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1 A Snoke Ceneration System And Met hod For An
Aircraft FIELD OF | NVENTI ON The invention rel ates
broadly to a snoke generation systemfor an aircraft.
In particular, 5the inventilon relates to a snoke
gener AtSraokes Geheratiobr Syaiterai Ari Methadsesk Am Alaraft
aerobatic display. BACKGROUND A fighter aircraft can
be provided with a centerline drop tank (CDT) that is
FIELDeOE INVENTION 10 nounted to the fusel age of the
_aircraf The i,n_purpnose of the T LS to .car .
The inferiITaRIES ORIV 10 PR SoTBHg T PR [ s gt o particutar,
the invaddon restal Ity a - $rhekeChEnarativrabysterb doruse dirtraftgeedriatad aerobatic
snoke during an aerobatic display. Fighter aircraft
Yare capabl e of mmking numerous maneuvers, such as
rolling, diving, 15 banking, inverted, and upright
[ maneuvers. An aerobatic di splay conbining one
BACKTE’F%% of the above maneuvers w th snoke generation
A fighfer caiicelsis carutbet prosdidad  withs s adenddriinec tpopt tanan(CAYI( | tealc . externally
mountg 8218 et taf ety 1S iy Py e LBt it acaitona
fuel tot suppoi 0dnge Bightamissitgnsa Atidigbnaligqtner @0T faain dswke used to generate
neration.i ided in the ammo drum bay. A '

smoke U§'SP§8§I‘?§%£%§#§%¥OS provides a uniformfuel flowto

a fuel line 107 for generating snoke through an
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an audidrical nat es the pul sating output effect of the
di spl acenent punp 103.

Figure 1 is a block diagram of a conventional smoke generation system 100 for an aircraft.
A fuel tank 101 containing a fuel required for smoke generation is provided in the ammo
drum bay. A displacement pump 103 provides a uniform fuel flow to a fuel line 107 for
generating smoke through an exhaust 109. An accumulator 105, located at the gun barrel
of the aircraft, is-pressurized to a pressure of 300 psi (= 21 kg/cm?). The accumulator 105
provides a constant output of fuel at the exhaust 109 of the aircraft. The accumulator 105

also eliminates the pulsating output effect 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 cne or more of the above disadvantages.



The current snoke generation systemfor a fighter
aircraft (e.g. an F-16) does not support inverted
flight maneuvers. Furthernore, fighter aircraft used
in an aerobatic display are custombuilt and not
operationally ready for conducting mlitary m ssions,
such as an air 30raid. Addifionally, it is not
possible to control the quality of snoke output in
SULHHAB&tstlng aircraft so as to provide better visua

Acc%rcilgg %0 a ﬁyst ' ctatﬂP tﬁ‘ee{nggﬁtoh Cthgf‘eslp %@(lldegg fk'e ?;eﬁét‘ét?‘onasystem

rov a snoke geheration system
for an ratwafttwtrtpasmgee ramp nstadlad ésidegnBiebiankwf gheggirorafb and a fuel

purfPRvEnE ﬁ»@iﬁ% AR/, thé f@l’%%p@?ﬂ%ﬁ’:&g Iumgeats@ﬂ@ Jrése&t: inside

aspect of the i nventl on, rov snoke
the dieeh ks Wisteig peB Hicraderaiys élp/tnerlaratnogaﬁﬁpﬁlg%ghe Rressypged fuel
from s Alel edkiinstpdtedid gakratakolef fréfhan @hgiac akhiausianad ehe sump

accwﬁlategaggsgggsi}oﬁgrllele% Ctjp Svléaggt% %;ge%BIlggogqsaufower frs]tgltfa Pé of %ngalsump, and
whdnudle fimhkankvierfbing when inverted naoma@n, the febgrivgrgolumen of fuel
acc{ﬁ'ﬁﬁlaﬁh iR9RL EIPIF@ i HH@erPBﬁS%P biet§ qx Eisuﬁfa@t‘ghtlﬁ &hd BRI tank to

I'S expe ener dt e snD roman engi ne
genestearoke ﬁ@ﬁdhgﬁ@gg@ a'ét‘ﬁcunulates a reserve vol ume of
fuel via an opening on a |ower surface of the sunp

and when the fuel tank is flyin n inverted

Thepsyan 1gp hayheng Sompopiiamy b erdy R comfiita oy fel fow
whdnhi@le altomaftiis 1rdfrans&iamCﬁﬂm lhe inveed @usitioprte sisutiorzmat paditian) each
partétgcﬁl Lalsifhavgﬁ%noﬁle to? re S otﬁ ‘to %rowzlk ?lugcf &%rﬁtﬂﬁca%%g Wﬁnn the sump.

nore parti
walls to prOV|de contan|ty in the fuel rom;mhen t he

Thﬂu‘hﬁ}@ﬁ% hh\?e réd%t%ﬂﬁinte& %gﬁ{ %a&lﬁ?aﬂ@l‘{&éﬁteﬂld%%'ﬂeiﬁﬂ of the

OHTH ositl on, partition havi I Ng
sumprfaay, pe geisEngllt smalisr speviTed t s et rﬂfrﬁbﬁ egtn B¢ that a top

surfabd dTithe $udg HNPe subb@nSAIRNTbelBY a havontl piredihesMthe Gfl tank.
| ength, breadth and hei ght, and the height of the
sunp may be substantially smaller conpared to the
Thel samgtnayodfoniphige:sufiet Bapphbr ¢airat maurttcxbtosthﬂf fopcerfade dffles sump, the

[
s e s UL B S R BRI srra s Mg i
the aormed péditiPper val ve nounted to the top surface of the
sunp, the first flapper val ve operable to allow fuel

entry into . the sunp nthe aircraft is f
They $meoKs o2eHBIALIpH SY14TH ﬁnaﬁﬁ@@hﬁ%‘@P@%@r gopeic §§<§ #gtt?wyb tank
moungddt dhethe S:OHR TW}&ﬁalﬁfheQ;hﬂlﬂajﬁtlelraﬂhdd Bohmanicatidar wialnkhe sump, and

unteﬁ on_t ein the sub-tank is in fluid

theglg’ AP GW‘tﬁEi’ﬁ’é‘ngﬁ?n%l Pand the sub-tank has a
smal I er vol unme-than the sunp.

The sub-tank may comprise: a second flapper valve mounted on its top surface; one or

more partition walls, each partition wall having a third flapper valve for restricting fluid

flow within the sub-tank; and one or more slots on a bottom surface of the sub-tank to

provide fluid communication with the sump.

