
. 1687678707 FT
’ 0.9 FM
7.160591866 F
.0255735424 CDM

(2) Transonic Drag Rise and Drag-Due-To-Lift

As for minimum drag, in section (1) above, equations were developed from
the referenced method plotted data to fit the plots for computer input.
Mach. No. for the start of drag rise is:

MR = MDD - 0.12

Where MDD = drag divergence Mach No. and the variation

of drag coefficient with Mach No. is 0.10,

y2
MDDO = 0.92 + .07 - {[l/(AR x t/c x cos/\c/4 )wing] - 4.5}/5

Where Mpp, s the drag divargence Mach No. at zero lift and
the .07 factor is aodded based on qualitative information about
the NASA advanced airfoil sections in delaying the drag rise.

2
MDDo = 0.92 + .07 - {E/(b x 0,12 x cos 25°)] - 4.5 }/45

= 0.8725
Mo = 0.8725 - 0.12 = 0.7525 at zero lift
The drag divergence Mach Nu. decrease with lift is

AMyp = - G [.05 + kp (e - .04)]

kp is empirical ond

= {[(Ac/4)wing -5 ]2'672363} + 0.5

- B25-5)2~""’/1236§ + 0.5 = 707

B-7
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AMDD = - CL [.05 + ,707 (.12 - 04)]

= = 0.]066CL

4
The drag rise with Mach No.,ACDM, is given by two equations.

For (M-MDD) less than ,015
(,M.,M.D%-Qllz 2 SExpw Vv
ACpp = -0080 g1 --Y1- 0.14 XSy
M = free stream Mach No,
Mpp = Mpp, - &Mpp

SEXPWHV = exposed area wing and tail
2344 + 67.1 + 47,5 = 349 sq ft

e v o

SWing = 280 ft

For (M - MDD) greater than .015

S5 SEx
- _ PWHV
ACDM = [2.7817 M MDD) + 0.3]63] x ————-Swing

For computer input, ACD)4 was developed through the transonic range
to M = 1,2, even though this aircraft will not fly at these speeds.
This development is omitted here.

Drag ~due~-to-lift,

ACp, = CL - CLk)z/(ﬂ‘x AR x e)

Where Cyy, is the lift coefficient for minimum drag and is computed
in section (1) obove as C|_|< = ,03206 which is constant to the start
of drag rise. For higher Mach No.,

L — s . —

03206 = (%) (M = Mg)

- .03206 _

= ,03206 ~ 0.1295 (M - M)

Cudm>mg

* MR for zero lift
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i

function of (AR, A, Ac/4, te )

€Max

il

0.842 (from page B-10)

©Max decreases with M greater than Mg

~ M-MR 12
F M Cmod ™ Croe omer.2* | )
!
L_ : epmet2 © I/[qrx AR (ACQL/ACE )le.él

2 T
(ACDY/ACT )y T [(Cllq()Rod]M=l.2

57.3 cos(A, ,/2) [0.11-.0001(10-AR)’]
1
57.3 cos 10.3° [ 0.17 = 0001 (106)] = 0.171

emarz = Vlwrx6x071) = 0310

i —— o -

€M decreases with lift

= _ - 24 _
(e)C L> 0.4 - eM [' (CL 0-4) l .08] for AR 6

(3) Stores Drag

Stores drag was obtained from several sources as shown on page
B-11. A portion of the plot was estimated.

(4) Total Drag

(ac ACp

L + Ac:DStores

Coror = COMin)ow Spd oM, *

| Where basic factors have been developed above and (AC,,) is
: DM'C,

the ACDM in section (2) with correction for the variation of Mpp

with C, (given above as AMpp = - 0.1066 o)

As on example, the drag is hand calculated below for the CAS mission
loading, with and without droppaoble stores, and for the clean configura-
tion, for a range of lift coefficient and Mach No.

* Mg for zero lift.
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AND. THICKNESS ON AIRPLANE EFFICIENCY FACTOR, e
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SANDAIRE
For M Less Than 0.50 (Start of Stores Drag Increase with M), Cpj = .032,
Comin = #0256, ACp,, = .0161, ACp, . (Mk 82 Dropped) = .0043 |
CL e CL-Cyy ?  ¢p Cp Cp /o |
6are Stores on  Droppable Clean Clean '
Stores off
.032 .842 0 0417 .0299 .0256 1.25
.10 " .0003 .0420 .0302 .0259 3.86
.20 " .0018 .0435 .0317 .0274 7.30
.40 " .0085 .0502 .0384 .0341 11.73
.60 .811 .0211 .0628 .0510 L0467 12.85
.80 J17 .0436 .0853 .0735 .0692 11.56
Clean L/p vs C| is plotted on page B-13

For Higher Mach. No."

cL = 0 .20 .40 .60

M-MR | M-Mpp| ACDy | Cp  |M e M e M Je |M |e

0 - 12 0 032 |.7526 | .842 | .731 |.842 | .710 |.842 | .689 | .81
.04 | -.08 | .0004 |.027 |.793 | .s38 |.771 |.838 | .750 |.838 | .729 | .807
.08 | -.04 | .0018 [,022 |.833 | .825 |.811 |.825 | .790 |.825| .769 | .794
12 0 .0048 |,017 |.8726 | .804 |.s51 |.804 | .830 |.804 | .809 | .74
35 | 015 | L0073 |.015 .|.888 | .794 |.866 |.794 | .845 |.794 | .824 | .765
a6 | .04 0178 [.011 |.913 | .774 |.891 |.774 | .870 |.774 | .849 | .745
18 | .06 .0328 |.009 1.933 |.75 |.on1 |.7% |.890 |.756 | .869 | .728

- -

o For Example at
s i CL = .40, M= .830, Stores on

_ (.40-.017)2 6.96
; CD = .0256 + .0048 + 'rrm + 5——
i = .0649

These data would be plotted if performance calculations were done by hand., The
computer program avoids this work.

B-12







SANDAIRE

(5) Lift_ond Drag With Flap Deflection

"Due to the reduction in the required takeoff run from 8000 ft to

3000 ft, page 5 ltem (3a), of the report, a large flap setting .
is used to favor this shorter run, Fixed vane double slotted flaps o
are selected with external hinges. Flaps extend from the fuselage g
to 70% semispan. The rear wing spar is at 68% chord which
allows use of a 27% chord flap as shown diagrammatically by the
following sketch.

- 27% C ———=

LR e e — i T ————
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SANDAIRE

Data for flap application to odvanced airfoil sections are not available.
However, flap charocteristics are estimated from available data for

other flapped airfoil sections.

Ground effect is estimated to give an effective aspect ratio of 8.6
based on the wing height from the ground in the tokeoff and landing
run (7.0 ft from Dwng SAE-79-007 in the report). This increases the
lift curve slope from Cy, =,076/Deg, see following section (8), to

CL‘ (in ground effect)

27 8.6 cos 25 _
57.3 X (8.6 + 2 cos 25) = .082/Deg

Since the angle of attock equivalence to flop deflection at constant
lift coefficient,(og . )cg , is independent of aspect ratio, section

data con be used directly dfter correction for flap span. From avail~
able NASA section dato that are fairly representative of this type flop,
but 30% chord, ‘

Cyp Cd, Ce Cd, Cr Cd,
Deg Flaps 0° Flops 40° Flops 50°
-4 -.30 .0061 | 2.00 072 2.30 15
0 .14 .0060 | 2.41 090 | 2.64 -132
4 .55 0063 | 2.73 .120 2.93 163
8 .98 .0076 | 2.98 161 3.12 .210
-9 1.08 .0084 | 3.06 175 | 3. .230
10 1.15 .0092 | 3.08 (Max) | 3.18 (Max)
12 1.38 '
18 1.78 (Max)

These section data are plotted on page B-16 from which (XJ;;)C’ is
read. For 70% span, 27% chord, the correction foctor for fift is

(.70 x =27 x .85) where the .85 factor
o occounts Yor end loss.

For the ground run, flaps 40°, in ground effect, with fuseloge level
(cushion level), wing incidence =

Clryn = -082 (70 x 3% x .85 x .54 x 40 +3)

= 1.19

Where it is assumed that ony negative ol o (flops 0°) due to
camber is offset by the lift reduction due to t?'ne fuseloge .

B-15

-




T
PRPUNIND SMpay PEPES SUDDS SEPRY Sppa

3 3
’
i
B .
. ‘ . .
'

PR

et it e+ AP - a2

[ B

A — g g3 RS

. b
'
\
t
1 g
1
. ! 1
¢ .
T p T 1 : i
g3 ’:I.,j D SO0 VSVE S SIGS b FERTS DOE N yw1 T
SO DI W el PRPOS SROE) SPLDE SPIPE SREDS SHOSH SOHPE SPRRS SPRYS SHu 58 PESNE PEIEE Bi 1 e 8Te DL b T p +
.1 pORd bEDS SHESP SHERE SPLED SHEGE SHBE haiire SEEGS SNSYe SobE b BESSE Sided bl 5e T S RAE 0P 91
. T IS SEBES PhOSe SHulbe SHbN T = POV RO SO DOV PuRSE 3 90 bOwS1
po 990t SESGIEPINe SOOOS SDREE SOUEE PRTES REGES SHUSS Whe 3 T ros
-3 1 > 4 b s Yuass Soees
SSSTH SIS SIS PRI S PEINPS G P DPBED PUNEE SOERE DI SHTED SR e P <
- e - - . ey 4
pest cobuy SOpet TUTes SOSTITRIS] [Poe Poope IXIT: [ESSeEEPe Siuts soost chons PObee poisy ot |
TR 1
23008 boads 3 + T e e > 113 { .
o 0 SOLHS POPPS SOBN T S PRESS Bus SRR res
ye H
. PPy phehe oy - + e + + ?
b9 g < + v -V : T !
+ - - - i
[ogn cwibng EyTe jhace H
- e - ot 4 - ]
[S9Se spe pout fRpas ppuid JOg 54 pe
pore o Y vy Fowes v T ’ ! 4
FPE TPy . PEYS STPUS SReve o9y
POPDE PUPPE DYy MEEPH SHe poe o —d bend puee gods + <1s: e B o bt .
: jppos vod b [ovis duons Foy T b’ 100 bur 3 8 04 09 e B,
JOS00 S0es cagss SPles pod Y pooas Gy 3 by p - s SO0t -
Y Xz !
ro oo 2
1 3 T T e ’e ‘ 4
poy - + p 4 i .
> 4 NS
.-. N
e v T
.
. .-
. [ .. -& .
. ——— P \'"




SANDAIRE

CDRyn is built up from,
)
Flaps 0
Cy (out of ground effect),
fuselage level, i, = 3°
= 3 x 076 = 0.228

From the minimum drag estimate, section (1) above, Cp - = .0256,
2
and the odded profile drag (at &i_- P = (0.228-.032)" . ¢ 1 _ l)

= .0004.

Available data indicate that the pressurized trunk will about double

the aircraft drag and .0260 is odded for fuselage level. Extemal stores
(CAS locding) add ACp = .0161, section (1).

From the above section data for eC = 3°,
ACy, = C4,(FL. 40°) - Cdo (FL.OP) = (.111-.006)= .105

With the correction for flap span and chord

.27
.30

For drag, no end loss factor is applied because the oddition of CLZ/(-"fx AR)
occounts for end foss.

et e T -

ACp, = .105x .70 x 066, Flops 40°

CDRun' oL=3°in ground effect (CAS stores on),
= ,0260 + .0260 + .0161 + 066
+1.19%8.6r = 0.185

. A ——

) Note that "e" effect is included in the .0260 and .066 factors.
) The CLTO is at ‘.2 Vs and

ClMux' flops 40°, is estimated from the cbove section data as

Clmax = (3.08- 1.78) x .70 x 35 x .85

+1.30 = 2.00 where the 1.30 is the estimoted

L e

Clyo = 2.00/(1.22 = 1.39

B-17




SANDAIRE

A major reason for the selected conditions above is that only
(1.39-1.19)/.082 = 2.4 deg. rotation from the tokeoff run is required
to lift~off which will favor smooth operation with the SETOLS.

