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1 A Snoke Generation System And Met hod For An

Aircraft FIELD OF I NVENTION The invention rel ates

broadly to a snoke generation systemfor an aircraft.

In particular, 5 the inventilon relates to a snoke

gener at Ao‘imgly%ﬁenelfa@pnaﬁvsaemomm MethwalFomAmAiraeafobat i ¢

di splay. BACKGROUND A fighter aircraft can be

rovided with a centerline drop tank (CDT) that is
FlEEQtQ&E RWENTIONO npunted to the fusel age of the
Theeﬁh{lé}{ti%ﬁtrelameorﬂgﬂilg ttpléré?ﬁ&fe dndrk nQ\.S% én? f&r%nCQFcré(ﬂ In particular,

di ti onal suppor t ong

- the pygntionfeidtey to mhema®Toenatatins systen fsrean tauclgﬁnaedtla an aerobatic

disphgpke during an aerobatic display. Fighter aircraft
are capabl e of maki ng numerous maneuvers, such as
rolling, diving, 15 banking, inverted, and upright
BACKGRGuUNBNeuvers. An aerobatic display conbining one
or nore of the above maneuvers w th snoke generation
A fightey i akiseafogars baneroviged ivithah esintertines drap tamk (@I ethakis externally
H r ent k
motHted iPtnd flistidy P& 8@&@% 7R :‘P.famap&gﬁé o tiécgEﬁT sHpe iy, pdditional

generatl on system 1 r an alrcr

- fuelTigrsuppartdend Hightamissionsy Additierallyf the €RTlaangasebatused tb generate

smcﬁé‘&ﬂrﬁ&%ng’ér&ﬂéﬁc GEPB}’ drum bay. A displacenent punp

provides a unitofrmfuel flowto a fuel line 107
for generating snoke through an exhaust 109 An
Fightec aiFeat u
9 aircr aaﬂ, Qifesiip%’ggsgf?ﬁé?ﬂwgf%um@%s@ Stﬁgﬂ 36@1 gger? ling, diving,
dpright diaht maneut@s. Aprasrohidis dispgynsorahining one or
f
morB e e geRive iy rs ot SR e B B Rl s Brtects to
an aigignge. ef fect of the di spl acement punp 103 The
current snoke generation systemfor a fighter aircraft
(e.g. an F-16) does not support inverted flight
Figurarids@diieck diagramend moroayertiapat emoke genesdtionsyelni H0Gfor an aircraft.
afd1C
A NRELIRCHO o g (86 roabivad BiF i ot e proiteg.fo the ammo
drurg Jhey. é‘sdlaﬂa@ﬁmelﬂmw@ d03 AdeNidésomainifgrm fuel |ﬂswrtota fuel line 107 for
I I n, the
Qeng%ﬁé? l%ln%ké gflwrsc@" %R exlgfm%t q?@ Aﬁ ¥c&fm|§%8%<?%ér) Lfcg&gé t the gun barrel
of ther alézf@fé Iglaresagrized ta@rmybesire oﬂ BEP psiy(= ZHH@@n%)sTnmmumulator 105

, prmﬁk%da E?nﬁ%rﬁ\éc{ug@é g&?@?éﬁth%g%%%t' 8 U5 SILLR gp'na%n%ccumulator 105

Ircraft ress one or nore
alsog:ﬁm@atﬁ hedwigating estpusffeat of the displacement pump 103.

The current smoke generation system for a fighter aircraft (e.g. an F-16) does not support
inverted flight maneuvers. Furthermore, fighter aircraft used in an aerobatic display are

- custom built and not.operationally ready for conducting military missions, such as an air

raid. Additionally, it is not possible to control the quality of smoke output in the existing
aircraft so as to provide better visual effects during an aerobatic display.

There is thus a need to provide a smoke generation system for an aircraft that seeks to

address one or more of the above disadvantages.
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SUMVARY According to first aspect of the present
invention, there is provided a snoke generation
system for an aircraft conprising: a sunp installed
inside a fuel tank of the ai2craft, wherein when the
SUMMARYaft is in a normal position, fuel fromthe fuel

el v ERRALLER 18 AR B RS ST BBt

sysfeoefort amRir¢raft icemgmisingy arsumb jresdlied dnsidé Refuat tankudfathe daircraft,

R Sy R Gl BB 1

geneiate hmpk@&mpramglrw éxnalustpang thermjrmtead:dummaied; fuerdod when the
fueI]thIE%ei\rrAlha%Ir ﬁvéﬁ%@%ﬁ S"‘:t‘htg1 Iag&.g?@ f#n%]j"ro%rg ﬂ’tl%hgw{’lﬁzs expelled to
genamterarmopmﬁ;mmutm@gmmemt is operable to accunul ate a
reserve volume of fuel, and the fuel punp is operable
to expel the fuel to generate the snoke, and wherein
Thevdracke: prenesatioorsybten shayrfutther ¢omvieiseed fpe iumpimsidetthe fuel tank,

oreRBRUEIALE 4 Hebsld I PR PHet ST b e no
the hamlmeitlgm the rserrpastheraMe toahdcamuizae b reserive tvolumenafl fliel, and

rovide fluyjd .
the {34 ANBIF oBrdlite e pRL T fisT 8 eBerie ThF srprke g whereln
whemm@eursmtsisamtﬂhel invefea! doditicr0 i aBsLirh@aa| f8AI9E Rirkén out by

20 such that a top surface of the sunp is
bleegtﬂﬁ'éﬁrﬁg‘tpq“é?tl‘% Boeparale s smABt al centreline of the
fuel tank. The sunp nay conprise: an opening on a
| oner surface, and a first flapper valve nounted to a

- Therynrs ey Jge 8he @R &g m3rtitioRevalisy gachs parprsy walhhgdng one or more

slotORAIroAbE fili@ cBiUNida8h witRintHe s@mp! Nt O the sunp when
the aircraft is flying in the norrml position. A

vol une of the accurul ated fuel may be sufficient to

A hélgﬁlpbfYthE Wimg Py DEDK HsBRREN &thIRar réd"'ﬁ‘) ALt thedsump

in the inverted position. 30 The srm ener at i’on
Hg? S@mwﬁisgastaﬂtlaév@ﬁ@w @ harepriil| qeplieline of the
fuel$aH- t ank  nounted on the sunp, the sub-tank havi ng
smal | er vol une than the sunp. The sub-tank nay have
one or nore partition walls, each partition wall

Thehg)h R SN BorRpriddd I Oﬁélﬂﬁé oh0a RGP Qtﬁféfcleu'aFiﬂ a first flapper valve
conmuni cation within the sub-tank e snoke

moupigckio 1opPuspes ehhawyIMm thenirst flaprpr valve aperable %o allow fuel eniry

into tHY QUINGPRAGE the dileRart i8RyidY if S oRhal position.

A volume of the accumulated fuel may be sufficient to supply fuel for smoke generation
when the aircraft is in the inverted position. )

The smoke generation system may further comprise an elongate and hollow sub-tank
mounted on the sump, the sub-tank having smaller volume than the sump.