The smoke generation system may further comprise an interconnect mounted within the
fuel tank, the interconnect connecting an output pipe of the fuel pump and an output pipe
of the sub-tank, the top surface of the interconnect being mounted to an outer wall of the



The sub-tank may conprise: a second flapper valve
mounted on its top surface; one or nore partition
wal | s, each partition wall having a third fl apper
valve for restricting fluid flow within the sub-tank;
and one or nore slots on a bottom surface of the
sub-tank to provide fluid gommunication with the
sunp. The snoke generation system may fur

C her
fuel @olyprliishabotion srenpbbe inieraennsd Ras £ A% fﬁ?é)p?ru@lve, the
BebBLE LEQARNE S cIBRIWRS the gir@aft BUh et nopinpleposition.
fourt%ﬁfeab?edg? Surrpga%d an ofjt put pi pe of the sub-tank, the
top surface of the interconnect being nounted to an

WheR Uh& hir¥yatt!is q’l&liﬂghﬁi thd nowighl paaition, wiei fuel pimep betythsneperable to
t

surface of e.Lnter n
081 ot SIPCROETGERIPEDufBR RS IMAERRRE: e
allovah@sentithens fubleflaw v te intersonngct Wéﬂrﬁbﬁ%ﬁlpthf) 8isd {qvglyn the fuel
1_ﬂmkV\F‘len the aircraft is flying in the normal position,
the fuel punp may be operable to create a high

pressure within the fuel tank thereby closing the
Wheplqh’é bRk qg RS TngVi! HE iRftedbbitiér) ghec it andisecond depper valves
0

w Vvlia the'interconnect ardl.ess of t
may e ored: et aRg (TATBIRE AT YL e apy T L1 Fmp ay run
withbit rBgulipine thee thep amiki iaod the krepricidr foel may bsewpplipd through the

flapper . valves. may b ey trapping a
eng‘%ﬁ”g‘ﬁﬁm By hﬁg Plrﬁr%éﬁqrﬁlaﬁﬁrgﬁgﬂﬁﬁ%&tﬁﬂe Uel punp may run
wi t hout pressurizing the fuel tank, and the trapped

' The fg{%%h MRV BE: §2%0ELLE Gart B Q4GR1IENBY ©410IIBE oEMRBHSEUBNside the
ee

air pressurizat]on I nsj de.tgie Euel tank.t The
fuel thakidiy thye el mvrik er Bererzag BPrdsR FEedBhFSTI a8 by

variation of the pressure inside the fuel tank by the

fuel punp,, or by resizing an orifi { NS ine the fuel
The pirpks BeRbER oyitie rovReng sRBPEN: 8 F PSP chilfcting e fuc
pumf A itlgee intarchirest, £ Isuéabdpiipd oipanenteigset the fibepnkpanp the
- ednd the infer ‘ tht UhdrcBhRRt GORNGRtbfOvalve,
mteffﬁ%l%t?Pf‘aanEhlgdgglﬂ?ﬁg’pjeﬁ?"é?%ﬁ ect, and & thi rd %%d i of
whemipthe ol e thedfuelHank istsepeterh Acthrobgh an RsiGY a8 Afigdnd ©

idbibhe fuel fromthe fuel tank is spouted out

thetpﬁggﬁg}ngn exhaust at the distal end of the third

fluid pipe. The opening and closing of the shut-off
The \6BEMBg BRY ci_?@ing ?ﬁ@l}ieﬁﬂﬂﬁfﬁ‘ﬂtaﬁ@l theyd bd:)yermtpiK !cgmr%i;edtuy,ea pilot of

alrcraft. e fuel tan e r 0P ‘o
the E“éﬂ‘ﬂﬁ' &he 5\"1!]0% fnagoﬁ%rai %%:%ﬁ%ﬁ‘ge gTé) tﬂea?llgi ng rcop fank 28
centerhiad deliprtgnit ineludimgklee geolerggnéreionsyyseBm  According to a

-second aspect of the invention, there is provided a

sunp for use inside a fuel tank of an c?i rcraft
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Accomine tataesespiskaspeet shthmmaensione thesers PEYVidedfetulimlog Vg igpide 2

fuel Qm%llﬁ air?ﬁtﬁ% logchratd §i'tn@l$e frb@ dntedbint @rkaust, haefeined fuplprmp is
operabl e to incCrease_.the pressure insj e i
 installgains e diel SR [ buhp SPRAD it Tk e I prb st nside the
fuel RETKTRIheROS Whedrthe bherafirie Slying inedndrmel pdsitism theepresgugized fuel
tgnk. i xpel | e LQIF BRgi B8 th
o et o E R wed f AFAR i TRAR b ATE By B e
accifnughtey 2 aesanrve opbmienyf foel Va2 {ARININE Y Hloweppu qqg og ump, an
whe?ﬁge WS hR hugl inh e hSsitidh, Mk 1e80E HBTRROSH fukbicumulated

reserve volunme of fuel accunul ated .f the su
fronp thegrmpen GYAN QY bl bissd 2l ipressyrayon f“z‘?ﬁ? iﬁbei %\%k R ﬁ%”e?%mke
front BRknpRc9RRREAL € snoke from the engine exhaust.



4 The sunp may have one or nore partition walls to

provide continuity in the fuel flow when the aircraft

is in transition fromthe inverted position to the

normal position, each partition wall having one or

nore slots to provide fluid comunication within the

sunp. The sunp may have a Hredeternined | engt h,

breadth and hei ght, and the height of the sunp is
Thesuinptmat halel onesmahdre pagsioparals to previde pemiguity of thenel flow
wheR Lf%éo gl tipatf QiltiBﬁ’ RrofitHnkakser@l pbfifios tMhel dormal position, cach

Subst ) yé%e

S| anti a ow a horizaontal centreline of Ihﬁ
partitiga Iwail daking Pheoings sis OfFRIPY e Fuid sAppUgisalign pitpigythe sump.
fl apper valve nmounted to the top surface of the sunp,

the first fla r val ve operable to gll f ntry
Thesying rpz;yeh%\@,?pg%ﬁ%tﬁrrqlﬂgf L?PE‘E glfef'lgtlh Sanflﬁ'gi;fg%\g elmﬁ%b% glelgﬂt of the
sump ;3;*.’ ﬂ&lsi:tamﬁlﬂiygsinﬁlﬁiﬂ ddiepasednto th@ipnglhrdfhgfa' smmmihstbatatgop surface

el ongat e, and. W - r edge
e

comruni cation with the sunp, and the sub-tank has a

Thess%ln‘?:{g M%nﬁog}%e 3 R&t TPRr vERR msibtdda@kh&edp surface of the
conprise: a secon flappe[ vg.l \ie nountglgeon |t$ tt?)jg oraft
sumgyjthe Siets flapprs valverppadisdr 1oy gl ety $7to S Par iy i Airera
is ﬂWéhnmaﬁbM]goiiﬁbﬂ_d flapper valve for restricting
luid flow wthin the sub-tank; and one or nore slots
on a bottom surface of the sub-tank to provide fluid
TheGomputiydaithe komiptike ardosgatgandHodlowsrp-tarkymeéunted ey a rear edge
Lconprise an i g nect b B | and the sub-
or (iR, i@ hEp ek BARRER MITUTRAaRAI ik IR sl o
tanl rae afsmellerpwhymcathan the sePput pi pe of the sub-tank, the
top surface of the interconnect being nounted to an
outer wall of the fuel  tank, ile the bott%m suEfgt,cOene or
Thegubiank My eERiGed sepad TRPPILYAYE PPUPHLPT IR SUE One ¢
mork QBN faBPRAEN Ypadtivien beilligviper taiv dlapier clabs dontestnicting fluid

aircraft is in the norml pesitj e ' f
tonf i 1P Rl s Sh ok B Pl @ldok o
proYide fipdicalh@nicatior wih éhesutipgh pressure within the fuel

