1 Apparatus And Method For Measuring Static Pressure In An Aircraft FIELD OF INVENTION The
invention relates broadly to an apparatus and method for measuring static pressure in an aircraft. In
particular, the invention relates to an apparatus and method for measuring static pressure in an aircraft
utilising vertical take-off and landing (VTOL) as well as fixed-wing aircraft. BACKGROUND 10
Accurate static pressure measurements are important for maneuvering an aircraft. Figure 1 is a
schematic block diagram of a conventional pitot-static system 100 of an aircraft. The pitot-static
system 100 gendvapgrasusidmcbMeibiest Fardvieos usintiitasir Pregs aredpitot-Atatisfinstruments 103,
105, 107. 15An altimeter 107 measures the height of the aircraft with respect to a fixed reference level. -
A vertical sp ’_e %egas r 105 measures the rate of accent or descent of the aircraft. The altimeter 107
and the vert é%ﬁf) HE’&F&P%S are operated by the aircraft's 20 static pressure system
comprising & statiovpotivhOareb aradigiin ase statipaoutes 3id. :ﬁbﬂxwﬁi@rmﬁa&%‘g aftsipening on

the exterlor rgraft fo ng the static pressure i.e. the os heric pressure at an altitude at
which the algc‘rge%§J géflilﬁ‘nér]: ig@t@‘ pc?r?i II|srp o%gnlgv o nmlgun?ed o%n gqﬁ%rﬁg%%lﬁagof an
aircraft and [5&ted Wcﬁ%ﬂ'%ﬁs@éﬁsérﬂ%%@aﬁsm‘u@m@ﬂsur@ﬁma resatinallyaRGooftiisturbed area.

An airspeed;iiipatortOB)meariras fhedwnamisdpggssure of the air through which the aircratft is flying.
The airspeed indicator 103 is operated by the aircraft's static and pitot pressure system. The pitot

pressure system consists of a pitot tube 101 for 30 measuring the dynamic pressure.
BACKGROUND

10 Accurate static pressure measurements are important for maneuvering an aircraft.
Figure 1 is a schematic block diagram of a conventional pitoi-static system 100 of an
aircraft. The pitot-static system 100 generaliy consists of a pitot tube 101, a static
port 10SG, and pitot-static instruments 103, 105, 107.

15 An altimeter 107 measures the height of the aircraft with respect to a fixed reference
level. A vertical speed indicator 105 measures the rate of accent or descent of the
alrcraft.

The altimeter 107 and the vertical speed indicator 105 are operated by the aircraft's
20  static pressure system comprising a static port 109 and an aliernate static source

111. The static port 109 is an opening on the exterior of the aircraft for sensing the

static pressure i.e. the atmospheric pressure at an altitude at which the aircraft is

fiying. The static port 109 is often a flush-mounted hole on the fuselage of an aircraft

and located such that it can sense the local static pressure in a reiatively
25 undisturbed area.

An airspeed indicator 103 measures the dynamic pressure of the air through which
the aircraft is flying. The airspeed indicator 103 is operated by the aircraft's static

and pitot pressure system. The pitot pressure system consists of a pitot tube 101 for
30 measuring the dynamic pressure.

Figures 2a, 2b, 2¢ are sketches of conventional devices used in the pitot-static
system 100. Figure 2a is a simple pitot tube 201 with an opening 203 for admitting



2 air for dynamic pressure measurement. Figure 2b is a static source 205 comprising an opening 207
for allowing static air flow. Figure 2c is a pitot-static tube comprising an opening 211 for allowing
dynamic air flow and another opening 213 for allowing static air flow. Figure 3 is a perspective view of
a conventional fixed wing unmanned aerial vehicte (UAV) 300 and Figure 4 is a perspective view of a
flight control computer (FCC) board 407 used in the UAV of Figure 3. Figure 3 shows a pitot tube 305
attached toP4 AR BressuwimE38rame o Ripote d s ke sty itasuorBseEEs KL SRRSRIGA01 10
(Figure 4) @it - I@ : 407 ] edded to th LLgdle segment of the
fuselage 301.%{?:%%%@%{&@%! é 1 @%%gés%ﬁgﬁggﬁﬁ %?g%a%%%;g seUFg'Eé]H%P 403 located
on the FCEBSRN IS AL! dBTcAllo Wi S Xnaitmaisfnerrngrassther uBeming @ S phosestive view of
a conventietaiid-ainfiaw. VTOL UAV 500. The FCC board 407 is integrated into the middle segment of
the upper fuselage 501 sitting on a circular shroud 503. Unlike the conventional fixed-wing UAV 300,
static pressure measurements are influenced by propeller down-wash 510. The propeller down-wash
510 is unstEldEeYdh aparsepriemvitrotie settiventinal fosdlwstatinprassstedfamesssements
fluctuate evepet adixes iy tisude ' ine:gperating. at a_ constant RPM. F(Ei auses the
aerial vehié%e 5@850 ég resonaft%ila@f %s%pag[%‘\tf%geﬁzﬂlgg]h? l%%ié %g]e%{ ni]ecr?gﬁrclﬁs EncbUfte § (é\(i/en when the
aerial vehid8BBF Y HEGEH R AN S aaiRohhEHBrsHaNs ariddnbaathaitithatis
phenomenenicdsingezigs vikewihe 306 anchengR:tteanglend aliagk (AsRLanheading diggction. During

flight, the aj spre s, sli iffer t diffe positions around the exterior of an aircraft. There
is no g{):sit?g)a@)ﬁ%h %ﬁé%(%?agnogﬂqs%&? a?\bv%i%eég%f@oﬂlr st ERaedieth e middie, is identical

to the atmd¥HBRR Sfebsuinssiatre Hifiudioce thbithsthagairatdftisrityingprEksucliffiereape im pressure
causes an e ipradstie aliitusle dndiqatartandhealiimeter, 197 a9 the giisheed.indicated on the

airspeed indjcator 103. This error is known as position error. Position errors’in a plpost?s atic system can
be exiremefy 0R gf&%r?gstﬁ%ﬂight of the aircraft 3 As explained above, position errors can be
caused when the static pressure of an aircraft is different from the free-stream pressure remote to the

aircraft; Theref itis criti ition the static port in sitian where the local air pressure in
flight is alwg‘ysst% e?J:E\ .%%%Pe%é{s?\é%c}éﬁgrﬁé?e ??3%6{}%3 %?}cﬁagﬁ?@ésw&ﬁi‘e%ys% pB%F types
namely "fixBeBERr 8P iniewaiRmbiate i nidieseament afdferngredhatsategepsaifisiing particular make

of an aircraét.cv@jiéfb&u@ﬂ@r§c@t%ﬁﬂt§%@>&&%ﬂ&ﬁ%h£@%¥%&%§“@;§\ﬂ%BH”%?&':B""?S&%JPM may
C

obstruct the flow of air, or situatjons which may overstress an aircraft. Position errors ma?/ be positive

or negative Faparaing B FCIILCRERS B¥ RARRIS SPHNevATtAdR: Stne aransitpit devteleration,
aircraft corfrgaraiithisantieathessaseatfhadiosipie s rogiersdawawash: rElgre deathus-asaged to provide
an apparatys.angtaneihdc fs, measyLing siafic gressure in an aircraft that seek to address one or more
of the above diSadvaniages. SUMI\/%E%t 14 ﬁymg B B WIth engine operating at a \

constant RPM. This causes the aerial vehicle 500 to resonate a iis operating height.

This phenomenon is encountered even when the aerial vehicie 500 is hovering in a

gusty environment or moving at a constant height. This phenomenon aiso occurs

when there is a ohan'ge in angle of attack (AoA) or neading direction.

During fiight, the air pressure is slightly different at different positions around the
exterior of an aircraft. There is no position on the exterior of an aircraft at which the
air pressure, for all angles of attack, is identical to the atmospheric pressure at the
altitude at which the aircraft is flying. The difference in pressure causes an efror in
30 the aliitude indicated on the alfimeter 107, and the airspeed indicated on the
airspeed indicator 103. This error is known as position error. Position errors in a

pitot-static system can be exiremely dangerous to the fhight of the aircraft.



