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NATIONAL ADVIS()RY C()I\il~ITTt:::s FOR AE~OJ.tiUT:LCS 

for the 

Air EC.torj.e l Comm['.ild , U. S. Arm:; Air Forc..")s 

By Ch'l,l~l( 8 ? H[' ll {'.nc, Robert L. ::"nne8 

i!;i~c1- tunll e1 t08tS of 8., 0 .175- ['c21e wodcl of (l.. mic1~\Jin§; 
aL'~)12ne l-;:;re r.:['.Qo ::"n orc.cr to dctcrr.:in..") its h::"Fh- sDeed lon~i_ 
tuQino.l C'~.[1r,.cteri"tics , to tost dcvicc~ for ir:.~rovln2' tbe -
longi tudino.l con tTol .:'. t high i,> cn nur::be:'8 , [,c~1d to determinc 
t110 Llileron effectlveness c.t hi2'h -,i['.ch .lumbers. 

The force ~nd ~oment cocf~icients computed from the test 
d['.tn ['.re ;rcs~ntcd ~n t~::..s r c~ort . The control forces, e1e
v~tor ['.nrylc , ~n6 ['.iloron ['.n~lc for scv2~~1 fli ~h t conait~ons 
['oro predicted . T~-:o L,[,.}riL:UIJ ~ Sl)ccd o.nd. j~c.ch nU:-:1ber ['.tt[~ii1ed ['t 
sevor['.l ;liding ~n:lcs ['.rc cstiE: tod . 

Tnc dC'. t:-'.. inc_i c".te tll<' t J l,ri th rospec t to olav{'. ~or-[.n:lc 
v['.ri c tion vIi t.:1 s)ccd,. tlle f'. i rpl[',n ... I.:Iill becoc._e unst"..blo ['. t 
[l.pprOXir,l- tely O. 7 l:",ch nur::bcr . T:';o c~cviccs for im~)roving the 
longi t udinC',l cor trol - [I. uin~-')rofile modi fic[l. tion ['.nd e.uxil
i"TY control fl ,".:)s - inc1"02.5 c, the l,~:,.ch nur:.ber ['. t which this 
i~G t['bl1i ty occurs, The for::1cr devicc incr, ," seE it by ['.s 
muc:l ['.s 0 . 075 "nc~_ t~1~ l r,ttcr by 0 . 05. HOFcvcr , becr.usc the 
o f~ e cti 7011cSB of the; fl"".~)s dec1"c"'ses bct\'IOCl 0.75 c.nd 0 . 6 
~[l.ch number , their ovt1"- '~l l ch['r['ct~ristics ~re l oss f~vor['.ble 
th:-',n t~'lOSC of the "'Tin E- profi l e moc1i~ic['.tion. 

At the 1"C0ucst of the Air M"tcriel Comm['.nf, U.S . Army 
Air Forces, tosts of ~ 0 . 175-sc~le model of ~ mid~in: ['.11"
r)l~nc 'Hore contuct:-d in th:- A~c s la-foot hisrh-s j)occ1 1.:1 i n('1. - -
tunnel. 
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T~e pur pos o of t hoso t ests w~s t o de t ermine tho effec t of 
~:['.c}~ number on t~1.C [1 crodyne.mic cn~.r['.c t cri s ti cs of the airplE'_ne 
~n( to find rrct~~ds of incrc~sing the lonfitudin~l cont rol a t 
hizh lllC'_cb nU:l:be::.~s . The E'.erod:-'1E'.:nic c::J.CcrF'.cteristics i nv(;s ti
gptod ware t~e lift, drag , ~nd pitching- moment coeffi cien t s ; 
tho effectiveness of the cl ov[tor , the ol cvntor t~b ) ~nd tho 
c:.ilcron ; and tho hinge-~o~ent coefficients for tho el ovator 
Rnd tho c:. i lcron . Two me t hods t o incrc~so t~e lon~itudin~l 
control E'.t hieh iJi8.ch nu:;-;bors 1- i:'re tcstod . They "vero 8.uxil
i D.ry c ontr ol f 12ps , Rnc., c:. v'inc - profilo mocUfic2.tion desi['nod 
to l ower tbe criticrl ~~ch nu~-'~cr of the i~boF'.rd lower 
sllrft,co of the vrlnr to th"t of t :10 u:~))er surf[1.co i'.t 0 . 1 lif t 
coefficie:1t. 

T!1C 0.175- ecl..~.lo modol 'if,T,"S stq:,liod by the mf".l1ufE-.cturer . 
The steol win[ , fU8el~go , and c~,~enna~c structures were 
co/ered wit~ ~2hogRny . Tho olcv~tor ~~d ailrron were solid 
(l,,--,r[',l. A c1um:,i r t2.il f"',irin9' 1"~'c.8 st:l::nliec_ for t2.il~off t osts . v ~. __ 

The e l ~yator hinge moment WRS measured by en el ec t ri c 
resistrnce st70in ~sfe ~ou~ted on c:. c~ntilevcr E'.rD . A smnll 
electric motor c:.ne a Rlide- wirc reSistor couplee ~o t~~ e l e
vator ~ech~~ism providod r~~etc control and indicat i on of t ho 
el''''v['to::::-' £.ni:1c. EL-" 8u:::-'cDont of t~lc ['ilcl~on hin:;e L10rr;ent vJ2.S 

tv mc~ns of ~ torsion"l str~in q2~O . It v~s ncccsG~ry to set 
the a il eron ~t the desired Qn;l~ ~c;fore each test . Bo t h 
g[';~'es v:crc c£l.l ibr2.ted , l::lc:fOl"O testinf; by D_pplying- iu,,:ov-Jn 
mompn t s to the control surf~ccs . 

PhotoIrnphs of t~o modol mounted in the 16-foot win6 
tU:-ll1cl ['.ro Sl10-v~n in fi "'"ures 1 to 5, ['.:1<). a drrwing of the oodel 
is sho~n in fi~ure 6. -

The ch0rd and s~~n of t::J.c auxiliary control fl~ps ( fi~ . 5 ) 
were 1 inch E'.nd 12 i;chos (mofol scc:.le) , re8pe c tivc l~ . Th~ 
hin§:c line w[:'.s C'. t 62 . 5 J)ercont of the I'Jing chord bc t vrecn -v'ing 
stc:.tions 20 inches c:.nd 32 inc~~s frou, the conter linc . The 
flc'_l)S l:arc t~s ted c.t ~\n:1C's of 300 [',nd 11.5 0 . 

The "'ri nF- ')rofilc ~TIod i fic[l.tion (subsequent l y c r..lled the 
'v,;inr: bu!!~) ) i8 shoNn in fi~yro 7 . As the bum;) 1ms on l y 0 . 0658 
L1ch t~ie:t. , it li'e'S c~n,de of bp.lc[' -mod , d'lued to the i'Ti ng 
su:~fp'.cC' , [md cont01 .. 'Tod f rom te'l1pl ' ,.tcs f'L~r~;ished b y the mrnu
factlAI'cr . 

- --,--" .. J 
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= '~ o c101 r.nd ~ i r:)~['.n~ cUrrel1sioDS used ir:. t:lis rJ~')ort r.rc us 
fo l I ous: 

l',' i'1g 

Ar~~ , SCU2rO f~ot . 
AB)ect r~tl0 . • . 

Eor ~ ?ont21 t~il plnnc 

ArC2 , S0urro fcet 
Diatt"TIco botuccn ['.cl'ocl,ynC'.r::i8 c~nt~r 

of t~il pl~no ~n~ norm~l 2il'pl'nc 
center of grnvity . 

Chord uft o~ h~ngo lino , ~crccnt of 
totnl t2il-~lnnc chord 

GcoDotric ovc~h~ng , )crcont • 
S~~n} one clc7ptor , feot 
Root-~cnn- sou~rc chor d behind hing~ 

l in~ , foot 
R~t~o of 8tic~ forco to clcv~tor 

h:'.-n~"e ::or::or:t , pounds ~)c:,' l)l)und
foot; 

Aileron 

Chord ~ft of hinfc lino , percont 
of tot~l ~ing chord . 

