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S An expertmenta[ tﬂmestlgation was carned out aﬁ a half scaie medel af a
o ‘hehcapter Cambined lnfra-Red Suppression and Ta}l rotor Elin‘imation
o (CleTEL) sysfsam te charaet;ense Ftsparfonnanee in tenﬁs of pnwer
= . 'cmn'sumpﬁnn thn.lsl: pressure drOps and’ temperature reduotlan. The modei
o B c.onsrsts efa C:mulation Contrel Taii Boom and Thruster (CCTB&T) wuth the N
. hat engme QEQSES -l cted inte the t&g& br:;am where thay are mixéd with
" amblentair supplied by a fan sftuated in the body of the hefioopte, T’he
o 'CCTB&T repléces the canventional tail rotor ona helicopter and, supphea the
o "'-_torque to countar-act the torque appiled to the main rotor The madel was b T
- tested using buth hot ahd: cold air tﬁt srmu!ate the ﬂow of hot engme gassas | L ST
o “The performance is defined in term of thrust; power, and massflow=
o _coafﬁo;en’ts whfch Were found to be‘k:onstant f’or the conﬂguration te*.sted lt
- was ghown that the puwer requ:rements of the fan ara signlﬂcantly rec%uced

by :ntroducing the hot engme gasses mto the tai! boom. The temparat&gre of

the hot engme gasses is a!so reduced from 450 oG to approx:
- The surface temperatgra of the mndef was found to be Iess than £5°
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o Nomenciatﬁre_'

A Area

' C Coeﬁ‘cuent

: D Dlametar

O F= Force -
_G Massﬂow A
K= _-_Cgefﬁqrent_ o

' P a!Pressure or Power :

L Q Toque

_'i' Temperature or Thrust

- V Veloc:ty

f-— Fuﬁctton | _
g= FUl’lCtIOI"l -

q= Dyriamrc Pressure o
b= Denisity

.m = Efficlency
A= Area Ratio |
._d) FlowRatlo

Corrected Flow Ratlo SR

a= Tempermure Ratio
11 = Head Pressure Riss
@ = Static Pressure Rise.

Subseripts .
- _"a Ambient air from fan
_ b Tail boom.
_d Diffuser -
8= Englne gasses at nozzle ex:t

- i= Finai_ ___r_mxture at -th_ru_ster inlet

Y

. Nomenclature-iv. . .
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titroduction

| The funct'on of the tail rotor of a helicopter (wtth tt’e?stngle rhain rotor and tail
R -'“rotor conf‘ guraﬁons) is to oounteract the torque epplxed to the mem retor The
N toqu,e applied t the main rotor s :a.funct:on ofa numk\gr of‘faciors inoludmg its

- Itft and fomferd speed Th;s means_ :'at the amount of torque produoed by the taxi

- rotor rnust very fo opunteract thie ohangtng torques The torque provided by the |
tail rotor must aiv?i be var:ab!e to @ro\ﬂde yaw control toR"he k*e),loo;:d:er o

i - ‘t‘he oonventlonal ta:l rotor, mtrodmed in 1939 has a nurnber of dlsadvantages
_. - lt is a meohamcally cornp!ex systern that requlres a drive shaft meChamsm f‘om L
L tt‘ie maln rotor gearbox end also a coilectwe pltch mechamsm i is a[so g "

N susceptlbio to damage nolsy den@roos and |ntolerant to b&‘tt}e damage

\ B _\- .
‘.‘ . o -

-'L )

: Two other eystems that have been detr e!oped to replace the conventlonai tazl
" rotor are the fenestron [1} and the c-roulatton controlled t':tll boom end |

" B thruster 2] The fﬂs ,stron compnses oLf a shrouded tall rotor The ehroud

. | consequently results m a reduced power for a given rotor dise area The shreud

also protects the rotor from mechamoel damage increeses safe‘y and reducee

noise. 'f'he fenestron has been lmpiemented by Areospat:ale on for exemple the _' -

Gazelle and Dauphln he!rcopters_ o

]

: ehmmates the tralling vo'trces and the coneequent contracﬂon of the wake end s



. 12.'2 -éi‘rcul_at?ien "éoﬁtrenéd -t_!atii paom-awhrusteff -
o The ctrculattm control tell beem anc;t thru'tter (CCTB&T) develops the entt»-
: terque reqmrements of the he{tcopter by mieans of three effects The i ret ts

T curculatlon contret Alris blewn through slots cut eaong the Iength of the te:l

§ boUm This air adheres to the surface of the tail boem {dueto the C()AND A | ,\ K L
:effect ske reference [31), flowmg areund the terl boom far epproximately 180° DY )
" Thig generates circuietton ereund the taal beom. This cueutattolt GOmbmed wﬁh_ e | -

o | the dewnwash from‘the matn roter generates a fcrce thatis normal to the

_ dnrectlon of flew of the dewnwash from the matn rotor, resultmg ina torque ectmg

- about the main rotor axis. The CCTB is most effectwe at low forwerd speed in

L | _theorderﬂm/f%’/{neterspersecond N A

N

The ﬁc/;/end effect |s a thruster fitted to the end of the tast beem that produces e o

| _torque by turning the air threugh apprexlmately 90° and then exheustmg it mto

atmosphere This force acting at the end of the tall boom produces & torque that

o '_'couﬁtracts that of the main- roter The torque devetoped by the thruster cen be -

'e_lterer_i by varying the outlet area of the _thruster and the t_otel pres__sur_e of the air, .

- . The third effect is two verttcel teal ﬂrre thet are fi t‘xed te the tail beom These fins
are most effective at hlgh speeds The angle ef mcndenee of at least one of the
vertical f:ns is eentrotiable RO

o .The CCTB&T has been mplemented by McDenneII Dougies Hehcopter
' Company on thetr MDS:ZON and MDX hel:copters [4]

“The CCTB&T hae a number of eevanta'gee"wheh cbmpared to the conventional
tail rotor. The effect of tail rotor strikes and hazards to vper'sonhel are reduced. -
“The tail boom is less susceptible to enemy fire. This Is mainly because the .

T




crweshaft and gearbox are ettmmateu frcm the tait boom The fan is situated 1n AR

the bcdy cfthe hel:ccpter and requ:res only a short dnveshaﬂ.

thratmn and Nonse ts a!sc reduced Nmse Ievele on the MeszoN were -
| _measured to be cn average fretn 2,7 to 7dB [5] qweter (when ccmpared on a

N weight corrected baSIS) than the MDSOOE, dependlng on the fiight condlticn The IR

MDSZON was shown to be slgnlflcantly quteter than all tall rotor—equped

. R hellcopters cértlfed tO date

o :fA general 'e'rrah'ger'hent _ef a helicopter fitted with a _CCTBS@T'ep'pea_'rs infigure 1

w{lh Tlreulation
Coatrod slms

Dkacuel'rrwuslar S

) Flgure 1 Dtagrammatic arrangement of a Helicopter with
CCTB&T Antl-Torque System [4]

© 1.3 Combiried Infra-red suppression and tail rotor eli@inaﬁon’_ -
The temparature of the exhaust gases of a hel zccpter isin the region of 500 °C

" This offers a mgniﬁcant mfra-s'ed 3|gnature tc heat seeklng missﬂes Combtned
lnfra-Red Suppressnon and Tail rotcr ELtmmatlon (CIRSTEL) is a concept that

'.t{‘\_ . .. _.



ut:hses {he ambient%lr that js USed in tha CCTB&T system, to cocﬂ the engme
gases befare they are exhausted mtn the atmosphe‘r@ TWQ ways of doing thls
are pas:»;ible - R : s

o 1‘.3.-_:1--Ls'ing_|e_ﬂ:évys'ystemz;.:.;,;--=_=-{_ e

. 'ﬁ"' Lo

The first system exhausts the hct engme, gasas :nto a rmxmg tubaxthai [s situated

“in the talf boam A sangia fan then supphes a:r to bath fhe @C‘T B anﬁ the
thruster, A portlsn cf the ambtant air supplled by the fans mlxes, tnss@‘e the

m:xmg tuberwith the hot air from“tha emgiﬁe The rest of the amblerrt airﬁupplied

A by the fans passes cm“the outsxde of the rmxrng tube to suppl-y air fo tbe \ e
cimulatinn scmtral siats The air that does riot exhaust thraugh the circulatidn
contral slots then mixes w:th the air. exhaustrng from the mxxmg tube. :l' his 'F
,,,xture of alr is then exhausted ihrough the ’thruste*‘ A diagrammatic

rrangement of a heilcopter ﬁtted with a CERS‘TEL system is gwen In figure’z

uo‘rmsnozzl.a o SR

R L L (@ CONTROL SLOTS . . @ o

P

F:gure 2. Dlagrammatm Arrangement af a Hehcapter fitted w:th
CIRSTEL [6] |

 ROTATABLE CAN | - -



g

132 :buér flow _sy'se_m', o

eS|

0
Lo

- _- :The other pessublhty is. te heve two eeparate flew paths wrth dlfferent totat
E pressures The air su;:phed te the thruster neede fo have a hrgh mees flow rate
' but a lew gr:eseure The air that | is supphed fo the clrculetlon slote needs to have

a lew maes ﬂow rate but a high pressure The dual flow. eystem wﬂl suppty Iow .

) | | pressure eir to the thruster ata htgh mass ﬂew rate and h!gh pressure air to- the B
”-"‘etrcutetuen eontrol siots at a low mass ﬂew rate. Thrs cen be dcme with either
" having two separate fans or a single fan that can supply the two flows, This wm |
_ have the advantage that the power requiremenis of the system wiltbe reduced
s (when eempered wrth the single flow system) due to the !ower pressure of the R
' 'elr thet is supplred te the thruster - : :

n’

'.tﬂ'

'~ that the ‘outer wall of the tell beem will rernam atva Iow enough temperature net

i

) te preduce a mgnincaht |nfre~red mgnature. A dlegremmette arrangement of e .
. ’duel flow CIRSTEL system appears in f:gure 3 ' '

- Thls will atse mean that enty the asr gemg to the thruster will mix w;th the hot air T
" from the engine The air gomg to the crrculetten control slets weuld then ensure

Arvhient gir [
to thiusfay -

]

Fugure 3 Dtagrammatic arrangement of Dual flow CIRSTEL

CoFw



- _the performence of e CERSTEL system Th |s was aehieved by
QT

| 2 lnvestngatung the effect of the muxmg nozzle en the performance ofthe |
| GCT B&T system by studying the effeet m the. pewer reqwred frem the fen -
- supplying amblent air fo the CCTB&T eystern aswellasthe drop instatic
i - ipressure ef beth the atr ﬂow from the fens and the ﬂow from the engine, e _ e L

' 5 Studylng the performance of the thruster onthe CCTB&T systern dand
'- :_ comparmg data obtamed wnth data from tests done at the Unlverelty ot the E
Wltwate srand o ' ' ' '

5 Investlgatlng the effectweness of the GIRS’[ EL concept in terme infra—red
o suppressmn (coohnq of englne exhaust gasses) ' -

