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SUMrv1AJf[ 

Tests were made in the Langley stability tur.rleJ. to 
com~are the drag of eir,lane confi~uret~or.s naving con­
ventional bodies with that of an qirplane conPiguration 
intended to carry cargo in a deta ~able airfoil-shqped 
body, The results of these tests are pr8sented graphi­
cal1..y. An a"1alysis of t~e perforrrance ~nd lOl:.zitud:nal 
stablli ty and control characterist5.cs of [: lifting-body 
cargo airp] ane is also present"3G, and ti1is tT')e is com-· 
pared with a ~ore conventional cargo eirplane. 

Comp8risoT' of t.9 0012r8 obt:.:d.ned by the 8I)~lysis 
wi th the eX'gerimental results obtained for 8 s.:!ecific 
mode 1 shows t'1.at the n.eU .. oc.s used will gi ve re 58 on a'uly 
good com"'JE.racive peC'for'1'Jsnce estimates. Although the 
specific assumntions uS9d may be ODen to question, tt.e 
c01TIDPrison of the )roposeJ design wi th a conventio.1al 
airplane indic3tes the p~acticabiltty of the desi~l. No 
further investlp-ption of the ,:;eneral aerodynarnic ch'}rac­
t9~lstics of the liltlns-bo~y t!~e of alrpl&De is con­
sidered neces3pry . 

At the r3qnest of the Army Air Forces, Air Technical 
Service Command, 2- preliminary investigation of the drag . 
of several configurRtions of a liftlng-body cargo airpl;be 
was conducted in tae Langley st2bllity tunnel. 
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In order t.o :;"nvesti.gate '.:;he aerodynarr,ic c:r~c9r8cter­

lst::c8 0:'" such e cA.rgo 8.irpl!U e , 811 analysis was .GEl.e.e of 
the -per:;-~or:1la-,ce ana of tt.e longitudinal stao ::lity and 
cont-rol cher8ctertstics of a s~ecif::'c desig:1 . The methods 
U Q '3U end 2SS ',utlrtions involv'3d in the B.J.1 p lysis pre prese:lted 
in the ap:'endtces . 'Jlhe stabU i ty md control en81ysis 
cOllsid'3r'eci rn a in I y the e ffec t of body 10 c8tio~1 [rl d cen ter­
of-grFvity 10cRtio~ on the t~il erep required. 

COEFF IG ISNTS M D S::MBOLS 

The coef~icients anci. sY'1loo1s ured in this report are 
defined as follows : 

L lift 

D drag 

M pi tching moment measured. rbc 'J.t quarter- chord point 

lift coefficient 
L 

= qS 

drag coefficient 
D 

= 
qS 

CDo profile - drag coefficient 

Cm pitc~inz -morren~ coe fficient Rbou t 1us rter-chord 
j\f 

point = --
- qSc 

Cm pitching- moment coe~fici'3nt at zero lift 
o 

S projected area 

S ' wing area not covered by cergo body S = ~S' 
S " projected 8re q of t08 t models 

c chord 

b spsn 

L distance of teil quarter - chord paint from wing 
quarter - chord point 

a distence of body quarter - chord point ahead of wing 
quarter - chora ooint 

Itt 
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x 

-~-~~~~~-~----.--------.. --.... ~-... 

distance of center of grqvity behind wing quarter­
cl:ord p oint 

3 

Xn cUs tance of l1'3utral point be"IJ.inci wing quarter-chord 
point 

R 

hp 

A 

W 

'Nf 

f 

q 

V 

P 

1') 

a 

a o 

ai 

!:'af 

CLa 

6 

i 

E: 

distAnce of center of grAvity behind cargo body 
qt:.ar"':;er - C:lOrd po5.nt 

flight range 

horse rJ ower 

aspect ratio 

wei f ht 

wei ght 0':' fuel 

fuel consumption rate 

dynamic press 1.lre 

air den 3i t:r 

engine -~~opeller efficiency 

section 8nple of attack 

ind,-~ced on£le of: atteck 

effective ch~nse in 8n~18 of zero lift due to fleD 
def lectio:1 

da 

B21g1e of deflecti.on of fl ap or control surface 

rulg1e of incidence 

dovmwesh angle at t ail 
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Subscri-pts : 

b refers to cargo body 

c +- b refers to c are,o body and boems 

t refers to hori zan t a:' tail 

S refers to vertieal cPil 

f refers to flap 

c refers to cargo 

n refe:L's to engine nace11es 

e refers to airplane with cargo body off 

w refel"S to wing, when used, otherwise wing perameters 
have no subscriots 

m refers to scele model 

1 refers to the sp8nwise portion of wings without flaps 

2 refers to the flapped spanwise p ortion of the wing 
outside the s lipstre am 

3 refers to the sp8n~ise portion of the wing in the 
slips tre &'11 

!'WDELS 

Tests were made on simplified models representing 
several confi~ur8tions of ~ careo ai~Dlane using a large ­
chord short - sDan 8i:>:'oil - shaped bodv and twin booms. The 
body had a section witI' a 0.25c TI1ax.imum thickness at 0.40c 
ill1d a maximurr.. camber of 0,02c at 0040e; the chord c 
WElS 30 . 2 inches end the span 'NBS varied; 4- ,12-, Bnd 22-·inch 
spans were tested . The body - boom combinations, body alone , 
and booms alone v;ere tested on the wings. In one of the 
tests of ths booms , the wing chord b0t~een the booms was 
increased by extending the leading edge 23 percent. For 
comparison, tests were also made on more conventional 
bodies; one of Tby 7 . 55 - inch rectru1gular cross section , 
and another of 6 - inch- diameter circular cross sc;ction, 

L--________ _ ~J 
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geometrIcally simi18r to tre 
The conventional bodies have 
mateiy equal to thAt of the 
trations of these :node ls are 
and 50 

fuselage of the Douglas C~7L~. 
~ar'go c£..pacities appro~~i -
4 - inch cargo bod~l . Il1us­
show'1 ~n figures l, 2, 3, 4 , 

All the bodi9s were tes ted on the S aI"le 12-inch-chord 
dural B1-rfoil of i ACA 4318 section, v,hich cO_TIoletely 
spanned the t'lIme L Tile cargo - body ruode Is were mo mted 
so th[t their quar~er - chord Doi.TIts 'vere 6.58 lnches 8head 
of the wing qUFlrte':'1 - chord point. Tlle right elld of the 
airfoil pf-'ssed through the tunnel wall and was fas t,er.ed 
to the balance frame outside the tunneL The gap around 
the wing where it D88sed through the tunnel wall was 
about 1716 inch wide . Tile l eft end of the airfoil came 
almost to the tunnel wa ll, l eaving aprro~i~ately a 1/16 - inch 
gap between the wing and the wall. This end of the air -
foi 1 was rr..oun ted on the balance fra.cie by rre ans of a shaft 
which was fastened to the end of the wing and passed 
through the tunnel wall. The construction of the wing 
and mount c 8.11 be seen in figure 2, and a mode 1 with the 
same confi guration as sho\.n in figure 2(a) is shown 
moun ted in the t unne 1 in f i gurd 5. 

TESTS AND R~SULTS 

The tests were made in the 6- t~T 6 - foot test section 
of the Langley stability tunnel at a constant dynarr.ic 
pressure q of 64 . 3 pounds per sBuare foot, corresponding 
to a Reynolds number of 1.44 x 100 based on the I - foot 
wing chord . ~e osurements were made of lift, drag, and 
p itching moments . The data were co~ rected for tunnel..: 
"8.11 effects end are presented in standard NACA coefi'icient 
form. 

