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(57) Abrégée/Abstract:

An airship has a generally spherical shape and has an internal envelope for containing a lifting gas such as Helium or Hydrogen.
The airship has a propulsion and control system that permits it to be flown to a desired loitering location, and to be maintained In
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(57) Abrege(suite)/Abstract(continued):
that location for a period of time. In one embodiment the airship may achieve neutral buoyancy when the internal envelope Is as

ittle as 7 % full of lifting gas, and may have a service celling of about 60,000 ft. The airship has an equipment module that can
Include either communications equipment, or monitoring equipment, or both. The airship can be remotely controlled from a ground
station. The airship has a solar cell array and electric motors of the propulsion and control system are driven by power obtained
from the array. The airship also has an auxiliary power unit that can be used to drive the electric motors. The airship can have a
pusher propeller that assists in driving the airship and also moves the point of flow separation of the spherical airship further aft. In
one embodiment the airship can be refuelled at altitude to permit extended loitering.
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AIRSHIP AND METHOD OF OPERATION

Abstract of the Disclosure |

“An a1rsh1p has a generally spherical shape and has an mtemal envelope for
contannng a 11ﬂ:1ng gas such as Helium or Hydro gen. The airship has a propulsmn and
control system that permtts it to be ﬂown to a des1red loitering locatlon, and to be
maintained in that locatlon for a penod of ttme In one embodnnent the a;trshlp may
achleve neutral buoyancy when the mtemal envelope is as little as 7 % full of ltﬁ:mg gas,
and may have a service celhng of about 60 000 ft. The airship has an equlpment module |
that can inc lude etther commumcattons equ:tpment or momtonng equlpment, or both.
The alrshlp can be remotely contro]led fron a ground station. The airship has a solar '
cell array and electnc motors of the propulsmn and control system are driven by power
obtained from the array The airship also has an auxxhary power unit that can be used to
drive the eleotnc motors. The a1rsh1p can have a pusher prOpeller that ass1$ts n dnvmg
the au'slnp and also moves the point of ﬂow separahon of the sphencal a1rsh1p ﬁlrther
aft. In one embodtment the alrsh1p can be refuelled at altltude 1o pernnt extended
loitering.

21026834.1
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~ AIRSHIP AND METHOD OF OPERATION

Field of' the Inve_ntion .

This invention relates to the ﬁeld of buoyant aircraft and operation thereof.

Background of the Inventi_on

In a number of apphcatlons 1t would be desnable to be able to prov1de a
relatrvely statlonary high altitude: platform hence the des1rab111ty of the present
mventron ‘ ‘

- One known kind of statlonary hrgh altitude platform 1S a geo-statlonary
satelhte located 36,000 km above the earth Whlle a geostationary satelhte system
may have a large “footprint” for commmucatlons or surveillance purposes, this may
be hlgher than is des1rable for hi gh resolutron observat1on and the development and _
launch cost of a spacecraft may tend to be very high. Non—statlonary, or low orblt
satellites are also known, but they are at any given pomt in the sky only momentanly ,
It would therefore be advantageous to be able to operate a stanonary platform at lower
altltude lower complexity, and rather lower cost. '

A number of concepts for hlgh atmosphenc altitude platforms already exrst |

such as high altitude balloons, large d1r1 glbles or blimps, unmanned heav1er-that-a1r |

aircraft (drones) of tradrtronal conﬁguratmn or of ﬂymg wings configuration. Free'

o balloons or tethered balloons would not tend to be suitable: a free balloon i 1s nct
. tethered, and will tend not to stay in one place, a 40 000 60 000 ft tether is not '

practlcable (a) because of the werght of the tethers themselves and (b) because of the

' danger to aerial navi igatie on. Heav1er-than-a1r aircraft tend not to. have the requlred
| endurance and any aircraft that rches on alrﬂow over a li ﬂlng or other control surface

must maintain sufficient veloc1ty to mamtam control, a problem that worsens when
the den31ty of the atmcsphere 18 reduced '

Trad1t10nal alI'ShlpS whether blzmps or havmg a ngid 1ntema1 skeleton tend .

- generally to be low altltude atrcraft, seldom being used at altitudes above about 3 000 |

ft above mean sea level Modem alrshlps that rely on the buoyancy of a lifting gas
may tend to suffcr from a number of drsadvantages such as (a) poor low-speed, |

f-manoeuvrablhty, (b) the need for relatlvely large ground-crews for take-offs and '
‘landmgs (c) the need for relatlvely large ﬁelds fmm Wthh to operate; (d)
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- comphcated and expenswe mfrastructure for moormg (parkln g) and (e) susceptlblhty -
to damage in turbulent atmosphenc condltlons In the VIEW of the present lnventor L

many, if not all of these dlsadvantages appear to stem from the fundamental shape and

confi gurat1on of trad1t1ona1 alrshlps ‘that is, the charactenstlc elongated, finned hull,;

The manoeuvrab1hty of trad1tronal a1rsh1ps tends to be related to the desig gn
and structure of their fins and control surfaces. Below 10 to 15 km/h (6 10 mph)
there tends no longer to be sufﬁcrent alrﬂow over the fins’ control surfaces, makmg

~ them 1neffectual When the pllot slows down as when landmg, a ground crew of up

to 20 peOple may be requlred to assrst the pllot The same size of crew may also be
required for take-off. o |

iThe Spherical airship described herein has double envclopes The outer

“envelope is load bearing and the 1nner envelope contains the lifting gas. For normal

low-level ﬂlghts at take-off, the inner cnveIOpe may typically be filled to 30%, of the

' 1nterna1 volume of the outer envelope allowmg the lifting gas to expand with a1t1tude
- or temperature changes or both When the inner envelope 1s fully expanded, the

airship is at pressure altltude meamng that 1t cannot climb hi ghcr without valvmg
some hftmg gas. ' ' '

In the prcsently described a1rsh1p, the air 1ns1de the outer enveIOpe 1S sllghtly

o pressurized by electric blowers to mamtam the alrshlp S generally spherical shape and

to resist deformation from wmd loads For the high altltude a1rsh1p of the present |
invention, operatmg at 60- 70 000 ft the envelope must be sufﬁcrently large enough

to accommodate the 1,600- 1 ,700 % 11ft1ng gas expans1on Accordmgly, in the present

1nvent10n at lift- off the i nner envelope may be filled to only as little as 1/18 of 1ts
total volume The remaimng 17/18 are ﬁlled with air at a shi ght (over) pressure.