The mem ob;ectwe of this reseerch pregram was to mvest;gate and characterlse Lo

u’ifld'irig 'tgfelffs.éale _méael'e 'e'_f{t"he_twe _i:'iR_sTEL systems -

. g‘b:: -

[

3 Cemparmg the perfermence of the Duai flovur and Single flow systems in terms- o

L of t‘le drep m statlc pre'ssure of the flbws from the fans. and the engine o

| '_4 Stl-'dylng tte effect Of temperature on the sjstem by testlng w;th both hot and
. eoldair to sil‘hulate the englne exhaust gasses I

o - . ) . : oy

]

.a_

o k\




" 3Literature Survey

the following three components of the ClRSTEL systsm S
| BRF Jetthrusters o o
2 Crrculatlen Control Tall @oems _
; '3 lnfra-Red Supprsssmn systems for hehcopters :
'3;;1_ Jeﬁt"‘.rhrus_ters-_i R U U

Noliterature was found on Combined Infra-Red Suppression and Tail Rotor R
| .Ellmlnstren (CFSTEL) systems for hellcepters The ||terature survey there.ore '_ S
o '-concen&ates{ -

L

* 'D”””g the ent \h?mard fight envelope itis the vsrtica| fins fitted to the cc*rs IR
that deve!eps ﬁiwt - T‘rjs torque to counter-act the torque applied to the main -
o roter The thruster { rs u red to supplement and rrlm the torque develeped the o
_ _.-'CCTB during hover
E .'_ls therefore essentil:

nj\f sjdeways flight as well as the forward flight envelope It
t‘aeﬁ the peﬂ}ennsnce ef the thruster be charactensed in
terms of pewer and trfrque develeped o o

o Tests were carried eut on two drfferent eptiens ef replacing the eenvent|enel tan

- rotor at the Unlverslty of the Witwatersrand (See references 7 and 8). The firstis
 the Circuletl_en Cantrol tail boem and _Thruster (CCTB&T). The perfermance of '
" the thruster was tested on & static rig situated et the laboratory of the School of

Mechanical Engineering of the University of the Witsuatsrsrend These tests

wers used to determine the operation of the thruster as well as the varratlon of
 the thrust developed by the thruster with varratien in exit area ef the thruster
: The exit area of the thruster was varied by retatlng a can (wuth an epenlng larger
than that of the thruster) areund the thruster Another methed of varying the .-
-~ outlet area of the thruster is by means of a shde ‘The mam advantage ofthe _
slide is that the alr ‘exhausting from the t_hruster is not deflected in the yertlca! n




: d'rect"’ﬁ as 'i* the Caﬁe Wlfh the retatlng can See flgure 4 for e generai
B __arrengement of the thruster w:th a rotat:ng can : s "

Ee

LA
memTmommem et

LTS = S

" Figure 4! General Arrangement of Thruster
' 311CCTB&T
344 Thr_us't_ S

N

| The varlat:en of the normahsed thrust developed by. thruster wﬂh can angle is -

o 'presented in ﬂgure 5. lt is clear that thrust developed by the thruster can eas:ty _. -

i

L "-bycontroﬂed byvarying the angie of the outercan S --,:-ﬁ SR




B
- A

e Suey=n

Fiaure : Variation of Normalised hrust vithCan Angla 7]
- Using conservatin of mrhentum across th trustr ives:
Aasing Vi, anson 3 cnboghenes:

"Unknown factors such as velocity components in the tail boom, non-uniform flow E |
and éxpansion of the wake are included by means of the constant ky. .~ *. e

i .




-exat areaél“thethmster TR

RS deve!oped by & thruster with mmliar geomatry to the thruster tested m -

- From thls |t i c!ear that the torque davaloped by the thrusier about the mam

: _'motorlsgivenby AR A I NS

E QFK’IAPtLt o 33

o whera Lg 13" the honzontal clistance ’from the main rotor ax;s to the mld pmnt of the» o

S _' N .

| .For the tesis carrled out at the UniverSIty nf the Wltwq;iarsrand li was found tha’t
the valua of the constant ki is 1, 0757 for the ‘geometry tested, The thrust

o :._reference 7 can ihus be Wntten as: -

B B
":.___\.‘1' . '.J

- Later tests has showry the value of ki is in fact a function of the afea ratio of the
. thruster [9] The va‘]ue of k decreases as the area ratzo of the ’chruster mcreases |
No testa were camad out to. determlne the effect the geometry of the thrus{er* has o

- onthe valueof the‘bonstant k1 :
o 3112 'Powér'_

- _-_-Tha powar supphed fo the thruster for the case of no fnctzonai Iosses may be
-gweu by o o N

K e
A

’ : _\".}_II .
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 where Ky includes the effects {F
cross-sectlcn of the jat leavmg the thruster and the fan efﬁmency

3"whereKP 05 R AR PREE LI S e

R K

- The ;s_owér{supp'ﬁé& ta the fan to provide the air tothe thruster may be written as:

36

" For tha tcsts carncd out at the Umversnty of the Wltwatersrand [?]eat wa's 'fo'u'nd g T
_'that Kp =ﬂ 856. Furiher tests: 19} at the Unwers:ty c the Wltwatersrahd has shcwn_ e

that Kp is |n fact a funci‘ cn of thc area, ratic cf the thrus’ter The value of Kp

mcreaces with, an increase in thc area ratic. What is not shown in these tests 1s '.
- ._-_thc dynamtc raspcnse cf the azr flcw tc the openlng or c!csmg cf the thruster E

I3;1.2:DifEUScr~Thru5.fer (‘D"I"_)"'__;‘ e

25
-

| ;_The Diffuser-Thruster |s the second cptncnfcrr‘eplacementcfihe ccnventacnai _3 SRR

'_  tail rctcr that was tested at the Umversuty of the thwatersrand [8] The DT
. -'compnsas cf

e "a fén located at the e‘htrahce'tc the taitboom -~
i) a tail bccm to duct air from the fan to it's aft end

w) a thruster f tted tc the cutlet of the dlffuser which tums the air through
apprommateiy 90° and ejects it s;deways mth a neariy umfcrm ex:t

™

-m) a d:ffusar Iocatcd at the aft end of the duct tc reduce tha speed of the air '_

energy iosses cme f.o frictlcn vanatlch |n the v h



_ See frﬁuréSforegeneral arrangement ofa Drffuser~Thruster C = *

- srgnrfroantly ;

Bt

_ "- velootty to generatea thrust and oortseqoentlyr the torque requrred tg B | o
balanoe that apphed to. tha matn rotor IR \:- o ] T

'u

o ."F-ie'u"'re_ Et._ Gene'ra!_Arrangement of,_bifru:sfer'-"rhnis'tgr[ o

b "‘\'.G : .

o

The DT has two maxn advantages over the CCTB&T concept The t“rst is; the fact - |
- re Crrculatron Control Tarl Boom only funotrons properiv at hover or. very tow -
- forward speeds At hrgher forward speed, as the main rotor downwash moves off
_ '-'_the tart boom the CCTB loses its eﬂ'eotiveness [10] AS“h"‘\crrou!ation control is
o used on the DT the problem should not oacur.

_The static pressure of 7kPa 18] inside the tait boom of the GCTB results in an
| '-_exrt velocrty of approxrmately 105m/s. Thrs velocrty is high compared to that of R
the oonventronal tail rotor or the fenestron and results in oomparatrvely hrgh S R
- -' power requrremente for the thruster The overall power requrrements of an antt— o
'_ | torque system oomprrsed ofa orrculetron controlled tail boom and thruster o

appears to ba in the order of 50% hrgher than that of.a oonventional tail. rotor [9]
If the speed { total pressure) of the air oould be reduoed before exrtrng through
the thruster it could be possrble to reduce the power requrrements of the system .

s




It is aise cleer from equatten 3 8 that the power consumptlon of the CCTB&T is a. L

- function e’f‘the eutlet area of the thrueter tf the outlet area of the thruste; ceuld

o be mcreased it Weuld mean that the power requ1rements wouid alse be r‘educed 3

e

“'-.u .

| The fact the mass flow thrquh the DT W|II be 31gn|f[cantly higher ihan that of the_ o
L CCTB&T (1 0 kg!s for the CCTB&T vereue +- 29 kgis fer the DT) coutd mean that. ) '
-the DT eeuid be & better ept;en for the CIRSTEL concept The. higher mass flew j_;- -

of ambient atr weuld mean ’that the temperature of the engme exheUSt gasses
would be further reduced than would be the case of the. for the CCTB&T

A number crf problems are stilt assoclated wnth the current deszgn of the DT It
was therefore demded to use the CCTB&T fer thls study -

| 3-1'-2'-1; Torque' o i

F‘[ o

The tests earrled eut on the DT a the Unwersnty of the Wltwatersrand ‘eere dene . E

_ on both a statsc ng and the rotor spln rlg The tests on the ret; )r spinrig’ cleerly ¢ e
' showed that in hever the reter hae I:mlted effect on the terque deve]oped by the -

DT See f“ igure: ?

. ) ”‘& “Hp - o .uﬂ
. c B 10.*_ o o- &
E 0 - .
B
N
.a-
zu—
o g T o ‘. T 5 T .1 . a\l)qr'—] - W
. S ez 4 cond. .ol R R W R
* o .0- :newnm;‘r&g o .
Figure 7: Variation of DT Thrust with Rotor Thrust [8]
§ o
.. . \, X ‘§ ‘ﬁ - '_J.r
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o As one of the pess:ble uses of the DTwould be the coo!ing of exhaust gafsses by
| '_ '_ passing them through the ta:l boom it was: pertment to mveeﬂgate the static .
_ _. pressure exustlng Il'l the taal boom Flgure 8 presents the: static pressure along in )

o the ta[l boom of the CCTB ana the twe DT's that were tes{ed The static pressure B
R ;.-'depressmns on the tail boem for the two DTs are s:gnlftcant This stat:c : ﬁ_: P
o pressure depreasion combmed wﬂh the: large ﬁow of am_blent alr would be useful

_ Figure 8: Statié'Pr'e_sf's'ur'e'ei_st_ﬁbutéan_ in Tail Boom [s_] |

. ,M_
txrf

-

The results frem the tests carrled out on the DT show that its thrust performance .

o - compares favourab[y thh thdt of the conventlonal tali rotor Further work |s Stllt .

.&\..