'The results of the tests are shown in figures 6 
through l b. A resume of the tests and results is given 
in the following table : 

J 
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:!Tudel c::mfiguretion Fig'-lre no . -_._---------- ---'-------------.-- ---
'i:in:, e lone 

""\ 

-."vi'1g + 22- in ell cargo bodv + ~00lJ1S)1 
'.Vi:1 k-.' + 12--inch cargo bod~r + boorrs ., \ _ v 

Wi~~ + 4 -inch c~rgo body + booms 

Wing + 22-inc~ cergo body + boo~s, 

Wing + 22·-inch bOd J } 
Wing + 12-inch body iw = 0° 
Wing +- 4~ir ch body 

. = 0° lW 

vVing + booms at 22-inch s ll8 cIng constOO1 chord wing 
','iing + booms at 12-inch s'JC'cing const8nt . 

chord wing lw 
-iVing + booms p.t ~_ -inch spacing cons tent i 

chord wing I 

.J 

~iVlng alone 
Wing + 12-inch cargo bod~T + booms 
'Nin~ + 12-inch cargo body 
Wing + booms at 12·-inch sDGcing 

chord jng 
if.ring + boon~ s at 12-inch spacin~ 

chord wing between booms 

S--incl'1 conventiona.l oody , iw = 0° 

0°, 
1° 

5° Circular body, hig'h 1Nin!S , iw - ~ - , 

Circular body , low Wing , iw - 0°, 2lo SO -
2 ' 

-.. 
Wing alone I 
Wing + 4 - inch cargo body + boomsl 

0
0 

'Nin'3; + 5-ir ch convent:o'1e 1 body J ill = 
': in + circulqr bolv, hiS~ wing 
-r;ing + ci~cular boJy , low wing 

Ning + 22- inch cargo body + booms} ° 
Win~ + 22-inch car~o body + booms iw - 0 

extended T • .t!.: . 

6 

7 

8 

9 

= 0° 10 

= 0° 11 

12 

13 

14 

15 

16 
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The tests on the ':vlng alone C8n be consider-ed I?S two ­
d:Lllensional te.sts, and the data in figlJ.I'e 6 are sectjoJ.1 
dat;f'. '~he otller t;ests aI'e of thret;-dimensional bodies 
suY)eriiTIposed on a two - dimens':'onal w:i.ng. 

The data presented in figures 8 anc. 13 cannot be 
comf) re c. di roctly wi th n~e other data -presented, since 
the tescs from w~.i.ch the results 011 tne",e two figures 
were obtained were run wi th the gap 8.l"ound the wing at 
the tilllnel wall sealed. These two fig~res are comparable 
only wi thin themselves to S~OVI the effects of wing inci­
dence. All other data were obtaine d 'Nit.ti tne gap around 
the wing unsealed . 

DISCUSSION 

Test Data 

The drag data from the tests vcre broken up into 
several components to determine where the drag could be 
reduced. All the drag coefficie'1ts were b8sea on the wing 
area of 6 square feet . Figure 17 shovs the values of 
minimum drag coefficient of the various com~onents of the 
cargo airplane, The variation of Lhe cargo-oody drag 
increment with body width (from fi g . 9) was not zero when 
extrapolated to zero body width . The skin friction of 
the sides of the carg o boay was calculated at a Reynolds 
number based on the test airspeed and body chord, assillning 
a turbulent boundary layer on the body sides . The computed 
skin - friction drag coefficient coincided with the drag 
increment at zero body width. 

From the tests of the b ooms alone on the wings (see 
fig . 10), the drag of the booms was four.d to be independent 
of the boom sPAcing. Also , there seemed to be no drag 
interference between the booms and cargo body, because 
the increment of drag added by the booms was the same 
whether or not the cargo body ~"'as present. This can be 
seen clel?rly in fi gure 17 . 

Tuft studies were made and showed that the flow at 
the trailing edge of the airfoil-section cargo body was 
always separated . The flow on the upper surface was 
senarated to some extent near the trailing edge evon at 
_80 angle of attack . This separated flow occurred on the 
body when tes ted ei ther wi th or 'Ni thout the booms. In 

-----_._ --
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an Ettem:ot to e} im~_n2te "Che r:;.ow separat;j_oD, the cargo­

body leu6th w r s incre Bsea 10 percent by ext~wliDg the 

L."gilinn; edge 8S S!10y.n fn fi;ure 1, thereby reauc:Lng the 

t.cailing - edg"3 r.ngle frOll 500 to aOO1....t 300 . Tuft tests 

showfd th2t th~s ~od ific 2tion elLn~n2ted the flow sepa ­

['aGJ.on 0 1 t.he upger sur"face "for the negative ang13 - of -

8tl~8Ck range, and nade it less wideslJre.s.o. for small 

Dositive angles of attack. Force tes"Cs 8howed that the 

drag Yvas decre8sed jn t:le min·tn:um (irag rsnge. The 

re ~ul ts of Vl.ece force eElS ts ,!:tre shown tn figure 16. 

In figwe 11, i t ~ll ba seen thc,t the ooori:s llave 

some int~l'ference ei'fect cn tIle pi cching moments of the 

cargo body . Addin,; the beoms to the wing and cargo - body 

cOlnt.dnat.Lon ryroducerl 8 p"L tch ~ng -rcC)mbn t incremen t ~T,l"'e .ster 

thm thr>t produced by aJding the b')orrs to the WLlg alone . 

This is Drob ably a result of the interference effects 

between the forward po['tion of the cargo body and the 

large 'Jo:..,tion of the bO'Jme extendill£ in front of the c argo 

body . 

.t'tr1&lys is 

The aeta were appliad to an an::,lysis cf the per.for~­

fu"1C8 cY'd U-~e lOLgitudinal stabili ty end ~ontrol cnaracter ­

istiC'..:: 01' <:3 full - size cargo al:t'p18ne utilizing the a':rfoil ­

shaleo oargo oody. However, ~o atterrpt WPS made to esti ­

rra~e the COLtrol ;orces . The specific design chosen fo r 

n~ly is WES uggested by Col . C. F. Greene, Liaison 

O:·.1.'iccr betwesn th') I·dr Techni cal 3ervice COJ'r . .mana and the 

Lane;Jey Laboratory of t~l.e l\Tational Advisory Corffii1ittee for 

Ae':"'on&utlcs . The chara.cteristics of the A.irplRne are as 

follows : 

The airplane considered is a i'our - ent;ine :r~igh -wing 

cargo carrier, C-3Sip.T:ed 'GO accomr;odate ol.:tlky and neavy 

equiprLent E.l1d Yl1ateriaL ~'he body for carryin2; the cargo , 

which is detachacle for sinmle and z'8:r:id loading and 

unlo[oing, has an airfoil-8ha)ed 10nr:itud:Lnel section., 

The re'118ining portion of the airplane is a complete flyable 

unit In i t"elf. A three --view drt'wing of the basic airplane 

is ohovm iYJ. fi~ure 13, and the mE"in dimension3 8.re listed 

in table 1. 