In one aspect of the present invention, there is provided a system for measuring static pressure of an
aircraft comprising: a plurality of static ports mounted on the fuselage of the aircraft, wherein outputs of
each of the static ports are connected to a pressure stabilizer, and the pressure stabilizer is operable
to provide average pressure from the plurality of the static ports to a static pressure sensor located on
a flight control computer (FCC?# board of the aircraft, and wherein each of the static port comprises a

static PSrEVRARBLDRPMENFOs e AT 8P ePant 8 hER 1B Hf'a MErsaYIR IRl AYSABE
adaptafffenethtainenivhedreaioparplessitie therseaptaalezivehefte Ththefyaly e aapriscapesglasition

regulate. static pressur. ing into the flizer C e i indrical head
o o e B B e e T T 8 B
insertéerMets Ham SiyAKEAR of the payload adaptor. 4 The receptacle may have a through-hole and
comprises an annular head with sharp edges, and a truncated conical base connected by recessed
portio%s, V%zherein the an ulagl; eagyis operab}e,t receive the valve cap. The CQnLcaI ase may have a
000 URGEHST FOFYRISAACTS FeS L RS el e TSI o s G4 9P dUtS: S1eFe-Leatic port
valve &grtite ihplarsf sheciiattiliagrarticiiy veate chpmagigrefimyritabie substaatatiyfimdhzacieithel

substantially, shasm sdursolorndamlingtcahshalbaharein theresenacs sonrsablgitengiye the

shaft of the valve cap. The inner surface of the valve cap head and the shaft may have a plurality of
chann@/ETHHERIRAR ARGl wherein said channels are operable to control the static 15 pressure input.
The channels may be spaced at 120. The pressure stabilizer may comprise a pressure reservoir for

rece'VﬁE%,r'ﬁ%'%RB‘?ﬁHé? %8’}3&2?@"5@%%8&%%%@88&8% VS AN %EESHFQE'%E% xalye pgaitigned at
the base pressure reservoir for directing the average static pressure output to the 20 static pressure
sensofligsktetirsitthwaieht . aselpidigsuraiieséres g tivaveaccitinoricasr f, AeisrrieEdraiPannular
cap, thivwmetssurface of the cylindrical wall and the outer surface of the cap having screw- threads
whereby an enclosed space is formed when the cap is fitted onto the 25pressure reservoir. The
pressure reservoir may comprise a plurality of inlet ports communicating with a corresponding static
port vdlverewhdhein zhesiedetoppieyidecam apnaratadiary meited éjuakdistbingsaticranstee saréace of

the Wallrcraft that seek to address one or more of the above disadvantages.

SUMMARY

In one aspect of the present invention, there is provided a system for measuring static pressure
of an aircraft comprising: a plurality of static ports mounted on the fuselage of the aircraft,
wherein outputs of each of the static ports are connected to a pressure stabilizer, and the
pressure stabilizer is operable to provide average pressure from the plurality of the static ports fo
a static pressure sensor located on a flight control computer (FCC) board of the aircraft, and
wherein each of the siatic port comprises a static port valve comprising: a receptacle operable to
be inserted into a through-hole of payload adaptor; and a valve cap co-operable with the
receptacle, wherein the valve cap is operable fo regulate static pressure eniering into the

stabilizer,

The receptacle may comprise a cylindrical head and a base, the base comprising a through-hole
along its length, wherein the base is operable to be inserted into a through-hole of the payload

adaptor.



30 The inlet port may comprise a base and an arm, the arm comprising a truncated conical head
connected by a recessed portion, wherein the head has a 90 undercut for receiving and gripping a
flexible tube connecting a respective static port valve. 5 The base of the inlet port head may comprise
internal screw-thread for receiving corresponding screw-thread on the recessed portion of the arm.
The base of the pressure reservoir may have a through-hole for receiving the accumulator valve. The
accumulator valve may have a through-hole along its length, the accumulator valve comprising an

annular heas, ] jacent to the head the shaft has a threaded portion, a
recessed pﬁ?r%%ﬁ%%&%@gg %lgr?ffgr aé@c’%ra;'r’?geﬁwa SRR A0IBTNET MRPHdhI S aR:

terminating 8RR%e B AeeAiad pRMisehsesecunnBER! Hyarecdisedyateion ayterthetreomprisean

adaptor bargaﬁm@ssﬁi@ﬁng55&959@@{@3@;@@@;@@%@53590; and a fastener for locking the assembly
of pressure reservoir, the accumulator valve and the adaptor bar. The adaptor bar may comprise a

througha-hole on either side for mounting the pressure stabilizer to the FCC board; a through-hole at
the center fihrecaiviry tasspress teveasSfoimascktiteaogtirpiHgtamedve: TR agaatsikas may have a

recessed paqyi -C i i ed emboss on the outer surface of the base of the
pressure rei%%‘é%r%%%%%%’%é@? Q’?\%ﬁ‘%fﬁqga X @&%F&?Wﬁ.ﬁﬁ?é@&‘ﬁ%w be

capable of vertical take-off and landing (VTOL). The aircraft may be a FanTail VTOL UAV. The

payload adaprervaiey bairiggeiiibe @%&%ﬁﬂxtmi@%ﬁ%ﬁ@ﬂ%@?&ﬁ%{%@“@?, there is
provid% a method fprﬁ%iség‘ri g static pressure of an aircraft comprising: mounting a ;ﬁurality of static

ports on the TUS&Iage MG iFRFENESR SR aieriorare v dtie sbaft ehthepressure
stabilizer, pnavigingraverage pressure from the plurality of the static ports to a static pressure sensor
located on a flight control computer (FCC) board of the aircraft, providing a static port valve for each of
the static part, inserting a receptacle into a through-hole of payload adaptor, and providing a valve cap
to the recepld8e'tBRTelifaR PEiige Yresare diratingnintththeratibitiaer h#/8RIFFLBESGRIPTION OF

THE DRAWhEBeisTthadite miatefidnainyrai qaiw g Rerel-udersingd.Anshieadily ggparent to one

15 pressure input. The channels may be spaced at 120°.

The pressure stabilizer may comprise a pressure reservoir for raceiving siatic

pressure from the plurality of static port valve: and an accumulator vaive positioned

at the base pressure reservoir for directing the average static pressure output to the
20 static pressure sensor located on the FCC.

The pressure reservoir may have a cyiindrical wall, & base and an annuiar cap, the
inner surface of the cylindrical walt and the outer surface of the cap having screw-

threads whereby an enciosed space is formed when the cap is fitted onto the
25 pressure resernoir.

The pressure reservoir may comprise a piurality of iniet pors communicating with a
corresponding stafic port valve, wherein the inlet ports are mounted radially and at
equal distance on the outer surface of the wall.

30
The inlet port may comprise a base and an arm, the arm comprising a truncated
conical head connected by a recessed portion, wherein the nead has z 90° undercut

for receiving and gripping a fiexible tube connecting a respective static port vaive.



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 schematic block diagram of a conventional
pitot-static system of an aircraft; Figure 2a is a sketch of a conventional pitot tube; Figure 2b is a
sketch of a conventional static source; Figure2c is;a sketch of a conventional pitot-static tube;
10Figure 3 is a perspective view of a conventional fixed wing UAV; Figure 4 is a perspective view
of a flighe R8N dbmplrE PRECTERE GaRY HRBRISSFIYEFER SEIgUr PRI AP SRGSBERTCITERFRITEING

conveptienalifresnd o W& dcddBd portiorFiguse ris.a perspective view of the FanTail VTOL UAV of
Figure 5 with a 15static pressure stabilizer assembly in accordance with an embodiment of the present

inventor; Figure 7a is a perspective view of the static pressure stabilizer assembly_of Figure 6

integrdtieel bags idRQCeasodeIkeservoir mayigane 2hiscagersie ftivisviduing thecarnpletsitatielyressure
stabilizgpsyiem 400k NAWE 6ndyonseds is tisRgHewiof tishstatic rigaauTe StaRiizal assemily of

Figure 6; Figure 9a is an exploded perspective view of a static port valve in accordance with an

embodPHERESIAIRD FYaRdAT iRAshoRgi! @ hollowshafh whsgeln digsertive BB TERHMhE of the
static ffodadel eafidbFagwres9aed poRigurest istamatiied perspalchivse\Viewrakaing ss@axikedtgtatic port

valve mé: fﬁ?ﬁﬂegf'&be terminating above the static pressure sensor on the FCC board.

