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REPORT No. 540 

INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF 209 COMBINATIONS 
IN THEN. A. C. A. VARIABLE-DENSITY TUNNEL 

Ily EASTMAN N. JACOBS and I{EN:rnT11 E. \YARD 

SUMMARY 

Tests of 209 simple wingjuselage combinations were 
made in the N. A. 0. A. variable-density wind tunnel to 
provide inf orma;tion regarding the ejf ects of aerodynamic 
interference between wings and fuselages at a large value 
of the Reynolds Number. This investigation is part of 
a basic investigation of aerodynamic interference now 
in progress at the Committee's laboratory and considers 
the inte,jerence as a.ff ected by the more important variables 
of a combined wing and fuselage. 

.1.1iost of the t,ests were made with a round fuselage in 
combination wi:th a rectangular wing of symmetrical 
section. Varia;!ions of the vertical position, longi­
tudinal vosition, and angular position were covered. 
,1 s~ffecient nwmber of tests of other variables, such as 
the wing and fuselage shape, were made to give a general 
understanding of the ejf ects of these variables. For some 
of the combinations in which the wing and fuselage were 
not connected, the air f or·ces on the wing and fuselage 
were determined separately in order to investigate the 
mutual interference. 

The principal results are given in tabular form an<l 
snmmarized by presenting the important characteristics 
for all the combinations by means of parameters in a 
single table so that the relative merits of the various 
combinations 1ni.iy be readily compared. The results are 
discu.ssed in relation to the character, cause, an.d signifi­
cance of the inte:rjerence ~ff ects encountered under various 
conditions. 

INTRODUCTION 

The continual improvement in the aerodynamic 
efficiency of airplanes may be ascribed to a gradually 
increasing kno,vledge of the fl.ow about single bodies 
and the interference between them. As the units 
making up a combination have been improved, the 
residual drag arising from the interference has become 
an increasingly important factor in relation to the 
total drag. Miiny experimental data have now been 
secured on which to base the design of efficient com­
ponent parts bmt adequate data concerning the inter­
ference between them are still lacking. AJthough the 
need for reliable information concerning aerodynamic 
interference has been appreciated for several years, 
the Committee ,considers that only recently the design 

of component parLs has reached a point of refinement 
such that further improYcmcnis of airplanes de111and 
more knowledge concerning Lhe aerodynamic inter­
ference. 

For several years tho Committee has: had in progress 
a basic investigation of aerodynamic interference in the 
variable-density tunnel. Such t1n investigation is 
necessurily based upon existing informntion about sim­
ple combinations and a knowledge of the Dow about 
the simple bodjes forming the combimitions. Two 
bodies are considered as being of primflry importance: 
the airfojJ and an elongated strcarnUne bouy repre­
senting the fuselage. The results of numerous invest,i­
gations of the flow about airfoils an,d airship hulls, 
the potential-flow theory, and the various boundary­
layer theories furnish a reasonably complete picture 
of the flow about the two simple basic forms. The 
fil'St phase of the current interference investigation 
dealt with the flow about such bodies. ns affected by 
slight distmbances such as those produced by different 
types of smnll protuberances variously loco t,ed on air­
foils and streamline bodies. (See references 1, 2, and 
3.) The second phase of the problem, the interference 
of wing-fuselage combinations, is repol"ted herein. 

PUEVlOUS WING-FUSELAGE I NTERFERENCE INVESTIGATIONS 

One of the earliest wing-fuselage interference in­
vestigations was ma<le by Pran<ltl, the results of " ·hich 
have been available in n,n English translation since 
1921. (See reference 4.) FiYe wing:-fuselage com­
binations wore tested to determine the influence of the 
relative vertical position of wing an<l fuselage on the 
efficiency of the wing. Pra.ndtl concluded that with a 
normal fuselage shape the drag diiTenmces are small 
for various vertical positions of tho wing except for the 
combination having the wing a little below the fuse­
lage, which showed an aerodynamic ,change for the 
worse in comparison with tho other combinations. 
He also pointed out that the drag of the mid-wing com­
bination noticeably increased at an angle of attack of 
about 12°. 

