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_Abstract
A feasibility study has been carried out on a
high altitude (15-22km) super-pressured, -and helium-
filled PLTA (powered lighter—=than-air) platform as
an ideal platform for environmental observation. [t

has a long service life and larger payload than that
of a large artificial satellite. This PLTA platform
named HALROP (High Altitude Long Range Observational
Platform), has an solar-powered electric propulsion
system to maintain its position in space against
wind currents. Solar power is acquired through
photo-voltaic «cells. Solar energy is to be stored
for nighttime use in regenerative fuel cells. The
altitude where the platform resides is the 1least
windy area in the lower stratosphere, at a height
from which one can have a direct line of sight on
the ground within an 1,000km diameter range. To
tackle global environmental problems, the
acquisition of plentiful and precise data is
necessary, and a means of conducting long~lasting
high~resolution measurements over broad areas is
required. A long-term scheduled point aerial
observation of the Antarctic continent as well as of
the hole in the ozone layer is not possible through
use of free balloon platforms. HALROP may serve as
an unmanned observational platform for a continuous
Antarctic observation (Fig.1). HALROP is capable of
moving among the arbitrary predetermined observation

points. Especially in the polar area during the
summer, as well as late spring and early autumn
sunlight hours are much longer than the middle
latitudinal regions; therefore, HALROP would not
need nighttime propulsion batteries for polar area
use. In this sense, HALROP is much simpler for
Antarctic use and is to be developed before the
materialization of HALROP for use in the middle

The platform can also be useful
from their

latitudinal regions.
to chase typhoons and to observe them
births in the tropical regions(Fig.2). This platform
can replace a number of ground-based
telecommunication relay facilities and can guarantee
reasonable radio frequency intensity to secure good
telecommunication quality. This unmanned PLTA does
not need to use a rocket to reach its operating
altitude, which is again environmentally friendly
This study is focused on energy balance and hull
structure analysis of the platform.
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[. Introduction results of a feasibility study on our early concept
of an unmanned airship, HALROP (High-Altitude Long

A proposal to develop an unmanned, stratospheric Range Observational Platform -- Fig.4). This 1is
powered LTA platform was made in April 1990. A study conceived to stay in the stratosphere for a period
group consisting of 20 engineers from some of of a few years at about 20km from sea level over the
Japan's foremost companies participated in one year middie latitudinal region. 1t serves as a stationary
of survey research. The group was formed in an platform or a mobile vehicle for extra high-
association affiliated with the Ministry of resolution environmental observations or high-
International Trade and Industry (MITI). This high performance telecommunication relay for which
altitude PLTA platform "HALROP' was the first to be artificial satellites are not suitable.®’ More
numerically examined with an active boundary layer detailed analysis is given in Chapter V.

control propulsion system. The group is continuing
its study to ascertain the platform's technical and communication
economical feasibility. The study 1is also being satellite

conducted under collaborative research between the = space

association group and our laboratory, and funding observationi
from the government is expected to continue in order
to bring this concept to reality. Fig.3 shows a
seven-meter-scale model of HALROP in an exibition {= =
flight in November 1990 in Tokyo Dome. mobile
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Fig.4 High altitude super-pressured PLTA platform
for remote sensing and communication relay

During the daytime, HALROP obtains propulsion
power and electricity for its payload equipment
through solar cells placed on its hull surface, and
stores a part of the electricity in regenerative
fuel cells for the nighttime use. HALROP can be any
type of airship but has to have a high propulsion
Ve TG efficiency hull, an example of which is shown 1in
ember 1990 Figure 5.°" At the time of the winter solstice in
the middle latitudinal region, the sunlight hours

Fig.3 HALROP flying Tokyo Dome in Nov

Another group under the Ministry of Post and are shortest and the wind is very strong. A study
Telecommunications is  conducting a study to described in Chapter V shows that the airship must
determine the optimal concept for a high altitude have a hull longer than 200m. It must be designed to
flying platform by the end of fiscal 1991. Their achieve 31m/s against wind currents in order to stay
interest is primarily focused on 1its use as a at a fixed point above Tokyo on the day of the
telecommunication relay. winter solstice; if it has to keep position with

more than 99% certainty at an altitude of 40mb (22km

This paper introduces in Chapter Il advantages altitude) isobar plane where wind 1is relatively
of PLTA vehicles as long endurance high altitude weak.

airerafts. In Chapter 111, feasibility study is
presented on using HALROP for Antarctic observation
such as that of the ozone hole. The fundamental idea
nay be applied to intercontinental cargo
transportation using the jet stream, and a concept
of which is also introduced in Chapter IV. The
stationary satellite type HALROP with nighttime
batteries is presented in Chapter V.