tank thereby closing the fourth flapper val ve and

all owm ng continuous fuel flow via the inter c‘%nnﬁelclt i th
Ther s dlaasBINGer epEPHFe? [IRGPIRSGt Munfedevithig,fhe Tugl tank, the
intei#@ok#&ﬂtxnﬁ%@t%@%ﬂ jéllitﬁ% ;%igkﬁof 1H1ﬁ|f?&t]16}:fmh]p ddchnt hﬁpdtryﬁmeﬂthe sub-

uel may be elle rou e i_ne_exhaus
tanly g s o0 S g OF g ey el ey Aot tank
whitahs bétyon® burfiae b€ thgdnercatnashhasanfobeh dleppar oblvedthp Jourth flapper

variation, of the re i RSsi : k by the
vaiyé e gnfiaoip Yo RREFOY afciaR ! Aimah Bl APl

i nterconnect.. The sunp may further conprise: a first

Wwh %Hedaif?:'reﬂ“teiscﬂﬁHEQH RO nditu fpdetio WAP @ hun}emay be operable to
Interconnect,” a second M lpi)pe c,onneci.l n fﬁﬂhe d

creaiq:p highressHes Witkin the &pel freby, flgsae ihy oyt fapgeryaly and -

alloGAY@ptihnstERe fioM ek eannestonhectaegiditssafffthe/fiklieyel in the fuel
wherein the fuel fromthe fuel tank is spouted out

tank hy ough an exhaust at the distal end of the third
fluid pipe. '

When the aircraft is flying in the inverted position, the first and second flapper valves

may be closed, thereby trapping a volume of fuel within the sump, the fuel pump may run



The opening and cl osing of the shut-off valve may be
renotely controlled by a pilot of the aircraft. The
fuel tank nmay be a centerline drop tank. An aircraft
conprising a centerline drop tank including the above
sunp. According to a third aspect of the invention,
there is provided a nethodsof snoke generation for an
aircraft conprising the steps of: providing a, su
withousprdssusizing he flamhkant anthdherppned fuel Hap\PedRg! % flfwieh the
engiRé‘EEHla{;a%&%ﬁeeH RE FaielridahKinsidBend tugltaunp operable to
“Increase’the pressure inside the fuel tank, -
accunmul ating a reserve volune of fuel in the sunp via
The @&sﬁ?%ﬂ%ﬂgk@gbr@rdtieﬂ@ﬁn Baledna@cd by vireation wp therpaessure inside the
B

ex ling the pressurized fu f ank to
fuel G p hetelent oF B ity leg s RRe ettt
aircraft is flying in a nornmal position, and driving
out the v i Liag ekk iRl Hhsp and th
1he g 4 SFAE5 AL P GR! AepacSHRARL ot iy nd i
intergenTera b eecond Ruid pippranectivghhibarmaindithgmipcqnpget, and a thir
i ; WG ohibcBid 4 Sebiadiveoshéremnhe BRI Eem the fuel
ﬂm%g%%‘?ﬁplkffﬂg% tiélEYIhrtHEogRﬁw NGS, Enbod gt (%u; he
tankjip ghawsdont treuehie asbauskit WrndErsss ﬁglrr LG MRS
~apparent to one of ordinary skill in the art fromthe
“foll.owing witt descr it i XRHRM :
The GRFYSE ARgIc PRk S ERT BT iney e Aol BHAIRUR, o pilot of
the Eirgafte Tle ifgel datth oy bé agveateribic dropripek. AP rairgiabk gomprising
centlgrziﬂgﬁgog 120k i?le%laﬁl@ﬂflé)ébOQ‘ sithp.Cr aft; 6 Figure 2

rspective-view of an internal portion of a
centreline drop tank of an aircraft wth a snoke

AccBRIRRY & haRirg Ysp&M dMtha Ge@hdanCheis ishpravidedraontetodtof oimoke
t he present igvent i.an;

: y . Fl gu 3
cengrBRe St A& AHTTAG CARPEFTE e W e YA o Tring g f fuel tank of
the &iic@Aft, pradiding bdied puoipricsideashe Fuchrnkythofiichpurop opergtieto increase
resent invention: ' i e T
the 'e%s\}\’feo'fmlge ;{}berr%l eﬁ?’f‘ﬁ ascgltlzim}ﬂr%&%%gh%gﬁf rvé%u?}]e dr op ttanl§ P
an apeniap oaia ovaf suifsreaddbe sune endvexneiling BerpEERHERE Tunl trom the

fuel! A5k RS %é}?é?ﬁteisﬁ}b%gtfr(ﬁﬂ;an':&%ﬁfeeeﬁlah;ﬁ vehe@Uthe aivapaft is flying in a
perspective view of the su f Flf ure 4: a}ntdd li:rliglLérS b

norrgalj nosisinb erdrving aiidhe Fer@p XMt RegimyIngd &S SgpP oY

bleck 68U 8sshrizatidn PETA fuERMESGRh 8hleGhokE fibadihmengise ekhaukievhen

resent _i.nventi.on are capabl e of generating snoke
the E‘F‘B?ﬁﬁ;ﬁlyé‘?gr@raﬁf‘?vﬁmgRo?ﬂg&?'orrri ng vari ous naneuvers,

i ncluding an inverted flight maneuver.
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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15 Enbodi nents of the present invention are capable
of increasing the fuel flowrate in an aircraft snoke
generator, resulting in thicker snoke generation, and
provi ding better visual effgects to an audi ence

VBEGRI NG 2B é@tp@t\h&v et §ﬁ’|||ﬁ¥m32 df ARBAGeIPE drbS tank of
pr esent invention utilise a nodul ar snmpoke gener ation

an airggl mdim sekegesaiaien SEstay hrRcceisaper WBhan %nab%mﬁm 9f the
preserﬁf,m,@ﬁt,@ﬁ rcraft. i.e. the aircraft can be converted

back to its operational state with mninmumeffort. In_ .
tiHowregéde rd ﬁ@h%ﬂat'%ﬁ'aar%r%fthei%entr%'ﬁ@i gepetank Pfpligure 2 in

accordeh¥é ¥h bR ethboBPFFR L PRIrédeMinvihin; t he net 25
g_raawtatlonal force acting on the aircraft

I S
gyrei4/is a RETsRSSY V'&Werraa‘?rLthP dtiisgeh ) heceptreiesisop tank of an

aircraff ih¥dcB&rdhRceARith AM¥Mbb&FhaRPs! the ResewliBerltiBg; net
?Eéaw tational force acting on the ai rcraft IS

gdeidjie a cutawaypgigpective; Vée“é\Ofpt@‘? SWBROf (9UR £8"9f an
| NEGEBAL aROthb AR-cayDePRIRCHVd VieW oftheRubndt ﬁﬁﬂ_@e with a

30 snoke generation'systemin accordance wt
enbodi ment of the present invention. The centerline
drop tank (CDT) 200 is shown without its outer casing

DETAIBED DESERIPTHONFI gure 3). Munted to the inner
circunference of the outer casing 302 are four solid

Embodimagis|of e regad inventararezggable of gensyatingremoke ftasm ap gicraft
when %%?ﬁrrtﬂ@%n&ué HAE SRS ‘?r?cllﬁfl Zc%)é}?mf«%d fHghtirfarfdulsr,

e supports 203, 209 are elliptical in
shape. The CDT 200 is nounted bel ow t he fusel age of

Embocﬁlﬂﬁﬁb{cﬁ rtlzé Eae%%ﬁhlnbgﬁﬂont g}geﬁégﬁle%f9§&éa§n‘i’g fHeeruel flow rate in an
- S
aircraft sm(?ke ge,-n»e:ratorIO Pesultlng in thicker smoke generation, and providing better visual

effects to an audience watching an aerobatic display.

