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1.0

HIGH ALTITUDE POWERED PLATFORM
PHASE T REPORT

INTRODUCTION

This report presents results of Phase I of a tWo-phase feasibility study

for a High Altitude Powered Platform (HAPP) performed under Contract No.

NAS6-3131 with the National Aeronautics and Space Administration, Wallops

Flight Center, Wallops Island, Va. The objective of Phase I of this study

is to develop an integrated and complete set of system characteristics

fncluding operational criteria for a lighter-than-air HAPP vehicle pow-

ered via microwave link.

These characteristics and specifications are to

be presented in the form of an engineering vehicle design.

The requirements for the Phase I study included:

(1)
(2)

(6)

Selection_of a basic configuration
Development of a parametric analysis for optimization of the sel-
ected basic configuration for best'performance.

Selection of a design and definition thereof,

System reliability predictions for final selected design.
Development of vehicle operating concepts, including safety and FAA

Regulatiohs.

Estimate of costs for prototype system development.

The microwave power transmission system, for purposes of this study, is

assumed to be available with characteristics as provided by the sponsor

in the contract Statement of Work. This study is concerned only with the

physical aspects of the receiving rectenna.



Previous related work in other programs and preparatory work by NASA has
provided an excellent background of information and data for this study.
References 7 and 8 report developments in kevlar technology oriented to-
wards use on high altitude airships. Reference 9 reports a study which
provides the basis on which passive laminar flow control was considered
for use on the HAPP vehicle. The "HASPA" program, Reference 14, provided
a background of experience for HAPP type operations which was considered
in many decisions. NASA, Wallops IsTand Flight Center, conducted statis-
tical wind studies reported in References 1 ana 2 which were specifically
oriented toward the HAPP mission and provided the data for wind environ-
ment which was crucial to HAPP design. The study reported herein pro-

ceeded from this substantial background of pertinent information.



2.0

2.1

DESCRIPTION OF PROBLEM

ENVIRONMENTAL

The conceptual system which this study explores is a geo-stationary
lighter-than-air vehicle flying in the stratosphere in a strata of min-
imum Qinds and powered by energy received from the ground via electro-
magnetic microwave transmission.

The intent of the HAPP program is to exploit benefits assbciated with
high altitude flight for the purpose of positioning a communication re-
lay. A primary advantage of operation in the chosen 20 km altitude range
includes minimum winds and reduced air density which lowers propulsion
power required. This altitude also provides an appropriate vertical po-

sition for relaying line of sight transmissions.

To fly on microwave power from the ground, the ship must be within the
aiming limits of the microwave beam which is specified as being within 4°
of ground station zenith. Outside of this limit, the ship must fly on
auxiliary power using on-board fuel. Thus, the timewise distribution of
wind velocities during a mission creates a trade-off situation where the
weight of a microwave system to accommodate a given wind velocity is bal-
anced against the weight of an auxiliary system to supplement microwave

power when the wind exceeds the given velocity.

The typical patterns of wind velocities in the United States at various
altitudes for four locations are depicted in Figures 2-1 and 2-2. The
details of this wind structure as it might apply to a HAPP Vehicle were

studied in considerable detail as reported in References 1 and 2. These
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references became the basis for the statistical winds used in this study
and afforded a variety of options for consideration in determining the

most advantageous operating scenarios for the platform.

The effects of reduced air density become apparent in aerodynamic and

aerostatic forces. These vary directly with density, and density at 20
km altitude is 1/14 that at sea level. _A further effect of the density
change with altitude is the change in volume of 1ifting gas for an air-
ship. For a HAPP vehicle with a 14 to 1 volume change, major consider-
afion must be given»to method of accommodating this change, and two al-
ternatives are available. One, launch the ship in a partially inflated
condition and 1et'the expanding gas fill out and pressurize the ship at
altitude, and two, provide air filled ballonets to pressurize and main-

tain the ships shaperin all phases of flight.

Thermal factors affect airship materials and performance in several ways.
Ambient air tempefatures are on the order of 217°K (-56°C).‘ The low air
density decreases convective heat transfer so that thermal radiation ef-
fects tend to predominate in surface heat transfer situations. Thus,
therma11y passive components may have significant variations from the am-
bient temperature. Variation of gas temperature from day to night af-

fects the aerostatic 1ift and airship internal pressures.

Solar ultra-violet radiation is an order of magnitude more intense in the
20 km altitude region than at sea level with a consequent acceleration in

the UV degradation of susceptible materials.
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Ambient atmospheric pressure at about 1/18th of sea level pressure has a
beneficial effect on helium gas loss and air dilution in the ship, in
that permeability rates are proportional to the partial pressures of

gases across the membrane involved.

AEROSTATICS
The aerostatic buoyancy of an airship is derived from Archimedes Princi-
ple and perfect gas laws, and is developed using equations and symbols’

from the HAPP Parametric Computer Program (See Appendix A).

The magnitude of the aerostatic buoyancy or 1ift is given in equation 1.

T, R

1. L = MG(PAGG-I)
T. R

P

G 'AA

Where M = mass
P = absolute pressure
T = absolute temperature
R =  gas constant

and Subscripts A = ambient air and G = 1ifting gas.

Thus buoyancy is sensitive to environmental and internal factors. Since
the difference between aerostatic buoyancy and weight must be compensated
by aerodynamic 1ift, which requires airspeed and power, it is desirable to
minimize buoyancy changes. To maintain a constant buoyancy for example, a
decrease in supertemperatﬁre might be compensated by a corresponding
decrease in the differential pressure. This 1s practical so long as the
differential pressure does not fall below the structurally required pres-

sure for rigidity of the ship. The gas constant for air may be regarded as
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not varying, however, the inflation gas constant will be different for
different gases. Also if the same gas, such as helium, loses purity by air
contamination the gas constant will change. Ninety-five percent purity is

assumed throughout this study.

POWER SUPPLY

The power to maintain the ship at some required velocity is derived from
reception of microwave energy transmissién supplemented by a self-con-
tained power system when the microwave power is not ;dequate, or not
available. As long as a given level of microwave energy is available,
the operations within this energy level may be varied as desired without
any significant effec;s on the overall results. However, when operations
upon the auxiliary power plant become necessary, on board fuel is con-
sumed and constitutes a weight penalty which translates back to increased
ship size. This trade-off and associated operational scenarios are ad-

dressed in the parametric study, Section 4.0,

AERODYNAMICS

Laminar Flow Hull Shape

The technotogy of utilizing section shaping to achieve passive boundary
layer control of airfoil sections has been well developed in recent
years. The companion technology as applied to bodies of revolution has
received some attention, although not as widespread, principally due to
the limited range ofVReyno1ds numbers in which it is applicable and to
various sensitivities exhibited in maintaining a laminar boundary layer.
The Reynolds numbers of a hull flying at relatively slow speed at high
altitude imply that with passive boundary layer control shaping, large

drag reductions are possible due to extensive laminar flow. The pos-
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sibility of applying passive laminar boundary layer control to high al-
titude airship design was favorably reported in Reference 9. Wind tunnel
and underwater model tests for a specific shape, the "DOLPHIN" shape, was

reported in Reference 10.

The low Reynolds number of the HAPP airship compared to a conventional
Tow altitude blimp, is the primary reason that extensive laminar flow may
be realizable with the HAPP. A conventional blimp exhibits laminar flow
in the boundary layer only for a short distance and quickly develops a
turbulent boundary layer. In the area of the car and toward the unfavor-
able pressure gradient near the tail section, the boundary layer separ-
ates from the hull. This is illustrated in Figure 2-3, Conventional Air-
ship Shape Boundary Layer. With proper hull shaping, the transition from
laminar to turbulent flow in the boundary layer can be moved aft on the
hull substantially. Immediately after boundary layer transition, while
the turbulent boundary layer is still young and thin, the flow is rapidly
diffused to above ambient pressure and then subsequently expanded to at-
mospheric. This serves to maximize the volume/surface area ratio of the
body without a severe pressure drag penalty and results in body shapes
with rather thin afterbody sting shapes. The flow along a passive bound-
ary layer control hull is illustrated in Figure 2-4, Passive Boundary

Layer Control by Hull Shaping.

The boundary layer transition position is a function of angle of attack,
surface roughness and waviness, in addition to-Reyno1ds number. The drag
will change as angle of attack influences the pressure gradient on the hull
(manifested as profile drag) and as the hull develops, left-induced drag is

generated. Surface roughness, in the form of steps, protuberances and
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surface waviness can prematurely transition the boundary layer, upsetting
the pressure distribution and low drag of the hull. Due to the very low
Reynolds number per foot of the HAPP full scale hull, the allowable step
seam could 1ikely be as large as 0.031 cm without tripping the boundary
layer, Since the hull material is thin, lap joints can be manufactured
below this step height. The most 1ikely source of troublesome surface
imperfection would be surface waviness, however, modern construction
techniques for inflatable hulls should provide tolerable surface waviness.
Microwave heating of the rectenna surface may possibly resuit in localized
premature transitionAof the boundary layer. Preliminary evaluation of new
patterning techniques indicate that the HAPP configuration can be
manufactured within tolerances necessary to result in a functional passive
boundary layer control shape. Future testing on full size preproduction
runs of HAPP material would lend additional support to such manufacturing

questions.

The candidate shape considered here for low drag will be referred to as
the "Dolphin", because of its resemblance of a dolphin animal. In pio-
neering work by Carmichael (Appendix B), a body shape was developed to
exploit the described flow phenomenon, and drag coefficients were cal-
culated by integrating the skin friction drag over the body with suitable
laminar and turbulent skin friction coefficients. The resulting "Dol-
phin® shape was tested both in a wind tunnel and in a deep-sea drop test.
Some of the results are presented in Figure 2-5, Experimental Comparisons
of the Dolphin and Standard Bbdies. The body shape considered for HAPP is
a Carmichael test body shabe with a shortened tail boom owing to structual

considerations. The effect on drag of shortening the tail boom would be

12
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related to increased base drag area, on the order of 5%, but the increase

may be avoided by proper design for propeller-hull interaction.

Stability And Control

The HAPP vehicle primary mode of flight contrdl is thrust vectoring of
the aft propeller. This was chosen over conventional rudders, or pro-
peller cyclic control because of its 1ow_weight and effective low-speed
control. Conventfonal rudders on the light-weight inflated fins would
have resulted in a large weight penalty, and would not have provided much
needed control forces during low speed landing maneuvering. With the aft
propeller installation, either a Qimba11ed‘or cyclic propeller could pro-
vide the needed control forces even at low speeds. The gimballed propel-
ler configuration requires clearance from the fins when fully vectored,
slightly restricting the fin geometry. The cyclic propeller requires a
more complicated control system and is feit to have less reliability than
the gimballed installation. The gimballed propeller was selected for

HAPP on this basis.

Basic airship hulls are statically unstable in heading. Stabilizing fins
are used on the afterbody to provide a margin of static stability. In-
formation in References 11 and 12 were applied in evaluating stability
factors. The size and position of the fins have been selected to provide
a degree of static margin necessary to reduce airship wallowing in
straight line flight. Wallowing is considered detrimental because it
could potentia]]j interfere with the laminar flow by altering the hull
preésure distribution and moving the boundary layer transition or
separation position. The reduction of wallowing is a dri?er toward large

fins.

13
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Weight, drag and turning performance, however, are drivers for small fins.
Obviously, smaller fins weigh less and have less drag. When turning the
air§h1p, the vectored trust is used to cause the airship to fly with an
angle of sideslip. This results in a side force which provides the cen-

tripetal acceleration to fly in a circle. Because the airship is stat-

}1ca11y stable in heading, a moment is generated to reduce the sideslip

angle. During a steady-state turn, this moment is balanced by the moment
generated by the vectored propeller. Thé larger the fins, the greater the
moment and the greater the thrust or thrust angle required from the
vectored propeller td balance it. Good turning performance with small

vectoring angles is a driver toward smaller fins.

In the HAPP mission, a certain level of turning performance is necessary
to maintain flight within the microwave beam cross-section. Because both
centripetal acceleration and aerodynamic sideforce are functions of vel-
ocity squared and are balanced against each other (canceling the velocity
terms) the minimum turning radius is independent of velocity. At high
windspeeds, the ship is flown at the wind velocity and only short sec-
tions of arcs need be flown to maintain position within the beam. At very
low windspeeds in the daytime, the ship is left nearly free floating. In
this condition, it is possible to drift ahead of the beam center requir-
ing the ship to fly a full 360 degree circle to return back to the beam
center. In very low winds at night, the ship must be flown in a circle
to maintain the necessary dynamic 1ift. As the windspeed increases, the

flight path becomes oval.

At an intermediate windspeed, a figure eight path may result in the mini-

mum departure from beam center. Instead of circular flight paths, it may

15
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also be possible to slow the ship, lose altitude and drift backwards fol-
lowed with an increase in speed, a gain in altitude and movement forward.
Repeating this cycle over and over keeps the airship within a confined
area. Once the windspeed reaches the minimum speed necessary to maintain
dynamic 1ift, circling is no longer necessary. This occurs at approxi-

mately 40 knots.

In the full scale“vehic]g development, careful evaluation of wind tunnel
results and demonstrator flights will be necessary to effectively opti-
mize the fin size and position. For the HAPP parametrics, the fin size
was based on a circular flight requirement of 500 meter radius (minimum)
with £ 22.5° gimbal angle and maintenance of some degree of static sta-
bility. vThe HAPP turning performance is illustrated in Figure 2-6, HAPP
Airship Turning Profile. The figure represents a time history plot for
the vehicle when linear acceleration is balanced against thrust, drag,

centripetal, and side forces.

An inverted "Y" fin tail was chosen as the lightest weight configuration
and also results in very gdod ground clearance. Inflated fins were sel-
ected over rigid fins because they showed an advantage in the parametric
analysis and they can be deflated to facilitate the transfer of the air-

ship to a margfnal]y sized hangar.

Orag

The Tow drag Dolphin hull shape has been chosen for HAPP to minimizé power
required to maintain on station with head winds. The drag coefficient used
in the parametric study for the overall vehicle is CDo = ,018 (based of

V2/3). This value is the result of a drag build-up of a basic hull drag,

16
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“fin drag, and windscreen drag. When using dynamic 1ift, induced drag due

to 1ift is added to the basic vehicle drag.

The bare Dolphin hull drag was determined by examination of the theoreti-

cal and experimental data available.

Dolphin Hull Drag @ Rn - 18 x 10°

TURBULENT BARE HULL (v¥/3)
Expefimental (wind tunnel) .0200
Theoretical (Young's calculation) .0200
LAMINAR (TO 60% OF BODY

Experimental . 0072
Young's calculation .0086

From the data, it is felt conservative to select CD° = 0.010 for the
Dolphin. At worse case, in the event of a totally turbulent flow condi-

tion, CDo = (0,020,

The tail drag coefficient is calculated assuming the tail size selected
previously. The soft fin is expected to have a turbulent flow boundary
layer due to the waviness of the fin skin. The hard fin is expected to
have turbulent flow for the inboard half and laminar flow on the outboard

half.

18
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SOFT TAIL CD,(based on projected area) CD (based on V2/3)
NACA 0012 .0074 .0051

NACA 0018 .0081 .0056

HARD TAIL

NACA 0010 .0050 .0034

NACA 0012 .0053 .0036

NACA 0018 .0060 | .0041

It was initially feTt that the heavier but lower drég hard fins would
parametrically trade-off favorably. This was not the case and because of
their greater cost and unfavorable impact on weight and balance, hard
fins were not selected for the HAPP vehicle. The soft fins selected used
the NASA 0018 airfoil and resulted in a larger spar depth and increased

bending stiffness. Airfoil data was acquired from Reference 12.

The windscreen is estimated to contribute CD = 002 based on V2/3.
This is an estimate based on a nomina1'windscreen size. The true, full-

scale windscreen dimensions and drag are not known.
The Dolphin base drag is now totalled. A worst case, fully turbulent

drag coefficient is provided below for the readers background. The lam-

inar flow drag coefficient is felt to be conservative.

19



LAMINAR TURBULENT

. ITEM Coe (V273 Worst Case Cno

Hull .0100 | .0200
Fins .0056 .0056
& Windscreen - 0020 -0020
%ig Total 0.0176 = .018 0.0276 = .028
ie 2.5 ASCENT, DESCENT
Air compartments called ballonets by which the air volume can be in-
?; creased and decreased on demand are required in the pressurized structure
;: to accommcdate changirg volumes of helium with changes of pressure and
? temperature. The volume requirement for a given mass of 1ifting gas is
- given in Equation 2.
‘E\«; Equation 2: VG = MG RG (TA + SH)/(P + PD)
;g ~ Where: VG = volume of gas
. MG = mass of gas
EE RG = gas constant (for HAPP study, the gas is helium + 5%

air contamination)
TA = ambient absolute temperature

& ' SH = superheat, the difference gas - ambient temperature

o
[}

ambient absolute pressure

o 4 PD = superpressure, the difference gas - ambient pressure

As altitude is changed from sea level to 20 km, the volume of helium un-
. der standard atmosphere conditions changes by a factor of 14. The helium

volume change must be compensated by ballonet volume.

20



2.6

A complication with this size ballonet is that at low altitudes the heli-
um occupies a small portion of the envelope and the center of buoyancy
moves a great deal as the ship pitches creating an unfavorable pitch sit-
uation. This problem must be accommodated in the ship design and opera-
tional procedures. It must also be expected that minor unbalances will
occur during operation that must be handlied in flight by some means such
as trim ballonets or weight transfers.

GUIDANCE S

The problems of position keeping and guidance although somewhat complica-
ted are all within state of the art as applied to other aerospace vehic-
les. The guidance requirement is to position the ship after ascent on
station within the confines of the microwave beam energy and to keep it
there throughout various wind regimes and to bring it back to station if
it should blow off. Generally speaking, in comparison with airplanes and
missiles, the accuracy and time response for this ship are not at all se-
vere. The microwave beam is focused into a tight'beam with a cross- sec-
tion at the ship approximating the rectenna area, but the beam can be
aimed within an arc of 4° from vertical. At 20 km, this provides a cir-

cular operating area for the ship 3 km in diameter.

A positioning information system for operations within the microwave beam
has been worked out by Raytheon Corporation. It requires a 1 watt "pilot
beam" on the ship pointing down which by means of x-y coordinate inter-
ferometry on the ground provides airship-groﬁnd anténna relative position
information, which is then used to navigate the ship. Microwave beam
polarization is sensed at the ship and telemetered to the ground to ro-

tate the ground antenna in synchronization with the ship rotation.

21



3.0
3.1

3.1.1

3.1.2

CONFIGURATION SELECTION
VEHICLE CONCEPTS

Five different lighter-than-air airship configurations were considered.
These represented the total spectrum of concépts that have been proposed
in this field. The five configurations are:

(1) Oblate spherbid

(2) Deltoid

(3) Conventional airship, pod drive

(4) Conventional hull, stern drive

(5) Laminar flow hull, stern drive

The four concepts that were seriously considered are shown in Figure 3-1.
Each is discussed below:

Oblate Spheroid

The expected advantage was a capability of motion in any direction with-

out turning. This is not possible because the aerodynamic center of 1ift

is 1/3 of radius aft of the leading edge and with a fixed center of grav-
ity location, omni-directional flight would not be possible. The shape
would have poor vo1ume/surface area efficiency and as a new concept would
have a high technology risk. This shape was therefore eliminated as a

candidate.

Deltoid Shape

This refers to a hull in which aerostatic 1ift is efficiently supple-
mented by aerodynamic 1ift of the thick delta shaped airfoil body. An-
alysis of this shape is detailed in Appendix C. This configuration has

been eliminated because:

22



TYPES OF AIRSHIPS CONSIDERED

A. DELTOID
ADVANTAGE AT + 80 'kt

.\\

3

CONVENTIONAL AIRSHIP, POD DRIVE
LIGHT, INEFFIGIENT, HIGH DRAG

D. PASSIVE LAMINAR FLOW AIRSHIP, STERN DRIVE

LIGHT, EFFICEENT, LOW ORAG: TAIL HEAVY, NEW TECHNOLOQGY

FIGURE 3-1, TYPES OF AIRSHIPS CONSIDERED
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C. CONVENTIONAL AIRSHIP, STERN DRIVE
LIGHT, EFFICENT, MODERATE DRAG, TARL HEAVY



3.1.3

3.1.4

3.1.5

a. It would provide a power advantage only at speeds above 80
knots, which represents a very small portion of the HAPP
flight regime.

b. Poor volume - surface area efficiency compared to an axially
symmetric body.

c. A new concept with a high technology risk.

Conventional Airship, Pod Drive

Based on Navy ZPG data, a drag coefficient of .04 would be expected. In
addition, propulsion e%ficiency as affected by propél]ér disk diameter
would be limited by hangar and ground clearance consideration, to an es-

timated maximum of .85.

Conventional Airship, Stern Drive
The drag coefficient for stern drive would be less than with pod drive by

elimination of external pods and supports to approximately C. = .028.

D
Propulsive efficiency would be increased by to perhaps .95 by use of a
larger propellor. In addition further minor drag advantages of stern
propulsion could accrue by favorable interaction of flow between the aft

portion of the hull and the propeller.

Laminar Flow Hull, Stern Drive

As discussed in Section 2.4 under aerodynamiés, advanced hull shapes of-
fer the possibility of significantly lower drag. Since the laminar flow
hull has to date not been attempted on an airship, there is a technology
risk. However, the following factors make the selection of this config-
uration advisable,

(a) Significant advantages in airship size and power requirements.

24
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(b)

(c)

(d)

(e)

(f)

(g)

At best the drag coefficient of the hull with fins may be .018
or slightly better. At worst a drag coef%icient of .028 would
still be as good as a conventional hull,

The volume to surface area ratio is very good because of the
low fineness ratio of the dolphin shape.

The quiescent atmosphere of the stratosphere is compatible
with laminar flow retention.

Manufacturing techniques to meet surface smoothness and wavi-
ness requirements for laminar flow are possible.

The airship Tow speed at Tow altitudes avoids accrual of sur-
face bumps such as insect impacts.

Stern drive advantages as given in 3.1.4.

Consideration of the above advantages results in selection of this con-

figuration, that is, a laminar flow hull, "dolphin" shape, with stern

propulsion.

Factors which are accepted and must be recognized with the use of this

concept are:

(1) A risk that aerodynamic flow will not meet expectations, a risk

that cannot be obviated until a large model is flown in the strat-

osphere.

(2) The dolphin shape has a small diameter tail section which requires

attention to insure that the structure is adequate to handle the

bending moments.

(3) The stern propulsion results in a concentration of weights in the

stern area so that airship balance becomes a critical factor in

positioning components.

25
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3.2

Another decision point in configuration is the choice of "hard" fins or
fabric inflated "soft" fins. Hard fins have lower aerodynamic drag but
are heavier and more expensive (composite technology). This is a trade-
off feature in which the parametric studies for both HI-SPOT and HAPP

have favored the "soft" fins for mission performance. Therefore, "soft"

fins are selected as part of the configuration.

A basic structurdl decision for the airship is "rigid" vs. "non-rigid®.
Since the shape selected is a body of revolution, it is compatible with a
"non-rigid" pressurized structure. A review of weightﬁ of historic rigid
airships, and giving allowances for modern materials, indicates that a
rigid hull would be several times heavier than a non-rigid. Further, for
this unmanned application, there are no significant advantages. There-

fore, a non-rigid preséurized structure is selected.

PROPULSION )

The main component in the propulsion system is a synchronous, permanent
magnet 3 phase, brushless A.C. motor. Several of these motors will be
used in parallel and cascaded through a combining sprag clutch to enable
the power system to bring more motors on line as required. This allows
the motors to run close to design speed and torque most of the time and

allows the unused motors to stand by, thus increasing reliability.
Powerplant configuration selection is described in Appendix D which re-

ports studies done under sub-contract by DSI Inc. A schematic of the

energy flow is shown in Figure 3-2.
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The auxi1iary engine drives a generator which provides electric power to
the primary electric motor. This arrangement for auxiliary power is sel-
ected to provide flexibility in location of the auxiliary engine for air-
ship balance purposes. A deviation from the DSI power plant configura-

tion is that a reciprocating engine is selected for the auxiliary engine
rather than a gas turbine. The reason is that engine studies under Pro-
ject HI- SPQT disclosed that gas turbines cannot readily be started at

mission altitudes.

3.3 MATERIALS
3.3.1 Envelope and Fin

Throughout the past several years, ILC has put a considerable amount of
effort into the investigatidn of materials for high altitude airships.
Because of the need for a high strength-to-weight ratio fabric, Kevlar
has been a desirable candidate. During this period of time, advanced
yarn processing and weaving techniques have been developed for Kevlar
fabric which have greatly reduced the flex fatigue problems associated

with Kevliar in the past.

In 1977, ILC cohducted.a study for NADC under Contract 77-M3495, which
evaluated a Leno weave Kevlar scrim base fabric in conjunction with a
film transfer coat. After extensive evaluation of the fabric, it was
discovered that when both yarn systems were stressed, the two yarns of
the Leno weave in the warp direction were cutting each other as well as

the fill yarn system.

In 1979, under another contract with NADC, further development work was

performed utilizing custom woven 200 denier, 40 x 40 and 30 x 30 count,
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plain weave Kevlar fabrics as the base materials in film laminate combin-
ations. Laminates of Mylar/Kevlar, Tedlar/Kevlar and polyurethane film
transfer coated Kevlar were constructed and evaluated as reported in Re-
ference 3. Based upon the test results and the excellent inherent wea-
therability of Tedlar film, the laminate of Tedlar/Kevlar (200 denier, 40
x 30 count, plain weave) was selected to be pursued for further investi-

gation,

Evaluation of white pigmented Tedlar film laminated to the above mentioned
Kevlar scrim has been on-going for the past year. Baséd upon recent ther-
mal studies, however, it has become apparent that a metallized Tedlar

film may be more desirable than the white Tedlar. Preliminary invest-
igation has indicated that a clear Tedlar film, with a vapor deposited
silver layer, will yield the optimum absorptance, transmittance and re-

flective characteristics needed for the airship.

ILC recognizes that the incorporation of a metalized surface into the
laminate may cause bonding difficulties and is prepared to investigate a
variety of adhesives. However, the optimum adhesive for laminates which
have been constructed in the past is Hytrel, a polyester elastomer. Var-
fous polyurethanes have been evaluated as laminating adhesives, but Hy-
trel exhibits the best bond strength and flexibility in the finished Ted-

lar/Kevlar laminate construction.

3.3.2 Taping Materials

Having constructed balloons for many years, ILC is aware of perturbation

caused to the envelope material by structural tapes. To remedy this oc-

~currence, ILC invéstigated a tape construction consisting of low modulus

29



yarns in the warp di}ection and high modulus/high strength yarns in the
fill direction. This type of construction would enable the tape to yield
with the hull. The construction selected for evaluation was a Leno weave
with 14 groups of 50 denier nylon in the warp direction and 40 yarns of
200 denier Kevlar in the fill direction. Preliminary testing of this
material in a taped seam indicates that the stress strain characteristics
are nearly identical to those of the base fabric. ILC is planning to
utilize Hytrel as the adhesive for attaching the structural tape to the
hull and fin material. Hytrel has excellent low temperature performance
and heat seals well; Two techniques of utilizing the Hytre] are to coat
it directly onto the taping material or to use Hytrel in film form and
sandwich it between the hull fabric and taping material. Each of these
methods would be sealable by radio frequency techniques and will both be

evaluated.