Solar cell Suction slot Tail boom

Fuel cell

Envelope

[I. HALROP - An Unmanned Stratospheric Solar Power
Driven Airship

Fig.5 Layout of a type of HALROP hull
Before introducing HALROP for Antarctic use in
detail, the authors wish to report briefly the
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The total buoyancy of the non-rigid super-
pressured HALROP is about 20 tons, and of this total
buoyancy, 5 tons are fuel cells for nighttime
propulsion. As shown in Table 1, various types of
observational platforms have been made available,
but there is no platform other than HALROP which can
realize a continuous and economical high altitude
observation of predetermined aerial points.
However, the aforementioned study shows that
development of ~ 100kW regenerative fuel cells for
nighttime propulsion will cost quite a large amount
of money and will take a considerable length of
time. In order to expedite the development of
HALROP, the authors explored observation missions
and other application fields which do not require
secondary batteries for nighttime propulsion

Table 1 Various aerospacial platform characte

PLTA hull is supported in the air by an entirely
distributed buoyancy, and the hull directly bears
the payload. The load stress concentrations are
easily distributed by balancing the buoyancy and
by dispersing the payload weight in such a manner as
using catenary curtains and catenary cables.

The third possible type of a high altitude
long-endurance platform 1is the semi-buoyant or
lifting-body airship. However, the sfructure of
this kind of flying body would become too
complexed, and very few detailed studies have been
made. Currently, this type of semi-buoyant airship
is considered to be too far-fetched for justifying
further examination. Fig.6 shows these types of high
altitude platforms

ristics

Plat- Satellite High alti. Low alti. Free Tethered High alti.
[tem form (LANDSAT) aircraft aijreraft balloon balloon PLTA
Altitude 900km 12km 3km 50km km 20km
Measuring 100-200km  10-30km -10km 100km  -20km -200km

width
Coverage Large Medium Small Large Small Large

area {185km sq.)
Observation Every As As As Constant Constant
cycle 18 days necessary necessary necessary
Time~series Easy Difficult Difficult Difficult Easy Easy
data acquire
Emer ence Not Posspble Popsible Not Possible Possible

High-Altitude Fixed Wing Aircraft versus a Solar

Powered LTA

Let us consider why a solar powered LTA is being
proposed. [n general, there are two basic types of
structures for powered stratospheric platforms that
are considered feasible: airplanes and powered LTA
vehicles. Airplanes have some drawbacks, one of
which - is referred to as the “"square and cubic
principle”. As the size of an airplane becomes
larger, 1its weight increases to the third order of
the vehicle's 1length; whereas the 1ift increase
produced by the wing is governed by the square of
the vehicle's size (wing area increases by the
second order). Accordingly, the payload capacity of
an airplane is limited in very low density
atmosphere as the wing lift is proportionally
dependent on air density and thus requires a large
vehicle, In the case of the PLTA, the vehicle is
supported by buoyant gases held in the hull. The
buoyancy, created by the Archimedean principle
increases with the hull volume or to the third order
of the hull length. Therefore, realization of a
PLTA wvehicle of huge size carrying a large payload
is  much easier even in a low density air
environment.

The second major drawback of the airplane 1is
its structural configuration. Payload is placed in
the fuselage which is connected to the main wing,
thus creating the aercdynamic Iift. The structure
must endure the stress concentrations that take
place at the wing-fuselage junction. Meanwhile, the

Airship ' ‘Lifting-body airship?®’

Fig.6 Three types of high altitude platforms

Long-endurance stationary platforms in the
stratosphere must have sufficient continuous power
supplies in order to maintain their positions in
space. There are two approaches to this problem: one
is solar pover and another is high-powered microwave
energy emitted from a ground-based station.®
Problems associated with high-powered microwaves
include:

1) radio frequency pollution along the wave path
and in the vicinity of the power station

2) limited operating range where the ground-
based power station could be reached

3) low energy efficiency

4) the expenses and constraints of constructing
large power stations in urban areas

