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This frontal advancement has most often been the result 
of  the development of new military aircraft systems. 
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~, .. , ... , CO<''''''f~ ... 1 ~"pl......... In ""'''0'' I. ,<leu lor 

'"'P"''''''' _0<1)'""n,," ~fU'''' ~ff"''''''', a,~ ca.~"" • .,.;1 

J' 10 U ... " _u"....."y· or ..,.~Y(lh",_.l'" po,,,,,, ... I . 

TI", ,do. ,hal .d,.""~d ~,~h.,p«:d . i,IO<I. do "'" pto. ido 

J di ..... ' ' ..... '.a'" In Ii II/drag ",,,, i. ,..c,",,".d in ><'C'",n 

, . ...... ' ....... <'<1 a"I",IO. _ •• ..,.. iIo ,.. ... , ... 'Il<' _' ...... ,y 

h". ",.,.. ... C'd ~I'« """'''' """",a""" .one! '_.1 ......... n 
" .... u ,n ... " .... hn/ ... ~A f'''<»-

,\\"d, ""' ... uncIo, .. 'ay t" prov,," ..... "ju' I ...... 'y· ""'''" 
o, .... "ie gains In n' • ...,. d'!le'~." a,,,,, •.•• i. diliCu,....r in 

_lion). A"' .... I .... ptOV,d'''l _ ,ncfU-' 'hOI pto

""« pt_"...,.lI y r..,. i .......... .-.. .. '" 1i1'/eIora( , •• io 

.. e.tncuU<'d in _"on '.0. "lI.~oIu'''''''1" _ady ... Mic 

_ .""'" ... ~ ..... ,4oted on IoKlion I. f1>o.M includ< '0,· 

i"" ............ I", ,flIue,,,, V",:i, ••• dr.S toy . I, ... ,n, 'Il<' 

, .. "",.1 "a" 01 ,,,,bu",,,, 110 ... on la,S. com"""cial 

.i.<I.I, . n.. _ib,Ii'r 01 • u.s. SST i. c ..... ,<Ie<ed in 

~ion , . An,ic,pa'ed ."'.""" ," ,he _adynamie 

_' ......... ,,,,,I •••• du" ... ....r in Sec1ion ,. f1>o.M includ< 

both """"""" .... r_ad)nMnic. _ WoM , ....... , ,,,,,,,,,. 

2.0 ~_II Na,,,,. 01 TecMoI"lY 
Ad'anc •• 

The ..-.1 "'"or,e " .... d in tf~, .i.",.11 '''''hnoIo&y 

"".Iopmen' I •• Iknlf •• ed in f'l.n I. Tho >te.dy p<"fi ..... 

01 '...-.1 evol",_ ,elIec, .r.. "'...,.... 01 des,,,, ,e
fonemen, 01, 1,1.,y I .. ed concep'. Tho...-. "'"ma'ic 

im[>to.eme.", ,nd",.,e ,r.. .ppea •• "". 01 .......... , .... "" 

,,,,,"mc.1 inno •• tI ...... "",h., c ..... "lev.' ... i~. p'e"",ize<l 

{ AIJojM. ~I PrCI""'. Of ''''~I ... ires. 

T":"""""",&I .""..c" ,n ..... ady ... mic c ... ", .I/",oency 

I!.!LIOI II ...... ,r.. m,d·It)l)'. a •• .-n "' liS ..... 1. 8o,h 

evol,,'i .... ,y .""_e •• nd ,e vol<o'iona,y ."",,,,,u ""ve 

maDe "INfiean' contribu" ..... '0 improved _odytIamie 

co ... ", dr.c • .....,.. Tho .. ,01,,"onary ."".~" were 

due ""'''''1 '0> "rU,M ~d incru .... ......, .. ,," wi ,h the 

,,,,,oduc,,,,,, 01 • """ era" of .If""'..... The r~ .... ,,,, .... ,,, _~Il( ... n .. " oct"' .. ", In ,r.. IJI~ Inll'!"&1 !he 

in"oductl"" 01 ,r.. ,"'ep,·wi", .i'pl."" wi , h let ."""" •• 

In tkot ... ly 1910"., !lie ne., revoh .. _" .",.".,.,..,.." 

..... , r.. in " oduc,lon of 'hr ._ ""'" tet .... ;"" 

_-.ic "_,, """'n eac~ c .... 01 ."pIa-oeo. 
'i&n<I",an, ' .................. " ,n _ody.....,1c elhd .... cy .. et • 

.ch",,,,,d by __ 01 con'''''''''' • ..,I"'",""I}'""," _ 

no. moo' , ecen' ""w "om",e.ci.1 "a....."., .Irplone. "" .. 

[H"ovi<led 'nc' ..... "'d 'Y'"'''' ef ficiency and ""e. eco
""",ie. while ,."i"", hi&,> _ody ...... 1c .IIicoency. 

n...c inclu<le 'hr .... body jeu .. ,'" ._1.., ............ 
Hi ...... , "", "-'n 'hiI' ~Iul .,.allt ._, ..... ay. 

tr.ove Iooo'et _""", COO ... """ .1Ie" p'edoC_ .... hile 

oll.,in, oer.ice i"'pto.em ... " in --' •• on,., '" 
coml .... ', 

T..:h.u"al ."Iopmen' is ,r.. in' .... ,1on 01 &jIpIied 

•• _,et>. 6"...1.-.. •• and ............ "" _ftMry '0 bti", 

in.o p'lCticll opera,ionaI u ... ,r.. new ~"""''''''' ..... oed 

!tom •• ", •• eh. ~"oduc'oon of • new ,o<:lnoI .. y in,o 

"omme,ci.1 "on,por' ''''',ce requ,re> I ....... "". 01 pt • . 

condi' '''''', 

I. l'1>er ....... , be ... Mubt.oi'Ied _ r.". Ihr ...... 

II i. ,-'1",. can ..... ' .... 10 di .. _", ""' .. 'een 'hr , • .., ._ .. ,. "" ....... d ..... y. f ....... mple. ,~Iec' the 

type> 01 pr .. , .... " inab,lI'y 01 eo,,,,,,, ,,,,,hnoI"IY '0 p'ov,eIe a ..... ,red 

level 01 pe'f .... ""Il( •• 

• "1I. •• ol u'i .... , ,"_. bteal<,looouKh i" "''''eh som. new 

<onc<!l' .,.. ,..:I'WIic.1 elev~I"'P'''''''' m .... ' _ibl •• 

new cia .. 01 ."p"' ......... ~ml .. an' perl ... .......,. 

................... ,. 
• "t volm_,"_. dovelop ...... ",.1 pt""'" in .. l>ich • 

par , ,,,ul., cl ... 01 . ,,1'1 ..... i. pr"" ...... ly .. ,t m.,.;l 

The "''''''' 01 .i'plane _ .. it< .... , ,flIue""" i. "-'n In 

I" .... 2. The """" fecr..c,,,,,,, in ........ ne .... , Ioawe 

ocCU".ed .. nh •• voI,," .... " <'-'In ,n 'he ......... 01 , r.. 

I"plane> Ib,plan ... o ",.,...1"" """"",r-o '0 •• ":pl·W .. " 
je' &i,c,.ft) and " ',,II ,he inc<>"por"ion of «"a",.bl. 

1. rr.. bene li" ..... " "" ldentilled. P«''''' .... rly.n te'ms 

of "...1 ... .......,. I ................ ". cOO. ,ed<J,ct, ...... and 

,ecbnocal ,ill<. ThI. ,mpl,n ,ho, ,he new "c"'oaIop 

ho, ochoeV<'d ... IIoc ..... ' ma' .... '" ... ,ho, do, ..... 

• vailable '0 ""I_e coo, v.,.. .... _I" • .,,,""". 

,nc ... , Inc .....,cep' .ble .~cfv"cil ,loll •. 

). "<""'ac,e.",,,, I ..... '....., 01 ""'MoIOS)' *~Iopmen' 

'" .Vlatl"" ho. been ,he need '0 .""_e "" ..... ...,. 

I,,,,, .. in or" '0 utilIZe 'hr pot ... ".1 of I new 

11K"" 'echnol"". It. c ....... e . lmple I. ,r.. Iloe'", 

8·'1. ",h,ch ho, !\ad. p'oloo.n:l ",lIuenc. "" cur • ..,. 

~,,,,,,,, , eo"w, ... ~ ... 1 ~"pI......... In ~.""'" ), ,<loa. , ... 

''''pr''''''C ...,..od,·",mM' <ow.., ~fI"'.mq a,~ u,<'lIOf .. ..d 

~. '0 11 ... " ....-01""""''}· ... "r~""'VI,_.l'" po,"'''.'. 

TI", ,do, ,h;o, "' •• roc~O hi~~."Pft"d .1 .. "". do "'" P'o.ido 

, ... i, .... ' ,,..., ..... In II II/drag ,.,," i. p'.""",.O in ~'i,," 

,. \<1'>'_ ."'''',,. _~ • ..,. iIo P'''',OC" , "" _' ...... ' 1 

I", .",.,.."."" .~ "'''''1" ""<P.""" _ tI ..... rl"'~ . ·,11 
,,,,,,U ,n .... ,,<"< ",./"'~A f.""'-

Ik"h ."Ofl. .. undo'.'y '0 1><0.,,,,, .... ol".,"""y· .......... 
oy .... "OC ,.",. In ",any O,II. ,.n' a, ••• • a. i. 1Ii",:o,.sed In 

00<:,"'" ,. ~w,,,,, lor p'OV''''", "'"" 'ne'e. .... ,h;o, 1" .... 

",.,~ p'_" ...... lIy .. ". 'mp<ov • .-nu ... hl'/dra& , •• 10 

.. e dncuU<"d ,n _,,"" 6.0. "Revolu._y· _""' .... tnk 

...".. • ...,... _ c .... j ..... ftI on 00<:'_ 1. Thnc inc""'" ... ,. 
''''' ........... '''' ,<!"due;,. VlKOU> dr., or ., .... 1'" ,"" 

".' .... 1 ".,. 01 .",bu","" 110,.. on I.,S~ c"",,,,,,.ciol 

.lfc,.II . 1"" pooIib,II'r 0' • U.s. SST i. cons,""'" in 
WCI_ I. .....". ' ..... 0 .<Iv • .-. In .M _<><tynamic 

_ ......... '001 ... ~ O'SCUS"'"" ". SK""" ,. n- .nel_ 

""th ~\.I""""'_O<1rr-nK' _ .. """ ._1 ''''''"" 
2.0 ","_., N.,,,,. 01 1Kmol<>&y 

Ad.aneH 

"'"' V-., .... ,"',. "..,0 ,n """-, ''''''0'' '<dInoIo&r 
doV.Iopmet1, , •• 1""".,.0 ,n hi"'. I. Tho .~."" _,_ 

01 ,edonoc .. l .""."" .... ,dlec. 'M fit...,... 01 des.", ..... 

Io~.." 01. ,."" , .. «I conc. p'. Tho....-.. dr.""" .. 
Improv.".... .. InOK"'. , .... '!>P" ••• nce 01 """" , .... ,.... 

,...,lImnl i""" •• "on. ""'" .. c~tile.« ... 1.,... ptu'LlI"iz«l 

(u.n>. ~I PI"C' ....... .". tw~1 ... i,"",," 

T""~l ."'·...en .n .... ".". .... mic: (ruo ,., rtheoeocy 

CML/O/>lnce 'M " .. <1-19)1)'0 •• e _n .. liS"'. 1. lIo,h 

evolu'i""" ,y adv_e. and , •• olut\"""~ .<Iv.ncr> h;o •• 
","Or .iINI..,..." ccntribu, ...... ,~ im","""" •• "O<Ij<namic 

c .",.., eUoc.ency. The 'e'oI""u_, .................... ", ... r 
0 ......... ""y '0 C, y • .., opeed IftCfU>e!I _...., .. I*d ",Ith W 

.n.","".""'''' 01 a nroo d .... 0 1 .lfplones. Tho ,rvoIu

,.\l1li', atb"iI.Il<; .... otnl lICe .. "", In tt.. Illt IUO'>.,u the 

.nlroduc"on 01 ,ee ,"ep,'w'", '''pla"" wl' ~ Ie, eos,,,,, •• 
In !he eArly 1970" •• thr ...... 'elfOlud_,y .<lvane.,..,..." 

.... ,ee i~ " oduc,''''' 01 ,~ ._ ... .,,, tet .... ine _-..c tr __ ,. ""lion eacto c .... 0 ' .... p_ 

.i""'.., .... ' ' .... _" ,n _odynamlc elt..,~ ....... 

.eh","'" by"""'''' 01 e<>n''''''''' .... ,VI ...... .,. __ 

no. moo' ,"""n ' ....... c ..... me'CI.1 " . _, .,'plon ..... "" 
J><ovi<lod inc'Htea .~ .. "'" dlicOrncr ...., bO"e. ce ... 

........ "" .. hile ,etalN'" iii'" _ody ....... 1c eUic.-q. 
Thne Inc:Jude 'M ........ -,. ~" ""Il> lurboI ... etlClnn.. 

1iI"",y .... "-"n ,ha, ...cu .. 'ut .i.(tllt ._, .oJ .... y. 

1Ia"",.,... ... _""nc """" ,!\an " ... " ", __ a. ",Iole 

oll«lnl ..... ice Im",o.~m .. "" In .peed. , ... , •• '" 

e ..... I"". 

r"" .... ..,., deYe""",,",,' \I ,he In' ..... ' ..... 01 .pp1i .... 

,e ..... rel\, .. """ ........ _ etlClt>re"f"'l _ftMty '0 tori,. 

,n'o ",.ctic.I _., ........ """ ,he ~ "'-' ..... PO""" 

I . ..... ,,, .... eh. ",,,o4o.>ctlOfl 0' • """ ,o-clnol"llY in,o 

( """"""elOl " .... pa<, .e.,"ce '<qu,tes I .....,,,.,, 01 "' •. 

(_I' ...... , 

I. Tht<~ ...... , be ..... \.Ib"......, _ ru ,he ....... 

I, .. 'he""ore ( onveru.." '0 dis''''IW''' bO,"'eetI ,he , .. .., "'C' ...... "". n-.. need may, 'or "-, .... pIe. ,.11eet ~ 

tlpn 01 "''''' ..... , .",b,'," or e".to,. ,rehnol"llY '0 ",,,,,,<10 I ... ,_ 

I •• el 01 pe""' ..... ...;e. 

• "R •• oIu""""y"_1 tore"","""," In .. hleh >Om. "" ... 

cone"!,' ... ,rehnic. 1 deYeloprnen, rn . ..... """,ibl •• 

...... c .... 0' ."pla ........ ''&n'' ''''''' _h.-mane" ..... -" 
• "Evolu""""'y"_1 dov.I"I""<""\.I1 ",OCH •• n which. 

partlcula, e l ... 01 a"pl ..... I. "''''' ..... eIY ,~ .. ned 

The ... ,,"'"' oj ~;'pla ... pM .. ". dr., ,educ'''''' '' .-'n ,n 

I " .... 2. The ......... educt ...... In PI<""~ dr~1 ..... 

0<.,..,«1 .. I\h ....... u"",,.,y cNnf;H ,n ,he Ih.:Ipn 0' , he 

.,,~ (b,p .......... 0 ",_'ie< monopIOI\CI '0 • ., .... , ••. ,"1 

,., ."cr.ft) """ ~','h ,he ;"<".- por." on 01 ,.".ct.ble 

1. TM _ I", ""'" ... I ...... 'il ..... , I*'oco<l. "y ,n ,~, .... 

o. _I",....nee ImprO¥omrtI". coo' '<!"duCti ...... And 

,echnocal ,noI<. n... Impl ... , ... , 'N "" ... ,~ 

.... adurved ..,jhc .... ' """ .. it)' ........ , di, ... e 

~vai"ble '0 ",Ionee 001' ........ _I". "'It ..... , 

Ine ... ,, "11 ...,oceep,oble !eav"cil dolt •. 

). A C""IC '~'o , ic lea,,-" 01 ,...,mol"", .... ..,"""""", 

on .... ,...., ............ he _ ' 0 ..... onee "" ""'''I' 

I,,,,,,,, In ...... '0 utilize _ po,.." .. 1 01 ....... 

pocoos 'retinol"",. A cla .. oc e •• mple I •• M _,,. 

&"1. ,..hjch ......... ",0'_ .I\Iluence on cur,rn' 
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Wing lift coefficient 
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,,, 
Th< 3"{'f'~~ .~," [,;,11"" .""floc, ..... ' i. IflS r", 'j'pl"".,.. 