Similar calculations are made to obtain the following plotted data,
pages 19, 20 ond 21.

| (6) Taokeoff Performance

(o) Tokeoff ground run is calculated from basic relations and the flap
choracteristics of section (5) above, for 89.8°F at sea level.

v
dv _ ds _ _ 10 v
T A T

Warm-up, taxi, and tokeoff fuel is specified as 5 min. ot maximum
thrust. It is assumed that 4.5 min. of this is used prior to the
tokeoff; therefore for the CAS loading, 89.8°F at S.L., 8190 Ib/hr
Fuel Flow (Appendix D)

4.5

Wio = 24300 - %0 X 8190 = 23686 Ib

Clyo = 1.39, Flaps 40°,(Pg B-17)

. h A~ 2=

C, (speed sound, 89.8°F at S.L.)
| mrz x 228 )o.s
* 519

O = 002378 x (ypeg) = 002245

1150 ft/sec

0.5

233 ft/sec
138 kn

.002245 x 280 x 1.39

© e e s e
It

Engine data are in Appendix D. P&W provides a 6% throttle advance

for 90°F takeoff at sea level to minimize the adverse effect of a hot
P day. This overcomes the normal thrust deterioration at 90°F compared
' to standard temperature.

The required engine fon bleed to pressurize the trunk is, from Appendix A,
~ 39 Ib/sec. To calculate the corresponding engine thrust loss due to this
bleed, P&W computer printout for the engine with afterbumer installed
(only data available) is used. For 90°F ot S.L., M=0, and

B-18
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SANDAIRE

Th (Ml Po) = 13046 Ib (with AB but uninstalled)
Nozzle gas flow 221,56 Ib/sec
Fuel flow 8182 Ib/hr

Airflow = 221.56 - 8182/3600 = 219.3 Ib/sec
Afterbumer loss factor = 12990/13202

TMax With subsonic nozzle

= 13046 x 13202 _
1996 13259 Ib

Ratio airflow/TMax = 219.3/13259
= .01654
Thrust loss due 39 Ib/sec fon bleed = 39/.01654 = 2358 Ib
The installed Tpy, , 89.8%F ot S. L., M =0,is
13259 x .95 = 12596 |b which may be read also from
Appendix D.
Tro (M=0) = 1259 - 2358 = 10238 Ib

For Std Day and M = 0, see note on Paoge B-26.
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SANDAIRE

For flaps 40°, takeoff run in ground effect, 89.8°F at sea level.

Lift-Lb Wro- Lift  m(W-L) Drag Tot Resisting
CLRun=l.l9 b M =.065 tb Force - Lb
Pg B-15 (Pg 10of  CDRyn™ - 1865
the report) Py B-17
0 23686
935 22751 1479 147 1626
3740 19946 1296 586 1882
8415 15271 993 1319 2312
14960 8726 567 2345 2912
20304 3382 220 3182 3402
M Tinst T1o TExcess V/a FA S
Lb Lb Lb Sec ¢
App. D Bleed
Loss
Deducted
0
043 12260 9902 8276 4.44 m
.087 11960 9602 7720 9.53 349
.130 11730 9372 7060 15.63 629
174 11560 9202 6290 23.39 976
.203 11480 2122 5720 29.96 880
Total 2945
ground run, 89.8°F ot
sea level
M = V/1150 for 89.8°F @ S.L.
V/ia = VxW _ 23686 V
q X TExcess 32.2 Tgxcess

with V Ft/Sec

Lift = CLRun qS 2

= 1.19 x (.002245/2) x 280 x V2
Drag = (Cpg,/ Chy,, ) * U

8-23
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Tokeoff run may be calculated also from the following equation

Sg (FY) = 13.05 Wr0
C C,. -
c:l-TO xS x O-[To 7V 10 _ DRun (1. LRun)AJ

Where all foctors have been explained except
M at 0.7Vio = 0.7 x 233/1150 = .142
Tro = 11680 - 2358 = 9322 Lb

S6 = 13,05 x 23686 . _ _
T.39 x 280 x .944 [9322 S | Y OO
Tk " %19 ™19

= 2908 ft This is within 1.3% of the above calculation of 2945 fi.

(b) The air distance over a 50 ft. obstacle is calculated from an empirical method.
For S.L., 89.8°F
cn 2170.5
K = [1.9 - (=D x 11.28/V2
CL

Ky = K x (ob?focle height)
(T/W)TO - (

TOknots

CL ) TO

(The distance over m obstacle divided by the Takeoff speed squared,
(SA;; )/ (VToknots) , is plotted as a function of Ky for various values of
(T/Who on Pg B~25.

Substituting values out of ground effect, Pg B~20 , ond assuming bleed
off and trunk retraction for transition and climb over 50 ft obstacle.

K= 18- ;27" 11382 = 000810
Ky = ;000810 x 50 o129
~(T1480/736%%) - T.z ) .

TMho = (11480/23686) 0.485

Sair/1382 = .0668, Pg B-25
SAir = 1272 ft (over 50 ft obstacle)

(c) The total distance is
STO over 50' obs. = 1272 + 2945 = 4217 ft (S.L. 89.8°F)
(d) Tokeoff for the requested standard day ot sea level follows the same method

ond is Ground run 2813 ft,
Total distance over 50 ft obstacle 4045 ft,

B-24

4
:
i




Qoo o i

. oot

-

. _H
8 { :

i 1

35 ‘

by b

J M

! 1
i ! ! t
hae s !
1 4 i
'

TS

cee-d-=
3
PR
.
PRGUPDEIRI v

5

8

1M

z‘l
jpond bopad SHON

=
4

(8

8-25

PP RP RSP ppase

WA

‘__‘.,.47 Hud 40 Mwmy Yo

L4 WEDLLET @ E22EB CO arit
—Aem Iu X 40 10 3 IACH 1\ <




aiogoue: gl BRlcedei - e e EP)

SANDAIRE

(e) Rate of climb at Vi is calculated for several conditions as requested, at
sea level, out of ground effect.

89.8°F  Std 89.8°F Sud {
Trunk Down Trunk . Up :
W10 - Wb 23636*  23714*  23686*  23714*
CL (FL 40°%) 1.39 1.39 1.39 1.39
Cp 265 .265 .237 .237
Drag~1b 4516 4521 4039 4043
V - ft/sec 233 226.5 233 226.5
M .203 .203 .203 .203
TMax =~ Ib 11480 11410 11480 11410
ATpleed -Ib 2358 2358*** 0 0
Telimb -1b 9122 9052 11480 11410
TExcess ~'P 4606 4531 7441 7367
R/C ~ ft/min*" 2719 2597 4392 4222

* W10 = 24,300 - 4.5 Min. @ TpMax
** R/C - ft/min = TEycess X V x 60/W

*** [t is assumed that the ATpleed is the same standard and 89.8°F even though there
is probably a small reduction for standard temperature. A rough approximation

is 0.5
Bleeds;g = 39 x ('88%2:8) = 40.14 Ib/sec

From P&W printout for standard, S.L., using P9 B~22 procedure
TMax With AB (AB not fit) 12990 Ib

Gas flow 227.91 Ib/sec
Fuel flow 7811 Ib/hre
Air flow 225.74 \b/sec
TMax Subsonic nozzle

= 120x B = 13202 Ib
Ratio 225.74/13202 =,01710

ATpleed = 40.14/.01710 = 2347

The item in question is the 40.14 lb/sec which is only an approximation.

B-26
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(7) Landing Performance

(@) Landing is calculated for the Maximum Landing Design Gross Weight
(MLDGW) = gross weight minus 60% CAS mission fuel of 4552 Ib, for
standord day at S.L.; therefore CAS mission stores are on.

Wind = 24300 - .60 x 4552 = 21569 Ib
Flops are 50°, trunk is down, approach at 1.2V, and landing at 1.1V;.
c = 2.05, Ppg B-21

LMax 2
CLAppch = 2.05/1.2° = 1.42

Cung = 2.0/1.12 = 1.69

As in takeoff, the rotation is small and only 2 deg. approoch to landing;
flaps are dumped and the nose is dropped 4.5 deg. to fuselage level
(cushion level) for the landing run.

P8W has calculated that the minimum throttle setting, with the required
39 Ib/sec fan bleed, gives 2500 Ib thrust which is dissipated by tuming
vanes in the tail pipe to eject the exhaust 90°.

Cp in approach, trunk down, out of ground effect is .284 (Pg B8-21),L/p= 5.0
Glide angle is TAN"! = 1/5.0 = 11.3°

Distance over 50 ft obstacle

Sso = S50/TAN 11.3° = 250 ft

The tronsition distance to slow from approach to londing speed is given by
the average (V/a) multiplied by the speed change.
(V/a)AVE  x (vAppch - Vind)
CL Cp \) \' Drag V/a
Pg B-21out of ff/ sec knots b sec

ground effect, frunk
down

Appch 1.42 .284 214 127
Land !.69 .370 196 116

V/a = 21569 x VEps
32.2 x Df@

STeans = (33.11 + 27.75)/2 x (214~196)
548 ft

The ground run is based on developing on average ratio of braking force
to aircraft weight of 0.27, The lift and dr coefﬁciebnrs for fuselage
level in ground effect, flaps 0 (L= 3°,%, ,, =0) trunk down

CL= .082 x 3 = .246
Cp = 2x[.0256 + (3 x .07 - .032)2
on
+ .0161 + .246%/8.6m) = .0703
8-27
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\Y) Lift w-L .27(W=-L) Drag Tot
Ft/Sec Lb Lb Lb Lb Force
Lb
196 3146 18423 4974 899 5873
150 1843 19726 5326 527 5853
100 819 20750 5603 234 5837
50 305 21364 5768 59 5827
0 0 21569
f \ V/a AS
; Ft/Sec  Sec Ft
: 196 22.35
150 17.17 909
! 100 11.48 716
i 50 5.75 431
; 0 144
| Tot 2200
V/a = V x 21569

(d) Londing distance for the requested 89.8°F at sea level follows the same

S50
STrans

SRun
Tot,

method and is

(e) Rate of climb ot V

S50
STrcﬂs

SRun
Tot.

all at sea level,

32.2 x (lot. Force)

(c) Tot.landing distance over 50 ft obstacle

250
548

2200
2998 Ft

250
579
B2
3158

Appch

(Std, S.L.)

Ft (89.8°F, S.L.)

W = 21569 Ib, out of ground effect

8-28
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89.8°F Std 89.8°F Std

Trunk Down Trunk Up
CLagpeh flops 50°)  1.42 1.42 1.42 1.42
Cp (Pg B-21) .284 .284 .257 .257
Drog - Ib 4314 4314 3904 3904
V - ft /sec 220.2 214 220,2 214
Mo 192 .192 192 192
TMax - Ib 11510 11440 11510 11440
ATpjeed - Ib 2358 2358* 0 0
Tclimb = fb 9152 9082 11510 11440
TExcess = b 4838 4768 7606 7536
R/C - fi/min 2963 2838 4659 4485

(8) Taii Sizing

From the configuration design layout work, a conventional tail became
appropriate with the horizontal mounted on the fuseloge. An all-movable
horizontal (no elevator) was considered; however it was not used pending
an in-depth control system analysis which is outside the scope of this
study.

Selection of the tail geometry considered the usual factors of

pressures with resultant odverse Mach No. effects; displacement used
of 13.4 ins is considered a minimum.

