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J'LitmT JW2EAB91I 

'I!U1i VISUALIZATI 

Gear COoper, George tbert, or Bart-or Brown 

flie:bt teat an a1r,Plano or :plnce a JIIOdol. 1n a Wind tunnel, 

oUJ" 1D t181'-ti of th ~o rorcee act1DS em the 

_.....u.o. 1s u.s~ llJI1ted to two q tiona; lieN large the total fo:oco 

am, they Bl'8 diatributed em the aurtace ot the moc1&1. to 

often,. however, tho total ro.rceo 8Zl4. the ~ lJltn 41otr1but1ons 

c.brupt chang or other 1 char.scter1at1ca Vb1ch cannot 

u..!.JI;I.--vtood or explain v1thout alao knov1n8 1ng about the Tn"'l't!ll'­

aure or eloc1t7 :field 1D the 1rstl"eaa aae d.1.tc.uoe a11a7 1'rca the 

·~or. the~. 

surface ~str1but10D tJ with SQIIB sort ot survey 

of' the variation ot preaoure and Tel.oc1t.,' Sn this. extorDa.l tl rtold. 

'1\ro ml thoda an nov 1n J d11"ect liahecl by 

iDDcrti.ng probee ar BU1"'nJ7 , tmd. rtsuc.llr.at1cm or the tlow, eit.h 

b'f tuf'ts and BmOto tni lo., or b)' TCU'iows orUcal. • '1'b.e optical 

thode at flcnr v1auali&at10D are ersoing in 1Te devoJ.o t 

beOomo ere~ ortant to018 1n cxporimentrU. tmeatJ.s;t.U 

e aro so1nB to NViw for sou the three principle experimoDtcl 

n.ow ncualization tectmiq ' Becauo or th 11t:d.ted t1mo it 1e 

lmpoesible to deal Y1tb tbc tb o.d8q ~1)-; tberet :.J 

the obJeot or d1acuaa1on V1ll be lJJ:dted a 11 to 61V1ns 7att an 
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or 

tla: field 1o~ it ,.1el48, a 

it 1 ed to • 

·~~~t T"AI:l:nm.q' tbe GmLODIIJE1;Q:Jjh. A tn1ocJ. oet­

tb1• aU4o ( •7(b)) 1D 1cb 

1'!1nt1mf"..o"" esa!nGt the t'e.r tunnel 

point or lin• ll(!;bt 

BOUI"'ff pJ.O.cec1 411wst4 op 1te vtna ~~. • Ti~ , tn 

tbJ.a t J. ll1 

r-118 or l.J.(1ht lr.g mroow::n now t l4 on ted or bent 

4U"t t all:il:IU!l1~ at -mi"Sble d 1ty ~~ 

UJe CJ'l:!:I.N!O vU1 ber)4 enou6b l.ieht to 

c a badatr or outline Oft th BOl'eeiD. In tbio •~"'"' 

t<ma tho r,n.pll tl1od 1e us chio.t"}¥ to tb,o po 1tJ.cm 

e.D!l 110t1QI\ or p • 

1t.h th1a te.U 

aurti.ol tl,J- 1t1Te to tell hal l~ @:J~:.a. 

Dlo abe4 srn tqU. vfi.l 

1D Vb1 ~ &JhoVn 1n the ol1 

oa or aileron t'lut at ®1o 1'Uebt ,---........ The .a.AO&;~ ot 


J tee! em tbtb.So inS 

uito c !T the Wllat1~l:l.l. bGt:vec:~ the ail nut 

o1llat1 . ot vtns ahook ~e. 

the r.trot step p in V4ilol.IW;.1.lod!No.l. 1Uv1ty 1 th eU own 

uchli tuG, the 1o e1 or tJ1l1ch ehoUil acmec::n· 
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tbie slide (fig. 7(c}) • iho qui t c 1ato ar a 11m l.t.l3ht 

lena, a 

lmi:ro , end viewiDB ecrecn or l'O'JOrd.lng ~. Light 1111'8 

bon~ 01" ret: ctcHt vh1le posoi th the field Will not 

1' oo oxactl.;r thron~ t111a roc.u. otnt.. Whon tb8 l::nito odOEt is placed 

at toea 1n such a nDOr t 1:t intorcopta IIOSt or this t:nacted. 