Embodiments of the present invention utilise a modular smoke generation system without
sacrificing the operational capability of an aircraft. i.e. the aircraft can be converted back to

its operational state with minimum effort.

In this description, an aircraft is considered to be flying in a “normal position” when the net
gravitational force acting on the aircraft is positive, while an aircraft is considered to be
flying in an “inverted position” when the net gravitational force acting on the aircraft is

negative.

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 centeriine 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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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 edges of the md sectign of the 5 centerline

nose GIAP afral, WRIR theltidhe cldier fol the TingHike SUPHAT 260 £RBs thaltail of the
are axially nounted in between the tank supports 203,

aircrafong A cylindrical support 227 is centrally nounted
to the longer dianeter of the ring-like supports 205,

.207. An el ongat nd hol | su 201 havi a . .
The rifgsfie, HiRAosS 2000208 Bt ot SBR 1B CHBge e mis sepliop of the
centerﬁbﬁiﬂ GE)pOfangrlml’OU, Ividgtel ﬂh&gri@;ln@ogllgpﬁ)oﬁ@fﬂoi@%gme?myrm@tfmted in
rackets 211, t ttomof the ) e su
petwesiy e Gng SAPEISIc2q2h 209 o CHPGHRel UPRPT PABIS FEAl OB to the
longer Aindtor ofuse riayHikeguppaeLbed7l i ght maneuvers. The
hei ght of the sunp 201 is substantially smaller than

its length such that the upper surface of the sunp
An elod@dtel andShidIBwasirhpl20y Helngve tdutargyildr niisdsCedction RPMbliSted to the

. 227. 1Lt is upderstood a e size and sha of th
inner &gk obie g HeeoGnoas 2% 895 BY Aok TG SoRal 27 it g Botom of
the Ci:smzr]gm Tok surg@ ATis %aerabm t&p@v@%ehﬁ?eﬁﬂo?ﬂgé iomf Z@Bfor use

. (refer .t I gure on it toms ace ef er
during e B Sl iiebers ApReneR o 3h6 SaB 2o RubsiRats s sfgher than
its lengthl rsﬁ&ﬁ:maﬂﬁ{é ppet @ﬂljfaf(dé d?itmlé_@néﬁoggs idlﬁtagiggw EAdw thdcylindrical

e en, the ring- suppor t a .
suppoRly gopent iingersbs e BES hid a5 hel P T can be attered
accord@igftb Yhe 8ik® ahdehspegf iIROCOW®m0. t he CDT 200 is in a
normal position. Thus, a volune of fuel fromthe CDT

200 is accunul ated in the sunp 201 and the sunmp 201
The sunsp 20M hasied openiy rBoGatdfemnto\Figiretd) &nGidTboldth sdtiee 430 (refer to

. vol of fuel cunul at in the su ' uf fici ent
rigure 4} KTBpPyr vAlE 2 LR Popedina gn tarEed Bed Feli to pioEn) of the
sump g@ﬂ,ihr@t\aéérc?rw‘ En@lil@e isn%;gmsi mghQQO_BOShég@gperT{?déye 213 and

. dinensl ons of . tn u an t (0] ependal | .
opening 3035 el Satry 150 TEurEAL Mot Tug Al B gorm] bositon.
Thus, @Ivonn[gfvbf]I of fa@lor{]dm |tH1€DWDSI'ch)2I}(I i@%c&ﬂalaﬁaﬁﬁnhﬁe @umbéwo ][!aﬁﬂd| tie sump

. oynted on the su r t reaj_e 0 e, .

201 is JE 4 Sor et MBS ot P dheughand Sbiel seeniated in the
sump idisdifidient td Hipphuthet faslkio? gRoka feheraidipFhamtieaChyY and the aircraft
are in %g%ly%lg?rﬂ(;t)gs?tponl. tI']S'le ldlenr't]ggsri]on%noq tt‘tlehseurhg Bg% rt%ar? Le ttaql(ce)red depending on
the capacity and dimensions of the CDT 200.

An elongate and hollow sub-tank 223 can be orthogonally mounted on the sump 201,
{owards the rear end of the sump 201 and near the ring-like support 209. The width of the
sub-tank 223 can be substantially smaller than its length 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 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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30 223 is equal to the width of the sunp 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 sunp 201. The top surface of

An int%#&%nﬁé&"zb@%m?e?&s E@&taﬁklezépa%fthé Abey %us%i!ﬁzw\’\'h' tb stiftSce 235 of

~bottom surface 305 ge er to Figure 4
the interepnnapik2222is Mented & ejoge] Fasieg 303 (fPfdeia digyre 3) of the CDT

200. A foRPYutdie ﬁ@@tt%oﬁtér&nnectfiw ﬁ!as B} ¢Ald 967 Wefeh to Figure
e sub-tank 223. The ﬁer val ve 5 is 35operable

3) coweﬁnﬁreabp@ﬂcﬁu@}? e'rmer@ﬁnnﬁéwa A e30FDrogesowhen jthe 200 is in the
normaPB% n_p03|t| on. 8 An interconnect 225 connects
tank 223 and the fuel punp 217. A top surface 235
of the interconnect 225 is nmounted to the outer

A fuel%ﬁ\dqﬁﬂg‘pm&urﬁé@ Bntaobr%b%irgﬁ)mh%ﬁ i$ BRa&Heh t4QRe rlﬁg like support

tom surface 5 of the interconnect 225 has
209 a'TCI Eﬁ'ﬁﬂéﬁc‘ﬂ%?@/b Ti@’f“?’rw 2170@719@19? e0WEr fé‘fﬁﬂ@hl%‘@'bﬁﬁm attached

{o the @ Hd'nﬁzﬁ s%fﬁaorts-rf@? fArARREB2Y @hf!pﬂlegtwee@' é?rslﬂﬁ) eetbt QQO The fuel
i's 1n the 5normal position.

oump 247 e aPerable IBETBRSA e Uit proSaHEaRSife the CRELE. TGSy parcased

preseré ﬂ’%ldé RE CHPPOY helpdth RBRaLE B FHRH ratd Whiden fdr'ﬁ' increases
217 receives power through a tube 229 at'tached

pu
the smoke gHalitgy| i ndri cal supports 227. An inlet 320
supplies bleed air into the CDT 200. The fuel 10 punp
217 is operable to increase the fluid pressure i nsi de
Figuret hds eprehgugtic TiRITam cafdh8 deP hrd8seir ldirs? die aperEdanse with an

emboo@rﬁ@nﬁﬁ'ﬂﬁ@pk@er‘ut%e%ﬁ&? the fuel flowrate, which, in
turn, increases the snoke quality. Figure 3 is a

schematic di agram of the CDT 200 of Figure 2 in
With réeRACEANFRyued B A0 3l 2efrRomi; Jg?i'i_ﬁe g Eé’lﬁe@fsetﬁé%mp 217 and the

invention.. Wth reference t ur es nd 3, a first
interconneFicP25; peeoarl it RipetZ 8raeanpelfoLp- {8/ 22 and the mterconnect

225, Fbl"‘é)?arrﬁ(:%‘ riﬁ@ ?lrsgﬁéid pfbesﬁ@&]'ﬂi fhkWedorRi Mfd g%@ ﬂ@ﬁﬁ@%ﬁ'é connected

he sub- d.the interconnect
to theeaaéﬁmr@,ect R@Sfmaxétbef fuping Sttipgs 2f9tfyﬁdf'w*ﬁd3fe%c?@ﬂdcomects the

intercohh&ét028 RS a2difitlofadad 806 0MAE WoRtbressed fuel from the CDT 200 is
discharged through an engine exhaust (not shown) located at the distal end of an output

pipe 311. A pilot of the aircraft can control the opening and closing of the shut-off valve

300.

