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II. INTaODUCTlON 

A paper by Lomax (rer. 1) ahon t.hat the nve drag ot an obJect in 

a •t.eacv" euparaon1o nOII' 18 identical at a fixed :.tach number to t.ha·.wave 

drag ot a aariea ot equivalent bodies ot revolution. The at:·e.,:.!Wiae 

gradient ot croaa-aectional area ot tbeae equivalent bod1ea ot 1"crt'Olu-

t1on 1a given by the au ol two qu.antitiea, nacely: 

l. The a t.Naaiee gradient ot area, measured in oblique planes tan-

gent, to the :.:&ch cones, along the ginn obJect. 

2. A term proportional to the resultant. aerodyDA.Uc .torce on tbe 

object measured in tho ea:no oblique pl.aces. 

If the body i8 considered to be planar (•hich is the cue tor moat 

alender •ing-bc>d¥ co:nbinations) then tho two quantities above may be 

treated separately and •111 yield the nve drag duo to tbickllus and the 

nve drag due to lilt, respectively. the wave drag due to tbicknesa can 

be caaputed solely from a knowledge ot the geo:aet.ry of the bod.r u 1a 

indicated by the transonic area rule (nt. 2) and the auperaon1c area rule 

(reta. J and 4). The nve drag clue to litt, bosever, can be detor.Dimd 

only 1l both t.be cemetry and tile preaaure diatribution on tbe body are 

knolm. 1'h1a knowledge alnya, ot course, fixes tho drag ot tbe body. 

It will be the purpoao ot thia t.nuu, then, to apply linaal"ized 

eupenonie theory to rectilinear plan t'on wi.ng-'t,ody cmbina tions 1n an 

effort to deriYe u~sions which w1ll p-edict. the ebape or the equivalent 

bodies or revolut.ionwitbout. a prior kmwled.ge or the pressure distribution. 

Then it will be poaaible to detel'mina botb tbe wave drag due to th1ckneU 

and the wave drag due to litt solely tro:a the g9Q11etl7 or tJle •lna·body 

C02bimtion. 



a 

b 

D 

E'(11) 

L(8) 

1 or 1(1,e) 

M 

Ill 

r 

- s -

III. LIST OF S!MOOLS 

Slope of 1N fzun origin fl xl 
Slope ot Mach lJnea 1 

V1Ds span 

presaure cootticient, 

~ P!!!!"!! .- i'ree-atl'ellll J?!!!&UN 
q 

,...,. 41'88 

cc:m;,lete oll1pt1c integral. ot MCC04 kind ot 

modulus Vl • 'fli. 
domatNall 1111lt ot d.ietribution ot tsl/2q tor 

constant 8 

upotream lJ.mit ot d.19tr1bution or p1/2q for 

conatant 9 

oblique aecUoD utt 

tree-at.Nam Mach number 

8!2r! 0~ lee41n§ ~, 
Slope ot Mach l1ne8 

Slppe ~ Y!;SlSD§ ad§! 
Slope oE Mach lines 

JI cot A 



ro 
S(x,9) 

t 

x,y,z 

a. 

8 

A 

A 

' 
t 

t.e. 

- 6 -

average body radius 1n vicin1 ty ot wir..g-bod,y Juncture 

oblique section area 

Slope ot ray !ro;::. leadiDi-ed&e t.ip, fJ ~ 
Slope ot :Jach lines Xa 

carteaian coordina tea in body-axia system 

Cartesian coordinates with origin at leading-edae tip 

axial coordinate with origin at ri~ apex 

angle ot attack 

roll angle of l.!ach cutting pl.am 

angle ot neep ot leading edge measured !ro:n :,-a.xis 

angle of noep or trailing edge measured from y-axia 

intersection ot i.!ach cuttir.g plane with body axis 

~sured frcnJ nose ot configuration 

intersection of ll.ach cutt.ing plam with body axis 

measured tro:n wing apax 

angular displaci:::K •. 't ot bod¥ radiua r tro:u a-a.xis 

angle between intersection of !lach cutting plane lf1 th 

wing-chord plane and bojy axis, cot•l(a,, sin 9) 

incre~ental element or length along intersoct.ion or 

~ch cutting plane with wing-chord plane 
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IV. :.U::THOD OF At~YSIS 

Tbe wave dr41g ot any lifting or nonlitting obJect in a eupenonic 

et.ream 1a giYen by (eee ref. l) 