li~t., the t.Dtonaity or l.igtlt t e.D¥ po.blt on t.he a roen 18 

re4ueed an t proport1tmal. to in ®1181v or pro 

a~ona the th tbrouail tho tlcw t'ield. With the knif'e ·~ :properly 

located 

1Dd1 t!o or the cUet.r1bu.tton ot the p -eosure caat~ms th .1)Q(#lout 

the flow fiold. 

i!lia lo of achl.:1eren photoeraphy cma~: tbo modol teat ato. ton 

of the s 8- b1 8-iDCh ou_peraonic V1Eld turmol durill8 

or 'ln'"ing1ng t tunnel p to o d. You ere Ob8errlll6 

tlOViDG dam :1".rcn t. tum:lel t.'n'oat., peat tb 1 .. 

nt or • resular !N;)&rsonie flov pattom a t tbo 1 t tll.e 

at cb ~r 1.~. 

!be t c~x and moat oomitiTe ~~~tthod Gf .flow Tioual:ization 

1o llltorl'o to:...., shown voey ae tlcallJ' ill tb1 oltdo ( :ts.. 7(d)) • 

light.. • e, ccndG d to a rallel. • 1s lit up 

into tvo copuoate ben11'18 by 

puaed throu tho tl.u.t t1eld1 and the otber 1a t alana a 

pat.'t tlu:~ air 'Which ins at reat. tbrc-~o..tt tho tea • She 
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11 t. wa'VVa intort'ore v1 tmch o r and t up a :.pat l'Jl 04 l.lltor­

f ~w f1·~u on th v1ev1ns ao n. \!ben tho twmol air 1a et 

:r•at A l7't or ral.lel liJ:Iea ia ro d., cmd v1 tbo tunnDl 1n opel' ­

ation :!'Je v riatiODa 1D presau...... in t'lw field cause ttl :fr1D a 

to dietorted. or hitted em t which ctm be me Wl: d end ueod 

to oCDpUte tbe point-to-point proa w diatr1.bat1on., s~illg t'rca 

~ cme point at wt11:.:h ~ presuure 1a known. AD i.Dterf'eralr)tol· la 

qui dttf'icnlt to 4Just nd. 1n but plaeod in _pro,per 

o_pe tlon it will ~YO senoitt'le end ..-aapl.eto nt1tat.1 Feaauro­

d1at.r1:out101l 8'\U"C!DD tb~O\.lt • ~-1 1 now 1'1eld. 

o illtorr ~ ~r vork cu.-& ceDted 1n the rom of 

a eli&J hov:tng lx> tho horu0Xl't4l ttorn nt. tumlel air et root 

(tis. 7(•)) and eandition vi tutmctl 1n o.porat10D (t1g. 7(t)) 

BhCMtns 'ltt4d d1 plaeoz:r:,nt or ·.4-U(!!JO/l:l ccrrea omins to 

dist 1bttt.1on. You can eoc Ghi!"tod trjnso f~ 

outlim et' bow :ve ebo:lt tho 1JP uood tba mc4el.. 

valn& ol the preceding ohn1qud ill 1nttlrp otblg am l.Ulder­

UI."U.I..........I.(S hi(#HI;peed flow- p ne 1u v~ ll1 tics 


aee;;b baa been ll tt1J ll d for quite 

quo tton llll18 :nm-1na e to hOW flow t'1o1~ look 1n l'l!'eO 

tl1Qbt a tul.J.....eeal. Boyn.o.W. mm::r>era. ~ .fl1D1t Beaoarch Sect1CIIl 

a baa been iuveetlfJlti:lg 1billt.1ea appq1Dg two ot 

toclmi~u a to !ull-ecele li~t h p1ctm'os 

e nun u a light SOU!'eo t'oUovt 

re the shock 

•ve formed on a cock ·1t b\lbbl~ (,1Ul.OP1 18 msecl. oa en e 

a1rplantt 1 plac- 1u a d1To •n4 all.md Yith t to~ SU11 ao 

I 
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that t c ahadO'fl of the canop7 1 t..'trown on tho o.PJil001to V1ng1 wh1ch 

tMrveiS a v1evllle screen 1n tbo zmor :thet v1D4-t.uxmal 

ll s usod prev1~. 