Goo~ot1"ic ovo~~~ng , percent . 
SlXll1 , one [.ileren , feet . 
Root-mc~n- S0UD.rO cho1"6 behind 

:lin~:\) 1:'.-::.: , fcot 0 • • 

Rc.ti 0 of \J:'lCcl r::0::10l-: t to [ilo1"on 
hi'l~':; !"or::on'!:; 

~hoc l di:,cctc~ , inches 

~Jorr;:[' 1 ~:ro8s 1r!cis:ht , :')I)EOS 
]o1"B~l wine lo~di~= , ~oun s ~cr 

S0u.:::.ro foot 

L,. 27 

35 . 0 
40 t= 

../ 

1. 78 

0,325 

---- -

22.0 
40 

2.025 

0.207 

- --- -
e _ _ _ __ 

5-1, L 
J"' , o 

.-< 9h 
'-' . :) -' 51' v . 0 

139 . 3 

35 .. 0 
LL5cO 
10 . 17 

1 . 86 

0 0 60 

22,0 
43 

11.56 

1.13 

0.119 
13 

25 , 000 
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Fori '7.o~1tf"'1 · ... "y'c,..,"'t- -110""1 ___ ._ ., ) _J"oJ_ ..... l!V ••. L 

~aro~yn~~ic c~ord . 
Vcrt~cr1 ) inchrs nbovc fuscl~~o 

rcfc;.~C'nco 11:10 

I'·:ode1 Airp1:::-.no 

25 

7.00 

Tl:.c dofini tiol1s of t:::1C sYl.:bolG ·J.sed in t:'is rcpo2:'t nr c &S 

fo1lm'\TG : 

s 

b 

a 

Vnph 

V 

root-~a~n- 80u~rc C~0~a ~chind ~in:o lino of control 
s1..Tf ..... co x, foot 

nn~lc of ~tt~c~ of co~~l , dorrces 
Tho Qn~l~ ~s ~c~surod r cl~t~ve to fusolr[o 
~cci'~crc:lc~' 1~n2" 

~n~:c of co~trol surf~co x, aC~2:'OCS 
S:':-lC' [' [l §"lo is cO:1.s:'o.( ::'l~ (~6. )0.:;1 tivo "\.·:hcn 
edge of 8urf~co is dOlfi . 

in6.ic .... tcd nO:;":;]'.1 r'..ccc:~r .. · tio~ , in Lln:'..ts of r;r:'.vi 
t~tion~1 ncce1cr~ti )n 

v e10ci t~· of ,~~rpl.::'. :1c , ::1::..103 ')\'r hour 

velocity of sound in undistur)od ~ir , fcct pCI' second 

critic~l ~nch number 
Tho =~['. ch nun1::eI' r. t i, '!1ic:, 8i)Ocd of soc-me1,. is renched 
10c['11' on the ~irr=.~no. 

• 



r 
I 

, 

p ~RS8 density of a~r , s ~u~s )er c~b!c foot 

C! dynFJ1ic ~:ressure (-! pV 2), :)ounds 'Jer SrlU2.re foot 

CL lift Goefficient (lift/aS) 

C~ dr&~ coef!icient (dr2~!0S) 
-' 

T)i t;c 1:'li:'l' ·-,,,onen t 00efficien t £'.'c. out 25 perce~1"'c mean 
"" ",: ... _,.,, '. , _~~ r-)::tc:1ir: ~ :norientJ ".erOl. i

.,;' n,·.".lC CI10_ o. L s I" u C'''-c: \.L • • • ~ . • I 

ro l l i nr. mo""'e·~t coeff'i c' cnt (rol lin.r. mOrlent \ 
-- t<.-.; .. i L - - - -- \ qSb ) 

Chx hi~;e -~oment coefficient of co~trol surface x 
(:SinQ'e IT..o:nent\ 
\ -
\ q cx2bx J 

Po ct2tic l')reS81..Te in lX:1c3.istu"-~be(l. s'tre2.IT', :'ov.nds prol' 

p 

p 

e C"J.[1.ro foot 

local st2tic ~re88ure , pou~ds er s(u~re foot 

coef f'i Cl' e'''''' t () :)0 ' • ~ _ 1. ___ _ 

\ I o 
')res su:..~e 

criticel Jre~8Ure ccef~icient 
Fresf tre coefficient ~tich corresponds to the local 
speed of sound 

Pu oressure on ~;~er surf2ce of b21ance seel, ~ounds per 
80l';.2..:.'e foot 

PL )reE~'.lre 0:'1 10T::er 8urf2ce of ')21['.~ce secJ" 'iCUno.s ;Jer 

p 

S~;1.12~e foot 

C oe f:r:. ci e:1 t 
t' .)_ 
i - L (" Pu ) 

hc:ix ['.~~l~ Gf t~c ~nt~ of the win~ ti) in roll 
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o olevator 

t te.b 

a c .. ilcro::1 

Corroctions 

Tho forces , more~nts , Rnd ~res8urcs ~er2 converted to 
coofficic~t form b- uso of th0 ccu~tions r'ivon in tho list of 
sym~ols. To t~C BO coafficiont~ wc~o addoa tho following 
csrrections for tu~~cl-w~ll c~fect3 (reference 1) : -

ffi 
"I' . 

CL = c. 0O,: 

6CD = 0.012..67 CL 

6C rn = 0.00:46 CL 

Tho tare correctio~s to tho cooffic~ent8 and the anglo 
of att~c~ were ov~lu~tcd by 8ounti~g tho Qodel on wing- tip 
8u~~orts ~nd c~lculsting tho 6i~fore~ccs betwoen tho ['.cro
dyne~ic ch2r~ctcristic8 obt~incd from tests with the thrco 
vortic21 struts in )2..RCO ~nd ~it~ th2~ rJmovcd . Thoso di ff 2r
c~ccs ~cro maesurcd at R const~nt lift coefficient . Two 
S t-ro!lmlin" tl' r. '~ oc~"" (f; -,- 1.') - .-.~..., """'+-'1C~100" to t'1" i'lo(~nl to u CAL _ i....i ..... : _ '.0 \ ~,... . ,- \ ..... _ t..,.; t. u ..... ~ __ .}. _ t...- _. .v 

rco we i ts dofloctio~ ~fGen Fin,!' ti--) rl.'7)orted . ThE:) d,~,t E', indi-__ .J. __ ... 

crto , houcvcr; thnt t~osa tie ~o6"" ;roduccd ~n inte~fcr2nco 
dre,! , c [' '-.lS in S" t:1C t~~:." c - dl~ :',2: i ncrene C' - n ol~:-:;D.lly (,s soc io, t od 
\-.-i t.1 tho cl~i tic'll =rr'.C~1 nU':-.:.Jcr of th: str'.1ts - to occur 2t a 
cone -:"dera_ily 10\ icr :=;,,-,c11 ~1L:::b2'-C . The drE',e; t2,rcs 'Hero th~rc
fo~e datcr~inad by ~ddin~ to t~c d~e~ of the struts alone a 
co~)ono~t cruscd by the u~flo~ anelo of t~e ~ir . This mot~od 
docs not include tho i~tcrfcrcnce dr~g between the struts 
~nd t~,,-c: mo(ol. 

! 
.J 



Thc c~li~r2tion us~~ :uri~f ~~c tcsts ~as obt~in8d ~y 
:', :;:.. toJc - ~.:;'..~to S'~lrvc:." in c, 1): .0."lC )c:'~,)cl:.cl::.ct~lo.r to tllC 10!1~). t'J.
cl .. in::'..:!.. C.:~i8 of tllC "cunncl [~~ cJ. 10::1·;itu.cl:":1L'.l positiol': 1 :li.cll 
coL-:.c ie.O(l c:'i th t~1:J 25-pcrc'~::.t ::.)oint of 'l~::-'C :·.10C:.Y: r'.orocLY::1r'.!Jic 
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I 

c~10rcl of tj.:c :-:10001 ":~10:1 ::"n Jc~~c tanllo:!.. . As t~10 vOI'tic::'.l str·J.ts 
. "Ol'C L'1 -:;~-:.o 'L~ l.l1:-~Ol > t'1~3 :·ot~;.oC .. o:::~ c::'.lio::'~ltion corrects :Lor 
the cO:1st":·ic'c:'..ng e:::'fcc~~ of t~.lO su:?:)Or·t:'..:1G s:rstc;.: . A 
C 0l ' "Dr .~ +- l' 0'(1 ~,~ -'-., .; .~ ("\(7 ... ' .'-'- ~'" C'U:) )Ol~ -'-l' . ..,...,.. C' -'-'.,,- j -'- C' '''1.:;-.' ·O .... ·:')(~ -"'.1 rO'l',' I,..'-_~ _' . .J _ .... . ,_' ..... lJL .. L __ \J _ u ... . ' _,~ 0 _. __ tJ l_~ ... ,,-' uJ.. L_U';:) J.. .1. __ "v·" ~i 

t ' t 1 .., - . .J ~ ..L. ~.L. . ,., ~~ , 1 
11C Ul1ne __ "' :'.8 usoc, e"XCL:'[: ~_lC[O lJ0.1'C ':;CSlJ8 ~~11 :.i.l:'lC!:' w_-iO 1.:()C~C._ 

1T2:.S 8c,1~Y~)Ort8.~ 0112.y ['.t '~ilC 'L:C ~~i·,!s . 