The system may further comprise  an adaptor bar for positioning the pressure stabilizer to the
FCC; and a fastener for locking the assembly of pressure reservoir, the accumulator valve and

the adaptor bar.

The adaptor bar may comprise a through-hole on either side for mounting the pressure stabilizer
to the FCC board; a through-hole at the center for receiving the pressure reservoir and the

accumulator valve.

The adapter bar may have a recessed portion for co-operating with an oval shaped emboss on

the outer surface of the base of the pressure reservoir.

The aircraft may be an unmanned aerial vehicle (UAV). The aircraft may be capable of vertical
take-off and landing (VTOL). The aircraft may be a FanTail VTOL UAV. The payload adaptor
may be integral to the fuselage.

in another aspect of the present invention, there is provided a method for measuring static
pressure of an aircraft comprising: mounting a plurality of static ports on the fuselage of the
aircraft, connecting the outputs of each of the static ports fo a pressure stabilizer, providing
average pressure from the plurality of the static poris to a static pressure sensor located on a
flight control computer (FCC) board of the aircraft, providing a static port valve for each of the
static port, inserting a receptacle into a through-hole of payload adaptor, and providing a valve

cap to the receptacle for regulating static pressure entering into the stabilizer.



Figure 10a is a perspective view of a pressure reservoir assembly ir_1 accord_ance with an embodlmer_lt
of the present invention; 30Figure 10b is an exploded perspective view of Flgure_loa; Figure 11 is
an exploded perspective view of a pressure reservoir and an qdaptor bar_ used Figures 10a and 1.0b. 7
Figure 12a is a perspective view of the pressure rgservoir o_f Figure 11 with an accumulator val\{e,
Figure 12b is a sectional view of the pressure reservoir of Figure 12a; Figure 13 is a front view of

Figure 7 to Hrstripshe #mrrblres: SHpamuigasaircraft moves vertically; Fi_gure 14 is another
front view o%{i}?ure 7 to illustrate the flow of free-stream when an aircraft moves horizontally;
TSR

Figure 15 is 05 L NS RReR Wb P BetisiuniRtaRE 38 UResH oRPRRIGT o adeadaptor:

10Figure 1®isoedgrarysskeciiotind urevrah the stitoprtwalun sebieprshinlonip! Srassierm;

Figure 17a 5“8/""5119%‘8& [0l p]t 'Hﬁz%gs'p the ai.rcra}}ﬁ! f Figure 5 the without a static pressure
’ F gt'ﬂe ?9% s?g |

stabilizer; and | OWS actua nﬁ?osfs'%%’ d using the aircraft of Figure 5 with the
15static pressure St@ifizeisat 66hgimgtio binckniiaadament afctrevpreisent pitesstintt. SEEAIGED
DESCRIPTHaMifzrahodiments of the present invention provide a plurality of static port valves
Figure 2a is a sketch of a conventionai pitot tube:
Figure 2b is a sketch of a conventional static source:
Figure 2¢ is a sketch of a conventional pitot-static tube:
10 Figure 3 is a perspective view of a conventional fixed wing UAV:
Figure 4 is a perspective view of a flight controf computer (FCC) board used
in Figure 3;
Figure 5 is a perspective view of a conventional FanTail VTOL UAV,
rigure 6 is a perspective view of the FanTail VTOL UAV of Figure 5 with a
15 static pressure stabilizer assembly in accordance with an embodiment of the present

invention:

Figure 7a is a perspective view of the static pressure stabilizer assembiy_of
Figure & integrated into the FCC module;

‘Figure 7b is a perspective view of a complete static pressure stabilizer system
20 of Figure €;
Figure 8 is a top view of the static pressure stabilizer assembly of Figure 6;
Figure 8a is an exploded perspective view of a static port vaive in accordénce
with an embodiment of the present invention: |

Figure 8b is & perspective view of the components of the static port vaive of
25 Figure 8g;
Figure 8c is another perspective view of an assembied static pori vaive of
Figure &,
Figure 10a is a perspective view of a pressure reservoir assembly in
accordance with an embodiment of the present invention:
30 Figuré 10b Is an expioded perspective view of Figure 10a;

Figure 11 is an exploded perspective view of a pressure reservoir and an
adaptor bar used Figures 10a and 10b.



positioned on the fuselage of an aircraft so that an average pressure is measured for 20 improving the
accuracy during specific flight maneuvers. The static port valves advantageously assist in collecting
localized static pressure at respective positions on the fuselage while minimizing errors. The output of
the static port valves are connected to a static pressure stabilizer, which accumulates all the local
static pressure. Any differential pressure reading will be balanced within an enclosed 25space of the

static stabilizer togarnebae ayRiRBERIRSAIEJOIRSHISINE SRR RBNSatlRfated pmths FCC board
through a ﬂeXibleér%t%f%H I%mbodiments of the present invention provide a system for measuring static
[

pressure in 3G 8<¥Séndent of airspeed, aircraft weight, acceleration, angle 300f attack (AoA),
rotor downwash oripeadidp direceotiond! Kimbadime piess e rpsesent si@gtieniganimize position errors
by eliminating fixeg| g[rors;ise- Lalilial g]ag%mglylg al | pating that.all identical models of an
aircraft will have thegqérame calibration %%tor. Embodéjméjrgttg%%t %ﬁ%@%ﬁ%ﬂ%ﬁ/éﬁﬁgw gf%%/?de a system
for measuriff dtfrRiRNeE¥amizaban minimize position errors by eliminating variable errors to a

tolerable value byrseslugingzsiaticpatnateasanirroseIIR.stahliaar foWhe edstingstatic pressure
sensor. 10Embodime.ntsq$; thg{lé)%gsent invention provide a system for measuring static pressure that
|

can be depl‘g{/‘ga it BEH FHKEE: OaUF&[EﬁJ and helicopters. Embodiments of the present invention
provide a system fogureedSusirgrstdatic pressseetitrat! hasithe flexiiiiiy toheradapteddea fuselage of
any profile. 4p 5‘?{%@%}%9“ the present invention provide a system for measuring static pressure
that can be integrated into any preferred location on the aircraft. =~ Embodiments of the present

inventibh provide &8y&elf DA RSSHRTGNRNKOY BiEsustativar st yalistabliseiethipStani@pressure

sensor free stream;
Figure 17a shows aciuai piots obtained using the aircraft of Figure 5 the
without a static pressure stabilizer; and
Figure 17b shows actual plots obtained using the aircraft of Figure 5 with the
15 static pressure stabilizer according tc an embodiment of the present invention.

DETAILED DESCRIPTION
Embodiments of the present invention provide a plurality of static port valves
positioned on the fuselage of an aircraft so that an average pressure is measured for
20 improving the accuracy during specific flight maneuvers. The static port vaives
advantageously assist in collecting localized static pressure at respeciive positions
on the fuselage white minimizing errors. The output of the static pori valves are
connected to a static pressure stabifizer, which accumulates all the iocal stafic
pressure. Any differential pressure reading will be balanced within an enciosed
25 space of the static stabilizer to channel the average pressure to a static pressure
~ sensor iocated on the FCC board through a fiexible tube

Embodiments of the present invention provide a system for measuring stafic
pressure in an aircraft independent of airspeed, aircraft weight, acceleration, angle
30 of attack (AoA), rotor downwash or heading direction.