Dunng the climb to altltude the lxﬁmg gas wxll tend to expand adlabatlcally, _
eventually occupylng approxrmately 16/ 1 8ths of the total volume. At the desi gned
operat1onal altltude 1t 18 1ntended stlll to have enough space to expand w1th |
temperature 1ncrease durmg daytlme sun exposure Note that the spherical arrsh1p '

tends not to have balancmg problems at any stage of “fullness The wcrght of the
~payload 1s at the bottom central portlon of the airship, and the 1ift 1s dlrectly above

th1s w1th all the gravrty and buoyancy forces actmg stra1 ight up and down

Tradltlonal C1 gar shaped b11mps may also tend to present othcr dlsadvantages

~ when vrewed in the context of an a1rcraft havmg a hlgh altltudc Service celhng

21026834.1
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. 3.

Conventionally, cigar shaped airships employ fore and aft balloonets that can be
inflated, or deflated, as the internal gas bags expand or contract with changes in altitude
or temperature. Differential inflation of the balloonets can also be used to adjust airship
trim. The balloonet operation between sea level (where ambient pressure is about 14.7
psia) and 5000 ft (where ambient pressure is about 12.5 psia) may involve balloonets of
roughly 20 % of the internal volume of the aircraft, to reach a service ceiling of about
60,000 ft (where the ambient pressure is about 1.0 psia), the volume of the lifting gas
used at lift- off from sea level may be as little as about 1718 of the volume of the lifting
gas at 60,000 ft. This may present significant control challenges at low altitude for a
cigar shaped aircraft. Further, conventional airships tend to rely on airflow over their
control surfaces to manoeuvre in flight. However, at high altitude the density of the air is
sufficiently low that a much higher velocity may be required to maintain the level of
control achieved at lower altitude. Further still, blimps and dirigibles are to be
susceptible to “porpoising”. At 60,000 ft there is typically relatively little turbulence, and
relatively light winds, or calm. In a light or “no-wind” situation, it may be difficult to
maintain a cigar shaped dirigible “on station”, i.¢., in a set location for which the
variation in position is limited to a fixed range of deviation such as a target box 1 km
square relative to a ground station. Although 1 km may seem like a large distance, it is
comparatively small relative to an airship that may be 300 m in length.

NOWH

By contrast, a spherical airship may have a number of advantages, some of which
are described in my US patent 5,294,076, A spherical airship is finless, and so therefore
does not depend on a relatively high airspeed to maintain flight control. For example,
propeller slipstream, steering and altitude control can be achieved through the use of
varied and deflected thrust.

With equal thrust on both engines the airship can be flown in a straight line.
Increasing (or decreasing) the thrust on one side causes the airship to turn. Deflecting the
propwash downward may tend to cause the airship to ascend; deflecting the propwash
upward may tend to cause the airship to descend. The prototype developed by the present
inventor is highly manoeuvrable even at low speed or when hovering, and tends to be
able to turn on a dime. '

The present inventor has dispensed with a traditional external gondola, and has, in
effect, placed the gondola inside the envelope, allowing a generally larger

219178331
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space for the pllot, passengers (as may be), and payloads (as may be). W1thout an o

external gondola the spherical a1rsh1p may tend to be capable of landing on, and '
taking off ﬁ'om water Landmg procedures are comparatrvely uncomphcated ‘

A substanually spherical a1rsh1p has the most efﬁc1ent ratio of surface area to

' volume This may tend to result i m a relauvely low leakage rate of the 11ft1ng gas '

The sphenca.l shape also tends to facﬂltate the spreadtng of the payload w1thout- |
unduly affectlng the balance (pltch) of the alrcraft ' - '

‘The present mventor has noted that when a sphencal Ob_] ect, such as : a

. sphencal alI'Shlp, 1S propelled through an amblent ﬂurd such as air, the flow of the

ambient about the sphencal shape tends to have a separation point, beyond which the
flow is turbulent It would be advantageous to shlﬁ this separation pomt further
toward the trarlrng portlon of the arrcraft srnce thls may tend to reduce drag '

The present 1nventor has also noted other propertles of a sphencal a1rsh1p that
may tend to make it surtable for relatrvely long endurance use as a communlcatrons or

surveillance platform Frrst the envelope may tend to be transparent to electro-

magnetic waves n the ﬁ'equency ranges of mterest namely the electromc

communications frequen01es This may tend to perm1t (a) remote control of the -

platform from a ground stat10n further reducmg the welght aloft and lessemng both

(1) the nsk of human mjury n the event of a machine failure; and (11) the need to land

ﬁ'equently for the comfort of thc crew (b) the use of the platform as a
commumcauons relay statron for sendmg and recervmg srgnals and (c) the use of the '~
station as a radar platform or as a llstenmg statlon In addrtron it may be desrrable to

“be able to refuel a statlona.ry all‘Sh.lp at altltude thus permitting extensron of the
-durat1on of operation. ' :

rv of the Invention o

Thc present mventor employs a sphencal airship as a platform for relatrvely

high altitude observation, or commumcatrons with a tendency to permit relatlvely -

long endurancc 101ter1ng 1n a partrcular locatton The present 1nventor has also noted,

that for either high or low altltude ﬂrght, it 1s advantageous to shift the point. of
~.separation of the ﬂow to a relatlvely rearward locatlon

In an aspect of the mventlon there is a sub stantl lally spherical aircraft. The '

aircraft has a buoyancy apparatus Operable to mamtam the aircraft aloft. PrOpulsron

21026834.1
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and d1rectlonal apparatus co-operable conduct the aircraft; and at least one boundary
layer separatlon suppressmn element operable to encourage the arrcraﬁ to proceed as

conducted

Ina feature of that aspect of the 1nventlon the arrcraft has a leading portlon
and a tra.rlm g portlon and. the boundary layer separation suppres sion elem ent inc ludes
a pump element mounted- to create a zone of lowered ﬂuld pressure adJ acent to the
trarlmg portlon of the aircraft. In another feature the alrcraft has a leading portion

and a tralhng portlon, and the boundary layer separatron suppressron clement. mcludes

a pusher propeller mounted aft of the trallmg portlon of the an'craft

In yet another feature, the a1rcraft has a leadmg portlon and a trallmg portlon
and the boundary. layer separatlon suppressron element includes roughenmg mounted_
to the leadmg portlon of the arrcraﬁ In Stlll another feature, the propu1s1on apparatus

~ includes a pusher propeller. In a further feature, the aircraft has a main dlametral

drmensron, D1, and the propeller has a dlameter D2 where D2 lies in the range of 10
% to 25 % ofD1. In yet a further feature the pusher propeller operates between 0 and'

250 rp m. In another feature the pusher propeller has a tip speed of less than 500

ft/s. Instill another feature, the pusher propeller 1s dnven by an electric motor.

