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SUBJECT: :111!11] 

•nmn mo 
nYNAMIC AIRCRAFT RESPONSE STUDY 

A study was con<iucted to detet'lftine the effect of thruat:revener 

deploy-nt in flight on the l!l<>titm of' the dn;raft. Thh atudy 

inc:ludetl both am snalytical phue sn<l fli~ht testa. 

Lon!ljit!,!dinal - Laterl!l Coupled Motions 

At the outset of the inveatigation, 6 de!!re•-of:..freedom calculationill 

..,.re ,..:d~ ••illumih!! that th~ ai~pla..e w .. diattrrbad fro• ita td-d 

fli!!ht condition at an altitude of 15,000 feet and M • 0.35 

(Vc • 175 Ktrota) .by deployment of the thrust reveraer on one en!l;ine. 

Full deployment of the thrust reverser from its stowed condition 

.occurred in LO second. The disturbance moiM!nta introduced into the 

equations of motion, CillO'*· 081, Cn 0 • ~.008, fto • -.002 wen 

obtained from Appendix .A and the stability derivative. used in dl 

the calculations are ~~;iven in reference 1. For this calculatipn, 

Xc, g, • • 2B c. end X8 •. c • • 36 ij; for a 11 ta tic mat'!l;ill of • 01!. 'l'lte cotllputed 

.ti• hb;oriee shoWa in figure 1 1ndic:ate that. the at•altp 84!1tl!la, (1· 
roll vel()city, P, 'and .,..., velod ty, R, are of •-11 ma1111itude . and 

· .thua the coupling between the lateral an4 lon!>;itu•!inal aoti011a ia 

., ne~~;li~~:ible. This point waa checked further by independent calculatio.na 

ISSUE: 

·of thl! lateral and longitudinal IIIOticirtil, A. co1!1Pariaon of theae. r,..ulu 

with the 6 def!ree-of-frM4010 rea\llt.• e<Jnfir.ad the fact that the 

i•t•ral and lon~itudil'!al 1110tions are in ... enee not coup~ed ud 

that the ilircratl: 1 • l.atari!l IIDtion• are 6nly ali!lhtly dfect!ld by • 

thru~t reverser deplaylli8nt an.d readily controllable by th• pilot and . 

: ilHYlil . 6019-D 

O~lllil/_·. -·-.. 11nri L._,l~lJ. 
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/or autopilot. 

on n·Tl 

:Xl!ill 

'llnD:J lllD 

conatrainta on the ait'l'lane'a &l'l!lle li>f attack, oL , -• PIIOrtlllll aeca-

leration, 111, all aubaa<1uant analyaea an4 c:alculati=• li>f the affect 

of thrust reverser deployment were made for the aireraH 1 
• lPn!!Hu-

Pre-l"lish t Test Calculation• 

Prior to the flight teats, it waa decided that the: teats would be 

ode .at the following flill;ht c!Rlditio'fl : 

Maeh • 0. 3 

Altitude • 15,000 feet 

Wai!lht • 15,500 lba 

.23 c e.~. • 

Jl'lapa Defiectad 12 • 

"n.a ruul u of the eale1.1latiotta are ahWII ·in fi~ure 2 for the eaaee 

~ •lline ev.t a11d enp;ine Ullo. Ofte& a!!llli• the tln,..t ft'Nr .. r b ua-.1 

to b. fully deployed ill LO aecond. With the ruultut pl.tchill!! mc'lment 

4bt.,rbuc:ea obtained frail! wind tunnel teats (Appendix A) of C,.0 • .on 

-.I .0111 for the eut ad i'llie ceees, ·i'eap .. t*-&f• JoM ·•11.- Ula, 

rith AI! "'"" 0.4, The abiiity of the pilot to CIIQtrol the dinurbed 

-tion .... investisated by a&au11lin!l; that' at the u- the thruat 

: iiN'~lil 6019-0 

IJ~11ll1J ___ .1mn · ·1 i~llll 
: . ·' ·. . 
·.1J~i1ri11J_· _·_. ··;l_nrJ __ ._: __ _. ·inlui · 
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:I<IUII 

•nmn mo 

reverser was fully deployed .the pilot pushed the st.ick forward. 
. . . 