Figure 6 is a perspective view of the FanTail VTOL UAV of Figure 5 including a static pressure
stabilizer system 700 (refer Figure 7b) in accordance with an embodiment of the present invention. 25
The static pressure stabilizer system 700 is integral with the circular shroud 503 and is mounted
co-axially to the middle section of the upper fuselgge 501. The static pressure stabilizer system 700 is
integrated to the payload adaptor 605. The payload adaptor 605 has a plurality of through-holes for
receiving a EespeiifvensiaicRopr3oualvevealar PifaHRS p&liuseaes-5Q) Shwiaghgtatcport valves
601, and a Bresgure res! % 1'rr1 701. The gstaéic ag)ort valves 601 are connected to the pressure reservoir
by flexible ttbes 703. Fhe pregsﬁ?gmelg NGiY dﬁl‘?g%&nﬂaﬁ%éf‘ﬁ% laliEeid BIvSRlS BF BUr inlet ports
705 that ar@iroifhvel radiding sahatcabivrstidistante.on the surface of the cylindrical wall 5 707. Each
inlet port 705 is adapted to receive one end of a respective flexible tube 703. The other end of each
flexible tube 703 is connected to a respective static port valve 601 so that the static port valve 601 and
the pressureTRANHAtE0 PlatBsn AIGRERbNTMEMIBRIRTOTRR Sretiipgrdoervasasuing ststembodiment
has four stagieganeyahe st L miragapissdram’ Bediariy SepmRalAY heiRsRSSUSEeseryoir 701, and
10 pillars 7@&&%60}’5%9%5% moqrqgrtq%é)ress%lr.e reservoi&?Ol to the FCC board 407. Figure 7b is a
perspective View of a compibte Setie e SRR SRIBIVANGSANE M PHBSeEm pHeRilERsuIRsEIE of static
port valves 89siif@esiBis siEssH®IBessp03 connected to a pressure reservoir 701 that is rigidly mounted
onto an adaptor bar 750. 15 Figure 8 is a top view of the static pressure stabilizer assembly 600 of
Figure, 7 clearly showing four flexible tubes 703 at an angle of 90 and connecting a respective inlet port
701 and sta%i@%%?ﬂﬁ% BOLNRISTERRN drugAEogy RIpYIEDrassyreserishr measamns atitipressure
sensor 403 medheré Gt baatsb 425086 Bhendinta-lmdbiadue 8R4 senageissan inner end of the
pitot 603 (not shown) while the other end terminates above the dynamic pressure sensor 403.
Similarly, one end of a flexible tube 730 connects the output of the pressure reservoir 701 (not shown)
while the otRé&rRasimentiritdsarresant itegictioresounidsersayd@n for measuring static

pressure that has the flexibility to be adaptad io a fuselage of any profile.

—
n

Embodiments of the present invention provide a system for measuring static
pressure that can be integrated intc any preferred iocation on the aircraf,

Embodiments of the present invention provide a system for measuring static
20 pressure that is adaptable to any static pressure sensor

Figure 6 is a perspective view of the FanTail VTOL UAV of Figure 5 including a
static pressure stabilizer system 700 (refer Figure 7b) in accordance with an
embodiment of the present invention.

|
ih

The static pressure stabilizer system 700 is integral with the circular shroud 503 and
Is mounted co-axially to the middie section of the upper fuselage 501. The stafic
pressure stabiiizer system 700 is integrated to the payicad adaptor 605. The payload

adaptor 605 has a piurality of through-hoies for receiving a respective static port
30 vaive 601 or pitot 603,

rigure 7a is a perspective view of the static pressure stabilizer system of Figure 7b
integrated into the FCC moduie 800 located at the middie section of the upper



25The pressure reservoir 701 normalizes the static pressure from the static port valves 601 by
obtaining an average of pressure received from the static port valves 601. The pressure reservoir 701
also acts as a buffering reservoir to prevent sudden changes in pressure caused by abrupt movements
of an aircraft. 30The flexible tubes 703 enable adgption of the static pressure stabilizer system 700 to
any fuselage. The pressure reservoir 701 need not be positioned at the center of the payload adaptor

605. Rather fi8-pe STrefeRfy Qifaff loean Raviacaigd away-Tprasddhrsenisr ebtherpayload
adaptor 605 or anywhere in the fuselaé;e 503 and the length of the flexible tubes 703, 730, 801 canoe

appropriateR§I2itePa VAYED PO FREBRGEH A8 R RS 35 ReRAtPbIGMBIE LRk it valves 601.
5 Accuracy Ohstptispresssevaadirgs cgindedacireasapcynit creasing dhiamuimbepatstic port valves
601. Accordingly, suitahl re.dul ' ifi e payload adaptor 605 to allow

adaption oﬁﬁ% ')séfra%ic por?e\%%/%%%%ﬁg Er%gggaﬁ(?égg%%g&/gﬁg fr}g%%r?ggﬁyc ﬁgc{?é? %Bf{f‘f %Faterial that is
light-weightéd arkeRE0 eIy EHERiER fesisd e sacgvaina erceiaiirapedtive flexible tltses, 703, 730,

801 may be7madenel SAk-THe W cERR MERASHIRBESAIYRY Jithizade oteigkinive Eigweda is an
exploded pers ecépqe vi%ylv of a static port valve, %)1 in accordance with an embodiment of the present
invention. TH%&% ¢ PSS BB CRRTh SRR A B ARHEGRIGSTOR RSt AY ifd1LE5R By iibvements of

an aircraft apoimotenidaienwEsh peseiseatiegsovbralid 60 theoarsisteinhenyalxe tap Stiandra receptacie
909. The cap QQL isdn form,of aivel . cospprisip é@ﬁtt@&&@ﬂ%e indrical shaft 904.
The inner surfaces of the cap %a&%oz aricF) ?i]egs%aft 904 have t lrrgege C ga?%e%@%# %ll’ gﬁ&

10 piltars 7680 are used to mount the pressure reservoir 701 to the FCC board 407.

Figure 7b is a perspective view of a compiete static pressure stabilizing system 700
comprising four sets of static port valves 801, flexible silicon tubes 703 connectad to
a pressure reservoir 701 that is rigidly mounted onio an adaptor bar 750.

Figure 8 is a top view of the static pressure stabiiizer assembly 600 of Figure 7
clearly sh.owing four flexible tubes 703 at an angle of 90° and connecting a
respective inlet port 701 and static port valve 601. Also seen are the dynamic
pressure sensor 401 and static pressure seénsor 403 on the FCC board 407. One

20 end of a flexible tube 801 connects an inner end of the pitot 603 (not shown) while
the other end terminates above the dynamic pressure sensor 403, Similarly, one end
of a fiexible tube 730 connects the output of the pressure reservoir 701 (not shown)
while the other end terminates above the static pressure sensor401.

by
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The pressure reserveir 701 normaiizes the static pressure from the static port valves
601 by obtaining an average of pressure received from the static port vaives 601.
The pressure reservoir 701 also acts as a buffering reservoir to prevent sudden

changes in pressure caused by abrupt movemenis of an aircraft,

30  The fiexible tubes 703 enable adaption of the static pressure stabilizer system 700 1o
any fuselage. The pressure reservoir 701 need not be positioned at the center of the

payload adapior 805, Rather, the pressure reservoir 701 can be located away from



20 903 at an angle of 120. These channels 903 act as pressure inlet ports. The receptacle 909 has an
annular head 911 and a truncated conical base 907. The head 911 and base 907 are connected by
two recessed portions 906, 908. The conical base 907 helps in easy insertion of the flexible tubes 703.
Furthermore the base 907 has a 90 undercut for gripping the flexible tubes 703. The head 911 of the
25receptacle 909 has sharp inner and outer edges. Similarly, the head 902 of the cap 901 has sharp
edges. Figlite Fniea petbpamiicadeadarttiestmponrnihefihe statitupokigsnlse0iranealing the

inner areasg{dhe-can I2kiaRd he: regspiagla8OLA -hole 913 30 is seen at the center of the
receptacie 908(. This through-hole 913 has receives tr{%s%%ggogﬁ% té)'éeé%ﬁ 901. The receptacle 909

and the cap 901 are so designed that upon assembly a flat surface of the head 902 of cap 901 is flush

with an out@heusfessued teedread BI1Lma rigue ARhieanetBRRPRIFPSSHS WEWIRRIqEpPtacle 909
with th% ca%g%aigf%gg% tiirétorg'se head 911 clearly showing the conical base 907, the actuator 901 and
the head 91T, Figure 102 1S & perspectve wew ot 5%?@% Ao BXATGTR RSN YR, MHREIPhccordance