In still another further feature an rnternal combustlon engme and an elcctnc

‘generator is driven thereby | In yet a further feature the alrcraﬁ has a fuel

replenlshment system The fuel replemshment system 1s 0perable while the aircraft is
aloft. In an additional feature at least one of the propulsion and directional app aratus .
includes an 1ntemal combustron engme and a fuel replenlshment system ‘The fuel
replen shment syst em 1S Ops erable whrle the an'craft 1S aloft In another addltlonal

_ feature the arrcraﬂ has solar cell panels

In a ﬁn'ther feature, the aircraft inc ludes an electro ma gnctlc 1nterface member_

- chosen from the set of electro-—magnetlc 1nterface members capable of perfonmng at

least one of (a) rece1v1ng an electro-magnetlc wave form (b) sendmg an electro-'_
magnetic wave form; (c) relaymg an electro-magnetlc wave form; and (c) reﬂectmg.
an electro-magnetrc wave form. In another further feature the arrcraft 1nc1udes

| commumcatlons equlpment operable to perform at least one of ‘(a) receivin g

commumcatlons s1gnals (b) sendmg communlcatlons s1gnals ©) rela)qng_
commumcatlons sl gnals and (d) reﬂectmg commmncanons 31gnals In an addrtlonal B
feature, the aircraft ncludes survei llance eqmpment In another addltronal feature, the
surve111a.nce equ1p1nent is chosen ﬁ‘om the set of survelllance equipment consrstmg of

21026834.1
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~at least one of (a) commumc atlons momtonng equrpment (b) thermal nnagm g

equipment; (c) photo graphrc equlpment and (d) radar. In still another additi onal

feature, the a1rcraft has a cowlng, and the cowhng 1S substantlally tranSparent to at

least radio frequency electro-magnetlc waves

In yet another addltlonal feature the atrcraft has, mounted within the cowhn g,

at least one of (A) commumcatlons equrpment operable to perform at least one of (a)

recelvmg commumcatlons srgnals (b) sendlng communications signals; (c) relaymg .
communications srgnals and (d) reﬂectmg commumcatlons signals; and (B)

| survelllance equipment chosen from the set of survelllance equlpment consrstmg of at'
. least one of (a) communlcatlons momtormg equ1prnent (b) thennal 1mag1ng
- equlpment (c) photo graphrc equrpment and d radar In another feature the cowlin g

is mtemally pressurised relatlve to amblent conditions external to the aircraft. In yet
another feature, the alrcraft 18 remotely controlled o

In still another feature, the b‘uoyanc'y'- apparatus includes an envelope mounte'd

 within the alrcraft, and the envelope contams a buoyant lifting fluid. In still yet

another feature, the hftlng ﬂuld 18 helrurn In a further feature, the hﬁmg ﬂuld 1s

“hydro gen

In yet a further feature, the substanually sphencal alrcraft has a wei ght and an
mternal volume. The envelope 1S vanably 1nﬂatab1e to. occupy a vanable portion of
the internal volume and under amblent condttlons at sea level on a 59 F day, when the .
envelope 18 inflated to as httle as 70 % of the internal volume. The envelope provrdes
a buoyant force at least as great as the we1 ght ‘In another further feature wherem
under ambrent condrtrons at sea level on a 59 F day, when the envelope 1S mﬂated to-

as little as 50 % of the 1nternal volume the envelope provrdes a buoyant force at least
 as great as the weight. In stlll another feature ‘wherein under ambient condltlons at_ -
‘sea lcvel on a 59 F day, when the envelope is. inflated to as little as 25 % of the
‘internal volume, the envelope provrdes abuo yant force at le ast as great as the we1 ght

In yet another feature wherein under ambrent condluons at sea level on a 59 F day,

‘ when the envelope 1s 1nﬂated to as httle as 10 % of the mternal volume, the enveIOpe
' provrdes a buoyant force at least as great as the welght In still yet another feature

wherein under amblent condrtlons at sea level onaS59F day, when the envelope is
inflated to as httle as 7.5 % of the mternal volume the envelope provules a buoyant

force at least as great as the welght

21026834.1
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In a further feature the alrcraft has a servrce cerlmg of greater than 10 OOO ft
In Stlll a further feature the alrcraﬁ has a servrce cclhng of greater than 18 000 t. In
still yet a further feature the arrcraﬂ has a servrce ce111ng of greater than 40,000 ft. In

another feature the aircraft has a serv1ce cellmg of greater than 60 OOO ft.

In another aspect of the 1nvent10n there s a substantlally sphencal alrcraft '

~ The aircraft has buoyancy apparatus operable to maintain the aircraft aloft

Propulsron and directional apparatus co-0p crable conduct the aircrafi; and a ﬁlel*
replemshment system connected to the propulsron and dlrectronal apparatus The fuel '
replenishment system is operable whrle the alrcraft is aloft ‘ .

In another aspect of the 1nventlon there 1s a substantlally sphencal alrcraft

- The aircraft has buoyancy apparatus operable to mamtarn the alrcraft aloft .

Propulsron and drrectlonal apparatus co-operable conduct the aircraft; and the alrcraft

' has at least one of (A) commumcatlons equlpment operable to perform at least one f .

(a) recelvmg cornmumcatlons srgnals (b) sendlng commumcatlons S1 gnals (c) -
relaying commumcatlons srgnals and (d) reﬂectmg commumcatrons 51gna1s and (B) |
surveillance equlpment chosen from the set of surveillance equlpment con51st1ng of at
least one of (a) commumcatrons momtormg equrpment (b) thermal unagmg
equlpment (c) photo graphrc equrpment and (d) radar. ”

In another aspect of the 1nventron there 1s a substantrally spherrcal arrcraft .
The substant1ally sphencal alrcraft has a We1 Ight and an internal volume. The alrcraft .