' (b) Sweep and thickness combination to give a higher critical Mach for
the tail (for lift) than developed by the wing. Thus tail effectiveness
will be retained ofter excessive speed waming occurs due to the
normal lift deterioration with Mach No. on the wing.

|
}
I ; (o) Displacement of (E/4)H ond (E/4)V to prevent adding peak
i
i
5
i

(c) Low span ond high taper for low weight as limited by tail effectiveness
ond past practice.

* See note bottom page B-~26 marked (***)
) 8’29
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The following table summarizes the wing and tail choracteristics, calcu-
lations follow to derive the tail areas.

o e
»

s - sqft 280 67.1 47.5
AR 6 3.5 1.5
b - ft 41 15.33 8.44
CR - in 126.1 70.0 90.0
C;r - in ~ 37.8 35.0 45.0 E
A\ .30 .50 .50
c - in 89.8 54.5 70.0
A Y/ deg 25 35 40
t/c (root-tip) 12-.10 12-,10 12-.10
' (5/4)wing' (6/4)'@”-'“5 (From Dwng 158A3éf79-007, Page 137)0.'I
Airfoil Advenced Sym Sym
de rad Ject 29r 2 2w
Cfu application factor (k) 1.0 €.90 0.95
(k) basis hi wing fuselage above
intersection horiz.
Cf“ deg (see below) .076 .055 .052
Cludeg = %’%‘S— ( TRAR+c;sco/s:$‘{;'4 ) {

Effective AR for the vertical tail is 2.8 to account for the horizontal
end plate effect.

B-30 ?
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Design Aft C.G. aircraft 30 ¢

The octual oft C.G, is forword of .30 &;
however this provides the added margin that is
always needed when aircraft are built and the
C.G. inevitably drifts aft.

Design a.c. aircraft 35¢
a.c. Wing (Est.) 26 €
a.c. Wing & Fuse. (Est.) .19c
Downwash factor (DATCOM) 0.547
CNP Design (minimum without artificial

means) .0005/deg
CN# Wing & Fuse. (Est.) -.0024/deg
Tail CN,@ Req'd .0029/deg
@.c. shift due to tail required Jdéc

= (.16) x CLgwing X Swing X 1.15
wing wing
fLu)H x (downwash foctor) x y,H x (qt/q)

Where the 1.15 foctor is added maxgin for control.

= .16 x .076 x (89.8/12) x 1.15 x 280 e
7055 x .547 x (183.5/12) x .95 :

= (0029 x byingV/ [Claly *fy (/)]
= 280 x (.0029 x 41/ [.052 x (170.1/12) x 95] =

B-31
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APPENDIX C

WEIGHT AND BALANCE

This appendix includes a Group Weight Statement, but the allocation of weights
may be different than shown in the weight section (11) of the report. However,
the total weight .is, of course, the same.

Also included here are Pages C-17 to C-27, inclusive, that compare the
weights, calculated for this study, with fighter aircraft whose ultimate load
factors range from 9 to 11, As always, insufficient information is available
to verify that weight allocation is comparable, which may obscure the com-
parisons in some cases. In making any weight comparison, one must realize
that this study incorporates weight reduction for the use of composite materials
in some cases, and the P&W engine includes advanced technology that gives
a high thrust to weight ratio. : :

Another purpose of this appendix is to provide the basis in some detail for
the weight calculations used for this study and to document the balance
calculation.

Weight Calculation Bases

Several of the weight equations are empirical. They are reasonably accurate
ond are based on comparisons with available aircroft data. Most have been
used in preliminary design study work before. Dimensions and weights used
are shown in the report.

(a) Wing Group Weight - Wing weight is a function of many foctors;
however the usual complicated empirical equation is reduced to a
relatively simple form with the empirical constants chosen to be appro-
priate for this type agircraft. The equation uses the design limit wing
‘loading and the structural span to depth ratio os the principal factors.

It is expressed as_wing group weight, Wy, = 500" x K; x 10—6(WDH/S)0'75
x (bs/t,)o-75 x s1+9 & K2 pounds.

The (500 x 1076) and the exponents are empirical; Ky is 0.90 to
account for the use of composite materials in the wing for this study.
Wp is the basic flight design gross weight (BFDGW) defined as design
gross weight less 40% CAS mission fuel

= 24300 - .40 x 4552
= 22479 Ib

-c-1
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Weight

n = specified design limit load foctor
=7 (ultimate = 1.5 x limit)

S = wing orea = 280 sq ft

Wpn /S = 22479 x 7/280 = 562 lb/sq ft

(b/9)/cos A, /4
b = wing structural half span

b = wing span = 41 ft

Ac/4 = wing quarter chord sweepback = 25 deg

by

tR = equivalent wing root depth
= Cp x (t/ch
CRr = equivalent wing root chord by extending the
leading and trailing edges to the center line

= 126.1 inches.
(t/c)R = wing thickness/wing chord ratio at CR = 0.12

b/tr = (41/2)/cos 25° _
M%.0/12) x 012 = 17.94

K2 = 1.10, a factor to account for the flap installation,
Sect. (7) of the report, compared to a simple flap.

W, =500 x 0.90 x 1078(562)0-75  (17.94)0.75

x 2807% x 1.10 = 2334

(b) Tail Group Weight - This empirical equation is similar to the wing
equation except the design dynamic pressure (qpgs ) Ib/sq ft,
replaces the design wing loading. This is more representative for the
tail, as maximum tail loads are developed by surface deflection at
high (q) in contrast to (g) loads on the wing at pull up.

Design (q) is selected as M = 0,90 ot 5000', IDES = 999 Ib/sq ft

A foctor of 0.75 is applied to account for the use of composite
materials.
Horizontal
Sy = 67.1 sq ft
b, = (15.33/2)/cos 35° = 9.36 ft
tg = (70/12) x .12 = 0.70 ft
by /g = 9.36/0.70 = 13,37

C-2
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Fuselage Group Weight - Fuselage weight includes the effects of
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Wy = 600 x .75 x 1076 x 9990-75
x 13.370:75 » 7113

Vertical

Sv = 47.5sq ft
by = 8.44/cos 40° = 11.02 ft
R = (90/12) x .12 = 0.90 ft
by /g = 11.02/0.90 = 12.24
Wy = 600 x .75 x 1070 x 9990-75
x 12.249°75 , 47,515 x 1,2 =
Where the 1.2 factor is for high speed maneuver

bending load, arising from wing and balancing tail load; crank
load, due to wing sweep; dynamic pressure (Apgs); and landing and
tokeoff loads. These effects are combined in the empirical equation

WE/Sg = 238 x 0.85 x 10-4(WDn)0.25

0.25
x OpEs) /Cos/\,q4 - 1b/sq ft

The (238 x 10-4) and the exponents are empirical.
The 0.85 factor is to account for the use of
composite materials.

Wpn = 22479 x 7 as for the wing
SF = measured fuselage shell orea = 835 sq ft
WE/Sp = 238 x 0.85 x 104 (22479 x 702

x 9990-25/cas 25° = 2.50 Ib/sq ft
Wg = 2.50 x 835

Effective canopy cutout area is 29.5 sq ft.
Wt =29.5x3 x 2.50/.85 =

Where the 0.85 factor removes the composite
material .

. A -
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Speed brokes are oft on the fuselage; est. weight is

Propulsion System = Scale 1.0, P&W STF-529 turbofan with fan
bleed, subsonic nozzle, no reverser

P&W quote is 1618 Ib with thrust reverser. No reverser is
planned; however vones are required to dissipate the 2500 Ib
thrust produced by the lowest throttle setting that will allow 39 Ib
fan bleed to pressurize the trunk for landing, as stated on page
D-1. Also some variable exhaust deflection means may be
needed for steering if asymmetrical braking is inadequate. There-
fore the reverser weight is retained to allow for these items.

Tail pipe extension
26.5" lgth x 38.5" diameter

Wt = 2162.5 y 3]82-5 T % .04/12 (gage)

x 500 (Wt/cu ft) x 1.15 (installation) =

Engine section

9% of engine weight

= .09 x 1618 =
Inlet ducts
Forward twin duct effective length = 71.5", oft single duct
effective length = 100" engine inlet 35" dia.

Fwd duct equiv. dia - (35 2/2 )0‘5 = 24,7

Duct surfoce area = (4.7 7 x 71.5 x 2
+ 357 x 100)/144 = 153 sq ft

For AL., .032" gage
Wt = ,032 x 153 x 144 x 0.10 (lb/cu in)
= 711b
Est. two inlets plus duct installation 89 Ib, total =

Est. engine controls .015 x Wt Eng.
Est engine starting .020 x Wt Eng.
Est engine fub  .015 x Wt Eng.

C-4
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43

146
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Est. engine oil (Incl. unusable)
.008 x Wt Eng.
Total .058 x 1618 =
Flight Controls - This is an empirical equation
0.5

WFC = 0,9 x 0.17 [:(LF + b/cos/\c/4) X WDES X n ]

Lg = Fuse. Lgth = 42 ft

Wpgg = BFDGW = 22479 b

b = Wing Span = 41 ft

Ac/a = Wing Sweep = 25°

n =DES. L.F. =7

The 0.9 is to occount for the fly-by-wire system

The remainder is empirical

0.5
Wge = 0.9 x 0.17 [(42 + 41/c0s25°) x 22479 x 7]

Fuel Tonks - All CAS mission fuel (4552 Ib) is in integral

wing tanks with 1150 Ib of this in a self-sealing cell. The 1041 1b:

is the fuel required to return to base in the CAS 160 N.M.
radius mission. Additional integral fuselage fuel capacity is
provided so no external fuel tanks are required for ferry.
Est. weight wing integral tanks

Est. weight fuse. integral tonks

Est. weight self sealing cells in wing (see protection weight
below)

Capacity wing tanks 4922 1b
Copacity fuse. tanks 3200 1b

Unusable Fuel - (1% CAS mission fuel)

C-5
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Weight
(h) Fuel System - (excluding tanks, but includes fuel dump
and provisions for cerial refueling) - Est. 170 '
(i)  Systems - (Est.)
Instruments 85
Electrical 350
Anti-ice 130
§ Air Cond. 160
! Fumishings incl. ejection seat 330
P APU 120
: Armament Prov. 200
i- Equipment (incl. oxygen and survival) 175
L () SETOLS - Installed Weight
= tdk Ac + 90 where
i t = trunk sheet thickness = .1875"
| d = trunk sheet density = 142 Ib/cu ft
k = foctor for installation, ducts, attachments,
brokes, etc. = 2.0
Ac = cushion ¢ area = 150 sq ft
1 The 90 Ib is the est. weight of the roll stabilizing doors and
' mechanism.
WsetoLs = (.1875/12) x 142 x 2 x 150 + 90 = 756
(k) Protection
Fuel cells in wing (est.) 67
Armor - pilot (allowance) 300
Other (allowance) 100
; (1) CAS Loading Specified (8574 1b)
f' Installed avionics 770
i Crew 180
; ' 4 - TERS 384
. 12 - Mk 82 (droppable) 6840
4 - Pylons 400
(m) CAS Mission Fuel 4552
(n) Contingency 55
Gross Weight (Ib) 24300
C-6
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(5) BALANCE - CAS MISSION LOADING

ltem Weight-Lb Station* Waterline*
Wing 2334 313.2 96.5
Horiz. Tail 307 496.25 90
Vert. Tail 206 487.5 141.6
Fuselage (incl Spd Brakes) 2192 274 67
Canopy 260 120 102.5
Engine 1618 400 73
Tail Pipe Ext. 43 444.5 73
Engine Sect. 146 382 77
Inlet Ducts 160 256.5 77
Eng. Cont., Start, Lub.,Oil 94 372 83.5
Flight Cont. 567 400 94
Fuel Tanks 203 295 77.7
Unusable Fuel 46 280 81.1
Fuel System 170 356 94.5
Systems
Inst. 85 98 85
Elect. & Hyd. 350 236 78.5
Anti-lce 130 364 94.5
Air Cond. 160 180 54.5
Fum. (Incl. Seat) 330 122.4 71.3
APU 120 210 47.5
Arm. Prov. 200 298 75.5
Equip. 175 147 67.6
CAS Mission Specified
Avionics Inst. (770 ) (182) (92.8)
1 385 159 93
2 55 151 78
3 330 214 95
4 TERS 384 300 76
4 Pylons 400 an 87.5
SETOLS 756 317 42
Protection
Fuel Cell 67 292 97
Pilot 300 126 72
Other 100 402 73
Unassigned 55 300 67
Weight Empty (12728) (300.4) (80.05)

