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i"ir.ili
Ihe inprc-.',::-ient iit i,,:l':', i.i- Lli8 t-i-'

hii;ir spee,1, higlt al-ti-u';,:ie e.i rcraii ftll Iciritl,l 1r::ilna;:is:r.:,irrti :, i

the bou:rc1ar.y layer is cliscussed 1n ihis note. O'.;ing tc tlta 'i.',r.'.'

Ia::ge red.u,tttons in siiin crrag coeflici':nl (frcu 5C# to !u-;i reCu:t:-i-'r:

possible) ttre posslb-le increase ln range ls la:'ge'

The maln factors affecting the Reynclil:t

l{r-:nber for transibion are c}lscussed. and" ln particuJ-ar an a:ralysls

has been made of the requirements to ho1d. surface temperature below

tire liuTlt for an entirely Lanlnar bound.ary layer over a bod.y. fhis

analysls ]ed. to the concluslon that fuels of mueh larger heat capacity

than Keros''1e must be used.
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tiilJ PrlSSIIILiifIiiS OF

1. T'L'. :'., 1' 1j'l'1,,,:l

Lefg': retru,:tiOits in ,,ir;i 5 1i.111- q1,;;1,;r-1 .-

irlcrt:.rsrls in rt"-ngc- .:.tt poscible for fincly shapeii nircr.rit ,1f,

,-il-i:::Cj-i ii' cc:',irlet.cly llLiillrr boun(1s.ry laye::s can be mr.itrtlrii.' .l

"ilr,': ti' s1i.:.-ii:rle 6 .

(li.'i: i'

I{o'*ever, the aiLa1nnent of a llirt.inr,.r boi;rrcl:,,;.i

lcryer a.t tite hI-gh Re1.pold.rs nr-urlbers that are encountered w-ith riu:,t.1,:r'rr

al-re.r'a.ft i,s nob etsy arrcl the strrte of the bornd.ary lrr-ter is ci,:tr:nnjrrcd

by r,::r.try fac'bors. Tiie ]eorring parameters affecting the trcursitil--,n

Reynold.srl{unlber i.e. the Reyno}d.'s Nrraber at which a cha:rge frr-,;lr

cc,r;rnl .:_,ely lauinar to fu-Lly trr.rbulent bor:ndary l-ayer: cenuilcnres are

as f ollolrs: -

(") Fiight l.{s.c}r l,tri.lreberl

(f.l) Strea.::ir turbulenee;

(") Lead.ing edge on n.ose geometryl

(,1) Leercling eclge slieep on rrings;

( *) Surfrrce tr;mperature;

(f ) Sr"rrfnce flnish (rcur"h,iess);

( g) Pressure g.r:arlient;

(fr) 0,:".5"i,: o.f aLLsrck;

The ef-lects of t]..,: a]:ove p8r':,*.,::+.':i's a.lri:

lv L,-,.r i,t r..;.-',:r..)nce ,l'l j-r: i:h,: Ii1'r.U c,l 1-.';-.,:.,y1 , ' ' -:1. r,r ,1.

l"s ru*l Af ilcit :.'l' j;1r iL



i.:.,',.,'l-fd l:rr,l L'ie ,,i.-:,;..,.-.i_t-t C i I:..,; . :, L.,:,.: ..)- _i. ., *:. i-= -:;:.,- -,.. l

l'.:-.Ler is it:Lcre:saLt Lrp to ,:.r-.t,lr- l;. .i1 .3:.rs i,lis .,"air-t,: i,-,ic1 . -. _y :

f,:'"'ror-Lrable effect and m?./es tira tr:-',:-isiiio:r re,;ion rcarw:.L:ls r:-. :l.l.i.

i11:e of body iras sor.e effect on Li:e va-l-uc of l.i for- riinirlr!-.1 tr::l-:i;.;.-,::

Rey-nold-sr I'luliber. rror insulaterL coiles the r;-1rril;tliitl cccut:s &t a lc:i:.:..-

I,iecir number than for insul-ated flat pla.tes and horlcw eyrinilers "

(u) Sbreaa turbul-ence has a large effect ou

ir'lnsltion a.nd. thLs may be one of the facbors affecting tl:e d-iffei-rji)rr,:)

beti'recn resul-ts of r..i.nd. tunnel and. free fl-lght tes.b inasmuch as tire

atnosphere has very lov turbulence"

(c) lrcaaing ed"ge geometry aJ-so has a large eIf:,:L
on 'brausition eu:rc1 tlte gc-neral co:rc-lusion is that a ror.rrrcled. nose c:. t_i... ,:

ed:;c vil} cause iri3irer va,Lues of transitlon Reyoold"sr nui:be:. to b,: c:. r ,;

(d) i/irg slreep has a" nrarked. effeet ln ql'r,:i, :,,r' '

an othenrise lary,inar bound.ary layer and. should be avold.ed. if nossible.