(l) 

r.here S"(x,8) 18 the aeconi derivative wit.h reapect to x of the 

oblique section area and tt (x,i) 18 t.be rate o! change ot the obli~ue 

section llt't with respect to x. The coordi!}lte sys~ is ahown in 

figure l, 

Zquation (l) •as derived tro::a the lino.rized potential equation 

ror supersonic flow oy ox~ssi.ne the wave drag in terms or tho pertur-

bation velocities induced by t.he object on an onclosiDg cylindrical 

control sur.t'iLce ot Wini to radius. 'lbia control surlace us parallel 

to tho !rec-stream direct.ion. The only apµ-oxi:nAt.1ons in equation (l) 

aro those basic to linearized ,supersonic tlOK, 

In tha case ot a planar systa:i, th.~t is, a ayato=i in which the 

aur!acos are every;rhere close to a given pl.ar.o, Lo.-r.x ha.a shown that 

equation (l) reduces to 
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(2) 

The first, part, o! ct. .. uation (2) yield:, the wave drag dus to trdckness. 

I'nia c~~onent o! the total wave drag ca.n bo deter::linad b;/ the ~thod 

ot re!orence 5 !rcxa the etreamtriae gradient o! the nonully projected, 

obliquely cut, arcaa, s' ct ,& ) • The socood co:::r;onent 01· tho total ll",ne 

dra 6, tho WciYe dra& due to lift, can al.Bo be obt.i..ined by the .:iothod of 

rl.l!erenco S it the quantity s• cl ,e) iB replaced by - ;lHt ,s)/2q. In 

reterence 1 i (I, 9) is delined as n.. . the lilt ( tho ccx:iponent ot net 

resultant force parallel to the & • constant plane azxl normal to the 

tree atroa-:i) on a civen eection fomed by t.he intersection of a ;.'.ach 

plar.e r:ith the airplo1ne eurtace ••• " It the airplane is !1xod and the 

:.:&ch planes are rotated about the x-axis, i(l ,a) represents tho 

resultunt, obliquely cut section lorce normal to tho .!ree st.rea:i ar.d 

parallel to the pl&nu d • constant (see figure 2). 

Two oir.lplityi,i; asau-:1ptions which will be usod in tile tollowing 

analysis area 

1. The wim axis speci.ried in tho t.r.oor.r ot ref'erencc l nil 

be repl&ced by body &Xis s1i.ce the .angle o! attack is sJUll. 

2. All 1-ressures will be considerea as actin..; on a project.ion 
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Utilising the de.tinition of i (1,e) and the aioplit)'ing 

aaau.-:iptiona liated above a general expression tor the axial distribution 

ot •=£/2q can be developed. '.'iith tha aid 0£ tbe graphical representation 

or Figure J it is seen that 

l)) 

where d' 9 izd1catos 1nteuration along tho intersect.ion or the :Jach 

cuttin& plane with the horizontal (or x,y) plane oi' the object. The 

local 11tt, coe.tticiont, ~Cp 1a a function or both x and 7. .Along 

the line o! integration, however, x • fyaini + t (eee Figure 3) .ar.d 

eciuation (8) can thus be rewritten in terma ot y e follows, 

Ch) 

It llOa' bece>:1es neces:sary to consider the manner in •hich the load 

1a diat.ributed over the aurfuco of a typical wini:;-body co:ubinat1on. 

Heterence 6 inr:11catea th&t the lilt of a co..11plete contiguration, 111th tbe 

win£ at an angle ot attack a. and the body at an iinglo ot attack a0, 

1a equal to tho lilt o! t..t>o iSOl<i ted body plua the 11.Ct of the t;ro con-

figUN tioDI on the r~t hand side of Figure u. ln each of these uro 
contigur~t1om t.he body is at •n angle o! attack of zero and cu:tenda to 

intinit.,y &head ot the wine;; in t.ha or.a c.ae the wing is at, an anglo of 
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attack aw, and in the other caae the angle of attack, a.u, which varies 

with the apanrlae position along the 11:1.ng. The anele o.u 1a the upirash-

angle d18tribut.:ion around the isolated body at an angle ot attack a 0, 

am 1a given by (see rat. 7) 

CS) 

?iben deteniniag the lineal d1atr1but1on ot pt/2Q due to a~e 

of attack the following procedure will be used. The pressures on tb8 

body alone will be determined tr~ slender body theory. The pressures 

on a will8 alone, in the region shown in :·tgure S, rill bG computed, and 

the pressures on the exposed wing due to bod,Y upraah (wi~ will be treated 

as if it wen tlristed with tne angle or attack distribution au) will be 

tound. 'Ihe tot.al distribution ot ,=t/2q tor a wing-body coobinat1on at 

an angl.o or at.tack will be the awi ot the t.breo co~pooenta discussed above. 