. has buoyancy apparatus operable to malntam the arrcraﬂ aloft Propulsron and
'drrectlonal apparatus co-operable conduct the aircraft. The buoyancy apparatus

mcludes an envelope mounted w1thm the arrcraft and the envelope contams a buoyant

| lifting fluid. The envelope 18 vanably mﬂatable to occupy a variable portron of the '
~ internal volume and under ambient condrtrons at sea level on a 59 F day, when the

envelope is 1nﬂated to as lrttle as 7 O % of the mternal volume the envelope provrdes a

- buoyant force at least as great as the welght In a feature of that aspect of the

1nventron the hf.tmg ﬂuld 18 hydro gen

In another feature whereln under ambrent condltlons at sea level on a 59 F
day, when the envelope 1S mﬂated to as 11tt1e as 50 % of the 1nternal volume, the

- envelope provrdes a buoyant force at least as great as the we1 ght In yet another

feature ‘wherein under ambrent condrtlons at sea level on a 59 F day, when the

- enveIOpe is inflated to as 11ttle as 10 % of the mternal volume, the envelope prov1des a
buoyant force at least as great as the we1 ght In stlll yet another feature the arrcraft

- 21026834.1
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has a servwe cerlmg of greater than 10 OOO ﬁ In st111 another feature, the aarcraft has

a serv1ce celhng of greater than 40, OOO ﬁ

In another aspect of the mventlon there 1S a method for operating a buoyant
aircraft. The. method compn ses the steps of prov1d1n g an alrcraﬁ having an 1nternal

| 'volume and a werght The a1rcraﬂ: mcludes an 1nﬂatable envelope housed wrthm the

mternal volume and the arrcraﬁ has a prOpuls1on system and a d1rectronal control

o system 1nﬂat1ng the envelope Wlth a hftmg ﬂu1d to a first volume sufﬁc1ent to at least
- balance the welght The first volume, at sea level is less than 70 % of the mternal

volume, operatlng the propuls1on and dlrecuonal control systems to a locatlon greater y

“ than 10 000 ft above sea level.

In a feature of that aspect of the mventlon the method includes the step of
ma1nta1mng the arrcraft n a lortenng locatlon In another feature the method

| mcludes the steps of mamtanung the a1rcraft aloftina 101ter1ng pos1tron and refuellmg
~ the aircraft wh11e mamtalmng it in the loltermg pos1t10n In still another feature the

step of lortenng maintaining the alrcraft m the loitering posrtlon mcludes the step of
mamtarnmg lateral and longltudlnal posmon varlatlon relat1ve toa devratlon radius of

1000 M.. In yet another feature lncludmg mamtalmn g the alrcraﬁ at an altitude of at
least 15 OOO ft. In still yet another feature further including at least one of the steps
- chosen from the set of steps consmtmg of (A) operatmg as a commumcatlons

platform to do at least one of (a) recelvmg communications ‘signals (b) sendlng
commmncatlons signals; (c¢) relaymg commumcatlons 8l gnals and (d) reﬂectlng

. commumcanons srgnals and . (B) operatmg as a surverllance platform to (a) momtor .

commumcatlons () produce thermal 1magmg, (c) take photo graphs; and (d) to

- operate a radar. In an additional feature mcludlng the step of controlhng operatlon of

the buoyant a1rcraft from a remote loc at10n

Brief Description of the Drawings

The prmmples of the vanous aspe cts of the mventlon may better be understood
by reference to the accompanylng 1llustrat1ve F1 gures which depict features of

| examples of embodlments of the mvention and in which

Flgure 1 a isa low altitude, front elevatlon of an a1rsh1p accordlng to an aspect
“of the present mventlon W1th a scab sect1on prowded to show a
partrally mﬂated hﬁrng gas envelope

21026834.1
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- Figure lb is a hi gher altltude front elevatlon of the a1rsh1p of F1 gure l a w1th a
-~ larger scab sectron provrded to show more fully inflated cond1t1on of
the llﬂ:rng gas bag at hi gher alutude '

'- F 1gure 21sa side elevatron of thc a1rsh1p of Fi rgure la;

Frgure 3 is arear elevat1on of the a1rsh1p of Flgure 1a;

:F1 gure 4a shows the locatlon of an equtpment bay for the a1rsh1p of F1 gure la;
Flgure 4b 1s an enlarged sketch of a possible layout for the equtpment bay of
' Figure 4a; o

Figure 5 shows an 1llustratlon of the operation of the a1rsh1p of Figure 1a;
iFrgure 6 shows an alternate embodtment of an a1rsh1p to that of Fi gurel a; and
Fi; gure 7 shows another alternate embodlment of a1rsh1p to that of Fi gure 1 a.

Detailed DesCri tion of the Invention |

The descrlptton that follows and the embodlments descrtbed therem are
prov1ded by way of 1llustratlon of an example or examples of partrcular
embodtrnents of the pr.tncrples of the present 1nventron These examples are prov1ded
for the purposes of explanauon and not of l1m1tatlon of those prmcrples and of the.
1nvent10n In the descrrptlon hke parts are marked throughout the spec1ﬁcat10n and
the drawmgs W1th the same respectlve reference numerals The drawm gs are not
necessanly to scale and 1 some mstances proporttons may have been exaggerated m

~order more clearly to deplct certam features of the invention.

For the purposes of thls descnptlon it will be assumed that operatlng
cond1trons are referenced-to an ISA standard day, namely to a datum of atmosphenc

' cond1t1ons at sea level onals C (59 F) day Also for the purposes of descnptlon 1f

the arrcraﬁ is thought of as havmg a vertlcal or z-axis, a longltudmal Or X-axis, and a
transverse or y-axis, prtch 1S rotatlon about the y-axis, roll is rotation about the x-axrs

and yawmg is rotation about the z-axrs The force of gravity, and hence buoyancy,
acts parallel to the z—axrs Forc and aft (and leadlng and tralllng) are terms havmg '

reference to the x-axrs

- In the embod1ment of F1 gure la a substantlally spherical a1rsh1p 1S mdlcated
generally as 20 A1rsh1p 20 has a load bearmg outer envelope 22 and a lifting gas
containing inner enveIOpe 24 ' o