Since recent evaluation has shown that an adequate bond between Tedlar
and Hytrel can be obtained when RF sealed, a Hytrel coated Tedlar film

will be utilized as the face tape.

Data in References 3 and 4 indicates that an ultimate strength of 260
1b/inch (455 N/cm) in both directions can be attained with a Kevlar fab-
ric weight of 1.8 oz/yd2 (61 g/mz) plus film and adhesive weight of

1.7 oz/yd2 (58 gm/mz). A total material unit weight of 3.5 oz/yd2

(119 gm/mz) was derived from this basis. Increased strength is

achieved for parametric study purposes by increasing the Kevlar weight in
proportion to strength required and holding the film and adhesive weight

constant.
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3.3.3

3.4

Ballonet Material

At the present time, the most 1ikely ballonet fabric will be a 1ight-
weight scrim reinforced film. The candidate scrim is a 40 denier, 80 x
53 count, polyester Leno weave which weighs 0.85 oz/ydz. This scrim
will be film transfer coated with polyurethane to obtain an air holding

construction.

- The overall construction should be light in weight (under 3.0 oz/ydz)

and easily fabricated by use of RF sealing techniques.

ASCENT/DESCENT
The need for a very large (nearly 100 percent) ballonet is a unique de-

sign problem which has been accommodated as illustrated in Figure 3-3.

‘With this ballonet concept, launch is accomplished with the ship horizon-

tal and the helium contained in a compartment at the top of the ship to
avoid sloshing and unbalance of the ship in the launch configuration.

The ballonet is a diaphram separating the ship longitudinally into two
equal portions. The chamber beneath the diaphram is filled with air at
launch and the ballonet presses against the top of the ship with no gas
between it and the ship. The ship, while hor{izontal, commences its as-
cent to altitude without propulsion by virtue of some excess aerostatic
free 1ift from the helium charge. As the ascent progresses, the helium
expands'through a port into the chamber above the main diaphram and ac-
cumulates in the nose of the ship. This produces a nose up trim which

gradually increases until the ship is nose up at about 85 degrees above
horizonta1.r As the helium chamber above the diaphram continues to fill
with helium, the center of buoyancy moves toward the tail of the ship

thus bringing the center of buoyancy closér to the center of gravity and
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rotating the ship back toward a horizontal ﬁttitude. The rate of ascent
is controlled at a reasonable value on the order of 150 meters per minute
by valving helium or dropping ballast as necessary. Thus, for this oper-
ation, external ballast would be attached to the ship and compensated by
additional helium which would be valved off when equilibrium is reached
at pressure altitude. During cruise, fine trim control would be achieved
by moving air between the fore and aft trim ballonets.

During ascent, the ship would typically encounter high tropospheric winds
and would be blown éome significant distance away from its desired sta-
tion position. Upon reaching altitude, the ship would motor with the
auxiliary engine to the station and once_in the microwave beam the micro-

wave power would take over.

For the descent operation, the ship would first proceed at altitude under
auxiliary power to a calculated point where the ship can arrive at the
landing spot without need for travel at low altitude. This {is done be-
cause ship speed at Tow altitude is slower than at high altitude by a
factor inversely proportional to the square root of the air densities
(3.7 for 20 km to sea level). Thus, less fuel is required to make the

travel distance at altitude.

The afrship inflation gas management for descent is quite different from
the ascent procedure. In order to fly the ship down in a controllable
configuration, the air that must be added to the ship in order to main-
tain shape and pressure is pumped into the helium compartment. Thus a
homogeneous 1ifting gas mixture is maintained inside the ship and the

center of buoyancy?remains near the center of gravity. This impure gas
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is removed and a new pure helium charge is loaded into the helium com-

partment before launch.
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4.0

PARAMETRIC ANALYSIS DEVELOPMENT

Within the general concepts described, a parametric program was developed
to analyze quantitatively the relationship of the various factors towards

optimizatioﬁ of a final design.

The logic flow for the program is illustrated in Figure 4-1. The.program
listing 1s attached in Appendix A. The program is well annotated with
remarks so it can be followed with some study. The principle consider-

ations incorporated in the program are discussed beIow.

Fabric strength is adjusted to an average of three weights distributed
over the hull to handle hoop stress as a function of radius, with a mini-
mum hull fabric unit weight of 119 gm/mz. This i1s the minimum weight

practical from a manufacturing and handling point of view.

Design aerostatic 1ift is defined as the 1ift available at maximum super-
heat and superpressure (daytime). The ship is sized by the program for
the 1ift to match the weight. At night the loss of aerostatic 1ift is
compensated by generating aerodynamic 1ift, which impacts ship weight by
size of the primary and au¥i1iary propulsion systems. A limitation is
placed on the dynamic 1ift coefficient of 0.3 to avoid regimes where in-

duced drag would be unduly high or flow separation might occur.

The aerostatic 1ift calculations are based on perfect gas law relation-
ships. The internal pressure of the ship has significant effect on the
mass of gas in the ship and thus on the aerostatic 1ift at altitude and

is included in the calculations.
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PARAMETRIC ANALYSIS LOGIC FLOW

Printout

Input Constants
Standard Atmosphere
Gas Properties

l

Soft or Hard
Fin Option

l

Set Initial Variables
Altitude
Volumes
Winds
Velocities
Temperatures
Pressures
Efficiencies
Coefficients

l

Optional
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Figure 4-1 PARAMETRIC ANALYSIS LOGIC FLOW
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The rectenna area is determined by the power required and includes con-
sideration of the loss of power generation as a fuﬁction of the cosine
squared of the incident microwave power. The rectenna parametrics are
based on distributing the rectenna area over the bottom of the ship so
that its perimeter is at a constant anglé of incidence to the microwave
beam. Figures 4-2 and 4-3 are graphical presentations of these rectenna

functions,

The program includes power losses (efficiency) for the propeller, gear-
box, power transmission wires, rectenna, and auxiliary generator. The

auxiliary engine fuel/power coefficient is included.

Hull fabric strength and weight parametrics are based on values for a
Tedlar-Kevlar composite fabric tested for the Naval Air Development Cen-

ter and reported in Reference 4,

Ballonet fabric strength and weight are based on current technological

developments in fabrics used by ILC in aerostat construction.

Propeller weight estimates varied widely. For the HI-SPOT program, a
weight parameter of 3.6 kg/kw was developed, while DSI in Appendix D,
reports 0.4 kg/kw for the HAPP, Some research disclosed Reference 5, a
Boeing Vertol empirical study of propellers for airship applications.
Data of this reference was utilized to develop the propeller weight par-

ametric as a function of airship volume and propulsion power.
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Fuel consumption rate for a turbo-charged reciprocating engine with fos-
sil fuel was adapted from the HI-SPOT program. Fuel tank weight param-

eter was developed from ILC experience in designing fabric fuel tanks.

The sﬁip must have an auxiliary power system with on-board fuel in any
case for flight between "on-station" and the launch/landing site. A
trade-off situation arises "on-station" as to the weight of the microwave
powered propulsion system for a given speed vs. the weight of an auxil-
fary systém with on-board fuel to supplement microwave power when the
wfnd exceeds the given velocity. Three operational scenarios were se-
lected to study this trade-off. First, the "dedicated" mode in which
microwave power alone is adequate for the highest wind expected. Second,
the "coupled" mode in which microwave power is provided up to a certain
"threshold" speed, and above that speed the ship stays on station by aug-
menting with auxiliary power. Third, a "divorced" mode in which the ship
is allowed to blow off station above "threshold" wind speed and auxiliary
power eventually bringing the ship back to station when the wind speed
decreases, The program computes for either the "dedicated mode" or the
"coupled mode" for pdwer plant operations depending on whether or not
input “threshold speed" equals "limit speed". Preliminary study estab-
lished that the "divorced" mode was inefficient for most situations and
it was eliminated from further consideration. The number of hours that
the statistical winds blow above a specified "threshoid" velocity was
derived from References 1 and 2 and is presented as a parametric graph in

Figures 4-4 and 4-5.
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Figure 4-5 presents the average of winter season wind occurrences at Wal-
lops Island, Va. and Washington, D.C., while Figure 4-4 presents the max-
imum number of hours the wind will exceed a given velocity. The curve of
Figure 4-4 is b&sed on three points for Wallops Island given Reference 2.
In Reference 2 it is found that 93 kts is the maximum wind speed on re-
cord at 20km over a 10 year period. Review of data in Reference 1 for 14
locations in the contiguous USA indicates that winds at 20 km within the
USA and not within Tine of sight distanée (300 miles) of the northern
border will be less than 93 kts at least 99.5% of the time. 93 kts was
therefore chosen as a reasonable design point for the maximum winds to be

experienced by HAPP,

The equations of Figure 4-4 are used directly in the program to provide
the number of hours that the wind blows above a threshold velocity, thus
requiring use of the auxiliary power plant on station. Figure 4-5 was
used to derive an empirical equation for the "cube average wind" velocity
above a given threshold velocity. The "cube average wind" is the equiva-
lent wind for computing the power requiréd over the wind spectrum at vel-
ocities above threshold. The equation for "cube average" wind is:

UK(4y = (((27460 - (171.37 - UK(3y) 12) 1 .5) - 53.009)
Where UK(4) = average power wind of winds above threshold wind UK(I)'
Wind values knots. When threshold wind equals limit wind, the time above

threshold is zero and Figures 4-4 and 4-5 do not apply.
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5.0 PARAMETRIC STUDY INPUTS FOR BASELINE COMPARISONS
7 EFFICIENCIES:

Propeller = ,90
§1; ) This number is developed in Figure 5-1.
With favorable/interactions between the hull and propeller, it
may be improved to .93.
Gearbox = .95 from standard practice
Primary Engine = .95 See Appendix A

Rectenna = .80 from Raytheon

Auxiliary Generator = .90 See Appendix A

Transmission Wire .98
With ribbon braid-wire thermal radiation adequately cools a 2%
power loss in the wire,

WEIGHTS:

Propeller = f (Volume, Power). See App. A, line 3080 and Ref. 5.
b Gearbox, kg/kW = .43 See Appendix D

| Primary motor, kg/kW = 1.82 See Appendix D
b Auxiliary Engine, kg/kW = 4.75 Developed from HI-SPOT, where the
"Block" = 1.25, Turbo Charger 1.0, and heat exchanger = 2.5,
5 | Auxiliary Generator-kg/kw = 1.1 See Appendix D
& Rectenna, kg/m2 = 0.40 estimate
: Water Recovery System kg/kW = 1.0 estimate

B Fuel Tanks and supports kg/kW = ,011 estimate for fabric tanks

Payload, kg = 680 ’
ﬁ; ' Avionics, kg = 117.3 |

- Ballast kg = 448.1 needed in nose for balance

s Drive shaft kg/(kW m) = 0.0119 derived
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Valves = f (volume, rate of ascent, pressure dffference).

~ See Appendix A, Tine 3640
Blower = f (volume, rate of descent, pressure difference).

See Appendix A, line 3620
Electric Wire = f (length, resistivity, density, voltage, power,
% loss). See Appendix B, line 3580

Hull fabric minimum, kg/m® = ,11867 (See Section 3.0 Fabrics)
Fin surface fabric, kg/m2 = .11867
Rib fabric, kg/m’ = .07
Ballonet fabric, kg/m? = 0.085

MICROWAVE POWER DENSITY
kw/m2 = 0.50 from Raytheon.

WIND AND AIRSHIP SPEEDS, Kts

Limit = 93

Threshold = 93

Aux. only = §5

Ascent and Descent Winds - See Figure 5-2

Cubed average of wind above threshold - See Section 4.0
Hours that wind persists higher than threshold - See Section

4.0

SUPERTEMPERATURE

Superheat = + 16.7

Supercool = -17.2 Difference from ambient temperature

SAFETY FACTOR = 5
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DRAG COEFFICIENTS
Ascent, Descent = ,028
At altitude = .018 for soft fins (.016 for hard fins)
Rate of ascent and descent = 150 m/min

Altitude = 20 km

POWERS
Avionics, KW = 1,13 See Appendix D
Payload, KW = 1.0

PRESSURES

Hull pressure, night, cm water = 2.5 for hull rigidity

DAY HULL PRESSURE OPTIONS
Pressure adjusts to fabric strength
Pressure as designated, fabric strength and weight adjusts, but not

less than minimum fabric weight. Baseline value: 6.35 cm water.

MISCELLANEOUS
Hull surface area - from Dolphin geometry
Fin area - See Stability discussion, Section 7.6
Aerostatic and Aerodynamic Lift - See Section 2
Helium Purity = .95 (5% air contamination) Experience

Trim ballonet volume = .05 ship's volume Estimate
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6.0

6.1

SPECIAL STUDIES

The three areas recommended for further study at the Parametric Review of

July, 1981 were:

1) Thermal effects: Prediction and control of day/night temperatures
were still under question.

2) Gusts: The magnitude of gusts which might be encountered and the
structural methods of handling these gusts had not been determined.

3) Ballonet Configuration: A satisféctory arrangement to accommodate

all flight requirements is not readily apparent.

THERMAL EFFECTS

A heat transfer analysis was developed by which thermal equilibrium for
flight conditions can be calculated. The program for this analysis is
listed in Appendix E. The analytical model is shown in Figure 6-1. As-

sociated equations are shown in Figure 6-2.

Flight performance effects which indicated a need to minimize the day/
night temperature swing are shown in Figures 6-3 and 6-4. Figure 6-5
shows a typical temperature distribution over the skin of the ship, day
and night, clear and c1cudy skies. Clcudy skies cause higher tempera-

tures in the daytime because of solar reflection frem cloud tops.

Analyses and experiments were conducted to determine hull skin construc-
tion which would minimize day/night thermal changes. The best construc-
tion concept is illustrated in Figure 6-6 with absorptivity/emmisivity

possibilities as low as 0.1.
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"TOP HALF

T UlE-SE A2

U2: H(Ta-TrY%A/2
U3 FsSa A/
U4= SE,TA'E,A/2

[T U 5’ - B7
Ue=-SE,Tr*A/2
U7= H(Ta-TH)%A/2

Qu= U+ Ut U Ug UgUp U,
FOR SOLVING EQUILIBRIUM CONDITION
SET Ta =CTF+T)/2 (AN APPROXIMATION)

BOTTOM  HALF

Bl= -SE, Ta*A/2

B2: H,(Ta-Ta)%A/2

B3= SEsTe*( I-E,) E, A2
B4:SE,TW'EA2
BS5: FsLSaA/2

Be= - Ug

R7--SE, Ta*A/2

B8: Hy(Te-Ta)¥A/2

Qa: B+ By By Ry BABB4 B,

, AND Qu=Qsa
N NOTE : REF 15 r [ URB,
; SYMBOLS —
" EMISSIVITIES AREA
[
(- E, TOP FABRIC OUTSIDE A TOTAL SURFACE of SHIP
E, ATMOSPHERE .
Es TOP FABRIC INSIDE - TEMPERATURE R
Es BOTTOM FARRIC OUTSIDE TA AMBIENT
Eg EARTH , Ta GAS
S STEFAN- BOLTZWAN CONSTANT Tr TOP FARRIC
SOLAR Ta BOTTOM FABRIC
F FLUX Te EARTH
S. FABRIC ABSORBRTEVITY
i L ALREDO
CONVECTION
. H OUTSIDE COEFFICIENT
. H INSIDE CDEFFICIENT

Figure 6-2 THERMAL EQUATIONS
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This possibility is further supported by Figure 6-7 (from Reference 6)
for 1 mil Teflon on silver with an a/e of .05/.5 = .1. Samples of metal-
lized Tedlar and Polyurethane films were procured from vendors and were
tested for radiation properties by the thermal laboratory at NASA, Lang-
ley Research Center. Informal results received to date give an a/e of
(.022/.590) = .037 for a clear Tedlar film with a silver backing. If
this figure is verified, then temperature change problems for HAPP would

become almost negligible.

In order to obtain data for verification of the anaTytﬁca1 model and its
inputs, a high altitude balloon flight experiment was arranged. A simu-
lated airship was constructed of fabric with a 1 mil white Tedlar film,
laminated with Hytrel adhesive to a Kevlar fabric substrate. The labor-
atory thermal values for the external surface were .796 for I.R. emiss-
ivity and. .33 for solar absorbtivity. This model airship was cylindri-
cal, 4 feet long and 1 foot diameter, with spherical end caps. It was
instrumented with thermistors inside to measure skin temperature around a
vertical half of the perimeter every 30°, and three internal gas thermi-
stors were mounted, one, 1 inch from the top, a second in the center and
a third, 1 inch from the bottom. The model was flown on two balloon

flights, each at about 100,000 ft. altitude, one flight at night and one

- flight during the day. Figure 6-8 shows the thermal model ready for

launch.
A typical set of data from the night flight is shown in Figure 6-9 in

comparison with an analytical prediction and shows good correlation of

gas temperature results. The top and bottom skin temperatures are
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6.2

brought into closer agreement if the internal top to bottom heat transfer

is reduced in the analytical model.

For the day flight, excellent correlation of analytical and flight model
gas temperatures are obtained if outside surface solar absorptivity is
set at .37 versus the laboratory value of .33. A set of daytime compar-

ison data is as follows:

Analytical Model F1ight Model
°C °C
Skin Hot Spot 21.7 27.7
Gas 13.5 13.2
Skin Cold Spot 5.3 3

For both day and night, the analytical model gives a smaller difference
of top and bottom temperatures than the flight model. However, gas tem-
perature correlation is excellent and the analytical assumption that gas
temperature is equal to the average of hottest and coldest skin temper-

atures js verified.

GUSTS AND BENDING MOMENTS
The research and evaluation of gusts and bending moments is reported in

Appendix F. The conclusions of the work are summarized as follows:

The gust environment for launch or landing is selected as a maximum 17 kt
gust superimposed on a steady 10 kt wind, the critical altitude being
300m (Ref. 3 and 4). Thus, launch and landing times must be chosen when

winds are within this Jimitation.
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6.3

The force and bending moment analyses in Appendix F indicate that in the
critical altitude regions, the combination of both static and aerodynamic

bending moments maximums can be sustained by the hull with an internal

. pressure of 3.1 cm water, As will be seen later in the report, the hull

will be capable of at least 6cm water pressure. . Figures 6-10 and 6-11

preéent the pertinent data.

The analysis further shows that static bending moments can be sustained
with an internal pressure of 1.7 cm water. Control moments at altitude
are minimal. A minimum hull pressure of 2.5 cm of water provides satis-

factory rigidity for the quiescent stratosphere.

BALLONET CONFIGURATION

The ballonet configuration was in first concepts either too heavy or in-
adequate for control of center buoyancy. Project HI-SPOT had similar
problems and for that project it was decided to use a large 100 percent
ballonet and accept an ascent in a high nose-up position. This solution
has been adopted in HAPP. Principle of ballonet operation during ascent
is 11lustrated in Figure 3-2. The configuration consists of a "helium
compartment” in the top of the ship which contains the initial charge of

helium and prevents sloshing problems during ground handling and launch.

" The main ballonet is a half hull shaped diaphragm which separates the

ship horizontally into two chambers. The part beneath the diaphragm is
the "air chamber" and is filled with air at launch pushing the diaphragm
up against the helium compartment and the top skin of the hull. At max-
imum altitude the helium has expanded out of the "helium compartment"

into the "helium chamber" above the diaphragm, pushing the diaphragm down
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flush against the inside bottom of the ship and against the inflated can-

opies of the payload and uti1ity-compartments.

o Trim ballonets fore and aft are located in the top of the ship for fine

pitch trim during controlled flight.
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7.0

PARAMETRIC STUDY RESULTS

The parametric trends are presented in two sections. This section deals
with sensitivity of mission performance to various parameters. Appendix

E presents thermal parameter effects on gas temperature.

Figure 7-1 is a printout of the airship and mission characteristics for
the "Baseline" configuration. The inputs for the baseline are those

listed in Section 5.0.

In the parametrics that follow, unless otherwise indicated, only one in-
put parameter at a time is varied with all other remaining at their base-
1ine value. The "Baseline" condition is shown on all graphs by a square

symbol.

Figure 7-2 indicates the adverse average affect of adding weight. The
volume of the ship is determined by the intersection of the 1ift and
weight curves, which in this case are for the baseline ship with volume

76193 m°.

Figure 7-3a shows that if the limit speed (speed never to be exceeded) is
decreased, the volume and power requirements decrease. The penalty for
decreased 1imit speed is an increased probability of being blown off sta-

tion,
Figure 7-3b shows the penalty for decreasing the threshold speed (speed

powered by the microwave). The additional weight of auxiliary power

plant fuel is much greater than microwave system weight savings.
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Figure 7-3c shows rapidly increasing penalty for increase in auxiliary
capability. Fifty-five knots is chosen as baseline as a reasonable speed
to fly against wind aloft. This speed corresponds to 15 knots at sea
level which again is a reasonable minimum for landing operations. An
auxiliary engine maximum speéd of 55 knots 1imits launch and landing days
to these on which winds aloft are sufficiently lower than 55 kts to bef-

mit flight to and from station.

Figure 7-4a shows the rather severe penalty for increasing the drag co-
efficient. At CD = ,028 the volume is over 100,000 m3} These penal-

tieé may be alleviated by designing for a lower altitude as shown later.

Figure 7-4b shows importance of higher propeller efficiency. A1l power

train efficiencies have similar effects.

Figure 7-4c gives effect of changing auxiliary engine fuel consumption

rate.

Figure 7-5a shows increasingly adverse effects of superheat/cool, which
is the day-night variation of gas temperature from ambient. When the
day-night difference increases, aerodynamic 1ift requirement and conse-

quent induced drag increases requiring greater primary and auxiliary pow-

- ar capability.

Figure 7-5b shows a sharp minimum volume and power at 6.35 cm water pres-
sure. This pressure corresponds to the pressure that can be contained by
the minimum acceptable weight fabric (118 gm/mz). Above this pressure,

fabric weight increases at a predominate rate. Below this pressure,
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fabric unit weight is cdnstant, so aerodynamic lift and drag increase at

a predominate rate.

Figure 7-5¢ shows night pressure increase detracts from the superpressure
available to offset day-night temperature changes resulting in increased

aerodynamic 1ift and drag.

Figure 7-6a gives effect of changing pay1oad weight. This curve applies

for any weight change.

Figure 7-6b shows the drastic effect of hull fabric unit weight. In this
parametric superpressure was increased as permitted by fabric strength

but the weight effect predominated over aerodynmamic 1ift savings.

Figure 7-7a shows a baseline ascent-descent rate of 150 m/min optimum for

this configuration.

Figure 7-7b shows that helium purity has very significant effects. This

is an area in which improvement should be possible.

Figure 7-7¢, microwave power density inf]yences rectenna size and weight.
If two cross polarized antennas were used, the increased rectenna size
effect can be estimated on this graph by tasking 1/2 the power density x
cos 45 which equals .18 w/mz, corresponding to a ship volume of 97000

m

Figure 7-8 shows Drag coefficient vs Limit Speed with volume constant.

It examines the effect of compensating for an increased drag coefficient
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by limiting the top speed. The drop in speed is more rapid than would be
expected by a Cﬁ 1/3 estimate because more auxiliary power is required

for flight off station at the higher drag coefficient.

Figure 7-9a shows 1imit speed effects on volume at drag coefficient .028
at 20 km. For this graph, the "threshold" speed (maximum speed on micro-
wave) is held equal to "limit" speed (the airship maximum design speed)

so that on station all power is supplied by microwave beam.

Figure 7-9 showé that by designing for 19 km altitude, the airship vol-
ume is significantly decreased a§ compared to the volume at 20 km. This
is a possible means of compensating in case of a high drag coefficient.
As the environmental winds figures in Section 2.0 show, at 19 km the
winds generally tend to be higher, but still manageable.

Figure 7-9c shows adverse effects on volume at 19 km and C, .028 if

D [
threshold speed is decreased and 1imit speed held at 93 kts.

Figure 7-10, Parametric for 19 km and CD .028, showing significant

effects of auxiliary speed capability.

Figure 7-11. Correlates the effect of superheat/cool with volume and
power if no superpressure 1§ utilized (day pressure = night pressure).
Abcve a superheat of 10° volume and power penalties became significant.
Compared with Figure 7-5, top, the small amount of superpressure provided

in the baseline noticeably benefits performance.
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8.0

8.1

CONCEPT SELECTION

The HAPP mission profile as it will be accompliished by the selected vehi-
cle is illustrated in the schematic sketch, Figure 8-1. The vehicle is
sized to stay on station indefinitely using microwave power transmitted
from the ground. The ship will fly on microwave power at speeds up to 93
kts which is the maximum wind speed encountered in the study of Reference
2. Reference 1 indicated a less than 5/1000 probability of higher winds
within the USA in the winter season. Thus, at 93 kt capability, 100%
coverage of the contiguous USA can be achieved with‘extreme1y low prob-

ability of being blown off station.

The airship selected has a laminar flow "Dolphin" shaped hull, volume
78000 m3, with stern propulsion and physical layout as portrayed in
Figures 8-2 thru 8-87and Figure 3-2. This ship is the "baseline config-
uration" used for the parametric sensitivity curves. The airship and
mission features are listed in the baseline computer printout of Figure

8-9 and summarized below.

DESCRIPTION
Volume 78000 m
Length 123.3 m
Diameter 37.8 m
Gross Weight 5631 kg

Envelope Weight 2440 kg
Power System Wt. 1771 kg

Fuel 291 kg
Payload 680 kg
Ballast 448 kg
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. POLFHIN SUFT FINS 31AUGE2
! VoL ALT =0T AUXE FRLI WEUN FEWT FUEL L 43
Mr3 ¥y n IN N A G KRG G G nG
0 77911 29 260444 S7,388 192,00 Z440.Q 1771.0 291,30 080 348,90/
L »7% 347 3%
[
SUFER HEAT = 1847 K SUPERCOOL = -L7.2 N
, el = ,018 FROF CU = 0184380667
f' ZAFTEY FACTOR = 5 DAY FRESS (LW HzD1 = 5,302
| JNIT FAR WT=,11B47 KG/MZ MITE PRE3SB= 2.9
-==WEIGHT3 KGS:i-=--
:vaLUrE Wwr
[ TAPE W7 = 103,84771 AULL = 12B8%,57871
‘ FIN 575 = 20?.03@342 BALONT SY5 _=_709,484238
[ CONE WT = 47 BLOWER = 52,72560234
VALVE WT = 33,2199201
FOWER SYSTEM WT _ o
Ly FROPELLER = 301,346801 SAAFT = _40.157482s
: GEAR RBCA = 78.,4331439 FRIME MUTCOR = 347.434097
v RECTENNA = 234.781953 TRANS, WIRE = 242,72063%9
AUXE ENG = 273,547433 GENNERATOR = _57,0130432
o AMIONICS = 1173 TANKS = 10.87547%
e WATER RECOVERY=57.5389375
- RECTENNA AREA =371,954704 ANGLE OF INCIDENCE LIMIT=13.85275i%1
MICROWAVE BEAM RW/M2= .5 ) _
7 LIFT = 3830.,86101 KRGS WEIGHT = 3630.,70987 K58
. JELOCITIESy KTS
S LINIT=%3 THRESHOLD=93 _—
wdx [ESIGN=33 CUBE AVE:THRES=92,7%9533%3
o xxx*xxxx#x*xx*tx*xx*xxxxxx*x*xxxt*xx*xXxxxxxxxx*xxtxxx*xxxxtx«xxxtn;xtxxxxxtﬁx:;«
ASLENT FROFILE
" FOWER OFF asCeENMT Af 130 M/MIN
JIME _TO CLIMB TO 29 RKM=2,22222222
- BLOWOZT DISTARCZ =383.8601386 KH.
i TIME T3 _AUXBACK 7O STATION =Z.784779038 ]
¥ FUEL LSED ASCENT AND AUXBROX =30.#73337F KG
ON-STATION FICFILE
! THRESHOLL SFEZL OF 93 K75 EXCEEDED FI3R 0 HRS /WINTER AT FOWIR A€ §#SSD §F §3 &735
4 FUEL W7 _= 0 _RG3
SHIF ZSFEED ON FRIMARY FOWER{ THRESHOLD VEL =93 KNQTIILIMITING “wEL = 93875
- fOR 3 ARS @ 7% K75 RESERVE FUEL WT = B87.535185t
i o _ ... [SCENT FROFILZ
- FOWERED LESCENT AT 120 M/MIN
TIME Tg LESCZND FROM 20 KM¥=2,232222222 HFRS
o riE. FOR L[E5CENT = 24.3153272 XG53 _ o
s AUAAWAY AT ALT TIME AN LISTANCE +,64311205 HRS AND -472.730%E5 s»
g FUEL FOR AUXAWAY = 50.,8044572 KRGS
TLEL FOR BLOWER =_19,830282%4 KRGS
} TUEL FIR_8 Wi LANLING = 87.53%1351 KGS ‘
g: FUEL USED FOR DESCENT OFS5 INCL 8RR LaNDING = 173.437303 56
¢ _ ) _ _ SUMMARY
70TAL FUEL WwT FOR MISSION = 251,485344
e TLL21=,106931343
PN FIGURE 8-8, HAPP BASELINE CHARACTERISTICS
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Maximum Speed 93 kt
Max. Speed on
on Rectenna Power 93 kt
| Max. Sbeed on
Auxiliary Power* 55 kt
Turning Radius , 500 m
* at 20 km. Speeds at lower altitude decrease inversely as the

cube root of air density.