During normat operation (i.e. when the aircraft is flying in the normal position and the CDT
200 is in the normal position), the pressure created by the fuel pump 217 and the bleed air
pressure inside the CDT 200 drives the fuel inside the CDT 200 to the output pipe 311 via
the interconnect 225. During an inverted flight maneuver (when the i.e. when the aircraft
and the CDT 200 is tumed 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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20 to the interconnect 225 may be Cubing fittings. A
third fluid pipe 221 connects the interconnect 225 to
a shut-off valve 309. The conpressed fuel fromthe
CDT 200 is discharged throggh an engi ne exhaust (not
fuel ﬂcﬁrhevm whét HeetlePlevéing titll b 20078 tRiowAtheWHPIHg TP the sump
. Apilot of the aircraft can control the opening
201. and closing of the shut-off valve 309. 25 During
normal operation (i.e. when the aircraft is flying in
the normal position and the CDT 200 is in the nornal
Duringjpgrigddlight maneupsrasiha fiareerdatved 2by arhe 19 aeq CIptftp g drapping
a pred@ﬂc,cilmwéa VIRed oftfuel RiRIRIHE Bumpsiode At s E&Tt.cﬁﬂ%éifuevgﬁmp 217
he fuel inside the CDT 200 to the ou
runs d\W get KEopnnet e6RifeRY @"?SS“‘"W'thgthSﬁ'“’rtﬁ@é’r E'Eﬁ 2P @’Pﬂ bleed air

pressﬁﬁ&lﬁihvﬁﬁldé weeoDt I2@0 |pu§hesWﬁ§ frap dibéél Witﬁtn 8@ samg 2R ethrough
00 i s turned trap

down e fu
the ﬂapm.valyeﬁﬁé tg m%nwnﬂgct&%cwalp %PUB§/ 'fb%%l@ %ﬁr\epatlon
pressurlzatlon within the CDT 200. The engi ne exhaust
' ot shown) |ocated at the distal end of the out
The d‘iﬂsﬁé OéiTO'E%E?PEV%%T sarle poRirdlipd P aPERIPRiQidhe P@éalr'rﬁ'ﬁsgde the
CDT 200 by iRkReBsUMS 21 7,00t by rSsifitgthel drifide 2YP MsiaaRe inf@cdnirlt.
| evel in the CDT 200 is bel ow the opening 303 of the-
sunp 201. During inverted flight maneuvers, the

Figurefd mpsérsy@&tvssnemaf akdmap1aithséd PSag cehtli’élfﬁletdréiﬁ) BINRQ200 of
predet erm ned vol une of B{J'E‘gl wi thjn the sunp 201.

5
an a'r‘%ﬁ@ﬁ 'L“Iﬂ°§°fﬁ'6§?€t widhan eAboimant PESENE NPy (i.e. it
does not create any pressure within the first f|UId
pe 219) and bleed air pressuri ide th

The s 3% 5haa Siegats aibaelan SEERTE Frint THRoGaR. Sneoht of the

sump 12@1 %Uﬂl’bsfdhﬂalfyl SRBRIST thad US IeHth. tThet ding DO P ha®AN@Btangular cross
which results jn srmke(ygener a @8' 10The densit

soctioryTHenBiEP gahét GPPaRIECETaRS SORTIOD Wl 5y U5S,AUH0S divepbd figh

manedv@% PhESEY ra%d's‘h‘éﬁé’ Of tHeOsuUrkI 2@08arble hitgrell YetorBingNo Helsize and
by resizing the orifice 247 inside the

ShapePﬁ%r%ﬁﬁ%t Figure 4 is a perspective view of a
sunp 201 utilised in the centreline drop tank 200 of
an aircraft_in accordance wth an enbodi nent__ of

The sympp.g@hhas aviahforpuracs 4A0Anq ApoBen Sugagh +ef- oﬂbeafe%toah gurface

430 ha3Qin éb@nﬁ'&;rmttél rEceivefubhirsm SHEPODTIER0L A flaPeri@ivet13aé mounted
201 is substantially smaller than its

t he sunp

tOtheiOEr?@ffﬁce eoldwpuPeMas a rectangul ar cross section.
The sunp 201 is operable to trap a volune of fuel for
use during inverted flight maneuvers. The size and

In ordes i@ sasyP @ﬂ@]%ﬁ%ﬂmﬂwégﬂwwea FeipgeihisdB i@nsition opHaverted
flight 8 indfnaAMMight, the sump 201 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 fluid 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 length 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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20 shape of the CDT 200. The sunp 201 has a flat top
surface 440 and a bottom surface 430. The bottom
surface 430 has an opening 303 to receive fuel from
the CDT 200. A flapper valwe 213 is nounted to the

201, whil® 15 R G840 oPthet id-1aHIP22 G5l flustbwiti tmar fé@r stiface 410 of the
ensure contan|t¥5f|ntheflwdflow falrcr

sump 811/ TepRATsyANGR 1 FOPHRGEIP e (97 BHECE i opp Sub-tank 223

while tfré Ibghbm stdﬁr@cé GUB o?-%‘le Hastaak Pgmakid Mu@ﬁltyﬂﬁrrbbtbhglﬂér slots 409
the sunp 201 has a first partition

for rengpng ﬂ!ﬂ‘iﬂ?‘ﬁé‘?ﬁm@ thﬁglp—faé]k%Zg the front surface 450 of
the sunp 201 and a second partition wall 403 that is
BT TR ER LRI Rl X~ T -

flight td ﬁ@rhﬁﬂl g@harhéém@nﬂQﬁsfa% rra@&% lpﬁttitiﬁlﬁls 11 vinat éreqsezraner to each

vari ous chanmb ft esu T nb
otner. Bl of oY 9gs 19 perBRad Sedon o1t 26 P12 S T Shirank 223. A

ﬂappertMesmmsmiurﬁ@mtob@aoﬁldfqreesbmmmnr(geférototm@rréap&mrésyrnctmg
t he CDT 200 el ongate and hol | ow sub-tank 223

of
fluid ﬂqv‘éwﬁrﬂ'f‘ﬁﬂfgﬂ{}f’aiapb ﬁ%unt ed on the sump 201, towards .35
the rear surface 410. In this enbodi ment, the width

S tank 22 tanti ler than.its .