In contrast, solar power generated from solar
cells has none of the above drawbacks, although
there is no energy supply at night. Therefore, a
power storage device is neccessary. The quantitative
validity of utilizing solar power generated from
solar cells is presented in Chapter V.
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111. HALROP for the Antarctic Observation Operationa] Altitude  Operational

position attained area
= = =91
. HALROP will not ne§d any night?ime fuel cells if Powered @ v e
it engages in observation of the air and the surface cruise \\\\\\
of the Antarctic zone in summer when sunlight hours QL Powered
are quite long. As Fig.7 shows, in the southern descend
hemisphere in the summer the altitude of the lowest
stratospheric boundary becomes lower as it nears the
South Pole. ™’ In the low stratosphere weak Ascent by @ Mild =t
prevailing westerlies are blowing at the altitude of bUOYancy wind Descend
15km-20km, and at this height the velocity of the Mild Q by welght
wind blowing in the north-south directions is quite wind =21
slow. These factors indicate that HALROP is Q
suitable for an observation mission in the Antarctic (=
zone where sunlight hours are long and the wind is Qi
weak.  However, it is not easy to bring HALROP to Take-off <, Recovery rfﬂ
the Antarctic continent to launch it there. It s =2 //// A
more practical to build a base in New Zealand or =4 ‘F"’ @
Australia or in the southernmost spot of the South Floating hanger (=g “
American continent to launch and to recover the Floating hanger
airship. A remodeled old tanker could also make a Fig. 9 Launching and recovery of HALROP in the sea
good base. As Fig.8 shows HALROP can be launched
from a raft after being pulled out of a floating As shown in Fig.9, as soon as it begins
hanger. HALROP for Antarctic observation will fly ascending, HALROP starts 1ifting 1its nose by
or stay in the stratosphere at about an 18km receiving a wind drag at its tail wings. At the
altitude. The atmospheric pressure at this altitude same time, the helium gas inside the envelope moves
is 70mb, and the temperature is about -60 degree toward the nose and the vehicle's gravity center
centigrade. The envelope of HALROP which moves to the rear part of the hull until the airship
contains helium as buoyant gas is made of 1light- begins to ascend in an upright position. When all
weight composite material. The airship is designed the air inside the airship's hull is ejected while
to keep the necessary hull strength by having a keeping only the helium gas inside, the vehicle's
pressure difference of 5mb’'s beiween the inside and center of gravity and the buoyancy center almost
outside of the envelope; this pressure difference coincide, and an attitude control of the vehicle by
has to be maintained all the time because the the tail wings becomes possible. The airship, then,
envelope will rupture if the pressure difference regainsg a horizontal attitude and begins a
becomes too large. Since helium gas at sea level horizontal flight. In order for HALROP to return to
atmospheric pressure inflates its volume about 15 the base on its own power and to be recovered, it
times at the 70mb altitude level, only 10% of the has to arrive there during the daytime. The wind
envelope volume 1is filled with helium gas at the conditions in its route have to be calculated 1in
time of launching and the rest is air. figuring the time the airship has to begin 1its
s return flight to reach the base during the daytine;
()] = Boundary or, the airship has to descend on the water and wait
lsf gg} to be picked up by its mother-ship (Fig. 10).
<1‘.\ =]
1z >
- Al . - ~
6 T\Tlo §§>
5 __. SE
1 1 L =
80°N 60°N 30°N ne 30°S 60°S 90°S
N Hemisphere Latitude S Hemisphere
Winter / Summer
A - EaSte”y [ : Westerly —1Isometric wind
region ~---velocity(m/s)

Fig. 7 Wlnd dlstrlbutlon along a Longditude line in
Northern and Southern hemispheres

Fig. 10 HALROP touching down to the water surface

In the case of HALROP for the middlie latitudinal
region, its hull is designed to be more than 200m
long. However, it needs to cover only 15% of the
Fig.8 HALROP launching from a floating base hull surface with solar cells to obtain a 3im/s
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speed against the wind at the 40mb isobar plane
altitude. A swmaller size hull is preferable for the
Antarctic HALROP also from the view point of
handling. Therefore, the proposed Antarctic airship

is designed to have an envelope 95m long and fly at
the altitude of 70mb isobar plane(Table 2). As
shown in Table 3, the total buoyancy, which HALROP
with a 108m long hull may have at the 70mb isobar
altitude plane, is about 7.6 tons: and the weight of
the structural materials of the hull, motors and

thrusters amounts to about 6 tons. As shown in
Fig.11, the total electricity the airship requires
as a propulsion power and for its payload equipment

is about 80kW. Considering the hull geometry and
the angle of the sunlight, it is expected that about
0.1 tons of solar cells (50 micron meters in
thickness, and 15% energy conversion rate) have to
be layed in order to generate the necessary amount
of electricity. The cells would be on the airship's
hull covering about 450 square meters of its
surface. The total weight of the payload equipment

to be accomodated to the airship will be about 1.6
tons.
Table 2 Antarctic HALROP's basic specifications
envelope volume (length 95m) 81, 255m°
vehicle hull length 108m

maximum diameter 40m

envelope surface area 10, 140m°
fineness ratio 2.172
total buoyancy 7. 56ton
flight altitude isobar plane 70mb
designed max. speed 31m/s
required propulsion power 54kW