_ requlred to 1mprove performance and ‘EO ensure that the mass penalty is
acceptable The flow iri the in the dtffuser and the thruster can be lmproved This

R would mean a reduction in thé losses and amproved performance of the DT..

| 32 cifrfé'u_tation; Conitrol 'rail_-s'o@fhs_

: 'Clrculatlon control ta;! boum ant;—torque systems make use of the downwash

. "from the main rotor and an mduced clrcu{atlon around the tall baom to generate _ " et

K a torque about the axis of tha main rotor. This ctrculatlon can be lnduced by

Jneans of two saparate mechamsms '
3_.2.1_'Fl§38[&_98_ St_ra__kes_ o '

| This 'm'echar\is'irﬁ makes use of étrakes- (ﬂaps) moﬁnted on the 'fusélage of the )
' helicopter 11]. See f gure 8. The strakes alter the air flow around the tail boom

by separatlng tha flavyfrom the boom. This reduces the veloc;ty of tha alr on the

N | one side of the boom producing clrculatlon, WhICh when. combtned WIth the _
. downwash from the main roter, creates a lateral air Ioad to oppose the main rotor
- -'torque N ' ' ' '

- Tail Bborn

} ) F:.ure 9 Dlagrammatlc arrangement of conventlonal ta:i
| boom with strakes

&



“This ar_ra'ngt .hent_ha's the‘_fo'!towr}qg:adva_ntages_:.._. PR

- r) Reduoes the Ioad requrmments on the hetreoptar torque oontrol systems

" f--tr) Retduoes the srze of the *orque oontrol system by using the staIage air . '_ i
loads to provtde part of the needed torque, * R o
L ul) Increases the s:deslrp abrlrty of the hehcopter by oontrorimg tha ﬂow
| c:rculatron around the fuselage and S ' P
'.w) Wrth retracta‘olelextendrble strakes the performance of the strakes can be e

o Dﬁ’tlmlsed S | . Do

E -Althot,gh the increase in torque de\reloped by the strakes is only in the reglen of
' _10% [9] of the torqua developed by the oorwentlonat tait rotor, aII of the above o
E mentsoned advantages oan be obtained with no requ:rements rﬁ engme power

- internal ducting or. drrve meohan:sms Due o the reductron rn Ioads on the

. .__torque control system the marntamabmtv and relzabrlrty of the hehoopter is atsb _: : ”

| |mproved at very smail cost. ”/ S

| _ The reductron irt the size of the torque oontrol system wrll mean reduoed drag .
~ and werght This will mean rncreased performance through lncreased speed B ‘
: :noreased fuel savings and increased load capaorty | o

o

| '3.2'Q2Je't srots |

" The seoond methanism to mduoe orroulat:on around the tail boom is to cut jet |
_ siots along the Iength of the tail boom Atr supplred by an axial fan, is then :
duoted through the tail boom at a positive pressure relatrve to atmosphere The
@i is then exhausted, tangent!al to the boom surface through the jet s.ots, The
. _arr has suffroient energy to stay attaohed to the surfaoe due to the COAN DA .

- effect for a corrsrderabte distance(upto 270° fiom the vert:cal) This drstance that
. the air stays attaohed to the surface of the tail boomn oan be oontrolled by makmg

e



R I

Lﬁmﬂm&mm_u’_

| --_use of he fuselage strakaa mentionad m 3 2 1. The effact is that a mrcuiai;on is

- set-up arczurbd the boom and in combmatlon with the downwash from the main |
rotor pi’oduces a torque to counter—act tha ’torque applred tothe mam rotor See_: .

" H--.ff'gurew

: ::boom can be glven by [12]

SR e T A N
giovattion - Y L

]c:ms secﬁtm of’I'm'l Boom |

F:gure 10 St:hematic d:agram of Tail Bﬁom \mth Jet Slots o

322.1 'Tc_irqu'e dﬁé to denj 's_tatic_ 'Pressura"’;_iuonei |

w0 (O

i For the case where there is no rotor downwash the torque actmg on the tail

)

= ke_(-uf%-'uz_-)mfg;-: -ka'(Lzﬁ_4_'L.1? X R R A

B whei's Ks iﬁcsludes_thé frictional losses bn'-t_hia surface'éf-t'tja_tail boom o




Thts torque is produced by the honzontel component of the change of

_' _momentum of the air leaving the surface of the tail boom. The efrect of the of the
- dlameter of the tait boom could be determrne in terms of the Reynolds number

N based on the boom digmeter [12]. Results of tests presented in reference 12 N '- | . N

B _-show thet Ks i is mdependent of this Reynolds number Deta from' reterences 9

. and 12|nd|catethatk; 0,462 (for D = 0,269m). Whetherk-;ls infact

: - independent of the boom dlameter Stl" has ) be determlned expenmentetty

'-'3.‘2'.2.;'2 .T_orque d'ueto_ Ro't_or Downvfash gl.orie___ L . o i

L o

- . Perturbatlons on the surfaoe of the 1ail bot:m result m-i-the remndoymwegsh
o lo\aﬁng asymmetncatty around the tali boom therebyd (2 1 e *d:ulatson Thls
: cnrculetren combined with the rotor downwash prodq jfbrﬁﬁr & Ts the same

'effect as the fuse!age etrake:i dxscussed |n 3.2:% 3 T *1e "difection end megnltude ef , i

4

) component of the torque is glven by o

‘the force wﬂl depend on tt 2 perta mbe’tlnn on the surfar“e of the tait boom Thle

_o,_-{_;:-_- ;;4_-_-'ro'_ S s

. Wheréik;='__0,05943'(se'e refer’enoes_'e*end_-"lz*)' :' T o

.3 2 2, 3 Terque due o Combmed Effects of Circulatlon and Rotor '

Downwaeh o v

~ When both the do‘wnwe'sh and oirt:ulatio‘n- control is used a force and torq‘ue is .

- developed that acts about the axis of the main rotor. It has been shown in'9 and

- 12 that thls torque oomponent is propomonal to the rotor thrust and the square
" root of the static pressure 2 the tail boom. Unpublished resulte show that this

comporient of torque is alse; proportlonel to the. diameter of the tait boom. This
oomponent of may be Wﬂtten as U _




) :\.- h

| where ks = 0“00561 (from references 9 and 12)

' ’-It has been shoWn m references 9 and 12 that the three ctampﬁnents of torque - B e

B are adtiitive i o the tcntal torque acting gl}t-hu tal l baom is

e 3-:2;294-:_¢timbinsd Effects

L gwen by'

0

From 32 2. 3 the totar torque dé;feioped by the c:rculation controi tail boom ]S o

" a = 5‘4452('-52"7 - L*F eu(tID)D +‘--0',-059'43TD-1;'_0,_‘00-531 P2TD . 341
" The tofal power applied to the fan s given by:

PEIG-GoPI HIUEA s

=7
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3.3 Infra Red Suppressron systemefor helicopfers & L

'- '(See referencesSandis) e |

~The hot gaeees exhausted from the engme of a helioopter, as well as the _
3 oomponents that the hot gessee comes in contact with, prov:de a signiﬁcant
| '5|gnature to lnfra—red gunded missiles T he methods that ere empioyeci fo redeee

| - atmosphere

o this mfra—red s:gneture are the maskirig of hot areas end the oooling of the hot e
+ " engine gasser .t::y combination thereof WIth oold alr before exhausting itinto

: ‘\'..-

B _. The first generatlon euppreesors feature an upward bent nozzie shlelded from S
| : "enemy view by an’ inSulatmg oowl Thls concept is adapted for apposmg band 1"
o operated mlesﬂes (waveiength 1,7t02 sum) Exhaust p!umes radiate a
- '-detectabie amount of enerqy due fo discreet rays in'the carbon diomde

: spectrum, a part of which is lncluded in bend 2 (wavelengm 3 7 to 4 Bum)

e Diluting the exhaust gasseg W|th cold ambient aif reduces the concentretion of

00 and the femperaturg and therefore reduces the detecabilty of the airratt. : .

|’

- A basio ejector oonsists of the ﬂowmg four components (See figure 11) |
o ‘t) anery nozzle To inject hot engine exhaust gasses into m;xlng duct et S

statlon El s

-m___ )

2) -intake.' : To oolleot dlreot and acce:erate ambient eir upto statlon 2 o

- 3) Miiing doct ' :where momentum is transferred from primary to secondary_ . |

- stream and the two flows. are mlxed under the actlon of
 turbulent frzction

o ¥ 4) Di_ffuse_r'- o :where the residuai kinetic energy is pertlaliy recovered .

= : transformed into preesure-.
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Flgure 11: Flow schematlc and statlon ldontlf'catlon of bas:c o

ojector

331Pﬂrfectmgxer Performancemodq | .- (
334 A :Mixo}'Pé_rfofnjéo'o;ei_ .
_ _'BMak.in.g.the foll_owi’rig osoomp.tions;
The maxer is Iong enough to achieve oomptete transfor of momentum from
'_pr[mary fo secondary fiow, ' o -

3 __Momentum lost on the Wall boundary Iayer can be neglected and N
| Tho flow is homogeneous over any seotlon 1,2 or 3 (boundary Iayer

o -.thmkness is neglected),




B -the statm pressure rise from station 2 ta 3 can be axpressed as a funct;on of the - _j:_f{-\f | S
- area ratio \ (A + Az}’%), the temperatura: ra‘no B [T1 IT 2}, and the aorrected ﬂow"‘ AT

: .:'--”_'_-.__._ratlo CD' ((F21F1)’3qrt(9))

 @eram =-‘2tw!x’(12fe@f(“)) N R

© where, = (1'+6)/2sqrt(0) I an auxiliary temperature function. ~ *

" 3.3.1.2Diffuser Performance

. “The performance of the diffuser may be d_éﬁﬁed* as.

"

._ nd=(Pa- P'_a)_lq;; : . - 314

" 3313 ._Eje;c_t_or 'P.erfonnané_e o

__The prassure rise achlevecl by the completa e]ector is obtamed by summmg up
o the rmxer aqd diﬂ‘user ocntributlons o B '

.rr .

. (Pa Pz)lth =g = m A1 - Zfe(‘b”(?v -1)) + (@’ﬂx -1))2>

AT+ 260 @+ 0%y S I 315

© An‘equivalent expression _fd_r head pressure s

 (Pa-Pliy=Tl=o-(@IA-DF & s
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| 3'.3.'2 -'Other_-'ModeIs

Plottrng the Pressure nse l‘I corrected flow rete (In’ gives the 80 Cal Ied ejeotor

per‘ormenoe curve. ThlS curve .IS dependent or} the geometry of the ejector bul

R neerly mdependent of the Mach number end Reynolds number [13]

33140peratmg Pgmt ' - . ._ c ,‘ _ :
The opereting potnt is determtned by matchmg the ejector pressure nse o the
pressure Ioss of the inteke system The pressure Ioss veries wrth the dynamlo

. pressure of the seoondery ftow rate qz

The ooefﬁcient kz does not srgmﬁcentty very wrthtn the usuel trenge of Reynolds
- numbers (ful!y turbu!ent ﬂow) Therefore. o ' '

&

0
n

: The opereung potnt of the ejector rests et the 1ntersect|on of eque’eons 3 16 and

3.18. it was found that the neither the vetocrty v, nor the cross seotlon shape

| has any mfluenoe on the ﬂo@to as long as A 1s retelned Ity was however
found that the nozzle sherﬂe does heve an rnﬂuence when the ebove hypothes;s -_ -

1 .