The sub-tank may have one or more partition walls, each partition wall having one or more
slots to provide fluid communication within the sub-tank. -
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the interconnect being nmounted to an outer wall of the

fuel tank, while the bottom surface of the

i nterconnect has a third flapper valve, the third

fl apper val ve being operabl e3to cl ose when the
Theaf;mmfeagenérstldnns)atemrmrmj fuptsi toropriseSan/Nitdrcomriecti thé té burface of

i.n_the siti t he fuel may. be
the |ferbbntlelPog PR (o GRELVREE ne Mgt i, WPHIE e ot surface
of thmjnterttdmeeetb)asa-i hid lﬂgpmehefat\/h] the thitdfppier valle Beigg @perable to close
whe?:tl-.g I 09 SIRnt Nuops fltp%l flow via the interconnect
d? S8 BA TN RE" "M evel in the fuel tank. 10 Wen
the aircraft is fIy| ng in the inverted position, the
er, valves are ., cl osed, there

whor 5 RB%S FERA . bns Pl PR, 13l Sl ey g St to creste
a highmpessaye wmithinwhe iigel ttankp tresshyr ¢lasing the ik Ulppbatdve and allowing

conbfb RSy B 5 N i 5 B

tank. 15 The density of snoke generation can be

Pkl B B PR oo o BB e Ao s ere
closed sthereby trapping enobmmeof fuelithirs thelstimge trey fabl mumns pal e without
onnect |

e 40 5 SO e b 2 B5fR S50 o e

- exhauigb by blwed eirtpressutibationlibsidathe fasidatioe 20 inter connect,

and a third fluid pi pe connecting the interconnect to
a shut-off valve, wherein the conpressed fuel fromthe
Thefdeabityt afrdmoke }ﬁj@ﬁm@dhmugbd dfnhtrol b vaehlauitﬁ trad prfebﬁjre inside the
of t thir ul The oenln and
foel o o Bt plne il B g ar Ao Ele the g e
controlled by a pilot of the 25 aircraft. Thefuel
nterli cra

el Bbel VGBI B SRt 3, A LBl o e
pumpmake menmtacmmcsystmn&ofm@qﬂwldmgnéctmg #RCQOB-tank and the

oS35S e BB 08 bR B b el B RS, whor

- the gempresdesl faaifikem theofebtanke s poateRddia trbuginbe eghduist #es distal end

cathe aircraft is in a normal position, fuel fromthe
Ofﬂpﬂﬁw?lgﬁﬁmps expelled to generate snoke from an

engi ne exhaust, and the sunp accunul ates fuel, and

en the . f K i,s,ip a i nverted positiqgn, the.

The $38 e PRR clfSnolef M sl 30 A 5 dioedly 8Dy ik e
aircmftoke 35 from the engi ne exhaust. 4 The sunp may o

further conprise: a fuel punp inside the fuel tank,

operable to increase a pressure inside the fuel tank,

The Wi taikmma be atdeatealiriecdrad tariks A Hirdight maytdampnies mijenternne drop
tankqncsluciimg ﬁ1e above smoke generation system.

According to a second aspect of the present invention, there is provided a sump for use

in a fuel tank of an aircraft o generate smoke from an engine exhaust, wherein: when

the aircratft is in a normal position, fuel from the fuel tank is expelled to generate smoke
from an engine exhaust, and the sump accumulates fuel, and when the fuel tank is in an
inverted position, the accumulated fuel from the sump is expelled to generate smoke
from the engine exhaust. '
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the sunp is operable to accunul ate a reserve vol une of

fuel, and the fuel punp is operable to expel the fuel

to generate the snoke, and wherein when the aircraft

isin the 5 inverted positiodA: the accumul ated fuel is
Thedsuime may @grifizy chinpdst: a fuelgpruegsinside diie fuel tadk, genetla@teincrease a

e . have .one. or .npr.e. partition s
oreqelfo HREthe SO B BBl TR O B RSB 30, positon:
the aurmgr isf opargble o tacanwiulion kseme tiokimen vt fletdamb get fueh pump is

I i L h rtifion wall 0 havi.ng.
ol U1 Rl98bh e GBSERBLA LAl P PSS 9 o
invaxjedhpesitidne tbeirgecurhulagdgftel 6f driken swibynblgedeair pressurization to

ially smaller conpared to a Il ength of the sunp
gen%%%hféhrggb&ae'top surface of the sunp is substantially

bel ow a horizontal centreline of the fuel tank. 15

el D PR pfg BP ko Ran TR P e o Rt Bhe BTt when

airctaids dutrpnsitidnefrém tise infvergxbpositionl to ehe petmad) Ipesition, adachwartition wall
' nthe aircraft is flying
hav{nﬁedtnﬁ:d?%érfﬁgiogptgf FW%%HU@ 6&5@,8,% Myithip ﬁlée %\%‘E{r_ml at ed

fuel may be sufficient to supply fuel for snoke

[ h Lreraft is in the inverte
A rEERECEL R D U B b B BB ST ot e sump
such thiat lacliop ewrfaceh of theksumpuis tsatistantially ihetow adgezordfl ddn@reline of the
fuelstﬂmj’ t he sub-tank bei ng having smaller vol une than
"the su

np. 25 The sub-tank may have one or nore
partition walls, each partition wall having one or

rQVvi : i d_comuni cation w thin the
The TRy 1 SSmbAed Y RSk, Bra M BT, 3ha"8 ‘Tt habBEr vaive
mountrceioc tapestiface bbthecqungu teafiret tdppeh ealvebperablerte clllow fuel entry

. ' , I f. the fuel K,
nto e {ing BB vl BrRa Mok nalel aitebnncct has o

third flapper valve, the third flapper val ve being

n e aircraft is i nor nal .

AVEBRE RS U SSRGS el d SRR ik Pt i poereration
whepdhe airaraff istihdéhd neértealpgsitiomy be operable to create 35

a high pressure within the fuel tank thereby closing

the third flapper valve and allow ng continuous fuel
Thefsuow reawafurther cotbprisscamelongate gad Hbkws sulf-tankenduredd drex edar edge

' e . When the aircraft is flying in
oft e%é’%ﬁ%@@@ﬁﬁ@é?‘??@ﬁY‘”? Re ?rrvgguné%gwagé%%ﬁwnﬁl apper

valves may be closed, thereby trapping a volume of
The 'sHB4an¥ r%&k'/ Ha&ehoenesgrnrﬁbretpha?titlfolﬁ%\LalIg,uerg%hr{)aa)ﬁition wall having one or more

slots to provide fluid communication within the sub-tank.

The sump may further comprise an interconnect, the top surface of the interconnect being

" mounted to an outer wall of the fuel tank, while the bottom surface of the interconnect has

a third flapper valve, the third flapper valve being operable to close when the aircraftis in a

normal position.