81kW
401n°

solar cell required average output
solar cell area

Table 3 Antarctic HALROP weight distribution
Total bouyancy 7.56ton
envelop + duct 3, 44ton
tail boom 0.03ton
tail wing 0.72ton
solar cell 0.12ton
propulsion system 1. 25ton
reinforcements 0.41ton
subtotal 5. 97ton
payload 1. 59ton

Solar Power generated Py,y=80kY¥
- Cells

Total Power: Pror=78.2k¥
i

~Vehicle(3%P, ., ) +Hission{Pmisi1.5kW)=3.7k¥

{ Pequired Power Control Power
for Thrust Ps=74.5k¥
Pover Inverter D.D. ~{ Bearings [~ Axial Fan [ Required | Air
Cable Moter & Gears Thruster Power Speed
Fig. 11 Power transmission system of Antarctic

observational HALROP
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In the case that the airship is set to fly
toward the Antarctic zone in the spring in the
southern hemisphere (September-November), it will
not arrive in the zone before the sunset of the day
it is launched provided it leaves for 1its mission
cruise from a base somewhere 1in the middle
latitudinal region. If the base is located in the
high latitudinal region, the airship has a better
chance of arriving in the zone during the daytime
of the same day. Whether or not the airship comes
across the sunset depends upon the sun’s trajectory,

the airship's flight speed, its cruising altitude,
the latitudinal focation of the base, wind
conditions in the flight route and other factors.

In the nighttime, the airship' s motor stops due to
the lack of a power supply. in November, the
airship will be blown to the east by the prevailing
westerlies of about 15m/s average velocity. On the
second day of the flight, however, the airship
begins its flight from a spot much closer to the
Antarctic zone and will be able to arrive in the
"nights with midnight sun" zone before the sunset.

Table 4 Starting day of and latitude of the "nights
with the midnight sun”™ in the Southern
hemisphere

September 24 S90 degree
September 380 S87 degree
October 10 S84 degree
October 20 S80 degree
October 30 S77 degree
November 10 S73 degree
November 20 S71 degree
November 30 S69 degree
Three case studies concerning the observation

mission are shown in the following section

Antarctic Observation Mission Case Studies

Case 1 Fig.12 shows the wind directions and the
velocity at the 70mb isobar plane in the area which
extends from the South Pole to near the equator.
This figure shows the average data collected every
September of the past nine years. In the middle
latitudinal region, the wind also blows westward
around the Antarctic point in October and November.
In this case study, an assumption is made that the

base 1is located at the 45 degree S.lat. and 170
degree E.lon. point, the southernmost tip in New
Zealand (Fig.13). In this case study, the airship
is set to be launched on the 15th day of November

(37 days before the summer solstice in the southern
hemisphere), and the sun rises at 17:08 and sets at
07:44 Greenwich time (see Table 5) on that day. 1f

HALROP flies, from a point at 15 degree S.lat., to
the south at an average ground speed of 3lm/s, it is
supposed to come across the sunset at 60 degree

S.lat. later than the time the sun sets at 45 degree
S. lat. However, during the flight HALROP will be
blown to the east a little by the prevailing
westerlies and will come across the sunset a little
earlier than the sunset at 60 degree S.lat. In
other words, there will not be much difference in




Winds in September in the Southern
Hemisphere

Fig.12
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the time HALROP comes across the sunset whether it

is launched at 45 degree S.lat. or at 15 degree
S. lat, During the nighttime, as the buoyant gas
inside HALROP cools and shrinks, the altitude of the
airship will decrease, and the hull rigidity will
decrease a little, However, HALROP will be freed
from the aerodynamic loading and stress that are
sustained from powered flight and fly as a free
balloon. HALROP will arrive, later in the day of
November 16, at a point at 75 degree S, lat. South
of this point is already the "nights with midnight
sun” zone, and it is possible to fly continuously
every day executing observational works for 24
hours. If the launching base is in a spot or on a
mother-ship located south of the 60 degree S.lat.
and 170 degree E. long. point, where the sun sets at
14:24 and rises at 7:11, HALROP will be able to
arrive south of 75 degree S.lat, in one day
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Fig.14 Monthly avaraged data of East-West wind in
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Case 2 In the case that HALROP is to be launched
from New Zealand on October 15 when the sun rises at
17:54 and sets at 7:02 Greenwich time, HALROP will
arrive in the "midnight sun” zone on the 3rd day of
the flight after being carried 2 nights by the wind
which 1is blowing in this area at the average speed
of 35m/s