* See three view, page

3 of the report.
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ltem Weight-Lb Station* Waterline*
Weight Empty : (12,728) (300.4)  (80.05) "
Pilot (Specified Wt.) 180 124 75 . .
Operating Weight (12,908) (297.9) (80)
12 -~ Mk 82 (droppable) 6,840 300 67
Zero Fuel Weight (19,748) (298.7) (75.6)
Fuel (CAS Mission) 4,552 296.2 97
Gross Weight (24,300) (298.2) (79.4)

c/4 at Station 300 with ¢ = 89.8 inches

The C,G, location and C,G, control are considered satisfactory. (See graph below). -
HISSION C.G. POSITION IN & HAC 4
]
4
f o ?‘Mé—.‘; : - '...; - .':: ::.__. |
EEpEe o }
-
* See bottom Poge C-7 L'. J
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MIL-STD-1374& PART I - TAB PAGE
NAME

MoDEL CAS SETO
oATE SAE-79-01fP

QUT THOSE]

CONTRACT NO. NG2269=79=C=0438"
' AIRCRAFT. GOVERRMENT NO.
3 ATRCRAFT, CONTRACTOR NO.
MANUFACTURED BY Conceptual Point Design >tudy
VAR AUX
enGINE Froposed. PAW
i i . 1F = 5§
ENGINE NO. o -~
. ENGINE TYPE Yorbatah
. ELLER MANUFACTURED BY

: PROPELLER MODEL
} PROPELLER NIMBER

T PAGES REMOVED None | -~ - PAGE WO {-
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* CHANGE TO FLOATS AND STRUTS FOR WATER TYPE GEAR.
*#LANDING GEAR "TYPE": INSERT “"TRICYCLE", "TAIL WHEEL", "BICYCLE", “QUADRICYCLE", OR SIMILAR
DESCRIPTIVE NOMENCLATURE.

i
SANDAIRE
MIL-STD-1374 PART 1 - TAB GROUP WEIGHT STATEMENT PAGE |
A - WEIGHT EMPTY MoDEL CAS SE&OLS .
DATE REPORT . : {
1 |WING GROUP l 5334 SAE-79-011 :
2 | BASIC SIRU )
3 ) " —INTERMEDIATE |PANEL {
i L) ~OUIER P ]
; ) —GLOVE : {
€ | SECONDARY STRUCTURE-INCL. CHT N ,
7 AILERONS - INCL. BALANCE WEIGHT —LBS, !
8 | FLAPS - TRAILING EDGE 1
9 ~ LEADING EDGE !
10 | SLATS
SPOILERS
: 13
! 14_| ROTOR_GROUP
i 15 | BLADE ASSEMBLY
6] BUB & HINGE - INCL. BLADE FOLD WEIGHT 1BS.
17
18
‘ 19 [ TATL GROUP 213
: 20 | STRUCT. ~ STABILIZER (INCL. LBb. SEC. srﬁcr.)
21 ~ FIN-INCL.DORSAL _ {INCL. LBS.SEC.STRUCTL)
22 | VENTRAL
; 23 | ELEVATOR - INCL.RALANCE WEIGKT LBS.
: 24 RUDDERS ~ INCL.BALANCE WEIGH! LBS.
! 25 JAIL ROTOR - BLADES
26 - BUB & HINGE ]
27
BODY GROUP
} 29| BASIC STRUCIURE - FUSELAGE Ok HULL 2088
30 = BOOMS
31 SECONDARY STRUCTURE - FUSELAGE OR HULL
32 ~ BOOMS
33 - SPEEDBRAKERS 1U4
3% — DOORS, | RAMPS, PANELS & Mi§C.
35 - Canopy 260
36 : ]
37 | ALIGHTING GEAR GROUP - TYPE *AISETOJIS] 758
38 | 1ocaTioN Bottom Fuse. RUNNING |*STRUCT. | CONTROLS 1
39 MAIN
! &0 NOSE/TAIL
41 ARRESTING GEAR
; CATAPULTING GEAR
45 | ENGIRE SECTION OR NACELLE GRO Fnain htion T2&
46 DY - INTERNAL hd
47 ~ EXTERNAL
! 48] WING - INBOARD
i 49 = OUTBOARD
: ' $] | ATR INDUCTION GROUP Inle} Ducts 120
’ 52 = DUCTS
‘ 53 == RAMPS. PLUGS, SPIKES
. =_DOORS, PANELS & MISC.
H
P —3H o sTRTCTIRE 53561

il i

Cc-10
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MIL-STD-1374 PART I ~ TAB GROUP WEIGHT STATEMENT »we
A WVEIGHT EMPTY mou.m AS sé'[o_
baTE SAE-79-011 . gPP-
| 58 | PROPULSION GROUP K AUXILIARY XX MAIN, , . X
59 1618
sion 43
61
62 | ACCESSORY GEAR BOXES & DR
63 | EXRAUST SYSTEM :
£4 | FNGINE COOLING
65 | WATER INJECTION
66 | ENGINE CONTROL >
61 | STARTING SYSTEM 3f
PROPELLER INSTALLATION
69 SMOKE ABATEMENT
70 | LUBRICATING SYSTEM
71 | FUEL SYSTEM 1
12 TANKS -~ PROTECTED Self Séaling Hs 1 C.b.
13 - UNPROTECTED _ Intedral Win 2
74 PLUMBING, ETC.
75
76 | DRIVE SYSTEM
11 GEAR BOXPS, LUB SY & ROTOR |BRK
8 TRANSMISSION DRIVE
79 _ROTOR SHAFTS ]
|80
81 | FLIGRT CONTROLS GROUP b/
COCXPIT CTLS. (AUTOPILOT 1BS.
83 | SYSTEMS CONIROLS
84
85
86 | AUXILIARY POWER PLANT GROUP 120
87 | INSTRUMENTS GROUP L8
88 | HYDRAULIC & PNEUMATIC GROUP
89
90 | ELFCTRICAL GROUP 350
91
92 } AVIONICS GROUP_Specitied 770
93 | EQUIPMENT -
94 | INSTALLATION
95 —
96 | ARMAMENT GROUP_ (INCL.PASSIVE PROT. & 1LBS %00
97 | FURNISBINGS & EQUIPMENT GROUP
98 |  ACCOMMODATION FOR PERSONNEL
99 | MISCELIANEOUS EQUIPMENT
100 FURNISRINGS 330
1101 | U1 PMENT
102 & Survival V4
103 | ATR GROUP
104 | =
105 ont cy S5
106_| PBOT! 1C_GROUP
07 | LOAD & BANDLING GROUP
08 | AIRCRAFT BANDLING
09| LOADING HANDLING
01  BALLAST
MANUFACTURING VARIATION
2 | TOTAL CONTRACTOR CONTROLLED
113 | TOTAL GFAE "~
TOTAL WEIGHT ERPTY = PC 7-3 1864

c=1-




RAME
DATE

MIL-STD-1374 PART 1 - TAD

SANDAIRE

GROUP WEIGHT STATEMENT

USEFUL LOAD AND GROSS WEIGHT

SAE-79-011

115

LOAD CONDITION

Close Air Sup

rt (CA

)

PAGE :
:g::r géps. SETO LS

1

17

CREW (NO. ) iti

b 8

PASSENG . -

180

119

130 | UNUSABLE

FUEL _ LOCATION __ TIPE _|P-5§

GAIS.

V.l

4592%1%
- 46

1

INTERKAL

122

123

124

125

EXTERNAL

12¢

127

128

oL {Incl. Unusable]

129

TRAPT'ED

ENGINE

‘ 130
' 131

132

FUEL TANKS (LOCATION N

b 133

WATER INJECTION FLUID (

; 134

; 135

BAGGAGE

136

CARGO

137

! 138

GUN INSTALLATIONS

T 9

GUNS LOCAT.FIX.OK FLEX.QUANT]

TY_CALIB

[

AMMO,

SUPP'TS &

L3 3

WEAP! *e

4 - TERs

384

12 - Mk B2 [Droppable

4 - Pylons

46840
400

TVAL KITS

—~—

| LIFE RAFTS

| OXYGEN

| M15C.

170

12416

WEIGHT EMPTY
“CROSS WEIGHT

; /1

23300

J PART OF WEIGHT EMPTY.
INCLUDING INSTALLATION.

integral tank.
: radius point is 1041 Ib).

**#+% All fuel in wing for CAS mission

! ¢ 1F REMOVABLE AND SPECIFIED AS USEFUL LOAD.
*#LIST STORES, MISSILES, SONOBUOYS, ETC. FOLLOWED BY RACKS, LAUNCHERS, CHUTES, ETC. THAT ARE NOT
LIST IDENTIFICATION, LOCATION, AND QUANTITY FOR ALL ITEMS SHOWN

C-12

*** 1150 Ib of this is in o self-sealing cell installed in the wing center section
(The required fuel to return to base from the CAS mission 160 N. M.




‘ i
SANDAIRE
(- MIL-STD-1374 PART I - TAB GROUP WEIGHT STATEMENT PAGE
NAME DIMENSIONAL AND STRUCTURAL DATA ***%* mooeL CAS SET
oaTE SAE-79-011 RO App, C
1 |WING, ROTOR + TAIL GROUPS VING | B TAIL TV TATL | CANARD
! 3| _wADITS OR SPAN(ED) 41,001 15.33 844
*SPAN AT .25 CHORD 1043 i
*#RO0T_CHORD(IN) - THEQ. T20.V 1 /0.0 70,0
6 : - MAX THICKNESS 7ol 12 12 12
_7 ) **P1ANFORM BREAK-CORD (IN) ” .
8 - _MAX TRICKNESS
9 | **TIP CRORD (IN) - - eed. 37,8 1 35.0 5.
10 - Max THICKNESS 25 1 10 )
H 1 SHEFP Ueq 20 3 4
! 3 TareR warmo ' 53 22
' 1 HEAN monmmrc—mmf)——al}:go :§° v 0
iz AREAS #*% —oq Tf 280 671 47.5
17 AREAS VING [SPO.BRK. |LE FLAPS| TE FLAPS| SLATS | SPOILERS| AIL k
: . 18 | (SQ.FT.PER AIRCRAFT) |
3 1 FUS |SPD.BRK. | ELEV. RODDER | DORSAL
. : . 20
21
. : 22| RQTOR DISK AREAS - FWD AFT FOLDED |WIN <
5 23| WING .25MAC TO B TAIL .25MAC{IN) 183.5 NOSE 10 WING {.25 MAC . 1
24| WING .25MAC TO V TAIL .25MAC{IN) 170.1 | LEMAC
. 25 | WING BOX SPAN AT FUS.INTERSECTION WING BOX LENGIH AT [C.L.
2 >
i L2z CAPTURE | BLOW-IN | DUCT | MAX.DES.} CIRCUM-
8 | ENGINF_INLFTS AREA ARFA LENGTH | PRESSURE| FERENCE
29 ~MAIR
30 AUXTL :
‘ N LENGTE | DEPTH WIDTH | WET.AREA| VOLUNL _|VOL.PRESY
i 32 | BODY + NACELLF GROUPS
33|  FUSELAGE QR HULL***¢ (jn) 504
34 ]  BOOMS
3% NACELLES (INBD.B.L. )
(OUTRD K. L., b}
J L3zl aricETING GEAR GROUP [LENGTH-OLEQ EXT. | O VEL LENGTH ARREST
' AXLE-CLITRONNION | EXI.TO CDLLAPSED —umx“ﬁrsiywzn
39 = LOCATION 0
- nTHFNSIQn_(_mcHES)
i . 41
' 42 | PROPIN.SION GROUP (S.L.S. [URINSTALLED THRUST JIN LBS./ESGINE)
‘ 3 MAXTMOM | INTERMEDIATE __ |MAX SLS | SBAFT Ig
_44 | FRGINFS RATING RATIING SHAFT BP |AT MAX
&% 5 13202 1%
. FYA ANXTIIARY (NO, )
A2
A8 OUTPUT | INTER | NUMBER
. 49] ROTOR DRIVE SYSTEM DESIGR | INPUT | RPM AT | ROTOR | GEAR
: 50 |_n.p. R.P.M. | ROTOR R.P.M. | BOXES FACTOR |
1] 1/2 HOUR RATINGS — MAIR
52 - TAIL
: - x - = INTERMEDIATE
CONT. R/TINGS - MAIN
‘ : [T - TAIL
- ;! 5; = INTERMEDIATE

