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~ claracteistice ot v1nsa and. bodies end, neeaocl.q~ 

etrect. at bao.t tramJre:r («-~c bee.t1Da) llpCI.l sttouctura.l 

requ!n erteua1w "soazooh 1n Cll"der to prov1cle 1ntanzt1CZL ~ 

tbe des18n ot Sl.I'JCeeat\ll hfeb-o1jleed a.ireratt and missUo • 

fJ:'he oblem ot ~ berrl-t1Dg 4Ild ~t tnnarer ie e sub-

into t1n'ee F regtmas and t.ba.t tbe d1T1a1on 11Des, although not 

s~ def"tned at present, ere mrkDd b7 the ratio at the e.verap 

:velod by a coll1

aiano and a ~ts:nntic bod3' d1mns1cn. In terms ot canenti<:mal 

~n~M~ters, n ~ 01 tboee t.hne Jar 1"881Ms em. a nm:lll!C%'

'!'he regtcc or comrcmt1cmal dYDa:mica 1e shorn 1n tae ri&ht 

e1 ol t2le cbart. - t typical aboratt t~ 

at. 80"fGrDJ. ecm41t1aas. For e-..~. this dot repre to tm o.Srplane 
.· 

wltb a ~oot chard 1rt.ns .t~ at a ~ nm:ibor or 1 . 3 at 30,000 
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feet 1-t.l'bW.e. rod. lim rep:.-oeen t.h roJlO' o <:h 

ond ~do oo-.ored by tbe rtall t:t1 ile dur1J:iG por

t.ioa of ite fligt:tt. In thie rogtan ~he t1lr D:J1t;r ia hl :1 enough. 

t n f'.l'O& lecular ~gl.tg1ble 1n c. "'iacm Vitb 

boq dim iOllS. 

c· ·!'t dltllncntos e11p-:1low roglno, 

in :!:lis %'C altps long a solid 

'boun4a.r7 ru er tt-.an atlc to tho surl'&ce u OCCUl"G in 

of t~crnvant:!.oml. a ~ca. rod lim rop... nts 

ob and .. ynoldo ore o.nccr~ rc 91' v-e .-issUe c!.l:lr1DG a 

po... t1oa o"f ita f'llgtt. It t.hat tho v-e tNvo1 

The t"egton to t.ha sxti let't or tho c t 1 cha.!: rized 

b7 lot:g mean freo tha and 1a as tho r tl. 

regi.JM. ts ro 1o oncount.a.rod in :f'l.igllt ot altitudes or 100 

Diles end bipr for convonticmel-eii.Gd la81leo. !ft1a tqp 4ot 

rop oonto a 50-toot miasilo ling t 10,000 .feet por ond. 

a't 100 !!lile 1 :1tu&J 1lo the lower dot re aents 

soilo tnt-.eling at 51 000 :reot per eecand at 75 lo alt1tucb. 

'~""o!Wo'"h ie preaentl7 in ll tru or tboeo 

~e ngtms. :a: roa eDC:losod b tho U 11m repre n 

ranso or v -1ableo which will bo covo:ro4 by ht .d viM.

tuDIJol, tnctl . , wbic!1 ls 4ec1 4 o ~!l!lly for 

hea~~ r tudiea. cmol d b~ t: ~ p!J:Jk lJ.De l'O];:!'G

een the test1nG ttmool 12011r 1.1I!&lrgo1Dg 

prol.imnary teeti~~g. A thie t # I Bhould l.1.ko \o introduce 
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Mr. wbo v1l.l describe aaDO b&at-t:ranat'er :reeoarch t'h t haa 

boon dono 1D the reCion of convont1oml. sse Qymmiea. 
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-~J'DSIU --- .... .. • MI'IU:.. J;Zlrob:bia 

aea~ 20 ,_.., 8114 nt~ ot a1J'c:att a'\ wa:nDOrQS.c 

.1ect at aez'\Xbrtm:Il.c beat1JIB 

ot su etreota. 

bll&t U'a:DSI'Ir to Pial• •llr'I'IIC88 aJIIl 

NQGD •ca.'lel1C'801r:d.c idrcraft at 4lolooloUi~-

-
A~ tb8 Yal.tMtJ' tt.be a 

tbo tut aald.c tt ahM beat;

chaeta Vitb Sf.YG 

IClD.S.c n. b7 

Look flll943. 