Case 3 If HALROP is to be launched from the
aforementioned base on September 15, it will arrive
south of 85 degree S.lat. in the Antarctic zone on
the 4th day of this mission cruise. However,
"midnight sun nights” do not begin at the Antarctic
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point until September 24. Therefore HALROP will
have to wait in this area until that date. During
this season, the hole in the ozone layer begins to
show from around this altitude, and so HALROP is
ideally positioned for its mission

Table 5 Sunrise and sunset times, wind velocities
in September, October and November in

conjunction with HALROP's flight dates

No. Date Longi- Lati- Sunrise Sunset Sunlight Wind

tude  tude &(flight speed
(deg.) (deg.) hours) (m/s)
(September)

1. 9/15 S45 E170 18:50 06:24 11h35m 30

2. 9/15 S56 £189 18:40 06:03 - 43

3. 9/16 S56 E214 15:58 03:25 11th27m 43
(10hT)

4. 9/16 S66 E248 14:51 02:01 - 35

9/17 S66 E276 11:55 23:13 11h18m .35
(9hr)

6. §/17 S75 E315 09:34 20:24 - 15

1. 9/18 S75 E339 08:52 19:54 11h02m 15
(8hr)

8, 9/18 S83 EO11 07:17 17:08 - 5

9. 9/19 -S83 £028 05:56 16:13 10h1Tm 5
(5hr)

10. 9/19 S87 E040 06:24 14:14 - 3

(October)

1. 10/15 S45 E170 17:54 07:02 13h08m 25

2. 10/15 S58 E190 17:13 07:03 - 35

3. 10/16 S$58 E209 15:55 05:49 13h55m 35
(12hr)

4. 10/16  ST0 E249 12:33 03:54 - 20

5. 10/17 870 E262 10:36 02:06 15h30m 20

6. 10/18 S86 EC46  (South of S80, nights 3

with midnight sun)

(November)
1 11/15  S45 E170 17:08 07:44 14h36m 15
2 11/15 S690 E185 15:06 07:48 - 22
3. 11/16 S60 E195 14:24 07:11 16hdTm 22
4. 11/17 877 E248 (South of ST71, nights 7

with midnight sun)

V. Jet-Stream-Riding Solar Airship Transportation:

JS-RISAT

Toward the realizaton of a stationary satellite
type HALROP, which stays at an altitude of 20km
above Tokyo, a concept of an unmanned airship for
the Antarctic ozone hole observation has been
introduced; it does not need a large quantity of
heavy batteries to store energy for nighttime
flights. This unmanned polar-area—use airship is a
stratospheric airship. However, it is would be
easily understood that this sort of airship will
not be needed in number of more than a few tens as
long as their missions are the polar area
observation. For the development of stratospheric
airships to «create a full-fledged industry, a
market and a demand for a certain amount of such

airships 1is indispensable. Therefore, the authors
propose, to produce such a demand and a market, the
concept of JS-RISAT -—— an environment-friendly mass
transportation system by solar airships which ride
on the jet streanm

A Solar Airship Which Rides on the Jet Stream
The “jet stream” defines the strong prevailing
westerlies which circulate in the north hemisphere
around the north pole at the altitude of about 13km
and of the speed of 120-150 knots. The jet stream
weakens in the summer and goes up near the Arctic
zone, becoming strong in the winter and moving down
to the south.

The altitude limit for the regular airlines |is
set at 41,000 feet(13.5km), and no  commercial
airplanes fly above this height. 1t leaves the jet
stream above a 45,000 feet height(15km) open. The
idea of flying eastward in the north hemisphere by
riding the jet stream has long been known. Up until
now, a few manned free balloons have travelled
across the Pacific and the Atlantic Oceans for
several days. During World War II, free balloon bomb
carriers were fabricated and actually used. The air
density at an altitude of 15km is only about 16% of
that at sea level, but three times greater than the
air density at an altitude of 22km (5% of the air
density of the sea level), where HALROP flies for
stationary use in the middle latitudinal regions
Consequently a Jjet-stream-riding airship of the
stationary type HALROP size will wgain three times
greater total buoyancy than HALROP.