When the aircraft is flying in the normal position, the fuef pump may be operable to create
a high pressure within the fuel tank thereby closing the third flapper valve and allowing

continuous fuel flow via the interconnect regardiess of the fuel level in the fuel tank.
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run wi thout pressurizing the fuel tank, and the
trapped fuel may be expelled through the engine
exhaust by bleed air pressurization inside the fuel
tank. 5 The density of snbkedSgeneration can be
Whemw the air¢ret ibjlyinarin she oweéd pbsthm, ehs tire dnasiedend hEpper valves
I k resi,zi ng an, ori
may BE cis B rterh Aani s ROBe S umbwi R, Py 8 el e may
run whpidti essugizingribe fifell tanﬁ anghedapped el gnam éxmlleqb thrpugh the
n pi pe
eno B B oy e & R oS A el B nbel - and o
third fluid pipe connectlng the interconnect to a

ssed fuel . from
ey Bt Bensh Rl S ForiRRS BR VBl o PR Snside ne
fueldara 2y therﬁuﬁlcwmph er byhiesttingl an atifipe freside flbéntepemery and
closing of the shut-off valve may be renotely
controlled by a pilot of the 15 aircraft. The fuel

Thet suRp magy hertrer coompgisei aefirslr Bydd t pipd comecemg cthaffuelnpymp and the
mte&:‘aﬂnédts ccomﬁ% b(? gorme%ﬁnq {h%%‘& %E?k o {Fx% é‘t‘tgf%é’g%%‘%{ and a third

ﬂUldl nmemonoﬁctmgﬁbe entemopnmhtdeadsmtrceit Vb, oﬁhemlnktee compressed fuel
froﬁﬁ@%ﬂﬁérﬂﬁsfsg{)utga oft ﬁngcf a]nue r ' 13 ﬂ%fé:&i?hez’]tde cﬁit&er thjegl fluid pipe.

providing a Sunp insi
expel ling fuel fromthe fuel tank and accumul ati ng

Tl e O AS A6) B oralBofr  Blor

alrc@drrp to generate snoke fromthe engi ne exhaust when
the fuel tank is in an inverted position. 25 The
nmet hod may further conprise the steps of. providing a
Theffugdltapumpgy ibesi centerfire Hiopl tank. sirkairavale malyl centpoisé aceatslne drop
tanﬂnaﬁ&ﬁgkﬂ al%dqvéisgn the fuel tank, accunulating a
eserv volune of fuel in the sunp and operating the
fuel punp to expel the accumnul at ed fuel to generate
r in e no I
Aol BB et Bt BEnB phreflb 4o, YehEl et L elipd of smoke
gengriatient fagian Epn%ﬁhmmmﬂnmhﬁetstepgeﬁepmhdm@heem isidahefuel tank of

e AOSBISEERI) K ob o) LS SRR A8 S S wnen e

aircrafivie i iaonoryidl Ipobiéioinearice expatiohgr e caxduaithted adil liypm the sump to

kil | th
send R i 962 e g hBl ot o Bt Bl fon
onI y, and in conjunction vvlth the draw ngs, in which:

The E‘h&H&? n']a ﬁlrtﬁelb cgr%Ens(,je %?re?? og)g?p[rgw%lng a ¥uel puml;() inside the fuel

enerati on system
tank operable to increase a pressure inside the fuel tank, accumulating a reserve

volume of fuel in the sump and operating the fuel pump to expel the accumulated fuel to
generate the smoke when the aircraft is flying in the normal position, and expelling the
accumulated fuel by bleed air pressurization to generate the smoke when the aircraft is

in the inverted position.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better-understood and readily apparent to one of
ordinary skill in the art from the following written description, by way of example only,
and in conjunction with the drawings, in which;

Figure 1 is a block diagram of a prior art smoke generation system for an aircraft;
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Figure 2 is a perspective view of an internal portion

of a centreline drop tank of an aircraft with a snoke
generation systemin accordance with an enbodi nent of

the present invention; Figube 3 is a schematic

di ddguenois & perspediive eiawnef aim onternangortién Bf geeetrdlink irof® tank of

f th .
on G510 <D 3Ry BP SR e8] 53F B sptnt o

Pl’eaﬁnilnlveletd)nl n the centreline drop tank of an aircraft

| nv ?9:3%%] gur té#%%nd'sgg ﬁ&éf%&'@%e rss%% AWigyre 2 in

aCGQlﬂéﬂGﬂJ\mﬂ”l oif efibgdimend pf tbaqbres@lnglmwmtﬁ)n; s anot her

cut ’@{,\%% ,%E %&ﬁgﬁ %\Iw%ﬁlgof { h@tlha?cﬂ)rhtgf ﬁgg@%lﬂ{a drop tang of an

aWCEﬁV@acmnﬂamxemﬁa@aehbomﬂmgaméhapnmgnﬂnmkmoﬁron1an

ain r ri nmaneu ncludlng
an e s 4 4B aBEY beSRAe VRN 3G BBAF AL el 3

pr ddgme 6i lmamthermut-amy parspbtitveofiow ntihe asimpedf Fivtird :I,el
flowrate in an aircraft snoke generator, resulting
in thicker snmoke generation, and providing better
visual effects to an audi ence watchi ng an aerobatic

DETAIEBDDESCRIPEMDONII nents of the present invention

e P P RSG5 68 S0 a e

when perfotrhiag aanarsahénaasrsbiclvdmgedr iadertsicight enanetiSer.
operational state with mninumeffort. In this
description, an aircraft is considered to be flying in
Emtmdimentsref theopiesentniverttion dr@%ap@lﬁle oz%ﬁéa%vﬂgt ﬂhbl f08&dow rate in an

{ th tive,
aurcrgﬂr g%g?fgelngn%&%ﬂ%esalﬁp al rt&gﬁgr snlnplfe£ O%rql:t\ﬁnaﬁnd brﬁ\\/lélmgetaatter visual
effegin o &n andiendeenatchiag Batacgsbavic URpiagnal force acting on
the aircraft is negative. Figure 2 is a perspective
view of an internal portion of a centerline drop tank
Emtmamnems bf the ﬁ@smnﬁ}:&neﬁh@é mmamgi @rﬁbkwg@;@@twﬁ%@m without

n enb ft ntion.
sacrflnd B7 pf faﬁ%%‘% ity @%*r) Aty IR i1 G chnyarted back to
its operatonat atitegits @initueaf fort, 0 Fl gur e 3). Mounted to the
i nner circunference of the outer casing 302 are four
solid ring-like supports 203, 205, 207, 209. The

In thisudescriptivth, bhairtraftds consideied & ROAAn@in 4 hrhaysosiht @hen the net
205, 207, 209 are

ke,. rts. 20
gfa"g?tf"g‘sf Rk SF4 e R e SdTat iRosivs. il eiEtatbé eapsidaied to be
flying trs @hatyerectbd ostibhCwabh tisdlnbt bRAtatidhal RAGS aBlPBA the aircraft is

neggt{\}e ring-1like support 203 faces the

Figure 2 is a perspective view of an internal portion of a centerline drop tank 200 with a
smoke generation system in accordance with an embodiment of the present invention.