Mission Profile

Ascend at 150 m/min to 20 km operating altitude. (weather limited)
Fly to station on auxiliary power (284 km). (wind limited)

Stay on station on microwave power for 3 months (90% reliability).
Fly 8 hours at 55 kt on auxiliary engine reserve fuel.

Fly to descent start position (473 km). (wind Timited)

. Descend at 150 m/min. (weather limited)

N B W ON
- « & e« s a

Fly 8 hours at sea level, 15 kt. for landing operation. (weather

Timited)

SPECIFICATIONS FOR COMPONENTS

Hull Material (skin):
A laminate composed of outer layer, clear Tedlar film, .025 mm
thick, weight 34 g/m2 2nd layer, 800 angstrom thick silver, vapor
deposited on the Tedlar. 3rd layer, black Hytrel adhesive, 25 g/mz,
4th layer Kevlar fabric, 200 denier, 40 count warp and fill, unit
weight 60 gm/m2 Total unit weight of material, 119 g/m2
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Envelope Materials:

Tensile = 455 N/cm
Tongue Tear = 222 N
Helium permeability = 1.0 (1/m2/day)
Solar absorptivity = .12 and infrared emmissivfty = .80
The silver layer backed by the black Hytrel provides complete UV
protection to the Kevlar.
The ngTar,has poor adhesive bonding characteristics. Structural
bonds will be on the inside.

Hull Surface Smoothness Requirement: Aft of nose stagnation area to 60%

of hull length,

/‘:z <2.147 x 1073 /2

h = Wave amplitude
A = Wavelength
Step height 1.3 mm

Ballonet Material:
Polyester scrim fabric, polyurethane coating
Unit weight 85 g/cm?
Helium permeability 1.0 (1/m?/day)

Fin Fabric:
Same as hull fabric.

Propeller:
3 Blades; blade chord 1 meter; blade length 11 meters, controliable
pitch; cruise RPM about 100.. Weight: 297 kg. Gimbal hub, max swiv-
el angle 22 1/2° from ship axis.
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Prﬁmary Propulsion:
- 4 electric motors, samarium - cobalt magnet construction, 250

volts, each 52 kw output power. (See Appendix C).
Weight each: 86 kg.

Gear Box:
Planetary gear, clutch to each motor (See Appendix B for detail)
Weight: 77 kg.

Drive Shaft:
Length 19 M, composite tube construction, diameter 25 cm, telescop-
ing secton for length changes. Weight: 39 kg. |

Auxiliary Engine: '
Supercharged Reciprocating Engine, Fossil fuel, shaft power 56 kw,
weight: 268 Kkg.

Fuel Tanks:
Coated fabric (Kevlar Polyurethane) Flexible tanks, Weight: 17 kg.
Capacity: 500 Liters

watér Recovery System:
Condenser, super-insulated 350 Liter tank Weight: 56 kg.

Auxiliary Generator Driven by Auxiliary Engine:
Samarium cobaTt magnet construction Qutput power 51 kw at 250 V.
Weight: 56 kg.

Power Transmission Wire:
Braided copper ribbon, not insulated, maximizing surface area for
heat dissipation, mounted on inside surface of hull, 2 conductors.
Resistance power less than 2%. Weight: 235 Kg. (Aluminum, if suit-
able, will be Tighter)
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8.3

Rectenna:
Area: 451 m? Sandwich construction - Foreplane 2 1/2 cm Foam
spacer, reflecting plane.
Weight: 181 kg.
Avionics:
(See Appendix C for details).
Six fold redundancy with Military rated componenté, system relia-
bility 99%. |
Functions:
Air data system generates flight control data and signals.
Sensors: Heading, Dynamic Pressure, Static Pressure, Temperature, Helium
Pressure, Ballonet Pressures, Tail Pressure, VOR-DME Position, Loran Po-
sition, Inertial System, Pitch Angle, Pitch and Yaw Rates, Propeller Gim-

bal Angle, Propeller RPM, Data Link to Ground, Command Link to Ground.
Airborne F1ight Control System:
Automated response to data system commands, with command override from

ground.

ALTERNATE DESIGNS

- Two alternate designs are listed here, (1) for geographic areas or summer

conditions where maximum winds are low, and (2) a contingency design for

drag coefficient of .028.

Alternate (#1)
As seen in the wind profile data of Section 2, Figures 2-1 and 2-2, many
cases can be covered with a 1imit speed of 75 kts. Features of a ship

with 75 kt 1imit speed would be:
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Altitude
Volume
Length
Diaméter
Gross Weight
Max Speed
Max Speed on
Rectenna Power

Max Speed on

Auxiliary Power

20  km
67056 m3
123.5 m
36.0m
4841 kg

75  kts

75  kts

55 kts

Details are shown in Figure 8-9.

Alternate (#2)

Should future drag studies show that a drag coefficient of .018 cannot be
= obtained and .028 is realistic, some sacrifice of operating capability
can still result in a reasonably small and useful ship. This design
¢ ~would have an altitude of 19 km and a maximum speed of 75 kts.

Its features would be:

Altitude 19 km
. Volume 69684 m3
gi Length 125.1m
b Diameter 36.5m
& Gross Weight 5906 kg
L Max Speed 75 kt

Max Speed on

Rectenna Power 75 kt
Max Speed on

Auxiliary Power 55 kt

N Details are shown in Figure 8-10.
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HAPP 1906 20JN82 ALTERNATE #1

SOILFEIN BUFT FINS S1AUGEBZ
vioL - ALl RECT AULE  FRLI wEN F5WT FUEL L 437
Mfa nit WOIN Kis R NG R 55 G A
2/9%6 20 137.%6 S0.3¢¢ 73,337 2210.0 1249.0 I3e.00 08U 443,/
’ : S04 28% 34
IUFPER HEAT = la.7 K SUFERCIOL = -17.,2 K
J0 = ,018 FROF CLt = ,01893533280 _
SAFTEY FRCTOR = § DAY FRESS (CH W0 = 0.02s
uMIT _Fa8 _WT=,11887 KG/M2 NITE PREZS= 2.3
-——%EIGHTS NGB --~
o __CNVELOFE W7 _ ‘ .
TAFE WT = 93,0382166 HULL = 1183.22771
FIN 8YS = 139.,157075 BALONT 575 = &41,B6%9763
CONE WT = 47 ECOWER = 47.707236d
VALVE WT = 27.,8854244 ,
i FOWER SYSTEA WT N . _
PROFELLEZR =_217.756796 SHAFT = 13.3467839
GEAR_EBOX = 3B,1242513 FRIME mOTOR = 1467,823706
RECTTANA = 115.334405 TRANS, WIRE = 2:1,132971
AUXE ENG = 239.8%4472 GENMERATOR = 47,79947E3
CAVIONICS = 117.3 TANKS = 14.32575%7 N
WATER [RECOVERY=50,5045205
RECTZNNA AREA =390,836012 ANGLE OF INCILENLE LIMIT=13.7%03152
AICROWAVE BSAM KW/M2= .S _
CIFT = 4340,58987 KRGS WEIGKT = 4340.35787 K&5
YELOCITIESs KT
LIMIT=73 THRESHOLD=7% ~
AUX DEBIGN=53 CUBE AVE:THRES=81.,7974136
COMMENT ALTERNATE #1 LIMIT 78KT=THRESHOLD

ALTITUDE ZOKH

xitx.‘txx.‘ﬂ:‘k:ﬂxx*mtxx*XX:X*XMXX*‘H#*‘KXXI‘K‘H‘H‘M AP FEEEHCEFS P E I FET T EOTIVETEEEE S o
AS5CENT FROFILE

“OWER OFF ASCENT AT 150 M/MIi
PIME TD CLIMB 7O 20 KM=2,22222222
BLOWOF: DISTANCE =283.860136 K, .
TIME TQ AUXEACK TO STATION =2.73677033
rUEL USED ASCENT AND AUXEACX =26,7414334 KG
ON=-STATION FPROFILE

TRRESACLD SPEED OF 7% NT3 EXCEEDED FCR O HRS S WINTER AT FPOWCR AVE SFEZDX 0 S1,7772153
FUEL WT = 0 K&3 ‘ N - _ o
slF SPEED ON FRIMARY FOWER(THRESHOLD VEL)=7T KNOTSILINITING VEL = J3aT3
FOR 8 HRS 3 73 NTS RESERVE FUEL WT = 75.7288711

. - DSCENT FROFILE
rODWERED DESCENT AT 130 M/ /MIN _
TIMe To DESCENL FROM 20 K¥s2,222037222 HRS
FJEL FOR LESCENT = 21,3241309 &35 - . .
AUXAWAY A7 ALT TIRE AND DISTANCE = 4,535939333 HRS AND -473,2553%4 an
FUEL FOR AUXAWAY = 44,7108309 KoS
FUEL FOR BLOWER = 9.77334973 Kisb
FUEn FOR_8 HR LANDING = 75,766871. K35 o
FUEL USED FOR DESCENT OPS INCL 8RR LANDING = 132.3748433 <6

v |
SUMMARY
- Y - MTISCTAN = 54 AB4TED
FOTAc FUYEL WT FOR MISSION = 254,084757
A A N N R N N R I A R

TLLZE =0 396417757
ALTERNATE DESIGN (1)
20 Km MAX SPEED 75 KTS

FIGURE 8-9
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HAPP 1906 20JN82 ALTERNATE #2

SOLPSIN 30FT FINS 31ALGaZ
VL ALl RECT AUXE  FRUI WEYN F3WRT FUEL il EL3
mt3 At RW IN K Kid b NG = 3 3
a%4d4 17 234,31 P40 172,33 237B.0 2957,0 a4l 289 43,007
+2% 7% 3%
SUFER HEAT = 1o.7 K SURERCOOL = =i7,2 N
o = _,028 _ FROF Co = 02914862174
SAFTEY FACTOR = DAY FRE3ZS (CM HIO) = 5.541
UNIT Faf wT=.118o7 RG/M2 - NITZ PRES5= 2.5
===WEIZHTS KGSi-
} ”NUELOFF Wl
TAFE WT = 95.473%744 AULL = 1193.42471¢
FIN _5YS = 194,068732 EALONT 575 = &70.,30%337
CONE _WT_= 47 . BLOWER = #8.9457004
VALVE WT = 27.,1545486
o FOWER SYSTEM WT oL
ROPELLER =_275,1%4174 SHAFT = 34.73667972
cAR _ROX = 70.,4775:21 FRIME MOTCR = 314.009087
ECTENNA = 213.010809 TRANS, WIRE = 3%7,(37357
UXE ENG = 427.,574349 GSHNERATOR = 89.5363064
VIONICS = 117.3 TANKS = 25.3:10773
WATER .RICOVERY=90.,440%1358
RECTZNNA AREA =332,327022 ANGLE OF INCIDENCI LINIT=13.2079%e
MICROWAVE BEAM KiW/M2= .3
WIFT = 3%06,17432 KGS WEIGHT = 5306.18573 KES
) velOCITIESy KTS
LiMIT=73 THRESHOLDI=7S _
AUX DESIGN=33_ CUBE AVE:THRES=81.7%75138_
COMMENT ALTERNATE #2 ALTITUDE=17KM ({L=.028
LIMIT SPD=73KT=THRESHOLD S5FU
FENF PP ESee SR e et e PPt esse s xx§xx KKEKEXXKKELXKE XK CRAR KK X KKK E R I KKK LR KA
ASCENT FROFILE
FOWER UFF ASCENT AT 130 M/MIN
TIME 7O CLIWE TO 17 KM=2,11i11i11
BLOWOFF GISTANCE =277.069834 KH,
TIME TO AUXBACK TO STATION =2,7201047%
FUEL USEL ASCENT AND AUXKACK =44.7416995 K3
= ON-STATION FRODFILE
THRESHOLD SFEEL OF 75 KTS EXCEELED FOR 0 ARS JUINTER AT FIWEX AVE S7SED LF 81,7%7:2:33
FUEL WT = 0 K55
SdIF SPEED On _FRIMARY FOWER(THREBAOLD VEL =75 KNOTSILINMITING wEL = 7T4T3
FUR 8 HRS @ 75 KT8 RESERVE FUEL WT = 137.470172
, ' USCENT FROFILE
FOWERED DESCENT AT 139 M/MIN .
TIME T2 DSSCEND FROM 17 KM=Z.111l1111i HRS
FJEL FOR DESCENT = 36.274E856Z2 RG3 ‘
AUXAWAY AT ALT TIME_AND_DISTANCE = 4.207T302s HRS ANI -434,573554% M
FUEL FOR AUXAWAY = 73.,3331346 KG5
fUEL FOR BULOWER = 9,526487711 KG5_
SUEL FOR 8 hR LANDING = 137.470172 KGS
FUEL USED FIR DE5CENT OFS INCL 3HR LANDING = 255.8070sl w5
SuUMMARY
TJOTAL FUEL WT FOR MIBSION = 440,818933
§§0b0tti&ii0060|00050000'0‘6!00#0000’000#0&)0060iOia»ftvib‘v&&)-Ohbbv)'-riri:-‘--Z -----

TV Z =, 1077846342

ALTERNATE DESIGN (2)

19 km MAX SPEED 75 KT
Cp = .028

FIGURE 8-10
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SYSTEM RELIABILITY PREDICTIONS

Reliability details of the HAPP airship system are addressed in Appendix D,
~a report compiled by DSI. While estimation of the probability of failure
of the avionics system relies on past experience and testing, powerplant

and airframe probabilities are intuitive estimates.

The uncertainty in propulsion reliability is forced by the untested techno-
logy of the system. Endurance testing or field use of another system with
similar components can be used to establish a data base for more precise
failure predictions. Likewise there is no data base-fdr this type airframe
with new technology materials. Avionic systems similar to that required
for HAPP are in widespread use in the aerospace industry, leaving little

doubt to the credibility of that area of prediction.

Design for reliability must be supported by extensive testing. In these
estimates and the accompanying cost estimates, moderate testing has been
assumed and does not, for example, approach that required for spacecraft
components.

The report shows a reliability estimate for the whole avionics system df
0.8997 over a 3 month operational period. Figure 3 of Appendix D shows
that for the most part, triple redundancy is used to achieve that level of
success. Table 3 of Appendix'D indicates a high failure rate of the air-
borne data Tink can.be expected. Where four of these units have been used
to increase data link reliability to 93%, a group of six would raise the
probability of success above 99%. Such a modification would improve the
avionicsvreliabi1ity to 0.9708. Figures 9-1, 9-2 and 9-3 summarize the

reliability data with the above revisions.
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The report in Appendix D bases a total system reliability on an airframe
failure rate of 10 per 1 million operational hours and a propulsion relia-

bility estimate of 0.9303. Coupled with an avionics reliability of 0.9076,

a success rate of 0.8351 can be anticipated. For the avionics system with

added redundancy in the airborne data 1ink, a much higher total system suc-

cess rate of 0.8993 can be expected during three months of operation.
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10.0
10.1

HAPP OPERATING PROCEDURES
FLIGHT PREPARATIONS

Inflation sequence for the airship is outlined in Figure 10-1. After the
ship is inflated and secured to the mooring dolly, the rectenna is in-
stalled after inflation. The mooring cradles will be designed so that the

rectenna area is accessible.

Systems checkouts will include the fo]ToWing:

1. Inf1ated_components leak inspection and tests. The leakage tolerances
will be very tight and it is expected that aftef inspection, a week
long instrumented pressure holding test will be necessary to assure
adequate gas tightness.

2. Rectenna inspection and electrical test.

3. Propulsion system tests including several hours of full power running
on primary motors and an auxiliary engine system.

4, Avionics system tests.

5. Mechanical componenfs tests - valves, blowers, air distribution sys-

tem.

When the in-hangar tests are complete, the system is moved to the launch
site, as depicted in Figure 10-2. Fins are inflated, and final preflight
checks completed. Telementry and command links with the control station
are established. Flight advisories are issued and flight clearance ar-
ranged with the appropriate authorities. The auxiliary engine will be

started and idled throughout ascent.
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10.2  LAUNCH

ff¥;f Launch is accomplished as indicated in Figure 10-3.

At launch, the balloon is inflated wifh air filling the air chamber and he-

lium in the helium containment tube. Helium has been metered to gi?e a

theoretical 10% free 1ift. During ground hand1{ng, the outlet valve to the
E helium tube is locked to prevent inadvertent transfer into the helium cham-
s ber. Prior to launch, the helium tube valve to the air chamber is unlocked.
& The balloon is trimmed to equilibrium condition with 5° nose up attitude
2 prior to launch. External ballast is carried as necessary to balance the
free Tift. At launch, external ballast is dropped ffom the CG location to
give approximately 1% measured free 1ift and the hold down straps are re-
leased. Ascent velocity is controlled by monitoring internal pressure.
The main ballonet valves release air according to a controlled rate based

on a schedule of envelope pressures. If the internal pressure of the hull

N is higher than scheduled, helium fiow from the helium tube will be re-

L stricted, thus pressurizing the helium tube, but decreasing the aerostatic
1ift as the ship ascends higher. If the helium tube exceeds its limiting

[ pressure, helium will be vented to the atmosphere. If the hull pressure is

too low indicating a Tow rate of ascent, external ballast will be dropped

bt as needed. Ascent proceeds as sketched in Figure 10-4.

10.3  CEILING APPROACH
As the ship approaches flight altitude, it will rotate towards a horizontal
attitude. The altimeter transducer will activate filling of the aft trim
i ballonet at 2 kilometers, the purpose being to have a controlled amount of
air left in the ship for trimming when float altitude is reached. Ap-
bl proaching the pressure ceiling will be indicated by a rise in hull gauge

o, . pressure,
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10.4

The pressure in the ship will be allowed to rise to its 1imiting pressure
of 6.35 centimeters water, at which time the main ballonet should be empty
and the helium valves will be opened as needed to avoid overpressure. When
the ship ascent has ceased, remaining external ballast is jettisoned and
propulsion will be activated, which will also activate the trim system and
air will be transferred between trim ballonets as needed to achieve a zero
angle of attack.

OPERATION AT ALTITUDE

After fiight control has been established, the ship Q111 fly at 55 knots
airspeed on it auxiliary engine and navigate to the microwave beam. Once
microwave power is avajlable, the quxi1iary engine will be shut off and the
ship will fly entirely on microwave power for the on-station mission

duration.

The HAPP ship will fly at aerostatic equilibrium (zero angle of attack)
during the day at its maximum internal pressure (6.35 cm water). At night,
as the helium cools, pressure will be allowed to drop to 2.5 cm water, and

cooling beyond that point will require aerodynamic 1ift (about 500 Kg).

Gimballing of the propefTer will provide a temporary means of maintaining
trim, backed up by transfer of air between trim ballonets which are used to

bring the propeller gimbal angle back to zero for best trim efficiency.

An air density sensor (pressure and temperature) will detect changes from
the desired altitude and, through a control loop with the propeller gimbal
and the trim ballonet transfer pump, adjust the angle of attack to maintain

the ship at its proper altitude. During daytime the desired angle of at-
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10.5.1

10.5.2

tack is zero and a prolonged deviation from this indicates a departure from
aerostatic equilibrium which would be corrected by valving helium or drop-

ping ballast as needed.

Trim forces at night will be influenced by the pitching moment of the aero-
dynamic 1ift, and the control loop would operate to balance this out with

the trim ballonets.
CHANGE OF ALTITUDE DURING CRUISE

Ascent

The ship can ascend on1¥ when air is available in a ballonet. To ascend,
the nose is pitched up by gimballing the propeller and air is vented from
the ballonet maintaining pressure greater than minimum. When the new alti-
tude is reached, free 1ift is adjusted to zero by adjusting super pressure
with ballonet pressure controls. If super pressure equilibrium is less
ihan minimum, aerodynamic 1ift will be needed until heat transfer from am-
bient air into the ship compensates for the adiabatic gas cooling during

ascent.

Descent :

To descend, superpressure is increased by pumping air into the main ball-
onet chamber which gives negative free 1ift and the ship will sink. If the
superpressure margin is not available (as it may not be during daytime when
the ship is warm) the ship is pitched down with the propeller and the ship
is motored downward maintaining super pressure as it goes. When the de-
sired altitude is reached, superpressure is adjusted to give zero free

Lift. If this is higher than super pressure limits, negative aerodynamic
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1ift is used until heat transfer from outside cools the ship to a zero lift

i condition.

10.6 DESCENT FOR LANDING
Upon completion of the on-station mission, the ship will fly at 55 kts
airspeed, on auxiliary engine power to the calculated position for

commmencement of the descent.

In the final descent mode, a negative free 1ift is obtained by increasing
superpressure of the ship by first pumping air into fhe main ballonet and
trim ballonets. The ship is also pitched down so propulsion will further
force downward travel. When the main ballonet is 5% full and the trim bal-
lonet is SOi full, they are thereafter maintained at that level of fullness
and excess air requirement is met by blowing air into the helium chamber.
A "~ This procedure avoids center of buoyancy movement problems and yet provides
ballonet air for altitude maneuvering in the landing approach. At 5 kilom-
eters and lower, the super pressure will be maintained at not less than 6
centimeters of water to provide rigidity to resist gusts. When landing
approach altitude is reached, the ship levels off and is adjusted to zero
angle of éttack with trim ballonets. Over the landing field the nose line
is dropped. The ship is restrained by the nose line and allowed to wea-
thervane until the mooring mast and dolly are brought into position beneath
it. Thernose 1ine pulls the nose into the mooring cone while lines from
line-throwing guns position straps over the hull and secure it to the cra-
dles and the dolly. Difficulty of the landing maneuver will chiefly be a
function of gustiners regardless of wind speed. The practical 1imits have

not been addressed in this study.
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10.7

10.8

NOTE: In so far as possible, the ship control will be programmed to
respond to basic commands such as:
1. Change altitude to altitude X.
2. Proceed to 1atftude X longitude X.
3. Make final descent.
A1l functions will, however, have remote command override for direct con-
trol from the ground in case of malfunction. Al1l sensor outputs will be
telemetered to the grbund for ground monitoring to detect malfunctions in

control.

EQUIPMENT AND PERSONNEL

It is estimated that a permanent crew of 30 persons will be needed for HAPP
6perations. Twenty crewmen would be needed for flight preparation, launch,
and recovery. Since an abort condition could result in an unscheduled
landing on 2 hours notice, 20 men would always be on standby. During nor-
mal flight, a crew of three would be needed on watch; one monitor, one

emergency control assistant, and one emergency crew coordinator.

SAFETY AND FAA REGULATIONS
The safety aspects fall in three categories: Crew safety, public on the

ground safety, and airspace safety.

Crew safety would be a matter of internal control and no undue problems are
anticipated. Normal industrial safety practices should suffice, which would

include safety instruction for the crew on special aspects, such as not

- hanging onto lines as the airship ascends.
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Public ground safety is of concern if the ship makes an uncontrolled Tand-
ing, but the actual hazard is relatively minor. Because of the low density
of the ship and its soft construction impact damage to buildings, etc.,
would generally be minor. The inert characteristics of helium avoids fire
and toxic problems in case of its release, and further, since helium rises
when released, even a massive release would not pose any suffocation threat

to people on the ground.

Airspace hazard could be great, and must be avoided by proper coordination
with FAA air traffic control procedures. Federal Aviétion Regulation Part
91 would apply, however, the HAPP vehicle because of its unmanned character
and unusual operation would need special arrangements made by "waivers" to

normal regulatory requirements.
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11.0

1.1

DEVELOPMENT PLAN

]

The development plan recommended as a result of the Phase I study will con-
sist of the following steps: 1 - Complete Phase II of this contract (proof
of concept model design definition); 2 - Build and flight test a proof-of-

concept; 3 -‘Conduct wind tunnel tests of needed; 4 - Build and flight test

a full scale HAPP. Each step is discussed in the following procedures.

PHASE II (EXISTING CONTRACT)

Phase 1I calls for a proof-of-concept model design. It was originally
thought that this vehicle would be a small (3 - 10K cubic foot) vehicle and
fly to some low altitude (3 - 5K ft.). In the course of the study, it be-
came apparent that this type of model would not be very useful as a learn-
ing or proof-of-concept tool since it would not demonstrate the extremely
large ballonet concept and its impact on ascent/descent/recovery, nor dup-

licate the full scale HAPP Reynolds Number.

It is generally agreed that the HAPP vehicle proof of concept will not be
accomplished until a vehicle is sent to altitude where these critical dem-
onstrations can be achieved. With this in mind, it is necessary to define
the steps, after the completion of Phase I that need to be followed in a
Togical proof of concept program. A multiple stepped program with each
vehicle designed to demonstrate increasingly more system factors rather
than a single full scale prototype step will provide a sound engineering

program approach,

With this philosophy, the proof of concept model is a much larger, much

higher fidelity vehicle than originally contemplated. Thus, Phase II of
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11.2
11.2.1

the existing contract will serve to define the size, configuration, and

mission of the proof of concept model.

FIRST DEMONSTRATION VEHICLE

First Flight Test

The HAPP mission will gain fts first real step toward demonstration when a
vehicle is 1aunché&, deployed to altitude and then recovered. The main
objectives of this first test vehicle would be to demonstrate the inflation
procedures, verify that an inflated ship can "fly" up through the high wind
layers, that the ballonet concept is sound, and then return to verify the
recovery sequence. This vehicle would use the actual hull materials and
configuration anticipated for a full-scale vehicle to permit early real
time field verification of the HAPP envelope design and manufacturing tech-

niques.