The elevator .:wa~ deflected to a magnitude suff'ici~nt to oppose 

the disturbed C010 • .081, in our e~se a ~ = 6.3•, in two and three 

seconds, respectively. The results preaen ted in figure• 3a and 3b 

shpw a reductlou in the. peak Llo<. between 23 to 307.. and: the airplane 
. . 

returns to its trinnned fli!l;ht condition. This result is conservative 

since : 

a) The pilot would probably apply control when he senses ·the 

airplat~e's pitching velocity of 1.0 to 2.0"/sec, which occurs 

before t • LO second (usumed. in the calculations) 

b) The rate of control deflection applied by the pilot would be 

much greater than the rate asau111ed in the calculation•. 

Correlation of Jl'lisht Teata with Calculation• 

Figures 4 - $ compare the flight testa (discrete poit~.t• on ~he 

figures) wfth ca1culat1ona (continuous curve~).,. The flight condition• 

are gh>en cin. each· fi~ure. The caee of figure 6 refl!!rred to as Bunt 

represent• ~ increase in engine RPM (fronl 33% RPM• to 457. RPM) frolll 

the aireraf~' e trimmed flight (-ngine .at 33% li.P'M) with thru•t revers-er. 

deployed. Suffice to state that the ;1greement blt>twetm flight tea.ts 

and calculil.tiona is exc~llent 1 the differericee be imp; 8U-atly e"-!1*- · 

ratad in view of the expanded scale uaed· in the fil':ures. 

Detailat! time hhterie• of .the fli8ht recorda, ineludh!l; the .effect 

of noiae on the instrumentation measurements, are ahM in fi!~Ur•• 

:ilH'~lil 6019-D 

IJ1~U~U;~.l1n.JJ. L 11J.il.l · .. 

Q,Pn111 ~1JnQ-~:~~ll:l· 
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4ii, Sii, and 6a, Relative to the comn~ents made <;~a.rlier iibout the.pi.lot's 

ability to control· the motion, note in figures 4a anii.Sa that the. pilot 

applied elevator control when .the pitching velocity was in the order of 

·1·/sec. Also,. the rate of control deflect:l,on was .about 6°/sec .. in figure5c 

The pitching m()mentdisturb~nee, Gm0 , due to thrust rE!irerser deploy

mentwas detebnirted from the Hight tests and :ts J>r.,sented in figure 7. 

These values of Cmo were used in the calculations made in figures 4 - 6. 

Note the excellent agreement for the cut cal!le for the wind tunnel value 

an.d flight determined value of Ci!i0 • Basically, 

cin
0 

= ~ em~; {tfiead'J· s-ta.teJ,'f~.·· • ·., .. · ·······t· _.. (dfh~nL,#L Peto' JC] 
. . e . . · ",cer u"'{>JOymen u-;IT" f;oyme'T>L . 

For the Burst case, the ( d,_ • )h·. f. . .d'· ... 1 .. · ... n't was detel'lllined by · 
.. · .- · · : 7 run - e ore ep- oyme .- -· : 

satisfying .the condition of zero pitching moment with a lltabilhet 

position known ftcom the flight teet. 

calcubtiona foi 'Prop.osed Flight CpJ:>di t,i<Jrill 

Two flight conditions, take-off •nd ciuiee, were sele.ctad to predict 

the airplane 1 s flight behaviour in resp.onse to the thrust reveuer 

•deployment. 

i) Take off - .Flaps 12 • · 

Groas widght '" 15,000 lbs 

!SA, SEA LEVEL . 

. V " V2 • 120 KCAS 

Tak11 off forward thrust • 3044 .lb 

. : ilH~lil 6019-D 

. o~.,mv---11TID ·:j- ,m11 
-:. ': . : '_, .<: ', .. ·:: .- . 