It ahould be noted that the tao wing configurations on the right hard 

aide or J.i'i&Ure S are not equiv.Llent to the corresponding wing contigurat.ions 

in Figure h. A rigorous solution ot the i'los about the wing configuration 

1n figure 4 bas not been published. Tberetore, 1n order to obtain UBeful 

approximate values tor the local 11ft coetticiont on the wing am on the 

body, t.o aaaUllpUons are made. Tbe f'irst of these assUllpt-ions 1a tblt 

the eyllndrical body can be replaced by a !lat plAto in the plane ot the 

wing (but upr.ah is st.111 taken to be that arould the cyl11xlrical bod;y}. 
~ec.c,l'\J 

The aect:tea assumption 1a that the ir.tluence or the wing on the body ia 

contined to the area bounded by the ~ell lines extending tran the leadillt 

and trail1.J18 edge wing-body juncture. 
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V. A!t\LYSIS 

A. Eod,y of Revolution 

The preeaure distribution on a eleoder body ot revolution duo to 

an &llll• ot attack a8 1a giYen in reference 8 as 

where q, 1a the angular diapl.aco::ient. from tho positive z &Xia. 

It the body 1a slender the integrated 106d on a section formed by 

the intereectJ.on ot an oblique cuttini plane with the body surface 1a 

approximately t.be aue as the integrated load on a crosa-aect.ion normal 

to the body a.xis. Thus the distribution ot pi/2Q may be written a.s 

lafl/2 
- JI! • - p cos e 6Cp r ain cp ~ 

2Q 0 
(7) 

Upon aubet.itutJ.on ot 9<:1uation (6) and completion ot the required integra-

tion equation (7) bocomes 

or (8) 
dS - a • - ! f.aseoae MY 2q n dl 

where SBody 1a the croaa-eectional area diat.ribution or the body normal 

to the tree at.re.l;l. 
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B. vtns With SUbeontc 1-dlns F4gea 

Sketch 1. 

'1'be tlo., ftel4 ewer the v1ns abcMa 1n alcetch 1 cma be cleter'lline4 

f'raa ccmical tloll relat1c:ma. When 1ntesrat1ns the loading alans the 

cutting plane 1D ard.er to determino p i/2q the problem la a1mpl111e4 lt 

~ b&U' ot tbe V1ns panel 1• ccaa14ered. at om t.tat. Cano14er nrat 

tbe r1sht w1Ds panel. 'J.be Jcmins 1n reglcm (1) (aee rer. 9) 1• glven 

by tba relat1cn 

(9) 

Ccmb1n1ng equaticn (9) and equaticn (4) yi.elda 

fU r .v • • J.o. cos O 1· 4o8 
- 2q -

(1) J1 + ~29 E'(m) JrJ! • a2 
(10) 
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Makins the aubeti tut.ic::ma a • f3'/ /x.., and Xv • PY sin e + ty aD1 

performing t.bB epecif1ed 1DtegraUm cquatian (JD) becmea 

131 r.v. a:i2a.~ coa a 
• ~ (1) • • ~(l • c2~WO)E'(c) 

-sin aJm2. a2 -----· l - e. sin O 

(11) 

'Dle 11m ts ot 1nte(Sl"aticm 81 om &o arc t?"..a 1nboazd am outboard inter• 

sections, roaJ)eCtS.ve~, ot the f.11.ch cutt.irlg plsnc v1th tb': 'boundaries of 

regim (l) tor the right v1ng teml. 'lh:H 11m1ta are 1n tc~ of the 

CCD1cal COOl'dlnate a. !be suboerl:pt v indicatea tmt t-bQ coord1nat.es 

7v and t.y are mcaaured trcm the Yin~ a~x and not f'.rcD the no:zc ot the 

~ combinattcn. 

Equatlm (11) u alao "-alld tor tho left ving r-e,nel. Houc7er, the 

values for a and m v111 be aegativc. 