~·"h I'.~~ ."d~, ... J"~' . n", ,.(Iuc, ion in ["',ion draA 
.,.,-,n "",",U"'" ~r h,W'" R.)'nold> .... ,,1><,.. ... "notod 

~-;lh tho I"~.r ,,,pl,n,' '"01"1>""<'''' I.OR,h>. 

An .II",-,i •• ",.uN OfN. " .. ,[Fr' .on ,I...., b<- <l<'t.""d 

•• 

'" 

Com~inin, <'q .... tion. " S, .00 ti .ho .... ,hat .to. poten,;.1 

m,,,n,,.,, hl'/<i"" ,.,,0 ["" 'ully " .. bur""" flow <lrpHI<l> 

""lyon .r.. .ff"",i •• "'loS"""" .rId ,he 0.0 •• 11 .... IKe 

... us: 

b (7) 

Ili01 MAX • I'OTENnAL ' II.l • 
~A ... EfF 

Th< S. """try ''';0 01 ... in, .p.o.n to ""'"to roo' 01 ,he 

.It""" ••• • ",1;"'0 ar •• has ~ u""d in l iS"" S to 

• "".1.,. ,he Ih&hl ,es, _ ..... ....,..,.." 01 maxim"", 

J;f'/dr." , .liO$ of exi";", _ie " ..... pot.-\YP< 

.irpl ....... 

Exi .. ,,,, .irplo."" • • c~ i •••• w"xim;lo'ely 11)'1; 01 po,.nli.1 

",ax,m....., 1'/" .... 1 .. ""., A. i".ie.t.d in ,hi. Ii, ..... 
mioeel"'"""", dra, lOOfe,,. "",,"u,n I", .bout 1O'!f> or ,"" 

tot.1 dr.,. Appto. im.,.ly 01)')1) of ,"" ,,, •• 1 'i,plane dra, 

i, ,lit , ... bulen' flo", prolile lira, and '0'" ;, ,lit induced 

Ih,. 

A"'a"""d . e'ody .... mic concepts , .... , elimina'e or ',,","-,<" 
the miocell ..... "", dr.S "' .... C8 ",ill indiviciJ. lly provide 

ro'~ ,moll, alt'-sh impor'an' . ;"",eo.e. in lilt/drq 

",ic. Tho", c_epu c a n '~elore "" «"";dered a. 

"e.olu,"""'y" concept>. 

Evol",i",,",y ,,,""""ic.1 ad.a""e. , .... , ir>e,ea.e ,to. effec_ 

,ive .pon of le, ,to. _ ibili', of propor'ionally \.o ' le 

improv"",..,. .. in aerodyn;omic efficiency • • inee ,I>e mao;_ 

mlJCll lilt/dra, 'a,io va'ie. ,;;'ec,ly ",i,n ,I>e ... inS .pon. 

Tee,..,ical a""ance. , .... , ,eduCe ,to. I,ic,ion dro, belo ... 

,he lully , ... b"len, II"", level. offe, ,I>e "ea' .. ' po'en'i.1 

impro ... mento in L/O
MAX

. 

'" , ... S«tL"'" 'h," folk> ... , "'e will revie", aerodyn.,Jllc 

,,,emoiosy advanee. ,ha, ofle, 'he p<>mb,llly 01 evolu_ 

.i ..... ,y or revolu.ionMY improv"ment> in lift/drq , •• io. 

Fi ... " I>owe."" "' '' will revie ... . ",>the, impor,an, .,ea of 

... 'ody .... mic ,,,,,,a,ch, Ai,'oil '<"emolol' "".elopmen! . 

'.0 A"'onced Aido· ' and Win& 

Des"n Oppo"uni,ie' 

Ai'loil and winc 'ectv>olOS}" ..... come . lone .... y .inee ,he 

;ntroduc , j"" 01 ".nda,d body comme'cial je' tranopot"lO. 

n." pr"".,. .. i ... developmen' leadi nl '0 ,I>e c .... 'en' a<l

v.~ hiS"-speed al'loi" I, iIlU""a'ed;n ", ... e~. 

Ad>a"""d h",,-_d aidoil. do no' pr ... ide a di,ec, 

j"",e..., in ai'p""" hlt/dra, , a tio. pe' ,e. Thi • • "'.~ 

,eclvlol",y doe., """'e""" prov ide ,I>e abili,y '0 In'e,,.'e 

an improved to"'l <""H, .... 'i"" ,Oat I\ao a ....... 01 ito 

. t " action. An impr"""d a i'pla"" LID. Pf ioor to tl>e 1",,1 

crioi., ,I>e ,",,"_ava,lable ."foil ,echnol"llY "',. _d, at 

Ie..." in po". '0 in",ea", ."",aft cryi", 'peed. ...idoil 

,ecI"noIOSY improvemen,>, """'eve" eM> "" e <ploited in 

..-a l .... y., ine,eUed ... inS ,I>ickne. • • ;neruoed ... if\ll 

li ft . « cIe<:,eu e(! w,'" ."eep. "' i,,, ,I>e cu"..." emph ... . 

on loel efficienq, the bu, choice wi ll " ...... lIy be • 

Conltj ... tion 01 ,I>e _ibk! variotioo . . ... hown in 

lisure , . 

Ad,·aOC'ed airfoil. and "" ... win51' .. cur.en,ly ..... is....,, 1« 

....bIonic . i,,,,,ft are jlfobably elo>e '0 ,he maximum 

...,IItevable po'ential ... ith Ii <ed ,,,,,,,,,,try de. iS..... Mt>6-

KAte addi tiONlI impr.,..emento will be achle'ed ,ty"",1> 

,lie .... e of imjlfo""d 'l>eor~tic.1 transonic 110 ... . ""'y'". 

and improved ,tye.,._di"",,,,i,,,,. ' ... ins cIeo,sn me,,..,,,,". 

'OS«1>e< with wind ,,,.,,,,.1 tenins ."'ances. 

'.0 "Evolu'i""",y" A ... ody""",ic 
A"'o""e. 

Th«e i. m"",h .. .., .. ch lind "".elopmen' ... ",k c"" """y 

<>"IIIe, .... y ,ho, oUe" ,I>e prom,,,, 01 "evolu,"""",,.. ae,o

dy""""c ,ain" , .... , i •• <cyins '0 do ",ho, "'e ha ... done 

belore t>ut be"",. Hi"or ica lly, bolh ...,volu'i""",y" and 

",e,0Iu,iON'1" _ody"""'ic Sai", .... "" often 'equ;,ed 

",e'olu'i"".,y" aclvonce. in 0,1>e, ,ecl\nololY area •• Tile 

cactile.e, "'ins, lo ... -d<~ enline co", I., and ,etrac'abl" 

lan;in, S •• , ... e,. tecmol"l\Y adnr>ee. in """'",e,, jlfo

p<llti<><l, and " """" , .... , jlfovide. cleo,,,,. ,educ,ion> in 

,,, 
Th< ~,.{'f'~~ .... ,,' I".""" ,·.,dloc, ..... ' i. 1.,..< I", '"pl"".,.. 
~"h I .. ~~ .... I~''\'" Jr", _ nO., ,.due, ;on '" I"c. ion dr.g 

...,.,n ""'.u"," ~I '''1;1'''' "o)'nolm .... ,,1><,.. ", ..... ,.tod 

~-i lh til<' I"K.r ,",plon{' n""pono'" l"nR'''''' 

An .ti",-"'" w"tt"d "N. " .. ,[r r' r. n ,I...., ... ""'(,oed 

•• 

'" 

Com~inin, <'<I"':";"'" " S, .00 6 .how •• hat ,to. I"'ton,I . 1 

"" <l m"," h(t/~.~ ""0 I", lully , ... .,.,1..." flow drl""'d> 

""lyon tr.. .ff"".;.e ",ms ',,,,,n .nd the """,.U • ...-Iace 

"'u" 
b (7) 

(l/OIMAX. POTCNTlAL • 11.2 • 
~A .... EfF 

n... se"",."y 'otio 01 "'ins . pan to "'!""t. root 01 ,he 

ell""''''< ."diKe ar •• has ~ u.ed in f iSlK' S t" 

«",.1 ••• ,to. (!lUi' ,a' me •• ..-....,..,," 01 ma.im"", 

hit/dr" r. tios 0' uiOlins ... boonic " ..... po<l-'Y~ 

.I'plotl<'>. 

Exl";,,, .irplo."." .eh,e.e 'P!"",," im;"'.ly 10'1> 01 pc,,,,,j.1 

max,mum 1iI" .... 1 r'"'''' A. inOie.ted in Inll lisen, 

.... iocel l."""'" dr" ....... ~. aceou,,, I", . """, W!I\ 01 ,...., 

'"t.1 dr'g. i\wrol im.tely 00'1> 01 'Ile ,ot.1 'i,plano dr., 
i. ,lie , ... bulen' 110 ... prolile <hS WId 'O':lli i. ,lie induced 

<hI· 

Ad.o"""d u'<>dy,,"mlc concepts ,ho, eJiml""e OC" r"","",,,~ 

the mlteell."",,,,,. dr.S "' .... ce .... iII indl.lckJolI, pro.ldr 

'a',,"," ,'''''", a,,<-,h Im_,an t. IrIC'9"" in lilt/drq 

""0. TIle", concept< can 'he<"IOC"e be coooidered .s 
"e.oIu'~,- concepu. 

E.olu"onu, ,e<;!.",cal ad-arlCe. ,hot inc,ea.e ,lie "lIec_ 

,I.e 'pon oIle, 'lie _ibill" 01 pr"..,.. ' iooally lea " e 

impro.ement> in .~<>dy".mk eff,ciency, ,irlCe ,I>< maxi_ 

mum lihld ... , •• <io •• riel d.irec,', ",i," ''''' ... i", .pon. 

T",,"'ical ad-once. ,ho, ,edoce ' '''' I,ic,ion dr., belo ... 

''''' lully ' .... bul ..... ' IIOW , ..... ,. olfe, ''''' Vea' .. ' "",en".' 
improvement> in l /D

MAX
. 

In , ... ....,.,ioo. ,hoc, 10110 ... , "'e ... ,11 , e. i e~· ae,<>dynam," 

,e"ITIol"" ad.a""e. ,,,,-, oI1e, ,he "" .. ,b,II,y 01 evol,,_ 

,;orur, '" revolu'ionary ,mprovements in lihldr;q; ,.,io. 

Fi,.,. IIO"'e~r ..... ",ill ' e ...... ....", .... , impor,an, a,ea 01 

.."ody",mie ,.,...atch, ."Ioil ' ",,!"nology <Ioo''''opm"n< . 

•. 0 AdYanc.-d Air/o· ' and Win& 

On"n Oppot,unl,ie • 

Ai,'oil.n.d wi,. ,_'OU ho. come. Ionr, "'y oi""e ''''' 

introduc t ion 01 "o""",d body comme""a' je' transports. 

1"1>" pr""es.i~ <Ioo,,,'opmen, leodl", '0 ''''' e .... ' ..... , ad

van«<t hl,h-opeed oi"oIIo I. ,11"",a'ed In lis",e~. 

Ad>a"""d O"I>-._d .irfoil. do not pr.,..ide a di,ee, 

ioc<eaoe in .i,pl.o"., hltl"'as ,atio. P" .... 1"I>i' o<lv."""" 
, .. elvlOl",y doe., ,"-e~r, prOvide ''''' abill', '0 ir"ev.'" 

on impro ... d .o.al cootiS"""on ,ho, ....... .",., 01 ill 

atHaetion. an impr"""d oi'plane LID. ",."" to ''''' 1",,1 

c""" ''''' ,hen_a.a,I.oble ."Ioil 'Wlnoi"llY "' • • LM<I. at 

Ie.." In port. '0 InCf ...... '''Cf01l "'oi .... """d. Aidoi! 

",e!"noloS' improv~ ... _ .. ve" CAn be u plolt.-d in 

",_01 .... ,.. loc, .. ,""" ... inS ,hicknes •• incre...,d "'ins 

IIh. '" dr<;,., .. .-d ... 1", ."...,p. Wi'h ''''' cu".." emph .. i. 

on ,,,,,1 ellie;enq, the bell rnok .. ""Ill " ...... lIy be • 

<onbina'ion 01 ''''' _'0'" va,;a""" . . .. ''''''''n in 

IiS<ll"c 1. 

Ad,·a"""" ',,'oil. and ""'" wi"" a. cur,cntly droi,ned lor 

oub!onlc ai,,,,alc .'e probably d"", '0 ''''' maximum 

"",,"cvoble po' .. ntial "'ill> !Ixed geom .. try dr.iSn>. Mod

...... addi tional improve""'n" ",ill be &Ch"'.ed 'IY"",h 

the VSe 01 impro""d ''''''''etlcal ".n"",i" flo", .nol,.es. 

and impro~d ,IYce·di"",,,,ional ... 1", """5n me,,..,,,,. 

'OS""'" ... ith ... ind 1I.n<'le1 ,,,"i,,, o<lvar.;es. 

'.0 "EvOlu,lona,y" Aerodynamic 
Ad-oncc. 

Thoc" .. i. m""h , ..... 'ch and dev .. 'opmen' .. ·ork c""""'y 

"""",,,,ay ,ho, OUN, ,he prom, ... o! -e.olu"",,",y'" ;,e,e

dynamIC 5ain" ,ha, i., 'ryins '0 <10 ",ho, "'. hove done 

bel", .. 00. better. Hlot"'ic. lly, bo.h ""'.olu'; .... ,y- and 

", .. ol",I"",,'y" _<>dynamic ,.i .... ha.e often requi,ed 

",.,oIo'iona,,- adv"""e, in 0'''''' 'cchnojo~ .,u •. The 

e ... tile ... , wi",. Io ... - ..... B . n,l"", co ... I., and , .. "ac,.ble 

la,,;in5 S.a, "',,,. 'ec!"nology ad •• nce, ,n """''''.S. pro

poll;"". and ,yllem •• ho, pro .. ded deI""d ,edt>Ct;om In 
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011 ... _ ... po'''''''''' I", .. .- , ........ oon. \ .... r ..... ~ .. r 

""'-'0""''''," dr"ll ,.,.... .. "" ....... " .. ""'" ~ ..... "'~" .... 
_ Q .. "" ......... r ..... " ....... '0 ....... m ... , ..... iotrI· , ...... 

... ~t>rlrl)' 01 "",t..,... ~ .. " ... on an ~"t, ... · ...... a' .... 

..... -.. _1. 

r ........ ' ..... ,_ 'ft ' ................ "" r >e" ..... c ~ ""II 
.. · ....... I_r ........ ~ , .... ,', o. ".1. ',"" .... , _______ in 

""" .... i~l • .wid ,n " ..... " .. ".'0-.; ,<'<1"'....... In,pr_ 

tI~ .... · .. " ....... ior\.ll bor. ...... ,~ la)"N ~alr""I.0'''' ... ~' ,II pr ..... 

" .. a .... " ... ~ ....... ''''''' 01 _'In , ...... _ ... _ ... """ 

"" ' ....... ·rd'~ •• ~~ 

........ "... ,.._ ---011)'_'" ''''''''''' ........ ' o. ,ho .......... 

,;.",-, " ... ". ,-.n_ In If'''' .~ '''''''''If'r ''''' _ 01 

ac1,'" Afti ..... [.>.d'",", ,., .... ,~ .. I "...,. .... ~ 

.. e .......... 0 ..... ., _ .... , 1oo1C<'- ,'''"'' ..... ,,',. 
iii\!{" .arr.DOrfWftOC r l\l';OC'""IOO cOlfl'lblllN .;,h , ..... 
,eLali.e ioc.l __ of lho .. ,,,,. lho la,l. _ lho ''''''-

cen,er 01 .... ,,' '"'1''''''' a .a' ..... ' lat." _ ... _"" , ..... 
, .. , .. ,,1m oM .,eplMw. fl ... ftUlto in • ~""" ",,,. . ~. 
flo< 1_ ... , ...... ,' ""', ... , .. ab,II" ' ..... '_, 0' an 
.1. pLane "",10 ac,iH """"01. at> .... ,eLa ... d 00 ,1\1. ,ho 

_ 001 •• aoi'y can .... Ioc.a'''' • ..-,,,... .U .elo".e ' 0 

... ""'Co .....,rio, • ....., ... """ •••. TlIe ....... " 
_1-.1 ,.oft iii ..... , .... <eUoo",", in ... _. __ • 

..... in .~ _ .. eel>'. TlIe conf,pa,_ "........ _ 

_.iaJ _,,. • .., i ..... " ..... in 'it"'e 10-

5Ut11r1U., _ ... ian in 'ho ,_ 01 r __ ....... _ 
,,,_11. _ au'olll'DI'Ift ...... _ ill C_ .. 001 

• 0" ........ , .,,, ....... , ... ~ y_" TheM .y" ...... 
...... , ......... beo-n 01 lim"ed ... , ..... ,. , 00 , ... . . ' oil",,, 

...... ' d ... ,eoull in "'*C«PI"'~ "'''''11", """"'~. lIeli. 

abI,lt, 01 ''''' uin'", .,,, ..... i. ,_. TI>t,e , . ..... 11· 

donee ,..... , ... .- 01 .... "..,."ed "ablllt, "'" be 
• .,....... ....... ...., __ 'N' I I)' _ ....... ,. 