with an emBeiprRaTt vhiss BfEs emdpndimaipns Tited ler esr eare sailiairasranmilyptRARoasists of an
accumulalanyaipdd0didh astenss B AnaAapyhaL (iR Bo aiessyie reservolr 701, The

accumulator valve 1001 helps in delivering normalized static pressure from each of the static port
valves 601 to the static pressure sensor 403. The pressure reservoir 701 and the adaptor bar 750 are

fastened with¢heidtstenerAR8Be gisagaribrafy Thadrdapwihas Tadhs:usad ferasiianiagthe pressure

reservlq}ir 7%‘; h , sensor system.on the FCC boardl_407. The elongate adaptor bar 750 has
a pair of throu&éh%]géﬁl%%ﬁg.si%f anélé‘?‘fh%?iglrag P RIS thE Bra &BESHiffer 7680 on the FCC
board 407. Sthereaiaptonpae phefialispothesthresmhcaiectodiB (0efar figusect Gb)riat the center for
receiving the accumulator valve 1001. 20 When assembled, the pressure reservoir 701 forms an

enclosed sg_ggc%w(gh a controlled environment. The pressure reservoir 701 has a cylindrical wall 707, a

flat base 1 RAA HhErRIQSSS RSFPertveWeN 190 Haticanpromverifé o agquetenteigure 10b)
for receivingitheaacaubudatenyafviad BsssTinenostieoauTAcesafilDe saRA00 Bis flatwhilg the inner

surface:ha ansk | The annular ring 1010 has screw thread on its outer surface for
matingiab witﬁe g,?,;gﬁrg&%agﬂrg?%ﬁgé%% L[qurlé%%?%ﬂr%o%qﬁé‘?% R%F&ﬂ’fﬁ PIHTYPIRPWRLES 08,

The static port valve 801 consists of a vaive cap 801 and a receptacie 809. The cap

801 Is in form of a rivet comprising a button-shaped head 902 and a cyiindrical shaft

804. The inner surfaces of the cap head 902 and the shaft 904 have three channels
20 903 at an angie of 120° These channeis 303 act as pressure iniet poris. The
receptacte 809 has an annular head 811 and a truncated conical base 907. The
head 911 and base 907 are connected by two recessed portions 908, 808, The
conical base 907 helps in easy insertion of the flexible tubes 703. Furthermore the:
base 807 has a 80° undercut for gripping the fiexibie tubes 703, The head 811 of the
‘receptacie 909 has sharp inner and outer edges. Similarly, the head 902 of the cap
901 has sharp edges. |

b
i

Figure 9b is a perspective view of the components of the static port valve 801
revealing the inner areas of the cap 901 and the receptacle 809. A through-hote 913
30" s seen at the center of the receptacie 909, This through-hole 913 has receives the
shaft 804 of the cap 801. The receptacie 90¢ and the cap 801 are so designed that

upon ‘assembiy a flat surface of the head 902 of cap 901 is fiush with an outer
surface of the head 811.



The pressure reservoir 701 consists of four inlet ports 705 that are mounted radially 30 and at equal
distance on the outer surface of the cylindrical wall 707. The inlet port 705 has a rectangular base
1011 and a truncated conical head 1009. The base 1011 and the head 1009 are connected by a
recessed portion 1012. The conical head 12 1009 aids in easy insertion of the respective flexible tube
703. Furthermore, the head 1009 has a 90 undercut 1014 for gripping the flexible tube 703. Figure 10b
is an exploded perspective view of the pressure stabilizer 1000 of Figure 10a showing the cap 1007
and the ac:}:_umul tor.valve, 1001'. The outer surface of the base 1008 of the pressure reservoir. 701 has
an oval-shaped embosg | BYGIRTTUER Yis JBR-Friertadls, 98P vithisesatry Withnsedeesponding
oval-shapediretssedp Gtivreitany hefeinfigwedikaubasn diom the treueh-bole 11 3.ef the adaptor
bar 750. The thigkness of the adaptor bar 750 is the same or more than the height of the 10recessed
portion 1101. Figure 11 is an exploded perspective view of the pressure reservoir 701 and adaptor bar
750 of Figures 10a and 10b. The pressure reservoir 701 is shown without the cap 1007 revealing

screw thred&igen HgninBesSydagR A3 \%Weopr%%&éeﬁ¥m5i70§s@aé§§/e¥h%t”ﬁ cap 1007.

Through-h%lgso;ala%% con.?ject the{dé%ure reservoir 701 and the static ports rough-hole 1019 is
for receiving the accdmuiater v TAQ SO RIRSHEH Feakien 1 IeshrpsERE NG SRR/ Birough-hole
1013 aids iaseasaiiing08Achosititgdhancaedshalpett earkos93020720:Fbe RIDDOss 492Q4rotruding
from the bagg 36081 ERESSRVFEJSSE A 701, in conjunction with the adaptor bar 750, helps in
aligning and locking the pressure reservoir 701 to the pressure sensor system of the FCC board 407.
Altern}ﬁively, the stabilizer 600 can be directly mounted to the pressure sensor 25 system of the FCC

board 407, Titheutdhe.aaapienkan859. neisase eluireshe Aunfiagkan uadersilal Apprgpriate size
can be ma%&z1 {0 mate w'tri.anotgevr gart 5he FCC board 407.  Figure 12a'is a perspective view of

the pressure reservow? OPRIGURYEY With thE'SoHRlG MRS SRES20883ndRaduarsthe
through-hol&sEDd®r 701 and the adaptor bar 750 are fastened with the fastener 1003 e.g. anut

"
n

The adaptor bar 750 is used for positioning the pressure rsservoir 701 to the
pressure sensor sysiem on the FCC board 407. The elongate adaptor bar 750 has a
pair of through-holes 1015, 1017 on either side for mounting the pressure stabilizer
1000 on the FCC board 407. The adaptor bar 750 has ancther through-hole 1013
{refer figure 10b) at the center for receiving the accumulator vaive 1001

20
When assembied, the pressure reservoir 701 forms an enciosed space with a
confrolied environment. The pressure reservoir 701 has a cylindricat wall 707, a flat
base 1008 and an annular cap 1007. The base 1008 has a through-hole 1016 (refer
Figure 10b) for receiving the accumuiator vaive 1001. The outer surface of the cap
25

2 1007 is fiat while the inner surface has an annular ring 1010. The annular ring 1010
has screw thread on its outer surface for mating with a corresponding screw thread
found on the inner surface 1103 of the base 1008,

The pressure reservoir 701 consists of four inlet ports 705 that are mounted radially
30 and at equal distance on the outer surface of the cylindrical wall 707. The inlet port
705 has a rectangular base 1011 and a fruncated conical head 1009 The base 1011
and the head 1009 are connected by a recessed portion 1012. The conical head



13 Figure 12b is a sectional view of the pressure reservoir 701 of Figure 12a, in a direction 1200 with
the accumulator valve 1001 and the cap 1007 installed into their respective positions. Sin the
embodiment, the base 1011 of the inlet port 705 and the head 1009 are shown as discrete parts. The
base 1011 has internal screw-threads 1212 at its.center. A recessed portion 1012 adjacent to the head
1009 also has screw-thread on its outer surface to enable installation of the head 1009 to its

respective b W16l 0lribéribleparie R haskiiy auaibiiolesel 784 T ppRRREIDa e pressure

10reservoir, 701 g}th respective static port valve 601. The accumulator valve IS In the form of a
hollow-bolt ﬂ%ﬂw\g g%%%aﬁ%dl’gdﬁ% Hé RnReEnineiexibedehendists of a head 1213 and a

hollow shaft Adjacent to the head 1213, the shaft has a threaded portion 1030, a recessed 15 portion

1207 and agyaeaie conicalase 509, Te base, 1208 aids n easy Insertion of the flexible ube 730

t
that terminat€s above the static pressure sensor 403 11 or e the"sthti@F8ssure
stabilizér 70Barewine herka Y 6ot Hhe 2ctHseHadive e PectiTeehroryisities oftithe payload

adaptor 609286 sl &t adlgrdble fv hes 8RS8 sit g&,%d t pitot 603.
Meanwhile, E%e E‘%c;%ratga%)r?%jl%/e 1001%%:*382i?%}d(ﬁ)n(%%%%ed.intoeﬁgegtgﬁ?gégﬁ’-r%@ni%19 of the

pressure re AR 1BOFRE AHRR Wittore RsRenMNR SuRYSHaREE 5 $6R¥REN enclosed
space. The ponivaliéade80Figursetesiantmbstionethinigthaoespertive thaseiipbt w4the inlet port