(*) Surface temperature ls probably the clc,-1i,n,::,:,

po.ra:ireter affectlng transitl-on and. on thls potnt tbeory and. test giv,-:r-;

.vid.e1y differeni ar.tsl,r'€rs, It appears that tire ratio of valt tei:pcrn;i;r:*.-,

to ti1e ste"tic tenperature at the ed"ge of the boun<l,:rry layer ind,:-cirt,::-.

I.ri]ere transj-tion wll-1 occlrr. Test resr:-l-ts frcn d.iffer,fin3 srr-l.l:c(::l (r.-,

bibliography collected. j.n Reference ft) agree that if the sur-fgce

te:::perature T'.r can be red"ueed. such that rlr':. r.a vhere T. is t.r l,r. r,,.i; :

t',
bcu:rii:-r';r ]-ayer, th*n a bcund.ery I eyer ii Ltlally le::.i nar uill- r,::,:, in ,---

c l- -1jo r'1.,-^*,' r\.^^.i-: '+^ ^^t^^i -l^,--.i-1 -- !--'--r- -.. --^r --^ - -r ri---,ul!!u. r-ia;ur.y p::eC-icts ccnsid-er:lblir irigller values of Tr: tc b.: .-.::::. :-: ..

f*
i .. r.r\r1.1:r1- j--: .^r-.i rl .- f lt,- nnnl 1^. ,.p6.ri r.r:'lu - !4. , . -ir:. ) uriu uL'L.!I_Ii5 I Lr, -i!_ J;.

()



3-
( t') Surface finieh is not exper:tcd Lo 1_.... 

,, ,,,,-.
[:rirvt-' riifficu-]ties unl-ess the protruberances p:irc.tr.ai;e 1,iiyorr..ii i.. . _1.:

s'ub-Iayer of a turbLr"len'c bound-ary rayer in viricir crLse si-r;-i.-..,r rl ir:

',rilr pocslbly br: rrn;rble to c1el.a.y transition. ir-l:;.,irt, a1-. rri. rr r-r. ..1

is t',i:nelici.r-i in cour:iering surface roughnr:ss orrilg t,o t;1,:j..i,.r:r.

i;lie bor'rnd'-:'r.y layer. The thickness of a }arulnar or turbidr.nt ir1:;r..r,,...1.

ra;'rer: i.creoses as artitud,e lncreases, since the thic](ness 6 -{ t ;!-nri \'"
:.Lrrd the ieynold-s, liurnber (6 aecr"ases viilr .:-l_titude increc.sJ-n;.
(s) Pressur:e ilrrrllerrls ha.ve a fa.;gri-1i.1.,1.;1,r , ,., , ..

.]nsi,srbi].iz'i.:.abt-rlmr].ar;r1liyeriftheyarenr:getj.vei.e.$<.
u-: i

-"'irere p is the local pressr-rre and. x tire tlistii.nrte from nose or litrr,r,r),! ,t :

rl:aer-rlfy, supersoni"c fll1;ht is nore a-rr,:nabre to prod.r_rcing fa..,orrrl,,..r e

' r'&,1ierlts th..r* Ls s'rbso,lc f11ght. A thin bl-convex ving at -gn6 ;,,.--1,1

r''l attc"ck hes a favourabLe grarlient over the entire surface wher.;r,-;, i;,
subsor:ic flovs s. favourable gradlent o:".'y exisLs over the f,:.;ar-il ...,..i;i-,rr

trp to tl.,e point of mr,.iiri,.lm thickness.

(n/

' -':r.' ' ': Rr rur tlre, rT'.

..-1t;s-i::.'.-;.. ljo *,,het fOf a

rl ..ari i,'orilr] be sr.aJ-l_.

Angle of aLtack affeeis 1.r:a-,rcir.tcrli 1,.,"

ulper surface and. increir.:,it'ig iL on t,',i,_: i-,,,,, t,

ving with mixerl flow Lhe nrjt clirlir-.i: jrt j-,.i,r,i,:.r

In the ease cf fltglrt c.t hig} sr;per...;or: j c

speeds a.ngles of attacl< .rnd. changes c1- angle ,:f at,ia':k tr; ..:,jltt.j

a n?n^,::vre Uoul.l be sr:r.:r-l-l- so tiirrb li"t,tle cli.,.{iJir -iil li1 :tlgn 111.,rj or1 -ui:ir

eJcC.r:"ttt j. :l e.\ip{rct,,td,

Iu th1:

i r,,r x L.- ., -.,r .,,. 1\.
tJL\ i,"

,i,, ,rs La, :!.-. ri
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- 11.'l T rr.1f d
I . r Ll .t*rl DI')

An aircraft cruisin6l at a l,ia.ch iiu;rber of l+' Rer
(nirtch accord.in6 io Eef /af :u the speed. for l-owest tr*) at alr {f ii;r.,r:

of I00r'OOO ft. is coirsidererl.