In this :covie eequance 70U see tho e ow shedov 1n place on 

tho w1.n8 aDd es the ail'Pl.ano picks up opood, 70\.\ soo tb& formation 

o! c strong m:>n:ml shock vavo d1:rectl.r ovor the thickest pot'"'t1on 6t 

tho cl!ltlO,PY. 1hC>SO p1c~s were taknn duriDe a d1ve to 0 . 74 ch 

numbel".. 'Dw co.c&ro. to n01lllt&d diroctq" behind t.bo pilot 1n the C8DOP1· 

5lle second t'lo'l v1sualiz.at1cn t10thod tested 1n .flight is e 

acbileren apparatus. A canpl.eto schlieren sot-up Yith a built-in 

light sourc& and reoord..i.ng cm»ra has been 1nsto.lled in tbo P-5l1I 

atrpl..o%» Just outs148 tho door (fig. 7(h)). ·ibe opt1 1 equi nt. 

1a sub:lorgod 1n th left ll1.1lg and tU"J."a118td so that it Will photograph 

erose acet1on of the .tlmr over the viDg between tvo lenses containod 

in ta1ringa proJecting above the Vins skin. 

In these pietutos you o tho 1nteroect.1on of the base of the 

main ving shock wave and the top ot tho bO'UDdn-cy la,.ar at the teot 

station. 1'bo top or tho ving ak1n is here and tho tlov io ving 

back from the right-~ side o 1;he picture. nut cmaera e,poed 1 

48 t s per cocond and the full size d.1 tor of the area . '!bess 

a the t'irat picturoo or tbe1r t1,P<t obta1ood and v llave not don& 

much 1ntor.pretat1on as yet.. oscillation ot the 1n v1Dg shock 

ve which 1o ahcr. hero baa also been observed by tho flisb:t sluld.ov­

graph method and tho oac1llat1o -ia cnen more eovez-. . t hi r ch 

:mmibere. !lbose p1ct\ll'es w re ~n at an ajrpl..aiJO ch number o! o.70. 

Both the flight doogmph and tbe or;blio:ren thoda ore still 
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llt"'l!.!"ntr.n·,.,., V bo to UB to 

~'f~.t!o~- o.irpl.cno butt ttns ot 

the into:raotion bo 

., . 
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.. 

'lbe use of' bi~ Wept.-baek and ~ wingo tor tbe purpooe 


r .tns Jrdm'rd~tne roea11)tl1t7 et.teots tntrQiuoed nJN 


o :billt,y control. probl at low a • lt 118CnnliiBrT1 

lel"ei'Gl."e, to in t~te the ezt · t to Vb.ieh these charao. 

could bo c in oN.ar to 1'10ta1n th b~ c4vantaeee ott 

~ UCA >!an. t~. 1 4 rlbe br.l.nt ~ a t• ot tho re 

1ntcreethl! ;point• \alCOVercd tlu.rl.ns tv4 wtcol 1n•eetleatf. f.noluded. 

... 

In o er to 1nv 

fl~ qualit1 a tM '17 :1n lp' !5 tn:r:tbor:t.z• d1£1oatic.. ot a Boll 

P-63 ~to ·lU)orpo to svept-4:1aol£ vtnes• Th1e 1t1catlan, 

_ •..,._tod the 1-391 1S ahown on thio ,phot.oel"eph (rts-7(1)). The 

l1no or the o~ter n to 350· IJ!se data tor the foll.avina 

cbartG on tb L--:39 vb1ch l shall or ,YOu v obtaJ.rl fl!E t 

taee~Ul:'Gl:JI)n.ta made • t te.nsl$1 11old. 