705. The adapjot-har.foQ is fitted 10 r rvoir 701 such that the embossing 1020 of the
base 1008 mates Witﬁ] t%% recessedarg%%[%ﬁ%tgg c({)?t%éa asggwpeigrr bar g%?‘?ﬁ e?s?gﬁ%?tsf%%flocks the
adaptdibar ¢5e8RE RREIRTeSKite reservoir 701. 30 One end of each of the flexible tubes 703 is

inserted and positioned on the respective head 1009. Similarly, one end of the flexible tubes 730 is

inserted anq._.lpositi?ped_ on th? gcgumulato,r‘ valve 1001. 14 _
gure 17 15 an expioged perspective view of the pressure reservoir 701 and adaptor

par 750 of Figures 10a and 10b. The pressure reservoir 701 is shown withou® the
cap 1007 revealing screw threads on the inner surface 1103 of the pressure

15 reservoir 701 for receiving the cap 1007. Through-hoies 1105 connect the pressure
reservoir 701 and the static ports 601. Through-hole 1019 is for receiving the
accumuiator vaive 1601, An oval-shaped recess 1101 surrounding the through-hole
1013 aids in receiving and holding the oval-shaped emboss 1020.

20 The emboss 1020 profruding from the base 1008 of the pressure reservoir 701, in
conjunction witn the adaptor bar 750, helps in aligning and locking the pressure
reservoir 701 to the pressure sensor system of the FCC board 407.

Alternatively, the stabilizer 800 can be directly mounted to the pressure sensor
25 system of the FCC board 407, without the adapior bar 750. In case of direct

mounting, an undercut of appropriate size can be made to mate with another part of
the FCC board 407,

Figure 12a is a perspective view of the pressure reservoir 701 of Figure 11 with the
306 accumuiator vaive 1001 instalied into the through-hoie 1019.



The assembly of the pressure reservoir 701 and the adaptor bar 750 with the flexible tubes 703,730 is
positioned and fastened to the FCC board 407. 5 The other end of each flexible tube 703 is inserted
and positioned to the respective heads 907 of the static port valve 601. The other end of the flexible
‘tube 730 is bent and positioned above the static ;3 pressure senor 403 of the FCC board 407.
Likewise, the other end of the flexible 10 tube 801 is bent and positioned above the dynamic pressure

senor 403 &fighesF126 Bboardetfignkignee 1 ie Brstsdrwrebaigrerd tolluiiate 1bg figwof
free-strear ! ircraft moves vertically i.e. in.a direction 1301. As the aircraft moves in the
direction 1”}3 fﬁ@ﬁqﬁbuﬁﬂéﬁ ﬁ%%i{gilf'éaa%yﬁ?a@ ﬁ@\{gt %l?é&ﬁ% te gQQﬁr{@Sf‘ﬁllﬁ% ‘Efﬁtﬂ:!%brt valve 601
instead of iFRFEAANYSMestiRNStatic port valve 601. If the aircraft moves downwards, the induced

free-stream 1303 flows in the opposite direction. This helps in achieving accurate static pressure
measurem?nlt&lgurin upward and downward movement of the aircraft. 70 Figure 14 is a front view of
Figure 7 to MuLfaf

R orfie bR d A WIRNE® Hierdierhd0esansritiontasisd.d OfPaadirection 1401.
As the aircigtfowroves disthetalipactiormok 148ds an indueedifeasireadwlifsfrwsaroungthe skirting of

the static p \Y ' | Of | ting intqQ the static port valve 601. This helps in 25achieving
accurate stg%itg\{gljr'eizﬁ%%%r%%%fu rernents dﬁ?i%ﬁ%%é%@ﬁ?ﬁ?ﬁg\?&% RISSY RS SHFEVAHTRRLPE 15 is a

partial cros&SsRdfb Farden o Bfifbstdtietpintaa Vet beadutied onithepescetivachadantmr 605 to

llustrate thedaw @ fieenaleasr1588 inR dRRRIANHRAL- B8 £0dhe fieesiream 1903 flows past the
head %1 of the stat&?ort valve 601, most of it flows around the S%rﬁ%aogﬁaem sqta%%e%)so%evalves 601.

A portion of e ¥le/SHM B5Rs A Stalin BRfyaI¥sifiBh 1505, may flow over the flat surface of the

actuator 901 of the static port valve 601. Under normal circumstances. the pressure above
The accumulator valve 1001 is in the form of a holiow-bolt having a through-hole

1203, The accumulator vaive 1001 consists of a head 1213 and a holiow shaft

Adjacent to the head 1213, the shaft has a threaded portion 1030, a recessed

15 portion 1207 and a fruncated conical base 1200. The base 1209 aids in easy

insertion of the flexibie tube 730 that terminates above the static pressure sensor
403.

in order to assembie the static pressure stabiiizer 700, the static port valves 801 are
20 inserted into respective through-holes on the payicad adaptor 805. One end of &
flexible tube 801 is inserted and positionad to the output of the pitot 603,

Meanwnile, the accumulator vaive 1001 is inserted and positioned into the through-
hole 1019 of the pressure reservoir 701 and the cap 1007 is fitted onto the pressure
reservoir 701 to form an enclosed space. The conical head 1009 is inserted and
positicned into the respective base 1011 of the inlet port 705. The adaptor bar 750 is
fitted to the pressure reservoir 701 such that the embossing 1020 of the base 1008

mates with the recessed portion 1101 on the adaptor bar 750. A fastener 1003 jocks
the adaptor bar 750 and the pressure reservoir 701.

[
LA

30

One end of each of the fiexible tubes 703 is inserted and positioned on the

respecﬁve. head 1009. Similarly, one end of the flexible tubes 730 is inserted and
positioned on the accumutator vaive 1001.



15 entry position 1505 of static port valve 601 will reduce, causing a vacuum effect over the cap
opening, thus introducing error into the system. In order to prevent this phenomenon, the inner and
outer edges of the receptacle head 911 and the cap 901 have sharp edges to retard flow of
free-stream over the static port valve opening. 5 ithe sharp edges induce a separating flow of
free-stream at the entry position 1505. This helps in minimizing the errors induced by the fast moving
free stream over the entry position of the static port valves. When the static port 601 is subjected to

e ot e BegRR e BRSO AP Wb i B oy RASUTERR, The =D

edges of the head 911 ‘and anchor 901 can assist in Inducing a separating of free-stream at the
entry positiBiPas08%f fibispanitispad anddatansmt &pdby BeduRfRre8t pressure measurements are
possible during rotor downwash, 15Figure 16 is a cross-sectional view of the static port valve of Figure
15 to illustrate the effect of frontal pressure op the static port valve 601. Often, a static port valve 601
may be’ sutﬁ}hgtgg‘% i 8% ﬁgﬁtﬁ%&%%sﬁ"ggnf %%&‘W&%%ﬁ?ﬁ&%%‘e JOBE BRGNP letely block
the throughshates 813 cHibsistppositidrnalverférl. To minimize such errors, the inner surfaces of the cap
head 902 and the shaft 904 have three 20 channels 903 that are at an angle of 120. Since the
free-stream 1603 bends twice at 90 before reaching the flexible tube 703, the pressure build-up
because of oHeRtafDIFDT e Pelswidiintedn BeGdaubent tRBrpPHiiceasingaMe Helialy of static
pressure measdeaesisr B0 eeficiencrisdarthancompansatethdvmassHieghtringdiglidhe

remaining static part valves which is not subjected tq the frontal 25pressure l% ildup.. Ei rel7a
showsri| me Z@&a@do‘%%o '%a?r?gop Withou haebéf’aeti%%r g@mcs%{%ﬁ%ﬁ? f@ﬁ.ml'ﬁ gd%\ﬂg\?/ sggollected at
0.6m altitudeoardifticated by the chart 1701. Depending on the rotation speed (RPM) of the rotor of
the engine (as per chart 1703), the 30 propeller downwash or suction also varies (as per chart 1705).
As seen in the plot, an error in the height (between 15m to 22.5m) was recorded. This demonstrates
the negativE ‘QHE?aélso‘Fpﬁcfﬁ@WeV'BWV\}fé%W%fO%rf'ﬁ’%?f@eﬁl%ﬂﬁWsP&tf@ﬁré%ﬁF@ YE®80RMO1. 16
Figure 17b shows thevestusatipiisiehiaisatirpdthihmstatispressiteastakilizen 0@ ofitbgipresent
ventien. TR (R wes D congued A0 B AL AR BRI URARY D Gl For vavious
valve 601 instead of ingesting into the static port vaive 801. If the aircraft moves

downwards, the induced fres-stream 1303 flows in the opposite direction. This helps
in achieving accurate static pressure measurements during upward and downward
movement of the aircraft.