In rc,s1CD (2) the 1Dtega,t1cn or tho loadfnt; along tbe 1ntcroecUcn 

ot tbe ttlcb cutt1ng plane and the v1ns 1nvolvea the integrat1Q1 of o. 

coab1nat1cn or cmplete and incomplete ell11,t1c integral.a. Tht.e 1nte• 

sratt.cn 18 not etra.1gbt 1"onrard GDCl vlll not be attempted here. Bowver, 

t.be lack ot am expreaalaa tor p1/2q 1n thio region senerall1' vill have 

little ertect upcn tbe accurac-J of tbe d1atr1but1cm ror the total w1ll8, 

alnce the Utt 1n th1a reatcn la oma111n compariaon to the llrt or the 

total v1nB ( see rot. 9) • 

When the v1!'J8 baa a eubsoo1c tra1.l.1JJ£ edse the }':l"eGourc cc,ett1c1cmt 

1D reg1CD (,) 10 glven by an expreu1c:m M't Sui.table for direct 1Dtegratlcn. 



- ld -

!heretore, tbe cbordv1ae prouure d.iatri'butim in th1a rcgtm vU1 be 

apprcxlmatcd by a t.ri8D6' 1lar d1Rrlbttt1on. A cca;erieon ot the tvo 

loa41nga 1a ahtND 1n sketch 2. 

[·{',.nr ' 
1 l . ·,; 

Slr.otch 2. 

It 8toul4 be noted that tbo area. under the tvo curvea la the ae:ie GO 

that tbc total litt 1• unartected by tbe uoe ot tbe &PJ>l'O>d.mato presaure 

cUatrl.lNtic:m. 

'!be n.;;proxS.mte pressure coefficient 1D repcm c,> 1a 

P(J./mt. • a1D O)y + (ca • ev) 
/JCp<,> • ~(1) ~(lfmt - l)y 

(12) 

lt°J a•---
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(P.Y + ca> [(1/mt • a1D 9)131 + (ca • 1,,>]J 
y~a2 - l)r,2:,2 + --ar, + en~ 

(1,> 

Pertotetng the 1Dtegraticn or t\Cp(,> &leas the cutttna plane 1D the nmer 

preacrl.bed l);r equatlm (It) ytcl.da 

("a: i.,,> J.cs~VP2<m2 • 1)y2 • -:•aY • rl-ca2 •""'a• lb] l Yo 

Y1 

{13a) 

It the area or raglan ( ,> 1a emll caqpere4 to the tot.al v1ng area a 

turtbDr opprox1mtian er tbe l oe,uns 1n reglcn <,> can bo ueed. Asame 

that tbe v1DS bu a new trailing edse given by the llDe vblch blaecta tbe 

angle termed by t.be old 'tra.111.ns ~ am the )lach lino IIIIIID&t.1ba trom tbe 

tZ'Slllng e4ge vertex (aec eketcb ,>. IJext uaw:m tbat all ot tbe vlna 

ahead ot tbe nev trall.lng edae tmfl outo1c1e the 1ntl11ence or tbe tip bu a 

reglCID (l) lo•Hna am cempute the d1atr1but1cn ot p1/24 cm tb1a 'bula. 
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S1mtch ,. 

Otbm" regt.oaa ot s.nteracUns floll fields, such aa 1-ecJtcu ( i.), ( ,>., 
(6), etc • ., (eee sketch l) vill be ccma1dered to have no Uttiq pressures 

am will be emitted frm tbeae calculat1cna. 'l'hla asaua,ptlon should 

1144 little error to the total ex1.al 41Gtr1bution of ~1/29. it tboao 

restcma are small. Be1'ermice 9 1Dd1catea that tbe caitributial of tmsc 

restom to tbe total Utt 1e negl.1s1ble. 

c. 

Sketch 4. 



- 21 -

In region (l) the flow is tho sci.!!l8 as the !low over a swept wine 

ot 1n1'1n1te aspoct ratio. The local lift coefficient 1s given by 

"C .. hma 
L. P(l) . • pjal-- l 

Substituting the value ot the local lift coet.f1c1ont (eq. (14)) into 

equat.ion (4) and per!or .. iin; the apecitied integration yields 

&_ 2.nl cos 9 Yo 
·2a ·- y 

q (1) J:n2 -l Yi 

(lh) 

(15) 

In region (2) the ex;irossion for the local lift. coe!ticient is 

(see ref. lC) 

l.C • 4ma fcoa-1(1 -am~ + 008 -l(l + a:.~~ 
P(2) ~Jm2 1 m - a m • np, -

Combining equations (16) and (4) results in the expression tor the 

diatribution of j3l/2q. 