In order to minimize vehicle size and at the same time keep costs to a min-
imum, this vehicle would carry only an auxiliary power system, no thin film
rectenna or prime power systems would be used. In addition, the station
keeping avionics would be greatly simplified and many multiple redundancy

features would be eliminated.

Microwave power transmission should be demonstrated on this flight. At
some altitude during ascent (dependent upon unit available) microwave power
should be transmitted to the balloon and received as evidence by some posi-

tive monitor, (power recorder).

It is suggested that this model should have a dummy rectenna to simulate

the surface perturbation caused by the rectenna. This could be
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accomplished by fabricating a foam/mylar sandwich to simulate the rectenna

and attach the panels to the balloon in the proposed fashion.

Time on station would be minimum on this first flight; in addition, the
flight would be sﬁhedu1ed for favorable ascent/descent winds to minimize
fuel consumption. A1l procedures on this first flight will be true simu-
lations of subsequent flights so all data is directly applicable through

size correlations.

Second Flight Test

The first flight of the demonstration vehicle will serve to test the me-
chanical and aerostatic characteristics of the HAPP concept. A second test
flight of this vehicle would be an extrémely useful tool for obtaining
nearly full scale aerodynamic data which would be extremely costly and sub-
ject to great debate over validity if obtained in the wind tunnel. It is
proposed that after the first flight successfully demonstrates the vehicle
and mission concept, the airship be retrofitted and extensively instru-
mented to permit a second flight for the purpose of gathering large scale

model aerodynamic data.

Accurate Tift and drag vs. angle of attack, effects of rectenna surface,
effects of rectenna heating, and control and stability feedback parameters
are all examples of data which could be accurately obtained from this sec-
ond flight and be incorporated into the detailed design of the prototype
HAPP.
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The demonstration vehicle will serve to verify the HAPP concept and will
D provide the test bed for the accumulation and proofing of aerodynamic data

and concepts for large laminar flow bodies.

711.3  WIND TUNNEL MODEL
Depending upon the actual performance of the test vehicle, it may be desir-
able to use wind tunnel data to optimize the vehicle geometry prior to full
-5 scale design of the HAPP prototype. This.wou1d include a small amount of
computer optimization of the hull shape, fin sizing, etc., followed by wind
tunnel verification. If the demonstration vehicle perfofms well and its
§§‘ performance predictions are in accord with those anticipated, then this

program step could be waived.

7 11.4 PROTOTYPE HAPP

A | The prototypé HAPP, powered by ground based microwave power would be de-
{j signed, fabricated and flown as the next program step. This vehicle would
be the full configuration with regard to size, weight, power components,

&5 " guidance, etc.

This vehicle would be a "full-up" prototype with design capability for a

?i three month duration. This vehicle is a prototype and would use prototype
tooling for manufacture of some of its components. Full production tooling

%f and manufacturing facilities are not justified for a single vehicle in such

a phased demonstration program.

- 11.5  SUMMARY
5 This four step program will provide a sound engineering approach towards

implementing the HAPP concept. The proposed program usiné four steps with
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each step demonstrating different and increasingly more complex systems and
;?*fr characteristics is an extension of sound cost effective development philos-

ophies.

et

An outline summary of the significant advancements to be made with each
5 step is given below:
o 1. Phase II (Existing Contract)
a. Define size and mission of “Baré Bones" Demonstration Vehicle
s b. Provide a descriptive 1ist of airship components.
# 2. Demonstration Vehicle (subscale, Proof-of-Concepf Model), Follow-on
2 Contract.

a. First Flight, Bare

i 1. Demonstrate materials

~N
-

Demonstrate manufacturing techniques

C

. Demonstrate vehicle concept, ballonet concept

QE 4. Demonstrate operations (launch, ascent, descent, recovery)
b. Second Flight, Instrumented

%é 1. Demonstrate propeller design criteria

2. Verify aerodynamic predictions

L 3. Verify control predictions

L 3. Wind Tunnel Option

a. Optimize vehicle shape to enhance aerodynamics

5% . b. Optimize empennage sizing to enhance stability and control

- 4. Full Scale Prototype Vehicle

&f a. Demonstrate full scale operations (launch, ascent, descent, re-

covery)

P

L
PSRAn N

b. Demonstrate prime propulsion system

- 118



c. Demonstrate
§i‘# d. Demonstrate
: e. Demonstrate

f. Demonstrate

g. Demonstrate
5 h. Demonstrate

J. Demonstrate

o station -

ry
PR R
FE S |

TN

ing pages.

e
TS

ke

R
TS

full scale auxf1iary power system

rectenna, power conversion at altitude
coupling of prime/auxiliary power

navigation and avionics system

mission duration

all full scale weight and power requirements

tracking capability of full scale rectenna ground

The recommended schedules for items 2 through 4 above appear on the follow-
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12.0 COST ESTIMATE

Demonstration Vehicle

It has been prdposed in the Development Plan, that a Iarge demonstration
vehicle preceed the full scale HAPP prototype. This vehicle, although it
will represent a significant program cost in itself to design, manufacture
and conduct flight tests, will still represent a relatively low cost to

verify the most critical operational HAPP vehicle performance questions.

Many of the design areas such as materials, patterning, construction tech-
niques, ballonet configuration, launch/recovery technfques, propeller de-
sign, blower/valve design, and aerodynamics can all be determined on this
vehicle. Phase II of this contract will address this vehicle in more de-
tail in an effort to define its size, component selection and suggest mis-
sion scenarios. A cost estimate for this vehicle and its development and

flight test program will be provided in the Phase II report.

Prototype Vehicle

After a successful demonstration program, the HAPP development would pro-
ceed to the detailed design, fabrication, and flight test of a full scale
HAPP prototype. An effort has been made to estimate the cost of such a
program. The estimate presented herein is bésed on the type of serial pro-

gram outlined in the Development Plan.

The basic guidelines assumed in this estimate are as follows:

a. This HAPP Prototype would foliow the successful completion of a large
scale demonstration program. (A twenty-six month demonstration pro-
gram assumed).

b. The use of a GFE hangar facility and vehicle support fs assumed.
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B 12.1

12.2

e

12.3

e

¢. All costs are calculated in 1983 dollars.

d. A twenty-nine month prototype program is assumed.

The major cost areas considered in such a program are discussed below:

PROGRAM MANAGEMENT $890K

- This cost element includes one full time Program Manager, one Chief Engin-

eer, and two full time schedule/costing specialists to run the overall pro-
gram and coordinate all program activities, meet report requirements, en-

sure schedules are met, etc. (Twenty nine months of activity).

OPTIONAL WIND TUNNEL MODEL $125K

This program would include a computer optimization of shape and empennage
followed by a wind tunnel verification of the effects of the changes. The
basic input data for this activity would come from the data obtained on the
second “instrumented” flight test of the demonstrator. A GFE wind tunnel

with support personnel is assumed.

DESIGN $§7,380K

The design of the full scale HAPP prototype will, in some areas (such as
softgoods design, patterns, procédure;) be extrapoiations of designs deve-
Toped on the demonstrator. In other areas new developments totally unre-
lated to the demonstration will be required (such as electric motor, rec-

tenna, electrical interface, automatic guidance).

The design topics considered in this task are listed below:
1. Materials (potential minor changes from demonstrator)

2. Manufacturing techniques (potential minor changes from demonstrator)
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Envelope Design (extrapolations, possible change from wind tunnel test)
Fin Design (extrapolations, possible change from wind tunnel test)
Ballonet Design (extrapolation)

Propulsion Motors (new)

Avionics (expanded, new guidance system)

Manufacturing Procedures (Table of Operations, formal)

Miscellaneous Hardware, Nose Mooring, Payload Skids, (scale up, some
changes) |

Pressure Control System (scale up)

Propeller/Hub Design (new)

Flight Procedures/Ground Handling, Equipment (scale up)

Auxiliary Power System (New)

12.4 FABRICATION $6,649K

— This topic includes the manufacture and integration of the following equip-

- ment/subassemblies:
R

1. Softgoods
a. Hull

ot s
Niste

b. Empennage
c. Ballonets
Hardware

a. Air supply, blower, valves, plenums

‘b. Gas and air vent valves

€. Moving hardware
d. Payload skids
e, Engines

f.  Gearbox

g. Propeller
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12.6

h. Thrust Gimbal

i. Mounting hardware
j. Avionics/quidance
k. Auxiliary power

L. Rectenna interface

3. Ground Mooring System.

INFLATION/CHECKOUT $88K
A one month inflation checkout is assumed. During this time the HAPP would
be inflated, leak checked, fitted with all subsystems, fitted with rectenna,

and subjected to systems checkout.’

Seven engineers and three technicians are assumed. Handling specialists
are not included, it is assumed that these can be locally obtained for un-

packing and inflation of the aerostat.

FLIGHT TEST $696K*
A three month test flight program is assumed. During this period, it is
assumed that the contractor would provide a Flight Controller, a Flight

Test'Engineer and an Electronic Engineer 24 hours per day, 7 days per week.

Ground Handlers would have to be available throughout the test program in
the event an unscheduled recovery was required. It is assumed that twenty
people would be desired for this. A crew of thirty handlers is suggested

with ten on each shift and ten of the remaining twenty on call at all times.

*Nominal environment flight test, certification flights could add $1,500K

additional.
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It is proposed that rather than a full three month flight at altitude, it
may be desirable to fly only two months and use the third month for several
Taunch/recovery sequences to improve and refine ascent/descent/recovery

procedures.

12.7 FINAL REPORT 66K
A final report discussing the vehicles predicted performance and its actual
performance during the tests. Included w6u1d be reports on the softgoods
envelope, aerodynamics, rectenna performance, flight control, launch/recov-

ery, refurbishment requirements, and future recommendations.

12.8 TOTAL PROGRAM COST ESTIMATE $15,894K
Plus GFE: | ‘
Rectenna
Ground Power
Test Facilities
Wind Tunnel and Support Personnel

Helium, Vehicles, Equipment for Flight Tests
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o 13.0  PROGRAM RISK AREAS AND CONCLUSIONS
T 13.1 RISK AREAS

The risk areas identified for this development are as follows:
i a. Aerodynamics: The achievement of significant laminar flow on a large
airship hull has not be demonstrated. In the Reynolds number regime
éé | ‘ of HAPP, it is theoretically achievable. Reduction to practice, how-
ever, is a risk area. Failure to achieve laminar flow degrades per-
formance but still would permit usefﬁ1 missions.
Fﬁ' b. Materials: Laboratory results indicate Kevlar fabric and low absorp-
» tivity/emmisivity thermal constructions are achievable. Reduction to
g practice in a large vehicle has yet to be demonstrated.
» c. Electric Motors: Samarium-cobolt motors and generators offer a
» | "breakthrough" in weight to power ratios which make the HAPP concept
acceptable. The technology is continuing to change and improve rapid-
ly, however, practical problems of their application in the design is
yet to be determined.
d. Auxiliary Engine: A reciprocating internal combustion, supercharged
g§ engine has been se1e;ted for restart capability and fuel efficiency.
| This is an innovative extrapolation of current technology and as such
& carries risk.

e, Rectenna Operation: Practical factors associated with rectenna in-

stallation and operation are surmised to be not severe, but are un-
known until some experience is gained;
f. Reliability: Reliability estimates in this report have been estimated
Ei assuming failure rates which might be associated with hardware devel-
oped for airplane industry. The reliability to be achieved for HAPP

5 will be a tradeoff with the cost of the reliability program.
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13.2

CONCLUSIONS

a.

With moderate extrapolation of current technological practices an air-
ship to perform the HAPP mission is feasible, and the design features
have been defined.

There are special mission cases for this vehicle which could result in
a smaller or less refined design, however, this study was aimed at a
single vehicle capable of operation over the entire continental United

States. The selected configuration is such a vehicle.
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APPENDIX A

HAPP BASELINE PARAMETRIC PROGRAM
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HAPP BASELINE PROGRAM 1906 20JN82

v KMLO%TWH;#FP IVOﬁ 20NB2® . [HIS {5-THt- HAMP BASELINE SLIGHT MOD FKOM 16:)0 18JNB2 TO HAMDLE HULL PkES
20 KLH PEKSONS FAMILIAK UJ.TH PROGKAA SHAMNET » STEF ANsWE1Ss THIELE

30 KRN DXEISIRITTLALILIILIL

40 KRN 3 HAKP PXOG METRIC t

W KEM 3 VOLUME BRPUNVENT 8

a0 BASES = *1406 20JNY2*

/0 KM xmxmxuxmmwx

30 KN 1.PARTIAL SUPEKPRESS PER MIN Fab W1, A.S'MTIC EDUIL DAYs DYN LIFT NITE 3.THRESHOLD 93KT. 4.L1B1T 93KT U.A
% UX JSKT. 40001 INCLULLD FOK EACH AIRSPEE

HOME
100 DN (24 DoV 26 )0UC24 )o UM 24 ) TEC 24 )sPC 24 Jo UL 24 )oUIX 24 DoVX( 24 )9 B( 13 )54CL 13)
110 P = $,14159:C2 = 514444103 = 98.0638: Kt SEE SYMBOLS
DENS1TIES @ 1000 W INCREM

120 keA @ 1000 4 1

130 R(0) = 1,22508R(1) = 1.11175(2) = 1,006

140 R(3) = 90925 4) = (BITISINS) = 72443

150 k() = J5ODI1IK(7) = ,59002R(B) = 52579

150 R(9) = ,46206iK(10) = L41351:R(11) 3", 34480

170 K(12) = (30985K(13) = . 26680:K(14) = ,22786

180 K(19) 3 19475:K(18) = ,166470K(17) = .14

190 R(18) = ,12065:K(19) = 10400

200 K(2)) = B.3910E - 2ik(21) = 7,575 = 2

210 R(22) = J.B0H3E = Jtk(Z3) = 3.6790E - 20K(24) = 3,5531E - 2 _

220 TEC14) = H4b33TE17) 3 216,45 TEC18) = 21646 mm = M6.450TE(20) = 216,658 TE2L) = 27,58 TE(ZD = 2i6.§
AATE(23) = 19,57:Tk(24) = 290,58

230 Filé) = 1 SSLENIT) s BURTINI) = TIGS.2M19) = 4467 SIHD0) = T9.GIP(2L) = TIB.9IN2) = w0733 (15
) 3 3466, 954 24) 3 2971.7

240 VTAB

250 HiAB 10

260 DAS = *73J

390 "L1sT 260t PHINT : VKINT £ FRINT *T0 CHANGE CKRENT DATE SKESETS,CHANGE s RUN®

280 FOR1=1710508X =11 28 MEXT 3X =0

290 HOME . VTAB 40 HTAB 4% PRINT °*1F YOU All: HM\ING CHANGES FROM THE®
300 HIAB 4% MINT *ASELINE & WOULD LIKE 10 HA THEH®
310 HTAB 4% PKINT *NOTED YOU HM: TMO LINES OF 40 CHAR
320 HIAB 43 PKINT “EACH TO MAKE YOUR COMMENTS®: HTAB 4. PRINT *TYPE RTN FOR NO COMMENT®
330 PRINY © PKINT SCOMMENT $1°% INWUT ® °iCOS(1): IF LEN (COS(1)) > 60 THEN PRINT *CONMENT TOO LONG®: GLTD 330
340 PINT © PKINT SCOMMENT 42° TRWUT ° *5C08(2)8 IF LEN (CO$€2)) > 40 THEN PKINT “CONMENT 100 LONG®: GUTU 340
U0 HOME . VTAB S: HTAB 10
IWSI'. PRINT *CONFIGURATION OPTION®? HORNAL
zgo Fil’ict}ll . DOLFHIN » SOFT FINS®: PKINT

390 IhrUT “CHANGE CONFIG. TO HMB FINST N °
400 1F ASS = °Y® THEN F16$ =

+10 Kth IR

420 Kke# INIT INWTS

430 KhM SEEIEERRLX
40 L(1) = 901 ke oy EFFIC

0 E(2) = 1: JeN SHAFT

440 E(3) = GLARBOX. EFFIC

199 Et4) = . hn MKIHE ENG EFFIC

480 E(5) = .80} KEN KELT EFFIC

190 E(7) = .90: KEN AUX GEMERATOR EFFIC

500 E(10) = ,98: REN TRANSWIKE_EFFIC

510 WE(3) = .48 REN GEAKBOX WT COLFF

520 WC(3) = 1.62¢ KN DKIVE MOTOR WT COEFF

350 JC(o) = +.755 REA AL ENG WY COLEF

540 WC(7) = 1,11'REN AUX GENERATOK WT COEFF

550 K(5) = .500% KEH  KM/M2 RECT GEAN

550 WELS) = 4003 KEN KG/M2 W1 CD NST Ob RECT, Rbr BNOMHAINEZ
70 4612 = LG RER WATEK RLCOUR E6T BrKs

580 UK(1)'= 9310M1) = UKUI) & C2) ReA UKC1) KTSSUM( 1) A/S5THRESHOLD SPEED
390 UK(2) = SSI0M2) = UK(2) & L2} REN UK(2) KISiUM(2) A/S3AUX OHLY SPEED
00 UK(S) « F3iLAE) < KIS £ GO} Red UKIS) KTSIUM S) W/SILINITING SYEED
010 RA = 287,053} HEA R-AIR J/XE KELV]

o20 i+ 077,231 leA K HELIW

60 L = LG = Lo KER " DYMNIE LLHT CORFF.

s40 SH = 16,75 1A SWER_P}I: AT KELYT

550 SC = - 17,2% kkN SUPEKR COOL KLy

560 VO = 761938 kEN  UOLUNE N13

o70 CA = 655 REM CLIMK ANGLE DG

$80 OC = 028! ReM_ CLINB,DESCENT CD

390 CU = .018¢ Ir FI1GS = *1% THN CU = .06
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700 RO = 1500 KEM WATE DSCENT M/MIN-

710 RC = 150¢ REM RATE ASCENT M/MIN

/20 ALT = "OOOO.ZT s ALT /7 10000 KEM OPERATING ALTIVUDE,M
730 PU!\ =, Jo RLH WITY

740 LH(1) = .19} KEH  KG/KWHK FUEL Wi )

750 LH(2) = 0132 KEN NG/KWHK TANK & SUFPOKT WT ]

460 LH = LHCL) + LK 2) REM  KG/KWHK FUEL ANt TANKHSUPPORT WT
770 PROPS = *RECIP ENGINE 142°

780 B(9) = 4805 RLM PAYLOAD WwI KGS

790 B(8) = 117,38 REM AVIDNLCS WT XGS

800 B(13) = 448.07: RLM BALLAST IN NOSE FCIR HALANCE

310 HOME : UTAB 120 PRINT “ALTITULE = *A

420 1MUY "0 YOU WANT TO CHANGE ? (Y/N) N ;ASS

g}g ik 385 ('-" ‘Y" TheN GOTO 350

850 _INPUT *NEW ALTITUDE *3ALT
= ALT / 1000

80 1)
870 p = WITITE = TECIT) o _

B0 e ¢ )x Masiz' PRINT *SHAFT LENGTH =SH1P LENGTR LFH(95-,80), IF YOU WANT TO CHANGE, KEY Y AND LIST 2552*% Iw
B0 Ik ASS S Y¢ THEN CUTO 900

900 GOTO 910

910 WD) = ,0119¢ REN DKIVE SHAFT WT COEFFFOK RADIUS 0,25Ms AL 406176

¥20 HOM: : UTAB 12: PXINT *DRIVE SWAFT UT COEFF, = *7WC(2)

930 TWAUT *L0 YOU WANT T0 CHAKGE? N ~iASs: IF AGS = 15 THEN GOTO 950

%0 GUTO 940

950 IHPUT * MW DKIVE SHAFT WT COLFF = *3WC(2)

780 PL(2) = 2,50I2) = ME(2) 8 C35 KEN P CHH20sPL PASCALS, NITE PRESS DIFF
970 FS = 5: REN SAFTEY FACTOK

980 MHW = 0.11867% KEN HIN HULLFAB WT(3.5 2/1m2)

990 FFW = , 11847} KkM FIN FABKIC NT KG/Nt2

1000 R = ,07% KkM RIB FABKIC VT KG.N12

1010 BHU = 0855 REM BALLONET FABRIC WT KG/Mt2

1020 T(4) = ,05: REM PNOP SHIP VOL FOR TKIN BALLOMET

1030 BW1) = 03 REN BALLONET vaL

1040 K(9)'= 13 kN KU PMK PAL

1050 K(8) = 1,13 REM AVIONICS PMK KW ] i
1060 SHIPS = *DOLPHIP HAKD FINS®: IF FIGS = 2% THEN SHIPS = *LOLPHIN SO+T FINS®
1070 "HOME ¢ VTAB 12

1080 MKINT *CLIMB ANGLE = *CA® UEC PR OFF ASCENT®

1090 INPUT DG YOU WANT TO CHANGE (Y/H) N *3ASS

1100 1+ ASS = *Y* THEN 1130 . _

110 FKINT PLeASCENT® TAB( 20)*P2<CRULSE HAX" TABK 40)'P3=CRUISE PAKTIAL®

1120
1130 IWUT *Nti CLINK ANGLE =
1140 HOM: ¢ VTAB 12

1150 PXINT °CLIMB Ch = *DC
1150 TWAIT DO YOU WART TO CHANGE (Y/N) N *5ASS
1170 It AS$ = °Y* THEN 1190

GUTD 1200

1180 2
1199 1WAT *Ned CLINB CI = *;DC
1200 HOME ¢ VTAB 12

1210 PKINT SPUKITY =
1220 1RMUT *T0 YOU WT T0 CHANBE (Y/N) N *54S$
1230 It ASS = °Y* THEN 1250

1250 INF'UT 'PURITY "yPUk
HORE &

1270 R (kA S R/ (i § (KR - RH) + RAD: KM EFFECTIVE GAS CONSTANT
1780 PKINT ‘UKAG COLFF(SHIP

1390 THUT D0 YOO aNT 10 CAAREE (T/N) N *34Ss

1300 1} 4SS = v THEN GOTG 1320

3 12
1340 KINT SHININUM AVE HULL FAB WT=*MHW® KG/NY)
1350 INMUT *DO YOU WANT TO CHANGE,(Y/NJH®iASS
1360 It ASS = *Y® THEN 1380
010 1390

1380 1NPUT °*NtU AIN AVE HULL FAB WT=?

1390 PRINT “FIN SKIN FAB WT=*FTy* r.c/m'"

1400 INPUT U0 YOU WANT TO CHANCE (YN N*®

1410 IF AS3 = *Y* THEN GUTO 1430

1420 GUTO 1450

1430 INPUT *NEW FIN SKIN WT=*jFF¥

1440 HOM: 3 VTAB 12

1450 PKINT *KIB FAB WI=*jRFW® KE/ME2?

1460  TRAUT °V0.YOU WANT 10 CHANGL (7/N) N ";ASH
1470 1k AS$ = °Y* THEN GOTO 1490

1480 LOTO 1510 A -2



1490 INPUI MY RIB FAB Wi="3kF¥ .
1500 HO#E © VTAB

1910 PHINT *BALNT HQB Wi="BEU" KG/N12°

1520 TWvU1 *D0 YOU WANT 10 CIIﬁNCI: CI/N) N “iA53
1330 1k ASS = *Y* THEN GUTO |

6010 1560
1550  InMIT 'N!:U BALNT FAB WT="3BFR
1560 PRINT HALLONET YOL AT CRUISE ALT = *BW 1)
$970 IRPUT *UD YOU WART TO CHANGL (T/N) N “iASS
1580 1k ASS = "Y* THEN GUTD 1400
{u90 G010 1610

1HPUT *BALLONET V0L = "B )
1810 H(IHT 1o OF SHIP VOL FOK k1N BALLOMET = °T(4)
1620 T *D0 YOU WANT TO CHANGE? *iASS$

1630 Il- ASS = °Y* THEN 1650

5010 1660 , |
1650 IWUT Wb PROP OF SHLP FOK TRIN BALLONET = *17(4)
1470 HIAB 158 DNERSI: PRINT *WIND OFTIONS® S NORMAL
1680 FKINT * WKINT : PKINT TIKESHOLY VELOCLTY = “UKCLI® KTS™: IHUT *WILL THIS CHANGE (1) N *3458
1690 1F AS$ s *Y* THEN GOTD |

1710 ?‘W Zzl::! THRESHOLD VELOCITY, KTS®SUR(E):UM(1) = uk(1) & C2
%gg m}NT *AUX BZSIGN SPEED = “UK(2)* K1S®: INWUT *BU YOU WANT TO CHANGE? *7ASS: IF ASS = *Y* THEN 1750
1730 %lzgﬂ MJX DESIGN SFEED = “jUK(2):UM2) = UK(2) & C2

1770 H(lHT 'LllllTlNG SPEED = *UKCG)® KTS® IMAUT °TU YOU BANT TO CHANGE” “iAS$: Ib AS$ = *Y® THEN 1/
1790 %3?371%:!33 LIMITING SPEED = *iUK(S)IUKS) = UR(S) & C2

HOM:
1810 VIAB 143 PkINT 'CN..CULATIHG WIND VALVES®
1620 KM A&CENTnUﬁSH D,C, KT

FALLs
1830 FOR 1= 0 10 10SUACT) = (1 + 3.44) / 1280 NEXT
1840 FOK 1 = 1170 120UACT) = (115 = 105 MEXT  °
(450 HOR 1= 13 70 183UAT) = (21,224 = ) / ,08955: NEXT
1850 FUR T = 19 TD 263UAT) = ($2,01 = 1)/ ,667% REXT
1870 KEN DSCENT WINTER DAYTUR OHKT "
1680 FOR I =0 T0 103UIK1) = (1 + §.44) / .08} NEXT
1890 FOKR 1 = 13 70 120D01) = (45,75 = 1) / 255 NEXT
1900 FUk 1 = 1370 183UIK)) = (22,8 - Y) / .08 NEX)
1910 FOR 1 = 19 70 2430(1) = (42'= Y) / 4} MXT
1520 PRI = LI0 2GUT) < UNI) £ C2AUNT) = UKI) 8 C28 MEXTC RN CHES KT Tu W/
1930 HOM : UTAB 12¢ PKINT *SUPER HEAT & COOL TENP = *SH° & *SC®
1940 INMIT *DD YOU WANT T0 CHANGE Y/N N'3ASS
1950 1} 4S8 = “T" THER GOTO 1970
1940 GOTD 1980
1970  LWUT U HEAT = *iSHE LHAUT Wl CUOL = *55C

HOME ©
1990 PRINT 'NITE PkkSS DIFF = 'PC(2)' CH H20%: PKINT “SAFTEY FACTOK = *fS
2000 1NMUT °UO YOU WANT TO CHARGE ( ASS

2010 I+ AS$ = *Y® THEN GO0 2030

GUTD 2040
2030 INPUT *NEW NITE PSS DIMF(CM H20)= vPC(Z) PIK2) = PC(2) £ (33 INPUT *NEW SAFTEY FACTOK =
2040 PXX4) = ik + PIN2)) 8 (TE + 5H) / (TE + SC) - viPC(4) = FIK4) / (33 REN PASCALS PRESS DIF DAY
2030 FXINT °DAY PKESS DIFF FDK DAYNITE EQUIL s CH H20="PCl4)
2060 PD = §22,570778:FD% = *FABPRESS®! PRINT *DAY PKESS MILL ADJUST TO PRESSUKE FOK MIN FAB NT®! PRINT : 1aMUT °*u0
. fOU MANT 70 CHANGE( Y/NN®3ASS
2070 1 ASS = °Y* THEN Piis = '0" 6070 2090
2080 GOTO 2100
2090  1AIT 'Nﬂ DAY PRESS DIFFy CHH20=*5PC(3)IPD = ML) £ (3
2100 HOM: © VTag 12
2110 PXINT P/L WT="B(9)? KES®
2120 1NWT °DD YOU WANT TO CHANGE (Y/N) N *5AS$
2130 I AS$ :O'Y' THEN GOTO 2120