Elo7ntar Control ?~rcee 

111.0 81c~.-c'.-'co:' s"tic~~ :c~'c:JG fo::~ :L'cct:~li11C~~"l fli~l"'t ~:c:..,o 
COLl~)utOC. :L-~ "::10 foll01.i:"n:' .,':.:1:-_6r : _'\ t C'. L.ft cooffic:,o~'lt 
C '" c"l ,.,-'-'> r~ '"''0 ''' ~-~lC co ~l C·~'- "c' .. '," - "" ~ cli '1'-' <1' -;-' 7"r~0 ~ 1C~ "~"'~l .Ii. ....... ..... _L.:..uv\.._ 1..L _~4 v_ LC _ v ....... . ___ .-: - .... L.:.._.-l., ...... _'-'_v'-A..\..". , to ... .l, __ ,-.v_ 

'~""""'Ior -'-l'le Cl"'~"-""'or' '1'_"'" 'i'O',' ~"'''''~ '1CO 1J'1C' "'e-'-r'''''-';Y\Ol~ 1~~"0-' -'-;;10 .L..l. .. ___ \.... , LJ C;;_t. .. " _.0 ...... __ -.../_c _ , _ 1....1'- ___ ,.__ . _ .. w __ \J\,..I.L __ _ ....:....;..,L .. ___ .. L: __ 

(~C!.tQ.. . D1..:8 to t~:.O cff~'C~2. c:f t~_c .ICii.:1:'"lCl 1~~~_11 ::::::c.~ t~lC Ci...~-·)j)Ol"lt-
i nr. "'tr" ~- 0 .I. ', n _r") ..... .., • .("\ '",! - " ."'l- _ ...... -',. t-'{.") .'-,......! 1 0>:--' .L' .... " ,-" -"'~I i C! 
_ .. .;~) !J_uu , lJ.h.- •.. iu.LC Ool ,' .. .1 -,-_0 .. G • .!.v u_ • .L_ Ool u! .• C :.:Ol.cv __ D 

o.iffClraent fro~J tl.::~t :-'.t t~:.C tc.i=_ 'J~ t:.O ::'=-:''''~'Jl~::..c. : :-: O:"1CLC:i1 to 
l"octii'y t~:.::'S , C'.. cOTrcctio['. -'1':'. -::' .. ~C.'-~C to "':;:.0 l:'ft coe::'ficicnt i:1 
8UC~l 2. l.:.· .. ~.~1i-:C-r t:l~_t tl:8 ·""'.i:-~~_G of ['.~l" j.101J ~ ..... t t!lC ~~l.i: of ':C::C 
""",(- "1 "J. -:-'"1C CO'''~~CC"~O'~ 1: -'-'- C'-C"""'-; C' C·,-'- roUl c~ ·Or. -'-',rr n "0 '1 '-' 1 .• 'J ......... _ ) .... LU v__ 1...... I,..: _____ L ..J .1. ....... ___ u, _-"- _ v L_ V L") ... _ .. l. .. U 

t~: .::-~t :-~t t~:c t :7.i:" 0; t~lC :-: ~=-~)l·-.::o . s:~~c C.:12:"l~~C il': l .... O .... ·1'1--r:-'..:~:," ~J2. t:l 
li~t cooffiCiD:::t ) i10Cc.."Lcc1 to ~.~.~~~~c t~~~c C,)l'-;2.~CC·~~O!"l) \1('.8 :::..:.)~):..~o::
i:-::.:t.tcc!. J."'rO:·,1 ro su!_ts ::.:."'_ rc~·c::'o:".ce 2 . '::ho 8t=-C~: fOl"CC .. ;-~ __ s 
co::()uteD. t~si::-.C; t~_c; ~:i::-_::.\::; - : OE8~lJ;,; CO\,;::~I"':"C::'C!lt cf)rrcc~')on.c.Linb to 
JC:10 elovC'..to r .':'.i1[J..C OLe:: CO~'l'::c:tC'-L ::"if'c coo:.~ficiCl~t . In co:::
)'J.ti::1§;. t~lC 8tlc~" force :;:"'01' C').::·""-CCL f1ic;:.:t, :' COI':~cc"cio!1 to 'che 
clOV['.tC:1" ::,.::'510 >OC:".U80 of -<':;::1C C .. :=,_ ,)L'~C; ,:io:·.'lm:t of ~~_c t::,il 
( '~O-'l~c-.l'oncc )~) ~n(~ -. cO-'-';"";( -'-'; 0'-1 -'-0 ':~'c 14 .",.l- coo.::o·<,-; Cl' c,.., .... ·)...,,,...,,,cc _ v _ _ ..... ...._ .. __ L . u _ _ _ l; .... _ _1. u .1 .l _ _ ... lJ t t.; v"- # oJ. (.;) 

of t: ... c C~l~lllE;G 2.i1 t~:c :-::'1'-_~=-I.: of f2.::),T.;" 2.J.:; t~_o t O.i~ 1,,·01'0 l~~lC(;. 

proSf'tTC (r.t.~ Fcro uecl. t r C · .... c'.. L'~~o til'J =-::-lC~'C!.1c'.t o:~ :l2.:-:.r'c-
1.:0:::c~t C lC ffic io::--.. t c :'.us cc[ ,.: '" t~~c; i:1crc C'.sc L: t~:o '0'..'2. "nCG 

Stic~ :O~CC8 faT c()~~iG~~ ~~lO~~ cthc~ t~~~ t~c nor~~l 
1.-01"C c·~lc-...~l:-.tJC i~~r ~5,-- i:-:.C to ":;:-.0 :):i:'\~vi()-,-l81:/ ':.!.ctL,:Y,inc(1 clcv['.tor 

• C~YlC;lc l~:.:1 ~:_C.:C01~~CI""."t to -:r'.: ·-.:-:CO t~1.0 ~)i tC~li::C:-i~:f)~-~:C!_ t C~"lc.nSOG c1uc 
to t~:e co~-_ ~iCl.l:':C.~io:! c~~~::~ G . ~l:o ~:::"r:~~c--~_:or~:011.JC coof:ic~o!'!t 
COl~reS~")O:1(_i:~C to t~.2.is co::.":: CC':UC1~ OlC~lC.tO::" ·~.l1g1o 'f.1~S "L·.soc1.. 

I 
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I 

J 



I 

L 

Gli~ing ~elooity 

T!.:..c v oloc:' t ~r , :~['_cl1. 11U .. r:_b0~- , B .. net tin1G to cl..~rccl:1.cL in 
roletio!l to tho 8.n~"lc of tlide I."ere oom~)uto6. b~ ... E. stcp- "o:"
stC) ~rOOL8S us~ng tho drng di ta . 

Aileron ~~ccl Forocs 

Tho l~1o o1 foro o for ~ilc~o~ control uns c~lculntod in 
t::lC follo~':in7 Lo.n11'.:'l': . .:',. roln .... ion bet\\Tc.:n the \;in ::- tiD helix - ~ 

angle pb/2V a~d tho rollin~-~oment oo effioient wns found 
fro~ eou~tion ( ~) nn~ fi5urc ~ of rcfc~encc 4 . The he lix 
B.nglo cor;lJJuted in this r;:,",El1Cr 1:i['S reduced. 20 ~)cl'oont 2.S rcco:':l
mended in refo~cncc 5. ~lth ~~is ~cl~tion , the ohango in t:1C 
anvle of [',tt[', c.~: of tho 1HinE n[~ [~ function of rollin~·"-moD.cnt 
oocfficicr:.t IT?8 c5"otermi>l.oc'. ~ COT:~cctions l.Joro ['~X; liOd to the 
angle of attno~, e.t the 8clec~od fli ?h t condition , nnd the 
corrcs~onding ~ollin:-mom(nt ooofficient bccr~se of this 
c'.n~'le- of-2.tt c,o:r ch8.n~c . Tho :1lr..:e- r:1On10nt coeffioient was 
dctelTinC'c'. fro!:"; tho dc,to. for -::'::1 0 correotcd ai1z1o of ctt[',c~:. 

T~"lC <".ir~)l.::'.nc ~1,:'8 r,n estL~('.ted o cnt(>:~- of- ~ra\'it~T trfl,vel 
fros 20 to 3~ ~crocnt of t~o ~.:['.n ~eroa?n['.mic chord , nnd n 
wci~ht v~ri~tion fror 21,500 to 35 , 000 jounds . The dnta in 
t~i8 report } in [cnc~cl , nrc G~O~~ for t~c conter of grnvity 
~t 25 ~orocnt of the menn noroayn~D~o ohor~ ~~a for a waizht 
of 25 , 000 pou~ds . 

The zcomotr ic ovcl~h[',ng 0::1 t~-:c nodel clcv['.tor W[~S 40 .. 5 
perc<..,i1t of t:1C: el ove.tor ohord .".:~t of the hing"o line , 'uhilo 
t~2t rC01irod by tho rirplana 21cv~tor is ostiDntcd by the 
~.~nuf~oturcr to bo ~~ percent . Unlos8 othor~iso st~tcd5 the 
stiok fo~ccs ~ro8~nto~ in this rc~ort 0ra for n geometr ic 
0"1"- I.. r ~l;:'.n rr 0 f l.LO. 5 per 0 (> n t . 

, 
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Exc ept '.Jhen noteQ othe r l,'rise or Fhen the control [;"u1:s1e 
:"s OD8 of tile variables , tl:e l1:1 .. tC. for t~1e figures :1.8.ve boon 
0~)t2,ir.ed fl'O;,; tests of t:1G :',:o(lol '.ri t:1 2.11 controls set 8.t 00 • 

Pi tching-= =owent Ch2.rc.c teri stics 

Sibnificance of !:2CL, - A rela'tj.onshi:) betveen ==2CL 2.:1(: 

1.Ti~6 loadine;, normal pcceler C.ti C',-'l , ::.:1(1 .'11 ti tucLo is 8110Fn !JOt:1 
rr~nhically 9n~ 21gobraic~!ly i~ ri:~re 5 . 7ho equ~tio~ for 
l:zCL Sl10US it to be inclo: .. )O:1CLOlyt of ~:)cecl 8.nel to rerJ8.L1 const8.nt 
for any selectee:" 1"inc; 10D.(;':;"n;( , l1'JI'!'J[..l 2cceleI'c.tiol1, 2.11(1 
"lti tude ",,·q";·'l' l·1 r ., +1"0 "1' I' +a ;"')O'P '''+ L'~'''O (loe~ not ch':~'1['e ('ihe ~_ ..- _ _ , l...u ...... ........ l .;;":> u J. I..A. u v_ 1,_ ... _ _ u .. _ .• '-- -- - c..... _ -0 . -

velocity of s01..md 0. is; func tio:1 (f tC;~l=)er8.turo onl~' . ) 
!3eci;1use of' t~lese filcts, -:;l:..e quc.r:.tit~; ::zCL he.s bee:1 usoel :.8 
f l:J2.rm'1eter in p1"'esenting til0 :1i tcllinC;- [,10fJ1ent coefficie:1t 2.S 
c func tiO!1 of :i::tch nu;nbe1"'. 