Outer cnvelope 2218 made of an array of Spectra (t m.) or other high strength -

- fabric panels, sewn or heat welded together An electrrc blower or fan, 26 18 mounted

in a lower region of outer envelope 22 Blower 26 has an intake drawmg air from
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external amblent “and an outlet mounted to d1scharge into the mterlor of outer
enveIOpe 22. Blower 26 1s used to mamtam the 1nternal volume of airship 20 w1th1n

~ outer envelope 22 at an elevated pressure relatlve to the PAmbient, Of the external

amblent condrtlons Tlns dlfferentlal pressure tends to cause outer envelope 22 to

“assume, and mamtam the substantlally spherrcal shape shown. In the event that the
. d1fferent1al 1nternal pressure w1th1n outer envelope 22 as compared to amblent
becomes excessrve a rehef valve 28 mounted toa lower reglon of outer envelope 22 o

will open to dump pressure accordmgly It is preferred that the pressure dlfferentlal
bc about % mch of water gauge and that relref valve 28 w111 open at about 1 inch of

~ water gauge

- Buoyanc

, Inner envelope 24 1s a lammated bladder or gas bag, 30, for containing a ﬂl.Ild
in the nature of a lrftrng gas such as hehum or hydrogen Gas bag 30 has a fully

| expanded volume that 1S roughly 18 times as great as the volurne for prov1d1ng -
' .bucyancy at sea level The desrgn volume of outer envelope 22 is large enough to :
~ allow for thrs full expansron plus the 1nterna1 volume of the payload and operatlng |

equlpment For the purposes of th1s explanatlon the “mternal volume” of outer
envelopc 22 1s taken as only the space allocated for allowrng expansion of i 1nncr
envelope 24 1n normal serv1ce Operatlon up to the desrgn service ceiling. In the-

B preferred embodlment this servlce celhng is 60 000 ft. — 70,000 ft. with a lifting gaS’ -
'eXPanswn of 10.7 - 17 4 times the volume at sea level. However ‘additional volume .

inside outer envelope 22 i 1S leﬂ to allow for solar heatmg (and consequent expanswn)

, of the hftmg gas mn gas bag 30 durrng daylrght operation, with a margm for -
. unforeseen contmgencles Whlle unnecessary bleedmg of hﬂlng gas 1s generally

consrdered undesirable, n ‘the event ‘that the buoyancy of gas bag 30 becomes
excessive, a dump valve in the nature of gas bag relief valve 321s prowded to pcrrnlt
durnpmg of lifting gas. Alrcraﬁ 20 may also have an opt10na1 supplementary hftmg

' gas reservoir 34 that 1s connected to gas bag 30 to prov1de llftlng gas to replace

leakage that may occur over a perrod of time. Preferably, gas bag 30 1s operable to
prov1de neutral buoyancy to arrcraﬂ 20 when gas bag 30 is only 5 % full at mean sea o

- level and 15 C

Pro ullen and Control App aratus o

In the embodlment of Flgure 1 propuls1on 1S prov1ded by a palr of
symmetncally mounted prOpuls1on dewces 1n the nature of propellers 36 38 that are

21026834.1



10

15

20

25

30

35

CA 02391252 2002-06-25

IR S

mounted on first and second Il ght and leﬁ hand cantllevered pylons. 40, 42

Propellers 36, 38 are driven by a pair of matched ﬁrst and second variable speed '
electric motors 44 46 Current for these electnc motors 1S drawn from a storage _

element in the nature of a battery 48, that 1s 1tself charged by the comblned efforts of a

solar cell array 50 mounted to the upwardly facmg reglons of outer envelope 22, and' o
an auxiliary power umt 52 that drives a generator 54. "

Aux1hary power unit 52 may mclude an internal combustion engine. In the

.preferred embodtment APU 52 1 1s a turbocharged d1ese1 engine. Alternatlvely, APU
52 can be a gasohne englne ora hydrogen and oxygen fuel cell In the event that a

fuel cell 1S employed power from solar cell array 50 can be used during the daytrme

to recharge the fuel cell while the fuel cell can operate at mght to prov1de power to

mamtam the atrcraft on. statron

Propellers 36 and 38 may he 11 gldly mounted n an onentatlon permlttmg '

vertlcal operatlon m forward or reverse to cause a1rsh1p 20 to ascend or descend when .

another propulswe means 1S prov1ded for honzontal motlon and turnmg In the .
1nstance when propellers 36 and 38 are mounted mn a r1g1d orientation to oontrol
ascent and descent, a small, s1deways mounted rever51ble varlable speed yaw thrust

' propeller 56 1s mounted to the leadmg portlon of a1rsh1p 20.

_ Alternatrvely, propellers 36 and 38 may be mounted on plvotmg heads 58, 60 '
that are capable of being rotated from O to 90 degrees from honzontal i.e., between a

fully downward pusher onentatron for clrmbmg to a ﬁ.llly honzontal position for

roughly level horlzontal fhght. Inasmuch as motors 44 and 46 may preferably be

. reversrble varlable speed DC motors descent 1s provrded by operatmg propellers 36'

and 38 in reverse. Control of this prvotmg 1S by electnc motors 62, 64 geared to turn,
heads 58 and 60 Angular orlentatlon of heads 58 60, prov1des vertlcal and

. horlzontal motion. Drfferentral speed operatlon of prOpellers 36 38 causes turmng of

arrshrp 20 about the Z- ax1$ It 1S preferred that pr0pellers 36 38 have a dlameter n the '
range of 10 —- 20 ft and an operatronal speed in the range of 0 to 400 rpm forward or -
reverse . ' '

In the honzontal posmon (that is, zero ascent or Zero descent) a leadln g

‘portion of outer envelope 22 is de31gnated generally as 70. During forward level
flight the stagnatlon point Psmgmm w111 he in th1s forward, or leading re glon'

typlcally more or less at the leadmg extremlty A trarlmg reglon 72 lies on the‘

‘ opposite extremlty of outer enveIOpe 22 and faces rearward durln g forward ﬂ1 ght In
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the preferred embodiment, a boundary layer separation suppression apparatus in the

nature of an air pump, such as third propeller 74, is mounted on a fixed pylon 76 standing
outwardly aft of trailing region 72. Propeller 74 is a pusher propeller connected to a

variable speed electric motor 78, and works as an air pump to urge air to flow away from
trailing region 72 and to be driven rearwardly. This may tend to create a region of
relatively low pressure aft of trailing region 72 and may tend to cause the point of

separation of the flow about outer envelope 22 to be located closer to trailing region 72

than might otherwise be the case, with a consequent reduction in drag and improvement
in forward conduct of airship 20. In the preferred embodiment in which outer envelope
22 is about 250 fi in diameter, propeller 74 is about 40 ft in diameter, and turns at a rate

of between zero and 250 pm. A bomldary | layer :,eparan on suppms,sﬂion,. element, name !?tf

roughening, is mounted to leading region 70.