Aribienb t,orltpsl'p-11se = 2L6,1aK

If Tr i:; the sLagnation recovery temperature

Tr : 2ii-., .' (t+ .a u2)

R being bhe stetgnetion temperatu:'e recovery factor ancl

i"l the fJ-ight l,lach llumber.

*
For .J.emj"nar bound.ary layers R = P.

- t'lz
and for turbul-ent boundary layers R = Pr

uhere P. the Prandt0 nr:rnber ls .?2 for air

Then Rr-ni.ar = .BlrB

\urbulent ' 'E62

Orin4 to tire clo:;en'-rss of these values no lpprectable diffr:rence

in 'llr will result if either is use,f .

Tr:king R = .Jl

Tr = 216,) x 3.72 = Bol+ot<

In order that an initinll-y lam-i.nar bound"ary layer wi}l

stay ln tliat eonditlon free fllgiht tests have sho,,rn tha"t Tv ritrist ba

rerluced such that Tvr Z. 1.2
r-

o
i.e.'I',r * 2,54 K (te:cd on the 3ss'urt-r1-"ion lhrL T is

,L.,. , i- ,a c!r,--,- ,rt'],,"r\ur... !! -- . . -.+.'*1.

,-:

;''.':1-.:: ''r'1, '.--'. i '- 1-'-l I'

.::



:il-ti aLrtl"e

= 8.tT5 ;< tc

,1.. .,. ', I

a,;rr-ll:r -.r'-",'

'' r' i-1. a l

iL n /^,''
\ '. -v

I
- i.l

.- r n/ ,a1-,
= .UJJ J-t/.

Ta : 2L5. rt'K

/sec.

ra = 2t5.5oit

Ta = zzE-9ox

Ta : 251CIK

I r_l '.

A-l-litude = 7,J,0r)O ft.

,i.Ititlrde = l{)O 0oo fi.

.ili, j.i-,uil-i: = 1.lO 000 ft.

/,-'l-i1.'bil,,le = l-20 000 I't.

-t,?f - al l'1 7 * 'l -r a r'LY = 
qr.J*l 

^ 
fU l.t/

^^ | -/ - --l+or,4)o x IU
6.y n.

t.
-lL1)1.2 x I0

12.13 fr.

287.5
a.) -) 4+
-6 . _J r u i

3.O y. 21.317 x l-D< : l-.o, r't;.

- 

r'\ri K _,)'J 'Il - -l-:r,.,r ,'.

t._ a!

55.3116 x :-o

), ar n+ rlr- ' fi+.cJ Lr. r.r, - 21b.!-K

t\t.Lt ,{

OI

yJ

{.:

1/=

L=
tf

!=
1t.
/s

{=
l=

(ntove vaJ-ues for { and. Ta are from }T.A.C.A. stanclard. atrrospirer:e)

The above v&lues of lc.::i-!n*r' bor-':rr1:.:7 Ii,.;',,;

-]-crL5th der::onstraLe the ad.ve-ntage irr f'!ying at hi._-h l.Lt,itr-l--1erc]_r..:1o 'r,,,

rr.pi-d. j-nc::easr; in thE klneratlc viscoslty r,'Lth :,i-tl-tuid.e. .t.nct-hi:r

r''1-','r 1'1 ;-'r: ol iri. 1t r.1-titu,3-* flyin3 is ti:e g::eii;ry i'c,1u::,1 Lr,:,:.L int,'..rr; 
"'r-"r

l:;,,r''::.--'1.' 1...;;'.-.:' :c il,l :l:in c:,iirS to flre ri1tr.ch. t=,--1.;l.l:i1 zi.j.r ,,.:_::-';r;i. r.i iL.,

, ; , .r r. 1



- l,) -

Iir:'..r i.-,itr: 31li'li.c1l

:.r.'i-. iri:,li s;.:,:.1 fa*lls ir'c:,r hi;1r vti.lue: al, t.il,:

f uri,har b:.c1"..

t,.-:,,.:,:r';..1,ui;,.) Cf a bc -,-..f

ItTJGC to Irl-,;,:r v.{i:..:;:

L: I'-...i.,:.:'

,r.ii,-f i;;lri

iir::.:r. I .2s

In tte ci;-;l cf Il=ll ab

T;i,: r;;;.:l. r: iL. ','i1I l,: ;ti;

.. ..i,; r,-,,. !-;'-'b i.- -. .. :.-."
''- : l, LllJ a

:--.IjLl. tto 1'.,,1..r_-".,.. ttr_r CO,_,1 :.

i:

lU. r.ll r L,

^ -lax 2.'i:i ri :l.O 
*'- : .O-r'r;' l. ')

/nL,*_aI.;1 )
\*!!'" J

I

i,,'r': .i,

'! I .' 'r: ,., rI- Ci_l_,__:,1_,*l_-'i j!ll_!*jj*:__,::_...rc{*i-:il:--}!- 1l,.,-..:-- --l

',-'i13 1,,:ir:_.'.;ir :i j-'.1 lr-rir-L,:i'ilr,r 1';.,,..111..-.r)i,:;li, .''--.