Ill o:ra.r to tbe OCMpN flow a afl!lple 

~ fltf cc:a 1-b,-~ 
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mll'ber c4 1. 53 am & Je7Dol.de 

~ JII'09i 

l.a'lllmLI' blomJda17 leJw Gil tbe CQD8 SUI'1aee. l.ocal L ~ 

:te• ,.... -- ~ t:be 1oe&l t

traDaf, ca1culatec1 (fig. J;l(c)). ftluN ~ 

tramat coe:tfictent at w;wlliiU b7 t.be ,.uov 

,tn a. ot the ccaa ~·- tbe -.t.Rr.~rm:ta w:re 

Gle:.rn.mt 1a CQI:I81aa:l~ to be 

aat1.tactar.r. !bit bu..t-1::J:c:Uitc!Z' coeftlc1ent8 Dear tt» ~ 

bollEml!Q-~ wu.ca;u~- - tba t1p 

4ec~ tba 

.. tba botlLtm>r7- UUCJ:Deaa tDana8ea. 

8 tbe e:ac1:.XI:t 't'hi!!IM."r ~-'~ 1n the 

81 tA 1tb1dl -~--:a.ta 

tbe calta1&t1cm ~ local. coal.taa nte J"eC}U1re4 to JB1nta1n a 1red 

surtace GD. atrcae:tt vttb. a ''""nu b<azo:Jl'JZ7 

.......""""6 ot local .................16 rate ~-l........~ 

ttrt:afn a c1ea1N4 the as.rcratt 1a 

~IIIII b7 .tb1S CUI'ft ( na. ll(4)).. J'Gr aJl alt. ~ lao,ooo to 

1.00,"ooo teet a tlJabt -.ell JlUJiber 1-.2 to 3. 0. 

t 41atnbut1.GD. CU1"ft ~ a £1 aucratt Cl:tll~~ 

COQltDa I Ql' capactv ot 

requ1.l'M to Wntain a &1 IIU!"fBB::e t41DD1)181"S:t\lre, u --- tla 
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e11art (tis.n(e)) • 
etrcratt. 

si to be fl.:11nG at . altituda ot 1001000 :teet. For t 

~ layer C01l1.d be up8C t 

cur1"ace ia 

~ tbe Yf!l17 air tai~Mrture 

coa'Uq 1 requ1 to ~:;;.u11'G't\D~ at 

the- low auperaonic lhch e, bn tli t ia 

W:tPel~ure :tmnoe:llt.Ga ~• 

hiah alti'tu!Ds vbere low-amDient eb tel:;lCJ:-Qtur:ea 

ctic:al. apcl'6Y1CI1 ot ~ c at.remft 

DD!l:ibeli"S v1U be an the prcvtst.cm ot odoquate 

·-...w.iii tar tbo aircra.tt ~tUN, li t-, ~~ 

Mr. vui I1W 4iecu.ss 

p:r<:JlllJim!S llh1c:h resul: • hom c 
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1 te 1n tb wins t ota 