I n fis;uTe 9, the lif t; coefj~icie:1t .1.l1ct. :=e.c~: :::1'Jj·.1bor 2.1"0 
S1.10';1:'1. for constant ::2CL v['lues . L: [lC.c~i tlon, t~1.0 GC.Xi:-.1iL:': 
lift coefficient obtc.inol-.. fl'0:i1 tests of tl:c L.:oc1.el ';Ti tl1 t:_o 
e::i:!.)Onnago of f is shmm , tk",lB i!1c.1..i c c: ting t~~o r.1C:lj~ i~:ml·.1 :r 2C~-, v2.1uo 
po s si IJle f 01'" tilO D.irpl2-l1e . 'ie s t s to do tor:::ino the r..1c]{il·.iU:·.! 
lift cooffici en t l:~ero E:C.C:'C '.I i til t~lC 0::1pOmi2.go Oil c.:1G. off. 
Eo"over , bCC2USO tilG l)i to:'--.inS- 1:1o!.lCl-ct cocfi'icio:';.ts Cl:; t:lO ,.1:.xi
DUD lift c ooffici.:mts Hi t~l t~:o c:~:y;!11-:CGO off ,'cro noarl~T ZOl'O 
(fig . 10 ), thcreby closel~ DP9roxi~~tin~ b21ancc con~itions ) 
those (late, noro usecl . 

Pi tchin[.o~-L10i!1cnt coofficic::t f01' c:-.non~1C'-So on am-:' of:' .- ::ho 
pi tchinC;- i:wIilent coefficio:lts fOl1 t~lO .. ]0,:'01 vi tl~ tho c:·!:=)eni.:.q~;o 
rO;::10voc1 Dre shovn in fi ~:uro lC ) .:::1('. -Ti t~: the e:-.;po!1~q;c 0:: , in 
figure 11. Tho effoct of =~.].c:~ :1i.:.:.1·.~c:;.' 0:-: t~-:o ntic:~:- fixcc.. stutic 
longi tuclin81 str,')ility is )rcsor:toc.:' i:l figur~ 12 . F:"gUl"'O 12(D) 
1·'nc:· O'''"i':n'i neel '''IT C:i.'ot:'t:' -·)lO~~·"l' l·lC' T'-,... c.~ ,.,"'""1 ~ r f'; c"'re 11 :-lhe . c.....u f....Ivc.. _ ""'v 00 ..... .....J -u '.J __ ,-, .. c.. ue.. . ...L. __ - -ou • ~--

slopo s of the c'...~rvo s in fj. ·~uTO 11 , .:'.t t~-:e lift cooffic:"C' :1t 
corro s~)onc1inG to t~lO sele c tee!. ==2 CL vC.luo s , 11Toro ~)lot teC i:~ 
fisure 12 (b ). 

FiGuro 12 (b ) Givos t~'lO USL.~o.l C.o::ivo.tivo L".ssociD.toc~ nit:l 
static stability . It is soon t:1L.JC ~)C'101; ['.n :':2C L of ': . 30, 
t:'--~is (.t.o:i.'ivD.'tivo is 2.1Dost t-Jice ['.0 le.l'[;o nt J . G ~12ch n .... ,r.li)Cl' o.s 
ot tho 10Hcr 11D.ch nU.:,::ocl'G . ~his L'!lLicD.tos :t (~ou~)lin-' of t~lO 
st2·oility . I t :-Just DO l~cGel]bcrcC , 1101'0701', ~hC1.t tllis ~ol"'i-v.:.tivo 
'.TUS ootc.inoD_ c~· co::sidol"'L;.::.: t~lC ::':c cl: :11..UQOl'" C011StL .... :1t . 

I 
j 
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A st~bil ity derivative i n which the Mach number is hel d 
CJ:lst"nt docs not completely r('";present flight con(H tions , for 
in flight n chnnga of lift coefficient usually c~uscs Q 

chc.nc'c of s~)cccl p.nd l:~o.ch nUlrber . Therefore, in :)reson ting 
st~tic st~bility ch2ractcristics , tho eff3ct of Mach number 
['0 t'ell as of lift , o~ t~e ~itcni~7-rnODcnt coefficient should 
be included . T:.lis j.s es~:::ecial~y truc at :--l1gh Each numbers , 
for the pitchi~~-Dorecnt coefficient is more affected by M2Ch 
nu~bcr than by lift v~riRtions . The coubined effects of Mach 
nU!!lber ~'.nd lift v<'.rir tions on the pi tchir.r:-:~lOmen t coefficicmt 
are i~dic~ted in fizu~e 12(~) . A Jositiv6 slope of the curves 
inoicf'.tcs thrt f' clirnbin~: mOLlC':lt ::.~e8L~lts for nn incrense of 
I:e C~"l nu::"!ber ['.no. corresponding f,ccrcf~C',c of lift coefficien t . 
The climbing moment tends to 1ncr~n8C t~e li~t coefficient , 
decreD.se the l~['.ch number , n.nd return t!le [l.irplr.nc to its 
o~iginal flight condition, thus providin? stick- fiyed stntic 
10nEit~dinal stnbility . Conve~sely, Q ne[~tive slope indi
c~tcs ~n unstable condition . 

Tho slo~ )es of the curves in fi;:-,ure 12 (2) are re18.ted to 
the constc.nt--l:.::-,.ch number st:..l.bility deriv['tive ( fig . 12(b)) by 
t~le follo1,'jin~t ecu':'.tion , the deri vr'.tion of ·w:.ich appears in 
t:1C ap:.;endix : 

= (OC Ll '. + Fino; londinc.; ( - OCm) 
o 11 I C ~ p n;3 IP \. oC L -- ~ 

L , ~c -" , ue 

Subsequent discus3ions of stability in this report will refer 
to the left- hand meober of the cquation . 

It will be noticed th~t t~c dorivntive (-oCm/6CL)~ J 8e 
is the ~rodoGin~nt f~ctor influenc!ng st~tic st~bi1ity ~t low 
1~C'.ch nU~1bcrs bOCP.'~8C of tho f['.ctor i/i.~3 in the 18.s t t orm. 
~ith incrcnsin~ ~Qch _u~tor its i~fluenco di~inishes . This 
f~ct is shown Ev a comparison of fi~ur8S 12(n) ~nd 12 (b) . At 
hi~'h l·>.cl'! nu:·:.be~s ,'Thon- ( - OCrJ/OCL)~.:-8r; hpc its gro8.tcst 
valuo J fi gure 12 (n) indicn.tos stic~!f~xod lon~itudinnl instn
bility . The 00uQtion ~lso Sh~KS th"t 8.n i~crcnsc of wing 
lO'.di:1g or 8.1 ti "cUG,O i ';crcr sos the s to.bili t:;:- , [1 S sumin3' other 
fnctors to rem~in constrnt. In ~ddition , ossuoinz the ele
ve.tor effectiveness remr'ins co~st""'.nt , (r_C r.)dE )r.12CL,oc is 
closelv rcL'.tcd to el,:; v:-'Ti ..... tion of olcv,:'.tor r'.n~!lc vIi th speod . 
This v;riC'tion is con:monly uS':: 'rL in tho ['.n~'lysis -o f flight =- tost , 

I . . 
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results as an indication of stick-fixed static st~bility. 

The dc~ t£>. of fi czv.re 12 ( 2. ) in0.ico.te ins tabili ty a~::-ovc o. 7 
~:[och nur.~bcr bct1"'ec.n - 0 .025 ['.nd 0 .10 1: 2CL. These da·ca ['.re 
for the c enter of gr2.vity ~ t 25 percent of the moan aerody
n[.:nic chorc!. . A rear'l?Tc.rd mo vement of tee center of ;-rrvi ty, 
by reduci:!§:' (- OCn:/oCL )- ' F' "" ,,'Tould incroElse the stpotic instn-
b ' l' '- " d t" -- -). .J Co 1 t i' , t" . 1 l l\,y a!lCt 1'0 .uce l~e r .. -!'l \j .~ !lU[:Der 2. \-_1lC~1. ne [l..lr:) ['.ne 
becomes unstable . 

Figure 12('0) ShOv!8 t ~1.:'.t below 0 . 74 ::nch nur.·!ber 
(-OCm/ OCL)l:,o c is posit i'J C' fo :..~ 0.11 cent 2r- of-~~To.vity positions 
bnck to 40 percent of the me~n aerodyn~mic chord . Also 
fi gure 11 ind.i c['. tes thE'. t beloi;v o. 7 l!£:.ch nUf,1be!' (oCr;;! o:d CL , oe 
is oi t ho!' positive or j ust s liChtly nc[~tive for lift coef
fiC i ents belOliv the: stc.ll. Sk'.tic str.~ility is tr.creforc 
rssured at the lower ~nc~ numbers oven with the center of 
grC'vi ty E'..t t~lo estinated farthest aft locntion . 