Tho simplest wing-fuselage combination may be 
considered to be a wing ha Ying a thin flat plate inserted 
in the plane of the midspan cross section. 
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ln fl,ll invcstiga.tion of wing-fuselage interference, 
:\fu ttrny (rrferencc 5) tested a ,ving-plate combina­
tion to show that the wing polar is unfavorably affected 
even by this " ideal fuselage." He tested a large num­
bC'r of low-wing combinations h aving different fuselage 
shapes and different wing shapes. Several of t he 
combinat,ions were a lso tested with fillets. From the 
results ol[ t,his investigation Muttro.y found that tho 
rcl11tiYe fore-and-rrft position of the wing nnd fuselage 
~reaLly :nffectod the magnitude of t he additional 
(induced) drag, n. rrsul t tltn. t he attributed to changes 
of the spn n load distribution resulting from the differen t 
positions of Lhe center oJ pressure for wing nn<l fuse­
lngc. For some positions sepnrntiou occurred at mod­
erately high val nos of tho lilt as indico.ted by the ab­
normal drag increase. Muttray nttributed this sepa­
rittion to tbe sharp nose of tbe fuselage. A stutly of 
the rfferl:s of vn.riation of the angle between tho wing 
anrl tlic sido of the fuselage s howed tlio.t the smaller 
t,lio flnglc tho greater the ndditional induced drag, 
indic:1tting nn eal'ly sepn.ration of the :1ir now nt. the 
wing mnls. .l\ fuUray dovisrd tho tapered, or cxpitnd­
ing, lillet.s to improve the chnrncteristics of tbe poor 
combinnlLions. His in vest ign Lions of tho effects of 
wings h:1 viug tho trniling edge cut away :lt the root 
indicntedl tlmt the se,parn.Lion :it thll rooL was noL 
prrvc11ted hy cuLling nw,ty tho l rniling edge a nd 
LI 11tL i nc·1··c•nsi ng t,be size of tho ru t~t\\·ay portion in­
crc11scd the Jntg in tho usual lif L r11ngc but dccrNtsed 
tl1e srverity of Lbe hrca.k i n the polar curve. 

l 'arkirn nnd -Klein (reference G) t,cstcd combinations 
uf :3 wings, rnrying in t,hickrwss, wit,h 3 fuselagC'c;: 
strcmuline, citbin, and open cockpit. A number of 
typical monopln.no and bipla11C combinn.tions were 
tested, n few with fillets. 'l'he autnors roucludcd Lhat 
tho interference ofl'ects werc dependent on tbe shape 
or tho Cuseh1gc, the airfoil section, and the relative 
pmiition of the l'uselage aucl the airfoil. The betlcr 
Lh e :tc'rodynnmic form of tbc fuselnge and t.he thicket' 
the nirfoil section, the g1·catC'r were shown to be the 
inte1forC'nee cf\'ccts and the more marked t,bo influence 
of the v1•rti,;al wing position on t,he intorferonce. The 
interference tended Lo lower the ::rngle of attn,ck cone­
spondi.ng to ma,ximum lift and to increase t he drag 
compnred w ith those oJ the indiYidunl componenLR. 
From aNud_v11nmic considerations, the best position 
fol' the ·w ing was founcl Lo be nt Ll1c lop of tbe fuselngc 
antl the worst at the bot.lorn. Fillets 11,nd fairings 
i111prnvrd combirrnLions h rw.iug poor characteristics 
h11t had little effect on 11.rnrngen1ents already fairly 
s:tfisf1tcl.ory. \fany other L<•s(s bayc been made using 
surnU mo<lC'ls, :tnd lhc gcnor:11 conclusions agree in most 
respects with those of th e i11,·cstign.tions menLioned. 

In a comprehensive report on interference (reference 
7), Owor describes an investigation in which large 
models •1vith sLub ,rings were used Lo obtain results for 
much larger values of the Reynolds .r um her thn n 

had been previously obtained. The,,e Heynolcls Num­
bers, howe,·er, wore still well below Lhose correspond­
ing to fljght and the fact that stub wings wore used 
makes the application of the re:sul ts somewhat q ues­
t ionable. 

Among the investigations of wing-fuselage inter­
ference mode at high \7 alues of the R eynolds ~umber 
was an invostigo.tion made in tl1e . A. 0. A. vnriable­
Jensi ty tunnel in 1930 (unpublisll1e<l) to compurc bigh­
wing, mid-wing, nncl low-wing monoplanes. The 
effects of expanding- fillets were nlso studied. 1U­
though some conclusions were reached that confirmed 
previous results from tests nf; low values of the 
R e?nolds Number, the resu]ts suggested a need for a 
more comp le to im-cstigation at high Reynolds N tm1-

bcrs. A series of investign.tions were therefore started, 
the :first of which considered ll, ,ving having a. thin 
flitt plate i,rnerted in the midsp,a11 cross section (ref­
erence ) to study the inte1-fe.rencc effects on this 
b:1.sic corn bination. 

OLlwr in tci-f<'rrrwc in vost,ig1tLi1ons havo hern made 
11L rclfltivoly large Ynlues of the Reynolds Number . 
Hhort investigations, each of one pnrticular type of 
low-wing monoplane, have been made 11.t the Cnli­
fomia Inst,ituto of 'feclmology (reference 9) and it1 the 
·1 • A. 0. A. full-scale tunnel (rC'fcrence 10) 1,o study 
i11terl'C'renco nnJ buffeting. 13otl, i1westigntions coD­
Ji nned Mu ttray's conclusions 1lh11t oxpn.ndi11g fillets 
improve the ncrodyn:nnic chnn11ctcristics o[ low-wing 
monoplrrnes. 