(16) 
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ID reference U the dltterent1al presaure coett1cient 1n reglcio ( :5) 

1a sbolln to be 

/Jl!_ • - I a 4pp. coa·l 2m + 1 t + ~ l 
-- vt P•/ri • l m • t j 

Sketch,. 
aD1 t • ft:/ JXa • 

In roglcn (4) tbe d1.."'foronUal yresaure coeffic1ent 11 

'fba d1etrl1Nt1m ot r,1/2q tor roglan (:5) can bo determlnod b3' 
t1nt calculatf.Ds the 41atribut1cn u lf 1t vere reglc:m (1) ml adding 

to 1t tbe diatrlbutico derived t.raa equat1aa (19). S1mllar~ the 

(18) 

(19) 

(a>) 
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4latr1but1on ot in/29, tor regtoa (4) can be det.ermtned lrJ cal.culaUng 

t.be <11atr1bllt1cn u tt 1t ven restan (2) an<l oddtns to it tbe d.letrlbu.-

tlon o11ta1Ded f>:'al oqU&t1m (19). 

In order to s1mpl.1.t,y tba 1ntograt1oo equat1cm (19) baa been approxi• 

rated by tbe tollol,1ng expreaaim 1 

A ccq:e.:r1oan or tbe tvo curwa defined b-J equattana (19) an<J. (21) la 

abawD 1n aketch 6. 

t. ::: -J b/2 y 

Sketch 6. 
'lhe lltt torcoa CD a ty-.;11.cal lateral secUm ouch oa that aholm 1D 

uotch 6 ON oqual t~ the tvo load d!atributicna 11l.WJtrated. by 

are ~ a1Dce the areaa mder the tvo curves are equal. b ernr 

!I"& PIP.~ introduced by the a~te trm or the lcaOtng Vill be 

1111111 alnco the 1oa4 m tm Up 1a ~ a ..U part or tbe load CD 

tm eat1re vlag. Al.lo vbm o • 00 the errcr vlll be zero 1t the 

(21) 
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integration proceeds trom the uach line emanating £rm tbe tip leading 

edt;e t.o b/2, which 1a tbe Ci\Se ever,ywbere except at tbc, t.ra111ng edge 

am at. the inner boundary or reeion (Si. 'Ihe error will increue sligbtq 

as e increases. 

Pertoming the integration ot oquation (21) alone the cuttil>g plane 

as indicated by equation (h) results in the tolloiring exf4'eaa1on 

t 
• 2ma coaG~fin S • l) 7 _ 

Jm2 - l ein 8 

ib/2(a1n e • t) + '• ,. ,_ _ )}'To -------------1.oce\•w - fb,,.a + f7 sine 
f. sin2e 71 

(22) 

mien 8 • 00 it. ii more convenient, to uae the tora 

(23) 

Tba lltt 1n region CS) 1s negligible (oee ref. ll) in comparieon 

to the lift ot the wholo wing ~m will be treated hero as it it, added 

DO lift & t, al.le 
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D. Ttrieted 'ffing 

For tho caee ot an arbitnrily twisted •1.ng tho pressure d1at.r1but.1on 

will be datermir.ad by euperaonic at-rip theory, due to the lack ot a better 

method. In supersonic et.rip theor:, each chordwise section ot the wing 1a 

treated aa 1f' it. was a section of a two-dir.lena1onal Wing. That ts, the 

loading on a sect.ion ia proport.ioml to the a~le 0£ attack or that. aoction. 

Uthe 1fing 1a t.dated or 11aa partially or wholly within the influence 

ot acme disturbing element (euch aa the wing apex) strip theory rill not 

yield a good approxi:Dation ot tba pressure d1st1"1but1on. llonver, Uthe 

wiOB baa auperaonic edgu t.he total. litt ot the wing rill be correctly 

predicted by at.rip theory. Th18 reault 1a a cona8\luence ot a theorem 

and a corollary about the Jresenation ot litt wbich are given in roference 6, 
and are g1Yon below. 