THE NOTES FOR THIS PAGE MAY BE FOUND ON FAGE 8 OF PART I UNDERNEATH "AIRFRAME UNIT WEICHT".

**#** See drawings, pages 3 ond 4  of the report for missing
. dimensions.

e hnc it . il .
mme imean S . it N okl A Vamin o e
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SANDAIRE ;
?
MIL-STD-1374 - TAD GROUP WEIGHT STATEMENT PAGE !
N DIMENSIONAL AND STRUCTURAL DATA MODEL CAS SETOLS "
DATR (CONTINUED) SAE-79-01 "% App, C
1 | FUEL SYSTEM X PROTECTED XX UNPROTECTED XX INTEGRAL  X]
2 —~ INTERNAL * LOCATION NO.TANKS] GALLONS | NO. [ CALLDRS [ RO. ["GKALLONS |
i 3 WING 1 169.1 2 /23
: 4 : FUSELAGE 1 *k j
5 ]
: ~ EXTERNAL # 1{7\!'0 Hxternal [Tanks Rdquired for Ferry
1ss19n ;
8 o1
b ]
10
11 UANTITY £ _ GENERATOR _ X| BATTERY RATING
12 __MAIN _OUTP¥T (TYPE Y| GENERA
k: ; 13 | ELECTRICAL GENERATING GENERATRSY D.C. A.C. X AMP-HDURS (KVA)
; : 16 ISYSTRMS
: 15
16 -
2 1 BODY
, 18 PLUS INT |EXTERNAL | FUEL IN DESIGN _ [ULTIMATE
. 19 CONTENTS | WEIGHT WINGS GROSS LOAD ;
20 | STRUCTURAL DATA — CONDITION -18S. _|OR BOpY -1BS. WEL . ,
21 | rricer - manEuvER RFDGW 35478 (7.6 .3 . i
22 - cxzﬁ‘L ~ .
. _ 1ANDING (DGW 21569 M
: 26 | MAXTMIM GROSS WEIGHT WITR ZFRO _ |WING

25 | _CATAPILTING

. 26 Gross Wei%gt With CAS ding 24300
. 27 CRASE LIMIT AD FACTOR - Jﬂ?ﬂl. LATERAL %R’Iﬁm

i 28 | ULTIMATE LANDING SINK SPEED(RI/SEC)

29 | WING OR KOTOR LIFT ASSUMED FQR LDNG DSCN COND.
i 30 | STALL SPEED LDNG. conncuurgox-rom FF_(KNO
31 | APPROACH SPEED POWER ON (V-P [KNOTS)
32 | ENGAGING SPEED (KNOTS)
33 | PRESSURIZED CABIN — ULTIMATE | DESIGN
34| PRESSURE DIFFERENTIAL FLIGBHT |(PSI)
35 | CARGO FLOOR AREA (DESIGN LOAL LES/SQ.FT.)
36 | HYDRAULIC SYSTEM OIL CAPACITY (GALLONS
37 | TAIL ROTOR CANT ANGLE (DEGREHS)

40 |ROTOR TIP SPEED AT DESIGN LIMI] R.P.M. POWER FT/SEC
41 ~ MAIN
; A2 — TAIL

44 |DESIGN THROST OR LIFT ON VING M _ROTOR T ROTOR
45 JULTIMATE L.F. FOR THE ABOVE LOADS

4] IMATERIAL BREAKDOWN IN PERCENT STEEL ALY I1 |_OTHER
¢ | 48 | OF STRUCT.WEIGHT(PAGE 2. LINE 37)

50 IDESIGN SPEFDS AT S.L. (KNOTS) LE]

32 |DESIGN SPEED AT BEST CRUISE SPEED ALTI
33 IMAX, SPFFD AND ALTITIIDE SPEED ALTITURE

S& | MODEL FIRST FLIGHT DATE % l
57 | aATRFRAME UNIT WEIGHT i ;
*TOTAL USABLE CAPACITY.

L e a -

. ** This provides the odditional fuel copacity for the 2500 NM specified ferry .
mission (Total fuel required for ferry 7687 Ib)

-t

Cc-14
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MIL-STD-1374 PART 1 - TAB GROUP WEIGHT STATEMENT PAGE
RAME DESCRIPTION OF DIMENSIONAL MODEL (" AS
PATE AND STRUCTURAL DATA SAE-79-011 moucﬁgpr'(r:Ol

. ————— et

AT - s 30

B T NP p b —

REFER_TO PARAGRAPH 5.1.1.4 of

DETAILED REQUIREMENTS FOR IN§TRUCTIONS

FOR USE

L

C-15
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MIL-STD-1374 PART 1 AIRFRAME UNIT WEIGHT PAGE
NAME . “°°§L AS SETOLS
DATE S AE-79-011  REPORT pp.
THE AIRFRAME UNIT WEIGHT 10 BE ENTERED ON LINE 56 OF PAGE 6 OF THE GROUP WEIGHT
STATEMENT SHOULD BE DERIVED BELJOW IN DETAIL SHOWING THOSE IJEMS DEDUGTED FROM WEIGHT
EMPTY. THE ITEMS BELOW FOLLOW [THE DEFINJTION OF AIRFRAME URIT WEIGHT CARRIED IN THE
DOCUMENT "CONTRACTOR COST DATA |REPORTING| SYSTEM" DATED $ NOYEMBER 197B. ALRFRAME UNIT
WEIGRT IS THE SAME AS PREVIOUSHY CALLED JHMPR AND OCPR_AND I$ NOT TO BE CONFUSED WITH
WORK BREAKDOWN STRUCTURE (WBS) |ATRFRAME COST DEFINITION.
WEIGHT EMPTY 11 .
DEDUCT THE FOLLOWING ITEMS DESCRIBED IN PART 11
1_|WHEFLS BRAKES, TIRES & TUBES Trunk 333
2 |ENGINES — MAIN AND AUXILIARY 1418
3 IRUBBER OR NYLON FUFL CELLS b7
4 |STARTERS - MAIN AND AUXTLIARY | 32
S5 | PROPELLERS
6_|AUXILIARY POWER PLANT UNIT 120
7 _JINSTRIMENTS B5
8 |BATTFRIFS A FLECTRICAL POWER SUPPLY & CORVFRSION 100
9 |AVIONICS /0
[ 10 |TURRETS & POWER OPERATED MOUNTH
11 |AIR CONDITIONING, ANTI-ICING AND PRESSUR]ZATION UNITS & FLUIDS 232
12 |{CAMERAS & OPTICAL VIEWFINDERS
AIRFRAME UNIT WEIGHT 8h2/7
NOTES_FOR PAGE S:
* TNSERT INCHES FROM CENTER IJINE OF THE ROTOR TO| THE ELASTIC AXIS OF THE BLADE
ATTACHMENT FOR_THE ROTORS.
#% PARALLEL TO_THE CENTER LINH OF THE VEHICLE FOR| WING AND|TAIL.
##4 THEORETICAL POR ROTORS AND ICONTINUOUS WING, EX m_mmnms_umm__j
ALL_OTHERS.
**-'qum&mnnmfnm

C-14
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SANDAIRE

APPENDIX D

ENGINE - DATA

The Pratt & Whitney Advanced Study STF-529 Turbofan engine characteristics and
installed engine performance data are presented on the following pages. The scale
1.0 engine as used has the following characteristics:

Rated T (SLS, Std) 13202 Ib

Max '
Thrust to Weight Ratio 8.2 |
Airflow 225,7 lb/sec :
Bypass Ratio 1.54 2
Inlet Diameter 35 inches 3

Length as installed with a 26,5"

tailpipe extension 145 inches -’
Engine and Fan Bleed Config. See Page D-12
Required Fan Bleed 39 Ib/sec
Installation Factor 0.95

Weight with Subsonic Nozzle
and Fan Bleed 1618 Ib

The weight of 1618 pounds includes a thrust reverser; however, the aircraft design
of this report does not include a full thrust reverser. For landing, vanes or other
means are required at the nozzle to dissipate the approximately 2500 pound thrust
that results from the minimum throttle setting that is required to provide 39 Ib/sec
fan bleed for SETOLS trunk pressurization, Also, vanes at the nozzle may be
required for slow speed directional control on the land, water and other surfaces.
Therefore, any weight reduction due to removal of the reverser is assumed added for
these additional nozzle modifications.

Engine performance is token from a P&W computer printout for the engine with an
afterburner and, as no afterburner was used for this design, the data was corrected
to account for the performance deterioration due to its installation, The ratio of

the engine thrust (at sea level state conditions) with and without the afterburner is
used in conjunction with an engine installation factor (,95) to correct for installed
thrust as shown in the following equation. The fuel flow is used as read from the

printout. 4
- 13202 _
Tlnst - TPrintouf X 12590 X 95 = L9635 x TPrini'om
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SANDAIRE

The .95 installation factor may be optimistic even for the 1995 time period. But
if the foctor were decreased 5% to .9, the effect would be minimal. The most
significant effect would be to the takeoff distance (increase approximately 210 feet)
and to the rate of climb which now exceeds the design requirement, The maximum
speed would only be decreased approxgmately .003 Mach No. due primarily to the
steepness of the drag rise curve,

The calculated installed engine performance is shown on the following pages.




ST

e

e

'J&'.Zi'

7.

’AA

o

"1

PS5

c

529
-4

.

-7

D_

1Paw'sy
RBoFH
Bdanrc

4

P

LLE,

A

I

7

5.

Il
‘

"

J

ool

LIER
i. :

PO PR B
" i A PR -
L H

1
Ty i

—1

”

334

Siber |

+ V>.‘7ﬁ

BRI

o |

z

YANCE. ;.
IR L

LRSS NN

e

H

WiT
7 b

1

5

90

o fh‘!o

'

NMLAELET @ F22EH CO mvur -




VST

AT MAX T34

e

/e :
£ i

He
prane

" WaTH.

T T T T o7 ooo/ - mo 2

' .