'l'HI•: llASJ (; WINC-~'USELAGl~ t N'r EnFERE Cf~ l'llOGllAJ\1 

Because the preYious wing-fuselage interferC'l1('(' 

investigations were incompkte in many respects, it 
was desired to consi<let· in formulating this program 
nll of l,he important vn,riables. Once tl1e important 
,·arinhles were lisLod, iL became apparent tho.La com­
plete investign,t,ion o( all tho possible combinations 

would uc irnprn.cticable. This clifficulLy wns partly 
OYercorue by classif:iying t,he possible variables ns 
"major" and "minor", so that the program could be 
formulated to include complete investigations of t he 
major vnriables and Lo include only incidental investi­
gations of the effects of the minor variables. The 
follo\\'ing tabulation prescn 1 s I Ii<· rl:1ssificn tion n.dopted: 
\Ving: 

;1fajor variables: 
Plan form. 
Airroil section. 

Minor vari::ihlrs: 
Fillets. 
Plan-form vnriations near fuscl::igc, c. g., plu11-for111 

fillets 01· wing cut-outs. 
Bends near fuselage, e. g., ~;ull-wing types. 
Incidence changes near fuse,Iagc. 
High-lift and air-brake deviices. 
Size. 
Aspect ratio. 
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F11srlugt•: 
l\fajor variable: 

Cross-i<<'ctio11al shapl'. 
;\[ioor variables: 

Longitucli11al rurm. 
Siz('. 
Air-cooled engine in nose, cowled or uncowled. 
Lluusual form changes to accommodate wiug aucl 

winclshiclcl. 
Com hi nations: 

l\fajor variable: 
\'crtical positio11 or the wi11g with respect to Lite 

fuselage. 
l\linor variabl<'s: 

Longitudinal position or Lhe II i11g will, re1:1pcct l o U1e 
fuselage. 

Angular relation or the wiug and rusclagc. 
Fillets and strut aUacllm<'nts. 

It, will be noted that I he major vario bles of the wing 
ure t n ken as the airfoil plan form and section. Airfoil 
plun-form variations arc probably covered sufficiently 
by the inclusion, in Lho program, of two plan forms: 
rectangular and 2: l tn.per. The Yariations in airfoil 
sect.ion are likewise covoTed by tho inclusion of I wo 
airfoil sections, a symmetrical N. A. C. A. 0012 rep­
resenting slightly cambered sections and on N. A. C. A. 
l412 representing moderately highly cambered sections. 
An incidental Yiuiation in section thickness is also 
obtained by considering the thick section al th e rnol 
of Lhe tapered wing as a variation of the N. A. C. A. 
0012. 

The major variable of Lhe fus~lngc is tho cross­
sectional shape, the variation of which is included in 
the program by means of two fuselages, one havinl! 
round aod the other rectangular sections. 

The mnjor variable of the combination is tho rnr­
licnl position of the wing with respect lo tbe fuselage. 
It appears Lo be necessary to include as many as 2 I 
vertical positions to make lhc inves tigation reasonably 
complete in this respect. 

The complete progrum is intended finally to include 
alJ possible combinations of major variables and all 
such combinations of rujnor variables as may appear 
to be of particular importance. 

THE INVESTIGATION COVERED UY T IDS REPORT 

This report is not intended to present tho results 
of lhc complete wing-fuselage interference investigation 
but mainly to consider tho variations of a round 
fuselage in combination with a rectangular wing of 
svmmetrical section. These combinations were tested 
f~r , arious vertical, longitudin11l, and angular posi­
tions in ordrr to determine which of Lhe possible vari­
nblcs were of sufficient importance to include in the 
rcmniuder of the program. Some of the minor Yari­
a bles, such as fillets and out-ou Is, were also investigated, 
pnrtic11larl~T with reference to the low-wing combi-
1rntions, hecausc of the present demand for duta on 

such annngt'ments. Other nunor fw;<'lugc ,·ari­
ublrs, such as an nir-roolcd t'nginr uL the nose of 
the fusrlngr, were nlso inf'ludcd fur Iii<' ,-amc Tcnson und 
lo detrm1inc the importnnce of tht'sc minor fusch1gc 
variables, iu respect to the rrmainder of the program. 
.\ sufficient number of eornbinolions of the major 
variables, to g ive' some 11ndrrslanding of the e[ects of 
each wc1"e includrd lo tomplete. the main hotly of lbe 
in \'cslign lion COYrrrcl by this report. Tho scope of the 
present i1wcslignlion is rlenrly ind1cntcd by rrfcrencc 
to bible \1, the cli11gru111s of ,11,icli rPprc~cnt all the 
rornbinations tested. 

MODELS 

The wing models u~ecl for this im cstigation arc a 
rrctangular N. A. C. A. 0012, n rcclnngular N. A. C. A. 
4412 (reference 11), a rectangulnr N. A. C. A. 0012 
baYing a rul-oul center srction (rrfcrence 12), and a 
tapered wing lrn,,·ing a root-to-ltp chord rntio of 2 and 
sections tapering from the K. ,\. ('. A. 0018 to the 
N. A. C. A. 0009 (fig. 18 nnd referrncc 11). Encl, 
rectangular wing has a chorcl of 5 inches and a span 
of 30 inc·hes and was cons( ruc!Nl of dumlumin in the 
muuner ,described in reference I ;3. The tapered wing 
is also of duralumi11 with an area of lfiO square inches 
and a span of 30 inches. 