As Tfor the energy, JS-RISAT will need only 1
small battery to store the nighttime energy. It
requires energy storage only to stay within the jet
stream, to ascend into the jet stream after the
take-off, and to descend from it to the destination.
JS-RISAT needs to store energy only to correct the
airship’'s position within the jet stream during the
night; it climbs and descends during the day. The
airship will be unmanned and operated via
communication satellites

Performance characteristics of a 200 meter class
HALROP (400, 000m") for JS-RISAT Plan can be roughly
outlined as below:

From Japan to North America including the flight
to the destination: 1.5 days,

From North America to Japan including the flight
to the destination: 3 days,

Average speed: 400km/h = 240km/h(jet stream
contribution) + 160km/h(solar power contribution),
Payload: 50 tons

Jet Stream Riding Solar Airship Transportation
(JS-RISAT) 1is completely polution free and carries
as much air cargo as a Jumbo jet without consuming
any type of carbon hydrate fuel. One of the serious
obstacles will be the loading and unloading of the
cargo. Floating off-shore terminals may be
necessary for island countries like Japan. The cost
to develop JS-RISAT will be about the same as those
to develop Antarctic Ozone Hole Observation solar
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airships.

V. HALROP for Stationary Use in the Middle

Latitudinal Regions

HALROP is expected to contribute solutions for
global environmental problens such as the
destruction of the ozone layer and climatic changes
due to an atmospheric temperature increase. 1t Thas
the potential of conducting high resolution remote
sensing. HALROP could also to serve as a
telecommunication relay, replacing a number of
ground-based facilities and guaranteeing sufficient
radio  frequency intensity to secure quality
telecommunication transmittal. For this purpose,
HALROP is required to stay still in the air,
especially in the middle latitudinal regions where
this kind of markets resides. In this chapter,
fundamental design data of HALROP for stationary use
in the middle latitudinal regions are presented.
"HALROP™ and the

Flying BEnvironment of Max imum

Design Speed

The airspace at an altitude of approximately 20

km above sea level has the lowest wind flows above
the jet stream. The air density is 1/14 of that at
sea level and the pressure is about 50mb.”’ The

average atmospheric temperature above Tokyo at this
altitude is ~56.5 degrees Celsius and is almost
constant over the length of an entire day as well as
throughout the year, Average wind speed 1is 15
meters per second and the maximum wind  speed
sometimes exceeds 40 meters per second in the winter
above the Japanese archipelago and its vicinities.
The wind direction there is always westerly. Fig.15

Tateno:36003' N, 140008"E S.Daito:25020" N, 131014"E
pressure Jan, July pressure Jan. July
T0mb 18, 591im 18,838m 70mb  18,339m 18,892nm
50mb 20, 604m 20, 886m 50mb 20, 462m 20, 989m
40mb 21, 984m 22, 286m 40mb 21, 866m 22,407m
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(a) Wind velocity by seasons and altitudes
Fig. 15 High altitude
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maximum  wind

velocity histogram in terms of
altitudes by atmospheric pressure. Due to the fact
that the PLTA sustains large drag, and that the
vehicle's required thrust power increases according
to the third order of the design velocity, a
reasonable level of vehicle speed should be
determined from the data in Fig.15. An altitude of
40mb was chosen, and a 99 percent ceiling versus all
wind velocity cases was selected as the design
maximum speed which gives 31 meters per second of
wind velocity.

shovws a wind

Required Power for Maintaining Spacial Position

The stratospheric powered LTA should have a low

drag coefficient +to economize propulsion power.
Required propulsion power is provided by the
following equation;

1 o Cr-vi.gfE 1

Preq = —y ———————— x —— (1)

2 E 102
where, Preq: required power (kif), o =6.865x107%: air
density at 40mb altitude(kgf-s®/n*),
1kw=102kgf 'm/s, Cp:drag coefficient(-), Q: hull
volume(m®), EB=1.0: efficiency of the propulsion

system(-), v=31: top air speed(m/s).

a/s A ’
55

50]

s
.

Wind velocity

2
1.5% 1.0% 0.5%

0.15 0.0

Histogram of stratospheric wind velocity in
December, January and Feburary in the past
20 years at Tateno, Tsukuba

velocity " histogran




The calculation of required propulsion power at
40mb altitude is based on a maximum design speed of
31 m/s. Assuming a drag coefficient of 0.0174 and a
hull volume of about 400,000m%, this yields a
required propulsion power of 90kW. In order to
obtain this minimum drag coefficient, a “"boundary
layer control”™ hull is used for the platform. A
schematic diagram of this platform is shown in Fig.5
in Chapter [I. The smaller the length/diameter
ratio of ‘the hull, the better the volume/weight
performance  of the hull. In this model, a
Goldschmied body of a length/diameter ratio of
2.72:1 is applied to retain a drag coefficient of
0.0174 from Goldschmied s experimental results.