73

N — R : ? ¥ e -

Q1

)

| LR ._,




- T —

_d

.
’
b
<
3
T

’
5

+
paSy
et e den el

e
~

geyorde

tyaed oyt
vfeogegorartr
. s

et
ha

POSOS SSSPSIDASS SEpY

SR EEEEs by

RS2 294
[ R S L I

B ey et

e o T

‘e e “e cdeveiihen ; . RN SN
. V b . RN R o .. oo . e PN .o v . P s FN
. .o - . . RN . s r N i s P AN . P ..

1]
i
1
'

KeE 50 a8 T e € 1335)

e & e 4 A




— . ikt ca . S — o e e e .. i R T L R I R e Ritlat: 4t
- c
— - [ - - [ e - - PR - . —
. 4 1

poGsas
pouae
poe

paSes
o ool

o ot
a e =

pptat
¢ 22028 Sopes

IS PRPOS SPppe

covidiage

pit

PO BB DS

PO SR J‘:"I
pesss Eoaet
g

0.2 =
(7,
.;Li

P!

IR DOSHS B
Rt Sotat B

Sy

afoemodeossfioisdeioed

POSS sood

i

‘N i
Xl Ml “
M vegl H
1
w _
: H :
. +
L7yt _
Nt |
% THR 31 |

T

£D.
]

STALL
D-6

N

.... P ]

v~f!.»~tJ,;~I U DU

. e ey B T st e otme A
e W e o e .




f“'

by
b o

PSS

Pobae

PO

PR
b+ oed

>

- g

54

. —

2-H

7° 11

]

4

HOWI ¢! OT Ot X M

e

n 30am OD RI223 8 JIVIUIN

T
!

Az

i

PINW ot X ¥

R0

|

G2

r-3
©
—y
w
(%
| 2l

t ol

B .

ppoe

{o o







-
- -
s
{ a218 ¥ 1
HH L H i g lgg I # 3 )
it 3 HT st t i HHt
4] 1431848518 s 11 HETH i
3
=g=s =3 I i H sssizsiztess
vrev} 31 +4 44 tv | HH e reit e p§tassndcndasill
e ade 1 4 4 o3 181 .ﬁ
b9 ¢4 4
iR Hisshin REATHRS H $ $H
gas 144+ 1 *
Forets o3 sss m, :
i ; ] T T fiiediiiiii
Hoet H 14 H v+ H
sotst PP s D s 3 .. 3 H
et E 238 H t £h i :
soaed j122 $ i} i
}
13t 2132 ¢ T - sitsss
H1H 4
sesds nm 2528 Tt
S HH 2 i .
i Njiiii it 3
8 O sags 188 : 3 siitt : ‘
4 H s 8343340 24
23 134
& 1 s 8 s4re]
s2dfs } o
bt H a6 H o M 4+ 4 H ros s 3
. H 1533381 R
: s T I
: Hatiin s ¥ 5 .
Fs Y ¥ F H H
§ 113\ HHHRH
“ sae 8! & 4 ..m H
4 3 88 §a¢: 1+ : .
8 Sgdgn H 113 HEH agdgees 13T : : '
. H ¥ H v ]
: HA ¥ seiels
. s f $HE .
B s
1 e
§ 13 sieas T 1t H i
£ ti H ) 3T H
H ssstial 1 1
$ Hit> : :
H 2 T . T .
- - aavas ' ey
H X :
B 23 H
; 1 i N 33833 HE 3
. as ¥ .
- N ' e
H 1 3 B
> - eubes 99
Y 3 T ais S T
] S
b3 % . 5% 9.
32 H atfp !
T t ¥ ¥
i el ; Mi o
il : ;
1
ks iy L1 W 3 r M
et He it ! : . [
322" 4] '
it v
e 2 31 388 Y
g 3 HH
3534 + ve
: H
Eh Fe3zets H 1t HRIAD
: jaege sadis
1223 - . i}t 3
-o1m o4 o 1 x.. vu & HI1H H
- b b I+ 9 — 4 !
:
pree v 221 [3cgasent s .n._.wi : 1 :
HtaT niing Aottt i :
- e de -
233331 i t s 72 i
piegesistdtoatl rresifese L + 23428 H H
3 - 1111
= =r3-oe Y slais Saasdss st i :
e e o] 1 33 + 33 111383
i$e1 1ol 33s18s:
1 : 3 SR 3
nm - 1T + wéne
e 5 H
Hi 1
32 g1 3 H : H
R vl $ . T
joadeovidds e s “W ! HES
SHh 1 3 i peed : fspises
13 s
= 23 “l » o .
3301 132 Hit it g\ sssbefe 331 esd] :
. [Hasitlss h : é 154 0E \ : il :
H : H ’ WYy H
i gt ] HERI TN 3P LR
I :
7 3138 3353 1113418 ittt 33 1R
sehe s v, '«.1 6. P
1 : 2
: s Y. ot 6 O 11 it 3
. H H mmr 33113 [3as3 fhbesles
3 s2iftz 2 23 $3332 ke i sttt it H H
° N -
.
x.m KENLLEr © T23EN CO' RYML W ARY 40 H”NV
10 X 10 LO LHE CEMLIWELEM 18 X S2 CW'




S s e e e e s e

S

PEW STE 529’

. FvEL 10w Ar}"wr /MSVZLZ! YIRUT

|
i
|
Voot
!

X /000

B o e TN




e —

......

15774,

~THRUST |

ST BT

........

e .

55 7085 |

r:

s
®.
.2

! T

OTE.
()AL

5 N
— e

=

i)

PO SR

t

1
Lo .
Iﬁlllvnvnl,,»l.l.w ——

OMM WhHiSE bt o feghis €D e
A 19 A U L0 e

-

e S
SRSIUEEDEIS N -k
L . N

N T35)




]

3NIONT Nvi408dNL
626-41S MV¥d
AQNLS AQV

oGyl

G'el
11X3

[

via _v.__lx,x

vid
0°sg
L3N

140d Q33718

G've

D-12

.




SANDAIRE

APPENDIX E

PRELIMINARY WORK

The preliminary work was started well before candidate engine information was
available, Parametric engine data, that were fairly representative, were used
to do tradeoff studies for two engine vs one engine and APU vs engine bleed
for trunk pressurization. As a result, a one engine configuration was selected
with engine fan bleed used to pressurize the trunk, This work is summarized in
the following Section (1).

General Electric candidate engine data became availoble late in February, and
the selected aircraft configuration was reworked around a scale 0,914 G.E,
F101/F15-A1 Turbofan en%ine which was required to meet 3000 foot takeoff
ground run ot S.L,, 82.8°F, The fan bleed used at this time was about 45%
greater thon used for the later, final design which was developed after consider-
ably more analysis and study of the operation of the SETOLS. Obviously, the
higher bleed is adverse to engine size requirement; however, the Pratt & Whitney
STF 529 turbofan engine data became available early in March and, aofter inspec~
tion and comparison of the data, it was decided to use the P&W engine in lieu of the
G.E. engine. Thercfore, the G,E, engine configuration was not reworked for
update to the lower bleed requirement. The work with the G.E. engine is sum-
marized in the following Section (2).

Incorporation of the P&W STF 529 turbofan required only one iteration to arrive
at the final design with 24,300 pound gross weight and 280 square foot wing

area. The final work is covered in detail in the report.

(1) Preliminary Work with the Parametric Engine Data

(o) The parametric engine data are given on the following pages and were
used pending receipt of data requested of G,E, and P&W.

Reference G.E. Report R72AEG206, June 1972, Pre Study Data,
GE16/F4 Study Al Turbofan, for data level and variation.

Scale 1.0
Rated TM (S.L. Std Temp) 18360 Ib (No AB)
ax .
D 44 inches
Inlef.
LE (without nozzle) 1.84 x Dlnlet
|'Noz 0.8 x Dlnlef
WEng (including nozzle) 2623 1b
E-1
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SANDAIRE

Scaling Te |
Dlnlef = Linear from 44 inches at |- Scale|_ 1.0 to 34.5 inches
Basic
T
Basic

w based on T/W =7
Eng

An installation loss factor of 0.95 was applied to the thrust and an advanced
technology factor of 0.90 was applied to the fuel flow of the above-referenced
G.E, report, Pressure relief doors are assumed for takeoff.
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SANDAIRE

(b) Calculation methods and bases are similar to the final report, and any
differences are small enough so that conclusions reached are reliable.

(c)

One Engine Configuration, fan bleed to pressurize trunk, parametric
engine, gull wing. (Ref: Tech, Clar. Memo to NADC 12/19/78)

Two lterations were made in arriving ot the following

Design G.W.

Rated TMax (Std, SL)
Scale 1.0

Wing area (excludes chord extensions at gull)

Cushion PSI

Trunk  PSI

Trunk @ Perimeter
Daylight Gap (Ave)
Trunk E Area

Bleed required

Thrust loss due to bleed

Takeoff Ground Run
S.L., 89.8°F, 4 = 0,10,
4.5 min gt Tpox prior T.O,

VTo
Tokeoff over 50 Ft. obstacle

Wing AR
A

b
C
t

Ato74

€

t/c

Airfoil
.AMDmg Rise

a.c. Wing

Design a.c. Aircraft
Design Aft C.G,
cR/I'Fuse= 11.8/40.6 =

E-10

29,500 Ib
18,360 Ib

350 sq ft
1.25

2.5

47.1 ft
0.75 ins
164 sq ft
87.7 Ib/sec
4500 Ib

2830 ft
222 ft/sec

4000 ft

6

0.3

45,8 ft

11.8 #t

25°

8.4

.14-,12
Advanced

.08 for advanced
airfoil vs NASA
low drag series
airfoil

.26 C

.076/deg

0.35¢
0.30 -
.29




SANDAIRE

(c) (confinued)

(Nose - LECR)/ LFuse = 15/40,6 = .37 .
a.c. Horiz Tail OFf 0.21¢

q/qTail 0.95

Downwash Factor 0,55

Horizontal Tail

5 AR 2.6
A 0.46
b 15.7 ft
Cr 8.3 ft
Ac/4 35°
t/c .12-.10
CL - .050/deg
- Ry ©/4y, - T4 14,5 ft
i SH 95 sq ft
B Vertical Tail
CN I Design .0010
AR 1.40
A 0.42
b 9.7 ft
Cr 9.7 ft
Acs4 35°
t/e .12-.10
(Nose - 2/4)/ LFuse. = 22 03/40 06 = . 55
CNp Tail Off -.0023
A @ay - /4 15.5 ft
C .054/d
L /deg
Fuselage
Effective Depth 6.3 ft
Effective Width 4.8 f
Effective Length 40,6 ft
“
E-N

P it . v R )
s i N, N




SANDAIRE

(c) (continued)

Drag Aircraft - Low Speed o

= ,0213
CDMin ) ]
CL CD - CL /67
01 .0213
.1 .0212
.2 .0212 ;
.3 0214
4 .0217
.5 .0223
.6 .0235
o7 .0260
.8 .0307

Drag Aircraft ~ With Mach No.
Advanced Airfoil AM = + .08

c = 0 .2 | 4 |.6 | .8
™ AC M for same AC
" P
74 0 716 .692 667 .643
.78 .0005 .756 732 .707 .683
.82 .0015 796 772 747 723
.84 .0025 .816 792 767 743
.86 .0039 .83 .812 .787 763
.88 .0069 .856 .832 .807 .783
§ .90 .0136 .876 .852 .827 .803
: 91 .0188 .886 .862 .837 .813
' .92 .0260 .896 .872 .847 .823

Drag Stores

- ——— .

12-MK-82 4 TERs
& 4-TERs Alone
ACp at M = 0.60 0115 .0019
0.70 0115 .0019
; 0.80 0132 .0022
0.88 .0174 .0029
E-12
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SANDAIRE

(¢) (continued)

CAS Mission

5 minutes at TMux ot S.L.