The pi tcl1inrr-J10[~ent coeffici ent contributed by the :1.ori
zontnl t ['. il With-the elevFtor fixed (:ig . 13) undergoes ~ . 
lc.rge decrense for constC'nt lift coef~i;ient at hi~S Mnc~ 
·nwlibers . This ch['.r['.cteristic is the fc.ctor contributi:1[' most 
to stC'.t ic i nstl"·.bility . It is couseel b J- the increC'..se in "'che 
['ngle of attE'..ck of the ni~pl E'..no neccs8C'ry to maint~in 2 

const".nt lift coefficient {"l.t su:)crcri tic['l 1~C'ch mlInbers . 
This ['.nP.:'lo- of- t'.tt~.clc incr':.['.se reduces tho dmmloe.d on tnJ 
tt'.il , p..no.. t hereforc th8 p2.tching- mo:.1 r- nt coefficient. (Sec 
reference 6 for r' .. further p.nf1..1ysis of hi~h- sneoo.. lonr'i tudinal 
ins t~.bil i t y . ) 0 - - -

T~1e ~)i tchinr'- :-noDcnt cocf:':'icie!l.t of the ,,-.rin[-fuselnge 
combin~t i on incr6ascs with ~~ch nu~~cr f1..bovc lift coef
fi8icnts fro ,n 0 . 7 to 0 . 03 ~. t 0. 65 "'.nc. 0 . 75 lic.ch number, 
respectiv ~ly (fi ~ . 10). T~is ~edUC2S the fcstnbilizing 
effect of tho horizont~l ~~il . ~ho ~~cssure-distribution 
results indicC'..tc t~ ~t t~e com~res8ion shoc~ on the u~per sur
fr-.CO of tr-~c ;.·in~ ' r::ovcs for1;~[".rd ~'Ti th 2.ncr~['.sinr:' i:8.ch nUJ:Ibcr 
C1.nCc r.n3'lo of Cltt['.cl( , vJhi ch may [lcco1Jnt for the incrc[.sG of 
~itching momont . Also , "'c!:c ~e~~ -~re88ure coefficient o~ the 
101:1or s~r f[".co· elecre['.scs iZTc['.t l ~; ['.ncl [DVeS fro:n the !:-O- ::;crcent
cho~o_ p os i tian ['.t lov; 1·>.;1-1 numocrs to .:->.t lcC'st the 60-~)orcen t-
chora. posi tion c.t 0 . ::.' l·:':-.ch nu.'"1ber . ( rressl~rc-dlst;.~ibution 
mc('.slTcr;·,ents \'T,_rO t ...... :kcn over onl

o
- t:1.e forH':-.rd. 60 i")crCCrlt of 

the chore:. .) 
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Pi tchin,7- m0!:1Cnt coefficient from elevR.tor . - The clove. tor 
e f::'ec'civcn c8s for the moo.el (fi ~t . ll~ ) increasos slightly -v.rith 
~>.c!1 11'll.i',lbel~ up to 0.775 at em ~ E 2 CL of zero, 2.no. u:) to 0.7 
[~t r n ~: 20L of 0 . 30 . Bclovv O. k I:2.C~ nur:.ber, tho effecti Ve:18SS 
r·~so increo.scs sli:htly iil i th E 0L' T~1e (tecreo.se in the 
ef:~~ectivcness {1t high ::r-.ch nuobcrs E'.g~T['.V2.tes tho undeslrable 
control cho.r2.cteristics c2.u8ed by the decrc~8e in the elevator
fixecl. pi tehinf:'- rnoL1ent eoefficient (fi 3 . 12 (a)). 

The effect of tho t~b on t!1e pitching- moment eooffici e~t 
is <":'.lso shown in fi 2~ure 14. Being of such sme.ll E12.gni tude , 
the v~ri~ .tion with ~2CL is indiscc~nible. It must be re[cm
bered thr'. t norm.:'.lly the tn.b uill produce ~. ~)i tching-moment 
coefficient in opposition to th~t of tho t lev['..tor, thus 
reducing tho elcv~tor effectiveness shown . 

Pi tehing- r.lOmcnt coeffieicnt duc to the 1;1in9: ~)Ur:1p. - The; 
purposc of the vring bum~) is to inercc.so the i.incl1 nu:nbcr at 
1nThic~'l the o.ir·,)lo.no bcco[1es lonrci tucUn['.llv unstc.ble (fiq-. 12(2.) ). 
A furt~cr pur~osc is to nl l evi;te thc de~rc~8e in thc ~levator
fi~rec. -;;i tehinv- mor:lcn t coefficient c. t hirth :>.ch nuwbers. This 
vTill reduce thc upv/2.rd el cvntor angle and the pull on the 
stiek required to m2.int2.in b['..lnnce with incrc~sing Mach number. 

The bUr:lp w['.s designed to r educe the critic2.1 M2.ch number 
on the inboard 10 Tor 8urf2.co of th : win~ to th2.t of the upper 
surf~ce 2.t n lift coef!iciont of 0.10 . It D['..S re~soned 
(referenco 7) th.n t the lJ1...ur::) lIould decrec'.f'':; the effect of COr:1-
~ressibility on tho lift of the cent e r portion of the wing 
s;J[·m 2..no. incror>.se tho d01m-:"TC'.sh ,I.t tho tn.il. This \'iOuld 
reduco tho nnslo of attnc{ of the t~il nne ine~cnso tho 
~)i tchinfZ'- r:lOE1c.nt coefficient 2.t s'lDcrcri ticC'.l 1I2.ch numbors . 
The ElAxImum thiclmoss of tho bum:9~ HO.S [I.t the 50- porecn t - chord 
station. Roferen ce 7 shows thrt n bWTIp plncod nt t h is 
loc~tion hnd the gro2..test effect in roli9vin~ 10ngitu~in2.1-
st<,.bi1i ty diffieul ti c s t'.t high li[l.eh nucbcrs for ~. twin-boom 
101'J- 'vinZ modol. 

A comD~rison of the pitchin~-moment coofficients obt2.ined 
froc tosts- of the model with ~nd-without the bum~ is shown in 
f:t'::"tTc 15. Tho offect of t~'lC bur.1~) t'.t ['.nd boloitl 0 .7 E,:l.eh 
nUi.lber 1,I/2.S noglizi b18 . Above O . 7 E['.ch nunber , hm'levor , tho 
bULilJ incro['.soo. the ~)i tchin .;-;,-mom:mt coefficient . Tho bUr:lp J 

th2ro fo~o , ineransod (~m7~U)CL,8e in the stnbility cqu~tion , 
~nd thus t~c stick-fixed stntic stnbility . Figuro 15 shows 

. , 
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the-.t tho bump mo.kos tho modol stnblo for D. HD..ch numbor [1S 

mt;.ch ns 0"075 high~r . The effect of tho bump on tho lift 
:'.l1d pi tchinE-,n~or::lCnt coefficionts vIi th the t;,il off vms negli
gible . 

For the 'buwp t ests , it '!tIill be noticod thC't tho dc.tD.. nro 
comp~rod n t ~n elevator ~nrrle of _10. Durin~ the l~tter 
pnrt of the tests, considorf'.ble difficulty ue-.s oncountered 
with tho elovator control no chnnism. At tho conclusion of 
the .. ling- bump test the elevator E'.nglo W2.S meD.sured ['.nd found 
to be _10. The possibili ty of the c..ngle having cho.ngod 
during tho t es t seons remoto in light of the f['.ct th['. t f1.t tho 
Imver ::['.ch nU~.1bers , the dE'.tc. compare so 1'.]'011 \1i th those 
obt~inod for t ho norDnl eonfigurE'.t i on nt nn olev~tor anale 
of _lO p - -

Tho nrossure distribution C1.t winp.: stc..tion 12 with o..nd 
I-li thout tbe bUIJp is shown in fifurc 16. 1ii th the bump, the 
cri tical 1,1['.ch number of the Im'Ter surface is npproximntely 
0.65, while that of the upper surfE'.ce is E'.pproxim['.tely 0.6g. 
Reducing the siz e of the bump to meet the original spocifi
cE'.tions would probably reo.l'.ce tho beneficinl effects. Tho 
broken linos in tho '0ressuro- dietribution Cl,i[l.gl"'nms indicate 
tho ['.p~)rOXifil~ te poai :tion of the compression shock. The eY.:f1.ct 
position is not known, due to the smnll nUr.J.ber of pressure 
orifices. The crittcnl Unc~ numbers of tho wing nt these 
s t~ tions ,'"'TO sl10v-m in figure: 17 . 

Pitching- moment coefficient due to nuyilinry control 
flo.ps . - Bec~use of the l:1.rge de:creC1..s es in the :)i tching-momen t 
coefficient D.t high 1-1nch nUf."lbors vIi th tho clevr.tor fixed, tho 
u?wnrd elevntor ~ngle re0uired to balnnce tho eirplnne mny 
become very Inrgo ['.nd the pull on the stick oxcessivo. The 
use of ~uxili~ry control fl~ps is ~ proven method of reducing 
tho e l cv["tor ['.nglo :-'.no. the stick force on severrl hi[h-specd 
[1.irpl['.nes . (Seo reference 7 for :)crforrY.nco of ,"1.uxili '"I.ry 
control fl~ps on nnother ['irpl ~ne model.) Auxiliary control 
flaps , therefore, were tested on the model . 