The methods used. in the 'IDalysis and the values 

assUYded or estirrated for t.he various para.r!1eters are given 

in 'lppendix A. All ar' 51ys1 s of the tes t dat a to jus ti fy 

some of the P3sW1lDtions msde is given in appendix B. 
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The val'J.es given in table II and in figures 19 
th:;. ough 22 ape only approxima'cjons, since the drag Llata 
'Nel'"'e estJ.meted, or teken from Iow deynolds nurruer tests 
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of a simple body and boom combination mounted on a 
const511.t-chord wing which cOInpletely spanned the wind 
tunnel. In order to justify the method ·~'sed iI: estimating 
tho dr8g characteristics, a lift-drag polar was estimated 
for the Douglas c-74, using the test data. in figure 14 for 
the model with the c ircular fuselage and low wing at 

1 0 22 incidence . In fig'.lI' 8 19, this polar is compared with 

data obtai~ed from tests of a coml)lete c-74 model. The . . 
c ompa r :i son be tv'een the c ompu ted and mea sured dra gs of the 
C-74 i n dicates tha t the me t hod o f estimatin the drag is 
sat i s f ac t o r y . 

Perfcrmance . - The drag of the co~nplete airplane was 
estimated, as shmrm in appendix A, from the test data, vJi th 
a suitable allowance made for' the decrease in drag when 
booms not e x.tending in front of the body are used. The 
estimated lift - drAg polars for the complete airplmle, and 
the airpl!me wi th the cargo bOely removed and the drag 
equivalent of flat p18tes of 0 - ,50- , and 100-squr;N,:-f ')ot 
areps ploced between the booms to represent large items 
of cargo hung from the wing but not enc~osed in the body, 
are shown in figure 20 . 

It is desirable to com~are the lifti~;-body type of 
airplane with a mor6 conventional cargo airnlane in order 
to show their re l ative performence. The C-74 cargo air­
plane , however , cannot be used for this comnE'rison because 
the sizes and wing loadings are differen t for the two air ­
planes ~ In order to compare the two types 0 f' airplane on 
the seme baSis , the polar w:::,s estima.ted for an airplane 
with a fuselage similar to th[.t of a 8-74, but with a cargo 
vo l ume .. gross weight , and wing size and plan form the sane 
as those of the lifting - body design . The drag coeffici8nts 
of the airplane are compared with those of the liftin~ ­
body airplane in figure 20 . The minimum drag cOGff'icient 
of this comp8rison ir)18ne was sljghtly lovler than that 
of the complete cargo airp19ne (0 . 0223 2S co~p&red with 
0 . 0237 ). 

Power requi::>ed versus speed curves wero dr8':Jn from 
the estimated lift - drag polars . A power available versus 
speed curve for normal reted power (8800 b.'1p) was es timated 
from the engine - Dropaller characteristics . The estimated 
pov/e r curves and a curve s110wing the power required to 
over c ome the induced drsg at a Wing loading of 40 pounds 
per s quare foot is shown in figure 21 . 
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Also shown is t:.lle power r8f]uired foL' the large conven­
tional ty;)e of airplane for co:nparis')n. This conver~­
~ional tyJe is t~e one mantioned prevloosly, ~lich has a 
f'use-L':!ge similar to that of the C-7\ but with its welght 
Dnd wings the same as those of the 1iftinp.;-body cergo 
8ir ~J l.ane • 

The see - level )erf'orman ce of tne cargo airplane was 
8stLn~:ted frorr. tLe pOIl,er curves for :hree condi tions : 
body on , design gross weight; body on, light 108d (as at 
the end of a lor.g-range flight); and body off, light load . 
The c argo lo ad versus range ch8racteristics at constant 
brake horsepower and at constant lift coefficient , which 
iH'e presellted in the form of curves in figure 22, were 
es tim8t.ed from the power curves and ':ue 1 cons1J1l1ption data 
of the englne at rr:inLlmu.m ~lOrse·)O'!.'er required (4760 bhp) 
[!nd at bOCO bhp and at the mexLnum lil't-drag ratio. Fli ght 
at the ma-dmwl: lift - drag ratio r(;presE.-nts the most effi ­
cient flying c oncH tior.s, and tne maximum T'8l1ge for any 
loading may be attain d by th I S method . However, it is 
easiar for the pilot to fly at constant brake horsepowe r , 
since this requires a sinule throttle setting and no 
adjustments of pot; ar dur ing flight .. 

The landing speed was also estimated. The rr'8ximum 
1ift coefficient was obtained from fJ.'!,ure 6, and an incre­
reen t in section lift coefficie~t resulting from a f18p 
def lec tion of a~o~t 500 was estimeted from data in refer­
ences 1 and 2. The effect of h8lf rated power on the 
rnaximum lift coefficient W.?S obtained from data on tests 
of powered mode Is of !nul ti·.e:L'I'le airplanes. Thi s lift 
coefficient deterrrined the landing speed. 

The maximum level speed , :naximum rate of climb , 
speed f or best climb, and landing speed for the three 
load ing conditions mentioned above and also the maximwn 
range for thret3 f lying conditions are presen ted in table IL 
The values given are for se8~·level perf~rmer.ce. 

Figure 21 se6~S to indicate that greater power ~ould 
be required by the convenl:.ional- body airplane than by the 
lifting-body 8irplane 8t low speeds , but actually this 
would probably not be so . The nodel from which the drag 
coefficients for the conventional body were estim8ted had 
r 0 fi lle ts , and wi tn the type of fuse lage -wing junc ture 
used, proper filleting would greatly reduce the drag, and 
hence the power required at low speedso Thus, to be fair, 
the low- speed characteristics should not be compered 
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direc tly, And, there fOJ'e , :;he range, lEnding speed, and 
r8.Ce of climb should not be estim.s.t8d for- the cOIlveJ.ltional·· 
body airplane f :corr. the power cU.rves shown. However, at 
hign speeds , where the filleting has little effect , the 
power curves for botn types of cargo E·irplafle al'e V'3::"y 
clos81y simi18r, indicBting that the fuse lace shrpe in 
thIs C8.se nlflkes only a small differ,mce ':'n the l_erfo::,'mance . 

:Songitudinel stabi lity and control.- The estimated 
10ngitudinar-st8bilicy~nd control-characteristics are 
summarized in the form of horizontal-t.ail area l'eq~ired 
fo r va rious cargo - body loc ptions . The mos~ critical 
requirements were for stabIlity with the center of grevity 
in i ts most rearwerd position .'='.nd for trim in the lenuing 
attitu6e with a fixed stabilizer with the center of zravity 
i n its l1LOSt forwt=n·d pos itiOll . TL.e tail area re'-l.uired for 
any body- wing configuration and center-of-gravity reJlge 
is shown in figure 23. The curves sloping downw['rd to the 
right indicate the tail area required for power - eff neutral 
stcbi li ty; the curves !310:?ing ·.liJ'Nard to Ghe right .l.ndi ­
cate the tail area requireo to trirr the airplane in the 
l Emding cOlldltion wi th the body on, .('ully loaded; the 
hor i zonta l line indic8tes the tail are required to trim 
the ai.rplane for land::'ng with the cargo body off. The 
dotted lines have the same signi "':'icance as the solid lj nes , 
except that they show the tail are,s. pequired wi ~h all the 
centers of gravity in their norm~l positious. The normal 
centers of grav i ty are : 

Airplane, body off 30 percent M. A. C. 

Cargo body 35 percent body chord 

Cargo 35 Dercent body chord 

The center of gravity of the airolane with the body 
off was varied ±5 percent mean aerodynamic crJ.ord , a.nd the 
cargo c entor of gravity was varied ±5, ±10, ±15, ±20, 
and ±25 percen t meen aerod;mamic cl-~ord from the nOY'ffial 
~osition . The body - off cen0er of gravity ~as consIdered 
to be in its rraximum =orwa~d positio~ whe~ the cargo ¥8S 

forw8pd, and vico versa . 