The centerline drop tank (CDT) 200 is shown without its outer casing 302 (refer to Figure
3). Mounted to the inner circumference of the outer casing 302 are four solid ring-like
supports 203, 205, 207, 209. The outer and the inner circumference of the four solid ring-
like supports 203, 205, 207, 209 are elliptical in shape. The CDT 200 is mounted below
the fuselage of an aircraft such that the edge closer to the ring-like support. 203 faces the
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7 nose of the aircraft, while the edge closer to the
ring-1ike support 209 faces the tail of the aircraft.
The ring-1ike supports 203, 209 are nounted at the two
a)[%es of the mid section of ffhe 5 centerline drop
nose g ikhepaigrafivwhile théredge nlgséi thahs tippdiké sudb, 2080Bces the tail of the
alrc?aéﬂ ally nounted in between the tank supports 203,
9. Acylindrical support 227 is centrally nounted to
the |onger dianmeter of the ring-like supports 205,

The?fiH IllénSLfH 8H9§b§ f&g fé Hoﬂﬁeﬁuﬁ%? g\éol?e \é?%gf ﬁxfomf'qqﬁ%qﬁon of the

rec angu Cros’s sec nou
centedlings diop nan@ A00n ghile ke srmqgriﬂxet:mpb@ﬁs 269 20¥ ame rsaciauy afiounted in

t e,hot t he su
bet\géé?lc!ﬁ@ téng%@kﬂoﬁg tZ'QE,t %(29 /-g g{/ﬁn ical HPD?CI:’P g?'zfsrcber% rtaﬁémeg%ed to the
Ionggoglammterugéhe Wilh@gsmpv@s peq ZOVI ght maneuvers. The

hei ght of the sunp 201 is substantially smaller than

its length such that the upper surface of the sunp 201
An glongatp saindmdllaw| sumpe Rohatieg @y tactehguilzalcross eptiont & Rddnted to the

oot WS AR BBl 251000955 MBS 2 Wi gt o

the gPTi 8. Ty sRMO ZOTMOmmpIGZOIrah%vcﬂtrm@ pefuehigor8 Qe COAT 200 for use
dunFﬁ(;’lro’eHHcﬁ Right m%ﬁeuJe?s s agein) el tﬁ%éft g&ﬁgﬁ%{)ir el s&ar}%g‘&y smaller than

apper val
its Iglgfﬁ aleh flﬂa’olhen.@p@r surfaciof) theesutpp P01 tsfm:bs‘smtqdlyﬂié]qw tte cylindrical

t d
oo 287 IE 8 oo A Snd ey 6L, op o atre
acc@rﬁmg te the sizeandgbpetodthe GBTE@DT. 200 is in a nornal
position. Thus, a volume of fuel fromthe CDT 200 is

accumul ated in the sunmp 201 and the sunp 201 is in
Thefsugipd2@oharian opening 308 (lefartte FEfe 200n iFhettuml surace™30 (refer to

I t suf fic
Py TG AL S R i B ot e
sumgij 2&%; i tbet\m@l ihﬁ Eng-likevsuppeds RIS &nd 205 Thiee dap@srsiadves 213 and

ovefhg 505 IR 38, B B0 AP uE RSP0 s st

Thuarﬂjkumecnhfmi trotratiie CR2B 208ris becwomdiated dm éd sumps)aot @fdae sump

201§ AUEBof oV B2 S0 18 4 Tt e

sump s Sufénllemzfz&upaiy the fugal st andkeagenerationl wisen thBalDT tasd the aircraft

ore PSR PR s MR O e o o

the capbcitnand diagnsiacest the€DT 20t end of the CDT 200,
while the rear surface is flush with the rear surface
of the sunp 201. The top surface of the sub-tank 223
An diergate fand gpdow\aaibvteni 223 osni bee otthegdmtly onouted ae ehe 30mp 201,

r t sub tank 23 has ts 409
onef e8] 458 <o 1B AP A B0r 39T B of
Sub-tﬁ@inﬂ,l?riﬁ cant bo subktartialih emaillér thankts2a3gth e the dgegh of tHevsub-tank
223 %lesqdai;to the width of the sump 201. The front surface of the sub-tank 223 faces the

front end of the CDT 200, while the rear surface is flush with the rear surface of the sump
.201. The top surface of the sub-tank 223 has a flapper valve 215, while the bottom surface

305 (refer to Figure 4) of the sub-tank 223 has slots 409 (refer to Figure 4), whereby the
sump 201 is in fluid communication with the sub-tank 223. The flapper valve 215 is
operable to enable fuel entry when the CDT 200 is in the normal position.
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35 operable to enable fuel entry when the CDT 200 is
in the normal position. 8 An interconnect 225
connects sub-tank 223 and the fuel punp 217. A top
surface 235 of the interconBect 225 is nmounted to the
An intgreonreat 22fyc@oRclsr @betank A2Fiagditiee Riel pliimp k2 7 CRTop 20face 235 of

f. 5 of.the . interco t, 225 _has
e BRI SE 2SR B L 6P 55 Pl of e com
2000Ai bottom Quface ZH of thappterconaéate230ias el flapper wviNaN30heefebb Figure

S i : |._positi A fuel pu IS, . .
3) ST ahcornge 247, FB6 TBeB fatie 07 St Sendlti TR, BB 200 i n e
normakgpsitioke support 209 and the bracket 211. The f uel
punp 217 receives power through a tube 229 attached

to the cylindrical supports 227. An inlet 320 supplies
A fusll patiped 17 is mauntdteorCBbrad@t 23hewhidelis dftagpedmo 24/ ringlike support

200385 AR L TRE Wopplwu ! el PTG eBTBG AEPRY ptachec

to theocylindrich seppdne FA7e Anfilet82Gsupplied biebd airintotth®@ CDT 200. The fuel

o1 PE58o 8% MRS HBI oL s B TR T s

pregsure inSide e GDT00 heflpd todnpreesetie fusiient fats whiiit Ih turn, increases

to Figures 2 and 3, a first fluid pipe 219
the%@éﬁée %r]agﬁ’t'he punp 217 and the interconnect 225. A

second fluid pipe 218 connects the sub-tank 223 and

: [NL er Cly: e b e he fjrst fluid .
FiohD 2. 104 SEAART HagBRy on 4 GEIBPASY Sialfe 2, Spcordhinte wih an
embodimmadt oétheZ0eseamt triventiamt er connect 225 nay be tubi ng
fittings. Athird fluid pipe 221 connects the
i nterconnect 225 to a shut-off valve 309. The

Witlc aigrenss tdFigussls 2 aodn3t bdirdDLicpiRei=9 dinasdtatigegump 217 and the
: n ' not shown) | oca at .the
intersBhRUR 228 SORURTRIIRY 21g BBecte PER g RiTLEF o e erconnect
225 alrerexafmplec ﬂlre firstnftuich pipe (26 9 apd ihen gecmfndjﬂuldqﬂﬂ)@ @1®that B/ connected
- 9, 25 Durj no eratio i.e.
to t&%gﬁteﬁﬁénéﬁqr%&aﬁ& gefﬁﬁyinﬁghﬁﬂﬁg%‘ﬁér{ﬁm %I'J &S ??incogﬂacts the
interchneCDR252100a i shut-off tvaerenB309Tel hegposmpieasdd flidierdhi @is \TET 200 is
) | __pu 217 .and.t he bl L r
cischEERl ol 51 Sob0E BR3PV 38 Y one v oo
pipeGHIT. 200ildt of theeaicarafp etin gopieol3Ad opering tahe didsirey 60IRB &kit-off valve
309_225. During an inverted flight naneuver (when the i.e.

when the aircraft 30 and the CDT 200 is turned up side
down), the fuel trapped inside the sunp 201 is

Durlly 35 98t ettt BESETAR R Wbl Bk O S e o
200 & intilad n@meh! pbsitidrg, thetppedsu geaidd bytthefueygiap 22 2 ant ige bleed air
presSLRSRAEIFE EBP200 drives the fust inside the CDT 200 to the output pipe 311 via
the interconnect 225, During an inverted flight maneuver (when the i.e. when the aircrait
and the CDT 200 is turned up side down), the fuel trapped inside the sump 201 is
discharged by bleed air pressurization within the CDT 200. The engine exhaust (not
shown) located at the distal end of the output pipe 311 then vaporizes the discharged fuel
resulting in smoke generation.