The increments of :)i tchinp:- moment coefficient due to the 
net effect of the auxilie.ry control flc9.pS , and to their 
separate effects on the teil plane Rnd on the wing, are shown 
in figure 15. The greater ~)art of the increase of pi tching
moment coefficient is due to the decrease in an~le of attack 
to ~aintain a const[l.nt lift coeffi cient after d~flecting the 



-- - --"----~----------

14 

fle.ps . A sm8.11 part is due to the inc:reas e in the downvr8.sh 
from the inboard wing section caused by the flaps. The effec t 
of the flaps on t:le VL1S is to decJ.~ec9. se the )i tch2.ng moment in 
practically all cases shown. This effect is probably due to 
t~1e rear-"'rard location of the flaps on the winE' , this posi tion 
on the air p lane being dictated only by structural reasons. 
A com~arison of figures 12 and 19 indicates that deflecting 
the auxiliary control flaps will keep the airplane statically 
s table for 0.05 Each number higher between 0 and 0 c 15 l~ 2CL. 
In addition , the net effect of the fla9s is to increase the 
pi tch~ng-moment coefficient throu~l:out the £fach number r ange 
(fig . 18). This c}::are.cteristic redlcces the uplt-j2.rd el ev2.tor 
angie reouired for balance . The data , however , show that in 
most cases this desirable effect of the fl~?s is diminishing 
beti, .... een o. 75 and O. (j ~=ach number . I t is l)OS sible that thi s 
trend may continue and the flaps may be useless or detrimental 
at somevrha t higher Fach numbers . Because of their decreasing 
effectiveness at high l''':ach numbers, the fl aps are l)erhaps a 
less desirable mea~s of relieving the lon~itudinal- control 
difficul ties of the airplane than is the It-ring bump . 

Elevator Hinge-Moment Coefficient 

Elevator hinge-moment coefficient with 0 0 tab angl e .
The el evator hinge-~o~ent coefficient as s function of ele
vator angle , i~ach nlJ.r-:ber, Cl.nrJ_ .,:2CL is sholt-Tn in figure 20 . 
The ~)resent2~tion of thes e data is in 11 car:)e t " form . The a.Te s 
of the curves sholt-Tin::-" t:1e d['.ta at a constE'.nt 1~2.ch n'.lmber are 
s tag~ered pro)ortional to the ir respec ti ve ?·~ach nucbers . 
Dashed lines are drawn to connect tho hin :c- mofficnt coef
ficients for constant elevator angles. 

Equntion (2) of the 8pJendix shows th2 t the quantity 
( d8e/dM)~2CL , Che=0 must be negative in order for the stick-
fr ee s to.bili ty to be fTe2ter tnE'en the s tic:·:- fixec_ . This 
(iuant i ty is neg'E'.ti ve at the hi[l'1. I~~.ch nur:.oers , as indicated 
by the negat ive slo~es of the curves for constant elevator 
e.ngle ( fig . 20). This ne t:ative quan tity also indicates thD.t 
stj.cl-:- free stabili ty Iilill be maintE'.ined to a ~1ighe::, Ef'.ch 
number ths n stick-fixc~ stability. 

Tab effectiveness. - The effectiveness of the tab in 
chansing tho el evator hin~e moment is shown in fi gure 21 . 
~he ~ ff ~ctiveness increD.s~s slightly with elevato; ansl c from 
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-50 to 50 and , in gencr8.1, decrc9.ses slightly ~vi th Each 
number. These varietions in the effectiveness, however, are 
so small as to be unimport~nt. The predicted control forces, 
discussed in a later section , indicate that the tab is suf
fiCiently effective to tri~ tho eirplane up to et le~st O.g 
Mach number , the limit of the tests. 

Elevator b~l~nce pressure .- The coefficients of the 
pressures actin~.: on the br.l<,.ncG seal ere shm-m in figure 22. 
A leak at the i~board end of the seal on the left half of the 
elevator , discovered at the conclusion of the tests, caused 
the absolute oagnitude of the pressure coeffic~ent at negative 
elevator c:mglos to be les8 at the inboaI'd s t['.ti on. This leak 
will tond to cause the calcul~tod stick forces to be larger 
thaD experienced by the ~irplane. However, it should have no 
effect on tne pitchin[-momont coefficient, and lit t le effect 
on the speed at which tho stick-force vario. tion becomes 
unstable. 

Elevator Angle and Stick Forco 

Elevator an~le and stick force as D.. function of velocity.
Trll; eleve.tor an0'lc f3.no. CO!T.i;uted s ticlc force nrc sho';m as n 
function of vel;city for s~veral wing loadings and centGr-of
~ravity positions in fi gure 23 . The effect of the bump on 
the control force and an-s:lo is shovm in fibure 24, p.nd the 
effect of the auxiliary control fl~ps is shovn in figure 25. 
The date. arc s!1o~~n for soc.-level [:mG. 20,000 feet al ti tudes. 
Conclusions with r espect to stability ch~racteristics similar 
to the s e made in discus sing the 1:)i tchin;:r-momen t coeffic1en ts 
can be derived from these &ata . ~ (The i~creases in the ele 
vato~ angle and in the push recuired on the stick with 
incrc[1.s ing Sl)ced ino.i C9. te s tic~:-fixecl ['.nd sticlc-frec s tnbili ty J 

respectively.) Figure 23 sho~is thp t [1.n increase in 'i·ring 
loading or 8. forw~ro. movernent of the: cent~r of ['r2..vi ty 
increases both the stic~c-fiy.ed ~ncl stic:c-free stE'.bili ty. The 
results incH ca to t~J.c'. t the "'.irplaDa -Pill beCO[i;e v.ns t[l.ble, 
s ti ck fixed , above rp)roYin:.c.tely 530 miles ~)er hour 2.t sea 
level and 4Co mile s per hour nt 20,000 feet altitude (~p)rox. 
o. 7 Ee.ch nUiiiber i:'1 both CF' S 8S ) • The 'Jredic ted effect of the 
bump (fi E' - 24) is to [f1.[I.intC'.in sticl:-flxed stcbility throu€,h
out the s)eed rE'f"!go of the tests 2..t sea level and up to 530 
milos per hour ~t 20 , 000 feet ~ltitude. A deflection of the 
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fla.pe. g:ives a 19,r7e increaee in t:18 elevator ansle and in the 
pU8~ reauired on ihe stick at all speeds (fig. ~5). The data 
indica te tr·8. t tl'e a:;"rplalle wiLl. reln"'.in s t&.ble, stick fixod. ) 
to a hifrl el" s~")eec5_ Hi th the flaps de:"'lec ted than ;,vi th the 
flaps up. 

Fi?ures 26 and 27 show the effect of tab 2nr~e on the 
stick force for the no~m21 and the wing- bump confi~uration8 . 
These data indicate that the tab is capable of trimmin2 the 
air~lane up to speed~ corresponding to-O.S Mach number; the 
limit of the tests (app~ox . 610 mph at sea level and 570 mph 
at 20 , 000 ft altitude). The data olpo ildicate that stick
free instccbili ty 1;'i2.1 OCCL~r B.t e.:;;>p:,o~~i!T:ately 570 miles per 
hour E1.t sea level ancl. 530 n.iles per hour e t 20 , 000 feet 
altitude. 

Sticl:- force 9Tadient .-· The stic~l:.:- fo::..~ce RTadient as a 
fu~ction of Q"eometr:'c- oV8rt.8.rW is 8~loiim for the normal center
Of---'1'2Vi ty loc[.',tio!1 iE fi?t.Te "-28 . ':::he zrr (.ient is hither 
than th~t recom7en~ed i, reference 1 fo:' a limit load factor 
of 4 ( 33 Ib )er g) even with a geometric ove~hang of 45 
percent . Hov'8ver , J:.th the ce:lter of ~r9.v ty at its farthest 
aft position and for a geometric ov ~rhcn~ of 40.5 percent , 
the gradient is vel"y "mall except at the hi~hest s)eed 
(fig. 29 ) . I t is posGible that if t~le elevator seal had not 
lea~:ed , the :):'e(" ic tee. 8 tick-force ~ l"a(H en t , although per:18.ps 
sat:sfactory for the normal location of th8 center of gravity , 
Ll i {1t have indica.ted ovcr08,le.nc.e at the furthest aft position . 