_. 1\ " ....... iIri.oal awI"'''_ 01 ..,10 .... ""'h,, '0 ....... "'cr." _ '0 _,.~,,_ 01 cw, ... , _ .......... ,.-

Qr,. 01 ,he .... JOt _eft 01 •• , , .. C"-''''' c .... me' ciaJ 
jet t riMpoo' I ' i'pla ...... I. prev,,,,,,', d11CUlsK, 1. lnoM:ed 

_.>&- I. I ... '" II .......... , ... , ". -....d It'ajt Can to.. 

'~cd loy .......... "" ,ho ... -.. '",",,' "'10 ... " ..... , .... 
""'II"""" incre ............ .,... ....... L.1t',c _~e on 
_odynam", ~ lI icrcnc,. A. or-n ift ' lawe '. , ..... " . , ' 
ill", ulio oa._ d,,",'" .. ililIN .. ",. I4lAf\. /11' .. 1. 11 the 

...,," .. n 10 ho'" ...... , ..... 

c ............ c,aJ "an_, .,,~ ... e "pic~lI, _'I"" .0 

""""' ... op<'C, t k m, .. looI _iK"_ Ie .... ,,,,,e. payload. 

'!'<'cd" "' t ~ '- ., .. , II • P' lm .. , II,,,,. 01 merit . The 

.....i ............ 0",",,' ,0,10 i .......... 11, oci«,ed ..... _ 

be, ................... Iud _ .. lot. an _"",_,cally "!l i_ 

e ...... "''''" MPK1 ,0010 ...... __ "oam .. i." • 
"""" ..... lIy ... "' •• 1 I",Iett, low .... opeeo ,. , 10 ......... 

TlIe prfttfl . ,-00_ 01 1riC" .-.Ie jo' ,,_, 
..,.,aar- "- .... _, •• ,_ 01 _ ........ Idy 1 .. &. 

_ ~ _. ~ ...... be, ......... , .. , criois _ 

...., ...... -. ,ncr_ in ,ho ,.. ... 01 '..eI. Thc , .. , 

,..10: ... _.,......... .... ,. ". limn .. ailMlln, III .... , may 

ne ...... r ~..,. -.e in , .... oi,n op" ... I .... looI pr""_ in 

,._ 01 rr; ..... ' ............... S; .... L.1t",. lOCI,,,,,,,, 
_ ....... tha, ,"""" "ir1I ... iPt .... y .,,.. <nUl. in 

",.~ op,,_ ...... .,..... . 

6.1 Noft· ...... ""' ... moc ,..:, .... LeooIilll '0 Inc __ 

... , .... A!po<;, IIa,1o 

T_ ...... Iican' """" .... , __ iaJ _.....-... iU 

c.ro ...... '0 a ............ III ..... -iCh<. , ....... 1_1r 
01 __ ...... _ • ....,.. wi'" ~,"O'M " ....... 1OCaI 

pr_.1es ...... -.. ... ~ TheM .... lot ....... .... 

oJlOyI o,r to..,,,, ...... it; .... ....... -.... ", _ 767 

01"'_' u • , ...... , 01 ... "'_,"0 _ ~"01 

"'·e .. oieftl.-.I "'otrMl • 

........ ......... jot , .. """,., ... ...,....." I. , ....... _ 

<ompooh ..... teri., """""". Com"""loe mat.,lal. 011 .... 

..,., hi'" .. ,""., ... ' ..... el,'" ..... "I t h~_' ... _i,h' 
,~, __ c ..... d ",nll..,..Uy ''''''0 ''''''- """"",oJ 
",,,,". Ortopo,. ,holt "",,,,'iaJ _an' ...... cor, p ,te 

............. ., ... .,... ... 11, "." ....... in "oo,.....,«:oal 

01,,........ Tho _,.,It ....... <e<>. , .......... ad .... ;. 

,he Lad; 01 upero<nrc<l . 1,,, ~It ... __ actual _.Iu condo'iono. ..... "" will be .... _ '0 __ tho 

,o<ce.....,. aMit>rliO,. C"' ...... awllc.,1oooo 0' 00"" )I,te 

.. ""' .... 01 ""',e< .... itt •• ,,,,,,,,,,iaJ 'i,pIaMo .., in oK· 

~ .. NC'...., ... , crhocaJ I. "'e "'1M. n.. lull 

poten"" 01 c....,,,,,,,loe ,,""' .... eo .. ill be ,ull_ only 

.. totn usH In prlfl\l'Y lIrucn ... ' COI'I'IjIOOIttOIS. 1IKa_ 01 
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'oc""C~1 ~nd produclioo ~h>lIe"te •.• nd ''''' I.'KC «>pot" 

e . p"'di ..... e. ".:< ..... ,y '0 suppon compos;,e prodo"nion 

c.p;>b,,,,y. ''''' p'oz'~ .. i.e aPl'lica, ;oo 01 ~omposi'~ m,,~. 

ro." w,lI con"""" ' 0 be, pla.-d e,olutiona,y pro< .... 

""'.,ve load , .".1 'Y""m. may .100 ,,.., .. ~,. , he "!Ilimum 

.. ~. ,.'io I", wi..,.;.. E.,.",iv. ').""'" "y.in "". 

Ii,s!>, "'moo",.,i"", .,. bei"t e"""""' •• ,,, .".1 .... '. 

me,no lor , ehevinR ,he ber>diOll """"""" in . ... iOll a' 

c,i"c~1 ''''' ':tu,al de"sn condi.ion. 'hr""Sh compu'''' · 

<:<>ntrolle<j _ody .... mo< ... rI.c .. on ,he ... iOll. ....iKh' 

,~Ox"on •• r. po.o .. ibl. 'h,ouSh , he all •• ialioo of mar>e<J· 

""' . s",'. and I.,;S"" ,,,,,"'.M ,he 'UW" .. ,on oj lIu ... ,. 

A lull u.iliza.ion 01 ,hi •• pproach 'equi, .. . he de •• lop

men' 01 'Y"""" ha'inS ,he """ .... '1 , ••• , 01 ,.dundoo""y 
.nd ,.II.b,'i ' y. De".'opm.n, 01 r.uch .y ... m. i. beinS 

, c,i •• ly pun .... d . 

A"".~d h"h-opeed . i, f",1 .ec"""'OIY contribu, •• "S· 

",Iie .... "y,o.,... .bJI .. y ' 0 u, illz. hj Sh-as~' .,. "o ... ins' 

pr.ctic.lly. Thi. i. bee.",", •• ".nced ."Ioll 'ectnoiOSY 

c ..... "'pIOote<j by 'W"!"i" ,, comb, .... i"", 01 ,00<Iuc~ 

WtnS ''' •• p. inc, ..... ' hick ....... aod hisher lilt fOt • 

,i •• n <1<0'5" cru,,,, M.ch num"", . 

In"' .... d "in, 'hie ....... ond ,.cIuu. "'inl .... ,,'p .11.,.., 

iuS"'" "'ins .opec. ,.,i". I ... minimum .... i'h' cha"t ... 

Aoai.ion.lly, """n ,he .opec. , •• io" i,.." .... d, ,"" op". 
mum hit c",,!Iid.n' lor .he .. ,ns .1", i""re.",.. T"" 

o"".nc.d ' idol I ",ction. can provi'" h'5"'" lilt ",i," 

minimum inc, ...... in comprn. lbih'y or I ... m ""S. 

The conc.p' 01 u.in, . nd plu •• or ""n5"p l in •• o ,""""" 

il'l<h.><;ed ""S ..... Ion, bo:en ...... ' .. ood. In,,,, ... in 

",ins'ip I,n. ~ been , • ..,"' •• in , he pa" I .... y. a". 

Theor".k.1 on ... ~rimm •• ' in""'''5'''0,,, Oav. Ie.d '0 

"'""lopme'" of aerodynamically e!h~i.n' winStl~ lin., 

.. hich a 'e commonly called "' lnS'.... "' i""." 01,. , ,he 

lilt dinribu. ion and ".il"',.~ •• ",'ex "rue''''''' 01 ,he 

", inS. ....,odynamic force. ca u"'d by ,he " oilins"".S. 

vor'ex . ynem a,. ult;ma ,.ly f.1t in ,he ! ... m 01 preuu,,, 

lo,ee •• ha. aC' on the ""ns·"'j~' eomb",ation .... ins. 

I ... produce • hi""'" d!e<:ti •• span in • ",oy .ha, 

S""",.lly ' .... 1 .. in low., ... in& bendi", mO/YloOn" . '.'ahv. 

'0 a ",i", '"""" .. ,enoion '''''' ~ovide> equivalen' <lrq 

,educ.ion. How."", •• he I.ns.h 01 . ... inSIe. m"" tie 

,ppro .. m~'.'y ''''ic. ,11.:1, 01 • op;>n e" "".ion '0 .~hie,e 
,he "'me i "",,,,~ dr.k ,.duc.ion . 

"'ins"''' a,. bo:.ns '''''''''i&ated lor .pplicatiom '0 u;U. 

i"t "."'POrt 'i,pl."", ••• ",. 11 .. '0 !u'",e de>'5n • . 

R ..... It. c""""," ninS awl,ca'ion of "'i""." '0 . , "'inS 

o"pw.es 'n.ic~,. ,ho, ''''' ..... be .... ! ... 01 inco,,,,,,,, ;ns 

...,nl lip IIns "~n' upon ,he b •• ic ... ink de.isn. For 

..ampl • . • rud ie, indicate ,ha, ""n~I ... -.... .tt,acti ... e 

po.o,eo>.iol lor .he KC·IH. !i' ..... II. bu. v .... y "ttl. 

",,'ential ben.li" 10' ,he ~i"l! 7"1 .i'pl."". 

An ..... """'n. of ,"" "'" bene!". o! """I!I ... ''''lUi'.' 

"',.iI.d kno ... I.dt;. o! ,he """''' ..... , c ...... ct .. i .. io 01 

.he .... ic "'ins ",. isn. Consequently . .. ins"'" ... ill ini,i.l. 

Iy bo: adapted '0 ""i.ati .... . ;'1" ...... ",he, •• he ",ue.ur.l 

chatac ..... ; .. ic. o! .he ... in5 ~,. 'iSOf" .. "ly kno ... n and ,he 

...... e<j benelit> ~, • • I>own '0 be f. ,or abl •• 

Visc.,.... or .~ in !ric.ion !Otc •• • cc""", lor "Ppro. im.o.,ely 

00'11; 01 .he ,o'al d'.S on c .... ' ..... , sub"",ic j., If."""'" 
.i,pI ....... Sk,n f,ic'ion drq O'is,na 'e' in ''''' 'hin I>ou>d

ory I'ye, ""ion ""or .he .u,l.c. 01 ,he . i'pl • .., .... he,. 

'i",,,,,i,y .!Iects or. I." •. Tho Bo" ",i.h,n ,he ,""",do,y 

10y« may be .lther lam,nar . " .... itional. or ,,,,bu"'n,. 

A, hiSh Reynold> n ..... ber .. ,f.Kt>yJen. flo .... ~in !"ction 

dr0S i, rn",,~ time. lor,,,, ..... I.m,,,,,, I.,... .~'" I,ic.ion 

.q. 

The ~".uJ ... ,. 01 .he bomdMy I. y.' on comm.,ciol ,.,. 

Ir""''''''' . irpl ...... i. ,urbulen.. Tho mOl' olm"", and 

moo' teemically ad.a~d 'c"""' •• o redouce ""in Iffe.ion 

i. ' 0 pr" •• n. ,urbul.".,. by deJayin, .he " .",;'ion proc • 
.... An . lter""ti •• approoch to viscous .... J reOx.,,,,, i. 

'0 """.0'" .he , ••• 1 <>I .he '",bulen. ""'or .. ' ... bu' to 

permit 'he lio", .0 rem.in .urbul .... ,. "'ith low . k,n 

frict,on "'0.1:, .he ",,"mum . i,plane de .. ,n i. c .... S"d 

>f ,..,. la's ...... tnS ., . .. and oopec. 'ati", ., •• ee.p.ab", . 

The ,,, ... I, in, I.,S", .pan. produc. ' i5"'lk .... , ,eructi"". 

in i"""""d draA . 

6o.h approoc"". for rOO<lucin •• ~in lric.ion are bei"t 

low .. ",.,,,. tn c ur,,,,,' industry .nd/o, NASA , ..... rch 

proz'~m •. 

1.1 N,o, ...... , L.minar Flo ... 

The pr.e.ic.' .chi •• "",en. 01 lam,,,,,, 1'0'" oil ... . ,he 

.ocl."c~1 ~nd prDdortioo cl\.>l"'ng", .nd the la'Ke ~3p" '1 

e ' P<"d;',n. ""C"""1 '0 ""'POt! composi.~ prodo..~'io" 

c'p.>b.h'y. 'h<- p,os,e .. i ... pplica, ion o! ~OIT'l""i 'e n',,~. 

".1. ""II con"""" to b<. pl' ..... d e.oluti""",y pr"" .... 

Ac"ve I .... , eh .. ! .y .... m. may al", ,nc,.~.e , he op'imum 

. <""C. ",io 1<>< wings. E .. ~ .... i.e 'Y""'" "udie< and 

H'Sh, cIem"",,, .. i,,,,, ore bei,,! c","""",ed to e •• I .... 'e 

me'''' 10< , eli .. ",,& 'ho- bend;,,! """"""" i~ . .. i"! ., 

crillc.1 <tmetu,al de.iS" condi.; ..... tN"ouSh com"",,.,.· 

"""H" lIed aHooyna"" c ..... I.c .. on ,he wing. W .. iKh t 

,~du<ll"'" ' ,e po .. ;ble th'''''Sh , t..- .lIe.i •• i .... 01 ma ..... · 

""' . S ...... . nd 1.,15"" I"""" a nd ,he ",we .. ,,,,, 01 liulle,. 

A lull u,iliza.ioo 01 ,l>io .W"",,ch ''"'lui, ... ,he de.el"". 

men' o( .y.,,,,,,o I\.>vi,,! ,he """e'''''1 level of ,eduolf"ncy 

.nd , .. h~b'II'y. Dev .. lopment 01 wch ' y<1 .. ",. i. bein& 

.c,;vel y p ..... ued. 

A""~d h'gl>-lfIC"d . ;d"" '..,.....,I.U c""!ribu,,,. "K' 
",!ie""ly ,,,.,... ab.l"y '0 u' ;hze hisl>-a<"""t · ,."o ... i"l!' 

pr.c 'icaHy. Thi. I. be<:.u", .dv. """d ."Ioil '""mol"KY 

con be e ' plOlled by .w"",i • • e comb,,,,, ,i,,,,, o! ,educed 

.. i"5 ,weep, incre.",d thiclu>eo<. and hiSh<-' lilt 1<>< • 

'iv .... <leo'S" ,:ru,,,, Mach numbe, . 

Inau ....... inS . l>ic ........ ond ,edu«d w,nK ...... ep .11.,... 

hi,t..-, .. i"ll .!f>CC' ,",;". I", m,nimum ... e l,hI chan' .... 

A""i.ioo. lly ... hen ,he .!f>CC' , • • 10" ;ncrea .. d. , he op'i· 

rrNm lilt e"" W eien' 10..- .he ... ,ns . 1<0 inc,u",.. The 

."".""ed aidoil ",e,loo. un prov,de h'She, hit wi,h 

m' nlmum inc'e ..... in compr .... iblh'y ... l orm "'a&. 

In,e, ... , in 

wi,,!"p 110 ..... been ,..-.ewed in , he pI" f .... ye~". 