:.':r,,i itS V;-i1-rre r,.i-Ll t'or.rIiri.y dll'er';,,iti.' l.lr.,-,I '',t,-:it <'f a bc"iy l':-'.5 Co b,,r i)t-'r-l :

l.;1f. ]19'..i 1'.''q11 r:il f t'il,l-t -ir] ci.t'.t1. eliot!l,f i '.:',' :" , 1i.i, L i,:'ll .

t {n \ d' {.- --l .* il, 'c j-n1 r.r5 il,i.o br:'l.)r frcln i'<.'tr:',''ry 1:^.r'3i1 = It., \'{ (r/}L \ I I' - i'^'1 
-

1."1-:,-:r'il (tr.:r):r- is Lht: s,urf8 1e l;.rrriL ojl bi-,rly l.iI: 'Lo ti:':.1-'riri,i,.it :"

il..:.rt rl.,-r.Li,-r- frc:r;H..l.l = q4 . € l^4-*2'7!*,o'ift:,.5* 
(':::'.

lr'

.,.'l.rer'.: {.. is ti:e en.is.iivi-i-y cor:st 'r'r1t I.;li!r:jr is }.0 for o. b.}"e.r:l; b-',,'.

In o:',i:r Li'. ri tl .: .1"';,;;,:;t" Foli:,j.-cl': ,,rr':; : l.'

l:e cool.r:rl siie.l.I !c x' :': € '..ri.-1| l:,il t;]";ir arl 1.:J l ,rilof

n{f

Fol

e.nc1

Ti:cn

rlill b,,r consiiltll'+1.
lr

= ( / ")- x I.O :: (::(:r)

.Or:l'i (.'t'.,).. = !,,-, (r,' lr..

o
'ter:t.:,"''.1.irr-'d '.'! - .:lr;i1 t''.

1J

],

I

-.r

11:,: -.'r,:1 1':.:' -.

.L cr-:i:.ti.'.-:' r;].aj

,^1..



. I r:, ,- ;.'i.': ,:..- . :'. !--:. -ir--:'l-C-1,. ,1.. I - da 5 "; )J'

,. cr-
,_,1; : Ts

1;;r.ir'e S ic i.re ]:)'trold.st r-rrl-l-.:;;' ft;i,cri'i:iie lt:,.:l :r- vi...r:',', 1

n rl:r: /;r..1 o\\J.t-)_\J \(1Ur a/,

lJs: fol. a 1cr;linir bo unciary la1rer C-g : 1.2!?
r-ii-

{ rrC:<-
i,jjlc:re Rn_ is thc Re1'lrolrls txunber referred. bo ilie leir;;i;ir

?Hence 1.209 : L.6, x .Ot-2'1 x l-CJ

.rE; Fn x f:E66Ta;r,2 :r .24
v -t^

i.e. jp- = 1.2o9r x 5l+)r x 1.Oi5 x 387e x .21+

.l 'tn t
i+

- ?-l"l ,r 1O

x 9?.1156 x ro4 : 22[o ft .

i.e.

!- tkI{-

Thls value is much in excess of any

practical- bod.y length arrd. shows that bhe entire surface of the

bod.y has to be cooled by mechanical metho,ls.

fhe length required. to be cool-ed is

strongly d.ependent on the tenperature ratio Tw A calculation for. '.:}r c-1.'f-r
2.0 for the sane ivlach Number and altitud"e has sholrn that only 3.9 fc,:t

n*ed. be cooled the re:laind.er behlnd" the portlon having a rabio of 2.0 qr

less naintained. by rarllattve cdot:-ng. This caLcuf-atlon af-eo :ho-,rt* .l.l'i'rt-

ver;r ri:uch greater lengths he.ve to be coofed at lo,,ler altitr:d--s -.ri't. 26

f+rt at EC,OCO ft. anr'l i7lr feet at 5Or0O0 ft. (f:"g. f)

?-.2. ir'rr::-i-iil-riy of 3lrin Ccoting Using ,J?-l+

.\ hJpothetlc:l eir-cr:ft
r-.i..-, ,1., -i.-'a-,, --;i 6v.r,-i ci nr n+ 1.1 : L A oilt -l .) -, ,i 1.1rve j !,!../

J) fecl Ln -l-crr-r.ir

vL-l J:--' .
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l:r)u
:l,l

:tt-
j .r ).,-1.. )

'itt-
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=::1

r!t.,

nt I ^,,!'ir4-.1,{{
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0
-.1

l- -i)
-1. . *' ,,

c:

^-r _

L--

fiar.-

cI -.-i

l'^,1 ,r. ,,..