Theoreaa I a For a wing with euperaonio e:!gea whoae trailing edge 

1a perpend1.cular to tbe tlow direction, the litt coetticient due to a 

denected el~ent baa the t«o-di:::lanaional. Yalue W!. , when baaed on the 
p 

area or the denected elaent. In general th18 area carries only part ot 

the generated lltt. l:aeYer, the centor ot lilt 1a at t.he centroid ot 
tbe element. 

corollaey la For a wing with a plantoni aa described in Theorem I 

bat. with an arbitrary distribution ot local angle ot attack a the lUt 

coetticient 1a 

4a 4 [J CL • ::I,_ • - adxdy 
p f.S ir1D& 

Where Cz, • total lift coet!icient, S • wing area and a,, • &veNge angle 

ot at.tack. The integration ia extended overt.ha total area ot the wing. 
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froo1"11 ot the above tJ,eore:n can be .found in reterence 6. A 

further conseliuenco <JI the above ttoorc:.:i for win-::s with .:..11 eu;oraonic 

e~es is thut an intecrution Ylith rt,spect to tho conical variable a 

tro-:11 0 to m ;yiolJs tho section lil't co,J£f idi.mt La a ye Thus un 

integn&tion ot the z.;res3ures on such a wir~ alo~ a section !or:ned by 

the intersection ot the ::ach cutting 1>1.une with the wing chord plane 
I 

which prococds tr<Y,1 the body a.xis (a • u) to the wing leading edge 

(a• m), will equal to 4«.v t.i:.,ss the len~th or the sect.ion. It 
p 

stril) theory 1e uaod ir.s~d ot a more exaci. Joter:nination of the 

r,rossure distribution, the ubovo inte~ution will yield Ute sa:ne result. 

It appears, t.here!ore, t.~1:1t, strip theury is Ca1..i-4ble ot r;c-ovidin& ;. 

reasonable .,.pproxi:14,tion or tho diotribution of , L/2q ~n a lfing nth 

supersonic odges. !he largest errors will pr-ot;.;;.ul,y occur for winGS ot 

·we local lift coefficient on an arbitrarily t«iatod wing is given 

by strip theory by 

llC • ~ 
P r (2b) 

The distribution of ;'l/2q on a tw11ted wing can be obtained in 

the sa..r.e manner 48 tor '4n untwisted wir.g. Z:a:i.ely, by :substitution ot the 

pressure coetficient int.o equation (4) and by per£orm1ng the required 

integration. Thia has been done,, and the result is 1."'iven below as 

- .fil. • - 2 cos& (Yo " dy 
2q Jyi 

(2S) 
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U tbe function a u not. easily 1nt.e6ratad, tho diat.r!but.ion ot j,l/2q 

can be obtained by plot.tin& t.bc1 va.ri.t.101, of c. vith '¥ ar,d i;rtlrihicall7 

integrating betareen the deaireJ 11.irlu;. 

&. Body Induced Opra1b 

The apamiae d11tr1but1on ot angle ot attack due to bodJ induced 

u~h 1a given by tbe upreaaion (e'luaUon (6)) 

~ber• a 6 1a the angle ot attAck or the bo~ and r ii the body rad.iua. 

Substituting equation (6) into the upre111on ror the distribution ot 

~1/2q tor a t.111.ated wing, derived in the pnceediJ?& aection, al¥l pw-

for:.iing the specitied integr.1tion yields 

(26) 

or in terma ot the com.cal coordinate a 

(27) 
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VI. S~LE CALCULATIONS 

In order to facilitate the uae ot the exprueioms deriftd 1n the 

p-eceed1ng aectiona ot tb18 theaia H:4ple calculationa bllve been made 

tor the distribution 0£ f,L/2q tor a t)'pical configuration. A akatcb 

of this contigurat.ion with t.be pertinent dimns1ons 1a presented in 

Figure 6. Tbe calculationa are tor a tach number or !.! • V2 and tor an 

angle ot attack o • 4°. the calculations are preaented below. 

Al was pointed out in the "Jetboda of Anal.Jail• section, the 

distribution or f,&/2q tor a wing-body cor.1bination will be determined 

traa tbe wire~ inter.t'ereace model ci.1pioted in Figure $. 