Theo..-".ic~1 and ui>Orirnm.al ,nv ... ,,5""o,", Iv.ve lead , ,, 

deve lopmen' 01 .efodyMmic.lly .!hci.'" winS' ;P Ii",. 

which . 'e commonly called ... inAI.... W'ngl .... I,.r ,he 

Jilt di .. rit....""" I nd " a ilu,!'e<!& •• 0" .. "rue''''. 01 ,he 

... in,. M"x'Y".lnic r",ceo c."",d by ,he " aih",.edg. 

vor'" . y ... m a,e ultima 'ely I." In ,he !",m 01 pr ........ 'e 

lo,<;e •• ha. act on ,he ... ,,,,.winKle' eomb,nation. WI",. 

Ie" produc. I hi","' ellKtlve .~n in a way ,ha, 
g..,......lly , e""ltI in I" ... e, "''''5 bendi", moment,. ,..Ia,ive 

' 0 • wi", ~ .... "'ioo ,ila, Pf"""" "'I'"val.n, drag 

,edoc.ion. H"",e""'.'he le",.h "I • ",ins"" mUl' b< 

.ppro"m.,.ly ''''ice tl-.:l' of • ""'" e .. "".ion ,,, ""h, •• e 

,t..- "'me ",d • .ced ... ag ,. duc.ion. 

Wi ,,!Ie" ar. be,ns ,nv."'5 • • "d 10..- .pplie.' ;"'" t" eo;". 

in, " ."'(><W"' ~;,pl."", ao ... e ll • • '" ru . ... " """gn • . 

R ...... III conce.oin, .Wloc.ti"" 01 .. ·,,,,Ie,, to " . ""nA 

'''plane. ind,c.' e .ho. tho- ""t b<""!,,. 01 incor(><W".t i", 

"""l!tip 10M" ~n' upon ,he ba.i< ... loS de.i,n. For 

•• ample . .. "die. indica,.. ,I\.>, "''''51'' , -... .,,,",,,i,,. 
po,,,,,.lal IOf the KC·ln. loS"''' II. t...., very h!tl. 

po''''''''' "...,,,li,, fo, ,he iloei"ll101 .orplane. 

A.n ' .......... n' 01 ,he net benelt .. o! ,.' ,,,,iel< ''"'Iu",,. 

de'ail.d """ .. Ie<l&e ,,! ,he .. 'oc' .... 1 chot.",.,i"i", "I 

the .... ie win, de. ;so. Conoeq....."tiv .... ,n,IeU ",ill ln;,i.l. 

'Y be adap,.d '0 de" • • " ••• I'plane .... he,e ,he ",oc ..... aJ 

cholle ..... ' .. lc. o! ,,,. .. ins ~,. ,i,"' ..... !y kno ... n ond ,he 

ao ... """ beneli" .,e """"n '0 be f • • ",.ble. 

Vise,,", 0< >lo in !"c.ion l<>t« • • cc""", lor approxima,.ly 

00'11; 0' ,fie '''tol dr.S on e .... ' ...,' . ub .... "e j., 1ram.por' 

.;,pI ........ 9<in frie.ion .... g ""s,no'e, '" ,he .hin!>cut"

.t y laye, , ... ion ""ar the <u,I.", 01 .he '''pl . ... ... he, • 

• iseOO]ly .fI."" . , e la ' ge. The no ... wi'h,n the bounda'Y 

1o"", m.y be ."her I.m,n .. . """'iti ........ l. '" ' .... bulen'. 

A, h,S" Reynolds n ..... ""' .. 'urtKolen' flo ... >loIn t"e,,,,,, 

... as ;' many time. I. ,g.' ..... I.",,,,", 110-<; . kon !,ic.ion 

.q. 

The ... ' ",~l ... , .. 01 the bound>ry IIY.' on comlne,ei.1 ,." 

H ..... (><W"' . Irplane. i •• u<tulen', The moot 01 ... "", ~d 

moo ' tee .... ic.lIy .d • • """d K ......... '0 ,,,~e >loin '"e.ion 

i, 10 preven , , ,,,",,ulencc by delAyin, 'h<- tr.",;t!on pr"". 

"55 . An . he,nati." "W'ooch .0 vi"' ......... , ,..,duc.i"" i. 

'0 dote, •• ", the level o! ,he ,,,,trulen' .10 ... , "' ... but .0 

permit ,fie 110" 10 ,..,m.in .urbul .... '. With I.,... . ',," 

t'i ",,,,,, "' ag. ,he optimum . i,pl .... _'In i. cl'IInKed 

' ''lee la's .... ""tnS ..... and a!f>CC' t.,loo a,e ~ccep'&ble . 

The ,.",,1,10, I"Ke' .pan< produc • • is,,;lic,,,. ,eOJ"""'" 

In ,"""""d d,ag. 

6o.h . pproach<-. I", redocln, .~'n I"c. ;on a,. be,", 
I"" .. ",." ,d in c ur,..,, ' indult'y and/o, NASA , ...... ",h 

pr~'.m •. 

7.1 No.,,,,. 1 L.minar Flo", 

The pr.e.Ic., achle."",..." o( lam,nar 110 ... oil .... . ,fie 
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""'<"1,,, .. 1 10' """~n"a l dr,,~ rrd,x,""". For any ~"en 

I .. "",..., II~~ . 1"",,,,-,,,. ,10",,, .... Ion i, .. , '.1" .. 01 R"j'MI$ 

,~."b<., .. , ~-I""h " ... lIo~ be,-on",. un"~bl ... nd ,,,,,$ '0 

....o..'go "~n,,'ion '0 , ... I>ul"", lIo~ . Thl> -rril ,u l 

~rj-MI$ "",,,be'-" .,~n'Io<" .... lIj' "«",,dod 00 th(, va,o<,,,, 

<"o"'ponen" 01 comm<'fcia l ""n,pot' ,,,pl,,.... 

n ... ",n,i"on I,om , lam",." '0 , ',-,"Oul{'fit boo.on<\3,y 

I,,,,, i. "rally mll""","rd by ,hr ",,,,.,r . lI',d,,,,,, of ,h(, 

.. ",.,,,,,1 110..'. '" doc,.a •• in "' ..... w" !i .•.• an a ..... I .. "_ 

"on o( ,10" fi.,..' ov", ,I", sudace) I",. , "ab,hz,n~ <'flee' 

on. I.,n,,,,,, I>ound>.'j' I.j'.' •• 0 'ro, "a .... ,Hon , .. nd. ,,, 

occ"," ., a hiS~' R .. ynola. numboer. eon .... sely, an 

",crease in pr .. "u,e '" o..ce le'a!ion;n local 11_ i. hiSnly 

""",a"I;.,,,,. (;o,ly >w!ico'ion 01 .hio I>.ao,c foe' l .. d '0 

.Il<' do""I"I"""'n' 01 'Il<' N"CA lo ... -dra,; .,do,1 oK,i""". 

On ,hese a,d"'I ••• h. pMi' ion of rn.,im"", ,h,cknMo ,0 
loca'ed ,f, '" ,ha, a la,se portion of the a,r/o,1 oK,ion i. 

... po..,d '0 I •• -",.ble pra_ .. V.di ........ 

Pa ..... ind , ...... 1 te'" ha.., ind,ca,ed tila, I.,... d,., c""ld 

ind«d be .ehie...,d. The me" ",;k,ns dr.S 'e<kJ<:';on. 

......... obt.i""d b)o ,"- 6ti,i.h in ,"- lam"". KonS Cobra 

uperimenu of I~U. A. shown in lis,-,"e 12, ,"- oKli"" 

prolil<' drq mn . ... ed on til<' KinS Cob,. ..... "'lual ,,, 

_o.i .... 'ely H'1II of lha' 10< . n <:q<o,v. len! ,nick"" .. 

,,,,bulen, II" ... oi,foil oKti"" . The.., I" ... dro, 1 .. ..,1. "'e'e 

obt.ioe<j only .It .. r .... eei ... hand .""""nin, 01 ,"- .. inA 

""f."" a nd .. '".m .. ca, .. ,,, avoid 1>", impi"' .. m ..... t on 

m .. IUd;n, .. <It;e d", inlliiSn, ta". 

T"- lam,n.,- Oound;o,y I. y'" i. c""c'liy .en,it .. e to a 

""",boe, of fac.", . tnat ;ncludo _ 

• Surlac .. '''''(Ma' and w •• i"" .. 

• Leadi",· .. ds~ .... «p 

• l.Jnc,ion a,ea> ouch .. t"- .. ms·body int .. ,,,,ction 

• "'co .. uic du,u,b.o",,,, eitl>er I,,,,,, ,"- e""nn or 

"".tly ' .... bul ..... ' flo ... 'eas 

• 0"", ... "",,1 diuu,bimCe •• ueh a. imec. <l<poIi1>, 

, oin, .nd ice 

The rn.jo< lac'", ",e ... nlinl COll$i.,.,,,, ach'''.'''''en' 01 

""',..01 lamina, 110 .. na. b«n premu ... e boo.o:>do,y layer 

Ir ..... ition caused by insec, impin,~men' .. .,.. ne.r ,"

I<'adinl .. d, ... Many po .. il>l .. solu.ion. ilave _n inv .... i· 

", ted. RKent N ... SA_D,yden uperimenu indie.,e that 

,"- leadinS ed, .. can be k~p, e l<'. n by • COI'Itinuou • ..... y 

01 wa t .. , w'inl ,ak...,H ond Climb. It .. ,jj ,emam. '0 be 

proved .. -he,I." a tI .... n .10' Of ,.,ti ... 01 hoi ... c.n r... 
properly loc.,ed '" k«p too.h til<' uppe' and lo~ .u,loce 

cl .. ,n .. i'hout c.""ns pr .. mo ...... ".n.ito"" when not in 

u,~. 

T,,- N ... S ... _Dry ..... Researcn Cen'er ... ill be eonduc'inl 

fhlM , • • " on an F· I I I ai'pla"" wi,h ",,',..al laminar 

tlo ... ,,,Ioil ~Io"". on t"- oute, ",inA panel .. T"- i"".I1._ 

""". u shown in I ii"''' 13 ... ill pe,mit ,·.,yi", ,he I<'adinl 

ed(e ... ...,p, Predic,i"", 01 ,"- profil<' dr.S •• ria,ion wi,h 

, .. """ ansle. ma<l< fOf 0 """,bet" 01 R .. ynold> numboe ....... 

• hown in 1'1"" Il. T"- ,,,,,!>comins lIiSh' , ... , ,,,,,,It> 

a, ..... pee"'~ 10 .dd 'i,nilican' kno .. I.d&e ,,,,,,,di,,, 'Il<' 

.. flee .. 01 com", ... 0;I>ilit1, R .. ynold> """,bet., ond .... """ 

on " ..... i!ion. 

~ ... n .. i,h •• ,,'y om"",", clean ... inS .urlace .. i,h low 

.""ep. natural I.mina, flow i. , ... "ict .. d 1<, ".",ition 

R .. ynoldo rum ..... on ,he ",de, of I) • 1O~. Wi,h I.mina, 

110'" COI'Ilrol fLFC), much mor. e .. e",i ... "'"u. 01 la mina, 

lIow can r... aclU ... ed ., hiA"-' Reynold. """' ..... and 

larS", .i'pl."" .ize.. In .hi. app.-OiOCh. o. ill"",.,.d ;n 

liS"''' I~, a ""all .m.,....' 01 bounda,y I.yer ai, i • ...eked 

'iTouSh .he Min . 1I· ..... <'loy 'hiMi", and ... bilizlnS ,he 

bounda,y I.y ..... Ideally. ,he .kin . hould be pot""', bu, in 

.cto. .. 1 pr.e,ic .. il na. _n lOUld """ible '0 ob. a in 

e ........ iv .. 10m in ... 110 .. ",ith .uel ioo 'nt""ln n ... rOW .~ 

... i . .. . 10," 'Pfo""d. f ..... i<\C"-. apar'. 

L.mi ..... 110 ..... "h lFC i. suseep'ibl .. ,,, ,he ......... 'ype of 

doe-ua bilizins di.,u'!>oonc", a. na' .... J lamina, flow; how· 

e ..... , ,,, a much . mall .. , tIq,,,,,. "'t tl>. ,ime, lFC 

"!'pe'" '0 na.e • his"-r poten'ial ,nan na' ..... 1 lami ..... ' 
lIow to .eh, .. ..., I.,-,e skin I,iction , .. doc,i"", on commer· 

ei.1 """0P0f' o"plan",. 

Some re.u)" ob,ai""d ''''''''1Iy indk ..... a •• hown in 

liS ..... 14, • 10'111 im","""me<1' in luel efl,ei~<\Cy ,<>< on 

."".<\C .. d 'e<:lv>oIo,y lFC a"pla"" ,el" .. e '0 cur, .. n, 

.. i<l<.body ;'" "an. pot' .i,plane>. The eff .. et of LFC 

oJ""" f", • ,ai ... d <Iooi,n 01 tlU. 'ype i . ... ,im.,ed '0 

_,,"en a H'1II inc, .. ", m luel eUieie<\Cy. 

Much ' ...... ch hal been de.oled '0 ,,,- de...,lopm ..... ' 01 

,"- 100nina' 11_ """ltol conc .. p' . The USAF_NOI"'IY0)9 
X·2IA pros,.m in ,"- c.,-Iy I~O' .......... j'" e!f",' ,,, 

"""'"""".,e 'Il<' feas ibility " f LFC "" ."Se .<Jbooni e 

1',,,,,,,, .. 1 fo, .. ob"~n"~ 1 dr.l~ r~do K·""'" For ~"r ~,,~ ... 

I .. ,,,,, ... , II~~. 1""'0 ..... ,I"',~" a Ion i,,· 1 .. 1,,,, 01 Ro)·""I<I> 

, •• ,,1><-, .. , ~'I,,~h 'ho 110_ t.-.-"" .... un"~bl~.Ind ,.,,<1> '0 

ondo'gG ,,,"',,,,,,,, '0 'url><ll",,, Ilo~. 

~~)'""I<I> """,1><-," .. " ~"ilo~""l>' <<<...,dod 00 'h" .~'"'''' 

~or""""",," 01 cor,,,,, ... ci.l l tr.l"'pof' '''pi,,..... 

no<' ",,,,i,ion I,om a I,m,,,,, '0 a " .. ...,1,"", bo"nd"y 

I'Y~f i. "o.lIy oolh.,,,,"<d by ,IK" p<",,,r < "'d, ..... ' 01,1>0 

<,«,,,,,1 II"..'. '" """'<~I< in p« ... "~ !i.~ . . • n ~rr~I~,a_ 

"on o( ,I", fI.,...' oV,"" ,I ... ",«,ee) I". 3 ,,~bihz,ng <If.,., 

on • I.,",,,,,r !>oun<l>,y lay ..... '" 11"", "~""'''''' « .... '0 
occ", ., a hill><' ROI'flOI<I> "umbe... Coov" ... ely. an 

,ocre"" in pre"~r. or <lKele'~""" ,n local flo.. i. hl,nly 

c1n,al>rli.in,c. (;.o,ly "!'!'Iie.'i"" of " . , ~ie fae' led '0 
,ho ~I~n' 01 ,I>< NI'ICA lo ... _dr~ ."Ioil >e<:.i""". 

On , I",oe a"loil •• 'he "",;' i"" of maxi mum 'hic kno-ol i. 

loc.'ed,ft '" ,101, ~ 1~'Ke p""ion of ,he ."loil ><'<""" i. 
c>po>ed '0 1.,"",,3ble pra_e V . d, ....... 

Palt "'i'" .""",,1 'cit, 1'Ia..., i ... ,c"O'<l .1>0.. 1_ dra, could 

,ndt<:d b< ~c ~ie".,d. Tho- ''''''' ""k''', dra, '~<kJcli"". 

"'ft. ol"~i""d b)' , .. 8mi l h i" .ho l.m""" K'"I Cob<~ 

e . pe,imon" of !~U. A. shown i" liK ... e 12. ,1>0 >e<:ti"" 

prom. dra! me.o..ur.d "" tho Ki"K Cob,~ "' .. ..,. ... 1 '0 
_o. i .... 'ely H'III of , .... , lor . n <qu,va fon, ,nick"",. 

,,,,bulen, flo ... ai,foil >e<;'i"". The", 10,,", <lnll~""l. we'e 

ob,aine<! ""fy aft", p'"e i>* I'Ianc """,,,nin, QI 'M ... ,n, 

.... "ace a nd .. ,,~. CM" ,~ avoid bu& impin,cem.", "" 

!he fudin, .. dt;. dur,n! mKn, ,a". 

Tho lam,oar boundo" lay ... i. e","cafly ."",i"v. '0 a 

numbe, 01 la~'or. , .... , incl""" _ 

• Sudac .. '''''VV-' ann ... a.i ...... 