With the body off , and for the center-of-gY'avity 
range chosen, the miuimum t:;il area. required to trim the 
airp l ane in landing is 18 . 8 percent of the wing erea, the 
absolute cninimum of tail area required for the airplane 
regardless of cargo center-of-gravity position or body 
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10c8.tion . IIowev0r, the res 'ur i c -;:;J..cns Inposed by tl'le c 8rgo 
center-of~~L'Pvity pos~tion 01' body 10c Dtion may 2. 'eq'J.ire 
q lsrger m:nirnllL11 tail 8r'el':1.. For exanple, sunrJose the 
lTl8Ximum re erward. c ar30 cen ter - 01'-grav~~. ty shift is limi ted 
to 15 percen t maRl" 8.Jroc.lyn8l1;ic c:'lOrd and tlle maximum 
fon''1.L'd s1:11 f't to 20 perc en t me an eeroJ.~.rr18ml c chord. rEhe 
body :)osi tion a-c whic~l the sa~ne teil area wj 11 De just 
sufficient for both s::-ebility and trim will be found at 
the o~in t of intersect~on of the curves in figure 23 for 
the ca1"go cente:> of gravi ty 15 D31'cent teninc. and 20 per ­
cent ahead of tbe normal cellter of gravity. The r!linimum 
teil are a re q'l:ireci fo:' thi s condi tion is 19.9 :lercen t of 
the wing 81"031", RI d th.,;: tod~l locat:!on to meet these con ­
di tions is 811C11 tr'.E. t the body QUAl tel'-cr.ord point is 
9 pe' cen t '11e an aerodyn ami c chord al;,e ad of the WiIlg q'.larter­
chord point. If the bOdy i.~ located :'arth3r ahead of the 
wing, <'. larger tail aY'eE' Nill be reqllired to trim the ai r­
Dlane fox' l"'lndin r:;; th:"s t ail area vvill be more than suf­
ficient to g ive neutral stabili:;;r. If the :rr:ay.imum fOr'werd 
locatior of the cargo cent0r of ~ravity in the above 
exemole is restricted to 10 pt-rc8Lt aheed of the normal 
posi tioL, then the rrdnimum ~8.il area is governed '8y the 
requirements for 18ndin~ wi-ch t.e body off, end wi ll be 
independent of body loc ation , as long as the body quarter ­
cllord point 1s 10cateJ. between 12 and 16 . 5 percent mean 
aeroc~TYl8rri c chord ahe ad 0 i' ":ohe wine qllarter - chord point 0 

The curves in fi~ure 23, however, are generally 
a~DJicable only to Dower - off flight , since the effects 
0::' po'ver "Ne.;."e neglected in the c al culations on wl'lich the 
curves were bseed. The ef~ects o~ powe r wo~lc. be difficult 
to determine without ~n"dng further te3ts. Probab ly, how­
ever , wi th Dower on , t~le tai 1 era a re qui red f'or S ~ abi Ii ty 
would be increased while ths tail &r8a req~i~ed for trim 
v,"ould be de0re8.sed :?igure 23 8:10WS thot the effect on 
the minir,um tEdl area requi.L'8d will de'Jerd on tne relative 
1'18,::nitude 0': the s1...JOlbility and. trim ef,;"ects of power, but 
r80;a1"dloss 0.:' th0 relative rnar:nitude of these ef.L'ects, 
th~ body location th8t requi1"~s tho smallest t2il area 
will be furtller forworJ tha.1 indic&ted in figure 23. 

In fi gure 24 -:.s sriown the v8rle.tion of the center of 
gravity of the complete Birplene with cflrgo - Dody location 
for di~ferent cargo center - of- gravity 10~ati0ns . The 
carfc-body 1 0cEtion nd cen~er - of -gre.vlty 10c8tions 
corres""'orod to those shown 1.1 fig~re 23 on the cur7es whi ch 
indicate t ne tail Frea r'equired f0r D9uGral stability. 
Since th\;;, cenJ ... er - of - gravi ty locat ::'or in [; neutrally stable 
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airplane c orresponds to the airplane's neutr8l point, 
tn~ center of gravity of the cjrp11ne from f~gure 24 cor­
res ')onding to my given cergo body afld cal'go location vvill 
give the neutral point correspondinc to the hor'izont.sl tail 
arer-: found in figure 23 from the same cargo body and cargo 
locGtion. Thus , the power - off neutral ~oint of the cargo 
air,)lane rr..ay be four-d by use of figures 23 and 24. 

Once the neut~81 po~nt is cietarmined, the ste ic 
m8rgin for any center - of-gravity location may be ascertained 
by findIng- the distance between t:l.e neJ.tral !)oint and the 
center' of gr8vity . Fisure 24 may be used for finding the 
s t ati c margin for ary of the conii ti ons in t~le range cov­
ered by this figure. Hov-ever , to 've perfectly general for 
any combin8tion of cen teps of gravity of the err40ty a irplane 
8: _l -~ car ":- c l e: rd , t:.l.O cen-:er of (;rr.l.7l +y o f' the; c O': ') let,e '1:Lr:") lane 
may be c8lculated by use of equation (A-5) in appendix A. 

CONCLUDING RE~11ARKS 

The performance end lonbituiinal stability and control 
characteristics estimated in this report are only apDroAi­
mations , neglecting certain factors 2nd making assurn~tioLs 
or estimations of others. Hovlever, a COKJar::'son of the 
polars ottained by the method of anplysis used with experi­
mental results obtpined for a complete model of a specific 
airplane shows thRt the met~od will ~ive reasonably good 
como8rative :oerform£!nce estimates . Comparison of the 
power curves for the nroposed design with those for a 
conventional air -0lane of the same size indicates !.O f reat 
difference in p oten ti al De r forrr.ance . The an£' lysis als 0 

indicates that stabili~y and centrol problems are fO ~ore 
difficult to solve than for other large ~ir~18ne~. There­
fore, no further investigation of the ~eneral &8rodJ~a~ic 
cLaracteristics o~ the lifting - body type of nirplane is 
considered necess ory; however , the usual winJ.--tunnel tests 
of 8 powered model of ar..y specific desigr.. would still be 
desirable . 

On the besLs of the comparison rr.ade, any ad.vpntaoes 
which the lifting - body ty?e of cargo airp12ne rr.ay have 
over the more conventional types are probably chiefly 



Mil. 1\0. L5E09q 

depende.lt on nonaerodY:lal!lic factors, wn~ch were not con­
sider'ed in thls renort. 

La!l. ,,:, ley Menlori8l Aeron81.ltical LeboY'ato_y 
National Adv~_sory Comr.:it;f:,ee for Ae'''oDautics 

Lanr;le) B'ield., Va. 
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APPENDIX A 

(All performance fIgures ara B.t sea level.) 

Drag . - The lTl.ln:'muln j:)rofi I e drag W83 6S time-ted by 
adding increments of drae; coeffici",nts due to wing, cargo 
body , booms, tail , and engi ne necelles, 'The coefficients 
were al l based on the total wing a~e& , includ:ng t~at 
p8rt wi thin the booms and carso body . 

(S - 500\ 
WiDg incremen t = CDow ~ s--) = 0 .,0097)t 

where Cn = 0 . 0110 (fig. Ow b . ) 

S = 4375 sq ft 

500 is the wing 8rea within the CBr'gO body. 

S" Sb / 
Body a?:1d boom incremen t = CD S :'b Q. = 0.00961 

°c+b '-' 

where CD = 0 . 0 102 . (See apuencix E end fig. 17 . ) 
°c+b 

S u = 6 s q ft 

Sb = 1300 sq ft 
( St+s \ 

Tail incre~ent - CD (. =:0.00259 
- 0 \ S / t . 