5010 21
2150 1HAUT *FAL BT (KBS) = *iB(9)
HORE ¢ UTAB 12

2170 PRINT °*AVIONICS UT="B(8)°* KG5*
2180 IRPUT *T0 YOU WANT TO CHAMGE (Y/N) N *34SS$
2170 1k AS$ = *Y* THEN GOTO 2210

GUTD 2220
2210 INWIT "N WT="38(8)
2220 HUM: : UTAB 12
2330 MRINT *P/L PAK="K(9)" KW®
2200 INMUT *DD YOU WANT TO CHANGE (Y/N) N *3AGS
2250 1k ASS = *Y* THEN GOTO 2270
2240 GOTD 2230 A3
2370 1NFUT PMK P/L (KM) = “3KCL9)
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2280 WuME © VTAB 11
290 PRINT *AVIONICS Puit="N{B)* KW*
2300 INWUT “DO YOU WANT T0 CHANGE ((/N) N *3aS$
2210 Ik AS$ = “Y® THeN GOTO 2840
2320 GOTO 2340
2330 JHWUT “NEW W("'rkC(a)
Htk : VTaB |
2300 PRINT ")lllh‘ﬂ: i
{360 1WMIT "DO YOU BANT TO CHANGE (7/N) N *
2370 I} ASS = *Y* THEN GOTO 2390

2360 GUTO 2400
2590 THUT NEW VOLUME (H13) = V0

2400 UD = UK(2)
2410 KM SIAKT HEKE FOK RUN WITH HEW VALUES

2420 U0 = (UK(S) t 3 - UK(1) 1 3) 1 (1 / 3)

2430 1k UK(2) < > U0 THEN UK(2) = UD

2440 Th UK(2) < U0 THEN UK(2) = U0

2450 FUK1 =100 SIUMI) = UK(1) & 28 NEXT .

480 FOK 1= 1 T0 50 PKINT I* UNC*1%)e*UK(1): MEXT § FOK 1= 1 10 305X = 11 2% MeXT iX = 0
470 Rk = (KA 8 XH) / (FUR & (RA = kH) + RH)S REN EFFECTIE &A8 CONGTANT

480 KM STEEKRSEERLESY :

2490 KN S1ZING ROUTIHE

00 KeA §%

S101:=0

7520 QT = 0370 = 03USCHTS = * *

2530 RO = RCZT)S REN DEN AT OPR ALT

2540 U2 = V0 1 .864660667

2550 VK = 0,44291 5 V0 1 (1 / 3)% KkM  RAUIUS W DERIVED FR 1,5MCF=50,7FT

2560 Lk = (WK & 6,843) 8 .95: RtH LEAGTHyTRUNCATED 51 FOR BALANCE

20 Sh = 5.9380  V2¢ RA SHC AREA N3 DLRIVED TR 1o SRCr 7800

2580 8L s LF K1,95 - .80) KEN SHAFT LENGTH

290 1232 KLk 80,8~ .4))L3 =28 (LF £(,8~,15)0 REN WIRE LENCTHS RECTEHMA AND AUXCEN TO HOTOK
2600 1+ 12§ = 5J% THEN 2540

)
610 HUINT: Wi, 10 MOTOR FROM RECT 1S LFH(.3-.4)5 AGEN LF,8-,1)"2L28 = *J°
2620 TRAIT *30 YOU WANT 1D CHANGE (Y/NN®iAS$ .
3630 T8 ASS = "Y° THEN PRINT -CHAMGE LENGTHG L2 WECTEMAILS AXGEN, 4TH LINE ABOVE™ ST0P
2640 R B UL o LOVAEUONC2/TEEN OLD CONE o
2650 B1L) = 473 RN K110, TSBL 13425 B30 U0/ 142000 )1 1/3 XL HSEREN COME Wi 4JNB2 BASIS 015" CONPOSITE (0K
END RINGS,=400KC FOK 142000K3 SL=19M
2660 VR = HB) L RL 9 RN ELEC PNK
2670 ESF = 2,0447: REN EFF STRESS FACTOR
2650 WY < MU Sa: RN UL WTMIH EA
2690 I PD$ = *ABPRESS® THEN FU = (HHM 3 SA = (.057642 £ SA)) / (1,3404E - 06 & FS £ V0 £ ESF)
2700 PK4) = (b ¥ W(2)) 8 (TE + SH) / (TE b SC) - PIBC(A) = WK / 3¢ REM  PASCALS PRESS GiF IAY
2710 I} s = FARVRESS® AND PDC4) < VD THEN Pl = PIX4)
20 IF PBS ¢ > *FABPRESS® THEN HFW = 1,3404E ~ 6 % PD 8 FS & VD & ESF # (057442 & SA)! KEM HULL WT
UFW < MM THEN UFW = M2HEW = SA & UFW

730 UNN = HFW / SASURM = UHWE IF

240 XTH < Wl & 081 REN, THVE WT K341 EACH S

2250 (1) = (P 8. VD) / (kA & TE): REM MASS DISPL

3750 K20 = ((PHPDY £ (00 - BR1D5) / (KE 8 (TE § SHY)! REN NASS e

2770 W3) = ((P + ¥B) 8 (BW 1)) / (KA K (TE + SH)): KEH DAY MASS ALK IN BALNT

780 LICD) = 1) - M2) - W3)3 REN DA AY STATIE LIFT

790 WU ='(M2) 8 KE € (TE # 500 / (P + PIN2))E REN NIGHT YOL HE

300 W5) = ((P + KN2)) & (WD~ NOD) / (KA & (TE F 'SC0)S RENC NLTE BALNT ALK NASS

2810 LN2) = K1) - M2) - H(S): REK NIGHT STATIE LIFT

2820 BV = VOL - Wi REN NITE BALLOMET VOLUNE

2830 LIK3) = LK1): REN AX DAY LIFT FOK DYNAMIC LIFT COLF

/840 Ly = (LD(1) - LIC2))} REM DYNAMIC LIFT DURING NIGHT OMLY

M50 TFLD = 0 THEN LD = .1

2860 TL(1)'= (2 LY £9.807) / (RO 3 U2 8 UN1) + 20t REN DYNANIC CL AT THRESHOLD SFU

2670 C1) = T34 (CPU1) 8 (TLL) 7 G001 20 2t KO eIV DhaE o o DAY-NITE DKAG
2880 K1) = (CX1) £ S S RCZT) K UML) ¢ 3 8 VD) / (1000 )5 Ke PHOP KN AT THKESHOLD» PRINE Pk
2890 KA(4) = (KK1)) /7 (E{1) & E(3))! REN THKESHOLD ENG P

3900 KMS) = KK4) / (ECH) 8 ELL0D) § K(B) + KCOri ReR RLET FAR

2910 K5(5) = KKS) 7 E(5) ,

2920 AK(S) = KS(S) /7 (K(5) / 0,88 REN KECT AKEA A12s.88FACTOR FOR COS!2 AMPROXINATION
2930 AL = CCAKIS) / (VD /7 42475) 1 (27 3))) + 310.04) / 38,11} REH ANGLE OF INCIDENCE L1MLT
2940 B(S) = AR(S) £ WC(S)S REM RECT W1

2950 B(4) = KH4) 5 WCL4)! REN PRINE ENG WT

2960 TL(2) = (2% LD £ 9,307) / (KO £ V2 £ UM(2) t 2)i KEN DYNAMIC CL

2970 CIN2) = CB + (CV(1) & (TL(D) / CF) 1 2) 7 2% REN CDFINUCED DRAG/2 TO AVE DAY-NITE DKAG
290 K1) = (CX2) & ,5 K ROZT) X UN2) + 3 8 U2) / (1000)% KEN POP Xi AT DESIGHs AUX ik
2990 KN7) = (KM1) / (EC1) ¥ E(3) £ E(4) 8 EC10))) + KiB)} KEN GENERATOR

3000 KX4) = KN7) /7 K(7): REN AUX ENG
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3010 B(a) = KN4) & BCIA): REH AUX ENG WT
gg%g ?{(12; : fz(g)utl 2‘:(91% 07) / (RO § V2 & UM(S) t 200 REM DYNAMIC Cl AT UMCS)
)= {2 . ) P g
3040 CItG) = Ch + (CP(1) 8 (TL(S) /7 CF) 1 2) / 2¢ Kkt CIHINDUCED DkAG/2 TO FWI' DAY-NITE [KAG
3050 K1(1) = (CX3) & ;5 & R{ZT) X UM3S) ¢ 3 £ V2) / (1000): REN PKOP XKW AT L1M1TIHG,PWK
3060 K1(2) = K1(1) / EL1)K1(3) = K1(2)s REM SHAFT  GEAREOX
3070 K1(4) = RH3) 7 E(3) KkM PRINE HOTUR
JOBO B(1) = 0.1973 & SOk (VD) X K§{%) t (1 / 3}
3090 B(3) = (KI3) & WC(3)): KM GRAK BOX WT
3100 B(4) = KI(4) £ WC(4)) REM PRiNk HOTOR WT
3110 KM FAB UNIT WT DERIVED FROM NALC REPORT WHERE 1.3 0Z/YD12 KEVLAK GIVES 260 LB/IN TEWSILE + 1.7 0 COniine v
3120 REN FAB UNIT WT = (FD (PASCM.S) ¥ VR (METEKS) $ FS & 1.8 & 033907 / (260 & 39,37 & 4.4482)) + 1./ ¥ .adswu
WK FS & 1,3404E-6 + ,0
3130 W = 1,080 RbM SkAM & KEB&OKC ¥T FACTOR .
3140 K = V0 ¢ (27 3) % ,5179 £(2 /7 3): REM FIN AREA N2
3150 K1 = Kt 22 8 FFW & Wb: REM FIN SKIN WT KG3
3160 K1(1) = Ki & KFU & Wk REM K1B W1 KGS
3170 K}(2) = KI 4 K1(1)? REM TOTAL FIN Wl XGS
3180 RtM HAKD FIN T FKOM GKG HAFP EST, & CONU, TD METRIC. FIN AKEA=(V/42475)1(2/3)8430.44 N12 = 517930t /4.

F . i
Wi=,6787 § CONE ,3486s EACH KG/N12 OF FIH AREA,TOTAL 1,027 XG/M12. SNOVBL FIN SIZE 2/3 OF BAFP S(‘Hkithk‘t\ruum
s *1° THEN K1(2) = ,6787 & KF) KEN HekD FIN NT
(FLET) SYSTEM!SINGLE BALI ONET WITH LAUNCH TUBE AND TRIM BALLONETS. SINGLE BLET DIAFHKAN -
‘ 1 SkA LEV GkOSSvlkNGlM +ub SHIP LEN
3210 Wb = 5A / 2 & BFUS KEM DIAPHKAN W1
3220 T(1) = LD(1) £ 1.1 /7 (1.0557 & PUK). ked  TUBE VoL
J230 LL = 56 B (LF /7 ,95)IK1 = SOR (T(1) /7 (F1 g LL))} REM LL=TUBE LENsR1 IS FIKST EST RADIUS».95 AUJUSTS FUK ki

3240 Y = T{1)
3250 GOSUB 3340
3260 X2 = Rl Y"1= ™mH

3270 Ry =
1280 syl 7o
3290 X1 = K13Y1 = TT(1)
3300 “GOSUB 3390
3310 GUSUB T340
3320 1F ABS (TT(1) = TU1)) ¢ o1 THEN 3360
3330 %2 = X13¥2 = Y12 GOTD 3290 ‘
3540 TH1 = PLE KL t 28 (2 8K1 /3 + L / 2)! RETURN

X = (X2 - M1) $(Y = Y1) /(Y2 - Y1) + X13k1 = A} KETUKN
3360 T(2) = P S 81 S (R1 + LL) & BFUS REM TUBE W1 KE

PRINTTU L )e TP )oke

1380 T3) = (S ETCH BU0) (R MDD (27 3) 84 5 PL & BFUS REN TRIN BALL T
3390 K0 = D + T(2) # T(3)$ REM BALONT. 5YS. WT. KCS
3400 REN DOLPHNIN EFF. STRESS FACTOR: KEF KARI. 'S, BOOK 99 PAGE 1
3410 B(2) = SL £ K1(2) & WC(2)S REN  SHAFT W
3420 B7) = KH7) 3 WCI7): REM.  CEMERATOK ry , ,
5430 UREH) = (((2Z7460 - (170,37 < UK(1)) £ 2) iE)y 004D = KA & Cb IF URCL) > 92.9 THEN U4 = UKL
3440 1HUKC1) (75 THN BOCT) = 1080 - 13,28 UKT1)
3450 1F UKKT) > = 75 THEN BOL1) = 445 5o UNGL)
3460 1F UKC1) > 93 THEN BO(1) = 0
3470 KEN ABOVE 3'LINES SUMSTITUTED FOK FULLOWING 3 LINES, EMPIRICAL EG GIVE EXACT VALUES AT THE THREE DATA FOINTS
3460  REN 1qu>=somwm>=(a9.7xcz>:ao<1 =288
90 N THKLD=7oTHENNC =01 BIC2OLHOC L )=21,0
3500 REN LFUK(1)=94 STHENUM 4 )¢ 94,55C2) B0 15260500220
3510 Kef UH(4)=CUBE AV H/S»BO( ] )=HRS OCCURED
3520 TLI3) = (28 LD £ 9.807) / (KO X V2 § UKC4) t 2)% KEN DYNANIC CL AV CUBE AVE SPLED
2330 CO(3) = CD § (CPC1) 8 (TL(3) / [¥) + 2) / 25 KEN CUHINTUCED DKAG/2 AVE DAY-NITE DRAG
3540 K301) = (CX3) & ,5 K RO § (WKA) +3 = UML) 130 & U2) 7 (100008 REM AUX PKOP PWk W/CUBE AVE WIND
50 K3U8) = K1) '/ (E(L) S E(3) € E(4) R E17))0 REM AUX EWG PUK CUBE AVE ON STATION
3560 EGU = 2503CYC = 1,473F - 61 = 8,941 KER VOLTAGESCU RESIST OMMCNSCU GH/CC :
35/0 PLT = 0,02¢ KEW PROPORTION POMER LOST
3580 B = 1k4 KCYC S KKS) £ 2 1 2 8 WCW / ({1 - £(10)) $ EV 1 2)! ReN RECT WIKE KG
3590 B3 = 82 8 (K3(4) / KKS) § (L3 / L3) 1 2
3400 B(10) = B2 § U3
3610 E1 2 BC1) + B(2) + BU3) + BU4) + BUS) + (&) + BU7) 4 MB) + BU10) + BU12)} REN  POMERSYSHT
3820 B(0) = 1,46k - 8 & (RD 3 VO £ PD) & ,5! REN BLDWEK WT KG
3630 W= (UD B KC / 60 % 4,24E - 3) 7 ( SBK (FB)): KEM VALVE NT
3640 A = KTW + HW + KI(2) + KO + B(11) + B(0) + VWS REA HULL WT INCLUDING SKIN»BALLOMT:FINGyCONE:BLOWER & VALVE
3650 GURY = A + E] 4 B9)} REM GKOSS LESS FUEL & TAHKSABALLAST
2660 B = LI(3) = SKY? RN FKEELIFT LESS FULL, TN RALAGT
3470 . F ASS < > *CV THEN 3730
5680 1 KINT "TAVES = *XTW TAK 20)*HULL = *NTW
3690 PKINT *FINS = *K1(2) TAB 20)"BALLONET = *KD
3700 PRINT *CONE = "M(11) TAK 20)°BLONER = *B{0)
5210 PKINT *VALVE = 'w

9720 PXINT *THERE AKE * IWT () KGS AVAILABLE FOK FUEL & TARKS®

3730 RN IHNCOTHENSO20 A-5
740 KEN sRsgsmmimRios -
3750 KEN ASCENT HROFILE



o760 KENM SXXTILXIXXXIXE

3770 5T = 05T l) =0

3780 Ck = CA / P

3790 SK = SIH (CR) cC = C0S {Ck)

3800 FOK1 =0 TO (I1)

.)810 UX(I) = (KN8) £ 1000 / (.5 S K(I) £ IC 8 ¥2)) 1 (1 /7 323 REN VEL 0N AUX PMK AT ALT 10W/S

3820
3830 GUTO 39400 KEM SKIPS POMERED ASCENT

40 FOK1 = 0 10 {T): REN POUERED ASCCNT ] )
3850 FU = SGK (VX(I) + 2 = (KC/ 60) t 2): KEN  AIKSHEED AT ALT 1
S840 DT = (1000 / KC) 8 60 Ref SC 10000

70 51 = K- WL KEN CKOUMISHEED WS

1680 3 = (S1 & UT)IST(1) =S + ST(1): KEA BLOMOFF

3690 MXT

3900 PKINT

2910 TX = ALT / KC / 0% REN HOURS CLINBING

5920 SX = §T(1).8 5,39 - 4

5930 WM = TX  EM: REN KWK CLING

2940 KN CONT FR 3470

950 FOK 1 =070 ZT% REN POMER OFF ASCENT

2960 DT = (1000 / KC) & 40% REM SEC 100K

3970 § = W) ¥ DTISTUL) = STCLY'+'S: ReN BLOMDFF

3

3990 T2 = (0 AS (5TC1))) / UK2)) / J600: REA  HS TO AUKBACK
4000 HS = TZ 8 K9(4):

REN_ KHK

4010 X = AT /'KC / 401 REH TlHE 0 ALT
+020 1k ASS < 5 *TY® THEN 4100

1030 mm sm J0)ASLENT PRFILL:: PRINT

4040 PKINT F ASCENT AT *RC® M/NIN®

4050 mm'ntromnkunmkn( ,

1060 FKINT *BLOMOFF DISTANCE =ST(1) / 1000° Ki."

070 FKINT *TIME 70 AUXBACK TO STATION =*TZ

4080 FRINT HLEL USED ASCENT A AUKGACK =S & LWLL)* KC

»

+100 RN SESSTIIITREITILLILS

+110. KeN OH STATION PROFILE

4120 REN SERSESSRRNSITTLY

4130 ReN 08 STATION VINES B AUX Pl CALC 10 LTINS 3110 70 3190

+140 B0 = (BOLI) 3 KI(8D)E KEN KGHIC AUX OH STATION

50 RX = mna' KEN KESERVE K

2160 1F ASS < > CY® THEN 4220

+170 PKINT SKCl_30)ON-STATION PROFILE®: PKINT

+180 FNINT *THRESHOLD SHEED O *UK(1)¥ KTS EXCEEDED FOK *BO(1)* HKS /WINTER AT POWER AV SMEED UF "UM(4) / CZ° AT

3190 PRINT "FUEL WT = *BO & LiK1)* KES*

1200 VXINT *GHIP SPLED ON PRINAKY PONER( THKESHOLD VELI=MK( L) KNOTSILINITING VEL = *UK(S)*¥TS*

4210 PKINT *FOk 8 HKS @ 75 KT5 RESERVE FUEL WT = *RK & LK1

2220 KEN SEREXZEIIXSILE

1230 RN ISCONT PROFILE

4240 REN 523

4250 1} ASS = ‘W' Tll:N GOTD 4450

+260 ST =

4270 BT = t1000 / KDY ¥ 0% REA 5kC PEk 1000M

4280 FOR 1 = (ZT) TD 0 STEP - )

4290 F¥ = (UXC1) b 2 < (RD / 80) t 203 KEH HOKIZONTAL ALRSPEED AT ALT I

4300 51 = W - WX 1)} REN OK

4310 5 = 51 2 U7

4320 57 = 5 + ST} REM AUXAWAY DISTAKCE X

4330 NEXT 1

+340 T4 = ( ABS (ST) / UK(2)) /7 3400 REM AUXAWAY HKS

4300 Hd = T1 & KM 8)0 KEM AUXANAY KWHK

+360 TD = ALT / Kb / 40 REM DESCENT HkS

+370 HD = TU & KM 4)% ReM DRSCENT

+380 HL. = K 4) % 8 KEN LMMNG KWKy AUX 8MK -
VOErDETD X ,001) (.5 /7 .59) KEN DSCNT BLOWEK KW

X
HD ¢ DB + HL + KK + BO: KeM TDTAL MISSION KllHk:ASCENTMUXBACI\'I'QUXAHW'U&SC}.NT+BLDH!~.}(+! At

oN
+410 FUL = HT & LHC1)) REM  RISS1OW FUEL KG
+420 NTA = HT £ LH(Z): REM TARK & STRUCTUKE K&
4430 DSk = (HI + DB + HL ¢ HJ) £ LH(1)Y KEM FUEL FOK DESCENT DS INCL SHK LANDING
44;8 Ik AS$ < > "CV® THEN 4390
4
H#&0 PRINT SHCC J0)°DSCENT MhORILE®
+470 PKINT °POREKED DLSCENT AT *KD® W/MIN®
4480 PKINT 'Tlﬂ: TO BESCEND FXON °77° KH"'IU' kS
+4¥0 FPRINT °HUEL FOK DESCENT = *HD x LI(1)* KGS*
4500 FKINT *AUXARAY AT ALT Tldk AND MSTMCL = *T1* HKS ARil ST / 1000 KH®
+ul0 PRINT (FUEL FOK AUXANAY = "HJ X LI1)® KGS*
4940 PKINT °rURL FOK BLOMEK = *DE 8 LiK1)* KEB3°
+030 PRINT *FUEL FOK 8 HR LANIING = *HL & LA {)* KGS® .
1040 PRINT *HUEL USED FOK DESCENT OFS INCL BilK LAMIING = “USF® KG A-6
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om0 PRINT

4360  PKINT  SPOC 30)°SURNAKY"

4970 PKINT *TOTAL FULL Wi FOKk M1SS10N = 'FUL

+0B0 M 00 1F AT = 2 THEN RETURN

+5Y0 KL

4000 W6 = GUKY + FUL + WTA + BU13)0 REM GROSS T Kb

4010 ud = Lk J) - Wos KEM EREELIFT AEKROGSTATIC ]

4620 PUs = "2% KktH 1kd)s TU A«.HVM’E CHANGL. THIS LiNk TO PR3l OHLY

3030 PRINT  TAB( 4)°V0LUNE,H13s VO=* i B

4040 H'IN; *GKOSS WIsKGs Wh=* TAB( J)UG PRINT “STATIC LIFTy LI(3)=* TAB( 220U0¢3)8 PRIAT *YREELLi i+ OM=* e
FRINT

4650 1k A% = *2° THEN 46

000 IRAUT *D0 YOU WANT DI:IAILS PRINTED '(1/NN® P08

+670 IF POS = *Y* THEN PGS + GOSUb 4780

w680 FOs = '2'

so0 PKINT | M O )

4700 Y ABS (M) > 1 THEN GUTD 5470 ]

’/2178 H.ll( I IT0 3 IFTKID) > = o31.1 THEN  PKINT *STOPITL(1*) 15 TOD LAKBEs=*TL{1)*}:SPEED UP OK REDUCE §uai

4/

+/30 GOTD 4700

./gglu-gz-lmw KETUKN

4/ -

+/60 KR 1UT°DO YOU WANT TO Stk ViR ASCENT Mll ﬁbCkNT PROFILE 7 (Y/N) N *7AS$

4470 1t CF = | THEN SHIlS = “CONVENTIGHAL SGRT FINS®

+/80 F& = FULICD = GD + FUL + aTh

+/90 VPk$ 1. PRINT  CHks (31)

4800 PRINT SPE( 29)*HAMF *BASE$" BASELIML®

+810 PRINT SHlps* *TAs

+820 PKINT * . - — ¢ ,

+830 H(INT . %z SPC&%%‘N.I' SPCC J)URECT® SPC( 4)° AUXE® SMOL 3)°FRLY " SPCC 3)*WEUN® SECC 4 "MSWT® SPLC 40

2840 PRINT *  A13* SKC( 3)' Kk* SPCC 3)°KE IN® SPCC 30" %4 ® SPCC 30° KM " SPCL 3)° KB * SPCL 4)* KB * SHCL 4

80 ’}i;ul;% "S5kl SI*RG " )

+

+860 A1'= AT ((A / GOKY +,0055) & 100)iA1$ = STKS (AD)
a0 B2 INT (KT / GOKY L0053 £ 100):BIS = STks (i)
W80 C1 = LN (((FE FILKL) J LHD) 7 GORY+ 00850 3 100)iC1s = STk (C1)
890 A = ( INT{A +.5))

900 B - CINE (08 2000+ 050/ 1000 + 20001

910 C = ¢ LN (kE + 450 + 40001)

4920 E1 = L1 ¢ AIA

+930 E1 = (_INT (E1 + .5)) + o001

4940 Hs = SIks () | S

2950 ¥ = CINT (((PD - FIK2)) & 1000 + ,5) /7 100) + .0001
1960 A% = Siks (V0L )

970 B8 = STk (2T)

+¥80 C$ = SIKS (KAS))

2990 U = STRS (KA 3))

000 £5 = 51k (Ki(4))

010 F3 = STKS (A)

3020 63 = STks (k1)

5030 Hs = Siks (C)

5040 15 = STk (B(9))

2050 J$ = Siks (B(13))

2080 FKINT LEFTS (AS16) SFCL 3) LEFTS (B$93)% * LLFTH (C508) SPEC 2) LEFTH (D$ré) SHEL 2) LLFTS (Ebnd) SHCL 2
o) SPLC 2) LEFTS (Ghed) SPO( 2) LEFTS (H8+6) SPCL 4) LEFTH (1806) SPEX 4) LEFTS {

70 VRN SAUC39) LEFTS (ALSS2)M0" SHUL 9) LEPTS (B3I SKOC ) LEFT (Cigorg

5090 PKINT *SUPEK HEAT = *SH* K * TAB( 35)"SUMERCODL = *SC* X*

5100 PKINT *CD = *CUs® * TAR( 35)°PKOP CJ = *CU(L)

210  MINT *SATEY FACTON = “FS TABC 35 1°DAY FRESS (CH H2D) = * INT ((FD / C3 8 1000) + .3 / 1000)

i -

G130 FRINT *UHIT FAB VT=*UbW* KE/M2® TAB( 3%)°NITE PKESS= *( INT ((PN2) / C3 & 1000) + .5) / 1000)

3140 PKINT * =Lt IGHTS KES:—

5150 PKINT TAB( 17 )LWELDM: Wi®

5160 PKINT *TAVE W) = *KTW TAB( 35)°HULL = “Hig

5170 FKINT *K1N 5YS = *KI(2) TAB( 35)"BALONT SY5 = “KD

3180 PKINT *CUM WT = *BCIT) ThlC To)BLOMEK = *B0)

90 FKIN CUALYE W) = ‘W

200 FKINT TN 17 PPOMER SISTEN W12

4210 PKINT *MROELLER = *B(1) TAB( 35)%SHAHT = *B(2)

3220 PKINT *Ciak BOY = B35 TARC 32 PPPRAL NOTOR 221 4)

5230 PKINT IBECTENA = 1BCS) IAKC 5 ITKANS, WIKE = *8(10)

S240 PKINT *AUKE ENG = *BC5) TAB( 35)°GENNERATOR = "B(7)