Climb to 35000 feet, M = 0,65
Cruise, M = 0.7

Descent to 5000 feet

Loiter 60 minutes, M = 0,3
Drop MK-82, Retain TERs
Climb to 35000 feet, M = 0,65
Cruise, M = 0,64

Descend to S, L.

Loiter 10 minutes, M = 0,25
Reserve 5% initial fuel

Total
RAD = 160 NM

Weight

Wing

Wing Extension for SETOLS
Horizontal Tail

Vertical Tail

Fuselage, including duct structure

and speed brakes
Canopy
Engine
Bleed
Tail Pipe Extension
Engine Section
Inlet ducts
Engine cont, start, lub, oil
Flight controls
Wing Integral Tanks
Unusable Fuel
Fuel System, including

Fuel Dump & Aerial Refueling

Provisions

Systems including ejection seat

Specified Load
SETOLS
Protection

CAS Mission Fuel

Gross Weight
E-13

Distance,
N.M,

Fuel,
Pounds

36
124

16
144

Pounds

2943
921
404
300

1587
409
2623
127
171
248
275
160
636
133
93

268
2041
8574
1008

454

6067

29442

1110
682
691

2229

289
507

256
303

6067
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(d) Two-Engine Configuration
With APU to pressurize trunk, parametric engine, gull wing
(Ref: Tech. Clar. Memo to NADC 12/19/78)

First Iteration was with GW = 24000 pounds, Two 8000-pound thrust
engines, and wing area = 285 sq ft, which was too low a gross weight.

Second Iteration was as follows:

Design G, W. 27000 Ib
Rated Tps . (Std, SL)

Scale 0,490 9000 Ib
Wing Area (excludes chord estensions for

SETOLS ot gull) 320 sq ft
Cushion  PSI 1.25
Trunk PSI 2,5
Trunk ¢ Perimeter 45 ft
Daylight Gap (Ave) 0.75 ins
Trunk € area 150 sq ft
Trunk air required (from APU) 83.8 |b/sec

Takeoff is based on the failure of one engine at the point in the takeoff
run where the distance to "fail and go" equals the distance to "fail and
stop". Fuel for 4.5 minutes ot TpMax is consumed prior to takeoff.

For S.L. 89.8°F,VT° = 222 ft/sec

For two-engine acceleration ( 4 = 0.10)
v/ VT 0 o2 .4 N .8 1.0
ASG(ft) 0 65 198 340 494 660

For one engine acceleration, rudder will trim the asymmetric thrust down
to just over 0.6 Vyg. Below this speed it is assumed that asymmetric
braking will be use«g. Braking M = 0.22 is required ot 0,2 Vo 0.16
at 0.4 Vyq and .03 at 0.6 Vi,. For takeoff on water, equivalent
asymmetric braking is assumed. Toking into account the deflected rudder
drag and the asymmetric brake~retarding force

V/VTO 0 02 .4 .6 08 ].0
ASg (ft) 0 398 997 1229 1499 2089
E-14
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LTI
(continued)

For deceleration after engine failure, reverse thrust is assumed =

0.5 TMu/Eng, and braking A4 = 0.30. For this case, rudder will trim
the asymmetric reverse thrust down to just over 0.4 V Asymmetric
braking required is A4 = 0,10 at 0.2 Vyg and .03 at 84 Taking
into account the rudder drag ond the reduced L1 A,e for osymmefric
braking

V/Vig 0 2 4 6 810

M Ave .25 .285 .30 .30 .30
ASg (ft) 78 227 380 574 839 0

Allowing two seconds reaction time at the engine failure point (VI)

v'/VTa 04 06 .8
SG 2-engine 263 603 1097
2 seconds at VI 178 266 355

For "Fail and Go"
S 1-engine (Go) 4817 3588 2089

In rotation for lift off, the trunk center of pressure will shift aft, thus
decreasing the vertical tail arm by aboul' 50%. The rudder deflection
before rofahon is calculated to be 11.5°%; ; it will have to be increased
to 22.3° causing 270 b increased drag., This will increase

ASg (.8 to 1.0 V/Vyo) 109 ft

Using 50% of this adds 55 feet to each of the above one engine
acceleration distances to give

SG 1-engine
(Go corrected) 4872 3643 2144

Total SG
“"Fail and Go" 5313 4512 3596
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(d) (continued)
For "Fail & Stop"

Vi/Vro -4 N .8

SG 2-engine 263 603 1097

2 sec at VI 178 266 355

For "Fail & Stop"

SC— 1-eng (Stop) 305 _685 1259
Total SG "Fail & Stop" 746 1554 271
Plotting SGFail & Go o Sc';Fail & Stop J

vs VI/VTO shows an intersection at

V| = ,88 VTO and a distance of 3220 ft

(s.L. 89.8°F)

If the reaction time at V, is reduced to 1.0 sec, V| = ,88 VTO and
the distance is 3020 ft (S.L. 89.8°F)

Therefore, this iteration is close to the desired takeoff run, and the
calculation is continued,

Using the some wing and tail shapes, as used for the one-engine config- -
uration above, and the same fuselage except for the required increase
in width for two engines

S = 320 sq ft
SH' = 87 sqft
Sv = 64 s5q ft

Drag Aircraft - Low Speed

C = ,0226

Use drag coefficient for the one engine configuration above plus ACD =
.0013; correct stores ACD for wing area change.

E-16
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(d) (continued)
CAS Mission
Distance, Fuel,
N.M, Pounds
5 minutes at T at S.L, 1089
Climb to 35000"f%et, M = 0.65 33 618
Cruise, M = ,68 127 679
Descend to 5000 feet
Loiter 60 minutes, M = 0,3 2128
Drop MK 82, Retain TERs
Climb to 35000 feet, M = 0,65 14 249
Cruise M = 0,62 146 483
Descend to S, L.
Loiter 10 minutes, M = 0,25 242
Reserve 5% initial fuel . 289
Total 320 5777
Rad = 160 N M,
Weight
Pounds
Wing 2581
Wing Extension for SETOLS 790
Horizontal Tail 354
Vertical Tail 280
Fuselage, including duct structure and
speed brakes 1710
Canopy 400
Engines 2572
Tail Pipe Extensions 367
Engine Section 231
Inlet Ducts 272
Engine, Cont, Start, Lub, Oil 149
Flight Controls 600
Wing Integral Tanks 120
Unusable Fuel 80
Fuel System including Fuel Dump &
Aerial Refueling Provisions 255
Systems including Ejection Seat
(No APU in Systems Weight) 1981
APU (Special for SETOLS & also used
for self-starting) 545
Specified Load 8574
SETOLS 961
Protection 451
CAS Mission Fuel 5777

E-17 Gross Weight 29050
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(continued)

The assumed G.W, for this iteration is 27000 pounds; therefore, the engine
size must increase to retain tokeoff distance and G.W, must increase above
29050 pounds which will result in the two-engine configuration being
considerably heavier than the one-engine configuration; therefore it was
decided to do no more work on the two-engine configuration.

One Engine Configuration
With APU to pressurize trunk, parametric engine, gull wing.
(Ref: Tech., Clar. Memo to NADC 12/19/78)

Sufficient work had been accomplished at this point so that a fairly accurate
choice of gross weight could be made as follows:

Design G.W. 27500 b
Rated TMox (Std, SL)
Scale 0.708 13000 [b

Wing Area (Excludes chord extensions

for SETOLS ot gull) 326 sq ft
Cushion  PSI 1.25
Trunk PSI 2.5
Trunk ¢ Perimeter 45,5 ft
Daylight Gap (Ave.) 0.75 ins
Trunk € area 153 sq ft
Trunk air required (from APU) 84,7 Ib/sec

Takeoff Grougd Run
S.L. 892.8°F, ;£ =0.10,

4,5 min at TMcx prior T,O. 2836 ft

VTo 222 ft/sec
Using the same wing and tail shapes, as used for the one-engine-config-
uration-with-bleed above, and the same fuseloge except the duct structure
is smaller for the 0,708 scale engine

S = 326 sq ft
SH = 89 sq ft
S - 65 sq ft
v
Drag Aircraft - Low Speed
C = .0217
DMin

Use drag coefficient for the one-engine-configuration.with-bleed above
plus AC = .0004; cormrect stores ACp for wing area change.

E-18
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(e) (continued)

CAS Mission

Distance Fuel
NM. Pounds
[ 5 minutes at T,, _ at S.L, 786
I Max
! Climb to 35000 feet, M = 0,65 73 948
‘ Cruise, M = 0.7 87 463
’ Descend to 5000 feet
i Loiter 60 minutes, M = 0,3 1980
Drop MK 82, Retain TERs
Climb to 35000 feet, M = 0.65 24 313
Cruise, M = 0.62 136 430
' Descend to S.L.
] » Loiter 10 minutes, M = 0,25 216
Reserve 5% initial fuel L 270
i Total 320 5406
i
: RAD = 160 NM
[ ‘ Weight
i ‘ Pounds
* i Wing 2655
Wing Extension for SETOLS 818
Horizontal Tail 366
Vertical Tail 287
Fuselage, including duct structure and speed brakes 1546
Conopy 403
Engine 1857
Tail Pipe Extension 181
Engine Section 167
Iinlet Ducts 245
Engine Cont, Start, Lub, Oil 108
Flight controls 610
Wing Integral Tanks 122
Unusable Fuel 82
Fuel System, including Fuel Dump and Aerial
Refueling Provisions 239
Systems, including Ejection Seat 1981
(No APU in Systems Weight)
APU (Special for SETOLS & also used for self-
starting) 552
Specified Load 8574
SETOLS 973
Protection 449
CAS Mission Fuel 5406

E-19 Gross Weight 27621 E-19

L eme e e e -




SANDAIRE

(e) (continued)

This configuration does show an advantage over the above one-engine-
with-bleed configuration of about 6% less gross weight; however, the
big unknown is the weight, size, cost and availability of an APU of
the size needed, one that will deliver 84.7 Ib/sec to pressurize the
trunk., This is essentially o small aircraft engine. It must have the
same reliability as the primary engine but can have shorter life due to
minimum usage.

The weight used for the APU installation is based on producing the
required airflow with 65% of the weight the primary engine uses to do the
job. If the primary engine delivered a fan bleed of 84,7 lb/sec, it is
equivalent to loss in thrust of

(84.7/87.7) x 4500 = 4346 lb

For a T/W = 18360/2623 = 7.0 for the primary engine (Page E-2), the
engine weight assignable to the bleed is 4346/7 = 621 Ib (compared to
404 Ib used in the above APU estimate for the uninstalled APU). The
weight of 552 |b shown includes 148 Ib for installation, controls, air
intake, exhaust, firewall, etc. If the APU in an actual application
required another 300 Ib, which would pyramid to about 700 Ib in gross
weight if the design was completely recycled, the advantage decreases
to 4% in gross weight. Therefore, it was decided to use engine bleed
and work on reducing the amount of bleed required.

Further study of available SETOLS technology and tests showed that the
daylight gap (trunk to ground clearance in the tokeoff and landing run)
was more nearly 0.25 inch than the 0.75 inch used. This would immedi-
v ately reduce the required airflow by 67%. Concurrently, it was decided
! that additional trunk nozzles were needed to help provide air lubrication
outboard of the ground tangent line, and they would normally exhaust to
the atmosphere. Using 20% of the total nozzle area for this purpose
‘ increases the flow by 35%. This distribution was used on the final trunk
| configuration. The net summation results in a reduction of thrust loss
due to bleed from 24,5 to 18.3% and is considered a simpler and more
reliable design thoan coping with the unknown and costly development of
an APU of the size required.

c— . - ———
- P

J (2) Preliminary Work with the General Electric FI01/F15A1 Turbofan Engine

(a) At this point in the design progress, the first candidate engine information
became available, and data ore shown by the following seven poges.