~· to.tc for equUtbr!um vith 4ec toa • Ae iDUcatod 

this cllart (f16• 7( J)), tho unalott conf'1tJUmtion vas UD8 ble 

shoYJ.ns a ~1 to naa u et the etal.l, .zoeq,tdrSne 1DCNBS~ 

d.~ tor to:r • f1'1tJ'r1 U GbO'IIn bl' tbe )"'llOV OUJ."ft• 

o or the 



c 
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.ftfl!·'"t:!n!l 

t GV(IePbaO~ OJ1 1it.e l.e. 

rt t v lU't ~ttclent. 

~Ci'n-t I~~~~ l)y 

equ!l1brl .ill D...Oftf'U:IW' 

~ .......~ a,..,~,.,.t V1 lift G 


l'fi1Rl!"T.· (f1S.7{ )) • lt 1 

.. 

• 
t'~~~trtc d1ho4al or 2!P ·for 

c:z:t»=ted tbat · a. .I.L&.JI...:.;:D u.u-iGai..-.:1.4 

utab roU obJeoUona'bll u;o::: 

1n ~ Q.lftitUt.C!l.()G ~lou of 1-39, h<nrev , 

mUdl.J' to .....w::ewn&.L tl.ft lOll llT..c:d.A. · 

cl1t"t t rt 


nd tbo ulte 


• bl.lit)' \ihtoh 

• With U -lO.'Il~ . • 

~·A'll1or or 

..Ll:llo.l.,...u l'W1M and I'Ol~ t1 

the d1 tJ. 
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the e1dosl1pp1ng l!KltiQJlG and the ensuing rol.l.1Il8 mtions veN reduced 

to qtJ.ef'aet.ory men!tudes. 

J.notller h1S)l-(lli(HJ(l confleumtion vblch n to otter usebh 

l.o-~~God Gtabillt,- ch4rc.ctor!et1oo 1a the tri~ v1ng :pleD torm.. 

~cntl.y an invoet1 en or ·aucb. pl.on :f'o~ ve.a s:a4o' 1n the Lanele:r 

1'1"00-!"lisllt tunnel~ in which <13 cal.l7 aee.led modol8 can bo aetua.l.l7 

.r1own. 1'ree or cmpport, b7 remtely 2 c: tod p1l.ot. nto tl'iazlgu.l.Qr 1~o.n 

f'ot"mtJ 1m- t1 ted bad le&tU~~ ovee_pbo.ck Oll8l of '3° to 33°. 

the ultu or thiB 1DY4Btiga-t1on e.ft) a~£ on W.o chart (t'1g. 

7 (1) ).. It f"Otmd that tho vJ.naa of leo.st cvoe,POOck had the moat 

eat1ntactor; c 1mt1on ot longi t1.1ne.l. and lateral. tl1{!llt ehamcter­

1st1cs. lloweYer, evon tlleae J:JOdelo did not mko sa aatis1'nctory 

.f'11 ts 43 

QllSlea., 'for J.nste.no&. ttere ve-r;, •tocYp at high litt coeft icl ta, a. 

ellnmetor1at1e wh1eh lea48 to uud8IJ1 bl.e fllgttt ati;itude$ hitP. 

ainldns speeds in .lan.tU.asn· 

n1ld dcteno~t.iQ.. 1n .l.cngitudlml. tebUit1 at hish ~ ctx!J!f1­

.U tG and. a m.p14. 4eJll"OCiat1on 1;\ ~te.ro.l. eim..~teriotictJ. !lhe 

~ with ver;r hip)l swe&p hod -conatrmt am,pl1ttlde or \Ull)ta.bl:c rol.l.:1ng 

mot1®3 'vhich n~ t.trtbuted to the TfR"! lov ~iDS in roll at ClUCh 

plan £0%.':18. 

t1on picture~ uf tuG® tvo .DJdels 1n ~f~t twmel 

v:lll new be sbana.. 