.-l A

t1

i ; I 1-lr, 'i t'r.lsI; ()l l_'r.i .1 l-r..\,.:tl,.

I :,- "1,.)!r'i = .(t,l. ,l-f
i":- tr;'-'a- .5 --- ?- -

J -' \;-

,:r(\r'r.f !.pn ali(i the r{jlove tc.ble bhr: lpr,roxi',:lte -fi:-r in
,r frtr:I ci.rrring crui se is fc,r-r::,1 to }:e ;l(j,.;cC;. :.: 1:ltel; i:,.,,'.'r

:ri.tnt of crrlire the fircl -is lt lts freceing p+il:t a lir,..,:

'i;]-ii,r lq;ii.:r-:l-a.Lr.ire .u.i) b.f itppt:o:(in::,1;,r.Iy I?OOC. rihi-r:l: ii

t'ite prrctJ.r.::r-L unpi,:r i ir,ii l; .

,:'-].-:!] "';- ],:', . .LIl -]i' iiUq.iij
rn ..i in.;u.f r:1.,',i l;rr,1t- ni' I i",.rrriil

i:, ;;:, I i, ,l:,'f t r i :r i

'i,,.-'i '

:a'

-1..:-r 
r(J

{^l



\;'ilcre l.r:-" i.ire lii.tcpt heai; of evaporation a-nc1 Car, t" ;he ir''r:':t

hcei; of Xsscoiis hyttrogen over tile N.:inp3ratrrre range T-- to T^
VC

co0]ar1 surface &rea.

As an appro;iliiiition it r,rill be ta]'-en that the skin ter."toel-atr-tre T'

C

-\
Lr,^ \ L-1*l-t

.,.a rr it r

, ,L,-r

"rt '*. .-t "to

is errrrr-I to T.C

.uren.0"1.17= *fSL
{-, + (f- ( ,-", - f, )J

I.Ising a cooled surface area of 75O sq". ft.ra latent heat of 1o8

hr:a',, of gaseous hyclrogep of J C-gq' Us. oc , u vaporising teriperature of

a::r1 a desired surface temperature of 25oof then

v : .o6l+7 x 7!07(io8+ 729 = .0586 lb/sec.

3. Il.rii.lJTI Pni',IOP.JLPfiCE

i-lr lstit:,:.le oi the specific ricL thrust and speeific fuei consl,lril:*;icri

h;."; cccr: i:rc1e fcr ihe l'oiio"rlng conrllticns:-

(0") i.i : 4.0

/u', 11i.-i L,.n- - -l/'1.r f'AA f+ /o-r}'ian* l-c,nn ' O
,,a) ,*.r.,rr'tl-- = ICOrCOO ft. (e,rbient '-err.p. = 216.5-K)

(") 1,1:r:r- burning tentperet-ure : 2r;COOK.

(a) A.I.A. supersonic d"lffusion efficj.ency 1.e. 48.'l/t at' i'i = 4

(") Subsonic d.iffuser loss = 5$ at tota] los.d. after norn:,L shock.

(f) Fl-a:mehold.er loss:2x cl.)ineillc ]ead at entrance to cct,:ilustioll chrr".]'-'*

(S) I'lneir lriu:r:ber of O,J at entrance to ccnrbustlon ehesrber.

(i,) S,tanrlarcj losses clue to heat adclltlon in a constant araa. d.r-rcl'

(i) Zer-,: fiugl nozzle losses and. full expansi"on to atbieni si;r.1;'ic

!:''3ssure of 22.& ll/sq.ft.

il:-ti: i;i::r: es3i.r,19-h-iot:s the specific net th::r:st Ls =r('-'.'i fl .:iic,1l-'rl .

-- : '.. ;;:.: - ,,'r,.l.r' j of lr;'3::c3:n is 23,i!: C Ct'!t+Lb. ::i i:r" -'-l '-r. r: -:: r'

' l,- l'-.': Fr l-L.r lri^1-. f'::--: -.':l:Ci;j-::'..::l: :'.:;':;-:- l.;"' ... .

c t+t! / lt"
o

20K

/i-):.',-'-. '--',



1 /--t :t,,..: r.,:-l) - ,,J1

\ 'i

b,f ll:- u.:ts...-,-*

,, ')

\u.r

1.cl

\'r,

-"r..il

(f.,''t I

,-,... l.:,: o ., J [J -a t--t .. :: 
:; il ., r_)()o I l.r .

,-' .:r:,'r '.: _,-:, 
--:tl : ?5 ,i-)i)i.t lit.

I-:. 1..i.-i:,' .':.):'.d. : |i;r-) .,-l).;). : 22,f fli;1'llcc.