During non-inverted maneuvers, the fuel pump 217 creates a high pressure within the

interconnect 225 resulting in the closure of the flapper valve 307. This allows continuous
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resulting in snoke generation. 35 During non-inverted
maneuvers, the fuel punp 217 creates a high pressure
within the interconnect 225 resulting in the closure
of the flapper valve 307. ThPs allows continuous 9
fuelfflos evenovhanythe fubldavel lre tHeuBDT|2006d$ bilowt the dpBHIngXW3i &F the sump
oqbel ow the opening 303 of the sunp 201. During
|nverted flight maneuvers, the flapper valves 213 and
215 are closed, thus trapping 5 a predeterm ned

Dun\‘l llWEﬁepfﬂﬁr}V ﬁ'llag%\yé?ér, Erﬁ% H'%p%?lﬁ 'TSIVZSO % aArta%%Ebl %r@? cg%l,etg;ﬁ-@‘s frapping

a pr@d9term@s§ wokima oftfual withen the stmp 200 dApinzepdkltth, grdfuel pump 217

run?hlg)e(?e "’Vt Eioe &chfg%t'evza%&kaﬁgsriuﬂes Iwgﬁﬂﬁﬁial%? ’ u%iml%tg gi& qrﬁjebleed air
Preffsluamj@ﬂ iwmemr 200 DMGsﬂln@tramdeMseIﬁ/ﬁhmwm §|hmp 201 ‘through

Q.Th t
e 8L 8 TP P LOERER A 22 ol MBS T RS
- pressure inside the CDT 200 by the fuel pun'p 217, or
The@éng?fbfzérﬁ]&et%e%ﬂow 4c:7onI rn cfﬁ%%‘rfﬂ%n Cel(j;{)]rgﬁtg%amde the

S spective
CDTF ﬁgQ h)eth@émlrpelmplﬁ1 Tdoopy tesiing28 otifice 247 insitie taf interconnect.
accordance wi th an enbodi nent of the present
invention. 15 The sunp 201 is an el ongate and hol | ow
Figuse diie aunesspective Wew afrbadnprént utilised i ¢hegbéntading ieop BIHK200 of

t n its lengt.h. The su
an o i aCSa R Ao BBt RS piskEn iR By 20171 o
operable to trap a vol une of fuel for use during

' .l Th .and f th
o 0L OB PRI T G BB e o o e
sump2fjds substhatiaipEnedier tHEndtsslength20he lsamparzo‘ﬂ I@és h@@ctanguiar cross
sectg)ﬁg ﬁ'ﬁ%guﬁﬁﬁ%ﬁng Ghelhid %ntrgérf 31{1‘8130? &%r}gr u§% gyr:rfg( igyerted flight

an openi n
mangh¢erehe9e amd thagepafrthe alime 201 3ahbemnerddeadecording Rethe size and
ba}%440 of the sunp 201. 25 In order to ensure
Shaé:egﬁttt?%w ty |0n the fluid fl ow when an aircraft is in
transition frominverted flight to normal flight, the

artitions
e SHIB AH = (R0 Lyt 40 pal Lol Riaset il Tho mstpm surace
430 had an bpening SQ&tcal‘eIceive tfugel lf;bm the @DOT 200. fAafteppéb0alod 21 HR mounted
S artition wall 403 that is
to théﬁ‘c%’sur%f&%&lﬂggfﬁng ‘f‘h?@)n??gnt surface 450 of the 30 sunp
201 The first partition wall 401 has two rect angul ar
S . f u d flow t hi
n oS LA 0SB U ho Sl B GG e
flighiptar nartriab fightithevelinpa20 1t has a plurality of partitions. In an embodiment, the
sump 201 has a first partition wall 401 that is parallel to the front surface 450 of the sump
201 and a second partition wall 403 that is perpendicular to the front surface 450 of the
sump 201. The first partition wall 401 has two rectangular slots 405 for restricting fiuid flow
within various chambers of the sump 201. The number and size of partitions as well as the
slots inside the sump 201 can be altered according to the capacity of the CDT 200.

An elongate and hollow sub-tank 223 is orthogonally mounted on the sump 201, towards
the rear surface 410. In this embodiment, the width of the sub-tank 223 is substantially
smaller than its fength and the length of the sub-tank 223 is equal to the width of the sump
201. The front surface of the sub-tank 223 is parallel to the front surface 450 of the sump
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slots inside the sunp 201 can be altered according to
the capacity of the CDT 200. An el ongate and hol | ow
sub-tank 223 is orthogonally nmounted on the sunp 201,
towards 35 the rear surfacel®10. In this enbodi ment,

201 wiilgihe feaputface slithet subkianip 323 s Budiswitinthieatday surface 410 of the

{ t of t ank
sur§PRO & TR Ve, 2 RO BoBEa e EiRknds dotiattp syfpenk 22
whilg the hetorpfsurfaee 30 of theksutptank §2paxaa|a glurdlity gftrectinguidr slots 409
1, while the rear
for 's%ﬁﬁlt;tzrgﬂlgéﬁ?‘ﬁgmﬁﬁ@ tﬁé‘ﬁ@o-&a&é %g fl uslh wWth the rear
surface 410 of the surrp 201. A flapper valve 215 is
{
I o Sk coltfy P BF God WP anC Tt B D BR6ginlam vertes
fhg%ltqmrmad fligb thee@tbatﬁglg R33 alsbdias o partitions 4 tsthat arei pagallel to each

othdr! Bh&h & AY phh tIBFxQ i 55}?%1%%1&8[5'% RaP Sl\Jlﬁace Wy & I5 %é}? ank 223. A

ensure continuit flTow when a
flappey valyet41dris mcrttﬁltsd‘ tomach 19 thet pdtitionlsidg i t(reffer to ﬂgmé 5) for restricting

ﬂundffldmﬂnﬁhmm?ae's UIIQ {&Q{g 223 also has two partitions 411
hat are paral to each other. Each of the
part|t| ons is perpendicular to a rear surface 420 of

Thets'ﬁ?hpsﬂﬁ érﬂﬂlﬁe?s%g taﬁk 2% @%Q%Es V 4 terél @8@{' gg %Ptmlmum Itis

each of the partitions rgure

understpogiitiatiotpr majefigle cen b$09$dl-\/lthl n the sub-tank 223.
The sunp 201 and the sub-tank 223 nmay be nade of a
material, such as alumnium It is understood that

Figuse Rds arpui-ewprpsrspantivecvien ofithelgnip 3t of biguse 4, io l\nlhicﬂwmrt of the

SmBEARRAH EMLH. 2 O A, S48 g o s s

on eitheyrneld The fiest pamior vall Hat isdogrded amrosummhalsmmetweem the two
side®hlid'661. ahg- f'rg—tktﬁc:rllflt oh%allptﬂﬂt Hats' & p?]iy\@l éloéo&ls Otg résﬁpé} f!gtgllﬂow within

appr oxi nat e
the susep 201 sﬁhemcpw p@wtlmwrali 40:1|smespa1¢xauar toﬂhesflmt martiiin wall 401.