Lift and Dra~ Cha~8ctsristicG 

Lift coefficient. - The lift-co "' fficient dD.te, are pre
sented as B cerpet ~lot in figure 3J . T~e aata show that t~e 
l ift coefficient at constant an~le ~ f attack decre~seQ above 
ab~ut 0.69 Uach ~unbel" for levei-fli-ht co nditions (lift 
coefficie '1ts u) to approxi;:-,ately O. c)- at 0. 59 11ach nucber ). 
This Each nU.mber is 0 . 05 l1i&:'her the _1 the cri tical I~ ach nucber 
of the wing ( fi~ . 17). The-large d a creas e in ~CL/~a at 
supercri tical Mecl:. "umbers is one fector c a usin::: the increase 
in angle of attack with Ks ch n~cber noces sary to maintain a 
constf.nt lift coefficient . Anothe r factor is the increase in 
the an~le of z ero lift indicate c in the fi~ure . These 
factors are l2.:'''' [,ely .:-6sponsible for the c.e cre~.se in ~i tchin f" 
~o~cnt coefficient . 
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DrD G c oeffi c ient.- Thc Qr ~G ooefficient for the coc~lete 
=odel i s ?rescnted ~s ~ f~~ction of lift coef~icient in 
/' ~ '7"'~ e 31 "nrl~" '"1 f'·n..,t~ 0'1 oor.> · ·~c " ~~U·-l~."~~ l' r fl' ("'.(,r'> 32 Thc _ -L:;L.. .. - _ ] \_!. _ _ \...L ...... u 1..." _ ""t v _ 1 .. .i._ •• __ _ .0. ••• ,....Jv_ --- - b-"- L; ... -

incl~e:'.sc of lLr~~~ coefficie:1t H:' "Ci.~ ::~"'.C_l n'O.:::bel~ for t::c 10'[c1' 
lift coef:~:'cienis be6ins :'.t o. G : ~['.c:~ n"J ... :ber . The C:c['.g 
coe f ficicl''.t .:'.t tile 2.ouer lift coefficients is :-_:J~)l~o:~:L.:.:'.tcl~T 
55 pcrcent rre :'.tcr C.t 0 .7 2 ( tile .:'.il'~):!.2.ne i to ~):!.,"'.cnrc1o(. ~.t 'J . 72 
--..,c'''' ·..., .. J.·~·; ..... er ~ +~'1''''''''' I""\~ t'~c l O ' TC -~ -l:~c"'" V)' .. ·· .. ;""eY'R ..... ~ u J. _ .LJ· .) u _ _ ~ .H ~ u ~" ~_;,' .L ",-. 1l -,-.c.: . . ,", _ '- . 

~~'le (l.l~['.g coefficient :t01' tlw 'iil1[; ['lo~ie (::ig . 33) 'T:'-[" 
obtc.inccl fro:-.1 tcste of t:·w '.-L1C'; " i t~: 0. t~:in sting repl."'.cL1G 
t::o fu_sclnC;8 . ;~ cO:.1pc·'.1'''iSO:1 of f:.gurcc-; 32 ['..1:.6. 33 Sh01IG t:_:c 
(rCG coof:C :' cie:1t of t::o ;J:'nE ( ir.cl-....ll~ins tl;.c sting) to be ['bout 
55 l)e rcent -::Jf t~lC totr.'.l d r c.g C'.t tl-:c :"Clj : ~C\.cl-: i.1u:::be:cs :-'.:::'(1. 
"p~)ro:~ i :_-. .:;~tely 7'J percont D.t 0 . 72 ::::-.c11 TLL.:ber . 

':21'1e :' ncl'c:::er:.ts of Lr~ =:; c 'J8fficic:-:.t for t~lC cO:.:-)onc:-:t 
P::'-l' t S o f tl:.e !'.!Oc.l.cl [1.re s:"l('-.~:l ':":"l f:'L;:..:rc 34. . T:lO cLc.tr:. inc.-:':'ct.tc 
t~:C'.t tl-:o ~\:.Gel n.i:::O c".r::'.(; c1ec:i:'e~se ~ :-.t t~le :-.l.[n ::~ch m:u:::bors . 
T~lis is ):::-'o::x:' .. bly Cl'..-le to t~~e f'"1.ct t~::~t t'~c <'Lr':'.Q; of tL::.t ).:'.l ... t of 
t~:8 i;Tin;; ccvercC. ;)~. tho f1.:.8c10.;0 1:8':: olL:.in::-tc-". '(-:en t:18-
ft;.se2.o.ge uc.s il1 p1C'.ce . !'To cO~1sistC;'1t l1:::-·2.(; coefI~icicnt u:'.s 
0 ~"'t r) 4 ... ed .<':' -.., t 1-'e 1 T l' '10- b"·-"';· .... "'00101T "-"1 <;:- .. -1""\c';, 'n, · '··i'e"''''' :-1~ ... c C""!-~!"'0" .... _,_ !~ .1 O .L __ . '", v. __ __ > _. \., . oJ ~-, .. - . _'"'-_ .. i..! J. . J._~ !J. "0 

coefl~ic=-c:1.t obt:~.i118c1 '.T::s of st;,ch c. 8:.:r'11 !::.; .... ~:1it·ud.o ~~:.:->.t it 

Tl'le Llcre~:c! ... t ')f dr:>.[; co cf:iciol-:t (,-__ :c to t:~e :,.u=::'l.i ".r:-
co "-7~~o ' -1"1 .-. ,~C' .;~, c1'n - -V' l" n ..,. ~ ·";''''.1'C ~h n.1'-C l' '~"'Y'O"-C)'r+ T~-'''on -'-'-c ~ ~J.v_ ...L. __ _ :.... .. ~...Ju _l..' "-, .... -J i.. ... .J.....L o ...... )':) . _1 _ _ \...._ .... __ v ... .:.u ..... ~ __ • u __ 
7.0° '~ l ~DS i .... '"1')--r'o'-~"'~"-c>l-r t~1''''' ""'"':"0 "C: ;~G'~ .:..··0 -.... "8,.,1 "roc> ,,".~ 
) J,... -..I: _0 ~i. . .1 ",,\",.L _ _ _ .Ll.! - v __ 0 ..... __ .1. '- ..... _ .J _ L ... i 1....4. --- ..... o..Jv c....~ .. L.l. 

":"o"t 0''''' C- 1"1 '1 l I~ +'~C .1' ··~"'~~')--O··.t- .e"O·' tl~c LL50 +'l'-J" '1'0 cc 1c''' '' 1 <....U u ~.L . _'-~_ v__ _.:.v_ V.I._. _ _ u .1.._ ... __ I J._ .... __ ~ w . ...._...L. U _ ~ ..... _ 

to~Qo~cy is fo r tho incrc=ont cf Cr~[ cocffic:'e~t froc tho 
f12)S to (~CCl"O~""f;O c..t ~:iu'll ::c'..d ~ nt.:;:1;)01' S. T~lis co.;)' be (be to 
tl'1c fol2.o': i n[; f~'.c tor s : 

1 . ...\ r ec."!..uction :' l"'. t~lC 0\",:;1'- '::-.11 c~r:~s; c,".UsoC!. 0:- tl:.c ,--:.n~;lc
of - ~}_ t t ~.c~~ (100:::-0.~ so lIe co s GCj.~: ::':'1 :-.1 :::'r: t .- il1.i~:;.; Q 

CO :1stn.r:t 12.ft coeL'ic::..o::t o.f"cer l1eflectLlg t:lC 
fl::,:,Js . 

2 . An incrc[1.sc i:1 ~::e c:.~i tic~')l :~:-ch n-2..1i.Jor of t.~e 1m-or 
s'J.rL,:,.cc of t:w l 'Ll"': '00C,".'O.80 of the i:1c~0:-.sc 1::: 
t~10 -)0 ."'.:;:. ',)1'08£,,,,:1'0 Cc.1.-.S0L b'v' tllO f1,:-,'0S . 

~ ~ -

3. ~~1e SO:t) :'.rC1.t ion of t:lO flol] ovor tl:c -ri:1g (p::rtl:
ros)0?';'sib10 fo:;. ... t~lO l".:i~C'.S incre:-.:ont of t;.10 f1'::-.lJ8 
..,-'- 10'[ ·' ''c', .1'.,.-' .... 0 0 ' ''' ) ,~J_ C"")r"'Y'C·~ l· t~ C"l · -"C'l _~ lJ _ • J. ",--, , __ • ~ .•. _).., _ ,::> • u ~,~ ~_ J. .L '-.~ l~~. ! 

n'O.~JerS cvon in the ~b80nc; of t~e fl:-'~s . 
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~l~ding velocity.- The velocity , time to descend , and 
the EEl.ch numbor for the airplnne at severE' 1 2.'l j_de [1.n &"l es 
(fi f . 36) have been computed for zero propeller thrust . How
ever , the difference due to the propeller at the larger glide 
angles should bo sm~ll b ecause the ]ropeller efficiency 
becomes sI:1811er at high 1;o9.ch numbers , and the thrust is small 
compared with the weight com)onen t in the thrus t dire ct ion . 
For example , for an aIrpl l:'.ne - vJcight of 25 , 000 pounds , the 
thrust at norm81 rated power woul d be only 14 percent of the 
v.Teight cOf:1ponen t in 8. 20 0 rrlicle (as 8v.ming a ~ropulsi ve 
e ffici en cy of So percent [Ii 0 . 7 Mach nu~Eer and 10,000 ft 
a l tltude ). 

The r.18.xi mum veloci ty E'nd 1·:2.c:"1 numb er predi c ted for the 
severEll gliding angles in f igl re 36, together Hi th thos e from 
similar data for other oonfigure.ti o:1S J are sholm in fi gur e s 
37 and 38 . The a ltitudes at which the m~ximum velocity and 
~ach number a r e r eached are a l so shown. These fi gures show 
thp..t the fl aps could bo used as dive br8};::es in addi tion to 
t-1cir function of increasinc the Ij. ft coeffi ci en t D. t balance . 
Thn 30 0 and 45 0 fl aps reduc~ the maximum predicted velocity 
by 20 and 40 milos per hour, respectivelY . Tho maximum EEl.ch 
nU;:1bor is r educed by 0 . 025 a:1(J. O. 0 12.5. COr.1~)Bring air~)lan e 
vTC'ights of 25 , 000 e.nG. 35 , 000 poundR , the IT.f'_ximum velOCity 
for tho h~~vier load is between 20 ~nd 30 miles per hour 
h i gher , and the ~axi~um M2ch number betwe r n 0.025 l:'.nd 
0 . 0 30 18rger (depen6ing on tho rrliding an 7 Ie) . The date.. 
indiCt? t o thE'~ t the bu:.]') }la.s no effect on the rno9.x i mlLlTI veloci ty 
or Mnch number except at the higher flidin c angles . 