The sLfism g b i B PEL £2h My A BaGy B O B SUrh 25 Japmpg. tis
understdiRy twemrhemﬁatbhgrs%uﬁbezr@éd The front surface of the
sub-tank 223 is parallel to the front surface 450 of

the sunp 10 201, while the rear surface of the
Frgure %ub-at amewzr%er@efchwshew dthind bemp @o1 os Higuas @, i MhieH part of the

apper valve 215 i unted .t o the
sump 305t FR-6-ank 265 S exeaigd L e 200 REr e paikOAds 501
on erthéuéﬁt‘rcaqaewﬁ paftitibh Svall ulp4 isipkatdd 3pprsintatell hamiay Yet@ben the two
ect an

sdone 5 TS G T a0 S5 R S o v

the surf 20l Mg ¥edoRd tpagtitibh wiall 4030%@@@@%1&1@0&% fifst pamtm)mwail 401.
transition frominverted L%‘?{“ to

The sidayil it sanaifes iticrse b pie Garaie| 1 opp gy gnd are held

betweddathal topl sutfaceaab idhee. bdieahs@facehssoper thetdubiis by 91 plurality of
1pendr cular to rear surface 420 of the sub-tank
brackegsg1

A9 PAPHEMS§AVe 417 is nounted to each of the
partltions 411 (refer to Figure 5) for restrlct|ng
Of | ui d flowvmth n the s

The subrlank Figo S8 ARfike tapgioR g 8 41 dbeGie reraleipiBF i sicgyiaf 5.

521. E@éh @égummwgrmﬂ hiaé § flappeTsihveoth 7t foatragpife fuelbide itk Sub-tank
can e use
223.

Figure 6 is another cut-away perspective view of a portion of the sump of Figure 4 in
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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15Figure 5 is a cut-away perspective view of the sunp
201 of Figure 4, in which part of the sunp 201 and
the sub-tank 223 are exposed. The sunp 201 has a pair
of sidewalls 501 on eitheriend. The first partition

The mdUlari§0d ke bpaahesicaRPi Ayl Fairjoypdrakll Waithdae looRRrorhiBiag the
two sidewal | s 501. The first partition wall 401 has a

operatipnal cagpbility of he&r3’h restrict fluid flow within the
sunp 201. The second partition wall 403 is

perpendicular to the first partition wall 401. 20 The
1t will 86 conpprEea Y Aneere SIIPS (ih Bae 13t {15 TARrodD velptions. andlor

modifidAbad kRl bbnARCH thé PRIseaAvaition AelsHobe inaeRpbéific EMBodiments
. surface 440 and the botton1§ugface 430 of thg iynp.q¥
withoub, dgpaying iffn d1e SPIREIESSOBY £ 18 aNVEREOH Agriugadly Hescribed. The
presenl BfbSHndnNkreattiepelbRS b abhsiddre® @l &l tdspactyad bs illkidtkative and
that are parallel to the sidewalls 519, 25521. Each
not resyitve¢ j on wal | 411 has a flapper valve 417 for
trappi ng fuel inside the sub-tank 223. Figure 6 is
anot her cut-away perspective view of a portion of the
sunmp of Figure 4 in which the top surface 440 and the
bottom surface 430 of the sunp 201 are renoved to
30show the positioning of the partitions 401 and 403.
Enbodi nents of the present invention use both punping
and bl eed air pressurization to increase the
efficiency of snoke generation. 35Furthernore, since
enbodi nents of the invention use sinple flapper
val ves instead of conplicated control systens to
deternmi ne the node of fuel transfer, snoke generation
becones sinple and effective. 11 The nodularity of
the systemallows it to be incorporated w thout
conprom sing the operational capability of the
aircraft. It will be appreciated by a person skilled
in the art that nunerous variations and/or 5
nodi fications may be made to the present invention as
shown in the specific enbodi nents w thout departing
fromthe spirit or scope of the invention as broadly
descri bed. The present enbodi nents are, therefore, to
be considered in all respects to be illustrative and
not restrictive.



10 15 20 25 30 12 Cains: 1. A snoke generation
system for an aircraft conprising: a sunp installed
inside a fuel tank of the aircraft, and : a fuel
punp installed inside the el tank, the fuel punp
- operable_to increase the pressure inside the fuel
tank, wherein when the aircraft is flying in a
normal position, the pressurized fuel fromthe fuel
Claimd:ank |s expel led to gener ate snoke from an engi ne
1 exha t e sun;;é accunul ates .a reserve vol unme of
: @B?HPR‘? ha% 3 Pogﬁ?ﬁiﬁ%e of the sunp,
@rﬂ!lmp lnstalledmgldetaﬁgelfta@{ ofttegaRirgraftfangi ng in an
iafver peth PREkd ofsidd the fueistank ehy dlal mampf odansle to increase the

pressu?eclﬁé’igé"ﬂ%tfﬁ?ltbﬁk ter;er HP IS driven out by bleed air

urlzalonln efuel tank t ener at e snoke
e @ et m YRR asRna Ehae. S RESgaHer duTigipm the fue
tank is syptlledtht@gendraieramokgtieone am engine exhaust, lsad thensurop aeminailates a

reserved@dllihé oPRielah bf dpeniBl @Wiadews szt iof thelsli]niphﬁnd uel
Wh%W tﬁ’é‘gﬂelt ﬁﬁk% rﬂ%g {1 drS m\/Qrté({ BBEM@ e r&é’éﬂléh%uume of fuel

acoumyaied i A SHaR '%QVY%O‘&n@’ Bleeft PEassbRZatian gi dis de! tank to
generatd smokecfoonmthe erggineoexhausthi n t he sunp. 3. The snoke
generation system of claim1l or 2 wherein, the sunp

r edet er ned en '
2. tt]ﬁs %ﬁbehgergﬁra sgﬂ ﬁé&g.ﬁgt an%lté: ntﬂe hsngﬁ%hﬁwas aorng or more
partitiog m@bﬁt%@rw@emetlmt@tﬁg@ cotek fipa whthWrafh'atm Hapgiipn from the
inverted piokiticr tofthd herrsalngositions ebet aattitioh Mallldelving ane or more slots to

prowdehﬂ?fldl EsthhicSEoM witlih e Qfmd he fuel tank. 4. The snoke

generation systemof claim3 wherein, the sunp

conprises: a first flapper valve rmunted to the top
3. Jhef smekeigenprationnystarheoff ¢inigt 1 loaphevhereiny e tispsrapl bas a
predetdrnir@ldl Ovgth, ebadtRtahy hiighD ahtie sunp when the aircraft

b Mié{ﬁt%@ tHenanl;k? is%‘b%htiﬂ@%Hdll@rncompared to the length of the sump

such that a top surface of the sump is substantially below a horizontal centreline of the
fuel tank.

4. The smoke genefation system of claim 3 wherein, the sump comprises:
a first flapper valve mounted to the 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.