20
Figure 14 is a front view of Figure 7 1o illustrate the flow of free-stream when an
aircraft moves horizontally i.e. in a direction 1401. As the aircraft movas in the
direction of 1401, an induced free-stream 1403 flows arcund the skirting of the static
port vaives 801 instead of ingesting into the static port valve 601. This helps in
25 achieving accurafe stalic pressure measurements during horizontal movement of the

aircraft,

Figure 15 is a partial cross-sectionai view of the static port vaive 601 mounted on the
pay-lcad adaptor 605 to iliustrate the flow of free-stream 1503 in a direction 1501. As
30 the free-stream 1503 flows past the head 811 of the static port vaive 601, most of it
flows around the skirting of the static port valves 801. A portion of the free-stream
1503 e.g. at an entry position 1505, may flow over the flat surface of the actuator

901 of the static port vaive 601. Under normal circumstances, the pressure above



5 1709), the rotor downwash or suction was measured (as per chart 1711). It can be clearly seen that
the error in static pressure is reduced sharply within a resolution of +/-1m. This can be a breakthrough
in measuring static pressure under adverse conditions. Accurate measurement of data can assist in
deciding the appropriate location of the static poris on the fuselage. 10 It will be appreciated by a
person skilled in the art that numerous variations and/or modifications may be made to the present

invention asrshppasiiiothesesesiBeanhndimeataoyihinubdaarigadiam he.seaperating dpvention as
broadly de§ﬁgbed. The res%{]é%e%é)giments are, therefore, to be considered in all respects 15to be
r

illustrative and ROt reathove: 9 RE LR Has sieeTab i 8RS Aransiphnd
componentsitaearadntdyeaiinenade olife pigesuretheseneitatid eamrisingdthekaged®08, the wall

70, the cap,07.Agc B8 BCLPRIS EABHG) [g‘{bééﬁ%%at&%p%%ag adaptor 605 20can be

tailored to match the shape of the fuselage. The num e static portO VRS e0CE ¥ be altered
with approprEte R RIGAS RIS cnsaraisiie daw i iter-60540r #idbetioniyfnheittatitspbrt valve 601.

25 The nuriivey eéiheichannaisrd0Bsarbe meedhas e tad Mol \Mrd dredpiedofeasuring

static pressure of an.aircr, % comprising: a plurality of static ports mounted on the fuselage of the
aircratft, whepgwm %%S&?B'&t%% ee%.{: o ?ﬁ%\'?ﬁ%ﬁ:‘ ports are connected to a pressure stabilizer, and

When the static port 801 is subjected to rotor downwash, a simiiar phenomenon as

10 explained in Figure 15 will be encountered. The sharp edges of the head 911 and
anchor 801 can assist in inducing a separating flow of free-stream at the entry
position 1505 of the static port vaive 601 whereby accurate static pressure
measurements are possible during rotor downwash.

15 Figure 16 is & cross-sectional view of the static port vaive of Figure 15 to iliustrats
the effect of frontal pressure on the static port valve 601, Ofien, a stéiic port vaive
601 may be subjected to direct frontal free-stream 1601 whereby the vaive cap 901
may compieiely biock the through-hole 913 causing positional error. To minimize
such errors, the inner surfaces of the cap head 902 and the shaft 904 have three
20 channels 903 that are at an angle of 120° Since the free-stream 1603 bends iwice
at 90° before reaching the flexibie tube 703 the pressure build-up because of
orientation of the free-stream can be reduced thereby increasing the accuracy of
static pressure measurements. This deficiency is further compensated by pressure

obtained at the remaining static port vaives which is not subjecied to the frontal
pressure buildup.

[
Ln

Figure 17a shows the aciual plots obiained without the static pressure stabilizer 700.
The data was coliected at 0.6m aliitude as indicated by the chart 1701. Depending
on the rotation speed (RPM) of the rotor of the engine (as per chart 1703), the
30 propelier downwash or suction also varies {as per chart 1705). As seen in the plot,
an error in the height (between 15m to 22.5m) was recorded. This demonsirates the

negative impact of propeller downwash 510 on a conventional static pressure sensor
401,



the pressure stabilizer is operable to provide average pressure from the plurality of the static ports to a
static pressure sensor located on a flight control computer (FCC) board of the aircraft, and wherein
each of the static port comprises a static port valve comprising: 10a receptacle operable to be inserted
into a through-hole of payload adaptor; and agvalve cap co-operable with the receptacle, wherein
the valve cap is operable to regulate static pressure entering into the stabilizer. 152.The system of
claim 1, wherein the receptacle comprises a cylindrical head and a base, the base comprising a

th h-h NGyl | base. t ' [ . -hole of th
phyiond a0 The e A T B e rough. 20

hole and cBIfpHSEEMAMMARIREr RBaFAkhaRyRilgeaNdied UG alibreabsicatthected by

ey el bt g G it Do,
according ta.glaims 1, 2 or.3, wherein the conical base has a undercut for gripping a flexible
tube, her&r@%%gﬁgfg AR SHABLRR ﬁ?ﬂ%“é?ﬁ’ti%‘ﬁ&?rvﬁﬁ\%ttﬁtﬁ@'irgpgqﬁbpﬁe stabilizer.

5. The systéeaiascseﬁdiirﬂgatdfmrwrmémﬁmpnesedmgscfaﬁnsem/bmqiﬂytWéhiaIaemﬂuﬁgmpfrises a
substantially fiat head with substanualin AP Gra%s-R0MR QaYlingieal M afhduP i tae receptacle

is operable to receive the shaft of the valve cag.
conditions. Accurate measurement of daia can assist in deciding the appropriate

_ tocation of the static ports on the fuseiage.

10
it will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respacts

13 to be illustrative and not restrictive.

For instance, the static pressure stabilizer 700 can comprise components that are
integrally made. The pressure reservoir 701 comprising, the base 1008, the wall 70,

the cap 1007 and the inlet ports can be integrally made. The payioad adaptor 605
20 can be tailored 1o mateh the shape of the fuselage.

The number of the stalic port valves 601 can be agltered with appropriate provisions

made on the payload adaptor 605 for insertion of the static port valve 601.

25 The number of the channels 603 can be more than three,



18 6.The system according to any one of the preceding claims, wherein the inner surface of the valve

cap head and the shaft have a plurality of channels_that lack material, wherein said channels are

operable to control the static pressure input. 57.T gsystem according to claim 6, wherein the

channels arg stg%ﬁ d at 1200. 8. The system according to any one of the preceding claims, wherein
ablli

L. ; ) L ;
the pressure S ZEer comprises: a pressure reservoir for receiving static pressure from the

plurality of static 10port valve; and an accumulator valve positioned at the base pressure reservoir

for directing,the a‘l?&?r@?eﬁ%%irc:ﬂé%EEHFFg_%kﬁﬁ&“p%é@@rét@fti&rpé?réﬁéﬁ%éf%?%'irlﬁpated on the FCC. 9.