1. BodJ contribution.• The contribution of the bod¥ to tm 
d1striwtion ot ~l/2q is ctnn by equation ce) 

-ar • -! P'1B°°19 :body 2q body n d• 
(8) 

The bod;y UNd 1n tbia example 1a the Seara-Haack minimwi drag body tor 

a gi•en lenatb and YOl'UM (aoe ret. 12). The croaa-eeoUonal area dis-

tribution ot thia t>o.q 1a 

and the rate ot change ot the area in the axial direction 1.a 

5!l • JnrJx (1 - 21/1\ J J + 41/L - L. tl/L2 
. di 2L i 
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Thus 

Substituting the cotd.1.t.ions of the problam into the above equation yields 

the contribution or the body to the distribution of pl/2q llbich is pre-

sented in Fi~es 7 and 8. 
II. Contribution of a rigid wing al.one.- Figure 6 indicates that 

at a ~ch rN.'Dber U • {2 the wing baa subsonic l.eading edges while the 
:tYr~ t.rt1ilinc edges are supersonic. Thus only region (1) and region (2) lead 

loadings exist on the wi.ng sur!ace. The contribution ot the rigid •1.Da 

alone to tho c11atr1bution of vt/2q 1a tben given by equation (ll) 

"t 1r·•· -~ 
2q (l) 

• _ 2m2atw cos 9 "'!81n eJ;112 - 4 2 + 
p(l - m2a 9)~•(m) l - a sin 8 

(ll) 

When e • o0 the intersection ot the .Jach cutting plano with the 

x,y-pl.ane is porpendicular to the at.rea:i diroction and the diat.r1but1on 

ot tt/2q, as deter:dned trc:,, the equation above, trill be t.'lo oa"ne for 

both the right and left wing panels. Thia is obvious tro:i the ey::otry 

or the cont'i.;urati.on. The ~its or iute£Nt1on ac, and &1 are 

determined trcxa the intersection ot tho cut ti.J:li; plano with the bou."Xiariu 

ot the region of interest. The cutting plane !or 9 • cf' and l • 8 1a 
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ahOlll'l 1D Figure 6. The outboard 11:rlit tor tb1a cut.Ung plllne, in terms 

ot the conical coordinate a• r1/x, 1s 0.842. Tb1a, or course, 1a the 

value o! the neepback parueter m since the outboard limit lies along 

the •illil leading edge. The inboard 11.'!lit lies along the body axis and 

1s equal to 1ero. Tho cont.ribution ot the right halt ot the rigid wing 

to the distribution ot pt/2q bas been canputed tor the coDClitioos 0£ 

the pz-obleu acd 1a presented in Figure 7. 
When e is dit'£erent fro.a &ero the contributions (to the di.etri-

bution ot p£/2q) of the right halt &rd tha lett balt ot the rigid wing 

al.one are not equal. The cutting plane tor 8 • 16° and l • 6 1a 

ahown on Figure 6. The outboard 11:Ai.t ot into'9Tat.1on tor the right ball 

or the wing lies along the ?Jach liDa emanating tro:a the wirlg tip am 1a 

given by a0 • o. 774. For the left halt ot the wing the outboard limit 

liea alol'Ji tbe wing leading edge and 1a equal to -0.842. The inboru-cl 

1.1..aita tor both wing halves lie aloq; the body axia am are eq,W\l to zero. 

The cont.1'1but.1ona to tbe distribution or pt/2q ot tbe right am 

lett halves of the rigid wing alone ba.ve been ccxnputed tro::i equation (12) 

using the limits defined above and are p-esented in figure 8. 

III. Contribution ot bod1 induced upn.1h.- The contribution ot 

body induced Uplaab to the diat.l"i'bution ot ~&/2q can bo determined 

trOdl e~ua tion {27) J 

(27) 
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The Y&luea ot a0 acd •1 are determined trom tbe intersection ot the 

W&ch cut.Ung pl.am with tbe boundaries ot the region which 1a campoaod 

ol all tbe ring aurtace outboard of the average body radiua r 0 • 'Rhen 

8 • o0 the contribution ot tba right and le.ft exposed wing puiel.8 to 

the d1at.r1but.1on ot pi/2q are identical due tot.be ayanetry of the 

cont1&urat.1on. For t.he cut.ti~ plane dof'ined by 8 • 00 am lw • 8, 

the 11:.d.ta ot integration are ao •II>• o.842 and •1 • fl"oAw • o.l87S 
(eee Fipre 6). the cont.ribution or the right. exposed wing panel baa 

been co:Aput.ed tor the conditions ot the problem and is iresented in 

r·1gure 1. 

When 9 1a cl1.tterent tro:n uro the cont.ributior.a ot tho t.o 

expoaed •in& panels are no longer equal and iaust be determined separately. 

For & • 450 and l• • 8, the limits ot integration tor the right expoaed 

wing panel are ac, • o. 790 and •1 • o.166. For the lett exposed wiqi 

panel tbeae ftl.uea are a0 • -0.842 and •1 • -o.216 (aee l'igure 6). 