E-20
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(a) (continued) i

G.E. Engine Data
Ref. G.E. Report R77AEG631, dd 12/1/77
for GE F101/F15 Al Turbofan, Scale 1.0 '

The G.E. Report listed 3155 Ib for the basic engine (less nozzle) and
76.85 inches length (less nozzle). Length and weight shown on the
next page, for the engine with nozzle, are estimated.

Rated T 18217 b

Max {
Airflow = 351.7 Ib/sec
Bypass Ratio = 1,86
Fan Pressure Ratio = 2,37
= ,0193

Airflow/Rated TMax
/W

Engine performance, with installation factor of 0.95 applied to thrust,
is shown on the following pages.

5,77 (without nozzle, without bleed)

All data are for a scale = 1,0 el:ugine. Scaling factors, for I 30%

rated TMox' are

Airflow varies as TM h
ax
5

Engine Dimensions vary as (T Mux)o.

Engine Weight (including nozzle) varies as TM (T/W is constant).
This will not apply outside the £ 30% scaling.

(S.F.C. vs /T Max) does not ‘change with scale,
Rated TMax loss due to fan bleed = (Bleed Airflow - Ib/sec)/.0193

E-21
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(b) One Engine Configuration, Fan Bleed to Pressurize Trunk, GE F101 Engine

Changes

At this point, some updating changes were made. Fon bleed calculations
were revised, but a decision to go to the final configuration described on
Page E-20 was held in abeyance. The spare trunk orifice flow to the
atmosphere was selected as 40% vs the final 20%. Flop characteristics

had been partially developed and slight changes in the takeoff parameters
were made. A high wing configuration hod been selected (gull eliminated) .
and the trunk was made rectangular in plonform (2.5/1) with rounded ends, The
trunk was considered fully retracted with fuselage doors to close the opening.
The total effect of the changes wos not great, and no big change is

apparent except that associated directly with the G,E. engine vs the
parametric engine used previously. :

For the first iteration

Design G.W. - 29300 Ib

Rated TMox (sd, S.L.) : - 16650 Ib
Scale 0.914

Wing Area - 348 sq ft

Cushion PSI - 1.25

Trunk PSI - 2.5

Trunk Q Perimeter - 51.8 ft

Daylight Gap (Ave) - 0.25 ins

Trunk ¢ Area - 162.8 sq ft

Bleed required - 62.4 Ib/sec

Thrust loss due to bleed - ' 3233 Ib

Takeoff Grougd Run
S.L. 89.8°F, »=,065

4.5 min at TMax prior T.O, 3000 ft

230 ft/sec

vTo' -
Using the same wing ond tail shapes,as used in Section (1) above,
and o fuselage that will house a retracted trunk (this was later deter-
mined to be extremely difficult if not impassible and was abandoned
in favor of stowing the trunk extemally on an appropriately shaped
fuselage bottom), calculation showed.

S = 348 sq

SH = 94 sq ft

Sv = 74 sq ft
E-28
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(b) (Continued)
Drag Aircraft - Low Speed

C = ,0201

Min

Use drag coefficient for the one-engine-configuration-with-bleed in

Section (1) minus ACD = ,0012; correct stores ACD for wing area

change.

CAS Mission

5 minutes at TMax at S.L,

Climb to 35000, M = 0,65
Crvise, M = 0.7
Descend to 5000 ft
Loiter 60 minutes, M =
Drop MK82, retain TERs
Climb to 35000, M = 0.65
Cruise, M = 0.66

Descend to S.L.

Loiter 10 minutes, M = 0.23
Reserve 5% initial fuel

0.3

RAD = 160 N M,

Weight

Wing
Horizontal Tail
Vertical Tail

Total

Distance,
N. M,

51
109

21
139

320

Fuselage including duct structure and speed brakes

Trunk doors and mechanism
Canopy

Engine

Bleed

Tail Pipe Extension

Engine Section

Inlet Ducts

Engine Cont, Start, Lub, Oil

E-29
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Pounds

2955
398

1523
936
410

3071
121

109
287
258
185

Fuel,

b
818

710
528

1847

284
427

209
254

5077
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(b) (Continued)

Weight Pounds
Flight Controls 623
Wing Integral Tanks 124
Unusable Fuel 85
Fuel System including Fuel dump & Aerial Refueling

Provisions 224
Systems including Ejection Seat 2041
Specified Load 8574
SETOLS 1083

Protection 447 *
CAS Mission Fuel 5077
Gross Weight 28879

This is 1.4% less than the selected G, W, of 29300 pounds for design.
This reduction in weight will result in 0 G.W, of about 28400 pounds
if the design is recycled.

At this point in the design progress, the P&W STF 529 engine data
became available. The favorable characteristics of this engine were
recognized, and the final design was developed around this engine,
The final G,W. was 24300 pounds as shown in the report,

E-30
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It was deemed not feasible or expedient to include all the calculations for the

SOl dRE

APPENDIX F

PERFORMANCE DATA

following performance data; therefore, it is presented in graphic form, All
data is for standard atmospheric conditions except as noted.

(1
(2)
@)

(4)

(5)
(6)
7)

@®

9)

(10)-

CAS and ferry mission calculations.
Best cruise Mach No. and altitude for clean configuration,

Maximum specific ronge vs cruise Mach No. for clean
configuration.,

Best endurance Mach No. and altitude for CAS loading less
40% fuel.

Maximum endurance for CAS loading less 40% fuel.
Service ceiling, CAS mission,

Max rate of climb, S.L., 5000 ft. and 15,000 ft., standard air,
and S.L. for 89.8°F.

Max. rate of climb at S.L., CAS mission, SETOLS down and up
at takeoff speed, flaps 40°,

Max. rate of climb at S.L,, CAS mission less 60% fuel
(MLDGW), 21569 Ib,, SETOLS down and up, at landing
approach speed, flaps 50°,

Max. sustained maneuver load factor at S.L. and 5000 ft.,
CAS mission less 40% fuel, 22479 Ib.

Max,. sustained maneuver load foctor at S.L., and 5000 ft.,
clean configuration.

4




SUTIYAERE

(1) The following computer data was used in establishing the CAS and
Ferry Mission profiles:

CAS MISSION
4 Pylons
4 TER's
12 Mk 82
Operation A Fuel Weight Alt Mach A Dist A Time
(Lbs.) (Lbs.) Ft. No. N.Mi. Min.
Initial - 24300 SL - - -
WU & TO,5 min 651 23649 SL - 0 5.0
Climb-out 810 . 22839 36089 .60 79 13.2
Cruise-out 415 22424 36089 .69 Ave 81 12.3
Desc. 0 22424 5000 - 0 0
Loiter 1635 20789 5000 .31 0 60
Drop Mk=-82 0 13949 5000 .31 0 0
Climb=-back 260 13689 36089 .70 26 3.6
- Cruise=back 375 13314 36089 595 Ave 134 23.6
Desc. 0 13314 SL - 0 0
Loiter 178 13136 SL .235 0 10
R nitial) 228 12908 - - - -
Rodius 160 N.Mi.

Total Fuel: 4552  Lbs.
Total Time: 2.1283 Hrs.

Mission Profile is on Page 14 of the Report.
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FERRY MISSION
4 Pylons ‘
All intemal Fuye!

Operation A Fuel  Weight Alt Mach A Dist A Time
(Lbs) (Lbs) Ft. No. N.Mi. Min.

Initial - 20243 SL - - -
WU & 70,5 min 651 19592 SL - 0 5.0
Climb-out 583 19009 45800 .70 81 1n.7
Cruise-out 2000 17009 48000 775 720 97.2
Cruise-out 2000 15009 50200 775 814 109.9
Cruise-out 1899 13110 54200 775 885 119.5
Descend 0 13110 SL - 0 0
Loiter 170 12940 SL .23 0 10
Reserve

(5% Initial) 384 12556 - - - -

Range: 2500 N.Mi.
Total Fuel: 7687 Lbs.
Total Time: 5.888 Hrs.

Mission Profile is on Page 16 of the Report.

(2)&(3) Best Cruise ond Maximum Range

(@) Cruise Mach No. at dltitude for the clean configuration (with 4
pylons), is plotted os specific range in N. Mi/lb fuel vs Mach No.,
Pages F-6 to F~9, The corresponding instantaneous rate of climb is
plotted to show altitude limits on cruise, pages F-10 to F-13,
; These data were used to determine best cruise altitude and Moach
No. which are combined to give 0.99 maximum specific range and
~ best cruise altitude vs weight on Pages F~14 and F-15, Also shown 1
are time, fuel and distance for climb in the ferry mission, Pages F-16
to F-19. These plots were used in the calculation of ferry range. 1

(b) Included here are similar plots for the CAS loading (4 pylons +
4 TER's + 12 Mk 82) ond the CAS mission calculations. Note
that for "cruise back", data are plotted for determination of best
"cruise back" altitude considering both "climb back" from 5000 ft.
and "cruise bock". The 34089 ft. was the best, pages F-20 to
F-24,

F-3
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(4) &(5) Endurance

‘a)  Coleculations for loiter at 5000 ft and sea level are plotted on .
Pages F-25 and F-26, Loiter is at (L/D)Mux which was justified .

by plotting fuel flow vs Mach No. where the minimum fuel flow
is essentially ot (L/D)Max, Page F-27.

(b) Endurance at higher altitude was calculated; however, insufficient
engine data are available at the low thrust associated with minimum
fuel flow, Extrapolation was necessary, and some error undoubtedly
results. An example is on Page F-28., This and other data, not i
shown, resulted in Page F-29, The dbove probability of error may i
cause the irregularities. ;
i

(6) Service Ceiling

The data of Section (7) are combined with other data, not presented, to
calculate the service ceiling which is based on climb at maximum rate of
climb and on varying weight due to the fuel consumed in climb. The
weight at start of climb is 24300 - 5 min ot TMcx = 23649 Ib,

For the CAS mission loading, fuel to climb to 36089 ft. from Section (1)
is 810 Ib, This is at climb M = ,80; adjusting to best climb speed,
fuel reduces to 774 |b. Page F-30 shows total fuel consumed in climb
vs altitude in percent of fuel to climb to 36089 ft. The altitude for
300 ft/min and 500 ft/min instantaneous rate of climb vs instantaneous
weight is also plotted on Page F-30. Using the two plots together, the
service ceiling (300 ft/min R/C) is 36800 ft for the CAS loading with
weight of 23649 Ib, ot start of climb.,

(7) Rate of Climb for S.L,, 5000 ft. and 15000 ft., standard air, is plotted
vs Mach No., for several weights at. CAS loading (4 pylons, 4 TER's,
12 Mk 82), CAS loading ofter bomb drop (4 pylons, 4 TER's), and clean
with 4 pylons. P&W engine performance at S.L., 89.8°F at the Mach
No. for maximum rate of climb is not available; therefore, no estimate
was made for this temperature. (Pages F-31 to F-40),

. The maximum rate of climb ot any weight may be obtained from these
b Co data in combination with Page F-30 which gives the fuel consumed in
' climb, The maximum rate of climb for the CAS mission takeoff at 24300

Ib less 5 min, at T = 23649 |b is
Max
i Alt Max Rate of Climb
! ft ft/min
; 0 9880
5000 8250
K 15000 5000

f Also, maximum speed in level flight is plotted vs altitude for the three store
loadings, Poge F-41,
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(8) Max rate of climb in tokeoff and landing = see Appendix B,
poges B-26 and B-29.

(9)&(10)

Max sustained maneuver load factor; the results of the
calculations are shown by the plot, page F-41.
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