. is proven wrong

o

3. 3 24 Momentum lntegrat Method

(See reference 13) - .
The most unreellstto essumptton tntroduced in the perfect mixer model is the

| comptete trensfer of momet tum. The mixer is seldom tonger than the dlameter of

the infra-red suppressor so thet the velocrty proﬁle is far from unrform et stetion




g This hrmtation t&nds tn reduce the pressure rise The nsrn~unif rinity Eff ihé

o -_ﬂow resultmg é "n non~pérfeet mixing towers tha mffuser efﬁaienéy “Fhe dlﬁuser

o pressuree risgi is therefere also reduaed Oﬁ the whale the ejr parfom&anae | :'-
- falls shott of the perfect mixer curve, In order to predict the pressure riseofa ;,' . R

. shcart ejedtar it is necessary to kno%the remdual mementum integrated Wer the
e 8 cl of cross sactren 4, Thls i=n turns de:pends on. the ve!t&cﬁy prai“ e at Station 4

o 3 33. z 2 F;mte Bifferehce Method

g BT A T
- B oy

_ mmrasf io the prercedmg methoﬂ this methad does noi raly on any Llnd of
o ﬂow simﬂarity, but saives the Iocal equalions of cuntinurty Iongltudinal
momentum and energy The equat:ans take the conventlonal bnundary layer
- 'form whose main features are: .o : | . .

IR ) quaSI parallel streamllnes nc saparation or revarsed ﬂow -
N 2). c.anstant pressure over any cross section and _
-3 no mﬂuenca of the downsiream regxon onto the upstream ﬂaw

The 'ffni{é-'ﬂifferencé.metl'tb'c.i _hz—ié’; two _adva'ntagéé d*}fer i'ﬁ:e'prg_vi_o'us method |

TR 'The effect of wali frlction is properly mcluded a cruciai pmnt for the

o . \a, ..
o E\"_ " calculation of dn‘fusing ducts. SR S _
2} Heat transfer and compress;blllty are aoc‘.ountad for wﬂ:hm the state and

| 'energy 6quatlons

It should be noted that the f‘ mte d:fference method is doomed ta fall at pomt of

. separatlon




) _-uSe\d for the tests in thls program

| compensen of date easier.

An example ef 1nfra-red suppressmn is used on the Cofnenche [1 4} which
aﬁheugh 1t makee use of a feneetron antt-terque system mixes the het englne

= | _exhaust gasses wnth ceeler amblent elr msmie the ta«t cene Thfs mixturecthen _ _
passes threugh Iong rlbben diffusers Iocated on e::,ch side of the tail cone, where o
o it exfts through 15-feot by 4—mch elots en erther side ef the tail cene As it '
'- eseapes the warm air is further mlxed wsth the downw?sh frem the mem reter

: 34 C‘ommel'lfs

Although the ebeve mentienect methods were avai lable to charactense the infren L

red SUP]JI'BSSIGH perfermance lof the CIRSTEL system it shomd be ncted that -

k _ | A much eas:er method WhlGh reiates the drop stetrc pressure of the flow frem
Lo the fans and the f!ow frem the engme to the veloc:ty Or mass flow ratxe was
‘uewsed to predict the stet:c pressure o‘r“\.'*e two f!ows This method was rather

,"-/

) .I'J
i
at

B

© nong of them were mtended to be appiled in the set-up as used in the CIRSTEL | o a
' . system where the amblent a!r is forced through the system at hlgh pressure '

. Even when used in the appllcatuon that they where lntended fer the metheds stjll"- .

_ | have a number of shortocmlngs Addlt[onal factors sueh as mlet dlstortlens anc; o

- duct curvatures may affect the perfermanee of the suppreset)r - | |



4 Expenmentai equlpmen_t

-'.r‘s

: “4.1.1‘_ 'mer *
| A half scale CI RSTEL modal was used for the hot tests A dlagrammatlc
| | ;arrangement of the model and the test fam !Ity are presented in flgure 12

7 |Exhaustto” S
" jAtmesphere |

e, tm, ™
., " *
N )

l.'I_-'hrtutcr- I . ..

- Istits to simulats '
S .- |Circulation oontrol L

Sy . A # . S - . - o L
" {Cannections ] . I A I _ o :
: — ' RS T . IFam I o N

/\/\/\

L

- Fi_g_'ure 12; Biﬂagrarrimatic arrangeme_nt of hot.test S'ef-th._ -

The model for the smgla ﬂow sy?*#em cenSISts of a 300mm dlameter pipe w1th a L
Iength of 2, 3m Two slots are cut along the Iength of the pipe to s:rnulate the _ ‘_,-

'curculatlon controt.;slots These slots do not generate any circulation (or torque) o

- but only exhaust apprommately the same amount ot' air (to scale) that would be '_ :

- exhausted bythe clrcu!atlon contrel slots on the full scale model Inslda the |
. Soﬂmm tube is J"lECEd a ZGOmm diameter tube. The hot air usedto sumulate the-i L
. engine exhaust gases are ducted lnta the medel and then exhausted into the o

© 260mm mixlng tube through a rmxlng nozzle Tha maxmg nozzle is an




. 412 Bumer

" esymmetrrcat dersy nezzle \mth en average drameter of 250mm end en eutiet L
area of 0,0249m”. Athruster is fitted to the end of the 3’bemm tube. The thruster _' -
N heetwo outlets of dlffenng S|zes Bledee msrde the thruster hn!i. to tum the au‘ . o |
o -befere itis exhausted into the atmosphere Aeen fits over the thruster. Itis '_ Lo
5 -'j'_-pesmble to rotatethe can and thereby vary the outlet at'ea of the tt"rruster The -
g .drrectron of thruster can elso be reversed by ctosmg off. the outist en the one
| _' srde of thruster ancl openlng the outlet en the ether ,Stde pf the thruster.

¥

S _-The bumer atthe Hot Gas Test Facrl rty (HGTF) of the Counclt for Screntrf‘ ic and
_ | industrlal Reseerch was used to supply the hot gasses to mmulate the engme
E - exhaust geses The burner can suoply upto 3, 5 kals of air at upto ?00 °C. The
| ﬁ'mrxrng nozzle was conrtected to the burner with a ﬂexrble bellews Thrs was

s readrngs were not affected See fi gure 13 for photegreph ef buirner

_ dene to ensure that the medel was free to move in all drrectrons and the tead ce!l

0.

Figure 13 Photograph of burner In HGTF
e e U T e




]

A set of four exral fans. conrfected m serles was used to elmuiate the embrent

B @i flow in the model: Eqch fan could be switched on md:vudueliy This madeit
poss:ble to have elther 33 Ol 4 fans. switched on et a time. The fens were - -
- installed next to the model The air was then cluc:ted mto the model wnth a metal

| reinfOrced fabr:c ceneertme rpipe

N W:th ldeel condi’uens these fé'[ne cari dehver ‘upto 4 kgzs ef air, but due to lesses |
inthe concertlna pipe it was enly por«mb!e for the fans to deliver a mammum of

21 kgls of éu‘ This is only half the air that is reqmred for half scale tests Thrs
8 wae compensated for by elsoNarylng the flow from the-burner, thereby o
o pruducmg the correct fiow ratpe and ensurmg that the characterisation of the

= perrermance of the CIRSTEL eyetem could be apphed over a wide range of flow - -
' __'ratlos ' : : : R '

. 4?!._4 lns_trumentatipn_

. ‘lnetrumentatien fitted to_ the -téiét rigis givenintable 1.

. : '_ .'.Table 1 lnstrumentatlen for het tests

]

6 TParameter |Sensor __ IRange | StdDev.
1 - | Thruster /- '|Straingauge 500N - /675N -
B fhrust o lloadeel] R
12z Temperaiure . | Thermocoyple { 800°C .  {12%
15N - “jofairflowto {probe _ R
: 1 burner. ) L . : .
3 . {Temperature .| Thermocouple | 800°C =~ {2% .
_ -~ lofairflow.  |probe _ .
) i from burner - 1 . I i . -
4 . |Temperature | Theimocouple | 800°C 2%
B . Jofairat. :jprobe o .
' mixing nozzle §




| Temperature ™
iofairat -

circulation -

$lots

__The?rmoéﬁupﬁia_
. probe . B

800°C ._ :

s

Temperature .
of air from -~

i fans:

Then)jocbpbla '

probe’ - 1

{ Tempérailre

ofairat =

| thruster outlet

'_Tﬁefmobbup[e

probe -

-

'L.sa'o;.c_. TR

“"TVelocity head
- {ofairfrom. -
- ifans

~ lpressure

Rribar +
differential =

fransducer

6WE T

-1 to burner '_

Swiic
pressure of air

differential .~
~ipressure . | -
fransducer . -

Anubar + |

50'ps'i.'. j-' e

Valoeity hoad

tofairto-

thruster o

Anubar + -
differential -
pressure.

transducer

Static

pressure of air -

' fromfans

differential -
‘pressure - .

Anubar +

transducer

86psi

R

e

| Total pressure.
yof airfo
burner .

| transducer

Anubar + -
differential =
pressure

T i 4bar

TIEmE

ST

13

Total pfess_ure.

jofairto
| thruster

| pressure
transducer

Anubar +
differential

g [ToTmE

T

Static

1 pressure of
} ambient air |
| around mixing

nozzle

Scani Valve

-

T Static ™
i pressure of

engine air
inside mixing -

"8G Vaive

1psi. | 654Pa .

. lpozzle

TEATWE )



Co The pressure transducere, scani vatve and tempera"ture probes Were:fﬂaﬁ by
o '_maktng use ef a MUX-carcl connected to a personal computer The soﬂware
[ used was epec:frcetly develeped for the testrig atthe HGTF. The software was

TyET : .' - ’Statuc g Seam\/alve s T

e -pressure of
-_"embtentair _
"+ tbefore mixing -

T '-.nozzle L

PR

g '_ mede it posetble to menltor the ftow rates frem both the fans and the burner end
-t Set the flow ratio to the required value. Date read durmg the teets were saved
- as an ASCII t' Ie te be processed tater L a

4.2Ca|dTeets I

used to etalt:utate the ftow rates ustng the. pressures read frem the. anubers Thts

- The tests carrled out th the HGTF were repeated for the cold tests te determrne

whether the perfermance coeff‘cients are a functron of the densrty of the geees in

' the tall boom Th|s fime however the hot gas from engtne was srmu!ated wrth a-
. 'blower délivering alr at ambient temperature to the mlxtng nezzle The seme .
'modet was usecl as |n the hat tests The mrxtng rtozzte was now cennected to the

B _ blower (metead of the bumer) by meane of a short PIGCB of metal reinforeed |

| 'fabnc concertina plpe The model was suSpended ina scaffoldmg structure A
S d:agrammatrc arrangement af the set-tip ts presented in figure 14 :

$
‘




IFA

423 Fans '_ o

% R SIDthBSLﬂ“ﬂate B
- -.IBIw_-_I lcc-ﬂow o

o=

Figure 14 Dnagrammatic arrange’ment of cald test ri-g

L
X

- For the qold tests tha engme flnw was Stmulated by making t}se of & radlal
b!ower to supply air o the mixing nozzle The air was at amblent temperature R

. : The b{é\wer can deiwar 1,8 kgls of alr at |deal condftmns but to get the correc%: B L

o o -ﬂow ratio apjece of shade cloth was put i the inlet of ihe blower to iower the

_' fiow rate to betwaen 0,45 t50,5 kgls - ._‘_‘ SRRV S

[

The same fans used during the hot tests wers used during the cold tests. Fortie

cold tests a butferfly'valvé was 'ﬂtecl to the fans to make it pos:éibie to cbritrbl the =

. _i'flﬁw rate from the fans For each number of fans S\Mtﬂhed o, tha valve was set - :
- at 0% oldsed 30% closed and 50% closed This made it possmie to have more
than ]ust four dlfferant ffaw ratas from the set of fans - '

i
,,ff :

P
4,
&




" 424nstrumentation

 For the cold tests_the'_ 'fan.bwm'g instrumentation was used: -

C

o j_ Table 2: Instrumentation fer co!d tests_.; -

Channei

-'Pararneter. :

Sensor :

~TRenge

T Std'.Dev" —

1 .