~ia ic tho pollcr ~e tor tue eoata:\)l-eu.r:t'aot) nctuatvrB. - ­

'f.tloao ~l.s 'WGft :t~wn. excl.ueivel.t by us& or the elo"mtor aDd aileron 
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looted tosetllcr ror 

o trol. - - · It 

... :v1 c;utt2mt lat1v. lJ.· t 7 :fli t cOOl.d be 

liD of t. that you 

to t e h 

tiona ot tlbc 

con'Wol Of 1-..'inn-_,..,..,,...,..... oon­

.!.su.n.••..:tor..n. h o ne to nul bl 

r1 ria 'tor n 1ood t1on of' hi~ c.n1 lt.'V.:..C char: :Oterist1oa. 

•or u111 b • u'b~oot Will Uot. 
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}'It,()! ll'SCA.a! 

licMlrd L. •An..-r or .!1oJ:n!m Md"ad 

1t.-o provision for t.lw 03f'e oset.lpe ot' e :pilot ln an rJJJT 

durtoa any cOllditi or tlieh• l:saa bee a lous probl.ea because 

ot t.,;& hi{#l ~ nov paesil>la with ourre:c.' air"u-art.. 1\18 problom 

con be ~ 4 1uto twc ; first1 tho e o 1 or the pilot 

r tho ~tri~ a1n:rart. a .cmd. tb.o dec.Ql&.tet1on ot the pilot 

to- o eafe .ltmdins DPfJCd Yithout cxoo.edtne the ~al. l1Di t1cma 

or tl1& boe%1. 

1h1a c.hart (:fi • 7(m)) ~ ...our or tb.e oda o£ CGOtlpe J:JJ:M 

beins or oo1Jlg eOilai&tl'&d erad ap11!"0%1mte spoodo t 

W'aich tboy c.en be • 

~w 41 ·t parachute o :ge !o .Pl"6crt:!cal onq t :rol.att 17 lou 

ct :pre~ end emmequou* can be uaed only at mr ~tpeeds. At 

apooda 1n ex.uoee at 350 ailoa ~r hc-.ll"• the et ~ could 

1nfllct to Wl3Uf.Por'tod port1:ln of thQ bod,r and coW.d 

it dif'tieu1t if' aot im:POSalblb ror ~tl~ climb ou~ ot tbe 

c.ockpit and dive clear or tho a1rpl.elJe. 

2bo pilot eJoc ion scat la tOl'co propel.locl scat. des~ to 

~ tho ~ ot the pilot and to lltoral.l¥ throV h1l:l clear oT tho 

atrplal:xJ. W'! 8U1 a p:"Otootion aD1 proper revt:rGtat ~ bead 

end l.!ahn• esoo:po b7 th1a thod 118'1 be poosiblo ~ to aboQt. 

500 miles per hour. tiovever, care l:ntGt bo elli».'Ciaed 1n tbO dee1 

or 1 eJoct.i.on to ovoid~ tao ptcyu1c 1 lia1t4'MCll$ or 
tho pilot 111 the ~ t to atta!zl tho llGCO'asary t Yelcc1t1o to 

thr tho ;pil.ot elee at ~ u: .. 
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~ eoc tt is ehd.ln.r 1n pr1'DC1t:le to tbo e.)oct1c:m. ~~e~~t. 

exoegt. t tbo pilot•e coc.t:p1t or eab1n 1a eJected u a t..'llit 

p h:\m tram l.DJU%'1 b7 tho re88UX'O or tho .air etJ: 

th1s tbod le n ble at bi~r cpo&da than tbo eJec;tio t., th$ 

prob or 1ImiD8 and tucblir.s e of' elwins t.llG capculo boo 

rious at speodo. 