Thetsﬂ:lew%% %b‘?tanﬁltHé Grdi! p%\ﬁg@'iﬂ!lrhmté}g rpéa%%l g o ach ?tﬁgr and are held

second partl 1 oNn er pe
betweepdhe fdep ﬁuﬁacemM@land 4008 bo@m Tsme‘ase dé0aif| the S0palnda tgharality of

brackt 1 g 44 401 are parallel to each other
y % S?L ?ddﬁﬂgtween the top surface 440 and the

bottom surface 430 of the sunp by a pl urallty of

t
The RUBRIR! s o 54 il AR 3] ol Bl SHBIO3R T s 510
521 tﬁf@hsﬁadél\ﬂalwaél Hlihas 2barget valdaéh? parttappingriusihdidé ik sub-tank
ooz has a flapper valve 417 for trapping fuel inside the

'sub-tank 223. Figure 6 is another cut-away
perspective view of a portion of the sunp of Figure 4

Flgufé18 ?@n‘aﬁne} r?:Et Lﬁg%iﬁFslpg&ﬁ/eﬁ\gl%\g qda tplal%oRootfttRén S%Pnrpf gfc I-egure 4in
which the top surface 440 and the bottom surface 430 of the sump 201 are removed to

show the positioning of the partitions 401 and 403.

Embodiments of the present invention use both pumping and bleed air pressurization to
increase the efficiency of smoke generation.

Furthermore, since embodiments of the invention use simple flapper valves instead of

complicated control systems to determine the mode of fuel transfer, smoke generation

~ becomes simple and effective.
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30 show the. positioning of the partitions 401 and
403. Enbodi nents of the present invention use both
punpi ng and bl eed air pressurization to increase the
efficiency of snoke generatibh. 35 Furthernore, since
Thee migddliariyn ok thef sydiemi alloast it do hes éncorpphted f Wisppe rconplomising the
et - I d control systens to determ ne
Opetka[@hﬁloa(%ggélptyf%ﬁgfg%’fcgénf{s?fer, snoke generation becones
sinple and effective. 11 The nodularity of the system

rdci | NURYY i sing.th
! v, B8t PR o b P s Uit anaor
modifigatiens meg delyade todhs pressidiihvendion as tshewairt the kpécific embodiments

: i-at .and/ di.fi cations may b .
with Bl Be o Foh? 1A 8PP a0 sRbre, o1 TBE amision 5oy dfspinea. The
pressnb eaibagintents aiet themforde frabe corpidarednnt dlbrespédts to bé illustrative and
f the invention as broadly described. The
"°t§%gggﬂ§ enbodi nents are, therefore, to be considered
in all respects to be illustrative and not
restrictive. 10 15 20 25 30 3512 dains: 1. A
snoke generation systemfor an aircraft conprising: a
sunp installed inside a fuel tank of the aircraft,
wherein when the aircraft is in a normal position,
fuel fromthe fuel tank is expelled to 5 generate
snoke from an engi ne exhaust, and the sunp accunul at es
fuel, and when the fuel tank is in an inverted
posi tion, the accunul ated fuel fromthe sunp 1is
expel l ed to generate snoke fromthe engi ne exhaust. 2.
The snoke generation systemof claim1, further
conprising: 10 a fuel punp inside the fuel tank,
operable to increase a pressure inside the fuel tank,
wherein
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when the aircraft is flying in the normal position:
the sunp is operable to accunul ate a reserve vol une of
fuel, and the fuel punp is operable to expel the fuel
to generate the snoke, and b wherein when the
Clagms:craft is in the inverted position: the accunul at ed

f i ' : I . Al ressurization to
B ggﬁi?@?ég5%%e§&é@ou'%¥8%@rgﬁ%¥ eahsdlo?ﬂwgs'&gner ation system
of a$uinprinstaded hsidesy fastank bhethe winprdftawherei or nor e
{1 ; tition I I hayi one or
o ] B8 ML s FERoRRT PSSR IR ko Waf B ¥ epeeted to
gengiapsmake o anrmiginegehenstt amhthessitrpracetimalayesdfoel, afid t he

r [ ' [ hei ght of the.s [

C LA a0 £ e 1 fbine podier B oy ByeT . eh BB g cum
is expedad tcheenesatetsopke drofretbe enflinetexhsustp i s substantial ly

bel ow a horizontal centreline of the fuel tank. 5. The

snoke generation systemof any one of the preceding
2. ¢l dihessmakergsinarativh eystemrmb claomyy fusther caBprisingopeni ng on

a | f ae a_fir I r.val ve nmounted. t

2 (Lo I 1B e Tk, b R BbrofRe APl Fick e rue
tankgpibelel e to all ow fuel entry into the sunp when the

air, fot j j; I .. position. 35 6. The
sno gﬁg;}ré%éﬁgtgft?n%ﬁs‘péﬁﬁ?rﬂgaﬁgg%}’%eof the preceding
cl ai ms Whrep@np s eperahié tonaccomuldie aaesamailelued of fiel, and

suffici V. L. fo e neratio en
‘the ai ?@% g*et? plﬁgﬁ |pi%'1 P E}é%l!ensloer%geeg?ﬁeo Ll%?itooﬁfeneffépe éﬁ'f_& SfRke, and
snmbergjener ati on system of any one of the preceding '

cl Q;Hgﬁrmé Hﬁérgﬁ{esdnw%%;%ﬁmpel ongate and hol | ow

sub-tank nount he sub-tank havi ng

smal | er theBenuldtas fuchés drivep.oub b bleBdenisprekeurization to generate
ge j system of claim7 wherein, the sub-tank has
onﬁ)rgwr)riggr]e partition walls, each partition wall

havi ng one or nore slots to provide fluid

' ' i1 hi - 9 T k
. ST herlh YahIA A STyl Iy AP s o v
partifion wals, eatd pedifipn wsi! hgviag onatoe newa st to griddé fifid communication

withiﬁ‘%ﬁé@&rﬂpOf the interconnect being nounted to an outer

4, The smoke generation system of any one of the preceding claims wherein, a
height of the sump is substantially smaller compared to a length of the sump such that a
top surface of the sump is substantially below a horizontal centreline of the fuel tank.