Lii';; cr,,.i..'.i,:i,.:u; ior' l .n,Ii:r:-i : -L.O

r;hr ,'rcr-:s itiug l"i'':e. cf t]'ie &irci'c'-fL is given by

li,r:.'.) - ) .S."= r,3r+.5ft.z
)-, --.-,'..'2lJ x 2lll)' ;c l.O )

'..::1.i1 ,:l.rl.:..:i.....; r;r:i.:,]rt = 37 t SOO lbs.
.D

..-::: ct',-r:;,.ij.1 1:i.n[ ]oarr.irrg : 86.3 lb/ft.'
rf,-1^J.l^.\1. ,rl.,i nne el.p. -r:!.-- l,lt\-

(o) 1,-Ij-r-15 n:rj,'ect ratlo = 5
.//1*

'.rrrr,-.-*n- r.r th then ! = lrlr2 1.e. b = 23.3 ft.
'r Jr;r u- 

[:[.i

C. \

ir',:'- :Lf the b,rr-l.y d.iar:eter ls ! ft.
.\

,r,r-:,n rrlh., = j(a+ t/a (CR+Cr )([ - z S !

)+ilv.5 * loCl + 3C.x2o.(
i ." , C,r. = {: fi;, s:rd Ce = 12 ft .

II::-i', '.:::jin c].lold, = 9 fL.

.- . '.: --,. ]_-l :....'- - ^,.1-1.'1..,.'J-.\.!lli:
!-I -./*'



:- -.- , = ;,..,-: ..,l: t-- :,::r : -:--, :

. ., -,. I i,'...: i-.-.,.- ,i.:: ,-;l',--,:-,,'-,-': l--' --.'; .1 .',-.i- : -.r' - -,' .. ..,'.i .'--

,)

'' : '-l- ;:-'.,i:, . ; ].,;al ,. i)i-:O :t-i ^ :-:; ?:2) lL .; ic" ' 
* 

'

- :-. .r. .-,r T_r. -.

o
l'.,1:-i,::'., r-r. itc;e r.t.)i:r.:i^.1-e of I5 the lre.ve iire;; cocffici-'lb i'ci.rrl''--.r

L,., ,;1.,: t'u,i;' f;.'cr:ta} area j-: 0.2

Tl:.:n i:oii:.,'uave clr'r.g = O.2 :< 251 , Ti >? : 98O lb.
7u(.

i!r,: 3l:jn l.Lctj,9lr,RE = 9 x 2.16 >'- lOr = 3-?,) .'- l-o"--l* 
56

cF=.oo1l+, lling shindrag = .oo14 x25Lx2x37U.5:263 rb'

I,'iirr"l lIc"ve Dra.3

The thlclmess ciro:'d. ratio for the vings is set at O'OJ.

lli.ng '.rc.re c1r:,3 cc,'fficient, C, 4 t 'to,qi jj f - -1- ' [ -- (' .:

Dw.. = jN{.- l_'( \c-lJL ."R_.Er.:l 

tt 
;

r,rhere c\ is the .tngle of attack ln rad.ians

C !- r-r.Z is the thicl"ness chord re-tio

R, Ln the aspeet ratio

C, nnd C t are the Busetnenn coefficients -

. For l4 = l+, C, = .5\6+ snd. CA 
= 

1.232
/, i- ,L+.CJ,3fJTiren usrrr= 1'025 LP( 

*, '- 

_: 4 -t_ t - 
.'i 

---

-6rl-.-l {- 
' ,.1(-l'l' I' 

c'
/' ,- l. o :-5-+i.e. LL 2

Cruise I:ift coefficient : 85,3 = E5.3 : .3lr
D]"r'r'-ilie Pregsure ZT

-l,r.i.r3fl v\ _ .3315 rsCians
.-)' 1 .O?' ( :316'- .cr?) = .113J'.*l) 

oJ ,,r r

Ti:.i s cc,,:iuc:i-e::t 1s based. or lhe e::l:.::l .;I''.1 ::':: cf ':a: :":''^''l'

i' 1':.'-'-'-.: 
..^'', t-



. -i -

- '-l
---t-

Lu_*-
r! 

"\ _l

' , :r'-i .. i-L-.i- i. :: t':-.:. il) ?5

. \,/r.i (

Tt:d',tr-:r:J. ril';',g r .Oltr? :r Llls .i x A5I =

Ti_rtrl ir.i.r.r: : reO f y,?O t 2Sl n 10,_i8o

lr Ji-rC lbs.

f 1600 : 13713 fb.

-c'72- 1. lJ

-/il:an -Lif i-, ; " d.rLg raiio
,/'

= 375CC

+.2. Cocle:I. Suifec.-- (;;yAro;en fuelled )

(") Ii; i.s:r::ur:ed" thilt the cooled. surface is suffltient to stabillsr:
the '';rror11" liuni,ar bo,,nd'Lry rayer ovei. the bod"y.

(b) Cooling ;en:lits nse of al.uninum structure lrith attenCi,.n,lj

air:flra:Il ''reight benc-fits o.rer the JP-]+ a.ircraft r.ri:ich r,ril_I

necees:lrily have a steel s],,in.