• l.udin,c· .... ~ ."',..,p 

• )"oc,;"" . f .... ouch • • ,ho "'lnl_body ;,,'~, ... c, ;"" 

• Ac.,...,ic diltu,bo."" • • ei' ....... I,om .ho " n,c''''''' or 

.... a')y ,,,,bo).,,. !lo .... , .. ... 

• O""'~lional di>fUfbMoCe • • ""h a. ;n>«:' do_",. 

, aj". and ,ee 

The m.jor la~lor preven';"K cons;."'''' ~ch'.vem~,,' <>f 

... ,,,,. 1 lomina, Uo ... h .. ~n pr . ..... ' ",,, bo<.o:>d.o,y I~Y'" 

Ira .... i,ion uy",d by in>e<;' Impi ... ,,,met1' a t or ..... r , 1>0 

fudln, ~d!". Many "" .. ibl~ sol .. ,;"". I>o.ve been inv .. ,i_ 

I ... d. RKen. NASA_O,ydon uperime"ts ind,cl'e ll>o.t 

tho leadi",,,dle ~.n be kep' Clea" by a <:On" ........ 'l"a y 

<>1 .. 'at~' du';nl 'ak"",ff a!'ld Climb. I< .. ill ,ema",. '0 be 

prO...,d ,,'I>otlle, a """h .10' or ... " ... 01 hoi". ca n be 

properly foca,ed 'Q I<,..,p too, h II>< _ and lov. ..... udace 

c l",,, ... "I\ou, c .... "'1 "'~, .... tronli .. "" ... hon no' ,n 
u.e. 

TM NASA_Dryden R .. >*.,~n C"n'e .... ill be c~"n,c 

fhlM , • • " "" an F· l II ai'pla"" ... i,h na'ur~1 lami .... , 

110'" ~,,10'1 ~Iov •• on ,ho OUI"f ",i,,! panel .. TI>o i ..... all._ 

.;.,.,. a •• ho"n ;" 1 il"'. I 3. ""II permi' ,'a,yin, ,ho- leadi", 

.. ~e ''''''<1>. PI""i<,i"", of tho profile draa voriation ... "h 

.v.'""!' "n,cle. m.ldo lor a ",,",ber of Reynol<l> number,. a , .. 

• how" in 1'1"' '' Il. Tho lonl>cominl lI,..h, ,.It ,,,,,,1<. 
'f~ upec",d '0 add ' i,"'Ijc;an, kno"'!edt;e ,,,,,,,din, 'M 
.!fee .. 01 c,,",pr • • s.ibi!i,y. Reynol'" ",,",be ....... . "'""!' 

on " ..... 11;"". 

1.2 l.ami""" FI"", C""""I 

~v~n ... i,h a very .moo,", <Ie." ... ,nK .u,f""" ... "h I"", 

s" •• p .... 'ur~f I~mi .... r flo ... il , ... ric'~d '0 " .... "ion 

R~y""ld. rumbe<. "" , .. "'dof of f' > 10~. "l'i,n fa"'I .... , 

!lo,,", <:Ontrol {l.Fe). much more . ... "'i •• iU'U' 01 I~mi ... , 

fI""" can be acNev«f a, hi&l>or Re y""fds ","""be ... and 

f.,,,,, ~"pl~"" size.. I" 'hi. oW_h • •• iU"""a 'ed in 

fi,ure I~, a ..... Il a",,, ... ,, 01 boo..ndofY lay .. , a i, i. IUCke<! 

,troolh ,he sl<in . ''''', .... y 'himin,c and Sfabifiz;n, ,he 

bou'oda,y loy ... . l<Ioally. ,lie .k,,, , Iloold be por""" bul in 

o~t ... l pr .~.ice i, 100. !leo ... I"""d """ibl. ,<> ob' a i" 

e>,,,,,,,iv. I."'i ...... flo ...... i.h ."",i"" ,trouln nor,,,,,, -"" 

"'" .. ,I"" .po.ced . f ..... ir>eho. ~PUt. 

u.",,,_ 110 ... ,,"h lFC i ..... scep'lble '0 ,I>o..".,e .ype 01 

_tabilozinl diJ1 .. ,b.>ne ..... n ..... ~l lami .... , flow, how· 

ev ... , '0 a much l malle, dq,ee. A, , ... ,i""" l.FC 

afOpuro '0 1>0. ••• hil"'" po,on'iaf ,I>o.n .... ' .... 1 fomina, 

Ifow '" ach,eve f"le sl<in I,ie.i"" ,,,,,,",,,i,,,,, on c"",mer_ 

~ iaf ,,&n.po'" .:;,pw.... 

Some ,e.u!ts obl':;""d 'c«<>lIy i"'jc~'~. a •• hown '" 

li& .... ~ 14. 0 10'11\ ;m pr<rVemonl In 1 ... 1 dl fcleney lor a n 

a<lv.need ,e<;Iv>o/"KY l.FC . ;'pf."" ,ela" ... '0 """en, 

... ido·body ;e. tra",por' oi,pf...... The dlee. of l.FC 

u""" lor • ,aized des,,,, 01 .hi, .ype i •• ";m&t~d '0 

_ _ cn a ' }!b inc,u,", in luel effie...,ney • 

Much ,e""Mrn 1>0.. !leon dovo,e<! '0 ,ho dovel"p"'''''' 01 

,ho I~,"i .... r !lo,," e"""ol c""".p' . The USAF_Nor.trO!' 

X_2IA ",,,,rom in.he e..-fy f ~O' .......... jor eflorl '0 

do",,,,,,,,.,e ,lie fcu ib;li,y of lFC "" Iofl. _ic 
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a"Cfalt . lami"", flo ... on ,t.. ~ _2IA .• "->"'n mll~"'~ 1< . 

~· a. ,~""a"dlr maln'al""d o'e, .",ually ,t>" ..,II,e .. ·ing. 

" hll<- ,I>t X_21" .. ho· ... ~d ,ho, I. ,n i"", 110"· codd I><" 

obla,""d in l li gh •• , .... pr",,,m ... a. '~'m,,,,,'~d ""I.,..e 

much inl",mation ~oo ld be ob,.ined abou' main'eoance. 

ope"ti","",l . >nd Nonomic a.pecII "I an lFC ai,pj""" . 

Technol<>&y doe.el<>pmentl . inee , .... pi~'ins ",ork ... ith 

, .... X_2IA a"ef." by Nort"'op ond 'Ioe Ai, FOfC .. olle, 

, .... poulbili'y of a m.,.. .. praclic. 1 l FC .yn .... . M'anc~. 

'" comP'J, •• lonal .e,oOynamic, petmi' de ... lopmrn' 01 

ad.anced h'S .... p«d a"fool and ... inl desll'" ... i,n pr~._ 

"",e di,tribu,ion. eonduci ve ,,, laminol< 110.... Iloondo.,y 

I.y.... "ablli'y cal""I.,i"" m"'hods t l>o, I>ov .. tt<-<:n 

'~c.., tl y doeveloped Can be "",d '0 optimize , .... """tion 

din"blJllon '0 " " ,n lamlno, II"". Advanced "'''''''''01 
m.t .. ,ial. atld matlulac' ..... i'\C ,,,,,hniq.-e. "'wid . 110'" , .... 

""",""""ic de. elopm,,",,' 01 """"'h .... I.ce • . 

NAS" i. .pan .... "'S e""",i.e laminar II"", control 

.... :arch. The "'0<". bo,h ... ith,n 1'1"5" a nd ''lroygh 

con',ocCO ... ith , .... ,nduotry. cov .. " ma ny 01 ,Ile proctical 

" ""CII 01 doev .. loplng a "'''''abl .. lFC 'Y"""'. Thu i .. 

"n.ocl ... ~d '0 de.elop .nd in"",ate , ..... o,iDU' lFC 

",b.y"~m . imo a valtd.otion ."plane. FIiSht , ... tlnS 01 

,n; •• i'pl."" in a . imula ted ."It"" e n. "onmen' i, pI"""",d 

'0 p'ovide nee ..... ' y m"n,erlOnce. , .. It.bilily, ""o",m,c, 

and perf ... ",_ .. d.,. <0 ,ho, ,Ile . ire,aft ina....try .. ill "" 

in • p<l'ition '0 m.ke 0 ruli"ic ................ of ,t.. 

"" .. i bl~ .!'(>l,r •• ion of LFC .0 !ulu," comme,e,.1 tr ..... _ 

por' .i'pl....., •. 

nu. lFC re",.,ch and de""I"""",,,, .. or~ ... ili "'~Ulf" • 
numbe, 01 yu" '0 produce ,t.. nee ..... 'y inl.,..m.,."" . " 

i. unlt~.ly ,ho, l FC cOYld be c"""de, .. d practical f ... 

ai,pj ..... desi«n. belore tile la,e 1'l'I0'.. file '~<nnical 

chollenS'" 0 '" indeed lormid.oble bIJ, ,Ile fH>',,",,'i ol bene_ 

Ii ... ,. ,,«niflcan' . 

7. ) Turbulen. s.t..ar Su .... R .. duc,i"" 

In 'ne 1""" I .... YN". the .. ha. been con>ide, . bl. int.,e" 

in ,he fH>uibmty 01 ... ,:<', .. <Irq ,eduction by o" .. rinS ,Ile 

",<>C'ure of .u,blJlen' bo:u>da,y I.yer • • 

Sorr.e 01 tile Kt..me. , ha, t..o •• been c"""'der .. d 'ore""' .. 

.",blJlen, ....... , ", .... are ill"",a'ed in l iS"'. D . Ma,.,.. 

p'oblem. u><>ei.,ed .·nh each >chern .. at< 01 .. . um_ 

IDilrized. The major .. rr"", 01 mos, of ,he .... n lriCtt.,... 

, e<b;tion . <;hemes tf ... , .1' .... ,he tu,bulen' "'octu,. i. 

At p'Men'. ""''''f<n ac".i,"'. ~nd u<><le" .. """,S 01 ,t.. 

' .uk ",",<ho", . m. lor leduc in, , .... blJ l..,. ""'a, "' .... Ofe 

,n .n N dy "'~ .. of de,elop"'en,. R .. y" .. h on , I""" 

'y~ o! 'cliv,ties ... ,If continue with , .... ho~ 01 di . _ 

c..,....,i", a fN"bl .. on<! .U ... ",. concep'. 

3.0 U.s. ~_,C f,.n.p., ... 

One o! ,I>e moo, contro ... , .i.1 .... bl«" in . i,pl,,,,, ''''' ... 

..,logy I", , Ile I." <loco,", hal beo<n , .... ",,,,,,,onic " ... _ 

pot'. Until 1 ~71. ,I>e Uni'ed S.at .. G ....... nm<"It. and Th .. 

500:,n, Compo"y ... er .. "umi", .t...d ' 0 build. com_ 

mercial ... ~"onic " on.pot' . Bu. aft .. r IIlonS opposi'ion 

,t.. Ptosr"'" " •• te,min.'ed. 

The F,...-.:h_6r" .. h jOin' SST . e n'ure . meilfl", hile. con

,i"""d iUld ...... "ed in • • i,nific .... ' 'echnica l achi.,e · 

"",n" ,t.. Cone ... de. The Coneorde 1>0. been hl,hly 

populo, ..,itn t .... I""''''n' ..... who ho,~ lfo"" in ' " d ... pi, .. 

I .... h"h premIum I.rn . Tt.. u",lul lile 01 ,t.. Concordoe 

•• a commerci.1 ""nicl .. i., 1>0 ..... "" " limi.ed bee._ i. 

c.rrie. '00 I ..... poO$<"t\fl ..... and ...... '00 m<>ch 1 ..... 1. 

Folf"",in« , .... SST canc .. lf.ti"". on ....... men .... u "",doe 

01 It.. "a,u> of ,he ,..ehMlog)" . "em. con.ide,..! a. ,he 

ma"" .ec,,"icol problem ........ identilied. Tobie I cen-
,. in ••• umma,y of , ........ i' .. m. . Fjnd"" .olu,i"", fo< 

, .... '" oroblemo ..... 'l>en em~. i zed. 

The ..... 01 I .... or t in ... per_ie C''''''' , .. c,,"olog)' t.u 
been "eadily advanced by ,I>e .ma lf bu. vi,.1 ot>d pro>-

ductl ... N ... S ... SuperlOnk C'UI .. R ...... ch P'osram . .... 0 

, ... u" 01 coor di .... ' .. d .. 11"," o! ' Ile NAS ... i .... 1>ouse 

'e .... rch. <;Ultr ... 11 ..,ith ,t>d .... "y. iUld oddition.1 it>d ... ",y 
, ...... ' ch .t>d ,",v<lopmen' """' .... impor'a n' .dv.nc ... 

ho ,.. been m.de portlcul'rly in ae,odynomiCl , ",<>C' ... e., 

a nd PtOpUI .. "". s.olu"OI"IO'o ,Ile major 'ec,,"ic.! problem. 

011911 hav .. bee<> idoen'ilied. Ei't..,'1le problem oJ no 
long .... a Concern. or eloe.1>e "e~ needed ,,, btin. oboo, • 

... Iu.ion hove been clearly defi""d . .... con be .een I,om 

, . ble 1 and liS""" 16. con>idef.ble prOV .... ho, been 

m.doe "nc" 1911. 

Adv."c., 01 "ea, ... , impor,.nce "'-, .. occur,..! in pr<>-

."e,alt . lam""" 110 ... on tn. ~ ·211\ .• hoo.·n ,"II~"'~ I~ . 

~· a. '~P'"."dl r ma,nt.,,,,~ 0 ,",,' vi,,~ally tn., '""",~ "·Ing. 

" loti<- , ... X·21" >I_'~~ t l.." I. ,n i"", lie .. ' COl.I~ I><: 

001.''''' in Ihgn,. ,I>< pt"l:,.m ... a. ' .... mi""t~d b<:lore 

mum Inl",nlation ~oo ld be ob'al~ .bout m.in' Cllal'>Ce. 

",,","'ional. and ~conomi~ a>po et> 0 1 a n lFC .irpl""". 

TcchnoloU <lev~l opmen" ,inc. ,n. pion<"e'ing w",k ... i, h 

,I>< X·2IA ',rna" by Nort"-"op .... d "oe Ai, Force oll., 

tl>< powlbili'y el a m",e practic. ' l FC 'r"""" .... 'ane ... 

'" comp.t,.,lonal aerodynamic. pe<mi' <lev.lopmro' 01 

adv.",od h'SO-.p«d ."fod and ... in, """,,ns ... i,n pte.· 

"". d;"' ibutioru ccndu<;ove 'e I. ml= 110.... lloond'''r 

lay... ".blli'y caln.la,ion me'hodo , ,..., ,... •• o..,n 

'cc""" y <Ie •• I",,",d eon be u>ed '0 opHmiz. ,I>< !lOCH"" 

di .. "".,,,,,,, '0 .. ,ain laminar lIo~'. Advanced ,,,,,,,,,,,.1 
mat"rI.l ..... d m .... ulac''''i''' ,eehniqv¢. shoul •• 1Io ... ,I>< 

"':onomlC <Ie,,"lopmen' 01 >mOO,h .url.ce • . 

NAS" ;, 'pen""'", .,,""';.. lamInar 110 ... contrel 

r<1IC.rch. n... "'0«. be,h ... i,h,n N"S" a nd ''''''''gh 

e""".cl> ... I,h II>< ",d'lStry. eeve" m. ny 01 ,I>< ptoe'ic .. 1 

.. poct> 01 "" •• Ioplnl a ... o< ~able lFC 'y".m. TI't" Is 

,,""', .... <:<1 ,e "" • • Iop .nd in,,,,,r.,. ,I>< ."ioul lFC 

",I>oy"em. ,n,e • valida."", a"plan.. Flolht .... tlng 01 

,hi •• i'pl."" '" • • imuloted .; ,lIne " n. """",...,' i. pI~. 

'0 ptovi<le nee ...... ' 1 m.,n'~"'''''., , .".bili.y, eeo",",lc. 

ond """ ... m.ne. d. , . >0 ,,..., .1>< oiro,.It indJitry .. ill boo 

in a p"'i'ion 'e mak" & ,eali>fic ... . ... """" of , .... 

"" .. ibl~ ~pflh .. at ion 01 lFC '0 future eO"'mer .. _,,1 " ...... 