T\\o fuselage models were used, one hti,·ing circulnr 
und one rectungulnr cross seetious. Both mockls arc 

FUSELAGE DIME);SIO:NS (}~CHES) 
- --

Rount1 Hectan~ular ruseh•~• fnsolaj;!e 
St..1fion 

Dlnmeler llright \\'idlh 

-0.15" 0. 000 o ooo drnmetrr. 
.000 • 7i2 7i'2 dinmC"'f('r . 
.250 1.212 I ·in diam111rr. 
.r.oo J, [J'i2 I ,t,72 diflllH'ler. 
.iW _., I 7\i:; dl!Unl'I er. 

1.1100 2.llll 2.2io-· J.MIO 2 . . J.,o 
2.000 2. 650 -
2.:112 2. iOO i. :-170 
3.106 -·---------- a.c,-0 2. 171) 
4.(1()() 3. Zill 3.~{S. 2.n13 
0.000 3.410 3.4lll 2. fii~ 
8. 000 3.-110 3.HO 2. i02 

10.000 3.406 3 . "!f)fj '.! . Iii'!, 
12. 000 :1. 2&, ~- !?fl'( 2.atij 
11.000 :?.990 1.. U'JO 2. 3-1~ 
16.000 2,511, 2.hltl 1.1176 
17. 000 2. liO 2. l7t> I 70,I 
lS.000 I, 6~8 I ;~11 
10.000 J.000 . 7"i5 
19.600 .518 

i:i2.'l 
• 130 

20.000 .000 . 000 

Source-sink distribution for round fuselage. 

O. l!ff •e C 000 
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of duralumin with carefully polished sul'faces and have 
lengths of 20.156 inches and maximum cross-sectional 
OTeas of 9.29 square inches. The circular-section 
fuselage was derived from n. source-sink distribution 
to give a form approximating that of an airship of 
fineness ratio 5.86. The rectangular-section fuselage 
was derived from the circular one to obtain a related 
form having the same cross-sectional area. The 
fuseln.ges were constructed to the dimensions on page 3. 

The fuselage shape was further altered by the 
addition in the nose of a model engine with an J. A. 
C. A. cowling. The engine, 3.42 inches in diameter, 
was carefully modeled to scale to represent a 9-cylinder 
radial air-cooled engine. The cowling, 3.47 inches 
outside diameter, was constructed of a single thickness 
of metal arranged to slip over the engine. For tests 
with the rectangular fuselage the shape of the rear 
portion of the cowling was altered somewhat to provide 
an appro:ximately constant-area slot permitting the 
free flow of air th.rough the cowling around the edges 
of the fuselage. (Sec fig. 36.) 

The juncture of the wing and fuselage of several of 
the combinations was altered by means of fillets. 
~ r ost of the fillets were molded from plaster of paris 
and carefully finished to a smooth surface. 

Other combinations of the wing and fuselage em­
ployed connecting struts. One connecting strut con­
sisted of a thin steel plate, }{6 inch thick by 2 inches 
long, streamlined and polished. Other connecting 
struts were formed by building up this plate w:ith wood 
and plaster of paris to form the desired sections. 

The wings and fuselages were combined in different 
ways to gi,e variations of vertical position, fore-and-aft 
position, and wing setting. A diagram of the various 
Yertical and fore-and-aft positions of the rectangular 
wing of symmetrical section in combination with the 
round fuselage is shown in figure 1. Diagrams repre­
senting all the combinations arc shown in table V and 
photographs of some typical wing-fuselage combina­
tions, particularly those having fillets and attach­
mcn ts, arc shown in figures 24 to 36. 

TES'l'S 

All the tests were made in the variable-density 
tunnel at a Reynolds Number of appro»imately 
3,100,000. In addition, the maximum lift of most of 
the combinations was determined at a reduced speed 
corresponding to a Reynolds Number of approxi­
mately 1,400,000. A description of the tunnel and 
of the method of testing is given in reference 13. 

The t,ests were of two distinct types, one type in 
which the forces on the wing and fuselage as a unit 
were determined, and the other type in which the 
forces on the wing and on the fuselage were each 
determined separately in the presence of the other. ,. 

Th,e first tests were those in which the fuselage was 
attacliled to the wing and the combinations were 
mounted on the model supports in the usual manner 
(fig. 2). The method of testing and the accuracy of 

~-~ '3 ....... )( (,J. j 
l.. ()~ s QJ "' 

c:,-g'f .4 
:-::::q; 0 
~"'..t: 
l.. ::, IJ 0 

•,..::: C:,,, I 

C) E:: C: 
'c5 o·~ 
,i.__-:4 
C: 0 
QJ·~"' 
E:: rj E:-:8 j 
~"\:) ~ ,-+---==--
~ ~' -- ---
-~.i:: .s;; .64 .2S O -:25 -. 75 
c5 \) 0/splocemenl of airfoil quorler- chord axis from fuse­

loqe quorler-chord point in lerms of winq chord, d/c 

FJGVRE l.-A diagram of the various wing pes!t!ons with respect lo the fuselage. 