The cont.r1but1om of the right and lett. exposed r.ing panels ba'18 been 

comput.ed and are proeented in Figure 6. 

IV. Total distribution ot pl/2q.- The total d1at.r1but.1on ot 

pl/2q 18 obtained aim~ by awmillg t.be contributions ot the various 

part.I ot the "1~-bod.r interference model tor like values ot G a.o.i e. 
'1'be total diatributiom ot ~1/2q tor tho conditions ot this problem 

with 9 equal to oO and l&S0 are preaented in Figure 9. 
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VII. DISCUSSION 

In th18 thesis a ciathod baa been developed whereby the nvo drag 

due to lift of a wing-body co:abination can bG detor:nined solely tro:n tho 

geometry or the configuration. The various expreaaior.a tor ~i/2q 

(fro;.i which the nve drag due to 11ft is calculated) were derived trom 

linea.rizod supersonic tlo• relations. Thus this !Jlethod can be expected 

to apply to any alemar rectilinear pl.antor.:i wing-body CO!llbination to 

which linearized auperaonic thoory ia applicable. 

At ?Jach numbers approaching unity lir.eariaed supersonic theory 

loaos its validity and consequently tbia method 11ould be expected to 

loae its validity also. Uowover, the term ~ • J~-1 becolll8S uall as 

tho Mach number nears one and the nve drag due to 11ft, which 1a 

i:roport.ional to ._;2, beco!IU only a ~all part or the total drag. 

Theretora, it 1a possible to wse th1a method tor it.ch nu:nbera cloao to 

one without incurring excuaiYe errors 1n the total wave drag. 

The resulta ot the ea.:nple calculations (see Figures 7, 8, and 9) 

iDdicato that the contribution ot the body to the distribution ot 
~-:.L/2q 18 small. Tho body uaod in theaa calculat.iona na a Seare-P.aack 

bo~ ot timnesa ratio 12.5. In order to illuatrate the et.rect ot • 

change 1n body t'lhapo on the diatribution or f t/2q 1 calculatioD8 or 
pl/2q nn :nado tor an indented $ears-Haack body (Fig. 10) and co:llpared 

With the results tor the Sears-Haack body. 'the change in body shape 

bad a considerable etteot upon the contribution ot the body to the dis-

tribution of j',t/2q. It should be mentioned tbat the ettoct on the wing 

ot the change in body pressures b~ not been considered. This induced 
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effect will probably be aa largo, it not larger, than the ettect ot the 

change in body ehape on the body. Thua it. aee:u likely that the total 

etfect ot a change in body ah.Ape is actually several times lc&l'ger than 

that calculated and preaented 1n figure 10. However, the contribution 

o! the body Change to the <11.atribution of ~ i/2q, including induced 

ai'tects, 11 uall in CO'Jlpariaon to the total distribution or ~l/2q 

tor the COl!lplete oonti.guration. S.11all enough, in tact, to be neglected 

1t the body 1• aooth and alemor. It appears, then, that a eymetrical 

ctMUJie in bod7 shape, such as indentation, which bu a considerable e!!ect 

upon tJle •ave drag due to thickmaa, will havo only a slight ett'ect upon 

the wave drag due to litt. 

Since the ettecta ot changes in~ ahape are small the wave drag 

due to illt, tor the type ot configuration studied in this thesa, depends 

almost entirely upon the wing planf'om. Tho method developed herein can 

be used to deter'Jline the variation ot the wave drag due to lUt with the 

various plantorm paruetors such aa neepback, aspect ratio, and taper 

ratio. 
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VIII. C01l(;l.US10?6 

A method ba&S been developed in thia theaia whereby tbe wave drag 

due to litt ot a wing-bo<l1' co:abin.ltion can bo deteradned solely from the 

geometry ot tbs contigur.tion. The cases ot supersonic and aubaonic 

leading edgea have both been treated. Sa"lple calculations have been 

made !or a typical wing-body conCiguration and the results indicate 

that sy-.:,.':U!trical changu in body shape, such as indentation, which may 

have a considerable ef'toct upon the wave drag due to thicknoaa, will 

have only a alit;ht effect, upon the wave drag due to 11.tt. lbe wave drag 

due to lift ot a wing-bc>dy combination, tor which the body 1s fairly 

nooth and alender, 1s shown to der,,end almost entirely upon the wiog 

plantor.n. 
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