13 5. The snoke generation system of claim 4,

further conprising an el ongate and hol | ow sub-t ank
nount ed on the sunp, wherein the sub-tank is in fluid
conmuni cation with the su and the sub-tank has a
smal [ er volunme than the sunmp. 6. The snoke generation
systemof claimb5 wherein, the sub-tank conprises:. a
second fl apper valve nounted on its top surface;

5 9 Mo CeRAbhish4em Hldin 4. Br PéthbrisigPsh ate and hollow
sub-tar{‘lqa\é{ﬁﬂaﬁe%:gm'tq%%g?rg%g\_ﬁ%ﬁ%?t & GubJank i v ng%%m'gt@%t‘?on with the

sump, ghdthe sob-tank bias aramalief edenethanitbe subpt ank to provi de
fluid conmmuni cation with the sunp. 7. The snoke

rati i - Y ;

o PSRBTl PR BB 1 pGER e
iagesPRd fiprrer valya masniadPndis tBREPTRSpi pe of the fuel
pureporamdrea paditipuvalisi pectofpattiion swdlh havikg at thgrdt ftgpper valve for

reﬁﬁc@g%%@“?‘ﬁgﬁi?gﬁ Q{bgtﬁﬁempf bei ng rr?unt ed to an outer

ile Cc . .
e’ ob w0 sidlE: oo 2ot ftetE B0 hE AMIEhR TR, Brovide i
commuringtion With &g 8HMPal ve bei ng operabl e to cl ose when the
aircraft is in the normal position. 8. The snoke

7. %@egﬁ%ké),rbe?] factiSH‘ Qfsteth AL VLT RiktRer WORPridife an interconnect
ajreraftt s [ in the r)tormal P03|t| n, t.he{ eIf

mounte yyihip 4, et ke o Sreatiiect CRaRT g, Ll RIPS Al 1S Tg! pume

and anfauéput pipskofithesbiank| bsiterysurfasefad the inter¢anppetrbeingl peunted to an

outer waill &f &id fowi taek,cerileithélDotsorh setfadd cfthe intertdrmect has a fourth flapper

valve, {h@tféﬂﬁﬁggﬁéﬁr Ja%ﬂé#rh%%ﬁer%le_ttgeclééée\lvhér?fﬁ%l aibchatt 86nf ¥R normal
ank. ) e snoke ge yst

. eration systemof claim®é,

‘positiofyherei n when the aircraft is flying in the inverted

posi tion, the first and second flapper valves
8.  ghe shdkeasbnetdiiohei¥tehd 8PMAIND7 avhedinNBhed the Wicra ik iying in the
nOrmalt&%fﬁ%H% ﬁ.QF%&rHS'is BHQB#&B%%‘&%}%@W&S&%% Mthiﬁgcgé Bel tank

fluel” tank, “dn the trapped tuel |'s expelle _
therebyt (Glosingn the, fourty fiapres yalyst apy %I%@E goptinuous " fuel flow via the
intercopmes$ mgardledd afhe fusl deeltimtheffueltatkank. 10. The snoke

generation systemof claim?7, wherein the density of

ke nerati.on_can b t [ arion of . .

0 ?ﬁ‘é%&%%ﬁ?@%ﬂﬁgﬁ B0 BB, Bsfe e Byt g in the

inverteg pogjijort esi zi ng an orifice inside the interconnect.

e firhand se&mhdgfappeataloss agestlesady therklay traphing anohire of fuel

~ within tR@¥pSi Ng: a first fluid pipe connecting the fuel

ue%elag?udmpt) rhuenslvat %{j grggseu?itz’ing the fuel tank, and 7

the trapped fuel is expelled through the engine exhaust by bleed air pressurization

inside the fuel tank. ’

10. The smoke generation system of claim 7, 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.

11. The smoke generation system of claim 7, 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 fuel
from the fuel tank is spouted out through an exhaust at the distal end of the third fluid pipe.



a second fluid pipe connecting the sub-tank and the
i nterconnect, and - a third fluid pipe
~connecting the interconnect to a shut-off valve,
wherein the fuel fromthe g el tank is spouted out
t hrough an exhaust at the distal end of the third
fluid pipe. 14 12. The snoke generation system of
claim 11, wherein the opening and cl osing of t he

létsaln%r}%r bMfioA 95’[&@%%%% ﬁo%él%léﬂ ﬁgn Lo %'rr}]lj%‘osg{?yof the
Sh”t ol%)yév%gretrﬁg]o %@groﬂﬁd EY ﬁlgﬂ%tc’faﬁl?e?'%qr?ﬁthe fuel tank is

a centerline drop tank. 14. An aircraft conprising a
13. Cﬁ?ﬁts@ﬁdkkal’g%ndfaﬂﬁn bpikmi gl ehyi 8ha of the eredsaleg eme@tdrein the fuel

\ ne of claims 1 to 12. 15. A sunp for.
tank'S%éh%nmsn% rS‘S 5%“3@ tank of an aircraft to generate

snoke from an engi ne exhaust, ‘wherein a fuel punp is
14.  iAms it decanmmisthg & heenterthe tdmmtarﬂm'@cmdmg thengmoke generation
systemgngghgofga;n@{@aﬁ_e the pressure inside the fuel

wher ei n: when the aircraft is flying in

a nor mal position, the pressurl zed fuel fromthe fuel
15.  aslmp OraiRpdnsidas? fus! ferfanalrkio gansAtasmeNkg frAw an engine
exhaust xlleersin, a fuetl ptine is ingalleddosidd thiedsclaianie Sbe Wl wahmpnapedble to
increaseRb p?’és@ur%rlné?(ﬂ@fﬁerfgel%h@v%@\@rﬁ surface Of the sunp,

R .

Sien e aircfas Muld o @ GarmlsfBSabch 1k BlbskbEHEd from Lhg e
tank is eppeliedip gpReraie srepkediiem B anoeEXERYStRNCSEE SUBRECEHMHIRtes a
reservd fgurhe ef fuehvik ah @pgRing oatelowankefdoe ofthesampngnde

QHRAURe fuetBrand N RUZR vaeﬁé ﬂBsgﬂén ‘M@W@éé}vé heI e Tof fuel

0 nore partiti o con
accumilategion o G (E SHUGH DACLDIEER A PRSI Rors Aol T thnk to
generatg gnokenfeom itheeengite @dwiust. on to the normal position,

each partition wall having one or nore slots to

16. H'rhgvéuprﬁ) di! clljénq ?Wmmi@ﬂ%’é mﬁﬂn%&@bﬁ% Bpﬁ]oﬁéﬁy’tltlor#xaﬂls-rlja%rowde

contlnugy gggleePFﬂ fﬂfgﬂwpgﬂélfq]a:rg@gé%pﬁr%ajlo[q g n‘ﬁxe '5\‘1%%% position to the
normaltpoeitibe egich paftitivh evad inagingoneds snaia siotd ﬂowrgm fligd communication
W,th,ntﬁ@gp,a,bed to the Iength of the sunp such that a top
surface of the sunp is substantially below a
hori zontal centreline of the fuel tank. 18. The. s

17.  Jhegugimph daimyi g i 16, therain dpe @Hﬁ‘ﬁrh%’g@ a predetermmednlgngth
breadth and height, and

the height of the sump is substantially smaller compared to the length of the sump
such that a top surface of the sump is substantially below a horizontal centreline of the

fuel tank.