CD is the minimur.:. ),-'"'ofile .. drag coefficient of ITACA 
°t 

0009 = 0.0074 (reference 3). 

St+s = 35 Dsrcent s. 
Engine nacelle increnlent = 4sn = 

S 
0.00134 

CD = 0,092 (reference 4) . 
On 

Sn = 15·9 sq ft 

J 
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Tot?l mInimum dr&g c06fflcienc: 

evo = O~0097h + J.009S1 + 0.002 59 + 0.OCJJ3Li- = 0 . 0 2 33 

. The iilinimtilll .~ro l'i le -Qr r",g coe fficient fo!' the Douglas 

C- i l;. was calcl11pted in t:16 salle inailner :'rom jata in 1'1g-

ur '" J4 -nr' +-h t '· ' . . " t 2 10 
.~ .. "1,,, 11e WlrlC Jnc:.t ence a "2" ?hese data at'e .for 

tes~~' of B fu~e12ge l'epre::;evl tine the C -7L~, and the minimum 
proll.le dr'ag 18 

CDo = CD + booy tl1cremen t + t6i 1 ir: cramen t + engine 
°v: 

nacelle increrr.e[lt~ = O ~02~-5 

CD = 0.0110 
Ow 

Eody inc '::'emen t 

S If = 6 s q ft 

Sm is the wing erea which a scale m(l <'::'el wi th the 

sa:-ne ~ody wOUJ.d have = 3. 6 sq ft 

T6i l increment = CD St = 0.00286 
Ot S 

where the ratio of -c"lil to wing prea corresponds to t .h.at 

of the full -s ize airp18ne. 

Nacelle incremell t = CD 
on 

4sn S = 0~00234 

Lift-dra!! llola,rs.- The estimated li f t·-drag polar for 

the Douglas C-7 is shown in figure 19 . ~ith it are shown 

experimental values of the lift and drag of a complete 

rrodel of the c-74. These experimental data were obtained 

a t approximately the same Reynolds number and turbulence 

factor as the present tests . The disagreement bet\een 

the e timated and experimental polars at high lift 

coefficients r esults from the fact that the data in 

figure 14 were obtained from test s of a 10w-~lng and 

circular-fusela ~e model without fillets at the wind ­

fuse l rge juncture, .which leads to early separation and 

high drag at moderately high angles of attack. The 

agreement between the estlmated and experimental values 

throuq;hout most of the l ift ran gE' indicates that the 

method used for obta ining the lift-drag polars is fairly 

good . 

----- - -------~-- J 
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A lift - profile - drag polar was drawn app~oximDtely 
oarallel to the "Dolars in figure 7 for the w.ing 12-inch 
body-boom combination, but using the mird,mu~ dr'8g coef­
ficien t es timldtes above. l'he induced drag of tha wing, 

CL2 
equal to 

rr A ' 
was added to the values of drag obtained 

from this pol.~1 r where CL is the lif't coefficient corre­
sponding to the profile - drag coefficient on the polar, 
and A is the win aspect ratio of 9 . 15. 

In figure 20 , the complete airplane lift-drag polar 
is sh01,l'm , and wi th it are compared the polars for the 
c argo airplane with the body off, and with the body replaced 
by d r ag equivalent to flat plates of 50 and 100 square 
fee t. 

In order to make the comparison between the lifting 
body and the conventional body directly, tne drag was 
estimated for an airp l ane wi th a body the shape of that 
of the c - 74 but with a cargo space, gross weight, and 
wing area the same as th2t of the lifting-body airplane 
being c onsidered. The calculations were made in the same 
manner as above , and tne minimum profile -drag coeff.'i cien t 
was estimated to be 0.0217 . Using the lift-profile-drag 
polar from figure 14 as before and adding the wing induced 
drag , the value of minimum drag coefficient was fOlli~d to 
be 0 00223 , and the complete polar is sho'A'l1 in fig;J.re 20. 

Power curves. - The horsepower requlred was calculated 
from the re l 'ationship : 

(A-l) 

wh0re CD drag coefficient at a given lift coefficient 

s - 4375 sq ft 

p - 0 . 002378 slug/cu ft 

v = airspeed , ft/sec ; calculated from the given lift 
coefficient for wing loadings of 40 Ib/sq ft for the fully 
loaded airp l ane , 25 Ib/sq ft for the lightly loaded air­
plane , and 20 Ib/sq ft for the &irplane with the body off. 

The horsepower - aveilable curve was prepared froffi an en~ine ­
prope l ler charcctaristic chart for full r&ted power (81:)00 hp) . 
The power curves are s bawn in figure 21. 
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Pe rfOl 'I:: snce . - The In axi mum spe 3d 0 C ellI'S where the 
r8q'l~_ rej -r;orse.)()1fIer is equE'l to tbe aveilsble 2''Wrse~ower, 
that is, wl1ere the ;>ower cur v e s intersect. The speed f or 
the bes t climb oc e 'lr :=: a t tlle s peed. where tl e d: ff'eren.ce 
uetween t'l-J.e horsepower av oilable and the horsepower required 
is greatest , and can be fo\md f r om theo.Jwer cnrves where 
the difference in 0~djnate8 i s greatest . 1c fiLd the maxi ­
mum pate of climb , the maximwn excess hor.sepower is 
mu ltjr li ed by 5~0 t o be t foo t-Dounl per second units of 
p OW0!, and divi ded. by the weight of the ail'pla'1e to ge t 
the rete of c 1 51Lb in feet per second . 

The range WfS calcu l ated at the maximwr, l ift - drag 
ratio and At t',JO v alues of cons tant bra:-{e hors e powe , t he 
minimum brake horsepovver requi red fop the fully loaded 
nirpL"1ne and an arb i tr'2ry v~ lue of 6000 br8ke horse~owe r . 
The min i mum brake horsepo'.ver· r equired (4700 bhp) was 
ob t a:i.ned from f i gur e 2 1 by ci i v iding the Inin i mum v a l ue o f 
the horseuo~er - r e qu i red c urve by the engine - propel l er 
effi c ien c YQ I n f i gure 22 18 shovm the maximum range th a t 
the airp l ane c 'an be f l own '.tii t h any weight of cargo , 
assuming an init i a l gross we i ght of 175, 000 pounns . 

The ra.T1 g e at constant lift- o.rag ratio was cplculat e d 
from tte fo llowing equation : 

whe r e LID 
figure 19, 

_ 1"1 L 
R = 375 .c..I - 1 00' 

l' D o f: W - Wf 
(A- 2) 

w 

i s the rnaximwn lift- dra~ ra ti o obtained from 
~ = 0. 84, l' = 0.47 

At CO ... 18 t ~m t powe Y" , t2'1e r81ge was c c lcu l ated from 
the e quati on 

R -
Wf x V 

l' x hp 
( A- 3 ) 

where V is an 8verare ba~~\ . een tl'e ful l loaded end er'1p ty 
speeds for the c i ven - or s e~o~er ( f ig . 2 0 ) 

l' = 0.46 at 4760 bhp 

0.53 at 6000 bhp 
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LanclilY" sneed. - lha maxi.mum lj ft coefficient of 3..35 
nas oDtaine~-f~om-figure 6, [Del t:le increl:lel1t in section 
lift coofficient of 1. 15 c aused by the flaps was estimated 
from references 1 8.ud 2 . The aSS1.1lilptio:1 VlaS mc.de that 
l andings would be made ni t h half rQted power, and the 
effec t s of power on the maxinum lift coefflcients obtain­
able nere estimated froll data on tests of sever~l powered 
wlnd-tunnel modelG . It was assumed that the effect of 
propel l e r operation was to incr02so the d.ynamic pressure 
over that PQrt of tl18 wing inn.le rsocl.. in the slipstream. 
The data used for the spocific calcu.lations were taken 
from the afore - mentioned tests of the Douglas 0-74 since 
the 0-7}!. used the same type of engine and is almost as 
l arge as the cargo ~irplnne considered in this report. 
'llhe effecti ve tncrease in dynamic pressure in the 
slipstream was c8.1culated as follo',/s: 