Aileron ChRr~ct~ristics 

Rollinq- moment and hin7e-mome~t coofficio:1ts .- The 
aileron rollin~-mom0nt and hin~e-momcnt coefficients are 
shovn in fi~ur~ 39 . The dntn ;how th~t the a il ~ron e ff e c
tiveness ( ~C t/ ~&a ) decreases e..t the l~rgEr a ileron ~ngles . 
The nCf<'.ti ve rollin:- momcnt co e f ficient is s li €!:'ht l y sm2.1Lr 
th9.n th.9.t shown by other dE'te. for El.p)rOXif.l2 tely the sarno si ZE) 

f).ileron (referL'nce 9 ) . Thi s :.lay be c.ue to the 10v.!- c1rc:.z wing 
sEction used on the ~irplnnc . 

Anr:z:le 8.n c1. 1:~hc 01 force . - The e.iler on e.n ~rle and vJhesl 
forces ~s f unctions of pb!2V , the ~elix anr ie of the path of 
the vling tip , e.rc shm·Tn in fi:::uro 40 . The dn. te. show tho. t t he 
increase in pb/2V with aileron nn?le is sf.l ~ller a t the 
high(; r Rngles . The drc. t2. ~ls 0 incH C f'. t e thE'. t the £'..ilcron w['.s 
no t pc)"werful enough a t t he m8.xi mum o..ngle tested , as the Army 



. .i:'r Forces specificr.tions (refcre:~co S) require c.. pb/2V 
of :.t lcC'.st 0 . 07 . It is l.)(;ss2..:>le , hO'TOVOI' , tl1nt clec:,,'e.-..sil1G 
Y.J~)/2V b~- 20 peI'ccnt ( see :a,eCiJ.ct:.Ol': of Dr.tEl.) '~·~s too 
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cons c:,,'-:c.t i ve, o..nc.:, til.::.."':; t~:e a:'lcro!:. is slie-l:tl;:- !:!ore .:)ouc1'ful 
tllc::, inl~icE:~eC_ . 

The nr eCicteC l~ecl fo~co is exces s ive at seC'. level. 
(Roference S s~Jecifies 80 ~_~) C'.8 t~lC :-.:<-.~:ir.:"LC "-hecl force for 
c. pb/'::.V equ".l to 0 . 07 . ) ... ;It::r)"J.~~·~ J.:;:~c fo r cc 8~:')l..:lcc be 
s=~llo 1' on tho .J.irplcne ~~e to t~o 10..1'gor b~:2nce c..re~ , it 
i'.!['~T 8 t ill be [;r o ;'.ter tl;'2.n t~lC Go 8i1'c <.. .... li::.:i t . 'll:lis lo.rge 
· -heel force , Jcogcthor -ri tll tho cLecr ccsinc effccti veness of 
t~le o.iJ,8r011 :'.t ~::t:q.~e c-:1g108 , l'est:;.':;'ctc the usc of lerGcr 
control- su.l'f::-.cc C,cflec Jciol1s nE:CCcclC'.T;)-- to o:)t~ ..... in t~"e requll'ecl 
pb/2V . 

lho Gore iDportcnt prG~ic tions enG conclusions ~C'.ae froD 
thc a~C'.lysis cf t~o e-t: froD tb0 tests of n 2i~iing o.irpl~no 
:.:o(e l 2.ro :'.8 folloT-s : 

1 - . ~~le cir··)lo..ne '·rill "'.Je un8tc.~)lc stic~: fixe':: C~b070 G.7 
Ec..cl: m .. L.,~.)cr ( 530-I.i~11 o..t sO['. le-;ol to L!-GO ;'.:)::;' c..t 2J,OOO ft 
0.1 ti t 'v·.cle ) • 

2 . .:\ "i' i ::!S- :;E'c.filc :·.:c C.L'ic c.tio:1 (c~:'lJ.ccI ~ 'Tint..: 01..:'.1")) on 
t'w Im'Ter 8~~:l""f.':'.ce ::,['.:'::tc.i~s stic~:-fL·cc·:" stc.oili ty to C' : ~:'.C!l 
nu'''1''cr'' "c' "'uch ..,c' ,0 O"'7{') r~l'-"_,~'~ ~olo'T 0 7 -·';"c 1' n'l .. ,i,c J.-.... +;'0 ___ .J .... _u ._, __ "-- ~ . ___ __ l_Cil. • ~ _ . • _ J. ..... I..i.._ I...Ll •• "; \,.1 __ 

ioTLlg bU:·.lp !1.[l.C .... no :"'lOticco.i)lo effect 0:1 t~:e C'.croL-:':J-:1C':JiC cllc.r
~ctcri8tics of the =oQol . 

"'7) \,p-; ll' r·-... .,T con+u""'_ 01 fl ~')S -j '~c-' o ' C'n +'10 :-..,ch '_~""'-.",)e-J.'" ..,-'-• _J. ........... n .. ...1.. ,- .. .L v --'--J... _.1._.L '-oUt,; lJ __ .L .... ~_.u..L.- l.. .. u 
'Tll:'cll s~~ ic:.r-~ixcc.1 insto..oiL .. t· r OCC1).:.'8 ':J:i .:':),Jro~~L~:'..tcl1- 0. 85 . 
30": icvcr ) the offectiveness 0; t!.:.,.; ::-·J.C'~)8 c.ccr.'J:'-ces bct';Jeen 0.75 
c.nC. C. 80 : i~Cll m .. l:-,:~)er . '::l:e:1 :'.1" e t:'lero::.'Ol'C 2. :Less l"Lcsll",'.b1o 
:·.:e2.118 of i'.:,rovirlg the lor.~;i tm .... inc.l co::!trol 2t ~1j_gh ;':::,.c1: 
nu:.:ber8 th::'..:! ti~o '-inc bill.]:J . 

4. ~:':e c..r.t .~ inch c~tc t:l.:-~t '~~10 t:'0 i-ill trii'j the ~irpl:'.ne 
up to S)Oel.LS corror::,on,:-'ir.c Jco O. G ~ ~C.C:l n1.: , :~JCr) the li!::i t of t~:e 
tests ( .··.l{:!.Jl .... OX . G10 !·.:i):l :-'.t. 3e:--. lc-~-el ~,n.:L 570 :::1')1: "".t 20 , 000 ft 
".1 tit 1.:c:'e I • 
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5. Sticl:- frec st:'.oili t~/ is :_;:'.::':1t.:'.Llccl tc C'. hiCilcr S-',CCl_ 
tll:.:_ 0 tic~;.- fi:~e ... ~ st "-.bi~i ty 0 

-~:·.:G S Ao 1'0 ~~.l.: -'c 2.C c.l L['.~)Ol.'.:'. to 1'-- , 
~! c~ t iOE~_l ~;'l-;' ,- icory CO:~::-__ i t t eo fOI' _:l'Jl"'C n:'J':, ti c s , 

=~offott Fic:U.:!. , Cc.lif . \ 
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The general re l nt io:1 for the pi tchinE'- mo.nent coeff i cient 
is 

or 

(oCJ1 '\ 

= \.oOL J" 
o e ,0"' 

"00 " (00 
dCL + ! ~ ) Q~ e + !~ ) d:: 

, 00 e '0 ; r 0 1"1 • 0 I' L,u L , ue 

The subscripts to eac~ derivative indicat e the variables 
"l11hic1: are he l d CO:1.S t£ln t. 

For stic~-fixed 8tab~lity 

For B.n air:) l [ne in stead:i fli"~1t ...,t a constant 2.1titude 
and wing loading , and wit~ the tem)erature remaininE constent, 

therefore 

and 

= ~ii~:' 108.(11n g = 

-!-p a 2 

2 .. 3 pad 

CO:1s tan t 

(
OCm" .. 4 (T""Tl' np: 1 - . ) ( OC) = . ) v _ oc_C'ln:; _ m .;l;'[;1" 
~ dli + TO UJ. 
U£(~ "OL ~ P 2 "3 oVLT. ~ o· 

, rJ e a 1 ~ ') e , .'J. 
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Sti c~:-Fj: ec S t C',')! 1 i -:;~; C o:1sil-"c:L' :nc; ;':<1c1":. l~uL1bor 

i n A~~ition to Lift Cuefficie~ t 
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Figure 1.- lhe oomplete O.175-8ca l e /IlOde1 of the airplane in the 
IS-foot wind tunnel. 

Figure 2.- The 0.176-80a1e model of the airplane with the 
empennage removed. 

J 



Figure 3.- The empennage of the 0.175-80a18 model of the airplane. 



Figure 4.- The O.175-soale model of t he a irplane mounted on the 
tip supports and three struts. 

Figure 5.- The 45° auxiliary control f laps on t he 0.175.8081e 
model of the airplane. 
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