1"'" .i'pl~ •. 

n u. lFC ",,,,.rch and ... e lopm.n, .. ork .. ill ,equire • 

num .... ' of Y"" '" pr""""" , .... nee ..... '~ in!orm., on . It 

IS ""Iok.ly 'ho' l FC <""Id .... e"",,de,ed prac" ".1 lor 
.i,pl ..... ",,"i,o. bel .... ,I>< I ... 1,",0' •. The le""nieal 

chall""I" are indeed l ... mi~I" Ou' .t>< I><>'",,'i al bene_ 

l it> .," "'8",ltean' . 

7. ) Turbulen'~ .. Sir,," Reduction 

In ,I>< 1"'" I .... )"'.". there n.. been ~j<le, a bl e jnter"" 

in .1>< paulb,li', 01 .",:<",. drag red<x:,jon by altering ,t>< 

",t.K'ur. 01 'urbul"", bcurlda,y 1.}'Cr" 

Some 01 ,o. oc .... m". 'ho' ,... •• ....,., e"",,_. d 'e ,,,.ox,, 
,urbulen' >he., "r'" .re ill ... ",a,,,d In fi, .... " II. M0iO< 

ptoblem. a""",b '"d ~'''h "itCh o.cn.m e are 01", . um_ 

mati"".. The ma jor .11...:, 01 m,,.. el , .... >kin lrie'ion 

reduct;"" . chem .. ,ho, a l, ... ,I>< tur".,l"n' """",,,e i. 

AI pr"",n'. ,~",,,,ch .e".i,ie. and undo .. '.nd"'1 of ,he 

' .:uic ",",ch,,,,,,,,,. 10< '~ducin, ""bul ... , ..... , "'" ..... 

In an N ri y ".A" 01 <Ie.eI~n""' . Ite",",<h "" ,I.,.., 
'~P'" 01 .e"vol; ..... ,11 con"""" ... i,h ,I>< hope ef di . · 

cov",i"lt. IN"bl. >nd .11 ... " •• "....,,,pt. 

en. of , .... moo, conlro,,,,,i.1 ""'10<10 In o i 'pl~"" ,eet.. 

no log~ lor , t>< lut doca ....... b«n ,I>< "'P'",,""ie " .... 

por" Until 1 ~7 1. ,he Uni'ed S'. ' n GOVffnmen,..,d The 

5cein~ Company .. er. Slumi", .1>< •• '0 buil' • com· 

me,cial lUp«oonie " .n.I""' . Bu, ofte, "",nl "I'P"';,;on 

,he prOVam .... t",ml"",.d. 

The F,enct..6ri,, '" jo"" SST , ,,n' ur,,. m"""whil,,. con

,inued iUld re",lted In •• i,nilic .. ' 'echnica l achiev.· 

men" ,he Conc ... <Ie. The Coneo<" I"w been hl,hly 

pop.tl., <lith ,I>< I"" .. ng"" ... he .... ve 1I0wn In 01. de",i'. 

II>< h,gh pr.mlum far .... Tn. ...... Iul lif. 01 ,ho C....,or<le 

as . commerci.1 ..,hiel. i •• hO ...... '. limi,e<! t.:c._ i, 

co"'e>'oo Ie ... pHSHI,I"" ond ....... ,00 m""h ' .... 1. 

FollOWIng ,he sn e.""e ll. , ;en. an •• ",,>men' "'0' ..... "" 
of ,t>< "a,UI of ,he techMlo~ . It.m. con.i"",e<! •• ,he 

""jOt" 'eeMic.1 ptoblem ..... ' . ;<!e-nm;e.. Table I <:on

I. in ••• umm.,y of ,I><", i'.m.. Flndl", .olu,i"", for 

,I>< .. ",obi""" . ..... then empl'la. i.., • . 

The ..... 01 'h" or ' In oup«oonie CI"se ,.emel"l' hu 

been "".dily . d .. need by ,he ...... 11 I>u, vlt.1 a nd pro-

",",c"'" NAS'" Supe<>onic C'YI .. It . ... 'ch ptowom. ". a 
, .. ult 01 coordi .... ted .11<>1"1> o! ,he N"5'" 1 .... _ 

", .. a,ch. con"OCl> ... i ,h Ind",,,y . and .ddition.1 ind .... "y 

'e""a,ch .nd de •• lopmen' """'e>. impor'on' . d •• """, 

I ..... been ma<le p"rttClJl."y in "",od}namICl. ",ue, ..... , . 
• nd prOpUI,ion. Solullol''' '0 ''''' major 'eeMie.] probl""". 

01 1911 ,....e boo"" ;denlilo"d. Eltl><r ,I>< I"oblem '. no 

long'" • cone"rn. or "I .. , .... ""'" "",,""d '0 twin. abou,. 
""Iu,ion ..... e ...... c lurly del,,,,,.. '"~ ean H ,....., I,,,,,, 

, . bl. I and liS ..... 16 . ~i Oef.ble I"ot., ... ,.... been 

m.Ot . i",. 1971 . 

Brenda
Rectangle

Brenda
Rectangle
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pub, .. ,. Tto< ~d,..,..~, roo."" 01 bo.>o,~ ' .... flnOl,,'W~1 

",,,,n·,, ,n '.'..,;''''. "'J'~"~h. ''''I>on~hi ....... y bl.l<lt 

<It"ln. _ <""''''' [N"iwloIo&Y. >rid in 'J">b .. _<,cl~ 

""1[ ...... Cy<ir- ... ,>b,IO[y ,1""'"' ,IT """l,nn , ,, opI't~[~ 

... ,~ ..... in ..-.... lI [dl' ....... '''K ,aIio;oH oowI 

1M>d,"K""'''' ...... ~ ... ", _,< «u,'" rU'e ...... '. ,..,.. 

y .. ..,bir-..ry<lr ...... , ..... opI't"e .,. 'ur"",,"" I ... ~I"c ..... ' ........ _.< ll'iIh'· 

,'.n,,,I ... in ...... "'" I~""'. 01 ,h. 'JI"i~bk-""Y1" k- ~"Ku"" I. 

II", ~bol"l '0 ""'P<" [to< •• 'oc"y ",ololr 01 'h¢ .. ' ~, 'hc 
.,..,,,k ,.,j ,. ,:",,",ul,. "",,10'. ~·i'h "., hi ~h. ""Q("I'y. 

h'II>-'.nopr", .... ,." on ,he "" .. ,de 01 ,f><! e."""" ",nm 

:and I.,..·.". •• I""lty !>n ~I. ,n 'Il< " "".'. ,......, ...... ...,.. 

... a .. ,d .i""'ic .... ' ""''''' .0GJ.c,ioM. 

S ... "" ", .. ,echnoloir 

A .. .,..' ''' .... , _~ ,,, ' Il< .noct ... n 'echnol .... y uu .... 
been ,rw ..... Iopmrn. _ -'oc~,;"" " I I,ru' __ """"" 

_10", :and ~dY~ "ompu,a""",' """hods '0 I~', •. 

IIc"b". _ ..... <e_"OMpo<._,y~ "'"I'. The ,ap.d 

"'_ 01 ,he ad.anced comp .. "a'i""" ,echnol"" .110 .... 

•• al",,,,,,, or I ........ 'i •• i ... u aM .W",,, ,," U .... e",,'d 

nol I"oIve ~n eon.i .... cd in 'Il< 1>0". Curr ... , "rr ... u 

in<:luc!t If><! Inc ... por.u"" 01 """'i ........ ir>ol 1U<V>e1 I".d. 

d .... In,o ,he ~ .... j .. lic .... ,y ..... 

S.""lic ... " .""_e. ,... •• been m.de ,n "' .......... "' ...... 
,oe .... ,..... One 01 ,""'" _M>C .. i. 'he Inc< .... .. 

capabil," ." ........".., .... " ~lurn'"""'"""'"&Zed .i ........... _ 

""",",c_ I .... ho&h_dlOCOoncy """"",.r c_, .. 
$uporpr.o .. oc f ... mi", and ,,~, d,rr"""" bond,,,, .. 
_,,.,.,. "' .... ;.,'" ........ "",,",., ... u. """anced c .... _ 

"""I., ""'y .,,,, "onno""", '0 m.,.." .lIie .... ' 11&h'_'lh' 

"'''''' ..... 

• """, ... ed _ .. , ... ,hie ......... "' .. ,,""""" 

• ~iml ... """ 01 "''''C poIMlI.,..m. c_ ...... ''',Of 
• _t . '''1-1 ...... ,"".., ."UIleme<O' , ... .......,..t ... "" 

_ ..... d ,,"""'" dr .. 

Fi' ..... 17 .,,,, Incl'" I""<>j<c'ed li!t/dr", ,.,,0 1 ••• 10 I", 

lu" ... ad • ....",d """"'IlKa .. "", c""",,iI,,·cd "'"i~.bl. 

F" .... II il","!ta'" ,he ouper_ .. i", ..... i ... """hod 

,,..., ".. -., de .. l~ ,,, incluc!t 'UI_'1ow 10 ... " •• ,,,,,, 

,,...[ c ......,. be .... «'Iy cal<:..e"ed br c ..... ..,. corr1f'Ut.I

,,00y1 """hods. U,., 01 "" ... ,'" .... '1" _...0. ".. 
............... d ' 0 ,I>e ; ..... """t IIIt/dr"l "'io 01 ,,,. SST 

,,"'c 1711 • 

Con.i ....... ble . . ...... ch ".. been di'«'~d" I"",,<>vin, ,he 

lo ... _.peed lill/oka, ...... ,ha, "..0.1 ...... .....,.d landi", 

..... IOk...,rr cMrac'~dUlc •. Low~. "'a, conldoo ... i .... i· 

fOCUr '0 • .,,,,,,,,,d c .... munI'y noI ..... nee I ... e",i'" 

po ..... ".""",ed. SupeI_ic .. ,n, pl ... l.,..m. typlc.lly 

""ye hi,"!y ._ ....... hin I ........ e<IiIn. Le.dr""' ..... 

110 .. _ • .,ion occ", ... ..... ""~ 1,,, coef l icien .. of 

,'-1 ..... ,_", on !I, .... hi,"'y ._ . .... p. This 

"''''''''«> _,"""" ok ... 

T"", .... u, ........ ., be"'ll ..,.,,..,1, .C>MI"ctwd ." ... "" .... 

' ..... "" ......... " '" ,lie 1ow_-"'hI' _ .... ,Ios. One 
_....:II. as iU"' .... e<I in ", .. e It. i •• 0 ..... _0-
dynamic dni,n "",.hods '0 de.e"", Ie.~",..ed&e 1"""'_ 

.,de. ,ha, "-"""'U .Il< ludin,_e<I&c .., .... a'i ... ....r 
''''''by "'tain .".ched 110"'0 ~1,IIe. 111, coellicien". 

An .'_na,i.., __ "",,II •••• _n in tI, ... 20. u .... 

"",_ "'di",..edSe flap des,," 10 con"ol ,he ...... "h 01 

,lie ."' .. . ,hal ..... 1 .. "om .he Id~",_~e ... _ •• ion. 

The con"oIltd _ ,ex ".. ... i ...... tw ... 'o«:e "" rhe 

... di"' ...... c llop _ .cn ...... e<ooIy ...... ic bulbouo...., 

'0,.. .... ' ..... _d llow on !he w"" ben....,.rw II .... 

L2 U.s.. SST POMibilille. 

Si,n,fie.,,, im,..""ert\flO" car> be e'pec •• d ",I.~ .npeel '0 

'.",e, , ... ! """"""'pI ion. "/WI,on",,,nl.!, and economic 

charac,., istic. 01 • 'u,u'. U.s.. SST by an cpl;mum dn"n 

inlq;'."on of ,,,. alor .......... ,_d '«Mlnl ad •• ,..,... 

One 01 l he moo' im".,..'an' ,..,_ •• 1I.-;. i"1 '-;or»mia 01 

, I>e SST i. ,rw coo, 01 1",,1. Inc . ........ he 1",,1 .II iclenq 

CMl .". •• Ior. be e.poe'" '0 ,.,. ........ illc .... Impac .... 

i"''''ove..! economIC>. F",,' cHicionc, I .... IIe SST i. 

comp;>ted with ,,.... I ....... ,;", ...... .....". --.c je' 

."pIoneo in I" ..... 11. A!'" ,..,,""' •• b .. " on .echnoI_ 
op .d • ....,....ince 1711 _ •• _' ..... ,.' i""'l""O_' 

""". ,I>e 1t1l SST. "" ~dY&nCcd • ...: ......... 1 oIojec.i •• lor 

• I •• ,,, I'&y .... d 5ST i. al... ............ TN .......... e<! COl>-

"' ..... ion will .. ,,,uir. 1 ... 11"00. Im",...."....,nlO In rhe 

1'<"',..... n ... ~~""..~, ro" .. " 0' to.>o,r I .... _I"It.r~1 

",,,(n_,, ,n ... ~I"'_ '''J '~'''''_ I .... bon_h, ....... y blJ .... 

_,~n __ r ... 'I0", '<"('hrIoIo&y- ;one! ,n ..... _ .... ,<:1. 

...,. ........ eyr"" ... ,;ob,I"y "..". ........ ...", ...... '" """,a,. 

................ In ..-...- lI,dl'_ ........ 0'01; 'Noll _ 

L.>ndi"';"'''' ..... ,~ .. '''' _,r r'~, .... tlor ...... ). n... 
.... "'b ... .ryrll' ....,.,"'" """,J.r ... ,..no,." I ... f'l1o."",' 

......... _'r tt,w"_ 

""",,,,,,, In",,",'"'' I~~'",. 01 II ........ I'b ...... ,..it' _,,,.. i, 

.t\< ,bol"l '0 ""'P<' ' ..... ~IQC"Y F"ofM ot .t... F' " .he 

... ",,. ,- ,il. C ........ I" no" I ••. • ·itt> ,I", I,, ~I\- •• , .... I'y. 

"'10.'''''''1'"'' ', ..... F' "" ,I><- ...... ,<k ot ,I><- .,.1>;0"", ... um 
_ I .... 'rt • .,I ... "y I,n ,1, ,n ,ho """". huc .....,...,.. 

ILfa",d .. , .. r"""" _.., ,r<k>c, ...... 

A .. .,..1>" ... , _ ........ ,n . ho .1IICt ..... '-"IY •• u .... 

-.. "'" .... "1111""""'" _ W"'., ..... 0' J,n"~_' 
_10,,& _ ad •• .,...,d " ,,",pu" "oNl m'''_ '0 "", •• 
rlc.iblt. __ ,c.uonopot ' · 'y"",, ... ,np. The ,.,.d 

"'_ 01 ,he "" .. need compo,na'ioNl ,<'<mol ol)' .110 .... 

" •• 1""""" 01 Inno •• ,i •• , .... u an<l .PPl'_"'" ,1\0, "wid 
no' 1\0 .. be<n e"".i .... 'ed in ,he p.o.". Cu" ... , .rr",!> 

incl""" , he I"" ... por.""" 01 nonlo,.,.., ... Ir>d ' ...... 1 I<>od. 

d ... In,,, ,1>0 .,,,,,Julie .,..Iy .... 

St""" .... , ...... _ .. No •• betn m.do ,n , ,, .... "'" "'_ 

toc",,"'4I' One ot ,he« ....... M>C •• i. ,he mc.u .. d 

~Iot, '" ........ 10<; ..... I""''''' ..... brut<l ",_ ..... -

I!rInryc_ I ... hoclt--ellocOency .. ttIC ' ..... , c_,,, 
$upofpla ..... r. .. m,,,& ..-.I cann.-~, d,IIUI'- _ .... .. _,,,.,. "' .... i.,'" ,.,.01 .. ttIC' ..... , atn. """_ c .... _ 

"",,1<, ""'Y .1", """uibu,. '0 ........ ,flei. ,,, lI,h' .... 'lh. 

ItttIC,ur". 

• 1m",,,,," .,.....".., ,hoc""",, di""bull"" 

• o,.,ml..,,,,,,,ol ... ,", ",_orm. <.omIlft. ~"" .... , .. · _t 01 '''1_1"""",.., ."""'~' lor ,_d .... "" 
_;q ... d !lOCI""'_;q 

Fi, .... 17 .1", 1",,1""", pt,,)<'C,t<ll ih /_;q ,.,10 1 ••• 1, lor 

lu, .... "" • ..-.:..d .....,10, ..... '....,. c ...... ,dof.d achiev.bI. 

F" .... II il"-"".'" ,he ...... -.c ... i", don"n me,hod 

,1\0, 1'00, ~ ... Ioptd '0 1""lucIe ,ul·I""" 10M".', ..... 