D'i7-nUI_· __ ,,n_JJ __ • __ · i7Iiw·-
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U) Cruise 

grOBa weiglt t • 15,000 1bs 

mid e.g. • 25% MAC 

ISA, 41,000 FT altitude 

l1 ... 70 . . - - . 

Thrust. a>; required for level flight= i332lb 

Oll M"ll 

;)(lUll 

'llniJJ. ]11[1 

Figure 8 shows time histories of thrust reverser deployment, Thrust 

aQ.d Cm
0 

for take off and cruise. The Cmo was based on the rl,;tti! obtained 

. from· the flight tests (figure 7). 

The variation of the thrust with time results from the fact that, in 

case of unwanted deployment of the thrust reverser at power' greater 

. thal'l idle, an .automatic system enters into operation 1/2 ·aecond after 

the on11et of tltruat reverser and reduces the power to idht in 4 secooda. 

The idle thrust is 226 lbs for cruise condi.tion and 93.lba for tal<e 

off condition, respectively •. Then, by u•ill!! the ti!IU!-his.tory of thruat 

in conjunction with Cm0 =1 (~·~4; 
Of. Cm0 ;is. obtained. 

) from figure 7, the time history 

To be conoervative for the take-off calculation, the duhed · curvj of 

figure 8 labeled C111o 1"/0 was used. Also, it was a••i.l•d. that the 

pilot would apply elevator to control the motion as pitch veloCity 

reaehed about 1" /sec. Figure 9 shows that the pilot con troll! the 

perturbed motiort in o(_ to less than· 4 •; c:orrl!spondin.g to a L!.,j ,..._, 0. 5" 

(o< T(l.J#! ,.; 9"). A sketch of {t is all~~ ishotm in figur• 9. 

: i1H~1i1 ·. . · 6019-D · 

a•1i~~ ~liriTlla ~HlU. 
o,~-~~~~,--,_~~_.2~~~-u_. ... · 
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For cruise flight, the calculations included the effect of the 

autopilot on the airplane's motions. Hrn,rever in this flight condition 

it was assumed that the pilot did not a1Jply any elevator inputs 

throughout the flight. In actual flight, the pilot would probably apply 

some eleva tot· Control· ip about 3 or more Se·conds ~fteT the d.isturp'ance 

oc.cu.rs. The autopilot in attitude hold activates both the e'levatot 

and stabilizer in response to the Cm0 disturbance. An analysis of 

the closed-loop system, including the autopilot 1 s servo torque cap a-

bility and stabilizer trim speed, indicated tha.t S;n effectiVe elevator 

deflection, f'r. (deg.) • 0.73 + 0.2t would l>e generated to opp01•e 

the perturbed motion. This effective ~ is based on wind tunnel 

h 1 
results showing that r = } 

ds t11£i/r'ztf' 

The pertir~ent data for this fli111ht and the resultant motions are 

shown in figure 10. The peak total lingle of attac:k. is about 7 .• 5" 

which eorruportds to a CL of 0.85. · At this Mael) nutaber of (].}with 

a CL of 0.85, the flight teat results indicate that the airplane 

is on the boundary .pf buffet onset. 

ll.EJI'l':M.NCI!:S 

1. IAI Report 4220/3009 Commodore Jet ~··Lateral and Longitudinal 

Stability Deriv11tivea - Lateral and 

Longitudinal Stability. 

2 .. IAI Report 4490/10563 Westwind 1124 - Wind Tunnel Teat• with 

T/R Stowed and Deployed. 