5250 PKINT *AVIONICS = “B(B) TABC J5)°TANKS = *MTA

5280 PKINT TSBL 35 )*WATER RECOVEKY="B(12)3 PKINT

5270 PKINT “RCTENNA AKEA =*Ak(5) TAB( 35)°AHGLE OF TWCIDENCE LIMIT="Al

3280 PKINT *HICKOMAVE BEAM KM/K2= *X(5)

5290 PINT *LiFT = *LI(3)" KES®,*weIGHT = *MG* Koy® )

3300 WKGNT TAK 10)SWELOCITIES, KT5%% WKINT *LIAIT=UK(S) TABC 20)°THKESHOL="UK( 1)} PRIAT *AX UhSIGH*UK:o: .
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< MOTHRES=*UK(4)
5310 Ik LEN (COS1)) ¢ - O THEN PKINT * CORMENT *iCO8(1): PKINT SPCC 10)5C08(2)% RINT
3320 iINT 'xxxxuxxxmxxxuuzxxxmm:xxxxxmm:uxmuumzxmxxmuumwmxxx'
S50 ks 02 1F FUS = *1* THEN KETUMN ‘
3540 THPUT DO YOU WAHT PRINT O ASC!-.NT:ONSM:M SCENT LETAILST(V/H) N® 35S
2350 TF 4SS = *Y® THEN ASS = *CU°: Pk$ 13AZ = 2: GOSUB 4020
1460 P 1
2370 KEh
3380 INT "0"000'00..000.......0000l00..0000.‘00"0...000...0.0.'0000.0.0..‘000’00‘0'00"
2390 ki cRiGi(3)
400 it 0 .
SAL0 P L0 T STLOD TIPS 0
5420 MKIN CEMD®: E )
3430 VAINT “ESBE STOKE OLU VALILSESE, ST WM VALLKS, COTO 2390%: Sy

340 ld:H PRINT®SHIP IS NOT LAKGE EHOUGH® :MKINT*LIFT = *F,"MEIGHT = °GiENY
460 JIGPIETHD‘WO NUCH FUEL USED®: PKINT *HUEL WT AVAILAKLE AFTER SHIP SIZING = *N: PKINT *FUEL AVAILABLE PIIGe 10

$470 REM  KAKL’'S COWVERSION ON VOLUME .
480 IF W1) = 0 THEN W 1) = VOIFCI) = DN: GOTO 55

2490 W2) = VOIF(2) = DM

200 Y0 = (- FLD) § (W2 < W10/ (K2) = KD+ W00 = INT (W)
i0 W1 = V(").HI) T HD)

1520 GOTO 24

5530 v - vo 02000 5 Sn (30))

510 COTO S570

SES0 MRS 1D KK SSEXSYMBOLS PLANSX

T30 MUK MONT TADL 12513 SIMHOLS PLAN $5°% PRINT
270 FRINT TAB 10)SELOCITIES"

550 PRINT *WEVEL K13® TAB( 20)°UN:VLL m/S®: PHINT
S5Y0  PRINT *C1)=THiESHOLD® TABC 20)°(2)=AUX OHLY®

5300 MKINT *(3)=HAXTHUN® TAB( 209°(4)=CULE AVE MAXS®

3310 PKINT *(10)-DESICH SPEID® TABU 2015 )=LIKITING *
2820 MINT *WXUD) - AUX OKLY WS ASCENT-DESCENT AT ALT 1
S50 WINT ; WONT G BINT TR S0 FCONONENTS®

#6350  PRINT "IHROP!:LLLR' TAHC 20)"2)=GHAFT® TAK 40 )3 )=GEAKEOX®

“560 PRINT *(4)=PRINAKY HOTOM 1880 20 1205 =HLLTENNA® TABL 40)°(4)=AUX ENGINE®
<670  PXINT *(7)=GENEKATOR® TABC 20)°(8)=RVIONIC5® TAB( 40)%(97)=MATLOAD"
580 KINT ‘: ig)“n(MSUIRt' TABU 20)°(11)=CONL® TAIK 40)°(12)=WATEK RECOVLKY 5YS

2690 MRINT °
700 PRINY § PKINT , . -
3710 WNT TAWK 10)*POMEK,KWi FOKNAT K FUNCT10M COMPONLNT )®
3720 PRINT *—+UNCT10NS~

5730 PRINT "KI=LINITING® TAB( 20)°K2=CKUISE MAX® TAB( 40)°K3=CKUISE PAKTIAL®

2740 PINT *Ki-Tie D Ta 20)"K5=LINIT IN10" TAK 40)°Ke=LANDING?

3750 MKINT *K7=ktSERUE® TABC 20)°K3=DESICN MAX® TAMC 40)°K9=AUX OFF STAT & AUX DESICH®

3760 PKINT VT ThB 10N SRS o FORNAT H FURCTION COMPONENT)

530 WINT &t INCTIONS

5780 HINT *HI-ASCENT® TAB( 20)*H2=AUXBACK® TAB( 40)*H3=UN STATION®

3790 PRINT *He=AUXAWAY® TAB( 20)*HS=DESCENT® TAM( 40)%He=LAHDING®

5800 PXINT *HP=kESEWVE® TAB( 20)*HB=ASCENT OFS® TAB 40)°H9=DkSCENT OMS®

;310 PKINT *HT=TOTAL N1SSION®

SU20 PKINT ¢ VRINT TAB0 10)°FURL,KG: FOKMAT F FUNCTION®

5830 FKINT *FUNCTION AS FOK EMEKCY ABOVE®

$940  PKINT *HUL=TOTAL M1SS1ON®

S0 VINT  IINT TAKC 10) TANKS G

3800 PKINT TAB( 10)*CONVEKSION FACTONS® ! PKINT *C2KHOTS TO M/S .L14444%: PRINT *C3=/CH H20°TO PASCALS 98,0434

3670 VHINT RS TOTAL ‘RSSO

3680 PKINT * MRINT TABC 10)°ALTITUIL"

SHY0 PKINT *ALT=METERS® TAB( 20)°ZT=KILOM:TEKS®

<900 PRINY 5 PKINT "MEIGHTS,KC® TAB( 20)*WEIGHT COEFF® TAB( 40)*MOWEK COLFF® SMC( ormste

3910 PKINT "TABL 4)'B(CONM)® TABC 25 )PMC(CONP )% TAM( 40)OKC(CONPY® SPC[ 10)AK(S) RECTEMN

920 PKINT 1AM 1)MUS® SHEC 53)°AL ANGLE OF INCIDENCE LINIT* MINT TAB 1 °92a0iKE RECTTD MOT®: PRINT Tt
<M T HOT:B 10 )62 83°

5930 FRINT TAB'1)*WE=CK0SS WT®

Y40 PUINT ¢ PRINT ThBC 10 EFFIC COEFF*

5950 FRINT L CONVONLNT)

960 FXINT, TAK" 10)°CONVERSION FACTOKS®: PKINT *L2=KNOTS T0 W/ .SLsb4*t PKINT *C3=/CN H20*TO PASCALS 98.0438

80 o SHAT T CALLPOER T0 TOROU 10 STRESS T0 W1

3990 S(1) =1 4H8: RN ALSOAITS SHLAK 3

2000 §(2) = 270038(3) = ,25; Rl-.H AL I&HSITYKG/HS: SHAFT RAIILLS M
2010 §(4) = (K1(1) £ 1000 / £I1)) /(28 ¥l &k |, 6/)‘ REM  TOMQUE AT 100 KMM
o020 S(3) = 504} /7 (5€(1) 8 5(3)) kI:H ASECT AKEA M2
- 3030 BX = §(3) £ §(2) x SL: Kk T WT KG
3040 KER ABOVE KEIUCES TD A CONSTMT WCC2)EKL01)85L WHEKE WC(23=0.0079 FOK FACTOKS AS GIVEN,
cgzg B&a = 0.0079 § K1(1) x 8L
o

3070 KA A -8
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080 PKINT °*B(2)-BX="B{(2) - BX

4090 H(INT *H2)eK1(1395L 50 405(5)° TAB( J0IBC2) PRINT K1(1) TABK 20)8L: PKINT S(4) TABC 20)5(%)
0100 E(1) = 931 = I,14139

0110 IRAIT °*K1(1)sSL = *7K1(1)sSL

6120 GOTD 5980
_ 5130 END
: 130 FOk 4= 1709
o130 FUCT =1 10, 10t OSUb 4210
3180 FKINT J* °1°
3170 PKINT X
5180 NeXT
5190 120
4200 NEXT
4210 KEM
5220 1k J = 1 TRN X = Ki(1)
4230 IFJ =2 THEN X = KX1)
4240 1 J = 3 TN X = K3(1)
4250 1b J = 4 THEN X = KHD)
6260 IbJ 35 THEN X 3 KS(1)
y 6270 IFJ =3 THEN X a KM 1)
= 4280 IF J =7 THEN X = K(1)
i 6290 Ik J =8 THEN ¥ = K3(1)
' 6300 1HJ =9 THN X = KX1)
6310 1k J > 9.1 THN END
. 0320 Ki(1) = 113115K(8) = 4.4666¢ COT0 4140
4340 FOR 13170 10:XK = TLLIDYK = CD(1)
. 3350 7K = XK: GOSUB 4400
60 XK = ZKiZK = YK COSUB 6400
3

8370

o340 FRINT 1 TAB( SNK TAB( 15)YK

amwﬁ&nIW(ntﬁff )/ 14 1F 1 < 10,9 THEN HETUKN
-~ 3 v . .

5410 END

-~
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** SYMBOLS **

VELOCITIES
UK=VEL KTS . UM=VEL M/S
(1)=THRESHOLD (2)=AUX ONLY
(3)=MAXIMUM (4)=CUBE AVE MAXS
(10)=DESIGN SPEED (5)=LIMITING
VX(I) = AUX ONLY M/S ASCENT-DESCENT AT ALT I
COMPONENTS
§O)=BLOWER
1)=PROPELLER (2)=SHAFT (3)=GEARBOX
(4)=PRIMARY MOTOR (5)=RECTENNA (6)=AUX ENGINE
(7)=GENERATOR ' §8)=AVIONICS (9)=PAYLOAD
(10)=TRANSWIRE 11)=CONE (12)=WATER RECOVERY SYS
(13)=BALLAST ‘
POWER, KW: FORMAT K FUNCTION (COMPONENT)
--FUNCTIONS-- :
K1=LIMITED K2=CRUISE MAX K3=CRUISE PARTIAL
K4=THRESHOLD KS=LIMIT INTO K6=LANDING
K7=RESERVE K8=DESIGN MAX . K9=AUX OFF STAT & AUX DESIGN
AUX ENERGY, KWHR: FORMAT H FUNCTION (COMPONENT)
-=FUNCTIONS--
H1=ASCENT H2=AUXBACK H3=0N STATION
Ha=AUXAWAY H5=DESCENT H6=LANDING
H7=RESERVE H8=ASCENT OPS H9=DESCENT OPS

HT=TOTAL MISSION

FUEL, KG: FORMAT F FUNCTION
FUNCTION AS FOR ENERGY ABOVE
FUL=TOTAL MISSION

TANKS, KG
CONVERSION FACTORS
C2=KNOTS TO M/S .514444
C3=CM H20' TO PASCALS 98.0638
TKS=TOTAL MISSION

ALTITUDE
ALT=METERS ZT=KILOMETERS
'WEIGHTS,KG ' WEIGHT COEFF POWER COEFF MISC
B(COMP) WC(COMP) KC(COMP) AR(5) RECTENNA ARE
PLUS Al ANGLE OF INCIDENT

MIT :

B2=WIRE RECT TO MOT

B3=WIRE AUX TO MOT: B(10)=B2+B3
WG=GROSS WT

EFFIC COEFF
E(COMPONENT)

CONVERSION FACTORS
C2=KNOTS TO M/S .514444
C3=tM H20' TO PASCALS 98.0638

OTHER SYMBOLS NOT COVERED BY THE ARRAY ABOVE ARE AS FOLLOWS: A-10
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P
1 =

T()‘,{a‘:. ST

ALT
AR
Al

BFW
BO
BV
BV
BX
B2
B3
CA
cb
cD
cD
cb
cD
cp
CR
DB
DC
DSF
OT

(5)

(0)
(10)
(4)
(5)

(1)

(2)

(3)
(5)

ATTACHMENT A

HULL WEIGHT INCLUDING SKIN, BALLONET, FINS, CONE, BLOWER & VALVES

TOTAL HULL WEIGHT

OPERATING ALTITUDE, M

RECTENNA AREA

ANGLE OF INCIDENCE LIMIT

BLOWER WT KG

TOTAL TRANSMISSION WIRE WEIGHT
PRIME ENG WT

RECT WT

BALLONET FABRIC WEIGHT

KWHR AUX ON STATION

NIGHT BALLONET VOLUME

BALLONET VOLUME

SHAFT WEIGHT KG

WiRE WEIGHT, RECTENNA TO MOTOR
WIRE WEIGHT, AUX ENGINE TO MOTOR
CLIMB ANGLE DEGREES

CRUISE DRAG COEFFICIENT

AVERAGE DAY AND NIGHT DRAG

CD + INDUCED DRAG/Z TO AVE DAY-NIGHT DRAG

© CD + INDUCED DRAG/2 AVE DAY-NIGHT DRAG

CD + INDUCED DRAG/2 TO AVE DAY-NIGHT DRAG
DYNAMIC LIFT COEFFICIENT

CLIMB ANGLE, RADIUS

DESCENT BLOWER KWHR

CLIMB, DESCENT DRAG COEFFICIENT

FUEL FOR DESCENT OPS INCL 8 HR LANDING
SEC 1000M

A-11



ATTACHMENT A

oW = FREELIFT AEROSTATIC

- El = POWER SYS WT
3 = POWER SYSTEM WEIGHT
EPWR = ELECTRIC POWER
y ESP = EFFECTIVE STRESS FACTOR
- EVG = VOLTAGE: CU RESIST OHMCM
FE = FUEL WEIGHT
FFW = FIN FABRIC WEIGHT
i FS = SAFETY FACTOR
ii FUL = MISSION FUEL K6
. FW = FIN UNIT FABRIC WEIGHT
. FW = HORIZONTAL AIRSPEED AT ALT I
£ GORY = GROSS LESS FUEL & TANKS & BALLAST
T HD = DESCENT KWHR
T~ = HULL FABRIC WEIGHT
- HH = KWHR CLIMB
: HJ = AUX AWAY KWHR
= HL = LANDING KWHR, AUX 8 HR
o HS = KWHR AUX BACK
= HT = TOTAL MISSION KWHR, ASCENT + AUX BACK + AUX AWAY + DESCENT + BLOWER +
. LANDING + RESERVE + ON-STATION
. KD = BALLONET SYSTEM, WEIGHT, KGS

B KI (1) = RIB WEIGHT K&
i KI ~ (2) = TOTAL FIN WEIGHT KGS

KTW s HULL SEAM TAPE WEIGHT
. K1 = FIN SKIN WEIGHT KGS
LD = DYNAMIC LIFT DURING NIGHT ONLY

A-12
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LD
LD
LD
LF
LH
LH
LH
LL

zZ X X =T =

MHW
MTA
NV

PC

FC

PD

PD

PO

PD
PLT
PROPS
PUR

(1)
(2)
(3)

(1)
(2)

(2)
(3)
(5)

(1)
{2)

(4)

(2)
(3)
(4)

ATTACHMENT A

DAY STATIC LIFT
NIGHT STATIC LIFT

MAX DAY LIFT FOR DYNAMIC LIFT COEF

LENGTH, TRUNCATED 5% FOR BALANCE

KG/KWHR FUEL AND TANK & SUPPORT WEIGHT
KG/KWHR FUEL WEIGHT

KG/KWHR TANK & SUPPORT WEIGHT

HELIUM COMPARTMENT LENGTH ‘
WIRE LENGTHS RECTENNA AND AUXILIARY ENGINE TO MOTOR
FREELIFT LESS FUEL, TANKS, BALLAST

MASS DISPLACED AIR

MASS HELIUM

DAY MASS AIR IN BALLONETS

NIGHT BALNT AIR MASS

MINIMUM HULL FABRIC WEIGHT

TANK & STRUCTURE KG

NIGHT VOLUME HE

PRESSURE AS SET FOR A GIVEN ALTITUDE
AMBIENT AIR PRESSURE

NIGHT PRESSURE DIFFERENCE, CM H,0

DAY PRESSURE DIFFERENCE, CM K,C

DAY PRESSURE DIFFERENCE, PASCALS

NIGHT PRESSURE DIFFERENCE, PASCALS

DAY PRESSURE DIFFERENCE, PASCALS

DAY PRESSURE DIFFERENCE, PASCALS
PROPORTION POWER LOST

RECIP ENGINE H2

PURITY OF HELIUM
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R (ZT)

RC
RD
RD
RE
RFW

(1)
(2)
(4)
(5)

SHIPS
SL
ST
ST
SX

(1)
(2)
(3)
(4)

e e

ATTACHMENT A

AMBIENT AIR DENSITY AT ALTITUDE ZT
R-AIR J/KG KELVIN

RATE ASCENT M/MIN

RATE DESCENT M/MIN

DENSITY AT OPERATING ALT

EFFECTIVE GAS CONSTANT (ADJUSTED FOR PURITY)
RIB FABRIC WEIGHT

R-HELIUM -

RESERVE KWHR

HELIUM COMPARTMENT RADIUS

BLOWOFF

ALLOY 6061T6 SHEAR STRENGTH N/M2

AL DENSITY KG/M3, SHAFT RADIUS M

TORQUE AT 100 RPM

X SECT AREA M2

SFC AREA M2

SUPERCOOL KELVIN

SUPERHEAT KELVIN

DOLPHIN HARD FINS

SHAFT LENGTH

AUXTLIARY DISTANCE M

AUX AWAY DISTANCE

BLOWOFF DISTANCE, CLIMB

GROUND SPEED M/S

HELIUM COMPARTMENT VOLUME

HELIUM COMPARTMENT WEIGHT KG

TRIM BALLONET WEIGHT

PROPORTION SHIP VOL FOR TRIM BALLONET
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TD
TE
TL
TL
TL
TL

TX
TX
Ti
T1
UHW
uo
Vo
VR
VW
VX
WD
WF
WG
T

(IT)
(1)
(2)
(3)
(5)
(1)

(1)

ATTACHMENT A .

DESCENT HRS
AMBTENT AIR TEMPERATURE

'DYNAMIC CL AT THRESHOLD SPD

DYNAMIC CL
DYNAMIC CL AT CUVE AVE SPEED
DYNAMIC CL AT UM(5)

HELIUM COMPARTMENT VOLUME

HOURS CLIMBING

TIME TO ALT

HRS TO AUX BACK

AUX AWAY HRS

HULL FABRIC UNIT AREA WEIGHT
CUBE ROOT VELOCITY PARAMETER
VOLUME M 3

RADIUS M DERIVED

VALVE WT

VEL ON AUX POWER AT ALT I, M/S
DIAPHRAM WEIGHT |

SEAM & REINFORCING WEIGHT FACTOR
GROSS WEIGHT KG

ALTITUDE, KM
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References
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I. CARMICHAEL'S CONTRIBUTION TO THE HAPP PROPOSAL

THE FLOW REGIME

The problem is defined as:

A one-million-cubic-foot airship of nuetral buoyancy.

Altitude of 70,000 feet. o = .000139 slugs/ft.3 v = 21.33 ft.%/sec.

Able to maintain station in wind speeds of up to 70 knots.

The high altitude results in a Reynolds number per foot of length of
only 56,000 at 70 knots true speed, thus greatly reducing the practical

problems associated with surface finish. Figure 1.

A hull length to diameter ratio of 3.33 results in a basic hull length
Reynolds number of 16.4 million at seventy knots, and an arc length
Reynolds number to the minimum pressure point at 60% of projected length
of 12.5 million (based on a 9.5% increase in arc length over projected
Tength and a 16% increase in local potential velocity over flight speed

at min. pressure). Figure 2.

These Reynolds numbers imply that large drag reductions are possible due
to extensive laminar flow both on the basis of theory and on the basis of
experimental experience;

~
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The low density at 70,000 feet together with the modest true speed
requirements lead to relatively low power requirements. Thrust Horsepower
divided by the drag coefficient based on hull volume to the 2/3 power vs.

true flight speed in knots is presented in Figure 3.

HULL ALONE DRAG COEFFICIENT - THEORETICAL

A rapid method of computing the drag of streamlined bodies of revolution

as a function of length Reynolds number, bodndary layer transition location,
and length to diameter ratio 1is found in Reference 1. The solid lines

of Figure 4 present ca]cu1ate& values of CD for a body with length to diameter
ratio of 3.33 for fully turbulent flow and for laminar flow to 60% of pro-
jected length. At 70 knots the laminar case has only 35% of the drag of the
fully turbulent case. The dotted line of Figure 4 reveals that an all-
turbulent body pf length to diameter ratio of 5, in spite of greater length
Reynolds number and lower supervelocities has only 2% less drag than the

body with 3.33 length/diameter. Thus there is little risk that use of a Tow

fineness ratio body will carry a penalty should laminar flow not prevail.

HULL ALONE DRAG COEFFICIENT - EXPERIMENTAL
Some experimental points have been placed on Figure 4 at the correct hull
length Reynolds numbers to indicate the extent by Which theoretical

expectations have been achieved in the past.
In the early 1960's, the writer conducted tests in both wind tunnel and in the

ocean on the Dolphin body with length to diameter ratio of 3.33 and favorable

pressure gradient to 60% of length. In the wind tunnel, Reference 2, in the

B-3



B 2000

3 1800
1600
b (28}
i1 ~
5 ~
: 3 1400
. a8
o Qo
& 1200
=
(]
- -9
2
" 2 1000
N X
i 2 800
- =

600

400
200
0

VOLUME = 1 MILLION FT3

ALTITUDE = 70,000 FT

i i !

20 40 60 80
U = ~ KN

FIGURE 3: HULL ALONE THP/ CDY2/3

B-4



.028

.024

.024

.016

.012

.008

.004

DOLPHIN WIND TUNNEL TEST - TRIPPED

N\
\YDUNG CALCULATION REF. __

N ALL TURBULENT 1/d = 3.3

[ TOUNG CALC. ________—__:Eb—. S=

ALL TURBULENT
i/d = 5.0
DOLPHIN TEST TRIPPED
I¥ OCEAN
i DOLPHIN WIND
TUNNEL TEST DOLPEIN TEST (CLEAN)
™ 0CZAN
t/d = 3.33 POINTED 30DY
—

20 40 60 80
FLIGHT SPEED v KN
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clean condition at a Reynolds number corresponding to 22 knots in the

present application for the clean condition, the experimental point landed
right on the theoretical curverat'0.01. With the boundary layer artificially
trippled to produce turbulent flow, the experimental point was somewhat

above the theoretical at 0.028. This could indicate difficulty in making

the afterbody pressure recovery with the thicker turbulent boundary layer

at the low Reynolds number.

In the gravity powered ocean tests, References 3 and 4, the clean body points
feel slightly above the theory indicating that laminar flow did not extend
qufte to the minimum pressure point. - Even so, by a Reynolds number of 20
million, the va]ué was almost down to 0.008. With boundary layer trippled,
the experimental point fell right on the theoretical value at a Reynolds
numbgr of 18 million. Additional experimental points from a series of ocean
tests are given in Figure 5. The drag appeared to be minimum between RN of
23 and 30 million. The scatter one must expect with extensively laminar
bodies in the real world is also apparent. A photo of the Dolphin research

body is shown in Figure 6.

Recently, a somewhat larger but slower underwater body as depicted in Figure 8
has demonstrated even lower drag coefficients to even higher Reynolds numbers
in a towing bésin and as a self—powered'free-running body. A deduced data
point is shown in Figure 4 from the scanty information available at this

time. Its drag is considered half of conventional drag in a reljable manner

in the real world, that is to say repeatable. Reference 5.

B-6
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THOUGHTS ON HULL SHAPE FOR THIS APPLICATION
ke To minimize hull drag at the upper end of the Reynolds number regime,

it is important to retain as strong a favorable pressure gradient as possible
;E all the way to the minimum pressure point. This requires a 10W length

to diameter ratio and can be enhanced by a shape closer to that of the B-1

TN

of Figure 8 than to the older Dolphin. In the case of the Dolphin, the

pressure gradient becomes more shallow as one proceeds aft, and in combination

with the increasing Reynolds number can resuft in disturbance amplification

5 ‘and transition to a turbulent boundary layer before the minimum pressure

point is reached. A more pointed nose shape and tight cﬁrVature just aft

ii of minimum diameter can rectify this to some extent. A combination of low
length to diameter ratio, far aft minimum pressure, and shape for maximum

i . Taminar boundary layer stability produces a severe advefse pressure gradient

on the afterbody. One must avoid separation of the turbulent boundary layer

- on the afterbody. THe probability of separation increases as the Reynolds

number becomes lower. In this application, the need to maintain station under
wind velcoitieérof less than 20 knots may become critical from the separation

B standpoint. Althaugh the power requirements would be Tow due to the low

fiight speed, the problem of holding heading into the wind with the fins and

¥ ' éontrol surfaces buried in separﬁted flow should be investigated. The separation

B problem may be reduced to some extent by use of the Stratford pressure
distribution as pioneered for airfoils by Liebeck. Reference 6. If practical,

if the fins should be placed on a short boom aft of the basic body to increase

tail arm and to place them in a favorable pressure gradient which can clean

up marginal flow. See the Powered Dolphin, Figure 7 and the Free Running B-1,

Figure 8. This feature may be easier said than done on a blimp.
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While one could use the Dolphin design directly for this application to

capitalize on its data base and minimize engineering effort or even the

B-1 design if its data base could be made available (not likely), it will

probably be necessary to deVelope a similar but not Japanese copy as a
best compromise with other inputs peculiar to this particular problem.
Thoughts on this will follow in the sections on recommended analytics

and experiments.

POWER REQUIREMENTS

Combining the Young Theory drag coefficients of Figure 4 with the curve

from Figure 3 provides the power-required curves of Figure 9. Note that this
data is for hull alone with no appendages and is thrust horsepower rather
than shaft horsepower. If stern propulsion is used to accelerate fluid that

has been slowed down by frictionwith the hull, it may be possible to obtain

a propulsion efficienéy equal to or greater than 100%.

At 70 knots at 70,000 feet, the thrust horsepower requirement of the hull is
15 with Taminar flow to 60% projected hull length and 42.7 with fully
turbulent flow. The 15 horsepower which provides 70 knots in the laminar

casé would only»proVide 48.5 knots in the fully turbu]enf case.

A self propelled version of the Dolphin underwater research vehicle was

tested and is rehorted in Reference 6. A photo appears as Figure 7. This powered
version did not achieve as Tow a hull drag coefficient as the gravity powered
research vehicle. The wave adapted propellers gave an efficiency of 88% as
deduced from a run with the boundary layer tripped. The appendage drag was
computed to increase the hull drag by 26%. Taking these into account, the

deduced hull drag coefficient based on volume to the 2/3 power equals 0.0118.
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If we take the volume of 1.45 feet3

» shaft horsepower of 25 and top speed of 35
knots as given in Figure 8 for the B-1, we come up with a coefficient of 0.011.
Note that this coefficient includes the appendage drag and the unknown value

of the propeller efficiency.