Thrust .

;1 Strain gauge

Ioad call

500N

" Fiow from

fans -

~intake o+
- differential -~ |
| -jpressure .

transducer

'SKPa e

R

| Fiow from *
blower -

Bellmouth +

* | differential
“i pressure .
- i fransducer .

T3 kPa

] _1'79 Pa L

“Fiowto
- jthruster =
0 ) pressure

.| Anubar +

differential’

transducer

5kPa

-1

Static _
pressure of

ambient air at -
! inlet of mode!

+ Scani
Valve

Static probe

- 5'{<_P'a

48P

1 Static:
pressure of -

ambient air -

.} around mxxmg” |
i nozzle :

Pressure ring. |

5kPa:’

+ScaniValve |

Lo

-1 Statlc .
| pressure of
blower air at

Static port +
Scani Valve |

exit of mixing | -

‘tnozzle

T P

Static

| pressure of |

Static probe +

Scani Valve

EkPa

| air gt thr’uéter

Al the above mstrumentahen was connected toa Hew{eit Papkard data
o a':quismon system. ThIS system makes use of a HP3456A data aoqms;tien_ :




B oontrot untt and a HP3497A dlgttal vott meter(DVM} The date eoqutsitton syatem - |

* . is connected fo HP900O personal computer. The software (written in HP BASIC)
used for these tests was modtf‘ed from software already wrttten for the computer S
o and data eoqulsrtion system The data . Juisition system can: reect Upto 4G

analogue channels The number of reedmgs taken of eaeh channel oan be set

by the software onthe oornputer The DVM automattoally catcutates the average o
L for eaoh channet and sends the. vatue to the oomputer The computer then

. appﬁss the relevant oehbratlon equatron to each data channel and saves the

" _vatues in the computer memory After each test the. data is saved onto a3, 5 trtoh _ -

-- _' disc:

ﬂ

. To rnake it poss;ble o process the data further onan IBM oompatlble PC the o o
datais oonverted from an ASCII frle (as saved by the HP oomputer;“to a TEXT o

file (that can be read by the IBM oompatrble) by maklng use of a HP-VECTRA.
The HP~VECTRA oan run both the HP—BAS!C and DOS operatrng systems o

_4._3__'D'uat_ .ﬂ.ow_._ B

" The dua! ftow system was tested on the cold test rig fo deterrmne the effeot of
B the ohange tn the area ratio AJAs would have on the static presSure of the -
o gasses in the tail boom. From the comparison of the hot and cold tests on the
“single flow sjstem it was seen that o‘ens:ty does ot have any effect on the o
perfonnanoe ooeft“ cients, i was therefore deoided fo tests the dual flow system |
- only on tne oold tests ng : ' '

4.:__3_,_1- Model
- The miodel for the dual flow s'ystern'tésts con'sisted of the 'sath'e mixing rozzle

 that was used for both the prev;ous hot and oold tests. The mner tube was
extended tov"he same Iength as the outer tybe of the s:ngle flt')W system The :

P



_ nlet was expanded te a diameter of 300mm for cennechons to the eonuertina
. pipe. The mlxmg nozzle was see!ed inside the inner tube. The euter tube was _
notus ed durang these tests The same thruster as used m the hot and cold tests
- was used in these fests. The thruster was bolted to the inrler tube. A~~~
) dlagrammatlc arrangement ef the duai flow test rlg |s presented in 'r' gure ‘15 N e

w.,,

. c.r_ H

nozis |

: :F_'igiu.j-é 15: Di,;!"g.r_amtn-atfic afra’hgenfje"n't of Dual fiéw-tesfﬁg‘" |

~,~32 Fa‘ﬁs,_' Blow;er :

'.._Q',

* The same _e_qeiﬁm;'e_ht used for the cold tests wee used for _fhe dual flow teste_. e

433 Instrumentation

“For the .dualj tlow teet_s_ the falio_wing‘ I.ns_t-rum'ehta_tion was used. .

| Table 3: !nstrumentatlon for dual ﬂow tosts,

_‘J

Ghannef Parameter Sensor . Range -Std'Dev L

load cell

1 ]Thust  |Straingauge 500N  _ 1]|675N -~ _ |

R Fiowtom  [inteke + [5KPa | [48Fay |
| I L o A N S
B L R

1A

{pressure . - |
.transnuuer 1o




3. olFlowfrom ! Belimouth+
e bl-ewer;;.-}_-' | differential
S 1 pressure. R
S SRR . - S AOESESDE S RO PRSI
T4 \n\atic e ;-*Sta’t’,icprﬁbe_ 15kPa - . |493Pa - |
SR -'_ambx_sM@tr_.at Pvalve:
RN WS 8 1 - 1 1. N8 SOOI St ITT TR RS
LB 7. | Stafic. |'Pressurering. {5kPa - 1498Pa - 1. -
b 'PFéSSUFeDf i+ SéaniValve'y - o L ]
o= jamblentar oy o - p '
S L Hareund mmng S

Vo nozzle 5 TSR e S,
6 . |Static T Staticport+ [&8kPa ' - 1493Pa -

o7 pblowerairat |
C o lexitofmixing | . S L
ool e oze b o b e
© |7 . .. ipStatic . - |Staticprobe+ ;5kPa - - [ 493Pa’
oo 0. lpressureof  jSecaniValve |- - T
airatthruster |~ -~ -

The ﬂcw ta the thruster wes calculated by adding the ﬂows frorn the fans and the
blox;;er The sama data acquis;ﬁon system used for tha singla f{ow cold tests

\vej used. for the duai flow tests.

e

{pressureof - iScaniValve {1 oL ]
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. 51 Honests E :

Yo

: S : _ cj,,e , L
The preseure transducers and Iead cel! were frrst cetibreted The callbratiens ef

-

. equlpment ueed for the het tests are ltsted in appendlx A ‘w““_. NS

L S

For the het tests beth the number ef fens runnmg end the ftow rate threugh the DR

burner were varled The bumer was first started and al[owed to stabllise at a
tempereture ef 450“0 end a ftew rete of 0 3 kgfs The fans were then ewrtc:hed

- en (2 3 er 4). The ﬂow rete through the bumer wés then set at four pemts o

between 0 3 kgls and 1 1 kg!s xbl rgedlngs were taken and averagec; of e ach o -

: channe\ ‘Fer each of these poim't e

Results frem the het tests eppeer in appendix C ( See Tebie Ct te 03) The
results fer these tests are presented in three dlfferent tables Eech table

e represent a test wrth a diﬁerent number of 1ans switched on in thls case 4 3

and 2 Jans runmng Each table then has three or. four celumns of: date These "

 three or four eetumns (Point 1,23 ete ) represent the venous ftow rates. threugh | o
the burner for each of the tests The f:xed dlmenslons ef the model appear et |

Samr

. the bottom ofeaeh ofthe tables =

| 6.2 'Geld_'t_"e__s;e”f |

leferent pressure transducers than those used i in the het tests were used m the | - N
cold tests The eallbratlon of the pressure transducers used for the cold tests are-__ -
also Iisted in eppendlx A | R a

: " Mo B . '\\\_\‘

o



The pressures reed by the steﬂtre probee, as well as the flow rate measured by EURE o

B the enul:anifwas also celrbretéd using & pitot tube The cahbratlen for these-

B o No. ‘bf. fa"ls o o 'Vé"?’?’e’etﬁng, (%-c#tasedy.a R

(SR SR SO TR R R N S N

. thefan. The same fixed dlmensuons as w&th the hot tests also appear e’z the o

equlpmem ﬁ‘Sﬁ appear ie apmendle S

. For the cold teets the flow rate through the blewer was kept constant The :
L '_'number of fans switched on end velve settmg was varied to vary the flow ratm I
L between the fan ﬂow and the engine ﬂew The feﬂcmng setﬁngs were used

0

_ F ifty read:ngs were taken and averaged for each channel for each ef theee L
5 settmgs The resu!ts for the ceid tests appear in appendax C (See Tab}es 04 to
06) The resuits for these tests are also presented in three different tables As '
i wuth the hot. tests, each of these tables represent a d:fferent number of fans that
" aréswitched on. Each of the three columr, (Point 1 283)in each of the tables

represent the various settmgs of the velve that was used to choke the flow from .

bottom of these tables A




_5'.3, nu_ar ﬂ'ow té#sts- S

'- For the du@i ﬂow tests the ﬂow ;hrbtjgh'the 'blower' was kept co
* areaof the thruster was varied. Fér each of the four outlet areas of the thruster _
. _the number of fans was varied from four to one, For each fan settrng thevalve
‘was set at 0%: clesed and 50% closed. The results of the dual flow tests appear . _' Lo

'in appendlxc (See Tables Cc7, te cm) “The data is de\rldesd into 4 tables Each R
‘tables is for a Speclflc thruster area ratio. The columns in each rof these tables v
_ represent the various fan and valve settmgs1 frorn Porn’c 1 whrc s 4 fans‘ﬁn and E -

o ) _' valve ful iy open to Pelnt 8 whlch IS 1 fan on a ;d the vaIve oo'% osed

o of the mrxrng nozzle Entralnment is the ﬂowofaecondary air that is eaused by o
- the f!awofa;r from the maxmg nozzle Tha Jet effect of the- alr exhaustmg frnm the -~ -

'.r_J

- The set-up as used for the dual tests wes aiso ueeci 'to measure the entrainment

| ) 'mlxmg nozzle draws th“e secondary ﬂow into the: mlxing pipe. The entramment

- ratlo IS the ratio of secondary air mass f!ow that s entrained devided by the
mass flow frem the nozz!e (GJGa) A dlagrammatrc errangement ef the modei for. S

| . measmng the entramrnent appears in ﬁgure 6. -

_ entramment

: . L N e
C el (LR
it s iy e v
- o
f . EJ BRI [
i e .
' : ey
i

nstant. Tﬁe eutlet'.' e




~ Point 5, 0,865D

3 The entra:nment was moas:.u T4 by remowng the fans ant themﬂ:ster from.}the __: f 2
_ 'modol Tho blowor was fhon set at vanous flowr ratos by varymg tho nuq&berﬁi | S

_' ‘pieces of shade cioth in the :nlet The ﬂow through tho blower was then

o meosured with the belimouth intake, and the secondary flow yas measured wiih IR

Jitot tube The Pifot fube was traversed across thrae diar%iers and realcimgs S

i ._were taken at the followmg polnt along oach diameter iy 5]

'-Point-“'-l' -g.:o,oszo_-y-. PR SR

”-”_',_'Pomtz 035D o

o

Pont® 082D T
Point 4 0679D - ... TRt

o Pﬁi‘ht_-:' 6. “U 968[)-" oA e ..._t-’};v'\\-_‘.?? |

| | whero D is the dlamoter of thp tube "

The readings from the three dzameters wero averaged to obtain tho secondary
flow Ihe results of the ontralnment tosts appoar m appendix G '

a@’
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e 1 Mass ﬂow J

8 Resulte and Di'scuesien; o

o 61 Hﬁt and Co!d‘ﬁests |

o '-The' -._fetlewing m'a-s,s-m_ are required to arilyse the performance of CIRSTEL:

:1 Flowfrorn thebumer (prtmaryﬂow) (Ge) | _ S o
2 Flow frem the fans (secondaryflow) (Ga-t C:cctb) A ;
3. Flewtothethruster -(Gh - ' L
'4 Flow to the mrcu[etion control stots (Gcctb)
: Fer'both' the het and cold tests, slits'were used tb* allow air {o flow to atmosphers .
as opposed to jet siots. This had the advantage that no thrust was developed by
- the air flowmg threugh the slits, that would effec:t the thrust measured to the o
thruster R ' - -

o | -Ferthe het tests 1t was found the reedmgs from the anubar ln the thruster wers = o

B '-"thethruster* S LR A At

noit accurate Due to the heat of the exhaust ge s, it was not possible to

| callbrate the anubar. The followmg equation was used to calcutate the ﬂow tc
T ( et
(APT)thr o . “o : ) o .