Re-Fuelling

thereof. Optionally, fuel reservoir 80 may have a filler line 82 mounted externally to
outer envelope 22, and a docking receptacle 84 mounted centrally to the top of outer
envelope 22. Filler line 82, receptacle 84, and reservoir 80 are all electrically grounded
to the chassis of APU 52. Filler line 82 also has a drain line 86 and three way valve 88.
Replenishment of reservoir 80 can be undertaken by flying a tanker airship 90 (Figure §)
of similar spherical shape to a height above aircraft 20, and maintaining airship 90 in
position. An electrically grounded filling nozzle is lowered to engage receptacle 84.

When in position, nozzle 92 is energized to clamp to receptacle 84, making a sealed, and

replenish reservoir 80. While this occurs, aircraft 90 may release lifting gas at a rate

corresponding to the rate of fuel transfer so as to maintain approximately neutral

increased at the same
rate to maintain approximately neutral buoyancy of aircraft 20. During replenishment

three way valve 86 is set to permit flow from receptacle 84 to reservoir 80. ‘When
reservoir 80 approaches a “full” condition, aircraft 90 is signalled to cease filling. A
valve 92 on delivery line 94 is closed, and line 94 is permitted to drain through nozzle 84.

Line 82 is similarly permitted to drain into reservoir 80. When line 82 has been drained
in this way, valve 86 is set to permit line 82 to drain through drain line 84. Nozzle 84 is
de-energized, replenishment feed line 94 is retracted, and aircraft 90 returns to base.
Optionally, and preferably, airship 20 may be provided with a lifting gas
replenishment system. To this end, a flexible high pressure lifting gas replenishment
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line 96 1 rs connected to supplementary 11ft1ng gas reserv01r 34 ﬂow being controlled |

by valve 100 Lrne 96 termrnatcs ata replemshment ﬁttrng 102 mounted adjacent to
- aux111ary power unit fuel receptacle 84 When aircraft 90 is in posrtron a

corresponding probc 104 is 1nserted locked and sealed in ﬁttmg 102 As fuel is
being transferred through line 82, a correspondrng amount of lifting gas ﬂows along _

~ line 96 providing a sufficient amount of hﬂrng gas for ﬁllrng gas bag 30 to counter-—
- act the additional welght of the fuel. Thrs may tend to maintain both arrshrp 20 and

airship 90 at neutral buoyancy by srmultaneous transfer of fuel and hftrng gas. In thc

‘event that there were an “unbalanccd” requrrement of erther fuel or lrftrng gas, th1s
_would be balanced by releasrng elther ballast Or llfung gas as the s1tuat1on mlght

. requrre -

A1rsh1p 9 may vent excess lrftrng gas to arnblent to marntarn neutral
buoyancy, or optronally arrshlp 90 may be provrded with a hifting gas compressor 1 06

~ and heat exchanger 108 operable to extract and compress llftmg gas from gas bag
110 of alrcraft 90 as rc-fuellrng of arrcraft 20 occurs

Control Module

The lower region of outer enveIOpe 20 houses an equlpment blister 120 sewn
generally 1nwardly of the otherwrse generally spherrcal surfacc of outer envelope 22 '

~ Equipment blister 120 houses a control module 122 connected to operate motors 44
46, 62, 64, 78 and APU 52, hcnce controlhng propulsron and dlrectron of arrshrp 20

In addrtron control module 122 1S operable to control rnﬂatron of (a) gas bag 30, (b)-
bleed of excess llftrng gas from gas bag 30 (c) posrtlve pressurrsatron of outer'
cnveIOpe 22 by blower 26, and pressure relref by value 28, (d) port, starboard and
stern navrgatronal lrghts 124 126, 128 (e) the reﬁrellrng systern described above and '
(f) internal lrghts 130 Control rnodulc 122 i 1s connected toa radro aerial array 132 by

' . “which control and equrprnent monltorlng sl gnals are sent to a rcmotely located
controlhng statron 1ndrcated 1n Flgure 5 as 136 Controllrng station 136 is preferably :

a ground statron whether at a ﬁxed mstallatron or in a mobile installation such as a
command truck but could also be a shrp-borne controlhng statron or an alrbornc
controllrng statron Control module 122 1s also connected to Sensors 144 146 for
measurrng external ambrent temperature and pressure V-A-Q Metcr 148 for

. measunng current and voltage from solar cell array 50; sensors 150, 152 (Figure lb)'
for 1 measurrng gas bag temperaturc and pressurc 154 156 for measurmg APU fuel
- supply In IeServoir 80; V-A-Q Meter 158 for measurrng motor current draw antenna .
160 for reccrvrng global posrtromng system or other telemetry data 162 for mcasurmg
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 relative air speed; and 164, 166 for measurmg stored charge (m the case of battery '

power) and fuel cell status (in the case of 1 use of a fuel cell). Inputs from the varrous
sensors are used to perrnlt (2) the controllmg station to be aware of the status of the |

operating systems of alrcraﬂ 20 and (b) control of the operatron of arrshlp 20.

An equipment pallet 1 80 1S mounted w1th1n the lower re gion of outer envelope

22 near to control module 122. Equlpment pallet 180 can serve as a base for
'eqmpment used for one or several functlons Pallet 180 can be a base for a
~ communications relay statron 182, whether for sending messages, for recervmg

messages, merely acting as a reﬂector for messages ‘or for acting as a relay statron

' -operable-toboost an mcom_rn_g ,message and to __re-.-transnutrt.