,1>;0, c ........ , "'" dt, <,<lIy ulaol •• t<I ..,. ( .... en' compuu-

11"",1 ""',-. U ... 01 , ....... ,'" .... '&" _...ch hal 

....... ",b.".d ,,, ''''' ;......-_t liI./_;q ,.,10 01 ,he SST 
"nee Inl • 

C ..... I .... '.ble , • ..,.,ch ha. """ di,<,<.t<I., I""" ... ,n, ,he 

lo ... _.peed Iol,/do., ,., ... 'N" 1"0.ido .n~~d w,.!i"l 

~"" '.1«011 c l>.l/&<:,.,I"I<,. L ....... <Ira, (onuibu ... i ... i_ 

,,,,,tly '0 ,.<Io.J«d c .... ""''''1f not"' ... ne. 11tS. 'IIl''''' 
po ...... ",~".d. s...>et_ ... 1", ", ... Iorm. Iypl<olly 

hi •• h" hly 'MOP' 0"" ,hin I"odine e<!oIltS. l •• dinr. ...... 

110" _.,Ion OCC .... 01 II>e h1Jk ri l , coel' l iclen .. of 

w.:-fI ."" ,_", "" ,_ hil"'Y '''<P' ""'I'- nu. 
"'.......,... _ . ....... 1 do;q. 

T ......... uhom •• 1><"'1 ..,.1 .... " ,e_""",, ,,, pt"". 
J......-"" .......... " in ,he """ • ..,...,l1h cit., ,...... One 

__ "- •• ill"",.," In "1"''' It. I. ,,, .... _0-
dy .... mie doni," ..... ,_ '0 "" •• Iop "'."'''C ....... , ......... 
""e. ,ho, ~ .. ,he Judlnl_ed&o ......... 'ion ...... 

'he,.by ,.,.in ~n&C""'d 110'" '0 Itl' ...... III, codlici .... " . 

An .,1<.<>&'1 .... _oach .... _" In IIpe 20. u .... 

.....,_ "'.di","'d&" nop don,I" '0 c ... ",ol ,he ", ... "h 01 

, ..... Yor'" , .. , ' .... 1 .. t",m ,he I ... "'''' ...... _""""-
The conuGlltd _ ,e ' ", .. Idon • , ...... , lote. "" lite 

"'adi .. __ • nop _ .<1 .......... """ ...... it; buIbouo.--. 

'" ", .. ode ."adled llow on "'" "ina De"""' !he I lap. 

L2 U.S- SST "-ibllit lfl 

SI,nifiu", imptOY....,..," • .., be •• """,t<I ... hh 'eopK' '0 

, • .,..,. l uel c",,.,,mp,lon. coyl." .. ""...".I. and ec<>nomlc 

CNo,ac,., I"i", 01 • lu,y .. U.s.. SST by an <>P.im ......... lln 

in"",,,,,,, 01 lho . lor ........... I ..... d to'Chnlc.1 .d •• nces. 

One 01 ' '''' moo, impor'''' lac' ..... Ih,chn' .... ...-nia 01 

,he SST i . ''''' coo, 01 ,..,1. Incru.1fot 'ho J..,! 'lIicic-nc, 

eM> ''''''~!or~ be .. pee'" '" I\o.~ ..,..1", ... , Impac' "" 
i"'",o~ «:0'_'''0. F_I .Hic_, lor .he SST i. 

c""'pwt<l ... lth ,1\0, I ... u""in& _!dot.body ..........., ie' 
'''piM>n i" 11&"" 21. AI'" .. ,ima,,, booed"" , __ 

"11' .d.~ .mc. 1'71 -.. _ .... ".1 1_0_. 
_, ,ho "11 SST. "'" _ ..... d teCltnoI,.y ob)t<:Il •• I ... 

• 1. 'Ie payload 5ST i. al"'~. TN. o""anotd con-

11' .... "0" will '........ lur.ho. Im", .. ...,...n" 1ft ,he 
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va..,.bl~_qcl~ ~~,i"" and .ddltional ~-eisht •• vin~ Irom 

,dvanco:d 'trucu ... ~1 materi . l.. The c,",lI~nge lor the 

• ~rody""mic," ... ,Il be to d<'v~l op t M a~rod¥namic slwl>'" 

c horacteri .. ics to cont.,n t .... p,' ... ng~ .. "'hil<- r~l,inin~ 

hi,h aerodynamic "Wc,ency . 

Boein, 'ecen<l¥ completed ;an in_depth «onomic $Iudy 01 

a family 01 advanced ",personic I,an.port airpl. "", . Ten 

.irplone . .. ·.,..e de/i""d accord in, to siz~, pa¥load, ar>d 

rang ... Operating costs ""ere then c.JculUed :and "",d 10 

dete rmi"" . .... t ouri>! cia .. yi~ld s .... cha,g .. requir .. d lor 

..,ch . upersonic airpl."" '0 ac h,eve ti><' ... me return on 

investment a, on a rei.,..""" ... ubsonIC air pia"". Addi_ 

lion.Il¥, key ",,,,,omic laclors ...... e va,ied:and the impact 

01 lhese va,iations upon .he nomin.1 .urellAr,e ",as deter_ 

mined. R ... ult. Irom tM ~conomic >!udy ar .. shown in 

l i,..-e 21 lor a I~I pric" 01 $2.oo/,al f1~ao dollars). T .... 

"","char,e lor t .... adva""ed SST, indicUed in lhe li,ure, 

"'Ollld be appt"oximately I'''' relativ .. to t .... rel .. re"" .. 

""b""ntC airplaM. This fi' ...... al.o il lust'ales thU • 

lurt .... r improvemenl in 1",,1 .. lfici"""y could result in 

_ 0 ..... char'e lor lhe SST. 

Today • Coneorde passen,e' J>ly, a la'Se .urcha"e_ 

aboul I ... ice the economy l a ,e. C"'''ide'in, lhe 

Cone",de', popularity. t .... economic viabililY of a IUlure 

SST ,equi,inS a much omall.,.. .urchar,e korre.pondin, .0 

.he economic .. cody , .. ""Its) a~a .. hi,hly probabl ... 

In .ummary, it aP"P"ars .echnically I ...... ible to have an SST 

thai could be ope,ated "'ith economic .ue",," ar>d .... i.h 

acceptable "nvi,onmental chooracteri .. ic •• Dillicull lech. 

nical problems still remain. TM linatti.1 problem ,. 

" "",mcus. Possibl~ Gov~nmen'al J>ll"ticiJ>lt ion makes 

t .... prOllrMn e specially ..",.ittv" '0 political pre.""res. 

The U.s. SST" "ill vi~w ed ne,ati v~ly by many people in 

lhe United 5lales. The "revoluti"" .. y bre .. throuNo" lor 

lhe SST may be in .chievin, the public acceptAnc .. and 

political . upper. """e ..... y lor a n SST development 

program. 

i.e "'ind Tunnel T~stina and 

Computational Ae, odynamics 

The .erodY>lAmic des'gn tOOl., ""hich include bolh com· 

pul . lional a.,..odynamics and wind tunnel tes'ing, ",ill play 

imporlant role. in achininK the "'",ementioned evolu_ 

tionary ar>d revolutionary aerodynamic advances IlvouSh 

design iMe Valion ""d adva""ed aerodynami c concepI 

developmen.. The compute r ",ill not "·place 1M ""ind 

1 ........... 1. The importanl "" .. tion " too .. · to u'" the CDm_ 

pul er on lhe one ha nd. a r>d lhe ,.,r"Id t ........ 1 "" t .... ether. 

in a complement.ry way to enhance t .... desisn pr""e ..... 

indical~d in IiKure 2J . T .... ,,,,,,,, . h. and lomita""". 01 

lhe ,. ind lunnel '~'ttnt a nd compu'.'i"",,1 ' ... " nl a re 

indeed complementary. u .too,,·n in lable 2. 

i.l Wind T""""I Tes""! 

Tradi""""lI y. the airpl . ... de. iS""'" has looked "" t .... wind 

t......".,1 as h" main ""rodyn.amtC tool. The increased 

complUity ""d broadened perlormance envelop<"' 01 

modern ai rplane. ha"" re"'lted in a progress ively ina.., •• 

tnS dem a nd lor .... ind lunnel testint as a ~ ital J>l1"t 01 lhe 

a",odynamic desisn proc ..... a. !ohown in li' .... e 2~. The 

current emphasis "" impr ov .. d 1",,1 economy .... jll requi,e 

,m proved ""ality 0 1 tes'ins a. well AI dev.,lopmenl 01 "",. 

facili t ie • . 

The accuracy 01 Current wind tu.....,1 measu'"",ents lor 

prov iding luU· scale drag predicti"". i. limited by a """,. 

ber 01 l actor •• a s .hown in Ii,ure 2}. s.ome possible near _ 

lerm .... ind IUIVI<!I advancements Ioa",d on c urren\ 

:and developm .. nt crlorts are summarized in table). 

Major neIV devel<>pments requidnS .isnificanl capilal 

expeJ>dilyre. ,.ill probably be ",,,ri<:led to Ccvernmenl 

I.ciliti .... Indeed, an important objective lor Governmen t 

agenci~s is to lore ..... 'equirements lor developmenl al 

t~t l adliti" •• nd to Mve them ope.aliortal .... hen IMY ar .. 

needed lor new project>. The c""""OCt''''' 01 lhe hiSh 

Reynold> number cryogen ic Nali ...... 1 Tran.onic Facility a t 

NAS"-L:ansley. and lhe new 10_ by 120_It test .eclion lor 

tn.. ~e_ by to-it ",bSOf1ic I ....... el at NASA_Ame. ar" 

eumple. 01 near _term developments thool .... ilI all~viale 

t.m 01 ,he c .... 'enl major limitation. 01 ",ind t ........... 1 

lestin,. 

It i. anticipo'ed l hal • prjmary role 01 these UNq"" 

national ",ind t ........ el., lor 'r>d ...... y, will be to solve special 

aerodynamic problem' and to prOVIde inlormati"" l hal i. 

...oblain1lble Irom olher lacili.ie. . Moch 01 .he e ' peri_ 

menl . 1 developm""t ... ork 01 ne", aerodynamic concept 

a",plicatioru to CDmm~.d.1 ai_. pl..,es ",i ll continue to be 

conducled in ........ .,...ity or pri.a .ely "",ned ",ind 1,"",1 •• 

The near_term improvements r", tMse lacilitle. wi!! 

include_ 

• 
• 

New data acquisilion ' ¥"em. '0 provide hiSh pro. 

doction 'Ue. to min imi .... I ... , time 

R.pid onJi"" data . ... Iy.i. to provide ,uida""", dudn, 

va.j.bl~_qc le c~,i"" ~nd .dd,,,,,,,,,1 . -C L&ht .avin~ "om 
adv.n«d ,"uct<, .. ~1 mated.b. n.., ch.::tJlenge lor the 

acrodyn;ILnLct1t ... ,1) be to Mve lop the a~rod~nami<: shope 

d .... r~ctcris"cs to conta.n t .... pa''''ng~'' "'hil~ relaining 

hi,h aerodynamic ell,e,ency . 

BocinK .ecentl~ completed ;an in_depth """""""e >ludy of 

• lamily 01 advar>eed ",personic ".n'~t "Irpla"", . Ten 

.irpl~. were defined accord in, to ... c. payload, a.-.d 

range. Ope.ating cos .. " 'ere then c.lculated ;and .....,d to 

determ,ne the tour .. t c ia .. ylcld s...-cha.ge ,~ui,ed 'or 

,,"ch .uperoonlc airpla"" to ac h,ne the ... me re'urn on 

in"""ment as on " refc.e,"",e suboonic airplane. Addi_ 

""".Ily , key economic 'ac,,,,s ....... e va"ed and tl><: impaCI 

01 ,hese •• ,i.,ions upon lhe nomin.1 • ...-chAr'e ... '" deter_ 

mined. Rc.ults from tl><: cconomic study are "'_n in 

I1S..-e 22 lor a fuel price of S2.00/gal (19&0 doll.rs). The 

.... rcharle lor the advanced SST, indicated in the lilurC . 

.. ',,,,M be app"0. ima.ely I'''' relat .. e to the relerence 

iUb50n,c ai'pl"ne. TN. fi,ure al.o ,l lu'".I''' that • 

furthe, 'mprovemenl in luel elf1dency c",-,Id result in 

ZOOfO • ...-charse for lhe SST. 

Today " Coneorde pas"""er pay. " I.,ge . urcha,se

about I .... ice the cconomy I. , e. Co .... iderin' lhe 

Coneorde', populari'~, the eeonom,c "abilo,y 01 • IUI...-e 

SST ,equiring a mILCh ,mallcr .urcharse (carre.ponding '0 

lhe eeonomic otudy ,eiUlt.) appear> hi,hly probable. 

I~ ,umma,y, it . ppc.r> • .-.;hnically leil5ible '0 havc an SST 

,ha, c""ld be opera,ed ... lIh .-.;onomic .ucce .. a .-.d with 

accepl;o!>le environmen,al characteri."c •. Dillicul' lect>

n,cal problem. still remai~. The finarfcl.1 pL"oblem i. 

~""'mo"'. Possible Co.~nmental p;orticip;otion make. 

t"'" pr"llrMfl cspec ially """,it ive '0 politica' pre .. ur .... 

n.., U.s. SST,. .,,11 vie", cd ne,a'ively by many people in 

• he Uniled 5'.1 .... n.., "revolutton .. y bre ... ,hr""y," for 

lhe SST may be in achiev in, the p<Lblic acceptance and 

political .upper. neee ..... ry for .~ SST devclopmen, 

pL"OV am. 

i.O Wind Tunnel Testi", and 

ComputU"' .. al Aerodynamics 

The aerody""""c deo'Sn tool., ",hich ,~clude bolh com_ 

pLJ.alional aerodynamics and ... ind tumcl t",ti"ll, ... ill pl.y 

im~lant role. in ach,ni"ll the af<>remen""""d ,,"olu_ 

tionacy and re""lu,l".....,.y acrodynam,c advanc ... IIv"'-'Sh 

de'i,n in.ega.ion and advar>eed aerodynami c concepi 

development. n.., eom!"'.e, ... ill no. r~lace .he ... ind 

IUL"V>C"I. The ih' p""."1 "' ... ,,"" " 110 .. , .e u'" .he c,,",_ 

pul er on lhe one hand. and .he> ,,',nd '...., ..... 1 on ,he ,,'her. 

in a c""'plcment.ry ... y '0 enh,mee .he ""'isn procc ..... 

indicaled in f'gure 2l. The "",nglh. ~n<I 10m".""", of 

li>e .... ,nd '...., ..... 1 te,"ng and compu'"ti"",,1 t"'ttnl . , e 

indeed complement.ry •• s .he .. '" in loble Z. 

~. I Wind T""""I T",,,"II 

Tradi"onally . the .irpl . .... de. igncr has looked on the .... , .... 

1....,...,1 as hi' main ae,odynam,c tool . n.., incru",d 

com pl .. i'~ and br",,~d pcrformanc" en ... lope. of 

mO&-rn ai rpla ...... have resulted in a pr""e .. ively inae ... _ 

m!!. dem4nd lor wind lu ...... l .es"ng a> a ."al p;ort of ,he 

"" . odynMflic dc>i,n process, a. shown in fisure 2~. n.., 

c .... 'en' e mpha'i. on impro..,d fuel cconomy wjll r~ui'~ 

improved quality of '''''inl.' well a, devrlopmenl of ne ... 

facili t ie • . 

Ti>e accuracy of C .... rent .... ind t.....,.,J m~iI5ur"",en" for 

providi", full_scale d,,", prediction. i. limited by a ...... _ 

be. of lact"'" •• ,,,,,",,n in "sure 2). Some po"ible nea,_ 

tcrm wind lunnel advanceme"" b.OIed on c .... rcri1 

and development eflorlS are .ummari~ in t.blc). 

Major ne'" developmc-n" requirin • • i,nlliea", capilal 

expenditu,es ... ill probabl y be ,e"riCIe<! to Go.ernmenl 

f.c,li,ies. In_d. an import.nt obj"':li." for Govcrnmen . 

agencies .. to fore""" rcquiremenl$ for developmen, a, 

t""t ladlitie. and to have 'hem ope,a,i ....... 1 when li>eyare 

needed for ne", projccu. The c"""truction 01 lhe hilh 

Rcynolds number cryogcnic Nalional Tr.ruonic F.cility .1 

i'I .... SA-L-onSley. a.-.d lhe "" ... 10_ by 120_1t t",t .ection lor 

me 40_ by 80-It ",boon;c 1,-"",,1 at NASA_Arne. are 

eumple. 01 near_tCl"m devclopments thai will aile vi.", 

' ... 0 of tm, « .. rcnl major limlta.ion. 01 wind tunnel 

,es'ing . 