- with Kg = 0,8869 and a standard deviation of 0,003 for the tests givenin ~ ©
 reference 16. The flow to the CC-slots was calcuiated frem the dlfferenee of the L
- air suppl [ed by the fane- end bumerfblewer and the ﬂow through the thruster.

Y
O
i




 ResulsandDisnssion= 4,0

eA2Thust

Using the conssrvation of linesr momentum doréJs the fhruster (seb figure 17

_Pr_. -

- F' guré; 17: Cénf'rdi Vol'ulile aﬁroés thm.sj_t.er_
giveg:
as‘s“f’m.ing"v’:—“ O"_eqt_@“@nf.é.-é cein be given aé:' 'S

where Py i is the total pressure at the entrance to the thruster and K, is a constar R
o to include unknown factors suoh as velacity components |n the ta;l boom non~ ,
e funiform flow and expanswn of the wake. (See reference 16)




" “The data obtained from the hot and cold tests were ccrrelated using a ieﬁsf

= squares method o determine whether it could &lso be repreeented usmg "y B

o equaﬂon (8 3) The deia and iineer f‘ t ep‘:ear ir fi gqrm 8

a0 60 &0 100 120 140 1eo 180 200

- :-F:i_g_ure-18:_Variation':cif Th_rﬂste_r thru'st.‘_with_"(g Pt)th}__-_-- <
'For theee tests K, 0 794 Wlth e correlatlen coefﬁc:ent'of Q. 942 This velue of Kt
' for the CIRSTEL tests is lower than the 1,060 obtained for the cold tests 1 8] |
'The OIRSTEL tests show a decrease ef 25% m the value of K. Frqm tests |

. ) conducted et the Unwerssty of the Witwatersrand itis new known thet Keisa -

o functuan of the area ratio (ATIAb) of the thruster [9] The ares ratuo for the tests

conducted at the Unwersity of the ir‘gltwetersrand the area ratie was in the reg:on

L :'of 0,2 100,4. For the tests eafned ﬂut in this research. progrem the erea ratiowas -

. '1 1. Thrs ﬂerge variet:en in the area ratio would explaln the veriat!en of the value :

o of Kg The combinad hot and cold resu!ts prove thet it can not be tempereture o
B -eﬁects tha’: ceuee this venat:on of Kx ' -

. U.- e
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o e3Power . o
. 3%‘31ThruSter o SR

.. i ﬂFrom the energy equatlon the pbwer of thé air s.:pplied to tha thruster can be

p pAv* B

" Frofm Bernaull? s.equétii:;n:ﬂ S

* and from equation 6.3:"

Pt=k(T,A) e

C & . R

e

. u.—. A

a- O "'J_ -

S A}

Usmg equatlans 6 5 and 6 6 in equation 6.4 glves the fonowzng equat:an for B
' predlcting ihe pOWQr of the drr supphed to thruster o

Tam -

ek e e

E(Ap)m.- ’

= _' where Kp is a con'stanf to include such'.eﬁec'ts as éna‘rgy Ibsses.d'ue 10 frictidh. a -
"variation of the cross seciton of the ]et Ieaving the thruster and the fan effi c:ency. _
) 3_ (see reference 16) L -

a4
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‘! P

N For the lmear f [ lt was found that Kp 1 075 {W|th corre!atlan ceeﬂ“ c:entcnf ; :

.\".' EER S

_The pawer of tha air lmmeéiiateiy upstream Of th@ entrance m the thnpster was o
ca!culated and then plﬁtted agajnst the T"SIQI( Ap)"O 5 to d EtBI'm‘lne Wt\ether W .:_..: . .
7 equation (6 7y can be Used When the alr was hat T hes data as wall as the iinear e
a  - .'..flt tc: the data appears in ﬂgure 19\\ P L R

0,089), This value is-higher than the value of 0 822 obtanned for the tests m [‘I 6},

5 "o

. "From the corre{atlon of the het and eold tests it is clear that density has nn effect
. _' on the vailue of Kp This deference between the value of K ubtamad in [IB] and
_' '_ | obtained in these te.,ts |s dus to the fact that Kp fs a fUﬁGtIOH of the araa Tatlo of
" the thruster 9l | F
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The power suppired te the thruster should be the sum of the power deiwered by

 the fans and the “0221’9 { minus of course Iesses) Due to the dlfferent velocmzee R

o of the' wa air streams (from fans and from nozzle) and the eonsequem‘ shear

i stresses between the twe air streams itis mpoeerble to determlne ina srmple -
'manner hew ths - energy tor the thruster i constituted To obtain an rndrcatlon of

o ] 'the power requ!red frem the fan at varrous ﬂow ratros an equwalent pewer factor

. 'Kpranwas calculated usung R T £ -

e

Km"m R -2 S

ST e ..

. P-

In the above equation 6, 8 the thrust is the totai ihrust devetoped while the |
j power is the power attnbuted to the fans only The resu!tmg var:atlon ef Kpfa., W|th -

i vetocrty ratio is gwen i fi gure 20 3

L3

e R

0.8 .-.Q_.-...,..,.'l'...'-&.._;_; .1._,.."_'._-'_'..._....'_-__-._.".._.4 Co
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y \Figure 20 Varlation of Kpfa,,r with Veioclty ratlo i
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. N As shuwn if fgurn 20 the fan poWer is reduced sugmfcantly by the jat ac-.t;on of

i _thj; hot gasefs from the mlxmg nozzle As shown above the va!ue of K,,for the
- thruster alone 18 1,075 and would be higher if thelosses over the mixing. nozzte R
- and a!ung Ihe tall boorm were tal'«an into acoount The ﬂcw ratio for a CIRSTEL
_ | antl-torque system Would bein the order of 0 9. F rorm this it oﬁuld be expected
E  that the value of K,,wouicl be inthe reg:cm df o, 7. Thrs means that the power

requarements of the fans would be reduced by appwmmately 30%. This 30% of

ihe pnwer would then be suppiled by the eng:na exhaust gasses The effect of

. this on the engme performanc?a needs to studred
- | 514stat|cpressure - | __ :_; N IR | '. 3 ﬂ -
S ;_.\,‘_1.4-,1 :Fén _Ai..l_'_
- The ététi'c bféé.'su.re of fhe 'airz‘ sﬁp'pliéd. by théif'ahs frozm a ﬁdint u;:.:é.tréémi'éf the . :'
_ mlxlng nozzle to the inlet of the- ’ghruster should be quantn‘" ied to ensure that the

st presswe of the air supplied to the c;rcutatlon ccmtrol slcts wﬂl be Suff:ment o
o to allow a torque to bn developed by the tail hoom SR

- The drop |n statlc pressure of the fan air from the fan exhaust to the 1nlet of the - .

thruster will depehd on a nut‘nl.'ralL of factors These lnclude the change in total

N anargy of the air per unlt mass dua to m:xmg, turbulent shear stresses and

Iosses due to flow expansmns Reference [13] dusqusses the dnff:cuhles of o

' pred;ctmg tha perfonnance of mlxmg nozzles - T

| A momentum balance (for the flow from the fan) across the tall boom from the

ixing nozzle exit to the thruster entrance 1gnor|ng shear stresses and fh:sw

E -acrossthe Oontrol volume (See fguréz'!) o S "_

,‘-_f:
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fk Figure 21: Control Volume across tail boom

" '_'giveg'ﬁ" N
Fromequat;ont‘:g B

' For the case of no ﬂow from the engine and no Iosses ac.ross the mrxmg nozzle L
andin "ha tall boom, equatlon 6.10 can be wntten as .

. P' "‘. Pr .. : o . T : - a . .
AN e

" T :
L' . . - W

A changa in energy per umt mass of alr fc:r a gwen ﬂcw COI’IdItIOﬂ wIII manifest R
tself as a change in static pressure at the enfrance to the. thruster This change |
in-energy will bea functlon of the Iosseus on the wall of the tail boc:m and also - |

o th_e_ma_ss flow ratiz=To determine whelher it is possible to express the préssure




7 lssin ’rerms of the mass flow ratlo On#y, equataonﬁ 1is written as i follows: (see Lo
_'_-refersnces [3] and [1?]) - - : _ B

RN ind (B _f(Ge)_ A otz

C prf V E G, . :

- where f is a unwersal funt,tlon of the mass flow ratio. To determ;ne whether '

L such a universal function for the geometry ofihe CIRSTEL exnsts the LHS of
L equation 6, 12 Was plotted against the mass ﬂow ratlo in fgure 22 )

6 :

3o ..-2:_‘ ............................. : el Ho‘t TP TR B
1 [Cold
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Figure 22; Variation of __fu'nc_ﬁon f .w'i"th mass flow ratio

| _It_.is' clear from figure 22 that fis, to go_od '_;apﬁraximat'idn. a function of the mriass h
~flow ratio for the geometry tested. At a flow tatio of O (o flow from the engine)
~and nolosses across the nozzle tha value of f shou!d be unity Dueto Iosses in
_the tail boom the value of f is greater than unity for a ﬂow ratm of 0. As the flow _
B from the engine mcreases the- vaiue of ; clrops Thls is caused by the fact that as )
" the flc:_w from the engine increases _the internal ene__r_gy of the alr ;@he t_aﬂ boom
| in¢reaées(55f _increa-sés). The static press't._lré at the 'in!at_'t_o_' -the _thrustéf:s}viilfalso |




E _merease es the ﬂow threugh the thruster mcreasee lt cen therefore be expected L

that the velue of f wiil deereese as the ﬂew rat;e mcreasee For a ﬂow ratre of

o " greeter than 0, 5 the value of f becomes negatwe The etetrc pressure of the err o .
- atthe enfrance te *he thruster wlll therefore be greater than the etetrc pressure ef;, AT

the air upetreat?‘n of the nezzle

R :For the CIRSTEL systern the mese flew ratro wiil probeely be rn the :regron of

__ 0,25. The velue of § wiIl therefore be epprexamate;y 0,5, me the fi f'gur e 22 it \mu N o |

| therefere be very eesy o determme the velue of f, and from thet the drfrerence l!’l-

o statze preesure between the peints of mterest for any flow conditien |

o Bﬁ ﬁ#.z-:Eﬁgine ej;r-heust gases

~ The etatiér"pressu'r‘e er'the"gases atthe 'exit”of the niixing nozzle will be the b'adk |
. pressure that is |mposed on the engine exheust geses It will be necessery tk)

deiermlne thls pressure end how it will vary for alt ﬂow condltrons '

I

| Usrrg the mementum belance from ecrose the nozzle exnt to the thruster
entrance (es used |n 8. 1 4.1, see. fgure 21) '

.Pe Pf prf 'PaVa 613

| o predueee__the_:fouowing dirheneioh'le_ee__ reletiehsh-ip.(see;'_r_eferencee[_a] and [17]_);- N

. l:"l‘.""i'i;‘l Vz g( ) S e Twooo T o




“where g re;z universal functuon ef the maee ﬂew rahe To determme whether

| __"such a umversai funcuon for the geometry of fhe CIRSTEL tarl boom exrsts, the .