(") Fuel',;eight fi>:ec1 at 2290 lb. Thj.s is c.erirrecl frou the s:.ir
vol-l-'r.e of hyd"rogen es JP-l+ and. a d.ensity of il .tr:-ir1ft3 cC::r]).jrcrl

vir;]: 43 ru/rt3 for Jp-4.

(a) La-rrcling rpeecl = 150 m.p.h.

(u) Lifi c,:efficient for Ia:rd.ing = 1.0

si:dIu:' csrrcule,tions 1,o ilrcse orltlLnec" in seetion L.t 1:ay,: beai:

l;'rlile fo:'a.r:cr-! es of air.frel:e t:eights ancl the rrcJ-ues of Gross:,.ej-1rt::

''i r]'-'-i)- iIe---'li; i.':';l: tl:e cov:esponcing velues of Llfe . D::l.g r:rtic a.rl r..:l;:.:-l--.j,:,,-

l::l-':',.'- i:,'.J'r':.:i;:r:r::-Lcrs a:.e the sa::3 e.s thc;e fcr t]:e Jp-h e.-:,ctrlj;:

j^r : al'i'l' :l lt :L Otl s
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4,1
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1.5

1.2.1+8 2.9i8

Lr$irr5 ti:e Breguet ra^nge eqlriition in the forrn

-,t

t'le

L.o>

2.o32

2?n

!J") t

2A07

aLr-rtr

3ro3
-_-i

x= 3!,,-lo _:<L xlog^

X is the range

- (.:,Fr- \ ._ \vtv1t?_,+-r.--:::i-_\-
\Dru/Rz

lrLlcre (SnC);;lr = 2.3
_tF4

(s''c) 4, = 0.738

1u/ry);1---tr = 2.73
Ji, +

(rI,/.,"rji:r{: 2.0., l{e}Jp*

ttr,
-lor,, _e \r/ie ) {.
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irl',.ir"-rr-.r;n r.iC.L:11i: t'lir;r r -t-']'i7 X .7lB = .33t ttr/'sec

ej-.l ! , \.

Tliis fi;ure is nuch

so ttrat s(,xie Lnsurance is

sl<in rou-hness on l-amlinar

larger thon tiro.t- e-ctlr:ited for coc']iii., ir.1 r,.:1....

provi,Jed, to offset the d.eletrions ei-i'eci;: r',i-

bounclary la.yer stability, throu;ir. the gr,:.ri;et

Ilor," Pass3j',,e Ar-e3s

llith the nost pessiurlstic fi6ure for r+eight ratlo rriz. 1.2lrg ti:;= }r3.9y'1:.

llc-,r reqLrlreC !s .7ft3 }b/sec.

ff the fl-ov area is evafuated. at the entrance to the conbusticn clri ".:
qrQ - o A \f.[L'.) - ( ' \

_--_ 
1rt"1i)vi::re P i" the rlensity at berrpcraLure 1c-

4 is the passnge area in sq. ft.
.f is tire flor,r velocity in ft/sec.

iicrr f : P
R-U

e"nrl for l:ydrogen the gas constant R : 2@. = I39O
2

--6'i,n3n A /l.o xa*-6--67
speecl of sorrnd. in hyd-:'cg.:n at ter:'1:-o1':t,+-ui'e

j

Tlr,: 1,c":,,:rt'-t,,t1.: T = T,, = c5gai1 t;lr
c"

l.lir:r,-. 'l;itil iir.tio l.i :1:e:J"fic i-rt_-lrts frn )rrrdr.n-an i c 'l )

J//J.vl."--

- 
t-I 

- i.'-

b>
-t:,itere {;l.,_is the

the floi,, i,ic"ch iiu'be:.

:il

1a 1,. 1 ? .- 111^l
_r._.* -- *.) .t .r 2J

f.

'. - +
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I ,; i -,!,,'.-:. i'i,.

.].', -,,;,: --'.' ':..:r:'.'- .-J ,:., i:' . ., ',-... ". : l- : ..j = -' : ' .l ,.. '....

I..'.111,
;j.l.t:r:,-: l;|..:.ir:,:I i)i'a:r:.'-li'.:'ri:- ilii: l.c'z::itj i:-. al i,-i- l-: ,'--- .--' . r .

i:1, --.t l..il,,' -l---;,'1 . :3i; ['1ov rir(--.f- 1'r; .i''r--i.;',1,.1- i,l;' 1,1:l: i:1''1rc,-;,:t'l is

r\ : j,l-l . 5 : .22,-1, ;q. fi .