: il~~lil &019-:-D 

.o•,l·nU~:11nD -ff,_,lT.I~ 
.·. "p.~ri~li·~~:Ul:~ :. ::·::.i:· ... -~~~~ ... 
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t. ISRAEL AIRCRAFT INDUSTRIES · 

FLIGIJT TFlT BEFORT 

------------------------....,DATE: 

1 :20 Number of landingto: __ 1_---l AIRCRAIT: 11 2411'c4 

=A-T~IO:_W:_:E~IG:HT::_::_:1~~~. 1~6~5~lb~T~':0_:C:.G:·~2~3~;~::::.:E '=x~!f={=ll~~~~=t~c:Cr=Q'~·~:'n~h~i~:· N~::_:· i~t~d~~~l::t:l "=· ~ CHEW: Pilot L'!'0.:!1E! .. ·--

Flight time: 

Mf:TEO: Wind DIY2.70/00 RIW 30 Pr ground 101 1 mb -fhround 24 ° C. 

PURPOSE OF FLIGHT: 

===============================~~ In-fli:~ht deplo:rrnent of 

Unita Uoed __ V: __ z. ___ 0: ___ Time: GMT!LOCAL ____ Ft::h":.·:::'a:.t:._:r-:;.:_.:..v.::;er.J::~:."::·r.:s __ _ 

ORSERVATIONS ON AIRCRAFT AND EQUIPMENT: . ' 
1. ~ke ?lic;ht Test Diflcrcpancies Report for this flic;ht. It is recoc:;.:end.ed to pGrform 

\ 

e. ccneral intee-ri ty check of the fliGht control sr•tem, aft control surfaces, enc-jne. install· 

ntion and aft fu:·elnge structure due to excessivE! vibrations encountered during e:r:tended 
i 

peri~ with deployed thrust reverser while airborne. 

TEST AS CARRIED OIIT: 

2. Prior to the flight, an extensive checkout was performed on the grcnmd ·>d. th the rie!'t 

en:;inc thrust reverser system to verify normal system operation, ir. particula.r operatic., of 

the special in-flight deployment switch and methods of closing the buckets once deployed, 

!'.ax r~verse tllrJSt was checked to be 75/~ N
1 

on both enc;ir.es. 

3. ',\hen airborne, at 15,000 ft, one stall was perfonned with 12 deg flaps and idle thr.;st 

to verify tho vibration level and obtain a basis of comparison .with vibration levels anti-
>; 

cipated durincr deployed .operation. 

4. At 15,000 ft, 150 KIAS, with 12. deg flaps, left eneino idle and rieht enc;ine cd, the 

richt thrust rever::wr was deployed. Deploy,:wnt was photot:;-rephed with a >~inrr tip c11r.1era a.~d 

other c.'ll:!erw•, including TV, from a chnse eirplano. \:indmill rpm on the right engine prior 

to dapbyment was N
1
=11.4%, N

2
=6.0',k. The doployncnt was norual and the airplane re~cted 

with a mild !litc!mp, slight yaw and roll to the rieht and sudden incre!lse in vibration level 

The pi tchup was countered by norme.l pilot reaction >d. th the controls •••• 2 to 3 deg nose dow" 

ele·,ftor, 2 dee right rudder and slie;ht right aileron. The confi,ouration was eventually 

trL~ble, l<ith approx. 0.6-deg nose down pitch trim. Vibration level was ~~pleasant but 

not .alsl""'..lL"l£, being of a low frequency and random P.ature, and felt thro:l{;h the controls as 

well as throcJ(;hout the a:i.rplane. 'r!jn;bri.ll rpm decayed on the right engina to ll
1
c6.S::::, 

Papo 1 of ., Pag,. 0~8%. This \las exercise 10.5.4 on the flight cards. 
r 
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5. Ex. 10.5.5 With the right engine cut and its !h~at reverser deployed, and the loft 

engine at idle, the airplane waa decelerated to 130 EIAS and returned to 150 1\IJ.S. Through'

out this speed range the airplane WBS easily controlled and probably BTen trilll::l.!l.ble. No · 

change in buffet level was noted. 