LHS of equetron 6 14is plotted egainst the mass ﬂew ratio infi fgure 23

S ) :__ \.:_\:\.
B —
6 - ------------ ’;nndiauba’a-v‘qg-.s-;-i-.&-i‘::‘_—ﬁil-l”-l Hot ------
g B il L Cold }-veor
l - _2 ‘-4-........-."*..-.' ...................................... AAmmkw .y + |
. o
» o |
A — S e e e - . _
0 02 04 06 48 1 12 14 k8|
- . GefGa .

B Figure23 V-a_r'i’ati_exl__"_o&_' -frlncﬁori :gf with mass flow ratio SRR

: Frem rgure 23 rt ean be seen thet g isin fect a unwersal fune!ron of the mase
flow rate. At a mess flew ratle of 0 the static pressure at the outlet to the nozzie
B should be the: seme as the static | pressure at the. mlel te the thruster. As the ﬂew

ffrern the engme mcreases the velue of g wm decrease due to the jet eﬁect of the o

* fan air on lhe flow from the sngine. This decrease will contmue unul the flow

from the engme starts developmg a jet effect on the flow frem the fan When thle o

| -occurs the static pressure of the gasses in the nozzie will become grea!er than -
the static pressure in the thruster and g wil change from negative to posrtwe

. This transition will take place when the denominator of the d‘unenllonless group

. ..|n equat[on 6.14 becomes zero therefore when p.V.' = p, V4 Ussng lhe densrty
o FatiO plpi = O 9 aqd the aréa ' S > S




{

VS

| ratlc Ae lAfef 0 35 ihe appnex;mate trensitron peint fs at the mase flow retle ef

. vame ef g tende te 1, Thus means that the ﬂow from the engine: |e rnerely

' expandmg fromtene area ’te the other Which cen eas:ly be solved thh

. Bemoulll’s equaﬁon B

_engi ne is demunated by the flow from the fane The static pressure of the flow

| from the engine will thmfore increase from the. nozzle exit to the thruster 1niet '_i
~ Asthe absolute value of g is belew unity , the increase in pressure w:ll notbe
o mgmf cant '

A

o 61 5Temperature SR

i

; FJ

| - Ifis assumed that aI! ehergy Iqsses frem the system is ne'gllglble an energy
B balance can be wntten as fol!ows | -

S
S

G (C T, +—- ") G (C T +-—-)+G (C T +——-) " . _5':'_3'_

o Cp lsgwenby[18] B '_ o (/ S

- :r-.:_ = 1 0035 + 0 0702x10'3T * 0. 1715x10'6T2 0. 0702x10'91"’ e 16

gy,
o .

As the mass ﬂew ratle mcreasee to nfnl'ey (f'ew frem tans become zero) the o _ -

o | As tt is expegf'ed that the GIRSTEL c:oncept w:!l eperate at a mass ﬂow rat!o ef _ -
- -0,25its clear from figure 23 that this s in the'region where the flow from the



L ':Fer the: teste cerned out the kmetle ener‘gy was less than 0 5% than t_h- tetal
o mternat energy of the gee Qn averagtng Cets the temeerature ofthe gasses

exitmg the thruster gan thus be approximated by re-wrlting equetlon 6 16 (see VL
_reference [1 7]} ' o o '

(——)+c 'I‘

pee

(—--)+C

- _As verletten of Cp wﬂl be very small for the temperatures eensidered in thle

case, itis cleer that the temperature of the ;et isonlya functlen of the mass ﬂow : ) |
'ratlo the temperature of the fan air ahd the temperature of the gaeses exi’ung the
LI nozzle. The varletlen of equatten 6‘ 17 with the meaeured temperatures is

.plotted agalnst the mass flow ratlo infi gure 24 s
- ".253' S SO RRERURILIES BN B S
%) 200 S
2 | S - TR R S
A -
JETR ‘[50 [ SO R GO R PR LR -
B N . .
s e
100." I eeured
0 02 04 06 08 1 12 14 186}
o : GeJGa L
" Tigure 24: Variation of Ty with mass flow ratio



e o catculated tampera{urg at hlgh mass flow ratlos This shows that good leinG
 toek place and that the loss of thermal energ}’ through the skin of the tail boom

o Any Iarge varlation of the temparature of the tail boom skin wnth ambtent K
o _ -temperature must be avonded beoause this wu!l gwe a sugmftcant srgné’uture to:

It is clear from figure 24 that the e’ s tred temperature is lower tharithe

| ':- i not ms;grtf icant. !t is Iikely that. tbp tamperature of the' thrustar jet wﬂt be
- radu.;ed further if the ﬂow muld be brought up to the scale vaiues
| 'af{i.s.z _T_ail;‘bodm -skjn- -

 infra-red gurdgd missiles. The difference of ihe temperature of the surface ofthe e
‘tail baoh thh amblent temperatura is p.otted agamst mass flaw ratio in f:gure |

| -_;l'__ﬁ.\_ -]

L 'v. . S ¥ S o L T
o T . S B ¥
T oo- - : -

20 4

. dT {deg C)

15 o

L.
&
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0 02 04 06 08 1 1.2-"1.4_ 16
o S GefGa

Flgure 25 Va natmn of Tall Boom Surface 1 emperature wﬁh

) mass flow ratm _ N S : _
| Thﬂ temperature differencn seems to 1ncreaser W|th an lnm aase in mass flow -
_-ﬁdi/lt) Thisisto be EXpected as an lncrease |n mags flaw ratlo is infactan )

' mcrease in engme mass ﬂow rate It shculd he noted that the flow rate through

\\\\\\




 the circulat[on slots was lower than caiculated and the tempei’ature of the S
' surface of the tail bnom can ba brcught down further by inoreasmg the ﬂnw
o _:'ihmugh the circulation slots to thé correct value, The effect of the down wash
. - “from the main rotor is alsq not taken into cansideraticn n thls ar;alysis Thls
o would bnhg down the tamperature dtﬁerence even further. e

6.2 uat Flow r.e;_;snsf |

6.2.1 Entrainment_-;_ e . o - R

__ A detéi{ st'udy_i's' howe\f'e'r' reqtiifed to ensdre thét no hoti's'lﬁo{'s 'bccﬁr anywriére o

_. : oﬁ the madel; The thruster will be especialiy prone to hot spots asthe f|ow in-
halva ifle volume of the thruster Is standlng still and therefore increases the -
haat transfnr to the surface : . S R

”iha varlaﬂon of entratnment ratio [Ga!Ge) versus blower volume flow rate is S
- plotted mfgurezs S

E Entrzihme’nt:Réﬁé.
[
P
(w5 )

-+

- d’4 4 S " iy i A |
- 04 066 08 1 12 14}
| | Flowrate (m*3/s) : |

_ Figure 26: Variation of Entrainment ratio with blower flow




) From figure 26 lt cen ee eeen that the average entremment ratle is 0, 5 Thre lew T

. 'value of entfainment can be afcrlbed to the eeymmetneal ehape ef the nezzle as'_-_.' - R

) “well as the nen-tdeal aree rat:o ef the dual flow- eystem [;!\9] Further teste wzth |
N ve!ylng eree retses are neeeeeery to obtain the eptlmum eree reho e

Y

. . Only the alr ﬂewe frem the fans and blewer were: measured fer the duel fiew B
' tests The ﬂow to tHe thruster was ealculated by addlng the ﬂews from the blewer

- and the fans Fer the dual flew teets the secc} dery ﬂow is therefere ’che teiaf flew'_ B
_from the fene ' o s |

8.2.3 Static Pressure

js.;z._s.jwaﬁ air‘ -

ey

‘F

Ly

n

_ _Te predict tHe statlc pressure drep of fan afr, the geme funcuen f (equetien 6 12)
- as ueed inB.1.4.1,is plotted is agalnst the vetomty ratio m fi igure 27, Beeeuse
the temperatures efthe two air streams nre equel it is net neeessary te plet the
: 'functten egemst the mese ﬁow ratie The Iegends denete ihe thrueter outiet erea



o Usmg the same functsen g as used in8. 1 4 2 (equetren 6 14) but also plottmg lt
o egamst the veleclty retie produces the follomng graph (the !egends denete the

£ ok
<
|

ko

Vewa .

flow system

N -

o 6.2_.‘3_. / ngine_:.exhaust air T

thruster Ouﬂet area) -

Figure 27 Vanatlen of fungtaon f wrth veloclty ratro fer dual

 As cen be seen 'frerh figurefzf t'h'e'etetie pressure drop of the fan -'e'ir is a 'funcﬁe‘r{
| of the velecity ratlo The function also shows the same characterlsttcs as that for .
the smgle flow system The trans1t|on polnt (from pressure drep to pressure rise)
‘has. shzfted to-a higher value. of velocity ratio, This shift is possibly due to the -
5 change in the area ratio AJA]: Itis clear from i;gure 2? that the thruster outlet o
. area does ot affect the furiction . | - S

a

el

N

]

Y "
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t VeNa LR

F&gure 28. Vanatmn of funchon g w:th velomty ratm

' for dual ﬂow system

o As can be seen from figure 28 g(wva) represents a funct:on of the statac R
ﬂ_'-_“"f’pressure drop of the engme exhaust gasses The graph for the duale;ﬂow systam

" shows the sarmis ChaTECteﬂStIG% as the graph for the smgle flow systerns Also | - |
- with this func:tron g, the transltlon polnt has shlﬁed toa hlgher value of the . _
veiocnty ratlo As Wlth the fan air this shiﬁ is possibly due’ to the change in the -
arearatio AJA,, His also possuble that the shlﬂ i§ due the fact that no alr is bemg

R

- exhausted through the clrculatlcn control slots. It is clear from fi gure 28 that the . .

- :outlet area of the thruster does not affect tha fuhction g

D am

1]
e
R
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"lt is peesrbie*to cha*recterlse the perfermenre ef,a thrus*er‘ thh a flxed geemetry R
f|tted to the CIRSTEL medei by means of tﬂe *.fatnes K,,and K{ .