POSSIBLE SOURCES OF LOSS OF EXTENSIVE LAMINAR FLOW SURFACE IMPREFECTIONS DUE
TO MANUFACTURE

The divergence of the actual hull contour from the coordinates on which the
pressure distribution was calculated is not too critical as long as lengthwise
history of surface curvature is smooth. Due to the very low Reynolds number
per foot of length at 70,000 feet and 70 knots, the allowable step due seams in
the envelope could be as large as 0.051 inch without tripping the boundary
layer. Since the hull material is a thin film, lap joints will not exceed
0.001 inch in height. The most likely source of troublesome surface imper-
fection would be surface waviness. The conservative criteria of Reference 7
which was obtained for waves on a flat plate with zero pressure gradient
yields a wave height of 0.015 inches and 0.033 inch for a 6 inch wave 1ength.
at 10% and 50% of the laminar arc length. In the case of mu]t;ble waves,
these critical va1ue‘1s proportional to the square root of the wave length.
This should not be hard to achieve in the envelope construction. If fixed
loads are supported at specific locations within the envelope local waviness
could results. One should try to spread out Toad attachment points as much

as possible, Critical wave values also vary as the square root of the wave

position expression as fraction of the laminar length.
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If nose mooring cannot be avoided, the affected region should be kept

as small as bossible to keep it in the Tow velocity region near the forward
stagnation point and the Bardware should be placed in a cavity. The con-
ventional external car should be eliminated, if possible, as the juncture of

the car with the hull will trigger turbulent wedges.

SURFACE IMPERFECTIONS FROM THE FLIGHT ENVIRONMENT

Inspect impingment near the nose has been the most serious probiem of

laminar ajrcraft. Once again, the 70,000 foot altitude comes to the rescue
in this application. The allowable height of multiple insect remains in
about 0.05 inch. The maximum height of insect remains has been found iﬁ
Reference 8 to not exceed 0.017 inch. Insects do not rupture and contaminate
the surface below a flight velocity of 20 knots. One can avoid insect
impingement by taking off and climbing above the insect flight regime at

dawn before the insects become airborn.

Laminar flow cannot be maintained in rain but will return about 1 minute after
leaving the rain area. Due to the very long mission time of this application,
it should be possible to take off and climb in fair weather. The mission will

be flown at 70,000 feet above the weather.

Frost particlés on the surface will be below the critical roughness size.
There have been indications that frost particles traveling through the boundary
layer shed wakes 1eading'to turbu]eqt spikes'of short duration. It has been

said that this only occurs in the lower edge of the tropopause. Hopefully
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the problem will not exist at 70,000. DOr. Paul McCready should be contacted

on this point to insure that this will not be a problem.

Ambient turbulence is another source of premature boundary layer transition.
Flight tests such as Reference 9 have indicated that the scale of ambient
turbulence in the upper atmosphere is sufficiently low and of a scale which
does not affect the boundary layer. This factor must be considered in the

choice of windtunne1'for the development phase of the project.

N

\

The uniformity of the enQeTOpe and the internal pressure should be studied to
avoid the formation of standing or traveling surface waves at high forward
speeds. The very low dynamic pressure at 70,000 feet and 70 knots should

dictate against this becoming a problem.

Long slender bodies generate sufficient circumferential pressure gradients
at angle of ataack to produce large forward transition motion in the plane
90 degrees from the plane of the angle of attack. This does not occur on
low length to diameter bodies because the circumferential arc lengths are

long enough to keep the transverse pressure gradients lTow. Experimental

“data on this point is limited to a hull length Reynolds number of 5 million.

See Reference 2. The dymanic stability of the HAPP should be made high
enough to avoid excessive wallowing . Angle of attack excursions of at

least plus or minus 4 degrees should be acceptable.

Noise and vibration can also cause forward motion of the boundary layer
transition point. References 10, 11, and 12 provide most of the known

data. Suction stabilized laminar airfoils were subjected to external

b-14
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Tongitudinal and trnasverse sound waves, internal sound waves and panel
vibration. Both distinct frequencies and white noise were employed.

Most critical frequencies were found to lie near the upper branch of the

TS amplification curves. Under low boundary layer stability conditions

108 db was found to be critical while at high stability the critical level
increased to 130 db. While electric propulsion will be essentially noiseless,
the beat frequencies of the stern propeller in the wake of the fins could
possibly constitute a disturbance. The fact that the propellers may be
burried in the hull wake shouldhelp to alleviate this problem. The possibility
of panel vibratioh of the pressure stiffened envelope should be studied.

The possibility of the hull surface temperature being raised above the ambient
temperature must be 1nVestigated sinc such a differential acting on the
viscosity can produce a change in the boundary layer velocity profile in the
direction to destabilize the laminar layer. On underwater bodies, the effect
of heat on viscocity is resersed and just a few degrees of temperature
differentia]vcan make a sizeable increase in transition Reynolds number. I
have not encountered exberimenta1 data in air, but is is believed that

Dr. E1i Roshotko of Case is working on this problem. A general theoretical

treatment is available in Reference 13.

RECOMMENDED ANALYSIS
A family of hulls with length to diameter ratio and position of minimum
pressure as variables should first be defined using the Parsons Goodson

method of Reference 14. This method yields shapes with smooth curvature
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histories and thus smooth pressure distributions. The resulting pressure
distributions can be computed using Reference 15. Boundary layer calculations
must next be pefformed by a finite difference method such as Reference 16

and assuming various laminar to turbulent transition points. The mast probable
transition location in absence of disturbances can be determined by the method
of Reference 17. The best body shape will result from considerations of
practical asepcts of airship construction, the most favorable pressure dis-
tribution from the transition delay standpoint to the minimum pressure point,
and avoidance of turbulent b.1. separation on the afterbody where the lowest
Reynolds number will be the critical case. The probable surface temperature
distribution above ambient due to solar heating should be calculated and fed
into the boundary layer cach]ations. This may be a source of earlier
transition on the upper surface of the hu11; The afterbody separation problems
will be adversely affected by more forward transition locations since the
boundary layer thickness at start of pressure recovery will be greater in this
case. The boundary layer profile at the stern propeller location will affect

the propeller design.

The unstable hull moment slope will be a major input to the dymanic stability
calculations to determine the necessary fin geometry. A limited amount of -
experimental data on Tow drag hull moment slope is available from past wind
tunnel experiments. Fin 1ift curve slope is complicated by the hull inter-

ference but preliminary fin design can be based on previous emperical

“experience.
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EXPERIMENTAL DEVELOPMENT
A Wind tunnel tests in a Tow turbulence tunnel such as the Northrop 7 by 10 foot
: will be most helpful, even though restricted to the lower Reynolds regime
of this application. This will cover the most serious regime from the
standpoint of afterbody boundary layer separation and fin effectiveness.
éi Artificial boundary layer tripping can be employed to check out the worst
case. In addition to force and moment measurements, surface film can be used
for transition point determination and thread tufts can be employed to locate

incipient or complete afterbody separation.

55; | To cover the upper Reynolds number regime, it would be necessary to employ

« the Ames low turbulence 12 foot pressure tunnel. This would provide realistic
s Taminar extent at the high speed end of the flight regime. Thought should be
o given to artificially heat and model surface to obtain an experimental check
£ on the effect on transition. It is generally difficult to schedule this

i tunnel,

It may be desirable to proceed from the Northrop tunnel tests to a scale blimp

" flown at low altitude to match the upper speed Reynolds number at 70,000 feet

B ]
[

for the fiha1'applicat1on; Data collection is more difficult but such a test

program would include the real world problems in a conservative manner.

A further thought on wind tunnel testing is to consider use of a powered

model to determine overall propulsive efficiency as in the tests in Reference 18.
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These were done in the Langley full-scale tunnel which permits coverage

of the full Reynolds number regime. The turbulence level has been reported
to be too high in this tunnel for laminar work and yet Reference 18 reports
a drag coefficient based on volume to the 2/3 power of 0.01 at a hull length

RN of 17.5 million which would require extensive laminar flow.

APPENDAGE DRAG

Since power requiremgpt minimization is crucial to this application, and
since the vehicle will be unmanned, it should not be necessary to have a
control car of the conventional external type. Likewise, the use of stern
propulsion will eliminate external engine cars. If battons are required to
siffen the nose region, they should be placed internally so as not to trip
the laminar boundary layer. The mooring arrangement and any skin laps will
not constitute an additional drag source for either the laminar or turbulent

case.

The fins and their support wires, if required, will therefore constitute

‘the only appreciable appendage drag. Fin design must be carefully considered

since the combination of Tow Reynolds number, large thickness ratio, and the
pos;ibi1ity of unfair surfaées, if they are pressure stabilized in place of_
internal struéture. éould lead to a large drag addition which would con-

stitute a high percentage increase for the case with the hull extensively laminar.
The contribution of the stern propellers to the vehicle stability will reduce

but perhaps not eliminate the fin area requirements. If there were no fins,
control would have to be achieved by swiveling the props which might be too

complex a_de9e1opment to add to the others.
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The relatively modern blimp design of Reference 18 was a stern-propelled, 3-fin
design. The projected area of the 3 fins was 30% of the volume to the 2/3 power.
In our case, this would lead to 3000 square feet of projected fin area. If

our fins were of low aspect ratio 1ike those of Reference 18 with average span
exposed equal to 0.56 times the average chord exposed, the chord length RN would
be 676,000 and 2,367,000 for 20 knots and 70 knots respectively at 70,000.

A 21% thick airfoil, if laminar, could probably have a CDO of 0.006 for the 70
knot condition. 'Nith limited laminar flow, the value would be about 0.01.

If the airfdi] surface is too crude, the value could be much higher and perhaps

21% thickness ratio could not be tollerated.

The percent increase due to the condition of 3000 square feet of fin area to

the one million cubic foot hull would be:

A. 23% based on fin CD = 0,006 and hull CD = 0.008
. . v 2/3
B. 38% based on fin C = 0.01 and hull C = 0.008
D D
vV 2/3
C. 9% based on fin CD = 0.006 and hull CD = 0.02
. Yy 2/3
D. 15% based on fin CD = 0,01 and hull CD = (0.02
, Y 2/3

The above numbers afe based on the fih area to hull volume relationship of
Reference 18 being adequate for our case when augmented by stern propulsion.
The values do not include the drag of brace wires. Although the drag coefficient.
of the wires would be between 1.0 and 2.0 due to the low Reynolds number, the
projected area of the wires will probably be low enough so that the increase
in total drag would be on the order of 2% for the casé of the Towest drag

fins on the Towest drag hull.
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- II. Potential Flow Computer Simulation
: The following is the input and outpﬁt of the Lockheed aerodymanic
flow computer program used to calculate a pressure distribution
fo the Dolphin shape. The pressure distribution is representative
%E of a potential flow pressure distribution. There was no boundary
N 1ayer,‘no transition and no separation included in the pressure
ié distribution calculations. The pressure distribution should not
i be considered va{id beyond the true full-scale boundary layer tran-
a sition point.
®
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ITII. Allowable Waviness Criteria
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T
ST

ALLOWABLE WAVINESS

The allowable waviness to prevent undesired boundary layer transition
on a passive BLC body of revolution is estimated below. What this

waviness criteria means in terms of airship hull contruction is also

~quantified.

From Carmichaels contribution to HAPP (Reference 1), a waviness criteria
is proposed. The Eriteria, based on spanwise corrugation effects of
flat plat with zero pressure gradient (Ref. Fage), yields a wave length
of 0.015 inch and 0.033 inch for a 6.0 inch wave length at 10% and 50%
of the laminar arc 1ehgth.* Carmichael suggests that in the case of
multiple waves these criteria values should be reduced by a factor of

two. These points are shown in Figure 1, Allowable Waviness.

A secohd criteria is proposed by Narnef (Reference 2). The criterion is
based on a data correlation by Carmichael. The criterion, adapted from

data on laminar flow wings with mi1d boundary layer suction, follows.

1/2

h = allowable wave amplitude

A = wave length

—
H

arc - length from the nose of the
vehicle to the laminar separation
location

* 70,000 feet and 70 knots
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The criterion, referred to as the Carmichael Criterion, is also shown
in Figure 1. The relationship between wave amplitude and wave length
in the Carmichael criterion was used to expand the two Fage data points.

This too is presented in Figure 1.

Carmichael mentions that the Fage data points, calculated with zero
pressure gradient could be as much as 7.3 times as low as the Carmichael
data points, calculated with a favorable'pressure gradient. The Fage
data pointsrare alsp representative of a single transverse wave and
Carmichael states that the waviness requirement could halve as a result
of multiple waves. Also, the Fage data indicates that the waviness
requirement (assuming zero pressure gradient) is more strict at the
nose of the hull. The decrease in allowable wave heights are due to
the decreased boundary layer thickness at the forward area of the

Fage zero pressure gradient plate. Since the hull preSsure gradient

is not zero, and becomes increasingly favorable as one moves forward

of the minimum pressure point, this effect should compensate for the
thinner boundary layer. The favorable hull pressure gradient should
also compensate for the effect of multiple waves. Surface heating will
also effect the waviness requirement by altering boundary layer charac-
teristics. For lack of data, this waviness criteria does not include

the effects of heating.
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In view of these various considerations, the waviness requirement

shall be;

h

= = 0467

JSr A
h = Wave Amplitude IN
A = Wave Length Ft

-2033_ . .0467 N

/0.5 viai

Hull construction must be tailored to meet the waviness requirements.

Panel seams and dimensional accuracy requirements to meet the waviness

requirements are estimated below.

Panel Width Tolerance

Assume: 100 Foot Diameter
70 Inch Fabric Width
4 Feet Wave Length
With x = 4 foot, h = .093"

So radius must not vary more than .093" in four feet.
Circumference _ _n 100

# of Gores = z 54 Gores
Panel Width 70/12
Total Circumferential Error = Z”Rerror = 27(.093") = 0.58"
Tolerance in Single Panel = Circugfg;eg:i:l Error 0%28 = .
B-35
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ALL PANELS MUST BE

CUT AND SEALED

4+

H

+

0.01" in 4 feet
0.005" in 1 foot
0.032" in 50 feet
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DeLTo1D SuMMARY

PRIMARY ADVANTAGE: AERCDYNAMIC LIFT CAN BE USED TO AUGHMENT
BOUYANT LIFT,

A, IN RANGE OF SIZES OF INTEREST, DELTOID WOULD ONLY PROVIDE
POWER ADVANTAGE AT HIGH VELCCITIES (ABOVE &0 KNCTS)

B..  IN THE HAPP MISSION PROFILE, WINDS WILL ALWAYS 3E LESS THAN
& «koTs,

C. POOR VCLUME EFFICIENCY, INCREASED STRUCTURAL WEIGHT OVER
SURFACZ OF REVOLUTICON.

D.  NEw CONCEPT, VERY HIGH TECHNOLOGY RISK,

CCNCLUSION; SINCE THE CRIGINAL APPARANT ADVANTAGE IS NOT REAL, _
THIS CONCEPT HAS 3EEN ZLIMINATED FRCM FURTHER SVALUATICN,

C-1



ey
RS

T st

RN

ramnatlany
AT

ey
TR

UR 5 IR T O HE|

Ao

"DELTOID FEASIBILITY ANALYSIS by William Putman
For a deltoid of elliptical cross section * and with an NACA 00XX airfoil

sectidn, steamwise, it can be shown in the "NACA Four-Digit Thickness
Distribution Summary” at the end of this appendix that ¥ = 0.452 K(-%—) C3

root
where

K = tan (leading edge 1/2 apex angle)

(t/c) = thickness ratio of root airfoil section
root

m  (t/c) = 0.XX for NACA 00XX
_ root '

and C = root chord, giving finally

B, = 1.58 x 1073 K (t/c) .
root B

* The ellipsoidal cross section is the preferred shape from a volumetric
and structural efficiency standpoint and is a patented development of

the Aeveau Corporation, Princeton, N.J.

For the aerodyman1c 1ift, LA , We can write LA = q SA CL ,

where SA z plarform area = K C2 and q is the dymanic
pressure, q = .058 x .001180 V2
= 6.89 x 1070 V2, psf

We now have the deltoid hybrid gross 1ift exprssed as

. -3 3 2,2
GW, = 1.58 x 1077 K (t/c) . C +KC (40V)° .

c-2



Turning now to the drag aerodymanics, for the conventional airship, we can
use Hoerner (1) to express:

c C [3 (1/d) + 4.5 (/1) + 21 (d/1)2

Dfronta]

0.042 for C. = .003 @ R, = 107 .

Assuming, for present purposes, no aerodymanic l1ift in the case of the
conventional airhsip, the above expression is complete for airship drag.

In the case of the deltoid hybrid, both profile and induced drat terms will
exist. For the accessories required herein, the developments of Putman,

will suffice and drag coefficient components can be expressed as:

G =2C [1+1.2(t/c) + 60 (t/¢)*
0 root root

2 2
"CL : v CL
0 T Re 47K e , based on planform area

Where R =4 K and e is a Frost - Rutherford leading - edge singularity
factor dependent on leading edge radius Reynolds number. For the vehicle

size, velocities and altitudes of intent, Ke can be assumed = 0.08.
We now have complete parametric expressions for the 1ift, drag, and hence,

1ift-to-drag ratios of both conventional ellipsoidal airship and the

deltoid hybrid. By means of these expressions and an assumed veloctiy

C-3



profile we can make a quantitive comparison of the two types of vehicles in

SN

L performing the. HAPP mission.

Combining the previous1y develgped expressions for CD and CL ~, wWe can
A

A
express the dimensional drag as:

.

* 60 (t/C)root

; ,
. D, *+2qCpKe® [1+1.2 (t/c), .,

. [8050 - 1.58 x 1073 K(t/c) root 312, 1b.

6.9328 x 104 v2 k% ¢?

Evaluating the drag expression at a standard density altitude of 70,000 feet;

D,  =4.14x107 [1+1.2 (t/c)

70K

4 2 .2
root ¥ 60 (t/c)goe] K CTV

‘ 212
3.061412 .06008 (t/c) c

+ - root , 1b.
KeV v :

;E and correspondingly for hte conventional airship of 3.1 fineness ratio and 7138

1b gross 1ift;

2,2

= 2,75 ¢ 10°° v°, 1b.

D
The expressions for stéady~1eve1 flight power required follow as
P, =7.53x 10710 [1+ 1.2 (t/c), + 60 (t/c)} 1 ke? v

A .
[E%.os x 10% - 2.57 x 1072 (4/€) oot %f] 2y, Horsepower,

3

KcV v

3

P A/S = 4.99 x 1070 v , Horsepower.

c-4
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1

In order to affect a remainingful comparison of the deltoid hybrid and the
conventional airship in pgrformance of the HAPP mission, it will be
necessary to prescribe an operating velocity time history representative of
the year-on-station HAPP mission. Utilizing this profile and the power
required expressions, we can then obtain a mission energy requirement as
well as peak power requirements. These two indices must be then used to
judge the relative merit of the configurations.

The fo11owin§ parametric field is suggested to be adequately representative

for the deltoid configuration in the HAPP mission.

(t/c)
K

0.20, 0.25 and 0.30
0.25, 0.50 and 1.00
150 , 200, 250, and 300 feet

root

c
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INTRODUCTION

This report describes various aspects of the work performed for ILC
by Developmental Sciences, Inc. (DSI), on the HAPP program under

While much of the work under this contract has already been submitted
in the form of repbrt viewgraphs, progress reports, verbal presentaions
during visits, etc., this document serves to refine and condense in one
place the efforts devoted to avionics, propulsion, and system relia-
bility in response to ILC letter request dated February 9, 1982.
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1.0 AVIONICS

i

" 1.1 Architecture

v Figure (1) shows a proposed architecture for the avionics system. This
v scheme was configured to maximize reliability. Devices such as vertical gyros
I (for attitude measurement) have been rejected because of the relatively poor
e reliability of this type of device.

. The sensor suite is listed below:

. Heading Sensor } ‘ Used to measure magnetic heading for the

g' purpose of aligning the ground power

B transmitting antenna. This would be a three-
;} axis device, augmented with attitude data

. rvsuppTied from the strapdown system. Magnetic
e heading would also probably be required for
s certain kinds of mission payloads.

'Ka ; Air Data ' Pressure transducers are employed to measure

baro altitude (h) and airspeed (V). This
information is used for outer loop altitude
control (h), and in gain scheduling (V).

-

Inertial Instruments Yaw rate (V%) and pitch rate (B) are
s measured by means of inertial guality rate
gyros. Vertical and axial acceleration (aZ
0 and ax) are sensed by means of inertial
L ‘ : quality accelerometers. Together the latter
N ' three instruments furnish the information
_%é required for strapdown computation of pitch
" ] attitude. All of the four sensors are also
ﬁﬁ employed for inner loop damping of yaw and
- pitch rates.

D-2



N, i
S,

The ground based data link furnishes information on position error (via
a tracking antenna) to the airborne flight control computer. '

As shown in Figure (1), all sensors are triplex. The reasons for this
choice become evident from the analysis of Section (1.4).

The output functions of the system are comprised of the downlink, the
control surface actuators (Ge, and Gr)* the propellor pitch servo (68)’ and
the four electric motor control actuators (6p). Each actuator is configured
as shown in Figure (2), with two motors driving through a2 common differential.
Individual feedback potentiometers are used on each motor.

Triply redundant power supplies are used to convert from the rectanna
raw power to conditioned power required by the avionics. Two of the power

supplies are on standby in this scheme.

A dual redundant liquid cooling system is included to collect dissipated
heat from the avionics (and payload). The system would be designed to "cold-
soak" the avionics, especially the computers in order to enhance relia-
bility. It would consist of two small (~ 3 feet? face area) glycol-water
radiators with cooling lines connected to cold plates built into the various

“avionics boxes.

The airborne flight control computers are guad-redundant. Computer
capacfty is roughly estimeted at 2 K of PROM and 2 K of RAM. The processing
rates vary as a function of the particular computations being performed .
Strapdown computations wdould be done at about 50 bits/second, while other
flight control functions would be computed at 25 bits/second and less. The
computer would be based on a microprocessor in the class of the
Z-8000 or the MC 68,000.

To maximize computer reliability, it is desirable to maintain the cold-
plate at a temperature of about O0°F,

1.2 Weights and Power

Table (1) shows a weight breakdown of the avionics system, based upon

*g = elevator deflection, o = rudder deflection.

D-3
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DEVICE NUMBER

WE IGHT (LBS)

Magnetic Heading Sensor
Altitude Sensor

Airspeed Sensor

Yaw Rate Sensor

Pitch Rate Sensor

Vertical Accelerometer
Airborne Flight Control Computer
Power Supply )
Airborne Data Link

Actuators

Cable Harness

Installation

Avionics Cooling (Liquid)

TOTAL

AVIONICS WEIGHT BREAKDOWN

TABLE (1)

— 00 H W M W W W w W W

7.5
1.8
1.8
2.4
2.4
1.8
36.0
21.0
48.0
40.0
5C.0
20.0

2€.0

258.7 LBS
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data assembled on other DSI programs. Table (2) presents the power consumed

by the flight control system.

1.3  Redundancy Management

The following elements of redundancy management would be included:

o

In-Tine monitoring (reasonableness)
Sensor/Actuator/Computer self-test
0 Cross channel voting

o

All system elements would be cross-strapped where practical. In this
way, very high coverage on fault detection and isolation can be achieved.

purposes of simplicity in predicting faults for this preliminary exercise,
100% coverage will be assumed.

1.4 Reliability Estimate

Figure (3) shows the reliability block diagram for the avionics
system. Dashed line boxes indicates units on standby. Table (3) gives
failure rate data for each of the components shown in the block diagram.
Using classical reliability prediction methods, the following values are
obtained for this system (assuming one of each required for success).

TIME PERIOD RELIABILITY
3 months .9076#
12 months L2727

It should be noted that actual values would be somewhat lower since fault
isolation coverage is not accounted for, as discussed earlier.

* This number has been changes from the original value of 0.8997 published in

this report. A mathematical error was discovered by ILC.
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DEVICE NUMBER - POWER CONSWMED

- (Z Channels)
Mag. Heading Sensor 3 1.5 watts

;i Air Data System 1 (triplex) 5 watts
‘ Static and dynamic pressure
L tranducers (Pg and Q)
;; Strapdown Ins. 1 (dual) 125 watts
E% Airborne Flight Control System = 4 200 watts
éﬁ Airborne Data Link 4 150 watts
G, Control Surface Actuators 250 watts
i '
§fi4; Power Supply* o 1 (at any time) 400 watts
j Total 1,132 watts
;% *For 5 KW payload + avionics.
%E AVIONICS POWER REQUIREMENT
TABLE (2)
D-8



saL _ DEVICE FAILURE RATE SOURCE
, (Per Million Hours)
. Magnetic Heading Sensor 40 Develco
%7 Altitude Sensor 37.5 Rosemont

Airspeed Sensor 37.5 . Rosemont

Yaw Rate Sensor 95.0 Draper labs

Pitch Rate Sensor 95.0 Oraper labs
o Vertical and Axfal Acceleration 55 v Draper Labs
Airborne Flight Control. 150 ' " LSI Based on
. Computer MIL HDBK 217 ¢
ié Power Supply 45 Electropacific Summary
- Report, Ref. DSI P.O.
- : 13836
e Airborne Data Link 330 - Vega Precision labs
) Actuators (Dual Motors, 5 LS!

Common X-mission)

Cable Harness 3 LSI
£ Cooling System 10 DSI
£
) AVIONICS FAILURE RATE VALUES
TABLE (3)
5
I
X

D-9
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2.0 POWERPLANT

2.1 Configuration
The block diagram of the airborne powerplant (prime and auxiliary) is

shown in Figure (4). This diagram characterizes the airborne end-to-end
function of the propulsion system. The receiving antennas on the airborne
platform (R) convert the RF energy into electrical power at about 250 volts.
The cable harness (CH) transmits this power to a series of four Samariam
Cobalt brushless motors, each in the 25 to 50 shaft HP size range. Shaft
power is transmitted through a pair of dual input gearboxes, then into a
sprague clutch combiner and finally to a single variable pitch propellor.
Auxiliary power is brought on line as shown in the block diagram. This power
is furnished to the electric motors by a turbo-generator unit.

This particular arrangement was éhosen over other confiquration studies
e because it appeared to maximize reliability per unit cost and weight.

e 2.2 Electric Motors
7 . The Samarfum Cobalt brushless d.c. motor was selected over other
candidate (Table(4)) systems for three basic reasons:

0 High power to weight ratie
High efficiency

£,
o

o0 Ability to generate output power over a wide range of torque
and shaft speeds.

The last reason is important because of the necessity to generate power
e efficiently over a wide range of altitudes and propellor advance ratios,
especially during ascent/descent to and from station-keeping altitudes.

p Present state-of-the-art motors of this kind and in this power class

:" have weight to power ratios of about 2.5:1 1b/H.P., including controllers End-to-end
o efficiencies are over 90%.

* Each motor will require liquid cooling. A common radiator for each pair

fe of motors would be provided to reject dissipated heat to the atmosphere.
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TYPE

CHARACTERISTICS

Samarium Cobalt

Permanent Magnet

a.c. Motor
(Brushless)

Very High Efficiency (.85 < n< .9)

Very High Power/Weight (2.5 1b/H.P.)

Wide Contrel Range

Control Technology New

Reliability TBD (Switching with each Rev.)