It i, an"cipated that a pr,ma,y role of 'hc5e un.iquc 

na"""al ... ind t ....,el •• for ind",,,y, .... ill be ,,, .01." ,pecial 

.... rodyn.mlc problem' ilt>d to prOVIde information , ha, is 

unobtainablc from 01""" lacilo . ic. . Much 01 the e.peri

mental de ... loponent ... ork of ne ... aerodynamic cOL'!Cep' 

applica.ion. to commcrcial al,pl."es ",i ll continue to ... 

c""due,ed in ....... er. ily 0.- privately """ned ... ind lunnel •• 

The near_term improvements !or ,hesc lacllille ... ill 

include_ 

• 
• 

New data "cquiSLIion 'y"em. to pro.ide high pro_ 

duction rUe. to minimi.e 'Mt ,ime 

Rapid online da,a analy.i. to pro.ide su,dar>ee OJ ,in, 
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tl ... ",.t to 11l" ''''''~~ tl ... a",,,..,\ 01 ... "Iul i~l<>rm~. 

""" 
• Co",pu,~, con"ol 01 model ar.d lu", ... 1 1>;"atn~I"" 10 

inc,ease "'"nwary 01 I~ do'a 

• 1:<I""si>le use 01 c"'''puta l i"",,1 methods to e<po"" 

decreased by a lac,o, 01 10 eve,y 10 y"vs. Tl>ere i. 

evodence Ih;n developments in tfte nut 20 ycars ",ill be 

eq.oall y dramatic because_ 

• Compute, led .... ology conli"""s to ",ovide biUer .nd 

and intNpolate the p' p<'rim""t,1 dot. 1>.>", belle, machi ..... 

In acld,lien. novel (1o",' v'>lJ.lIi'alion 'ed>niques ar.d 

• opItistOca,pd n,,.,. in",u"'''''ta''"" . ·i ]l prov;"" "!Of" 
",,~u,a,e ,,,"a'ure,,,,,,,,, ""d «>har>ee<l physical unde,· 

.. ondin& ....... h min' mum d"tu,ba""e to tfte flow field. 

"'eva""es in computational aerodynamics in 'M PU' 20 

yean h' .. e bee<1 d,ama"c. Twenty yea" aKo, our compu· 

talional capabilities wefe mainly limi'ed to ,wo-dimen· 

.i "",,1 .nviscid 110" f,eld ana'ly.e.. Th,,,,,,·dime,,,ion.o.l 

li""a, t"""'y method. ",'ere j ... t ...,der devel"""""". 

Todo.y ... e 'ouI,,,,,ly conducl inviscid analy.i. of complete 

ai'pl..,., configuration. in .... boonic and ..,personic flo .... as 

.. ell as winl'body con!iKoratiOfl' in "M>SOflic Ilow. 

fumple &l>plication. 01 IMse inviscid ."aIY'i, capabil i. 

,ie. a,e shown in !iKure 2' . 

... si",ilic",,' amounl 01 ",oK,e .. ""s also been rna"" in 

U .. _, ..,,,,,,.1 l"'~' In ou, ability 10 colcul., e ""'ee. 

dim"".ional bounda,y layefs over i,.."ea.in&!y comple. 

om"",. The couplinl 01 nonline .. i~vi.dd calculalion 

""'tl'lodo wi,h thr"",·dim"",ional boundary layer calcula_ 

tion """hods, as ,hown in fj~ .. e 27. i. eme'KinK u a 

ClX,ent ",odcoct ion tool. 

Addi,ional prOZ""s ..... b...,n made in ""velopinK spedal. 

ized tKl>ni<J.l'" to ",edict the effects 01 ce,'ain cl ....... 

of "'para ted flo.· • . Amons these are melhods ,""1 

,e",eoent the "'para,ed Ilow boundarie. by v<>rtn sheelS, 

... hooe s"""&th and localion are de,ermined ite ratively 

.. I~I the ,~~·di"", .... ional """,lincar i"viscld code>. 

Applicalions 01 IM.e ,ecl"'"q"'" to ",educe tM llo ... _lield 

characteri."c. 01 • ,wo-dime",;onal, hiK"-L ift .ystem and 

01 a leadi"l-e<!8e v""e. of a .Iende, three·dim""si"...1 

.. in, a.e >how" in fi~ur .. s 28 and 29, re.peclively. 

The evoluli""",y developments 01 our compulali"",,1 

me,hod; hove 'equi'ed -revolutiona,y" developments, por. 

'"",Iarly in compu ter 'Kmolon. Belween I'}(l and 

Ino. adva,..,e, ,n compuler 'e"".,.,lozy ,,,,,ulted in com· 

pu,lnK .peeds inc,easing by a lacle< 01 10 e",,'y } y"vs, 

.. hile lhe COSt 01 compulin, a K;v"" lIow Held "'" 

• Computa,i"...1 methods to dUe ,",ve demon .... ted 

• 

.uch VAl"" t"'" hiK""r level manaK""'''''' .... pporlS 

con,in""d de..,lopmenl and u ... of ''''' methodo in I .... 

deoi~n process 

Maior ,e.nrch ",ozrams s_ted by ,fte U.s. 

Cove<nmenl and ind .. try, a. well a. t~ 01 lorei", 

c",,"tries, are ,howinl delinite proz,e .. in developin, 

""'tl'lodo ,ho, will ",ovid .. do"", O!>pro>.ima t ions to 

tfte fluid physic, 

Diffe,ent levels 01 compulati"",,1 aerodynamic> melhodo 

are shown in liz",e 10 . More adv.nced mell'lodo will not 

"-'f'<'"e"" earlier methods. Instead. adv.~d melhodo 

...ill be u""d in conj,"",lIon "' il h earl ie, metl'lodo to 

",ovide a ""i,a,chy of desiKn tool. 10 be used succe .. ively 

in KuidinK ""w aerodynamic desi' .... . f,om a Con<:ef>lUal 

i"". 10 a final definition. 

10.0 Concludi", Remarks 

!J,sc ... .,on. ,n II,,, pap'" 01 aerO<1ytamiC e ' pec,,"lio'" 

hove empllulzed ae,ody..amic efficienq im",ovcmenlS 01 

comme,cial "an...,..1 . i'planes. We expecl t"'" tM n"" 

Ke_alion 01 tr_"'port ai'pla"" ... ill be . imila, in lorm 

'0 today', ai'plane.: hut with evolulionary im",eve""'n" 

in aerodynamic. OUWOrted by I,adual application 01 ,evo

lutiona'y advancements in OIM' t...,molotie. such u 

/liZht conl,ol. and struclures. The new ai' pla ..... ,.. ill 

""ve beller wi", desizn., bette, nacelle i"'tallalions, and 

La'Ke, win~ 'pan', TM mO .. likely ,evQluti"...ry ""velop

ment is e ' pecled 10 be a ,evit a lized U.s. SST ",ozram . 

We ","ve not di"", .. ed lhe ramifica tion. 01 altema, ive 

1",,1. en a irplane ae'odynamic desizn choracle, istics. It i. 

con.ide,e<I tecmically feasible to desil" a irplane. pro

pelle<l by liquid methane. liquid hydroKen, 0, e""n ,,",dear 

luel. Ho"'ev .. " tM economia and system. development 

p"cbl"",. of adv~ed fuels do nol make ""ar·lutere 

applications to c ommercial .i'pl.".,s appear Konomica lly 

le;uible. 

It was pointed oul ,""1 .everal yea .. a,e 'equi .... d 10 

develop. ""w tKmolor.y, from inilial ,esea,ch to mature 

stat .. 'eady for p,aclical application . The'e is evidence • 

""" 
• CO,",PUI~' cormol 01 modol ~nd \u ...... 1 po,"-tO~'~" Ie 

inc,e~.., ","c",ary 01 '"'" <1.:>1"-

• E. ",n';>1~ u.., 0' co'"p"', ' ",n,,1 n.ctlK><!o to expond 

decreased by • lactor "f 10 eve,y 10 l"'v,. There i. 

ulclence ,lIat developments in tile ne ' l 2{l years ",;11 be 

equall y dr.matlc because_ 

• Compute, ' ecmol"lY c""li ....... to provide biUB and 

and inlNpol,,,, Ill<" "' p<"r""""t~1 d.:Jla b,;.., bener mac~i .... , 

In ,cldlti",.. n<,,"" "0''· v ..... li"liOl> 'e<"hnlque. "nd 

.oph .. ticated ""w ;"u,u'"'''''t'''''''' .. ·,11 pr"vide lnor" 

""~Uf~'e rnN'ur~IH""" and .-nIIa1">«<l phySIcal unde,· 

>londinS. v",h mimmum d",u,b,,""e to tile flo .. · f ie ld. 

... dv,,,,,,,. In compulatl"" .. 1 aerodynamIc. in the past 20 

yea ... ,",ve ...,.,.., d,am"\lc. Twen.y yeo .. ago, OU' compu· 

IJlional copobd"ie. wCfe mainly limi'ed to two-dimen· 

,i "",,1 in .. scid 110'0' f,eld . ".,Iy.e.. T~,,,,,·dime,,,i,,,,,,1 

linea, theo<y method ... ·ere j",t unde, developme<>l. 

Todo.y ... " ,oullnely conducl invi.cid analy'" o( complete 

."pl...., confiB",,,-ti,,,,, in ",I:>sonic and lUpetsonic flo ... as 

"'ell as ... ing.body c""flguration. in UAt\Sonk lIow. 

Eumple Il>pllcallon. 01 lhese in. iteid ,naly'i, capabifj. 

tie. 0,,, shown in f'Kure 2' . 

... 'i",mcant amount of pro"" .. "-S also !><'en made in 

Ihe _I ""er.' Y"~' in our abHlIy ,0 calcull,e lIvee. 

dimen.i"",,1 boundary lay.,... 0_ i,..,rea,in&!y complex 

>toapet. The coupling 01 nonlinear mvi.dd c.lculallon 

metllodl; with thr"".dime .... i ...... 1 boundary laye< calcul.· 

tion me,hod •• as shown In fisure 27. i. emerging u • 

ClXrent pr<>dco(:ti"" tool. 

"'ddi,i""al ~ogre>. lias !><'en made in de,eloping ."""ial. 

Iud teehni'Jo"" to ~edict the effect. 01 ce<laln cl", .... 

of "'p;lrUed flo.· • . "'m~ tlle.e are met !>e<ls 1"-, 

re~e>enl ,he ..,porated flo~ l>ound.:Jri". by .. )"e • • heen. 

",Moe .treng,h and locat;on are de,ermir>ed iteratively 

.. Ing the tjy~·dime",i ...... 1 non.iinear inviscid codes. 

"'pplicalions 01 lhese .eehnlqu.", t" produce the !!o ... _field 

cllaracte","~, of a t ... o-dime .... ' ...... I. hig~lilt .ystem ""d 

of a leading-e</3e VOrl,," of a .Iender thr~·dimen.i ...... 1 

wi ns are >1>0 ... " i~ I'sure. 28 and 29. respectively. 

The evoluliOf\ll'y de .... lopment> "I our compulat, ...... 1 

melllodl; "-ve reqUIred "'''.oluli ...... 'y .. de>l"lopm"nts. I"'r. 

t>o.larly In compu 'er tecmology. Bel ... .,en "}() and 

1950. ad ... ,..,e. In c""'pu,er te<:mology resulted in com· 

pu'i", .peeds increa.ing by a lacto< 01 10 every S l"'v,. 
while the ccsl 01 C"",pulinS a g.-en flow field ,,-, 

• Computa""",,1 method, to d.:Jle "-ve dem""u,.ted 

• 

wch 'AI"" 1"-, hiSllo, lev.,1 m""agemenl "'ppo'" 

c""'i~""d de'o'elopmenl and u.., of the metllods in 1110 

""'iSn process 

Major re~arch programl ._ted by tile U.S

Co'e<nmenl and ind .. try. a .... .,11 a. lho>e of foreign 

c"""tdes. are showing delinite ~osre .. in developing 

methods ,"-I IYill ~ovide closer ""~olll""";.on,, '0 

.Ile fluid j>hy.ics 

Oillerent level. 01 campu'ali"",,1 ae<odynamics m"lllods 

are sI\o"4.-n in lizure 10 . More Advanctd melhods will not 

"'P""ede eA,lie< m.,lhod.. Instead. advanctd melllods 

will be u..,d in conj,"",llon .. Ilh earlier metllodl; 1o 

~ovide I lIoi'.rchy 01 ""'iln tool. 1o be used wccesslvely 

in guiding ""w ae,odynamlc designs. Irom a conces>lual 

idea 1o a f inal definition. 

10.0 Concludir>g Remark • 

lllscuss,,,,,. In II,,, paper 01 _OCIynarmc e. pectalions 

have .,mphaslzed aerodynamic efficiency impro""",ents 01 

commerdal u.n,.,.,,, a irplanes. We upe<:1 INt' lhe nex, 

g.,ner&lion 01 lrMlllport airph."". ",ill be ,;mil.r in lorm 

to .oday·, ai rplanes: \>Ut ... i.h evoluli ...... 'y lmpr"""men" 

in aerodynamiC. suppor ted by sradual appllcu lon 01 revo

IUli"""ry advancements in o,lIor teem"IOSie. "",h as 

flight COl>lroll and Itruc,U(es. The ne", airpla...,. ... ill 

"-ve belle, ... ing desi", •• better nacelle installalions. and 

larger wing .pan •. The mOst like ly re ,olulionary develop

men. i> e ' pe<:ted.o be a revil allud U.s. SST program. 

"'e "-ve not di"",...,d .110 "milicl,ion, "f . ltemali'e 

1",,1. on airplane aerodynamiC desi", ci"larac.erostics. I, i. 

con."Se,ed technically lea.ible 10 delign a "pl."", pro

pelled by liquid melhane. liquid hydrogen. Or even ,"",clear 

f""l. Ho ... ever. ,110 economic. and .ystem. development 

problem. 01 ad>anced fuel. do nol ma~e ..... r·lutlJl"e 

applications to commerdal air pia...,. appea r economically 

feasible. 

It wa. poinled t)U\ 1"-, .e,er.J yea .. are requi...,d 10 

develop a "",.. techrlolor.y, Irom initial research to m ..... e 

" at .... ,udy (01'" practical application . There i, evidence. 
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Table 1 SST Technical Problems of 1971 

1971 MAJOR UNRESOLVED QUESTiQNS 1979 STATUS 

• OZONE AND SIMILAR ENVIRONMENTAL • MORE ACCURATE FORECASTS SHOW 1971 
CONCERNS PREDI CTIONS TO HAVE BEEN WRONG. 

CURRENT EFFORTS CONCENTRATE ON 
BETTER UNDERSTANDiNG OF ATMOS-
PHERIC PHYSICS AND CHEMISTRY 

• AIRPORT NOISE • SOLUTIONS IDENTIF iED. CURR ENT 
EFFORTS CONSiST Of DEFiNING REQUIRED 
VALIDATION AND iTS COST 

• SUPERSONIC CRUISE RANGE FACTOR . 20% IMPROVEMENT 

• SUBSONIC CRUISE RANGE FACTOR . 22% IMPROVEMENT WITH VARIABLE-CYCLE 
ENGINE 

• AEROE LASTIC PROBLEMS • ADVANCED MATHEMATICAL MODELS PRO· 
VIDE MEANS OF SOLUTION. CURRENT 
EFFORTS ADDRESS INCLUSION OF WIND 
TUNNEL LOADS DATA IN MATHEMATI-
CAL MODELS 

• FUE L TANK SEALANTS • RESOLVED. CURRENT EFFORTS ADDRESS 
HIGHER MACH NUMBERS 

• TITANIUM SANDWICH FEASIBILITY • RESOLVED. CURRENT EFFORTS ADDRESS 
FOR HEAVI LY LOADED STRUCTURE FURTHER IMPROV EMENTS AND DEVE LOP. 

MENTS ( •. g.. SUPERPLASTIC·FORMED 
01 FFUSION BONDINGI 

REF: A. SIGALLA (19191 

Tabla 2 Comparison of Wind Tunnel Testing and Computationaf·Aerodyfl8mics Simulations 

~IN~"ATIC AND DyN ..... IC 
SIMILARITY 
IIliMILAR HOW ISiMILAR 
VElOCITIUI ' ORCUI 
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