Fmua E 2.-A wind-tuunel seL-up or a counected wing-fuselage combination. 

the tests were the same as those of the usual airfoil 
tests (references 11 and 13). The characteristics 
of both a high-wing and a low-wing combination hav­
ing a symmetrical-section wing were determined with 

I 

l 
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one set-up by testing tho combination through tho 
c·ompleto range of positive and negatiYo angles or 
1tttack. 

The disconnected combinations were tested in such 
11 manner that the forces on one body while in the 
pr('scncc of the other wore independently determined. 
Only thoso combinntions in which tho wing was 
entirely outside the fuselage were tested in th is way. 
For these tests tho wing was first mounted on tho 
bnlnnce in tho usuill manner and the fuselage was 
support<'d from tho roof of lho tunnel on a single 
st ru L and in<lependcn L of tho bulnncc (fig. 3 (a)). 

(a) Tho wine on tbe balaooo. 
; 

between tho wing and fuseluge \\ as Ynricd by Ya1-ying 
the posit ion of the fuselage , arin tions of tho fore­
and-aft position of tho wing with respect to the fuselage 
wero eff('ded by , nrying tho position of tho fuselnge 
support. .\.s the gnp and the forc-nnd-aft position 
changed slightly ,dth the nnglc of n ttnck, most of 
the tests required n small change in the set-up at high 
angles of attack. Consequently, tlw position was 
corrected at angl('s of attnc1~ of 16° and 16° to givo 
the corrc•ct gap und fore-1111cl-aft position and the 
anglo-of-ttttack und wing-setting range for each s('t,-up 
suitably <'l10scn to ~h·e the lenst po:-.if ion error. The 

(b) The fuselage OD lbe babnce. 

Froua~ 3.- Set·UPS In the tunnel for two typical disconnected combinations. NOT REPRODUCIBLE 
The forces on the fuselage in the presence of the 
wrng were similarly determined by supporting tho 
fuselage on tho balance and tho wing independently 
from the tunnel structure (fig. 3 (b)). Tho angles of 
n t tack of the wing and of the fuselage could be varied 
separately. 

Tho characteristics of high-wing and low-wing com­
binations having wings of synnnetricnl section were 
obtained by testing tho combinations through positiYe 
and negative angles of attack. The wing always 
remained in the center of the tunnel and the gap 

gap for each set-up was checked while the tunnel was 
under pressure b) ,·arying the angle of wing setting 
until the, models wcro in contact (as -;hown by un 
electric fouling signal) and rending th<' angles of 
attack of each model. As tho relative positions of 
the modc•ls at contact were known, the net unl distance 
between tho pivot points of tho wing and the fusolngo 
supports could be determined. 

Tho test result-. of the disconnected combinations 
are relatively inaccW'ate as compared "ith the test 
results of the connected combinations. Because of 
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tho mony diJTcront soL-ups nC'C<'St:i,H?, tho final results 
fnr n combi11ntion al'o subject to n<·crnnulntivc errors. 
Abo, bec[l,use of t,ho limitations of tbc set-up, conec­
tions for position errors were necessarJ, whicl1 intro­
tluced errors in to the finn 1 resulls. The ncL interference 
wus dclermine(l from tho smnH difference between 
reloJiyo]y large interncLing forces with resulting fuui­
l,ations of I ho accuracy. Tho interference of tbo 
i:;11pports on the models nlso introduced a small source 
of error. .A. comparison between t.ho tesL results of a 
connected oombinution ha ,·ing a moderate gap and 
havin?'. tho fuselage nt tnched to the wing by means of 11 

small thin plate and those of a similar disconn.ected 
combination indicn,tes that, at m.in.imul'n drng, the 
disconnected combination gives :1. value of the drn.g 
coefficient about 6.7 percent low and, at n moderately 
high lift., gives tt value of l,l1e lift, coefficient u,bout, 
1.7 percent low. 

Tests off.he wings :1lono were m:1de i11 t he sLandanl 
manner. In addition, tl10 wings were tested n,lone 
with double stings phiced directly behind the support 
struts for use with the result from tests of the dis­
connected combinations. The fuselages wore Lcstecl 
nlone with CYOral different mountings. T ho ncc11-
nwy of these Lest results .is believed to be t he same as 
tli:1t uf tho standard wing tesLs (reference 11). 

RESULTS 
l\lETHODS OF ANALYSIS A O PRt;;SBNT ATION 

omo discussion of tho presentation rrnd unnlysis of 
tlie dotn is ud,risablc owing to the somewhat unusual 
methods _employed. En ti.rely satisfactory methods 
:n·e very difficult, if not impossible, for sucb extensive 
lest results involving so many aspects of Lho d:1 ta to 
he considered. In tho discussion, a parL of tho daL:t 
is presented graphica lly in order to bring out tLr 
effects of some of tho facto1·s tbnL influenc(\ t,he inler­
feronce but n more compact tah11l11r form has been 
ndopted for the bulk of tho data. Such dnta arc 
presented in toblcs III and IV for o.11 f,hc eombinnt ions 
i11vcstigated. 