The system according to claim 8, wheréin the pressure reservoir has a 15 cylindrical wall, a base and

an annular cap, th@ ket rfstalisPeisSypairarn Aeivgsiies tldhe irsre oihreRp having

screw-threads whg(gbytaslesed Hranatis foretydiemiieeaap pdides paiadbacssidae reservoir.
10. The system a%ﬁordin%to claié% 9, wherein the pressure r\t}aﬁ%aervoir comprises a ZE}PIW lity of inlet

ports communicat 8 WItP 3G B’gﬁ%ﬁna SRRSO aIP/reO,V efSiR e ir%?sﬁ&r% & mounted
radially andpéitr@éityabtlistarsietonghesottes suslaceektheavadinsdl . [dtmesysisna digiordiogita claim 10,

wherein thec%tﬂ@ﬂ(?@ﬁ%ﬁﬁ?daopﬁ%ea%%r%ﬂga% arm, the arm comprising a truncated conical head

connected by arecessed portion, wherein the head has a 90 undercut for receiving and gripping a
flexible tube connddifigia easpediile sl Rsstcpansisapa piatic pad Yl 6PIREIHSaim 11, wherein

the bagg of the inlgtRedaRE SHSRIMRIISESINHRIEIRSGRRVANFRALICHERSOIViIRE RRIdEsPANEIND
screw-thread an the
and
a valve cap co-operable with the receptacle, wherein the valve cap is

operable to regulate static pressure entering into the stabilizer.

15 2. The system of claim 1, wherein the receptacle comprises a cylindrical head
and a base, the base comprising a through-hole along its length, wherein the base is

operable to be inserted into a through-hole of the payload adaptor.

3. The system according to claim 1 or 2, wherein the receptacle has a through-
20 hole and comprises an annular head with sharp edges, and a truncated conical base
connected by recessed portions, wherein the annular head is operable to receive the

valve cap.

4. The system according to claims 1, 2 or 3, wherein the conical base has a 90°
25  undercut for gripping a flexible tube, wherein the flexible tube connects the output of

the static port valve to the input of the stabilizer.

5. The system according to any one of the preceding claims, wherein the valve
cap comprises a substantially flat head with substantially sharp edges and a
30  cylindrical shaft, wherein the receptacle is operable to receive the shaft of the valve

cap.



recessed portion of the arm. 19 13. The system according to any one of claims 8 to 12, wherein the
base of the pressure reservoir has a through-hole for receiving the accumulator valve. 14. The system
according to claim any one of claims 8 to 13, whergin the 5accumulator valve has a through-hole along

its length, the accymulator valve comprising: an ann { rhead(g3 nd lai ah IIowshaft’, wherein
acjacent to fhe he b IESRARHEE 3 (R SaabY SBRioh erRieadlb Brlar, AP nE P tonical
base for inwﬁageadfakibleaﬂube;ahéﬂﬂ:@_ﬂ@«hﬂléﬂgwa@rﬂnﬁvatiag)wm tbfecmmefaébeme%_ensor on
the FCC bogielohty G ayieImanerinee dalmamiors AiSIAES Aot ds Jubppgemprising: an

adaptor bar for positioning the pressure stabilizer to the FCC; and a fastener for locking the assembly
of pressure reservoir, the accumulator 15valve and the adaptor bar. 16. The system according to claim

15, whereinzthe adapiey SR CARBFHRG 18 HuPahviie-antRERPLAa S sIsvdIne gressure

stabilizer to the FCC board; 20a through-hole at the center for receiving the pressure reservoir and the
accumulator valve. 17. The system according to claim 15 or 16, wherein the adapter bar has a
recessed pértion foheospperatingontitingn tovahshapeddadnibesgrecettiegweirssirfadebof e base of

the pres_surﬁrg%sé%t;\é%?fwza? Srﬁ%ﬂﬁ% ! according to any one of the preceding claims, wherein the
aircraft is an unmanned aerial vehicle (UAV).
a pressure reservoir for receiving static pressure from the plurality of static

10 port valve; and
an accumulator valve positioned at the base pressure reservoir for directing

the average static pressure output to the static pressure sensor located on the FCC,

9. The system according to claim 8, wherein the pressure reservoir has a
15 cylindrical wall, a base and an annular cap, the inner surface of the cylindrical wall
and the outer surface of the cap having screw-threads whereby a enclosed space is

formed when the cap is fitted onto the pressure reservoir.

10.  The system according o claim 9, wherein the pressure reservoir comprises a
20 plurality of inlet ports communicating with a corresponding static port valve, wherein
the inlet ports are mounted radially and at equal distance on the outer surface of the

wall.

11.  The system according to claim 10, wherein the inlet port comprises a base
25 and an arm, the arm comprising a truncated conical head connected by a recessed
portion, wherein the head has a 90° undercut for receiving and gripping a flexible

tube connecting a respective static port valve.

12.  The system according to claim 11, wherein the base of the inlet port head
30 comprises internal screw-thread for receiving corresponding screw-thread on the

recessed portion of the arm.



3019.The system according to any one of the preceding claims, wherein the aircraft is capable of
vertical take-off and landing (VTOL). 20 20. The system according to any one of the preceding
claims, wherein the aircraft is a FanTail VTOL UAV. 21. The system according to any one of the

preceding 04 ms,.e;éhereln the 5 axéoad adzﬂotor is (l)ri’gtg[%{al t%tge fEsngre. 22. A msethggtfor

measuring static p sSLYrseteé? &Y AEaR %Ooranﬁ/rigpng: moumlsng ap Grall y of Sta ﬁ:%%r S onrfﬁe fuselage

of the aircraftessumesetirg/thelastplts @fghabblefoheeseivit p drs aocarprigisuneaitabilizer, 10providing
average pressure from the plurality of the static ports to a static pressure sensor located on a flight
control computer (FCC) board of the aircraft, providing a static port valve for each of the static port,

inserting a réceptd@18 RSt RRRGHdHSIe B FaTb RN RRoP af@ms 8 BrdidingHYaEap to the
receptacle frgagulaiingwiRtc RsessurareliRling d Sidadhasstripiiger 1R Fecumulator valve

comprising:

an annuifar head,; and

a hollow shaft, wherein adjacent to the head the shaft has a threaded portion,
a recessed portion, and a truncated cenical base for inserting a flexible tube, the

10 flexible tube terminating above the static pressure sensor on the FCC board.

15.  The system according to claim any one of claims 8 to 14, further comprising:
an adaptor bar for positioning the pressure stabilizer to the FCC; and
a fastener for locking the assembly of pressure reservoir, the accumulator

15 valve and the adaptor bar.

16.  The systermn according to claim 15, wherein the adaptor bar comprises:
a through-hole on either side for mounting the pressure stabilizer to the FCC
board;
20 a through-hole at the center for receiving the pressure reservoir and the

accumulator valve.

17. The system according to claim 15 or 18, wherein the adapter bar has a
recessed portion for co-operating with an oval shaped emboss on the outer surface

25  of the base of the pressure reservoir.

18.  The system according o any one of the preceding claims, wherein the aircraft

is an unmanned aerial vehicle (UAV).

30 19. The system according to any one of the preceding claims, wherein the aircraft
is capable of vertical take-off and landing (VTOL).



Apparatus And Method For Measuring Static Pressure in An Aircraft ABSTRACT 5System and method
for measuring static pressure of an aircraft are dis%:éosed. The system comprises: a plurality of static
ports mounted on the fuselage of the aircraft, whefein outputs of each of the static ports are connected

to a pressu stabli.hzer atnd the?or ssure stabilize(rnj%oeoerabl 1o %Yavide gverage.pressur from the

plurality of the sta igep%¥ 51048 8{|cmpﬁegsa§ Senor 16¢afed ona ﬁérﬁts tgntroef'comepﬁttrgf (FCC)

board of thésarEeafl.afiyuelydA%. 20

21. The system according to any one of the preceding claims, wherein the

5 payload adaptor is integral to the fuselage.

22. A method for measuring static pressure of an aircraft comprising:
mounting a plurality of static ports on the fuselage of the aircraft,
connecting the outputs of each of the static ports to a pressure stabilizer,
10 providing average pressure from the plurality of the static ports to a static
pressure sensor located on a flight control computer (FCC) board of the aircraft,
providing a static port valve for each of the static port,
inserting a receptacie into a through-hole of payload adaptor, and
providing a valve cap to the receptacle for regulating static pressure entering

15  into the stabilizer.

20

25