E;,]
'i.ii.l -!;.iil"Gil d ol an ai.lnul-c.r Li'p.: uozzlc ci I fcet <i.l.l'-..r:bei",,-ur-ili'i,e

ir-.+-21?,3 x ll =-: -213 itichcs

--.-x 1

llir;h a fln{r-l- disc)r:r.';1e ccefficie:rt of. .6
_ -a- ^r^G - -joJ ]ncI1e3.

cc iiLl:5.-l-cl::S

It is apparent that lar6e (l"ecresses in

cir:::g entl conseciuellt increases in rarlge are possible if lani:rar bou::d.r.ry

1:.;.-,31's cen l]€ mainLaineil at h:tgh fli6)rt speeds. The greatest ad"v*riages

cf cout'se sccrlie r,'j-th bod"ies of vory }arge fin,:ness ratio.tlr': surf&ce arec.
I

of ti:ese bor1ies being lalge compared. w-lth frontal area.

Anong the many faetors uhiclr d"eien,ri-ne t]:c

st.:.te of a bounc1ary layer ln co$lpressible f1ov, surface tei:tperaiure ltt.l;

a :Lror]g effect and apart from its j.r:portance to nillntain sLructu"ral I.ni;:; '"1

nt hi5ir slreed"s, sl',in cor':i-nG esJr pny lo.rge d.ivirlencls ln renrye if it j-e lrl"'i,i

Lo l*:lnarise &n othenrlse turbulent boun<lary layer.

The:'e sre trro baslc methcCs of skin cooling:

(") Fil:a or 's*,,'estr coolingl

(n) CoolJ"ng by lnternal ebscrbtion of heab generaierl in tltu irl:',:-'-'-:.--i

Filrn' cc.:Iing hts no-L been ''11scus:-"1 ir: ;':.":'

::r:':: l:,:;-i; i-1; is i:o-i nLecl o."it thai; a ,1i-sDLrs::'r1e l-:erli,.j- r:''rst b: crrr-:-: -i L.-,t ti-':

.'.i i.c ...:,: l; ..--::.1. '.].-..,r-: ii r;::.i' l_'1.":o'-i:.te'ti. COCI- the s,::l:.,Ce it -.-) ..;.'.1'i _,,,t.1-'. ';1

,,-.-::';:'.:--, :J;s i;i-:.il-; l. l.:r::;i ccnl::-t..:'.':iir:: tc 1;c1'-'-.r-:rve i::-'.'..:-.

C::l.-:*: i';' ::rr-?:---:1 :-::':-'-: -:;-'':-''..".'l.l--"''
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.. '.1.: I':l-] l; t,.,' .,..-, . , ...-, ,-::,-,-'l ,- . -, '.,, l,', .... -'.,..

.-. r,i ,r; ,..--..:.-.--,t.]--i -'l".-::,-l . . -'.-., I i'-, --:,,1 i-;:- -,' 
:-":_:-1 .. ._.' '.r:' -. .- ,.

.1":,:: 1.,,'* ".,i,.-.ri. 1'rrl J :--. 'r:i. I, l. , '

:-.it {,ii',-l-j_l::i:r l-,;;,15.-;1,_- i,.:-:-l- _i:,, jtil<_l,:,it.:;;::,.i,r_, c1e:,i -..._i,,,h;l::: jii...i .-..-.,

.1i'.-'-1:-[t:i: ,-.:','r:tr bf i]-i-,,.i. a,. j.; = ]+.0 u-t 100rCO$ fi;,. an,i lu.:.,1.: Ci- t .: rr _

l, -.i-, q3-.-'-r.c'li.t.r' ;,r,-rsi; be cotls:l-(lerei1 .

trn spiie of its brilk li,jrr.i.'.1 i:;i,.r,.",.,.:1 :r

r:'c:,;i;infl ci..rins to iLs lerce heat r:aLra.ciLy, (deterrnined- by :il,; .1..,.: ;.,. 1.r

-!o-i-I'it end j-ts'lar'ge specific i:eat) and by its high caJ-orifle' v;rlilri +i'

tacoo utu/:t.
iIOTE: If hycL:ogen cou-Id. be storecl as a liquld. in its a.tor:j.c fL:.i',.i

(n:::cerit hydrcgea) the heat of re-assocj-atj-on could. brlng the theoreticl0

ir*e.iing 1,'alue of hyilrcgen up to TBOOO Ctto/la.
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l:f, i,l,.: i.,;,.,.';;:]:l"l- -11,: -,.':l' )l;:,.t1t,i.1: ., I.r^-S. Lc,s .ir::,-.ic;_, ,-i,, ,: -r_ _.-

3. 'll:: i)cter-..,iriaij-cr:: cf lfltin Tllr;e::a.iure !Jtrli::-"C irr l.i,'i,_: '. -:i

D.:'ij-,:s arlci i'ior:.r:.;hm nii.f Rcport Aero 2Ir54

)t. Surface prol;ceticrn ari(1 Ccoling Sysban for lligh Spe.:r1 FLii.irb

i1:sso:r a::d. G:zley.

Aero Enginee:'j.ng Revieu, Noveml:er t956.