18. The sump of claim 17, wherein the sump comprises:



15 a first flapper valve nounted to the top
surface of the sunp, the first flapper valve operable
" to allow fuel entry into the sunmp when the aircraft
is flying in the nornal i tion. 19. The sunp of
claim 18, further conprisi E an el ongate and hol | ow
sub-tank nmounted on a rear edge of the sunp, wherein
the sub-tank is in fluid comuni cation mﬁth t he sunp,

ﬂsﬁ.ﬁ%pﬁ" paltrgﬁ'}ﬁ P%ﬁ 18 1@@\%%3}5@5 tﬁéqt?rstsﬁﬁﬂﬂer valve
operabig,igAliowddel egntrg Eve He %”%Pp‘ﬁ'e‘?” §|6\féfa|%%ﬂ¥'%'“&ﬁe ppEngl pgsition.

, sur face; one or nore partition walls, each
19.  PiHel dunkPéF (Mﬁl'n' 18) AMtHRE cdmbridingl ah leRPpSte amal heflol @Ub-tank mounted
ona reoaﬁ%tdé'e %?nt) umpo V\(;literé g %eb\?&hhtaﬂk ﬁshﬂ fﬁ@cgr@ﬂpmcﬁ%ﬂ with trt]tle sump,

and the eutpta@nhaeafﬂmﬂilar\t%wmﬁtnaeét%wnwth the sunp. 21.
The sunp of claim 20, further conprising an

20.  17THe& %m%uﬂh%l%eghﬂtéﬂR%oﬂhﬁEeé ank, the
mtercgﬂnect connect out B‘g?fﬁpl pe of the fuel

&ﬁﬁ?oﬁ a%’r?roﬁlt’%m Eeﬁje tPHg tank, the top
Snef eicmogs pertiion rwalisc 6ask partiien nkplnBavite @ thydalianpgt apive for

restructmlflulmﬁow Withih ted subatakk; anki | e t he bottom surface of
tol?l@ 'oﬂ @BFeorHtﬁgt o' a3 g%lo%”éﬁtfacleagp%e Vﬁ.tb\lt%nktfbe pr?vrllde fluid

er val ve ng operab e to close

Comm‘ﬁt'qac'P%f"tt E\EEP?LH”Q he normal position. 22. The sunp of
claim 21 wherein, when the aircraft is flying in the

21. mrmjm;po&dauﬁmo filihet UBMpASIAP ahSnte@hAdltenduntad @akie the fuel
tank, ttfe i e?&n%tegts%%gctwrgtéw (’Tﬁhtﬁﬁtg; dé‘&' tpéﬂ@f Erhgra%%ncd ’E%e of the

s ) LSt S Ve LSt ed T 57 e A e,

while thebettomrsurfaes blitile intenéannea:. hasha feurtinpflappec valiven the fourth flapper

valve AR dPefai R ciddeaniadn 1hE afrkraktSs inl el ddiriohnvert ed
posi tion, the first and second fl apper val ves are

cl osed, thereb trap %avolume of fuel within
2. Jhepuniel daie 2 p‘Hh?fet"u ewﬂt%tﬁrafbrsé‘ywr'nzh%aom bosition, the
fuel puinpels ¢penible dodreate a higheréssappeithinubé fuse tempéidralsy closing the
fourth AdMpBHGAlvd BEd SREHIAG conthasss Ry ndk Qi%('thé‘ﬁrﬂerconnect regardless of the
fuel | V%El %6\%@1‘9@? l(on I nSide the fuel tank 24. The sunp of
vel leve Mt he densi ty of snoke generatl on can be

controlled by
23. The sump of claim 20, wherein when the aircraft is: flylng 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.

T 24, The sump of 21, 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.



variation of the pressure inside the fuel tank by the
fuel punp, or by resizing an orifice inside the
interconnect. 16 25. The sunp of claim 21, further
conprising: a first fluid épe connecting the fue
punp and the interconnect, second fluid pipe
connecting the sub-tank and the interconnect, and
athird fluid pipe connecting the interconnect to a

25, ,s[tp]g,’tsu %ofﬁ.%%%&?ﬁé%ﬁnﬁﬁ%@?a fromthe fuel tank

is_'s a at the distal end
Srirgt{luiq Bipe gopneriag Bisgue! pusy ang e NeRGOeCE| i m 25,

whesrcendh fluid @ipspeminadiingribe sulbtinkgnd fthe interedmmeciopind val ve
o Birl SNRE Bib¥ ©AREdtRAGItRE iM¥rcandtdct & aGhut-bE valve ChBérein the fuel
_from th%%ue!;gl}gﬁ ig lég&lg&fi ﬁm‘ro?lﬁﬁ éaﬁlexﬁjcn?é réqsthtl-)% gt% e%g é)ém%etﬁ% fuid pipe.

IS a ce rop t
aircraft conprising a centerline drop tank including
26. {The swnppobElaiangsomkesrein tbe aipesing Bint i@ty edthe Ahokeofhealve are

remote§f confrBIfE BPABIIGIdr 2 difar@n ai rcraft conprising the
steps of: ‘providing a sunp inside a fuel tank of the

aircraft, providing a fuel nP inside th
27, fThe|supn®, ath%'efQiéla"B%lﬁﬁtQ)B@r‘ﬁ'Bﬁr@'“the Faé\&é%atCﬁetef"ne drop
tank. pressure inside the fuel tank, accunul ating a

reserve volune of fuel in the sunp via an opening on

| f f ot d Ll ing th
25 Ao Qi50n Zoweiee  FORRORS FoLIo KPR OYRY JBR e P A of

claims i ¢mP@n engi ne exhaust when the aircraft is flying in

a normal position, and driving out the reserve
20 YORUIBQK SRS gBGHS @F Sﬁjafr&aﬁ BEmpk e air
pressuri zati on gen rate snDke

fpf‘?i’ Rha SEW@”PI%"%? E"’l” \%QT? Ef'f?éa i rcr aft is flying
iproviding m\feeltpechppioside it fuel tank, the fuel pump operable to increase the

pressure inside the fuel tank,

accumulating a reserve volume of fuel in the sump via an openihg on a lower
surface of the sump and expelling the pressurized fuel from the fuel tank to generate
smoke from an engine exhaust when the aircraft is flying in a normal position, and

driving out the reserve volume of fuel accumulated in the sump by bleed air
pressurization in the fuel tank to generate smoke from the engine exhaust when the
aircraft is flying in an inverted position.



A Snoke Generation System And Met hod For An Aircraft
ABSTRACT A snoke generation system and nethod for an
aircraft are disclosed. The snoke generati on system
conprise: a sunp installedi7nside a fuel tank of the
aircraft, wherein when the aircraft is in a nornal
position, fuel fromthe fuel tank_is expelled to
ger%?%eﬁﬁﬂ@éatf?'bﬁyﬁtﬁ"bﬁﬁgr%etgﬁﬂg%ﬁn éﬁ‘a’aﬁhe sunp
accurmul ates fuel, and when the fuel tank is in an

inverted position, the | ated fuel fromthe sunp
is expelled to gener at%@éﬁ%&%ﬂ romthe engine

exhaust. Figure 3

A smoke generation system and method for an aircraff are disclosed. The smoke
generation system comprise: a sump installed inside a fuel tank of the aircraft,
wherein when the aircraft 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 generéte smoke from the engine exhaust.

Figure 3