5. The smoke generation system of any one of the preceding claims wherein, the
sump comprises:

an opening on a lower surface, and

a first flapper valve mounted to a top surface of the sump, the first flapper valve
operable to allow fuel entry into the sump when the aircraft is flying in the normal
position.

6. The smoke generation system of any one of the preceding claims wherein, a
volume of the accumulated fuel is sufficient to supply fuel for smoke generation when the
aircraft is in the inverted position.
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wal | of the fuel tank, while the bottom surface of the
i nterconnect has a third flapper valve, the third
fl apper val ve being operable to cl ose when the
aircraft is in a normal position. 10. The snoke
7. gen'lé‘realsimhesg@teeaﬁoof syﬂtamrmﬂ anigeors rof thiseprecbéing claims, further

o ooty D9 8 A€ pRRRER B S B rove

smallgevdluree thamrtke stimer eby closing the third fl apper valve
and all owi ng continuous fuel flow via the
i nterconnect regardl ess of the fuel level in the fuel
8. tanle anokeTM%aﬁmlnesygmnenabiam 7syiséreim tfe slbstank $as one or more

part\’fﬁ@ él%ll@ dé([&ﬂgva %va{ll ea@f g olsrf’e cgmﬁo %&o&]&o ?rpgsﬁglptd\%rq;ggmcatlon

thhmtdaecsubsm ther eby trapping a volune of fuel wthin
the sunp, the fuel punp runs wi thout pressurizing the
fuel tank, and the trapped fuel is expelled through
9. t hdhenginake egdmc&tbnbyydbéreedf any ortb abr e s piiecadihg Otlaims, further

| con’fgpghﬁ%n EI“%TJOF ttﬂgl&)%%@‘f % ta%ngl:t(eg'f: er{]eﬁ %@?E"Oﬁ]é%&f 0 an outer

wallsxﬁm@efugbﬁaek afvhllleﬂhe bottdre sucfad;ef ofl the éhtérgonaect has athinf ﬂddp@r valve,
t
the fri’ﬁergﬁlﬁﬁé]eg \)gﬁrg'b%ﬁ“‘g %%rébﬁ% Iio dée!fi‘%en\g;?%m{h&q{rgﬁﬂtéarf a ngniag _pos;}{on.

The snoke generation system of claim?9, furt her
co i Sk ng: " [ i nnectln ugl .. .

10. Dr Tl S AS qcho b stk g PR BBRET Wi by BBl s tying n the
nornsarpesdionnthetfuel muntp tsaoperalvid tcb leesatan benigho pragsiire vatith &he fuel tank
prg. £l yi ' C g.the |ntercon ect t .
therk s e DPE PR VN ahd et SORG s el gy via the

interchiendal edgardieds ofshasfueliced inthe fublrtanigh an exhaust at the
distal end of the third fluid pipe. 14 14. The snoke
generation system of claim 13, wherein the opening and

11. ¢l dbergnake gareeatidhusystehi of albine 9amderatmaheh the antraglis @iding in
| of the aircraft. 15. The snoke generation

the @Ver?eedgé ?{ one of the preceding clains, wherein the
5 fheefirst amtkse@nd flappérevalveseard rdrset athkrebd Grappingad vsltidk tof fuel

wnthﬁQHQE;hﬁang a centerline drop tank including the snoke

ner at system of any one of clainms 1 to 14. 10
17 theAfusppmg omswsthoutprasdunizingttaefuedfankarai reraft to

geR&d at“aeppﬁgo Ifl?el f is© @xger]le%n %r%‘ﬁgh the engine exhaust by bleed air
pressurization inside the fuel tank.

12. The smoke generation system of any one of claims 2 to 11, wherein the density of
smoke generation can be controlled by variation of the pressure inside the fuel tank by the
fuel pump, or by resizing an orifice inside the interconnect.

13. The smoke generation system of claim 9, further comprising:

a first fluid pipe connecting the fuel pump and the interconnect,

a second fluid pipe connecting the sub-tank and the interconnect, and

a third fluid pipe connecting the interconnect to a shut-off valve, wherein the
compressed fuel from the fuel tank is spouted out through an exhaust at the distal end of
the third fluid pipe.
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exhaust, wherein: when the aircraft is in a nornal
position, fuel fromthe fuel tank is expelled to
generate snoke from an engi ne exhaust, and the sunp
accunul ates fuel, and when the fuel tank is in an

14. i nvigier gndoksogeneiration systeraof elaim dttedhbred ter aparieasditsing of

th [
the ST R e Fetpl By ABRFLR TR o FREBRE, “Compr 1 i no:
a fuel punp inside the fuel tank, operabl e to i ncrease

15. & PffeSsihéie § é}ﬁrﬁ%ntgﬁtefrﬁj% an*t{ %HF ofﬁ’qI Fregﬁdmg ﬁghrg%rmh?rgm the

aircraft 1Is the no
fuelé@féﬁ"'élﬁlcénwln@cifmrtﬂn&te a reserve voI une of fuel, and
the fuel punp is operable to expel the fuel to
generate the snoke, and wherein when the aircraft is
16. | n Amhair¢rafs eomadisingsa toeoterlir@5diopetaals dnmudiag ¢lts Someke igeneration,

tdpi H r pressurization to generate
e he&fs ego%a%ﬁig%sﬁdnp of claim17 or 18, wherein the

sunp has one or nore partition walls to provide

17. COH btﬂHbWr 43 H?Rjell‘?énkf&oém WPE9e 3 ! ;éﬁ?rgEe is);%o!ifenngom an engine

transitron Tromt nverted posSiti
exhaitt.iergiesi ti on, each partition wall having one or

m%\ﬁleﬁltﬁé %{Elodftpl%qx 'adﬁoJrAdF'pQJSHBOf Crﬁﬁn"’"‘ltth%}u%ﬂ” tar?lbrlls te»l(qpellen:i to

genwater%n@k%frqm ap anmﬁ eﬁh@ueéu-md the sumplastemtlates|fyelsarad | er
CoRpRA&SE Pf%l %gl( %glgté?'l |ﬂf/eriésbe%§§%is ’ aﬁ}%cgﬁcfjr?\a%gd tfwlorofrom the sump

surface o [
is expelied iorgeneraie ampke from tbe engioe ededust.ank. 21. The sunp
of any one of claims 17 to 20, wherein the sunp
qprlses an opening on a |lower surface, and a
18. i A&

e SﬂmméblméVﬁeﬂmlstr@ a top surface of the
Sugﬁueltﬂlﬁndﬂ IRk tfmé ‘ﬁm%nk\/ %hgr%bleot%eﬁ r?afe 5%{%3'}.{89\/\%%%{9%9 fuel

the s € alrcra
tankn‘dhﬂﬁln p05|t| on. 5 22 The sunp of any one of clains

17 a,y@pﬁglfgr@"\{ Fnor I;tiq(accurrul ated fuel is

su ICI ent to su Pa generati on when
t he ai r thesgump §QDﬁr€tb|h£tO|amemuE!¢ba reserve volume of fuel, and

the fuel pump is operable to expel the fuel to generate the smoke, and
wherein
when the aircraft is in the inverted position:

the accumulated fuel is driven out by bleed air pressurization to generate
the smoke.,

19. The sump of claim 17 or 18, wherein the sump has one or more partition walls to
provide continuity in the fue! flow when aircraft is in transition from the inverted position to
the normal position, each partition wall having one or more slots to provide fluid
communication within the sump.