AT., a given al10.:1e of attack , t;he difference be tween 
the lif ·::' coefficients with tile Dower off end the l':'ft 
c oeffi c ients with power on fas measured for several model 
configurations . Assuming that the additional lift with 
the power on c sme only from th t P art of the wing i.mmersed 
in the slipstream and that the power-off lift coefficient 
was uniform acros s trie span (s ince the mod e 1 hed full-span 
flaps), the measured lift coefficient increment was 
divided b~ the fraction of the wing area immersed in the 
slipstre 8m and added to the pOII'.'er - off lift coefficient 
and thi s sum wss di videj by the power-off lift coefficient 
to get the ratio of dynamic pressure in the slipstream 
to the free - stream :mamic pressure , which proved to 
be 5/3 . The process v,as tLen reversed to get the lift 
coeffic ient of the p2rt of the cargo eL Dlane wing :'mrnersed 
in the slipsL eem . The meximum lift coef'ficient /Vas then 
obtained by a Jd ing the lift as follows: 

where OLl is the !Tl8ximu.rn section lift coef.::'icien t 

without flt?tps = 1.35, and OL2 is the maximum section 

lift coefficient with flaps deflected = 2.50 
3 1 

s 
3 2 

s = 0 . 206 
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The additional ~ift due to the cargo Lody was not 
considered, since it was Asswned that t~is would be 
nullified by the neg, tive lift l'equLced for trim. 

Thi3 gives a m!Olxjrnum lift coeffjciel1t of 2.62. 'l'he 
lending speed in miles p3r hour is given by 

where 
~V 

S 
is the winb l~ading . 

Fo r vling loedings of 1,0 pounds DEr square foot (full 
load), 25 pounds per equa- e foot (light load, body on) , 
and 20 p ounds per squDI'e loot (li ght load, body off) , the 
l anding speeds ar'e 78, 61, and 55 ml1es per hour, respe c­
tively . 

The setting of the wlng relative to the body was 
chosen to give a uniform span'Nise lift distribution in 
the vlcini ty of the c argo body at a cruis ing lift coef­
ficient o~ 0 . 75 to secure as high a lift-drag ratio as 
possible, This setting was obtained as !ollows: 

iw = a w - ab = angle between th e zero - lift lines of wing 

and body . CLa = 0 . 0828 for wing and 0~o4o for body . The 

wing incidence was estlmated to be 30
, 

ST A "SIIITY ArD GilNT:10L C ALCULAl'IO!' S 

In the sta1"lility And control analysis, the geometric 
confi'jurations ;>reviously described and the maximum cargo 
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load of 40 percent of the gross weight were assumed. In 
addi -Cion, the followirlg approximations ani 6SS ..nnptions 
were made : 

The effects of po~er were neglacted. 

The effect of the vertical location of the 
center of gravity was naglected. 

CLa of the wi n g 2nd' tail 1Jvere 0.0828 and 

0 . 0720, respectively , t8ken from section data (refer ­
ence 3) ru1d cor~ected for the asswned aspect ratio . 
The ground effe~t on these lift - curve slopes -.vas 
small and, therefore, neglect c3d. 

= 0 . 04 . The basis for this assumption is 

given in append:x B. 

The aerodyn ami c cen ters of the win g, body, end 
tei l were considered to be at their respective quarter­
chord points. 

Cm = - 0 . 076 o 

Cmo = -o.lob 
b 

Cmo.c. = 0 
v 

qt/q = 0 · 9 

0 (: . 0 5· f . d 0 15 aa l S 0 In ree 8lr &n • near 
the g roll..."1d. 

The reduction in downwash near the ground was estimat;ed 
f rom reference 5 . The value of 0 05 in free air was 
obt ained from an analysis of pltching- rr:.oment data for an 
airplane of similer configuration" It -"Jas assumed that 
the trailing vor ti ce s she d by the cargo body v~o1J.ld cause 
a downwash over thQ central portion of the tail and an 
upwasb. over the part of the tail outside the booms , so 
that the average effect i ve dovVI11:1/Clsh on the tail would be 
unaffected by the presence or Rbsence of the cargo body . 

Re ferences 6 a nd 7 indicate an e l e vator effect ivene ss 
of 0.7 for the t a il confi guration us e d. Data f rom tests 
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of a tail configuration similar to that of the airplane 
under considEration were us ed to find the maximum tail 
lift coefficient for the land i ng condit ion. Estimating 
the an gl e of attack of the tail by : 

( A- 4) 

and using a maximum elevator deflection of - 25 0
, the lift 

coefficient of the ta~l was estimated at - 0.5. 

The tail setting it was asswned to be fixed, and 
to be set for trim with zero elevator deflection at a 
cruising lift coefficient of 0 .7 5 with the centers of 
gravity in their normal locations. This tail setting wi ll 
v2ry with body location and tail Bree , but an everage 
value of about - 7 0 was used. rrhis corresponds to a setting 
of about - 30 with respect to the wing chord line . 

Full flap deflection of 50 0 was assumed for the 
landing condition . The center of pressure of the flap 
lift was assumed to be at 0 . 55c . At full deflection, 
a section lift coefficient increment due to the flaps 
was estimated from references 1 and 2 to be 1.15, which 
gives a value of 0 . 65 for eLf based on the total wing 

area . 

wing 

o 
a = 16 for the 18nding condition 

S = 4375 s q ft , 
area is wi thin 

S 
k - -- 1 . 129 - S f -

Sb 
0 . 3355 Sf = 

Cb = 2·97 -c 

iw = 3
0 

gb 
0 . 297 - = c 

S f 
the 

= 3875 sq ft since 500 sq ft of 
cargo body 

~--- - - - ---r --~ --- - c --
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The cen ter - of - grE'v i ty pos i tion varies with the cergo- hody 
location accord5ng "~O the fo llmiin6 relatioLsh':'p: 

/ xe Z; ' 3 \ 
~ = 0.1 \ 5 c + CO + 4 -f - 5 ~) (A-5) 

where 
3b - b C 

c is t 1- e location of' the cargo ahead of its 

normal position. 'rhe :roeLltral point 
the followlng relation~hip: 

Xn 
c = 

[
/ 0(\ qt St L 
(1 - 00") q- EfT c CL

Ut 

1,vas calculated :'rom 

(A-6 ) 

S ' is used for calculetions with the body on, 8nd 
S is used instead of S I \'.'i t:1 the body off. 

The tail area required for stability is that a~ea 
which n,akes xn = x for a given cargo-bod:r location. 

To get the t8il area requlred to trim the Rirplane 
in the l anding condi tion, t:te folloNing :,e18 ti onship 
was used: 

S 
Sb Cb Cm + Cm + a CL x + k C i -:::.. _ 0 ~) + ('a 1" \ Sb C (a + x) 

t 8' -c °b ° a c Lf\c './ - w) Sf La c 
k - = b (A-7 ) 

S 

k was used for cslcul.stions with body on, and was 
not used with body off . 
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APPENDIX B 

The drag dat a from the ces ts were bl.'oken up in to 
several components and plotted in figure 17 for analysis . 