Table V summarizes the principnl chn r:icterisLics of 
oll the combinations and together with table II, 
which gives the charncLcristics of the fuselages a_lonc, 
includes the most irnporLant resuHs :1nd nil the data 
necessory to supplemon t those presen tcd gr:1 p11ical1y 
witlt the discussion. Unless dctn,ilcd n,pplicaLions of 
some of the data nrc contemplated, the reader may 
disregard U1e following paragmpLs explaining the 
prcsontn,tion of tho tn.hular d?Jt,a :rncl continue with 
( ho Inter section: Princi p~tl Clmn1cteristics of Com­
binations. 

Various methotls of presentation for t.be hulk of 
tho tabulnr dnta were considered using cit.her the lift 
or tho angle of nUack a tlie independent Yuria.ble. 
Several methods or tabulaliug t.hc interference values 

were also considered. The mcU1od finally :Hlopt.ed 
does not indicate the intorfcrcnco <lirecll_y but rntbcr 
Lhe amounts by wl1ich tLc tha1·,1,0teristics of the wing 
arc n,lterecl by the presence of the f uselago in the 
combination. 

r nllcss compurisons aro made in such a ma,nncr 
lhaL Lhc total lifts of the rombinatious n1·0 equal, 
drng differences mny be misleading owing to ibe 
inclusion of uuoqual components of unavoid11blc 
iuduc,ed drag. li''or example, two combinations might 
be compnred aL equal anglei:; of nttack but the inter­
ference might increase the lift of one comhinn.t.ion nnd 
decrease th:it of the other. As the result of a finjte 
span, a larger unnYoidablo incluced-drn.g component 
is included in tbo total drag of U1c combin[l,tion h11Ying 
the higher lifL so th,tt it m:1_y show the higher drng 
e\"cn though tho ncLua.l <lrag associated with the 
interf,ercnce may be i(,:,;s t,hnn tlrnt, of the other 
com bimation. 

Iu ,order to avoid misleading comparisons owing to 
the inclusion of different unavoidable components of 
incluc,cd drng, drng vnJ ues for comparison arc gi ,,en 
by m ,eans of an effective profile-cl rag coefficient 0 0 •. 

TL1e effective profil<'-clrag coefficient is t,he difference 
bctwe:en 1110 tot,1] drng cocfficienL and tho minimum 
induc,ccl-clrag coefficient associated ,nth tl1e lift and 
span of tbe airfoil, i. e., the induced-drag coellicient 
(',,2/rrA corresponding to Lhe elliptical loud distri­
bution. Effective proGJe-drng coefficients thus elimi­
nate, for purposes of com pnrison, n,ny nccessmy 
induc13d-drng diJl'crenccs but include drag components 
due to clrnngcs in induced drng as the result of intcr­
(cronc,c. 

Tho use of t,he effocl,ive profile-dmg coefficient Ll1us 
prnnits U10 11so of tho angloof attack ns theindependcnt 
,, n,ria hie. 

'l'Jw character of U1e in tcrferencc is Lhcn incliea t.e<l 
most rlrurly by considering cLa.nges in the lift, drng, 
nnd p,itching moment wbile tho attitude rcmau1s un­
changed. Chnrnctcristics of the wings alone, the fuse­
lages :n.lone, and the combinations (or data from which 
tho cliarnctcristics of tho combinations cn.n be obtained) 
ore consequently presented at certll~" angles of attack. 
Interference vlllues for the combinatious nro, in general, 
not dil'ectly Labulntcd hut may be readily obtained 
from the data given. Considering, for example, only 
the si.iogle cbarnctcristic, drag, the bulk of the data for 
the ci0mbinnLio11s is presented by giving t,he "clra{; 
nnd iulcrfcrcnce" of Lhe fusclngc. Tho , ·nlucs thus 
give cllirccLly n,ny increase in tho clrog over thaL oI tho 
wing .nlone <luo to the presence of L11e fuselage in t.110 
combinotion. Ji'rom these rnlues the interference drag 
is found by deducting the drag of the fuselage alone, 
or Lhe, drag of the comburntion is found by adding tho 
drag of Lhc wing alone. 

J 
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T ABULAR PRESENT A1'10N 

Experime11Ltal Data.- Table I gives the lift, a.nd drag 
coefficients a.nd the pitching-moment coefficient meas­
ured about the quarter-chord axis for the foU1· airfoils 
used in th.is investigation. The characteristics of the 
symmetrical au:foils are given at a.ogles of attack of 
0°, 4°, and 12° and those of the cambered airfoil, 
which hns an angle of zero lilt of approximately - 4 °, 
are given at - 4°, 0°, and 8°. The first two angles of 
attack represent the high-speed range and the third 
represen ts a :bigb-ongle-of-attack condition. The coef­
ficients are b,nsed on a wing area. of 150 squa re inches 
for all the wings, including those for the cut-out airfoil. 

Table II gives the aerodynamic cboxacteristics of 
t-he fuselage .models. The coefficients are all based on 
the original wing area and chord; the pitching momen t 
coefficient Omp is taken about a point on the fuselage 
axis one-qua.n'Ler of the distance from the zero station 
l.o the tail; i. e., the quarter-chord point of the fuselage. 
The cbaracteiristics are given for angles of attack from 
0° to 16° at intervals of 4°. As the fuselage models 
are symmetrical, the results for the negative-angle 
rnnge may be obtained by changing the signs of the 
lift and pitcbLing-moment coefficients. 