.re1511..1.1i ot rapid~ cblmtr.lnS n....,..--. t«z~:oa-

• 

tl t ,..,.~tiona 


: (l) ot Cllr.l:ns'lt ot the 


occur 1D 


t!Pf.,.._.,. ot flolction • 

to obtatn ot 

1etav 

rn~RTTT• v1th Utl!'l11"11%~ tiii:'0\1,1;!:bollt tbo wiDs 8 • 

41wd in 35.000 f, t to 

(1) Ditt-

ot 41ft 

.8%!f~ee Sn (f' • ll(t) b7 

~'~Ailt1cm 

~:wu:""' at 

• 
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A'l EIGll ALTI'NIBS 

Ole Goodwin 

ot the 1'oct 11JI1t tbe speed of aauoa or 

crlrcr tra: l.1J:Ig in tlw \1PlJft is tbe f'rict1CID 

of sidn aDd. atructul'e. toorite which boat am. burn 

enter!Dg tbe earth' s ataocpbere at high are ~ etta.e 

ot this trictic:mal tfect. .. teal or·~ 

~ ion~ altit 1 or low tlens11;J',. beat trannter 

ia :rolati.e:Q apr. sllp-fic-r proiffll iD.traetablo 

to tlc=J. ~. aD1 ~ are t1

~ =o-erlstent. 

~1~ but hB8 DOt ~1gatod zporimm~. I sMul:l 

lim to clieCUA sese ~"Uults of en ~ia of ular

1n atipted 

flo':f l'8 vh1cb V1ll iD!icat Wre3 l1koly to bo 

b.r bodies tzoavollmg in the upper tmoepbare cm1 to 4 cribe en 

appcratUG to od ~ tho~~~ ~r 

prob in ~, h~titudG tligbt. 

this flguJoe (fig. U( 1)) 1niH=tu tb8 8\ll"t tures ot 

'UJ1COQlo4 bodies tar 'fU"i tl.tpt speed at en Altitude of 75 ~·-

Vith the otteC't ot 80lAr l"841Q.t1 negl.eoted. This coma to 

caGe ot nocturml. tllght.. se data calcuhted b.r Stalder 

aDd JWmtt tor COD11tic:ma ot ~cular t:Lo;f lDg tho Jd.DDtic 

theol7 ot • 1'ho boc1;r 1a a tla.t illxt~ tl1.h the tvo aurta.cea 

~ inSulJx 1'ro3 aDOtber e.tld 1nclinc4 at varf. ea 

or attack. Increasi!J« tba ..eloc1't1' ot the plate «L t.be turo 

\ 
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t 24,000 

ita the tty~ ecape tbe earth'• gro.vito.t1cmal. pull 

t thia al.tltudo, t trcmt surface t:4 t pl.st f.Dellnod to 9fP 

8U1"tUce llhich 

ot molecul 

approachos e. :ture ot cbtlcJl.ute LGrO. !his large tUl'e 

41ft~, appJ'Qd.at 1;r ~0 
1 1& iDU.cati'te r4 therml otreso 

be cmtici • "'or tbe wloo1ty am the 

plat41 1ncHnod to 5° t ot eurtaee drops to 

l!#J0 v vb.1lo rear B1JI"faoo Vhich JlOtJ1 18 shielded c:mly part~ 

. ( 	 the cmcom1ug atream of molec:ules nache a ture ot -4oo0 '1• 

1'h1s ttguro (n~;. ll(J)} 1D1i.cates the ~ian tecpesoa.ture 

a tle.t plate as a 

15,000 


aurtace tex::oo:mu:re. At low altitudes vtJera the den!J1t.y 1e zel:t.ti 

. high, mnoftu'!A ttM!ttlozoe=~ J'OOche8 VOI'7 h1gb wl.ue8 • AIJ 

altit\14o 1e t.D:zeuck\1 a1r ~~...

idor tbo ettect ot ac1m> rcd:1attcm 

which 1a QDO by 

da.!'!I'C!:&Af!ltl 

clqtS.. co:::J~~ to 


night u. ctmi1~1 • OD..I.l~ nd1at1cm bo.c=cc~m 1q)ortcmt ~ tbooe 


C(D!i\1 cmq Qove ~ 1114.MIHI U'W- the trict1coe.l. tma 

4ec:~Cn.eod ~u tt u ca:~:oab:Lo to tba t 
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J'or ll. practical purposoe :t'.r·ict10IIa1 hoat1ns ms7 bo mgloctod f er 

alt1tudeG bova 125 Ues end tligb.t velo.:ities of 15, 000 miles per 

hour or laa3. 