The c argo - body dr8g jncrement, when extrapolated to 
zero body width , was not zero . The drag increment a t 
zero body width co~ncided with the calculated skin f r i c tion 
of tbe sides, as indicated in the discussion of the test 
datao The minimum profIle drag of t:b._e cargo body VIas 
es timated from f i gures 91 2nd 92 of referen ce 3 and this 
value was used to celculate the drag of the wing - body 
combin ation with d ii'feren t body w--'ldths according to the 
rel at ion: 

CD = o S 

The varipcion of this drag plus the skin friction 
of the sides ~Jith body width c ompared with the rr.easured 
value of the drag of the wing - body combinati on is shown 
in figure 17. 'llhere is a discre panc} of about 0.0028 
between the measured and calculated ve l ues of minimum 
drag coeffi cient at the largest body width . However, tuft 
tests made on the mode l showed b __ d flow breakaway around 
the fair l y blunt trailing edge of the body , even at 
negati ve ang l es of att8ck . The trailing-edge angle of 
the body s ect ion used was about 50 0 , and additiona l tests 
were made with the trai lIng e dge of the body extended to 
form an ang le of about 30 0 • Tuft tests indicated that 
the flow was greBtly improved , and forc e tests showed a 
decrease in minimum drag coeff i ci ent of 0 . 0030 . (See 
fig . 16.) The3e additional tests were made with the wing 
22 - inch body - boom cOlllb ination and the measured value of 
the drag is shown i n figure 17 . When the decrease in d rag 
of this c ombination is subtracted from the measured drag 
of the wing - body combinption , the a.greement between the 
measured and calculated drag is g ood . The differen c e in 
drag coefficient is 0 . 0002 , which is les3 then the experi ­
mental error involved . 

It Was assumed that the r educt i on in drag caused 
by extending the tr ail ing edge of the body Was due to the 
reduction of the trailing-edge angle to 30 0

• Sin ce the 
N ACA f our - digi t series airfoils of 25 percent thi clmess 
have a trailing -edge angle of about 300 , a section of 
this type was chosen for the cargo - body configuration . 

--- -- --- --~- --- - ----- - ,--
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Another conslder ation in TO 1 ved in choos :l1g t"le se c cion 
was that it had to enclose tne wing rlus E' cargo spa~e 
about 10 feet high and 40 fee'.:; 10n6' rr:le NAJA 632') sec ­
tion met these conditions , but this sec~jon nRc:. to be 
rr:odified by reflexing the trailing edge frem the 60 per­
cent chord point back to allow ground clearr,nce fa:.." the 
body and booms during landing. This modificavlon did !lot 
af:L'ect the trailing--edge engle or the c !!rgo spece. 
Regardless of' the S p 8 cing of' the booms, the increment of' 
drag added to the 'ving by the beoms is shown to be constant. 
(See fig . 10.) The skin-friction drag of the booms was 
calculated at a Reyno l ds number based on the test velocity 
and boom l ength, assurrin a turbLllent boundary layer along 
the boom. The tota~ drag coeffic19nt increment of the two 
booms was 0.0078, while the calculated skin~frictio~ incre ­
ment was 0oo063 } or about 81 perce;1t of the total acom 
drag. The rest wes forin and interfGrence drag . 

The drag of the wi n>;- body- boo:;.]. comb::"n at:!. 011, from fi g ­
ure 7 , was just the simDle SWil of the d~ags o.!." the three 
components . The d}ff'erence between the drag of this 
co:nbination and of the wing - body combination is constant 
and e qual to the incremen t of drag of the coons on the 
wing alone . This indicates that the interference be~ween 
the body 8I1d the booms was equal to the skin friction of 
the sides of the body and the Dart of :he booms not exposed 
to the air stremn . 

The va l ue of tho carg o body-boom d~8~ us~d in t~e 
performance calcu12tions in appendix A vJas obtained as 
fol lows : 

The skin friction of boo;n.s sirniler to those shown in 
figure 1 8 was calculated at 8. Reynolds number corresponding 
to the test conditions , To this was edaed the form drag 
and wing - boom interference, which were a:>sumed to be the 
s arne as for the large booms used in the :;es ts 0 'The in ter­
ference bet'vveen the booms Gnd body was 8s:Jun:ed to be 
reduced by an amount equal to the skin friction on the 
body s i des, and so the calculated drag o~ a cargo body of 
the same span-chord ratio as that used in the ccrgo air ­
plffi1e analysis , not including the skin friction of the 
sides, was added to the boom dr~g . ~~is drag coefficient 
increment of the cargo body - boom combination is sho~-m in 
figure 17, and ~ts velue is 0~0 102 . 

The 8 1 0p3 of the l ift curve of the cargo body is of 
g r oat interest in a~ l the calculations. ~herefore, the 
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vB_lue of this slope WE'S estirrated from the dat a of fig ­
ur'es 6 and 9 and checked from slmple tbeo:..et~ cal con­
siderotiolls. 

The experbnentallJ estimated slope Nas obtained by 
subtracting the lift of t- e part of the wing not covE.;red 
by the body from the lift of the win S-bod7T com8ination 

t the sali e 211:"le of attac:\: and getting the resultant body 
lift coefficient based on t~e bodJ aree . The lift coe f­
ficient of the body W8S then p2.otted against the angle 
of attack and the slope measllred e The method of getting 
the lift, by subtracting one l arge value from another to 
get a smell increment, is root very accurate ; theref:::>re, 
the data obt2ined did not gi ve a ver) smooth curve. The 
average slope for the 12-inch body was bec-.,.;een :J roL\-5 r-<..Yld 0 . 050 . 

The slope was then c8clulated by replacing the wing 
and the body v~ th two s imule, s1.werimposed horseshoe 
vorti ces, one represer" ting the wing , and the 0 ther 
representing t:1.e body. 

The anp.:les of attack iT .. duced by the vortices on the 
wing and on the body ere g::'ven by: 

The ang le of 

(L/b)w 
a· = ( B-1) 

lW Tl'qbw 

(L/b)b - (L/b)w 

Tl'qbb 

att['c£ of the wlng and 

a w = ao + a' 
w lw 

a b = a Ob + a, + ai b l w 

( B-2) 

body are gi ven 

(B- 3) 

(B-·4 ) 

by: 

Assuming for the sa1-<:e of sirr,p li city that the wing is 
a t zero incidence. Bnd that the angle of attack of the 
wing is not affected by the body vortex since the body 
span is small cOTI .. pared to the wing span, then a w = ab 

and 

(3-5) 

- --- - --,----- -- -~ 
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su)st i tnting fo r from (B- 2) 

_( L/b )..b-=..J...r:/b.LL 
rrqob 

27 

(p- o) 

aS8urring that the section l i ft "' curve slopes of both wing 
and body ere ec;ua l to 2fT ?er radian , 

(B- 7 ) 

c ombin lng (13···6) and ( 13 - 7) , 

(5- 3) 

but 

( L/b )w = CLa 
aow Ow 

qcw = 2rrqcVJ (B-9 ) 

t hen cQmbining ( B- 8) and ( B- '9),. 