Table III gives the "lift and interference" 6.0L, 
"drng and interference " 6. 0 D • ' and " pitching moment 
and interference" t:.0,,,,14 of the fuselage in the wing­
fuselage comlbinations; that is, the differences between 
t,he characte1~istics of the combination and the char­
acteristics of the wing alone. These results are given 
for t wo angl,es of attack representing the high-speed 
range and for one representing a high-angle-of-attack 
condition. This table includes the data from the 
tests of the disconnected combinations, which are 
discussed and presented in a more complete form in 
the following paragraphs. 

Table IV gives the results of tests of the disconnected 
combinations, in which the forces on the wing and on 
the fuselage were each measured. In order to eliminate 
tare tests and to obtain more consisten t results than 
was believed possible otherwise, a unique method of 
deriving the .final results was employed. From the 
test results c,f the ,ving in the presence of the inde­
pendently supported fuselage ,v-ere deducted the test 
results of the wing alone for the same set-up withou t 
the fuselage ·in place. (See section describing tests.) 
These differences of the lift, pitching momen t, and 
total drag w,ere then added, ni ter correction for the 
change of th,~ relative position with angle of a ttack , 
to the standard characteris tics of the wing. The 
results obtaimed in this manner represent the charac­
teristics of the wing in the presence of the fuselage. 
In order to obtain the desired drag values, the induced 
drag was deducted from the drag of the wing in the 
presence of the fuselage. The values thus obtained 

H.81- -:l0- 2 

give pofor curves, which in figLU'es 11 and 12 arc 
designated " wing in presence of fuse] uge." The values 
given in table IV for the interference on the wing in 
presence of the fuselage (oOL, 0GD

0
, and o0,,.,

14
) were 

obtained ns the differences between the characteristics 
of the wing in the presence of tlH11 fuselage and the 
characteristics of the wing ulono aft.er the induced 
drag had been deducted. These Yalues are represen ted 
for tho lift and the drag by tlw dashed lines of figures 
11 and 12 Joining test points at etiunl angles of attack of 
tho "wing alone" curves and the 1

' wing in presence 
of fuselage" curves. 

The clmracteristics of the fuselage in tLe presence 
of the wing were obtuine<l b} addintg to the standard 
fuselage characteristics the <lifl'eroioces between tho 
characteristics of the fuselage me1asured with and 
without the wing in ploce ofter comecting for position 
errors. 'fhe charnderistics so obtained were added to 
the lift, moment, ornl the tot11l <lr1~g of the wing in 
the presence of the fuselage. The total ch-ag was 
then reduced by deducting the induced drag corre­
sponding to the sum of the lift values. The resulting 
values are the characteristics of the wing-fuselage 
combination. These values are represented for typical 
combinations in figures 11 and 13 aH the curves desig­
nated " wing-fuselage combination." Tho values given 
jn table IV for tho characteristics of the fuselage in 
presence of the ,Ying (01.,1 00 , , and 0,,,) were obtained 
as the differences between the characteristics of the 
wing-fuselage combination and the choracteristics of 
the wing in the presence of t,he fuselage after deducting 
the induced drag from the corresponding total drags. 
These values are represented for th1;1 Jift aud drug by 
the dashed lines of figures 11 and 12 joining test poin ts 
at equal angles of attack of the '1wing-Iuselage combi­
nation " curves ancl the "wing in presence of fuselage" 
curves. 

Principal Characteristics of Combi:nations.- Table V 
gives the principal aerodynamic clrnracteristics of aU 
the combinations tested. The chm:·ticteristics of the 
wings alone are also included. Tho geometric chaJ·­
acteristics are given in din.grams that, together with 
the tabular <lnto. and the photographs of certain 
combinations (figs. 24 t.o 36, follo,, ing the table), gi,·c 
all the information usually required. Those com­
binations dHTering only in respect to the angle of wing 
setting are represented by u single diagram in which 
the wing positions for the maximum incidence range 
are indicated by di1sh<•<l lines. The first three col­
umns of the table give the cliagnuus representing tho 
combinations, the combination nmnbers, and per ti­
nent remarks. The next three c,olumus give t he 
geometric relalions of the wing and fuselage. The 
values <l/c and kc represent the longitudinal and 
vertical displacements, respectivels, of tbe wing 
quarter-chord axis measured po::iiti-re ahead of and 

j 
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n hove tl1c qumtcr-ch onl point of t he fuselage, and i,, 
is thl' angle of wu1g setting. 

Tl1e follo" ing irnportnn t characteristics are pre­
sented b_y the last, nine columns employing stn.nclarcl 
nonclunensiorrnl cocllicients based on lhc original wing 
areas of lfiO square :inches: 

Lift-curve slope, a. 
. \.irplune C'fficiency factor, e. 
Minimum efJ'PctiYc profile-drag coe fficient, 

C'v•~ .. · 
Optimum lift coefficient, C,,

0
,,,. 