Pallet 180 can also prowde a platform for one or more of (a) camera ~
equrpment such as a gyro-stabrhsed camera 184, whether a still camera or a vrdeo

camera; (b) thermal 1 nnagmg eqmpment 186 (c) a radar set 1 88 and (d) radio srgnal

monltonng cqulpmcnt

To the extent that outer envelope 22 and gas bag 30 are. generally transparent
to electromagnetlc waves in the ﬁ'equency ranges ‘of interest, namely the |
commumcatlons and radar ﬁ'equencres alrcraﬁ 20 provrdes a suitable, protected
mount for elther recelvmg or transmlttlng aerrals 1 90 and other equrpment

- AltemateConﬁgg_ ] fations

, The a1rsh1p need not be precrsely sphencal F or exa;mple the gencrally
sphencal shape could be somewhat elongated or could be somewhat taller than broad -
or broader than tall That 1S, In bem g spherordal the length of all‘Shlp 20 alon g the x--

“axis may lie in the range of perhaps 80 % to 200 % of the w1dth of the alrshlp

measured along the y-axis, and the he1 ght of the arrcraﬂ measured along the Z-ax18

'may be in the range of 2 to 1 Vs of 1ts length All‘Shlp 20 need not be a perfect body' |

of revolutron That is, the upper portron of arrshlp 20 may be formcd on a larger

‘ 'radrus of curvature than the lower portlon or vme versa, or. may have a rounded
,rectangular or trapezordal form when v1ewed m cross-sectron whether to provrde a

sultable shape for solar cell array 50 or for a commumcatlons aenal array or some

" ‘other reason. Nonetheless it is preferred that the drmensmns of airship 20 be such '
that, generally speakrn g au'shlp 20 is substantlally sphenc al -
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Lafting Gas

For high altitude operatron (mearnng operatlons above 18, 000 ft, and o

partrcularly above 40 000 ft ) the present mventor prefers the use of Hydrogen as the
| hftmg gas The ﬂammablhty of Hydrogen and the consequences of fire aboard an .
hydro gen filled a1rsh1p are well known and 1n present times persons skllled in the art
~ tend to avord the use of hydrogen as a llftmg gas. In that regard, the use of Hellum

an inert gas, has generally replaced Hydro gen in blrmps However, a hrgh altrtude-

“drone, that 1s mamtamed on statlon for long penods of time may tend tobea sultable
- app hcatlon for Hydro gen. That 1s the hlgher the altltude the thmner the air, and alr o

at hi gh altitude is sufﬁmently thin that it may tend not to support combustlon W1thout
compression. ~ Second, when ernployed as a survelllance platform or as a .
commumcatlons station, a1rsh1p 20 may tend to land and take-off only 1nfrequently, .

reducin I:4 the Opportumty for unfortlmate events Thn'd in the preferred embodlment \

- the a1rcraﬁ 1S un-manned For low altltude appllcatlons Or apphcatlons 1nvolv1ng
\manned fli ght Hellum is preferred |

An alternate embodlment of a1rsh1p 220 1 1s shown in F1 gure 6 Airship 220 1s

“similar in structure and operatron to alrshlp 20 but drffcrs n havrng a pair of
' cantllevcred propellers 222 224 and d1rect10nal vane arrays 226, 228 for dlrectmg the |
. backwash of thc pr0pellers upward or downward to ascend or descend in the manner
described in my Us Patent 5, 294 076 ) ' "

__ In another alternate embodrment shown in F1 gure 7 an an'shrp 230 1S the sarne
as arrshlp 20, but 1ncludes a pressunzed COCkat 232 for a prlot The pllot 1S prov1ded

‘with an h1 gh altltude pressure surt and 1s connected to a supply of oxygen 234

The use of a rearward thrustmg propeller such as pr0peller 74 1s not hmlted to _
a substantlally Sphencal alrshlp, such as alrshrp 20 for use at hi gh altltude In an -

alternate embodlment a pusher propeller can be used dunng low altrtude Operatlon as
well. ' ' . | !

The proportlon of 1nﬂatlon of gas bay 30 at sea lcvel tends to correspond to

' _- the service ceiling of the arrcraﬂ That is, partlal 1nﬂatlon can be made for the glven
- operational servrce cellmg, be 1t 10, OOO ft 18 000 ft, 40 000 ft 60 0000 ﬁ or hrgher

The volume of sea level inflation may be of the order of 70 % of maximum 1nﬂatron-
by volume to achreve a servrce cerhng of about 10 OOO ft, 50 % to achreve a serv1ce
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' . ceiling of about 18 OOO ft, 25 % to achleve a service ceiling of about 35 000 ft; 20 %
~ to achreve a service cerlmg of about 40 000 ft, 10 % to ach1eve a service ceiling of
‘about 50 000 ft; about 7 1/2 % to achreve a serv1ce cerhng of 60,000 ft; and about 5 %

 to achleve a serv1ce cerhng of about 7 0 OOO ft In the preferred embod1ment the

_a1rcraﬁ has a servrce cerhng of about 60 000 ﬂ

In Operatlon as a 101ter1ng platfonn outer envelope 22 is pressurlsed by fan 26

- and the various equlpment bays are loaded and the fuel IEeServoir is filled. Gas bag 30 |
18 mﬂated w1th sufficient hftmg gas to provrde neutral buoyancy, the llftrng gas

tendmg to collect in bag 30 near the upper extremlty of the sphencal enclosure of
outer cnveIOpe 22, with the heavrcst Ob] ects namely the equlpment modules bemg

mounted at the lower extremlty Thrs relatrve posrtronmg w111 tend to yleld a center of

buoyancy that is well above the center of mass tendmg to provrde stab111ty, even for

N part1al 1nﬂatron

When approxrmately neutral buoyancy has been achieved, the propulsron and

~ control system is activated to conduct alrshrp 20 to a desrred lortermg location, or on a :
“patrol route durlng whrch observatrons are made - When airship 20 has been -

estabhshed at 1ts loitering locatlon 400 ) 1t can then be used as a telecommumcatrons .