W'ith o: J••tteonnbltt ll03C, tuo entire noao ot t eirPlaoo 1• 

oJ c d. .f'rca a eta <41on aft 01 tl1D Jilot' • e; 1'1zalnt. h p1l.ot 

oee pas after tbo -.oloo1ty ot tM J:!OOCt aoot1011 been aufi1c1entl.T 

reGu.cod. ~ re ~ pn:~b 0.1. 1!030 ,Jott1eon1DG re: f'1rst, 

the sueeesutul tlon ot tho ·ticm trac the irgl..am; 

cond, pre nttns o mso section b7 1n bodJ'; lrd, 

tho t.GbUiust1 1100e DeCtton to PN"YODt cp'Jnn1ng and tt\Dbl.inm 

ODd tenrth, sub :ut t:Jl.ow1DG dOtO or the mae tton to 

u~JV'-L for pUot to exocute cllreot parocbu 

f both s tle en c toe itlllc te that stae ty,pe 

-ot h)'draullo, pJ)OUDL!l'Sic, r oXJ?loeivo c.;,ovico wtll o %'0 ub."Cd. to 

.inGUrO ll'UC<:e ·u o-ootinue no ~ spe~1&~ at 

G!person1o ~. Invo ti~tion:l ol verol p1·opc:."~ balltlated 

·~1 have inr11catod en 1 ut 01¥1-ovo ·nd tu:::ful1sl€) toh, at 

•err high ePQG • mtq' r uu.lt 1n ~ ~na ac~l.e ti ot he on\er ot 

20 s•a --well yond tolerable l1mit4 o£ :pilot~ In l, 

.lt ~n !l:Jfllce 4 t t c..-entor-d.·-t_~ ';"!tJ poo1t!an 

ecsont1a1 ~or s-4. bls 

... chut.Os tuW. ltoth tu ut&b111.ze 

end to alow m 
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devices aro not otrcetive t:~.eans ot atta1n1n.s sta-b111 ty l.lJld. C1ffer tho 

t.dditloml hnzo.ri of beco;¢ns entangl.od vith tho min bodJ. To elov 

the noee aeot1on clown to a ea:to bail~ut a d. it &-l71-'Gfl1'8 tba.t a.cae 

tom or dro.s breclt• 1a nee~u~~ 

!.be 1'"oll.ow1n8 ~ 1llustmtea • o'f tho nose J$tt1 an Vor.k 

that bas been 4on at low a]l80de ill the 'Lc:u1gl.e,-f~t end hee­

epinnjng tum, le. 

Start aov:ie. .... 

ED4 motle. ..... . 

POD31118 ctual. fl181t tGsto, the f'nlll otabillzed Jettisonable 

nose, with a prortsion to prevent warn1ng by the min bodJ, is 

be1n8 viowed Vitb c.ousidomble favor 68 a aolution to the pilot 

oee.ape ~bl.en., ea iall;r at tmnaODJ.o and &upersonio apeoda . 
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(a ) Gener a l view. 
Figure 7.- Flight-r esearch exhibi t . 

NATIONAL ADYISOIIY COMMITTII fOil AIIONAUTICS 
AMES AIIONAUTICAL LMOIIATOIY, -.n FlllD, CALIF. 
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( 


{c) Second slide. 

(b) First slide . 

(e ) Fourth slide . (f) Fift h slide. 

(d) Third slide. 

(h) Wing schlieren installation. 

{g) Sixth slide. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AMES AERONAUTICAL LABORATORY, MOFFETT FtaD, CALF.Figure 7.- Continued 
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( 
\ 

(i) First chart. 

DIHEDUL 
OF L-39 

~_,FT 

EFFECT 
AIRrLANE 

(k) Third chart. 

J . , , 

.:..•• ,· . 

LONGITUDINAL STABILITY 

OF L-39 Alrt.rLANE 

FLAPS DOWN C. G. 1fT 26~ M.A.C. 

,. 
rr 

o· 
DC> W 

-4• 

' !-8· 
80 100 no lfO 

FU&Hr .SPEED, MPH 

(j) Second chart. 

STABILITY CHA~ACTEit.ISTICS 
OF TRIANGULAR WINGS 
~ 

GOOD 

(1) Fourth chart. 

(m) Fifth chart•. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICSFigure 7·- Concluded. AMES AERONAUTICAL ·LABORATORY, MOFFETT FIRD, CALif. 

I 