The propulsion power should be generated through
an axial fan thruster driven by electric motors.

These motors are controllied by inverters. Power
transmission loss will take place in power cables,
reduction gears and bearings. Total power

transformation efficiency is estimated as about 60%

The platform requires a power source for the
mission payload, and this 1is assumed to be 5kW¥ for
observatory devices. The platform also requires
maneuvering power, estimated to be approximately 3%
of maximum propulsion power. Altogether, the peak
power consumption on board would become 150kW
Fig.16 shows HALROP s power flow diagranm

Solar Power Acquisition and Storage

Solar Cells Since the sky is always clear in
the stratosphere, solar cells can continually
produce electricity during daytime hours. We have
examined several candidates for solar cells using
power/weight ratio criteria. The results are
tabulated in Table 6. A value of 629%W/kg for
crystal silicon with 15% conversion efficiency was
chosen as the most practical value. Solar power
generation for daytime use and nighttime storage
(total 570kW) requires approximately 15% envelope
surface coverage by solar cell which is equivalent
to 1.15 tons of weight. The amount of the solar
cells 1is determined on the condition of most windy
winter day and with a sun-seeking attitude control.

Table 6 Various Solar Cell Cha

racteristics

Solar cell Conversion Power/ Cost
types efficiency weight
Amorphous Silicon 5-10% 421%/kg  low
Monocrystal Silicon 14-22% 629W/kg
Policrystal Silicon 14-18% 144%/kg low
Ga-As 18-29% high
In-P 20% 130w/kg  high
Regenerative Fuel Cells Generated electricity

has to be stored in batteries fo
For this purpose, the implementati
alkaline fuel cell batteries

candidate given the batteries’

which is long enough to last for t
platform’s mission. Ni-Cd batter
for today's space missions, are g
17 shows power and energy density

various regenerative batteries
combustion engines.®’ The regene
system of a constant-output pove
whose weight does not depend

duration as 1is shown in Table 7
electrolysis subsystem, radiators,
ratio of this portion is about 12
variable weight portions are tan
(hydrogen and oxygen). Power/weig
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Fig.16 HALROP power flow diagram of HALROP with nighttime propulsion batteries
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portions are altogether 27kg/kW for 14 hours
duration of the longest winter night. Specifically
12kg/kW plus 27kg/kW times 150k¥ becomes 5.85 tons

Other state-of-the-art energy storage methods
like fly wheels and thermal solar systems vwere
surveyed. So far none of these technologies have
been comparable with fuel cells in terms of energy
storage and output densities.'®’

Table 7 Alkaline regenerative fuel cell weight
distribution
Qutput power 100kW system kg
Fuel cell 250
Electrolysis cell 350
Power conditioner 2817
Isolation heat exchanger 19
Space radiator 293
Subtotal 1,199
Tank & reactants (H: & 0» gases, and water)
for 14hr duration 2, 730
Total 3,929/100kW
Structural Design and Vehicle Weight

Distribution In this section critical hull
deformation conditions and hull strength are
reviewed. Table 8 shows the total static load

configuration of the proposed super-pressured PLTA
ptatform with nighttime propulsion batteries.
HALROP with

Table 8 Weight & buoyancy balance of

nighttime propulsion batteries

Total buoyant gas volume 400,000 n®

Total buoyancy 20. 55 ton
Envelope & duct weight 5.85 ton
Fuel cell(420kWi0h;day, 150kW14h;night) 5.85 ton
Solar cell (570k¥W output) 1. 15 ton
Power cables & wiring 0.25 ton
Main motors(total 100 kW) 0.5 ton
Propellers & gears 1.0 ton
Mission payload 2.0 ton
Control equipment 0.6 ton
Empennage 2.2 ton
Reinforcement 0.7 ton
Boom 0.45 ton
Total weight 20. 55 ton

Horizontal Equilibrium Analysis of Bending

Moment and Shear Stress The vehicle portion weight
can be properly distributed along the hull in order
to maintain horizontal equilibrium. Fig. 18 shows the
bending moment and the shearing stress diagram
under the loads of buoyancy and the vehicle's

distributed weight.
SF \
\ /_.