Samarium Cobalt
Permanent Magnet

d.¢. Motor (Brush)-

High Efficiency (.8 < n ¢ .85)

Very High Power/Weight (2.5 1b/H.P.)
Difficult to cool

Narrow Control range

Electronically Noisy

Life Limited by Brushes

Wound-Field Modest Efficiency (.7 ¢ n < .75)
ac/dc Motor Heavier (4 1b/H.P.)
(Brush) Wide Control Range
Difficult to (ool
High Torque
Life Limited by Brushes
Induction Widely Controllable (speed Freq.)

Heavy (10 1b/H.P.)

* CHARACTERISTICS OF VARIOUS TYPES OF ELECTRIC MOTORS

TABLE (4)
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Unfortunate?y,rat this time, little failure rate da%ta on this type of
motor is available for reliability estimates. Table (5) summarizes the
characteristics of this type of motor.

2.3 Gear Box
The propelior analysis (Section 2.6) indicates the need for two-speed
output to accommodate the range of altitudes and advance ratios required.
For reliability reasons, the reductions will be accomplished in the
following two steps: -

1) Two speed dual input gearbox for each pair of motors.
2) A single fixed ratio (2:1) sprag clutch combiner,

Figure (5) shows a schematic of the dual input planetary gearbox. Its
operation can be summarized as follows. The input from each motor is provided
by quill shafts designed to isolate the gear train, particularly the input
reduction set, from any torque fluctuation of the motors. Each input drive
incorporates an engine disengaging feature which operates (without sensors,
control circuitry, or actuators) when the drive torgue of one motor passes
through zero to a negative value. This is accomplished with a helical scroll
ssstem which reacts to torques solidly to the gearbox case in one direction, but
which rotates and moves gears axially out of engagement when torque is
reversed. .

The gear train, comprised of four gear sets, provides for continuous
correct phasing of both motors which run at identical rpm. The gear sets
include an input planetary set for each motor, a spur gear transfer set and an
output planetary set which incorporates the speed changing mechanism. The
gearbox overall reduction is 11,11 to 1 in low ratio and 7.33 to 1 in high
ratio. Speed change is accomplished by means of a multi-plate clutch and a
sprag clutch with the output planetary set. The speed changing svstem
sustains power through all gear changes and has no possibility of neutral. In
the event qf a clutch failure, the unit will drive at the higher ratio.

.
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Type

Power

Weight

Efficiency

Voltage

NRE Regquired

Motor Cost
(Prod.)

Synchronous, 8 poles, permanent magnet,
3-phase, brushless A.C.

30 H.P. @ 4500 R.P.M,
65 1bs.

95% @ 4500 R.P.M.

250 V d.c. @ 100 A
250 K.(12 Mﬁrs)

20 K/Unit

ELECTRIC MOTOR SPECLFICATION ,

TABLE (5)
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The combiner is a simple 4:1 ratio sprag clutch transmission, whose
disengagement function is similar to that described above. This unit combines
torque inputs from each motor pair into a single output shaft at propeller
speed. The end to end efficienty of the gear reduction system is estimated to
be 0.95.

A single propeller was chosen to operate symmetrically in the wake of
the body, and hence, give maximum efficiency. Two, counter-rotating pro-
pellers were considered to enhance redundancy, but this scheme was finally
dropped because it was felt that failure of one would in fact cause failure of
the other,

Table (6) gives the weight summary of the prime propulsion system for
100 SHP total.

2.4 Auxiiiary Propulsion

A turboshaft driven electrical generator is used to supply electrical
power to the electric motors in the case where no power is available from the
rectenna system (auxiliary divorced scheme). One can also consider a
configuration where the auxiliary power is used along with the prime power
system to increase the total power to the propeller shaft (auxiliary-coupled
arrangement). The latter case would, of course, require the elactric motors,
transmission, and propeller to have greater capacity.

The turbine engine used for this application would probably be a moci-
tication of an existing unit, adjusted to operate at the higher altitudes.
Preliminary studies conducted for DSI by various engine companies (e.gq.,
Garrett, Solar, and G.E.*) on other programs suggest: fhat a power to weight of
nominally 4.0 1bs/H.P. at 65,000 ft for the basic engine, delivering shaft
power at around 40,000 --5 50,000 rpm. In this size range and at the maximum
altitude under consideration, one could expect an SFC in the range of .40 to
.52 KG/KWHR.

It should be noted that the re-configuration of an existing engine for
this appTication would be a relatively costly undertaking.

e.g., the G.z. CT-7,
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4 MOTORS/CONTROLLERS (25 H.P.)

2 COOLING RADIATORS

2 GEARBOXES

1 COMBINER
PROPELLER
WIRE HARNESS
RE CTENNA
MISCELLANEOUS

TOTAL

PRIME PROPULSION WEIGHT

TABLE (6

A

/

'__
mA

260
40
50
20
65

100

50
585

BREAKDOWN

D-18
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An electrical generator of the Samarium-Cobalt tybe operating at these
rpm's in this size range would weigh about 1.5 1b/K.P. (in¢cluding condi-
tioning). Adding an additional 20% for cable harness, installation, and
miscellaneous items, the installed auxiliary powerplant weight to power ratio
would be about 6.6 1b/H.P. For 100 available H.P., the installed weight of
the auxiliary would be about 660 1lbs.

2.5 Propeller

The propeller is a two-blade, fifty-foot diameter, variable pitch
design. Power absorptibn of the propellor is held constant during climb to
altitude by adjusting propellor blade pitch and by selecting the appropriate
gear ratio in the two-speed gearbox. |

2.6 Propeiler Aerodynamic Design and Perfermance
The propeller aerodynamic design was generated with the aid of a DSI

computer program that is based on an algorithm published by Dr. E. Eugene
Larrabee of the Massachusetts Institute of Technology. This program optimizes
the radial distribution of local chord times 1ift coefficient, producing a
propellier that exhibits minimum induced losses at the selected design
conditions (forward speed, rpm, power, etc.). The resulting radial distri-
bution of blade loading is analogous to the {optimum) elliptical loading on an
airpiane's wing.

Propeller per‘ormance in operating conditions different from those at
the design point is predicted using a second computer program that is based on
another Larrabee algorithm. This program accommodates changes in flight
speed, rpm, blade pitch angle, and local air density, and computes thrust
delivered, power absorbed, and efficiency. The Prandtl-Betz-Goldstein tip-
loss correction factor is incorporated in the algorithm, ensuring good
correlation between computer-predicted and experimentally-ocbserved perfor-
mance characteristics.

Because the ¢limb to altitude encompasses such a wide range of operating
conditions, multiple propeller speeds are required. (Not even the provision
for variable blade pitch angle is sufficient to efficiently accommodate the
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range of flight speeds and air densities encountered during climb.)_ Proper
selection of the design operating p&int from within the range of operating
conditions can minimize the number of speeds reauired. Designing the
propeller for full-power (150 bhp) operation at 60,000 ft results in excellent
efficiency throughout the climb to 70,000 ft, using only a single gearbox
ratio change. The blade geometry generated by this design/evaluation
iteration is shown in Figure (6).

Propeller operation during full-power climb to altitude is shown in
Table (7) and Figure (7). The propeller is run at low speed {90 rpm) and
"flat" pitch at sea 1e0é1. As altitude increases, the blade pitch is
progressively "coarsened", unti] the vehicle reaches 42,000 ft. At this

point, the gearbox is shifted into its high-speed range (135 rpm), and the

blade pitch angle is simultaneously reduced. The climt from 42,000 ft to
70,000 ft involves a second coarsening of the blade pitch. Note that the
optimum efficiency is not obtained at the station altitude of 70,000 ft. This
is a consequence of not only the selection of 60,000 ft as the design altitude
(discussed previously), but alsoc Reynolds number effects. Note, however, that
the deviation between on-station and maximum efficiencies is only 2 1/2
percent, and furthermore, that the best efficiency occurs at shear-layer
adltitudes, where maximum efficiency is most beneficial in minimizing "drift".

Partial-power operation at any altitude can be achieved by running the
propeller at "flatter" pitch angles than those seen in Figure (7). While this
may entail reductions in operating efficrency, this is & less critical con-
sideration at reduced power levels.

2.7 Prime Propulsion Reliability
Figure (8) shows a reliability block diagram for the powerplant. The

failure rates (in failures per million hours) for each component are given in
the blocks.

The blocks to the left of the dashed line are asso¢iated with the RF
transmission elements. It is believed that very little knowledge of failure
rates exist for this element. The assumed values are merely estimated.
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EomenEatel

+ F
g

k ft

10
15
20
25
30
35
40
45

55
60
65
70

e
52. 5
55.2
58.1
61.3
64.8
68.6
72.8
77.5
83.6
90.6

$8.0
106.2
115.0
124.5
135.C

51?f3
.002377
.002049
.001757
.001498
.001270
.001069
.0008933
.0007407
.0005854
.0004642

.0003657
.0002880
.0002269
.0001788
.0001401

PROPELLOR SETTINGS
AS FUNCTION OF ALTITUDE

2
.0001564
0001776
.0002013
.6002203
.0002633
.0003017
.0003488
.0004057
.0005056
.0006423

.000815¢
.001036
.001316
001671
.002143

TABLE (7) -
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The blocks to the right are related to the power drive system. The
failure rate numbers quoted are based on analyses performed on other programs
by DSI.

The prime propulsion reliability for three month and ane year periods are
summarized below. '

PERIOD RELIABILITY
3 Mo. .9303
12 Mo. ' .7282

3.0 SYSTEM RELJABILITY

Figure (9) shows a block diagram of the system elements. Airframe
failure rates are taken to be 10 failuras per million hours. The C° ground
system was assumed in this analysis to be completely reliable.

The system reliability summary is given below:

PERIOD RELIABILITY
3 Mo. .8351*

12 Mo. | .1821

It should be noted that these values do not include payload.

* This value is based on a corrected avionics reliability shown on Page 7
of this Appendix. The original figure published in the report was 0.8191.
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APPENDIX E
THERMAL DATA AND TRENDS

This appendix contains the HAPP Thermal Equilibrium Program, Attachment EA,
for computing gas and skin temperatures during flight, and a set of graphs

depicting sensitivity of the temperaiures to variations of the thermal factors.

Figures E2 through E1§ present the sensitivity information. Each curve
represents variation of one parameter on an arbitrary baseline representing

a possible HAPP flight situation. The baseline values are listed in Figure El.
It is to be noted on all the graphs that TTC and TBC are top skin and bottom
skin temperatures, and that gas temperature, which is not'shown, Ties halfway

between them.

Figures E2 through E5 present solar parameters which have an effect only
during the day. Other factors are all presented for nighttime only, (solar
flux zero) but would also have an effect during daytime. Figures E6 through
E15 are nighttime values, all associated with infrared energy (except the

convection graphs).

A1l factors except convection have a significant effect. Convection is
graphed only for low values expected at the altitudes and airspeeds where
day-night temperature swings are most critical. The source for the convection

coefficient value is given in Figure E16.

The influence of each of these thermal factors 1s to some degree additive to

the influence of other factors. We are most concerned with the factors that

E-1



cause in-flight changes of superheat or supercool, which is primarily solar
flux. Changes of ambient temperature per se are not serious, except that
the hottest temperature experienced by the airship gas fixes the mass of
helium in the ship and thus its aerostatic 1ift. Therefore, this "hottest"

temperature is an important design consideration.
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APPENDIX E - ATTACHMENT EA

THERMAL EQUILIBRIUM PROGRAM FOR HAPP 26 April 82

$ = “THEREDD 10JL32 = THEREQL 20APBZ WITK SA=SE=1.5 TO GIVE 33.2C DAY-WITE LIFF HING

AFF HASELINE DIFF. +ANI=UALS FROM AMEIENT NOT THE SAHE™
HOME : PRINT *FOR NG FRINTOUT SET PR=19%
3 = "PROGRAM THEREQD OF 29AFRGZ": PRE 1 PRINT F$: FR$ 0
REM :THEREQL 15 SAME AS ORIGINAL THEREQ WITH FROGKAM IMPROVEMENTS. IT IIFFERS FROM THERE

FOR_IF INWARD FLUXES, THI3 PROGRAN RETAINS BosEarUs WITH EARTH ANDI ATHOS TEMFS INPUT
REW'_THEREDC WAS [WuaKl 1K FLUXES &S DIRECT INPUTSI THEREOD OF J6AFRBI GIVES SANE RESULT

A3 THEREGC WITH THE 3ET IWFUTS |
FI = 3,181638 = 1.714E - 7iPT = 0.PN = 0; PR$ 0
2 s a5000:KT = 0% PRINT I,KT

INPUT *CHANGE ALTITULE Ok AIRSPEED (Y/N)*iA$

IF A% = *71* THEW G6OTO 158

6070 250 -

TUPUT *NEW ALTITULE 7, AIRSPEED KTy=*3Z,KT
V0 = 3.1414: PRINT VO

THFUT *CHANGE VOLUNE, Y/N®iEs

IF BS_= "7 THEN GOTO 300

GOTD_350

INPUT *VOLUME=V0=":U0_
f=5.868 X V0 t (2 / 3)
L@ = .1; FRINT L@

IHPUT “CHANGE ITERATION LIMIT L ? 4 Y/N "iC$

IF Cs = *v* THEN GOTO 450

GOTO_500

INPUT *ITERATION LINIT FOR_QU=L0=*;L0
El = .796:E4 = .794: PRINT Ei,Es

TNPUT’ *CHANGE IR OUT3IDE EAISSIVITY?s Y/N *3Ds

IF DIs = 7" THEN GOTO 550

GOTO 600

INPUT_*IR_EMISSIVITYS: OUTSIDE, TOP=Ei=,BOT=E4="3E1,E4
E3 = 7731E5 = 773+ PRINT E3:E6

THPUT *CHANGE IR INSIDE EMISSIVITY ? 4 v/N"FES

IF £¢ = *7* THEN GOTO 650 :

6070 671 . .

INPUT IR EMISSIVITYSs INSIDE,TOP=E3=,B0T=Eé= ="iE3,E4
E2 = ,4765:E5 = ,6865: PRINT E2/ES

INPUT *CHANGE ATMOSFMERE DR EARTR EMISSIVITY 7+ Y/N*;J$

IF Js_= *Y* THEW GOTO 478

§0T0_700

THPUT *ATHMOS E2=s EARTH E5="E2/ES
FS = 000% FRINT FS

INPUT °"CHANGE 3S0LAR FLUX FS; Y/N?*F3

IF F$_= *v" THEW GOTD

G070 725

INFUT "SOLAR FLUX) F8= *1FS
S = ,19:3F = ,19: PRINT 34sSE

TNPUT *CRANGE SOUAR ABS TOP SA? OR BOT 3BT Y/N7*;Ss

IF S5_= Y THEN 745

G0T0_740

TNPUT *S0LAK AESORKTIVITY,TOF SA=P; BOT SB=? *35ArSB
L = .11: PRINT '

PRINT  ENUTRONMENT FOR ALBEZO ‘L’:*

PRINT "USA CLEAR DAYy L=, 11"

PRINT *uSA_CLOULY DAY, L=.52°

PRINT *ARCTIC CLEAR DAY, L=,38"

FRINT *ARCTIC CLOUDY DAY, L=,79*

INPUT *CHANGE_% ALBEDO, Y/N?%3FR$

IF_FR$ = °Y* THEN G&OTO 770

8070800

INPUT *ALBEDOs L=";L . ,
Rl = ,02:H2 = ,08: PRINT H1,H2

INPUT *CHANGE 7 CONVECTION COEFFICIENTS?T ,7/N "iG$

IF G5 = 4 THEN  GOTO 850

INPUT *CONVECTION COEFFICIENTS, OUTSIDE=Hi=, INSIIE=H2= -"3H1/H
TA = 406,21TE = S01: FRINT TAsTE

THFUT CRANGE 2 AMBIENT OR EARTH TENP?D , Y/N *iHs

IF H$ = *v* THEN GOTO 950

GOTO 1075
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750 T INPUT_* TEMP DEG R, AMBIENT= TA=s EARTH=TE= 3*;iTA.TE
1079 T6 = 370107 = 10
1080 PRINT *INITIAL GAS TEMP TG» HNU GASTO SKIN DIFF DTy SET AT 400 AND 10"
] 1090 NN = QM = 0% FR¥ 1. PRINT Fs: P
.+ 1100 TT.= TG + DTITB = IG -
== 1150 REM  CALCULATES TOP NET HEHTr GU
1200 Ul = -1 k3 KEL &TT ¢ .
250 U2 = HL £ RpBS (TA = TT) ¢ (4 / a) * (A /7 2 x(TA - TT) / ABS (TA - TT:
{300 U3 = F5 x 38 ¢t A / PI i
iy 1350 IR(1) 2 S % E2 £ TA ¢ 4:U4 = IR(L) x E1 £ A/ 2
o 1400 B7 = - S X E3 ¥ 7Bt 4 x A/ 2
: 1500 Us = -5 X E3 X IT t 4 xA/2 , .
IS0 U7 3 H2 £ ABS (TG - TT) t (4 / 3) x <A/ 2)x{TG - TT)/ ABS (TG - TT)
(i 1400 GU = Ul +# U2 + U3 +# U4 + UD + Us + U7
L 1840 IF PT = § THEN PR$% 1
e 1850 PRINT : PRINT _
L1aS1  PRINT *Ul=*Ul} PRINT I'U"=“U"” FPRINT U3 = "U3: PRINT "Us4 = "Ud
) 1700 FPRINT "R7=2RB7 PRINT *US="UJ PRINT “Us=*Us: FRINT *U7="U7
o7 1750 PRINT *QU=*QU
.3 L1751 PRIRNT
% 1755 PR3
1300 IF ABS (QU) > L@ THEN GOTO 2750
1350 REM ! CALCULATES EOT _NET HEAT
1200 Bl = -1 25 2 E4 2 TRt 4 XA /2
1990 B2 = KL X ARS (TA - TR) $ (4 / 3y x (A / 2) 2 (TA - TR) /_ AHS (TA - TH)
2040 IR(S) 3§k EF X TJE ¢+ 4 % (1 - EJ)IK3 = IRCS) X E4 £ (A /7 2D
2050 IR(4) = 5 kK EX X TA £ 4134 = IR(S5) £ E4 x A / 2
. 2060 IRL2) = IR(S) + IR(S)
4t M0 BS = FS x L ¥ 3B x A/ 2
2130 B6 =2 - U
2200 87 3 -5 x €5 x TR + 4 x A/ 2
290 B = H2 X ABS (TG - TE) t (4 / 3) x (A / 2) x (TG - TEB) / ABS (TG - TR)
K 2390 @B _= 3l + B2 ¢+ B3 + B4 + BI + Bo ¢ B7 + RS
g 2340 IF PT a 1 THEN FPR$ 1
=4 2350 PRINT "B1=*B1! PRINT "R3I="R2: PRINT “B3="B3. FRINT “B4=*B4
2400  PRINT “BI="B3! PRINT “Ho="Ré: PRINT "B7="B7: PRINT "H8="R48
2450 PRINT *QB="QB
3451 PRINT
2459 PR3 O
2800 IF ABS {(3RY > (2 ¥ LQ) THEN bUTO 2700
2902 PRINT *SET P&=10 FOR NO FRIN
. TE05  PR4 |
o 2506 IF FR = 10 THEN PR% O
g 3507 PUINT
: 2510 GOSUR 000
2512 PRINT “"E1,E4.E3,E5 = “JELi" "3E4i" "IETI" 'iES
IELY eRINT *€2,€5 = *iE25"  7HES
2515 PRINT "F5» SAy 3B =®FS;" 13SA3* "i3B
3§17 PRINT *L= *[
2513 _PRINT "H1,H2 = *iH15"  *iH2
. 2520 T4 =_TA: GOSUB 10000
L 2532 TA(L) =
B 2524 TH = TR} GOaUB 10000
o 2828 TE(L1) = TA(L)
2528 FRINT ”TA;T; 3"TAsY *TE TAC,TEC =4Ta(ls™ PTE(L)
ar 2530 PRINT ‘UOL='U07“TA‘“TA,“ALT =“Z;“AIR°F‘ED="KT
e 3300 PRINT *Ui,UDsU3eUd= *3ULT  wig2iy - T5U35"  tu4
o 2502 PRINT "U.J!'J67U7= iugs” iUé?" " sy7
2804 FRINT "R1sBZ,BI.B4="Rii"  “BOF"  "H3Y  UR4
2804 PBRINT 'Bu-Bc-B/-BQ? “?BS?“ " iR&s " jR73" “iBE3
P 2819 FRINT "IR(Lis*IR(L):" IRE2ys*IRC DD
b 2350 PRINT 'TT=“ TT"TY="TK, " TG2"TH: FRINT
B 2352 TX = TT: GOSUB 10000
Z554 TTOLY = TXCL)
2898 TX = TR: GJSUR 19000
& 24857 T3l = TX{1)
: 3353 T% = TG _GOSUR 10000
20dQ TH{L1y = TH(1)
cbo  PRINT *TTC=3"TT(1):" TaC="TR{ L 5" TGL="TG( 1) FRINT
re 2479 FRINT  FQINT | SRINT
5 Za?l PR% 0 %QIJT_“SET PR=10) FOR NO FRINT, £G&=11 TO PSINT®
I 172 P%E.T FOR RESUN(SET HEW YALJES,THEN GOTO 13900
e 2S00 END
RGO I o
[ E ...';":-l IF N = | ,HEN et IB1
Tihaes 1795 FRINT MAUSCQULtUTeTT
By 27%3 [ IF N = ) THEN 30877 5300
D730 X2 s 4012 = YLoAL s DT = QU
ITAS GT s YL ot 4y = K23 S a2 = Ly 2 XY
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APPENDIX F
HULL BENDING MOMENT ANALYSIS

A primary concern with any non-rigid airship is the ability of the hull to
resist buckling under bending moments. The HAPP airship requires a hull
pressure of 1.64 cm. of water to maintain the ships profile under static loads,
and up to 3.10 c¢m. of water during portions of the flight envelope where

aerodynamic loads become significant.

Two, routines were developed to determine the magnitude of the behding moment
along the length of the ship. The first divided the airship into 20 lengthwise

stations where static loads were located to calculate the static bending moments.

Another method used more refined increments to calculate the aerodynamic loads

due to gusts in the area of the tail. The small diameter of the tail region
identifies it as the area which will need the greatest hull pressure to resist
buckling. In the critical region, aerostatic and aerodynamic bending moments

were summed to find the hull pressure required.

Aerostatic bending moments were found by modeling the ship as a cantilever beam
held rigid at the tail. Station diameters were used to calculate 1ift over that

region, summed against hull and ballonet fabric weights and any other operational

vcomponents located there. The net force is multiplied by a moment arm equal to

the length to the next station, resulting in a bending moment at the adjacent
station. The moment at the third station in the sequence is equal to the sum of
the forces over the first two stations, multiplied by the length between the
second and third stations, and added to the moment of the preceeding station.

-

The routine follows to the end of the ship.
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Prior to finding aerodynamic loads due to gusts, a guSt criteria must be
determined. According to the NASA technical memorandum 78118, Terrestrial

Environment (Climatic) Criteria Guidlines for Use in Aerospace Vehicle

Development, 1977 Revision, above 300 m. altitude, there is a 1% risk of

encountering a discrete gust with an amplitude greater than 17 kts. A thousand
feet, standard atmosphere, 17 kt. discrete gust 10 kt. forward velocity will

be identified as the critical case. Lower altitudes see a significantly

reduced gust magnitude, and greater altitudes a reduced air density for the same

17 kt. gust.

An outline of the equations and method used to calculate aerodynamic bending
moments is included at the end of this text. It was transcribed from a set of

notes supplied by Bill Putman, aerodynamic consultant to ILC.

To find the aerodynamic bending moments, each éection of the ship is aerodynamically
approximated as a frustrum of a cone, the diameter and angle of which is

determined from the profile of the hull. A discrete gust of the "l-cosine" shape

is fixed along the length of the hull, corresponding to a local angle of attack

for the section of the ship being analyzed. An equation referenced to Upson is

used to calculate the force on the section, and from that, the bending'moment
applied to the ship. The force results in a moment about the centerline of the

hull, and a force acting tangent to it.

The force contribution of the tail is input to the hull as a triangular distribution
with the peak at the leading edge of the root. Moments, and total forces
multiplied times moment arms, are summed to find the aerodynamic bending moments

due to gusts at every increment of the analysis.
F-2
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The final step in the aerodynamic bending moment analysis to find a combination
of gust wavelength, and phase shift relative to the length of the ship, that
requitgs the highest hull pressure. The need for this search is based on the
concept of the ship passing through the gust while in flight, giving a range of
phase shifts from 0% to 360%. 1In this analysis a number of wavelengths were run
through the routine. Then, with the critical wavelength fixed, a peak in the

phase shift curve was found by iteration.

Aerostatic and aerodynamic bending moments are summed, then compared with

corresponding local diameters to calculate hu]] pressures required to resist
buckling from ihe loads. Pressure is found by viewing each segment of the ship as
a thin shell tube whose full circumference must remain in tension to avoid
buckling. In this case, pressure is equal to twice the moment, divided by PI and

the local radius to the third power.

Figures 1, 2, and 3, show the calculation build-up from component locations
and weights in the first, to a shear distribution in the second. The third
graph shows the bending moment diagram derived from the static shear diagram added

to the moments from the aerodynamic bending moment calculations.

Results of the ana1ysis'are shown in Figure 4 where hull pressure required is
plotted as it varies with position along the length of the ship. The graph

shows a peak of 1.64 cm. of water when the ship is under the influence of static
loads only. Just over 3 cm. of water is required to resist buckling when the ship
encounters the critical qust ériteria. In this instance, aerodynamic and aero-
static curves are summed to represent the worst case where the gust compounds the

loads on the ship.
F-3



APPENDIX F

AERODYNAMIC LOADING DUE TO GUSTS

by William Putman, 1982
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ARy '(*pV% ABnysinZeshx&g,LB
A x 2 Ft

A ML = -(ynFT TAN o) Ft.t1bs

For the finess ratios from 3 + = , the virtual mass terms A and 8 are

such that %? = (1 £0.01)= 1. This'observation, due to Upson, implies
that as long as the body is re]ative]y smooth, one can usé the potential

flow results in the local flow situation and the AB/2 term can be set = 1.
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If we represent the gust field by a distribution:

Then, a

= +d [1-cos (x (360°)+¢°)]
9 U X

The bending moment distribution will be given by the integral of the
shear distribution and the local applied moment, ML’ and the shear

distribution given by the integral of AFT(X). The'computation is:

%
Shear Q(x) =t aF_x) AX

S S

°
AX

Where Y, ¢ and @ are all functions of (x).

F-5



Similarly, the bending moment distribution will be:
£
M(x) =% [Q(x) + M (x)]ax
o

With the same‘functional dependence.

The resulting shear and moment diagrams will, in general, not close;

ie. they will not go to zero at the tail end. The unclosed values represent

untrimmed force and moment acting at and about the center of volume. After

'subtracting the téil force and moment .contribution, any residual force and

moment represent acceleration terms that will force closure of the shear
and moment diagrams.

-3
Mgy = -1.183 x 1073 ATAN (w.)

Teg %
g’

-3 W
Lrai1 = +2.54 x 107° ATAN (_Ug)

got

Ncte that the ATAN (Ng/u) has the'uhits of degrees.

AN
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