20. The sump of any one of claims 17 to 19, wherein a height of the sump is
substantially smaller compared to a length of the sump such that a top surface of the

sump is substantially below a horizontal centreline of the fuel tank.

21. The sump of any one of claims 17 to 20, wherein the sump comprises:
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position. 10 23. The sunp of any one of clains 17 to

22, further conprising an el ongate and hol | ow

sub-tank nmounted on a rear edge of the sunp, the

sub-tank being having smallekl>volune than the sunp.

24 aneRendgrih dlower sUacE3antvher ei n t he sub-tank has one

or TRErIRyet Vae 'ﬂwd’ﬂﬁﬁréosto e?&)‘bhsurége Bﬁﬁte' Jd&%] i hilst flapper valve

having one or nore slots to
opegatiamimiadiaw i fael aptbhinto tthe symp waank the 2fcrafthis Syimg irotthe normal
posfiby. one of claims 17 to 24, further conprising an

i nterconnect, the top surface of the interconnect

bei ng mounted to an outer wall of the fuel tank, while

22.t hel'hebﬁﬁﬁ Bt ShY 53¢ B¢ ﬂg‘"ﬁfﬁ 'tcpb? r\fr ﬂcé v&@ﬁxeaofé%é G8cumulated

er vaI ve,” the
fuel d%é\d%@le@t ﬁocﬁL@PUsféG'v\ﬁf?é AMpke gamratm Whers thmamraﬂbnml the inverted
posfi@sl tion. 26. The sunp of claim24 wherein, when the
aircraft is flying in the normal position, the fuel
punp i s operable to create a high pressure within the

23, f Ueﬂhets%% ARy SR of E@ {gﬂd@z fﬁ&Heﬁ‘%&Fﬂ%H& an‘éi"én ?teae\?% holiow

| owi ng conti nuous ow'via the
Subﬁwamav 8d opfa kepe edgsof thelsunpy die $ub-tahke bfetmelhavmllamallér volume
thanlthe seipp Of claim 24, wherein when the aircraft is
flying in the inverted position, the first and second
fl apper valves are closed, thereby trapping a vol une

24, of 'F‘hb@um péetdiiR ) %vI"%H%;m tr}éélfﬁ {égk hHEbnEY r(%J ?Jgrtlt[on walls, each

wi t hout pr essuri zin and

partifiga wajl hawnpg ene o8 MoFe sigtghtoprmncmwf@meoremhamsmomwltmn gedsub-tank.
air pressurization inside the fuel tank. 28. The sunp
of _any one of clains 17 to 27, wherein the density of

25. sndke Yemelaanyopne gfsciams b te 8At on:ihereebrbgnsm aatinterconfiect, the

top &Lﬁ]’fa;;\c@ro?E‘tl‘?éJ fn?erb&ﬁie@? %pt f'im%l QLYte{ R&1 LHEe ﬂgn%gk Uhite the

y resi zi ng an or| erconnect
bottorg surfree sfithg I@iﬁrqgnaeeh@s a f-l‘undtflaepelcm’m? itisé third flapper wdlve being

operabléi 1§ RIsBHHeAMNE Sirrafl i i# p% ddiflal PalRand the

i nterconnect, a secon pl pe connectlng t he
sub-tank and the interconnect and a third fluid pipe

26. CO'THS%E ?QafHé?m DAL ARNG e% ?aﬁcr%lﬂlf% Pﬂtfxé i’ Eﬁgﬂual psition, the

wher ei n npressed
fuel gyt is Ppre@ble ter @r@gﬁ: amighxpregsire avuthtmmeomet ’@Ink dheteby closing the

thlrdtflé%pérhvd'l\% cfarlldJél%mﬁrH%gont%go JREI f laQﬁ %&Eﬁnﬁgc}t r%qﬁrc\j/l%ss of the

openi and ¢ 05|n
fuel @N@I m the fuel tank.

27. The sump of claim 24, wherein when the aircratt is flying in the inverted position,

the first and second flapper valves are closed, thereby trapping a volume of fuel
within the sump,

the fuel pump runs without pressurizing the fuel tank, and

the trapped fuel is expelled through the engine exhaust by bleed air
pressurization inside the fuel tank. '

28. The sump of any one of claims 17 to 27, wherein the density of smoke generation
can be controlled by variation of the pressure inside the fuel tank by the fuel pump, or by

resizing an orifice inside the interconnect.
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renotely controlled by a pilot of the aircraft. 10 31.

The sunp of any one of clainms 17 to 30, wherein the

fuel tank is a centerline drop tank. 32. An aircraft

conprising a centerline dropl&ank including the sunp
29. of upreofgfaimil, firtiensomprising:31. 33. A nmet hod of

: ' ) ' I Sl t.h t eps
of A HSCRIPEPL cBine g W Bl A b MRl Dectne ©
ai ricyespnd _ﬂéisdm'ﬂa ¢angetiirg thesubntartkeariduibe irterckinraent] and
_"J‘C%“’fﬂi‘rldaﬁL'IiPgpi[Bé'?t{opgﬁ?tﬁwgﬁth§umr¥4?\%gctt Pﬁ 8 ﬁ%%mﬁ%?%gwr'lgrein the

in a normal 'posi d ‘expel'Ting

confpirgsed fuphfioRethedpl taok Fespoutedeowd dirkeghi ro mexhinest @b thiendistal end of

when the fuel tank is in an inverted position.
thegﬁaq#mplﬂn%t hod of snoke generation of claim 33,

further conprising the steps of: 25 providing a fuel

u i s A cl.eas
3. B e FEVEE S8 29 M Bine BRRAT a0 HBrkB T S ot e are
remotsty gentrotied biea plief of e aitoigft.and operating the fuel punp

to expel the accunulated fuel to generate the snoke

when the aircraft is flying in the normal position,
31. andhgcsuaxpel prngne 98 cladros il tat 3 wWheedin lige fled dehlaisra centerline
dropPfaRRSUri zation to generate the snoke when the

alrcraft is in the inverted position. 35

32. An aircraft comprising a centerline drop tank including the sump of any one of
claims 17 to 31.

33. A method of smoke generation for an aircraft comprising the steps of:
- providing a sump inside a fuel tank of the aircraft,
expelling fuel from the fuel tank and accumulating fuel in the sump when the
aircraft is in a normal position, and

expelling the accumulated fuel from the sump to generate smoke from the engine

- exhaust when the fuel tank is in an inverted position.

34. The method of smoke generation of claim 33, further comprising the steps of:
providing a fuel pump inside the fuel tank, operable to increase a pressure inside
the fuel tank,
accumulating a reserve volume of fuel in the sump and operating the fuel pump
to expel the accumulated fuel to generate the smoke when the aircraft is flying in the
normal position, and |

expelling the accumulated fuel by bleed air pressurization to generate the smoke

when the aircraft is in the inverted pdsition.