6. Ex. 10.5.6 ,At 15<l KIAS, the power on- the left engine was bro~ht up to maintain level 

flieht at 15 ,OCO ft •. RiJt;_uired N
1 

waa approx. 92'%. The airplane w~till ea3il,y c011trolle.d 
' left ·" though moreArudder deflection and force were required to maintain ba~ ?ed flight and max 

left rudder trim was not quite sufficient to keep the ball' in the mid~. The pitch change 

·i it 'any, WFIIJ ne(>li(!iblo. Buffet level was unchantoed. 

7. Ex. 10.5.7 With pawar for level flight at 150 KIAS (92% N1 on left eneine), the air)laae 

._,,3 dccnle,·nted to 130 ETAS. Again, it was easily controlled with no sic;nificwt cha.nt,."6 in 

[itch or yaw or buffet·level. 

a. Ex. 10.5.8 The airplane was re,turned to 150 KIAS and then accelerated to 180 JCIAS,, (: 

follO'oCVd ·ay application of approx. climb thrust rating on the left eneine ,(ge,:[ li1 ) • AB 

speed increased from 170 !GAS, the buffet chanc;ed, >lith a slight reduction in the re.ndom 

lo•• freg_ uency noise and the introduction of hie her constant frequency, cor.d,ne in waves as in 

a node. 'This additional vibration was more noticeable through the airfr=e rather than th~'Ou, 

the control system. 

9. ;:~. 10.5.9 At 150 KIAS, with the rieht engine still cut, the thrust revorser >1as sto,./ed, 

iling tip cruoera_ was operated during stowage. The stow was normal and the airpla.'le reacted 

with a very mild pitchdown which was easily corrected by .slight nose up elevator. All 

bu:feting ceased. 

10. Ex. 10.5.10 At 15,0CO ft, 150 KIAS, 12 deg flaps and both e11c,"ines at idle, the right 

thrust reverse•r was a.g>tin deployed. Right enone N 
1 

dropped approx. 1 .5:;1 and I':'T rose a;'p,.-o: 

?fj° C. i'he doployment was normal and the airplane reaction was similar to the deployment i_ 

>lith the cut engine. Pitchup was sliehtly greater, as was yaw and roll, but acain the ai!·vl· .. 
1\ 

was easliy controlled by normal pilot reaction of a little forward wheel and left r~dder. 

Approz. 5 deg of nose do~m elevator was required •••• 6 to 8 kg force •••• and 3 to 4 det; of· rudt:, 

'li brat ion level was increased but still was not cause for alarm. Frequency content >1as p,.-ok:' 

unc!D.anged. The airplane was trimmed in pitch llild the. controls released ••••.• the wheel could 

be seen to he vibrating fore and aft with an amplitude of approx. 2 to 3 c:n peak to peak. 

11. Ex. 10.5.11 thru .14 The airplane was decelerated to 1?/J !GAS and accelerated to 200 

KIJB with application of thrust on the left engine up to g~: N • In all csses it was con-. 1 
trollable and -probably trimmable about all axes. Aeain, as speed increased above-l70 IITAS, 

low frequency noise diminished and the hi~her frequency node appeared. 

Page 2 o! 3 paees 
I 
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12. r..x. 10.5.14a At 150 KIP.S, throttle bursts were perfonned with the right engine. 

Tho rT~ht power lever we.s advanced to approx. 5<Y/> ll1 and then chopped to idle, ai:::mlatin& 

the action of the throttle retarder machan:imm. This burst techni<:ue was repeated to peai:s 

of 63/ a.'ld 7Z!; N
1

, with momentary stabilizations at peak rpm nnd. sudd'm chops to idle. 

/..irplru:e reaction to all bursts and chops \las mild, with pi tchup during the burst and r.ose 

drop during tho chop. In ell cases it WF"S eadly controlled by no mel pilot reactions 

via thA controle. The only significant change was a noticeable i!'lGreo.se in buffet level 

o1Jrlr-rved -;ia the control wheel as thrust level was incre:J.sed. Buffet at 72'/ N1 
was quitP-

3tronc. 