Tho results p.roacmted on theao last tvo charts a.ro reoulte or 

an aml)rtiea.l ana17tdo in tho moleeul.nr flow N{3igo . It ia th 

puxpoae of resoaroh now in Pr<>S"'BB to 1nveet1Stto expor~ntollJ', 

~- heat trnnater 1n tbo cUp t'lo;~ and tree oleculo flov regimes. To 

labornto17 mu t be •@ to o1mul.ate 

conditions at hish altitudeo. Dlis 1a ~ b7 our lov-dens1t7 super

sonic wind tUJ1rl01 1ocatod. hoxoe and sc 

chert (f1g.ll(k)) . 

!bia t-u.noo1 htla a teat ction 3 b1 3 1neb.ea and O.POl'atoe 1'or 

Mach numbe:-e ?ra:;1 1 .5 to 3.5 at teat section presotlree f1'G'IIl 200 to 

10 microns ( l l!lic.t"an !o 1/U>OO o a ) wtch corl-eapond3 to altitucos 

1'rtlll 40 to 60 miles. !rae R~ynolda number reDg) 1o rram 100 to 1000. 

1be tl.:tl:Dol 1o a o~e-throush contiJ:ntouc-:flov tunnel . The air 

flovo through a dr71n8 tank containing silica 1 aa the drytns agent, 

~a f'lov to me.ter, and then throu~ a neod.lo valv into an 

upst.l:esm a.ttltng taDJs:, where tbo preowre :ransas rrca l to 15 - ot 

n:s. ~ thc:t ~ tho ai r. is expanded throueh a o~.t·oonio no.:zle into 

t!:le toat action and then through a d:U'.fuso... into a dcr.mGt.rosm ttl.1ng 

tank. Four boostel"-typo oil d1i'rua1on pu:3,PQ, which o,perate on the 

ej8Ctor p.d.n.?iplo, are cOt:nooted to tho clmmstreq tank b7 a n1to1d., 

dravinB A& air traa the tank at a preesuro of approX1matoly 100 microns 

nd disc .r:-6ing it t 3 o · Bs to a lar(Jt Iaecben1cal vaoutDB .P\01' 

vb!ch dia ~bal· o it to th atmoophore . 



Reproduced at the National Archives at San Francisco 

18ta.. i!le t eect1 ta teo ~ ~or Cll:l:~!!lf'1Lll 

opticial a 8'GICh ~ 

a.ttneult but DOt 1bl•· 

ot w1ll. DOt M ccmn.-1 te t ]..- . ol76 

but wQ.l alSo tmlnda tl.cllr Pb .tn tll1J aDd ~e u1&i.r t1ow · 

.. 
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(a) General view. 
Figure 11.- Low-density wind-tunnel exhibit. ~-
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NATIONAl ADVISOIIY ~ POl A110NA1111CS 

AMES AlltONA UTICAl lAIIOMTOIY, MOfRTT fl9.D, CAll:'. 
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AERODYNAMIC REGIMES 
HEAT TRANSFEI'.. FROM CONE 

RELATIVE 
HEAT · TRANSFER 

(b) Fi rst chart~ 

(c ) Second chart. 
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(d) Third chart. n 
~ 

(e) Fourth chart. ~· 
·· Figure 11.- Continued NATlONAL ADVISORY COMMITT& fOI ABIONAUTICS 

AMES AERONAUOCAL LABORATORY, MOfffTT IIIlO, ~-
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CALCULATED AND MEASURED TEMPERATURE 
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(g) Sixth chart . 
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(f) Fifth chart. 

CALCULATED TEMPOATVlE DIFFERENCIS 
120 

Figure 11.- Continued. 
NATIONAL ADVISOIIY COMMmEf fOR Afi!ONAl/TICS 
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( j ) Ninth chart. (k) Tenth chart. 
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Figure 11.- Co1~luded. 
NATlONAI. ADVISORY COMMITTH FOR AERONAUTICS 

AMES AERONAUnCAL l.AIIOIATORY, MOfRTT Rrul, CALl:'. 
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