BM1 /

P "]

Fig. 18 Bending moment and shearing force diagranm

Buckling of the Envelope The static bending
moment due to the mass distribution and buoyancy can
be reduced to a minimum so as not to cause buckling
of the thin-skinned hull. The rigidity of the hull
is controlled by the internal buoyant gas pressure.
The critical pressure, which resists the bending
moment caused by buoyancy and weight, is called Pbw
and is described as the following;

Pbw = (2+Mbw - 7z -k-R*)/{(% -R%) (2)

where  Mbw: maximum  bending  moment to the
hull(kgf.m), k: unit buoyancy of gas{kgf/m*), and R:
radius of hull(m). The maximum value of Mbw can be
reduced up to 3.57x105kgf+m and Pbw can be kept as
low as several millimeters of water column pressure

Deformation of Envelope Nose by Wind Pressure
Aerodynamic pressure Pn imposed on the platform nose
is calculated as;

Pn=1/2-p v* (3)

where p: air density(kgf-s®/m*), v: wind
velocity(m/s). The calculated value Pn also becomes
several millimeters of water column pressure due to
low air density

Bending Moment by Gust The empirical gust load

formula for a conventional airship hull {flying in
the turbulant troposphere is given below;

Mg = 0.01-q-Q% % L (4)
where Mg: bending moment to the hull(kgffm), q:wind
pressure(kgf/n®), Q: hull volume(n®), L:hull

length(m). Even utilizing such severe load criteria,
the required internal gas pressure to bear this
bending moment is only several millimeters of water
column pressure.

Loads by Maneuver The final and probably largest
load on the hull is the bending moment due to
maneuver, which can be estimated by the results of
wind tunnel tests of a reduced model of this hull
shape. Assuming appropriate maneuvering responses,
necessary internal gas pressure can be held to a few
tens of millimeters of water column pressure.

Instantaneous Buckling of the Vehicle Structure
and Safety Factor By considering all of the
conditions, the internal gas pressure in the hull Pi
can be determined as at highest 50mmagq. Safety
factors c¢an be more or less than 1.5, Even if
larger loads than those values analyzed above cause
buckling of the envelope, it does not mean the
destruction of the envelope. For instance, even if
buckling takes place due to a gust or instantaneous
excessive loads, the envelope shape is recovered as
soon as the loads are removed. As well as the
envelope, the tail fins and the boom are to be made
as pressurized fablic structures. Therefore, under
heavier load condtions than the designed conditions,
buckling may take place, but this does not lead to
destruction
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Hoop Tension The maximum hoop tension of the
hull created by this internal gas pressure Th can be
described by the following equation;

Th = Pi « R = 16.75 (kgf/cm) (5)

where Pi is the internal hull pressure
(50mmaq=50kgf/m*), R is the maximum radius of the
hull1(33.5m). The maximum hull hoop tension including
a reasonable safety factor is on the order of tens

of kgf/em. Textiles of this strength with a specific
weight of 200g/m® can be manufactured with using
modern, high tension fabrics such as Keviar or
Vectran,

Structural Analysis of the Tail Fin under Normal

Maneuvour As is described above, the tail fins are
made as a pressurized fablic structure and the
internal pressure 1is chosen as a 20-times—larger
pressure of the aerodynamic stagnant point.
Structural analysis is made by the finite element
method under a normal maneuvour condition. Fig.19
shows the input model to the FEM program. Fig. 20
presents a superimposed figures of the input model
and a deformed shape of a tail wing. Deformation 1is
enhanced by 1,000 times and actual value 1s quite
small compared to the size of the wing.

Fig. 19 Input model of a fablic-made HALROP s tail

wing for FEM method structural anaysis

Fig. 20 Deformation of a tail wing of HALROP

view) made under normal maneuvour

(top

Conclusion

The above studies indicate that HALROP, an
unmanned stratospheric airship without propulsive
ability during the nighttime, will make an excellent
observational platform for a long-term Antarctic
observation of the ozone layer. HALROP will also
make a highly accurate observational platform for
the analysis and observation of a broad range of
atmospherically scarce substances, such as the long-
term observation of the Antarctic ice sheets. The
observational -mission by HALROP for polar area use
can be carried out by utilizing technologies
available at present, and we need not wait for
the development of high-powered, regenerative fuel
cells or other advanced technologies which may
require a considerable investment.

Research results on the feasibility of a
stratospheric super-pressured powered LTA platform
with nighttime propulsive capability indicate great
potential. The dimensions of this platform are
approximately 200 meters in length, 400,000 cubic
meters in volume with a total buoyancy of 20.5 tons
and a 2 ton payload. Further study is required to
determine the validity of the boundary layer control
effects, durability of the on-board solar power
system, ete.
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