13. i::x, 10.5.15 At approx. 165 KIAS, the right oneine still at idle, the pilot attempted 

to stow the buckets, by selecting STO'tl position of the in-flight de;;loy uwi tch. The cl1.:co.e 

pilot re porte:! that ~the buckets did not stow completely, clooing vary sli,;..o tly B>W~Y from the 

fu},ly de;,loyed condition. As airspeed H!l.S slowly rcC.uced, the buckets trt,versed n:ore a:-.d u.c ' 

towards tte stowed position <!nd finally at 153 KillS, complete stow was achie-Jed. '!'"nis, by 

the way, was eY.actly the speed indicated by GrumJioan a9 the max: closure s;oeod with id],s thrus1 

:J.rplane reaction durinc; thio. slow stowage .-aa no:nr~l and thc•ruuchly controllable. 

14. Ex. 10.5,15a !t 150 KIAS and with flaps fUlly up, richt eneine at idle, the right 

rc-.crser was deployed. Airplane reaction was again normal, with e3sentially nc change in 

roaction compared to its behavior with 12 deg flaps. Bu.ffet level mieht ha-.e been sli,::Ltl,.y 

i.'lcreBsed uith the 0 flap configuration, 

15. Ex. 10.5.20 thru .22 During this series of exercises the problem of la."ld'-ng with 

one de]'loyE>d bucket was explored, The airplane was flown with 12, 20 and 40 dee flaps 

and left ·engine power up to climb ratin~ (grr,G) at speeds down to 115 KIAS (appro~. 1.2 V
5
). 

During slow speed flight, rolling and pitching control was ev.;luated, llo controllabil:i ty 

problem was encountered durine these runs at approx. 8,000 ft td.~O,OOO ft and it ~cas decid! 

to ~ttempt e,lending with the right reverser deploy~d end 40 deg aps, spe~d to be held at 
' 

125 t.'IJ..S minimuro, equivalent to .1.3 Vs p::.us 10 kt. 

16. Ex. 10.5.23 end ,24 At 3,000 ft a.'ld 150 XIAS, 20 flaps, an idleideploy was made. 

A relatively norw.l single engine landing ~ras corr:pleted, using 40 dee flaps on fir:.al ec·:'rosc 

and 135 YJ.:.s decelerating into 125 !GAS on short final. The glideslope was held with 90 to 

957!, 1:
1 

on tr.e left•,engine. A left crosswind of approx. 5 kt at 90 deg prevailed at the tirr.c 

On tcJUcJyJo·..m, both thrust reversers were deployed for a normal rollout ,.. ithout brcl<es apjlli' 

As, an a bnon:al procedure, it might be wise to use not more than 20 dE>g :J:la;s a:'ld an • on 

speed" approach, in order to avoid possible high. sink rates which would be more difficult 't" 

c~1rrect with available thrust on the opamting engine with 40 deg flaps then With 20 dee. 

?age 3 of 3 pages 
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SUIIJECT: :HI!IIl 

'llnD::l llliJ 

APPEI'!DIX A 

SUMMARY OF WIND TVI'!NEL DATA WITH THRUST 

REVERSER STOWED AND DEPLOYED 

. . . . 

The aerodynamic coefficientS obtain!!d during .the: wind tunnel te~t. 

described in thl! Wind Tunnel Report 4490/10563 (Referencl! 2) with 

the thrust reverser stowed and deployed were plottl!d in the following 

figures .versus the. pressure of the ejector {'I 

The data are given for 0, 6 and 12 dl!grees angle. of attack and -8, 

0 and 8 degrees sideslip angle and for flaps up and down at 12°. 

The lliOment coefficients Cm, C,t and Cn are gi'lt!n around thl! balance 

vitual center 9.4558" forward and .58" .below tha aircraft cg 

ll,t 30% MAC ·ltt'ld in the wing re:(erance plane. (Dimenaione are si ven 

above for .the 1/10 s.c.ale modlll). 