74 Thruster

AR

' The value obtamed fer Kt ln these tests is: a&pr{mmateiy 25% Iewer than the

- '_vatue obtamed for tests carned out at % Unwers:ty of the Witwatersrand 'i”he T

' E ’

 value obtained for K, in these teste is epprcxlmately 25% h:gher than the value SRR

A

"".T.-Z'_Fan P'owe'r.- =

'- '-obtamed for the tests done at fhe Univemtty of the Witwatersrand; These
o vanatnons are due to fact that Kpand K are dependent on t’ne area ratio cf the

_,/

- . g -_F’rom the cornbmed correlation cf the Hot and Celd teets |t 15 clear that Kpand K,
L are not affected by temperature - _.

& L

- B - P
S !

: . The pewer reqwred frem the fans are -signifi cantly reduced by the mtroductlcn of
e _'_the hiot engine gaeses mte the. iart boem T h:s rec!uctlon m power can Be - ,
- destribed by the value ef K{!ﬁln; wh:ch isa funiction of the velec:ty ratio (V.;Na) ef

' -"the engirs gasses and fan air. As can be seen from figdie 20, the value of K,,m.

' veloc;ty ratio of 0.9, This equates to a 30% reﬁuctlen in the pcwer requlred frem

the fans due to he mtroducticn of the hot eriglrte gasses into the-tail bcom The
effect cf thls en the performance on the englne wuli cf ccuree« have te be studled

..__\_

A e

o

o Is reduced fr‘em z valus of 1 075 for. the thruster alone to apprexunately 0,7, at a .




738tatlsPressure T

o r;_s;t.r. siegrs.ﬂsw_s;g'sftsm-—: S

.

e E Ths static pressure drop of the srr from ths fans csn be descrlbed by the
- functtent T hrs function f is a functron of the mass flow rstio (G;IGS) The f{ow
' _cen be devided irtto te reglmes At a mass flow ratlo below 0 5 the ststlc o

e 'presf-ure of the fan air dmps frem the. sreurd the mrxmg nozzte to the entrance

-=_cf ths thruster Thls drop in statlc pressure decreases as the mass ﬂow” ratio |

- | _.rncreases frdm s to 0,5. This is caused by the increase in lnterna{ ensrgy due 0 | ._

~ the introduction of the hot engine gasses into the tail boom. Atamass flow ratio - N

o 'of above 0, 5 the ststrc pressure of the fan sur rises { pressure drop becomes o _-
negstwe) from around the mixing nozzle to the entrance of the thruster RN

o _' ThlS mesns that |f it was possrble to vary the mass flow ratro |t would be

poss;b!e to controf the. static pressure of the fan air; The mass flow ratlo fa{,

| GlRSTEL soncept is however set at 0,25, The vaLue of the function f af this mass_ S

- B flow rst-o is below Ohe thsrsfere the drop in static pressure W|II not be .
- signlficant .o ' ' ' '

" 7.3.1.2 Dual ﬂew'evgtst";- -

. The dust flow system shows ths same charactenstrcs as the srngle ﬂow systsm
_ _The transrtrsn pslnt of prsssure drops te pressurs rise hss hewever shrﬂed fer
the dual flow system Th:s |s possrbly due the change m the area ratio AJAb

andfor the fact thet no air is exhausttng through crrcutstton control slets




S The ﬂow 1" ﬁa‘vidbd ln'ea two reglmes Beiow a veloctty ratio of below 2 ihes statlc ¥ L
o pressure drcps At a vefacity ratlo cﬁf Above 2, the static pressure of the fan air "
- nses Fram thefact thattl'ﬁe daﬁa fUr thespries Ve
anaas) were plaited on the same Q!'ap' ::lt' is clsar the outiet area Of the ihruster _-'_ . '-
| | ﬁ'doaﬁnﬁt aﬁact this functlrm. R RO

=0 wfgh varymg thruster auﬂet

e
. ,.»_,,_.\ S

R L .
R

o "The statlc ﬁressura dmp oﬁhe gasses frorn the engine can be descnbed by the -
. functron g. This furction g Is: a function of the mass flow ratio. As with the fanair, -

- nczzle to the _
. from the fan has on tha flnw from the engme At a flow rai:o of just above 0 5 the -

( .. . :' . ’ ."9

.. the flow can be devided Into two regimes. At a mass flow ratio from 0 to 0, the
o 'statac press '&T the engma exhaust @asses risea from the exut quﬂ“l% mlxing

nce of the- thrus;ar Thss is due to he jet effectthia\t the flow -

" - static pressure drop of the engine gasses is very Earge and then dec:reases
.SIgnificantIy as the ﬂow ratio mcreases further In this flow reglme the flow from
_ the engme now has ajet eﬁect on the flow the fans R

] _If.v o - SR :

_ | 'Thls means agam fhat, n' the mass flow ra’uo could be vaned |t would be :
o poss:ble to a‘bntm] the static pressure drop of the engme exhaust gasses é\s /

o the mass flow Eatxo for the CIRSTEL madel is set at 0,25 it is clear that the b 91‘ g

- absolute value of the function g |s Iess than unity, and the pressure nse s
-'_:_thereforenotvery mgmﬁcant R "

S

: {{_.

o A
LA

;:'.-



. - Onee egeln the duel flow system st‘owe the same charactenstlcs es the snng!e

-ﬂow system The ﬂow can Blso be devnded into twe reglmes At a velocity retlo of

} 'betew 2,the. statie pressure of the engine gasses rtses end at a velemty ratle of
-ebeve 2, the stattc pressure drops o o

i :_This shltt in the transrtlen pornt when eompared te the srngle flew system can i SR

. possrbly be ascribed to the change in the area rstieAelAb and!er the fact that no
~airi is berrtg exhausted through etrculetlen control siots. - : o

As wrth the funet{on f the deta fer the tests w:th varytng thrustee out!et area was

~plotted on the same graph and it is therefore Llear that the eutlet area of the o

- thruster d!ees not have any effect on the function g.

Sl

7.4 T:e'm:r;eraiture o

7441 Thr'u:ster Jot

'The temperature of the air ex:tlng the thruster een be apprexnmeted by equatten
847, The temperature catcuieted with this equatlen ig. htgher than the meesered

temperature Thls is pess:bly duﬂ to energy transferred through to skln of the

_model. The venatlon at tow mass flow ratros is possrbly due te meccuracues |n o

the flow measurements

| | 'The temperatures measured were in the regten of 150 to 200 "C This isa -
significant reductson from the 450 °C ef the- engme exhiaust geseee It must
_however be noted that the mass flow from the fan was lower than the scale
value, Thrs temperature eould therefefe be reduced even further is the correct -
_value of ﬂew from the fans could be obtained |




R
- The vanatron of the temperature af the ta|I boom skm w:th the ambrent e o . |
temperature séams 16 vary with the mass flow rafl o This variation does nat S

- hcwevar take into consrderatron th@hﬂow from the marn rotor that eou!d

. 5|gnif cantiy reduce this temperature dlfferance

o T"na higheet fé'mpe?raiure 6f'the tail'*baom: skin measured wa‘sﬁé ¢, Th-is”"‘"*' -
_temperature wili be reduced |f the effects of the duwnwash from the main rator
were: also srmuiated The ﬁow from the ctrcuiatron control slots was also !ower

- _'ihan the scale value This means that the temperature wifl: be reduced even

o ' further If the ﬂowihrou%h the mrculatron control stots is correct

7.5 Entramment : o . _. o - - | ) o S
| The average entremmenf ratno of the mrxrng nozzle was measured at 0 5 Thrs 15
. qurte low. It is possrbie due to the asymmetncal shape of tha nozzle of well as" |
“ the area ratio: AJA,. As itis llkely that an increase in the entrarnment ratio . - |
| would meart a further reductron the power requrrement§ of the fan the area ratio
. and nozzle shape should beoptlmlsed to mcrease the antrarnment ratro as
- much as possible ' '

. S’JI ér_

T

P,



8 Sugaestwnsferfunherwork R T A

- The tests conducted in this reseerch program made it pessrble te ebtem a L
s o | overali base ime for the de::‘-lgn of CIRSTEL system %t Is however stﬂ[ neeeesary
ﬁ_to obtam more cietal!ed mfermetwn regardmg the subjects discussed belew to
'ensure that a clearer picture of the differenee m peﬁormance befween the emgle
'- 7and dual ﬂow eystems is avaiiable DRI |

8.1 Static pressure drop

SR

=

e .

: r\b.

From the tests conducted in this study it is cleer that the area ratlo (AJAs) has T
an effect on the drop in static pressure of both the ambient air from the fans and L
- the hot engine gasses. Further tests, with more values of the ratio Au/As. are _' . _é:_ a
o reqwred to determnne a pbsmble re.ationshlp between the area ratso (AJAh} - '_ L
- .:and the drop in statlc pressure of the two flows | : .

- é._'.1.1‘_ _naa; ﬂcw; Seéendary'fbw-‘_ o

OO

Ne tests were dene to charactense the ﬂow in the outer secﬂen of the dual ﬂow |

o SYstem _Tests will have to be cenducted to ensure that the prassure in the outer -
o sectton is suff cientto prodﬁce the required torque from the circulation eontrol

WL




tests on fhe "ngie f(ow sy«tem these tests do not rnclude the effect ef the down ) ._ -

L 'wesh from fhe mam ’pier or the eﬁect of forward fhght ef the helrcopter itis i'f‘-f'f =

- possible thet the temperaiure of the tail boem skin couid be further reduced If
) these effects are tak.en tntt: consideretren ' '

:-3._2..2 Buelﬂowsysfem . J
' .The dual flew sy.,tem has;to be tested on the Hot Ges Test Facrlity tem ' mme - - :
] ihe temperature of the mixed: air exhaustmg frem the thruster This temperatur_ - \ .
o wﬁl he hrgher than the tempereture for the smgle flow system ss IeSS emblent N

- air wrll be avallable for mrxmg with the het exhaust gaSSes

| The temperature of the air in the outer sec’t’"ﬁd/ual ﬂev\f’ system wm also
have te be measured. The ‘ﬂow in the outer section will be lower than in the
' smgle f{pw system !t is therefare pessrbie that the temperature of thrs air wm be
hzgher fhan for the smgle ﬂow system Thls would meari that the temperature of
‘the tali boon skin for the dual flow system will be hrgher than for the srng!e ﬂew
system Tests will have to conducted to ensure !hat these temperatures are

helow the Irmtts for mﬁ'a—red deteetien

L I T T 2~ A



| semom

#

L 'The effect of the beck pres.eure on the engme due te the exhaust gesses beig
o ducted |nte the tail boom neede tobe stud:ed te ensure thatthe performance of

L

| the englne is net severelyeffected L _- S R

'3.-4-'D_'iﬁﬁéﬁrehrustaﬁ._ L

.Q'

" The le‘user-'rhruster must also be tested as an option for the CIRSTEL op‘uon e
_The hlgher mass fiow rate of ambient air will make the oT very faaslble when the L
e reduction of engine exhaust gas tempereture is taken mto cona:de*atlon

ey
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Table ct: Results of hottests 4 fans runnmg
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