2 cw' cb a o - aOb + bb (Q Ob - a -
w c"J Ow 

(1 
2cw \ 

a o \ 1 
2 Cb\ 

a o + bb j = + bb / w\ b 

1 + 
2cw 

a bb °b 
= 

a 2 c b Ow 1 + 

(B- 10) 

bb 

1'10\: 

CLab 
QOb 

CLaob a = 
CT aow .i..Jaw CLa C- Ow 

J 
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but since 

Th erefore, cOlnbiD iug (B- IO) and (3-11), 
2cw 

1 + 

For the test c ondi tior:s ':vith the 12,-:"r..ch body, 

= 0. 096 
1 + ~02 

12 

2 x 30 .2 
1 + ------

12 

= 0 . 0477 per degree 

(3-11) 

(3-12) 

which c hecks very wel~ wi tIl the exp erimental value esti 
mated from figure 12. The correspon j ing vA.lue for the 
ful l- s c ale airplane configuration is CL = 0.0352, The 

ab 
v a lue used in the analysis was slightly higher, since it 
was assUITled that the booms would increase this value 
sli ght l y, 

As an additional chec'{> the ang le of z.ero lift of 
the wing~bod~ co~binations tes t ed was calculated and 
compared with the ~easured values. 

where 

= 
G.L CL Sb + aL CL Sw 

0t ab Ow aw 

s w 
( B··13 ) 

is the ang l e o~ zero lift of a conventional 

AC A sect ion hElving a;Jprox":'mate1y the same thicJ{ness and 
mean camber line 8S the ca.'go - body section, = - 2.0 0 , 

aLo is the wing angle of z.ero lift from figure 6, = .-4.1 0
• 

w 
CLa i s t he value c a1cu1a~ed for each body width . 

b 
The c ompar i s on between me asured and calculated values of 
the zero lift ang ) e is shoV'lD in t able III. 

'f 
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TABU I 

Suecifications of m.'oposed ca.ego airplane design : 

Weigbts Pounds Percen t; 
of gross 

Empty 
Cargo 
Cargo 
Crew, 

irplane ~vi th :1.0 cargo bodJ 0 • 80,000 
body ........ . ...• 17,500 
and/or fuel. . . . . . • . 70,000 
oil, and fuel (;nin i mum) •• ~Oo 

Gross 175,000 100 . 00 

·Nine 
Are 8 (inc ludin~ are a cover3d by body) , s q ft 4375 

200 S ') an , f to. It • • • • • • 0 • ~ • • • • • 

Aspect retio . . . . . . . • . . • 
~~e2n aerodynamic chord ; ft .•••• 

9·15 
. . . . . 21. 9 

NACA 4318 Airfoi l secti on . . . • • . • . 
Incidence (betweerl wing chord line and 

body chord line) ......•.•. . .•.. . 

VVing flaps 
Type •• • 
Chord • • 
Span • • . 
An gu l ar de f le c ti on 

Body 
Area, sq ft 
Span , ft 

• • • • . . . . slotted 
. . • 25 percent wing chord 

. . • 50 percen t; wing sp an 
. . . . 50 0 down max ~ 

... 1300 

. . . . 20 
~ 

• • •• • ••.• b 5 Chord , ft • 
Section • . . 
Cargo S()8.ce ) ft 

• • NACA 6;25 (rr:odified) 
(8.p.oroxima~ely) . •• '-J.O by 20 by 10 

Horizontal toil (or!ginel dasign) 
Area • • . . . • 900 sq ft 20.6 .)ercent 

Span , ft 
Chord , ft 
Aspect ratio . . . 
Airfo ~.l sec ti on 
Elevator 8r62, • 

Tail length (from c~~ of wing 
to c/4 of tall) ...• 

b4 
lS 

'1-1-.6 
N "lCA 0009 
390 sq ft 

win: area 

I, ~ c; pe l'cent '+~ • ./ 
tail area 

70 ft 320 percent 
ivT . A .. C. 



'I ABLE I - Concl1....ded 

'T.'ype ~ 
T un~'-jel~ <# • • 

TEke -- off YJ.orse"')O'Ner 
l~orrr."l.l rated norsepov"{er . 

Pl"ope 11e1 s 

• • 0 • 

• • 0 • 

. . . . . . Number of blades 
Diameter ,9f t . • • • • • 0 • • 

Normal cente~s of gravlt) 
Atri')lar.e center of gravit:r , tod~T off. 

ivTH No. L5E09 a 

· Nright R-~350 
· . . . . . . 4 
· . . . . . 2300 
22)0 at 2500 ft 

. 4 
16 

at 30 percent 

Center of t;r8vi ty of cErgo body • . . . h: ~_4.C .. 
at 35 percent 
oJ.' bod'T c:,"wrd 
at 35 per~eLt 
of' boly chord 

Center o~ gravity of cargo 

N AT IOl! }U, AD\FISO'1Y 
C 0:'.U:ITT3E F'OR rlliR'lT .'iUTICS 
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TABLE II 

----------T----- --,---- I ------- - - - - ------,--------- --- ------ --- -------------j 

I r 2 x:~ Ir'Jn1 r,~ "3 X i'TI1.Dl" : S e:> d f Landin/IT spe ed! IVTaximurrJ range at ! 
~92~ I l,-,v ~~ l'<::.t? 0:: b~;~ c1~~b w~th 1 2 rate i-aMflx > -LiDlbriji~:;:-:--bI;'n~i-c6ooo bPh'1 

COnUlGlOn I s,?er·ci clJmb! (moh) powe:: i (17Q1) I (4760) I , 
I ('1l.,h ) I (fpm) I - (mph) I (rni 1es ) : (miles) I (nli1es) I 

-- ---- ----------------+--- --- .. - -- --~ ------------j-- ----- -- -+---- -- - -~---- -- ---+-- -- ----~ 
Ii! I Ii' 

Body on , I I I I I 
Cr038 Hoight 209 637 1~..2 78 1 6410 i SLt OO II 4350 
(r(5, OOO 1b) I !! , 
I, I 

j I I 
B -. I I 

OUy on , I . I / . 
1 i:"ht 10?d i 216 ll-l-65 I 12 3 b1 I 
(110,000 1t)1 I 

, 
I 

l 
Body off, 

t§~;:;06()~; ) 
~.---------

~~1 2060 I 125 I 55 1 

I J I _-.1___ __ __ _ __ , ______ , ! 

aAt an aver8ge c~uising sneed of 
bAt 811 avor p?,e cI'dlsing SI)eed of 

CAt al~ average cruIsing speed of 

135 IC1i1es per hour 
15~ miles per Dour 

180 miles per hour 

j\T AT IO'\T AL ADVISORY 
CO~::r:II~TEE FOR ;C;::ONflUTIC3 

~ ....... 

~ 
o 

t'" 
\ '1 

'r' "-' o 
'-D 
p:l 
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TABU III 

___ " ______ ' __ 1_'____ ---------.---- .; 
1 ! 1 

Body wj dth I Ca:c u l ated u L I :s::xperimental u L I 
I 0 0 I 

( in . ) I ( de g ) I ( de g) I 

----1+ - -1-------3.-9~---t---~4~-O '---1 
12 

22 

I - 3. 68 I - 3· 7 I 

i - 3· 31 I -3·35 I 
I I I 

NATIOi:~ AL ADVISOnY 
co~n'n~'l'EB; :?o~ .2'1O.! AUTICS 
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L L_____ Ord/nat 

-=-~Trai/ing edge 
- extension 

or C Bod Pror//. 
Sta. 0 .377 .755 / ,5/ 2.27 3.02 4.53 6.04- 7.55 9. as 12.03 15.10 /8.12 2/./4 24.16 2718 28.69 
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(a) Wing, 22-:inch cargo body, and booms. 

Figure 2.- Cargo body and boom configurations tested. 
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(d) Wing and booms, with increased chord wing between booms. 

Figure 2~ - Concluded. 
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( a) Conventional rectangular body. 

Figure 4. - Conventional body configurations tested. 
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