The mails flow through the neeelle vllriea with the ejeetor t!ltal 

preuure point wun the thruet reverser is stowed 

pt 
(PSI). 

30 

50 

76 

: ilH.lll'lil 

. Malle· flCIW -••ured in the na.cielle 
inlet (Kg/ae:e) 

.150. 

.165 

.195 

ao19:..::o· 

o"lJJlll_·_· ._,mr.. :3C? .,,pv 
. --_-. . .· -< ::· >:; .. · ,·. :: . : .. -

. -~·Pilni __ :-~1nli4&rilu 
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When the thrust reverser is deployed the mass Uaw during .the test 

was conetant equal to .• 100 kg/sec no matter· what wa!! the ejector pt. 

Therefore we draw one line through all the points for. the stowed 

configuration at pt ~ 0, 30, 50 and 76 PSI and' one· line parallel to 

the horizontal axis for the deployed conflg~,~ration for all the 

points wh<Ore pt was not· zero, .assuming that if the. mass flow is 

constant the aerodynamic coefficient should be also constant. 

Substracting the values of the coefficients with the. thrust reverser 

deployed from the values with· the thrust reverser sto\Yed we find 

the aerodynamic coefficients increamen ts that represent the aero-

· dynamic in.terferen.ce due to the jet deflectlon. 

Two conditions were considered : 

i) when pt = 0 that will simulate a condition with the ll!ngine. cut 

ii) when pt ~ 76 PSI that will simulate a condition when the 
.- ' . ' . 

engine is 'mrking. It is difficult !:o know what pawer sutinll!. 

w&s sim11l&ted hut we believe .that. s~ethinp; .- 1110rll! than idl.e 

power was obtained. 

The matrices of the aerodynamic interferenc!! for fLap$. up and 12 

with engine cut and power on at .,(. ~: 0; 6 aud l2 clegreu and 

• -8, 0 and 8 degrees, are given. nie• moments coefficients 
\ 

.were recalculated.for the a/c e.g. 

This coefficients represent only the aero~')ll)&mic ;l,ntetferenee between 

·the engine jet with the thrust reverser depl~yed and the airframe. 

'· 

: ilH:tlil 6_019-D 

--_ D•':liT.ui-_._. -•-· ·_-imn Jf-:1lnu 
: -:-~~-~-~il--~,~~:b .: -:_: __ : : ·: .. ~_;n:~--:;-
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LOD AII!PORT ISRAEL ,1'7 .il!lUJn '7JjJ 
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:1<1!1)] 

•nnoJ 1110 

The moment coefficients due to. the reve.rsed thrust were added 

to the interference eoefficfentsafter beirig computed by formulas 
. • .. T h 

.b c :-.-· .... rno cp c 

.·fl. Cno T · . .... .. ·. e -q.s "b 

line and aircraft cg, c is the mean aerodynamic chord, b the wing 

span, Swing area, q the dynamic pressure and T the reversed thrust. 

A conservative large thrust value. was used in the Cl!.icul,.l:ions of 

.the final pj'\rturbation Poefficients .: 

Cm0 • •0081 o:r .0027 

Cn0 = -.008 

C,c 0 • -.002 

at. the beAAnlliinp; ()f t11e dyna:mic simulat:l.on • 

The coeffic.lent Cm0 wa,. plotted in Fi~ure 1 verai~s the parameter 

~;S ·. · . that is approximate1y pr<)pottional tO the rat'io of the 

jet velocity Vj to the lliul'at't Vtlloeity V0 • Thh beca.use the tat:l.o 

Vj fV0 is a mea.au~:e of the doWuwa$h at 1the af:rpraft tail due to free 

air inflow into the engine jet. This dmrowash is the main source of the 

aerodynamic in te:rferenee. 

ISSUE: :nH~1il 6019-D 

-- tJ1"'11~11-·-· -·-·· ~~ntl·.g_.itn~-
. ' . . . .. . ...... _ -

D~_~l'l~il_._-__ _ ----~~nn_~i7~~li_.'. 
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