. platform or as a survelllance platforrn w1th sultable equlpment as enumerated above .
During. lmtermg, the propulsron and control system is Opcrated to maintain a1rsh1p 20

within a ‘target zone Thrs can be done elther automatrcally by central processrng -
equlpment aboard arrshrp 20, or be remote processm g equlpment that monrtors

cond1tlons aboard arrshrp 20 and transmlts commands to the various propulsron
components accordrngly Dunng daylrght operat1on solar cell array S0 charges
| battenes 48 or recharges fuel cell 166. Durrng nrght tlme operatron propellers 44, 46

74 work from battery power ﬁrcl cell power or power generated by auxiliary power
unit 52. After a penod of tlme such as several days or possrbly a month or more, a

' second a1rsh1p can be used to re-fucl arrshrp 20 and to replemsh the lifting gas
'reservorr | B o '

Durmg lorterlng, alrshrp 20 rnay undertake one or more of the steps of

. _photographrng 402 obtammg thermal ‘images 404; radlo signal observation,

momtorlng, or _]ammmg 406; radar operatron 408; or rece1v1ng, sendmg, reﬂectmg, ,_

boostmg or relaymg telecommumcatlons s1’1als 410. To the extent that outcr
‘envelope 22 and gas bag 30 are substant1ally translucent hghts 130 inside arrshlp 22' o
~can be used to 1llum1nate arrslnp 22 and grven 1ts altltude and relatrvely large s1ze

- 21026834.1
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(perhaps as much as 250 ﬁ mn dlameter m one embodtment) airship 22 can serire as a
beacon visible ﬁ'om long dlstances or as a dlsplay for advertlsmg

Various. embodlments of the mventi on have now been descnb ed in detail.- Smce
changes n and or addttlons to the ave-descnbed best mode may be made w1thout
departmg ﬁ'om the nature, spmt or scope of the mventlon the 1nvent10n 1s not to be
limited to those detatls but only by the ended clanns

121026834.1
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CLAIMS:

1. A substantially spherical aircraft, said aircraft comprising:
a buoyancy apparatus operable to maintain said aircraft aloft;
a propulsion and directional apparatus co-operable to conduct said aircraft;

at least one boundary layer separation suppression element operable to encourage said

aircraft to proceed as conducted; and
an outer envelope having a leading~_.5rﬁ(m ._and_a-;tfa.iifing;mﬁigm

wherein said at least one boundary layer separation suppression element includes apump

mounted aft of said trailing portion of said aircraft which creates, during operation for

portion of said aircraft and shifts away from said leading portion, a point (Pgagnation) at

which airflow about said outer envelope separates therefrom.

2. The substantially spherical aircraft according to claim 1 wherein said pump element includes

3. The substantially spherical aircraft according to claim 1 wherein said at least one boundary
layer separation suppression element includes roughening mounted to said leading portion of

said aircraft.

4. The substantially spherical aircraft according to any one of claims 1 to 3 wherein said
buoyancy apparatus includes an envelope mounted within said aircraft, and said envelope
containing a buoyant lifting fluid.

5. The substantially spherical aircraft of claim 4 wherein said lifting fluid is helium.

21917829 1
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6. The substantially spherical aircraft of claim 4 wherein said lifting fluid is hydrogen.

7. The substantially spherical aircraft of claim 4 wherein said substantially spherical aircraft has
a weight and an internal volume, said envelope is variably inflatable to occupy a variable
portion of said internal volume; and under ambient conditions at sea level on a 15°C (59°F)
day, when said envelope is inflated to as little as 70 % of said internal volume, said envelope

provides a buoyant force at least as great as said weight.

8. The substantially spherical aircraft of claim 7 wherein under ambient conditions at sea level
ona [5°C (59°F) day, when said envelope is inflated to as little as 50 % of said internal

volume, said envelope provides a buoyant force at least as great as said weight.

*

9. The substantially spherical aircraft of claim 7 wherein under ambient conditions at sea level

on a 15°C (59°F) day, when said envelope is inflated to as little as 25 % of said internal

volume, said envelope provides a buoyant force at least as great as said weight.

10. The substantially spherical aircfaft of claim 7 wherein under ambient conditions at sea level
on a 15°C (59°F) day, when said envelope is inflated to as little as 10 % of said internal

volume, said envelope provides a buoyant force at least as great as said weight.

11. The substantially spherical aircraft of claim 7 wherein under ambient conditions at sea level
ona 15°C (59°F) day, when said envelope is inflated to as little as 7.5 % of said internal

‘volume, said envelope provides a buoyant force at least as great as said weight.

12. The substantially spherical aircraft of claim 7 wherein said aircraft has a service ceiling of
greater than 3,000 m (10,000 ).
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13. The substantially spherical aircraft of claim 7 wherein said aircraft has a service ceiling of
greater than 5,500 m (18,000 f).

14. The substantially spherical aircraft of claim 7 wherein said aircraft has a service ceiling of
greater than 12,200 m (40,000 ft).

15. The substantially spherical aircraft of claim 7 wherein said aircraft has a service ceiling of
greater than 18,300 m (60,000 f).

16. The substantially spherical aircraft of claim 1 further comprising a fuel replenishment

system, said fuel replenishment system being operable while said aircraft is aloft.

17. The substantially spherical aircraft of claim 2 wherein said aircraft has a main diametral
dimension D1, and said propeller has a diameter D2, where D2 lies in the range of 10% to
25% of D1.

18. The substantially spherical aircraft of claim 2 wherein said pusher propeller operates
‘between 0 and 250 r.p.m.

19. The substantially aircraft of claim 2 wherein said pusher propeller has a tip speed of less
than 152 m/s (500 fi/s),

20. The substantially spherical aircraft of claim 2 wherein said pusher propeller is driven by an

electric motor.

21. The substantially spherical aircraft of any one of claims 1 to 20 wherein at least one of said

propulsion and directional apparatus includes an internal combustion engine and a fuel
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replenishment system, said fuel replenishment system being operable while said aircraft is
alofi.

solar cell panels.

The substantially spherical aircraft of any one of claims 1 to 22 wherein said aircraft
includes an electro magnetic interface member chosen from the set of electro-magnetic
interface members capable of performing at least one of: (a) receiving an electro-magnetic
wave form; (b) sending an electro-magnetic wave form; (c) relaying an electro-magnetic

wave form; and (d) reflecting an electro-magnetic wave form.

24. The substantially spherical aircraft of any one of claims I to 23 wherein said aircraft

25.

26.

27

includes communications equipment operable to perform at least one of: (a) receiving
communications signals; (b) sending communications signals; (¢) relaying communications

signals; and (d) reflecting communications signals.

The substantially spherical aircraft of any one of claims 1 to 24 wherein said aircraft

includes surveillance equipment.

The substantially spherical aircraft of claim 25 wherein said surveillance equipment
comprises at least one piece of equipment selected from the group consisting of: (a)
communications monitoring equipment; (b) thermal imaging equipment; (¢) photographic

equipment; and (d) radar equipment.

remotely controlled.
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