Acroclyn11mic center position, 110. 

Pitcliing-111omcnt coefficient a.t zero lift, C"'o. 
Lift coefficient ot t,he interference burble, 0,. 11, . 

l\foximurn lift, coefficient, CL for an effective 
max 

R. ~- of 715001000. 
l\foxi1mum lift coefficient, C1, for an e fl'cct,ivc max 

R. N. of :3,400,000. 
The lifl-eunc s lope II was determined in the bigli­

:=:pced, or low-lift-coefficient, range. The ya)ucs repre­
sent change in lift, coeiltcient per degree for an aiTpl11nc 
haYing ,1 wing of aspect nitio 6. 6. This ndue of tLe 
nspcct rntio differs rrom the actual ntlue for the models 
used because the lift results are not othcn~·ise conected 
l'or tunnel-wall inlerferen(·c. 

The ai:rplanc, or span, efficiency factor e is an 
cmpi.ricnl factor u1troduced by Oswttld (reference 14) . 
The reciprocal of the number reprcsenLs a factor by 
1,·J.iich the: minimum induced-drag corfficie11t 01•

2/-,ul 
is increased Lo leave n, nmsonnuly constanL res idual 
drag coefiicient over tho normal working nmge of the 
liCt coefficient. The fnctor w11s determined from the 
portion of the <lrag curve between 01,= 0.2 and Ci,= 1 .0 
unless the interference burble occurred in this liit­
coefficienL range, in \\·l1ich case only LLe portion of the 
cutTC below the interference burble was considered. 
The meLhod should ll1erefore be used only for t he 
t1 pproxu1rn tc detenniuation of drag coefficients cor­
responding to lift coefficients below the interference 
burble unless the interference burble is o( the type 
designated "type C" in the 01.,& column of table V. 

The minimum val ue of the effective profile-dru.g 
coefficient, Co, represents the drag remaining after 

deducting: tlie minimum induced drag, that is, the 
mifill1rn1u induced dmg tbnt may be associated with 
lhc given lirt and spun. The effective profile clrng 
Lherefore provides an ideal means of comparison as i t 
includes with the actu:11 profile drag nnd parasite 
thug any unnecessary induced drag associated with 
in tcrferen ce or a departurn from the ideal span load 
distribution but,, at, the same time, eliminates from 
the comparison the una,·oidable effeds of tLe lift on 
the drag. 

The optimum lift eoefiicient OL is the lift, coef-o,>i 
ficient corresponding to the minimum effective profile-
drag coefficient. 

The aerodynamic-cenLer position is represented by 
val ues 11 0 indicating apprm,imalGcly its fore-and-ufl 
position expressed as a fraction of tl1e wing chord 
forward of the quarter-chord ai,is of the \\,jog. Each 
value is actually the slope of tl.ie curve of pitching~ 
moment coefficient against lift coefficient nt zero lift. 

The pitching-moment coefficien.t at zero lift 0,,.
0 

is 
measured about the quarter-chord axis of the wing and 
is based on t!Je original ,,ring a rea, and chord. 

The lift cofficien t at tho interference burble C,.,~ is 

the value of Lbe lilt coefficient beyond which t,he air 
flow has n, tendency to brenk clown ns indicated by nn 
a bnormnl increase in the drag. 

The maximum lift coefficient ()L is given for t\\'O 
m,u 

different rnlues of the effective Reynolds Number. 
T he effective Reynolds Number is obtau1cd from the 
actual test Reynolds Number by the application of :t 

factor to allow for ~lie effects of turbulence present 
in lhe tunnel. Compnrn(iYe tests indicate tliat, at 
the effecti ve Reynolds Number, maximum-lil't, results 
from the tunnel t.end to agree with those in flight. 
(See refercuces 15 and 16.) The value of the turbu­
lence factor used tluougbout, this report "·as taken 
from reference 15 as 2.4. 

DISCUSSION 

For many applications of these resu lts, a direct 
examination of the tabular du ta will undoubtedly 
yield more useful inlonni1tion than the following 
general discussiou. The data presented in table V are 
particularly vHlua ble in this connection because sig­
nificant parameters representing the important char­
acteristics as single vnlues arc 1tabuln.icd for all the 
com bioutions investigated, thus affording a m ea ns of 
comparing various combinntions. In the following 
discus,:ion, however, the gencrull v:iriations arc con­
s idered and discussed in relation to the cause of the 
i.n te1fore11cc and the significance of the results. ome 
of the dn,ta 11re presented graphically to snpplemcnt. 
tbe discussion. 

T l1e interference is first, considered in relation to all 
the characteristics of certain 1~y picnl "·mg-fuselage 
combinations in order (,o point out in a general way 
the nature of the various interference pfrects thnt muy 
be present in all the combinations. The discussion 
that follows i t.hcn subdivided con idcring: First, the 
drag as ,1ffcctcd by the interference when the nirious 
geometric clwracLeristics of the combinations nre 
changed; second, t,he moment as affected by the inter­
ference; and finally, the maximum-lift characteristics 
11s nffected by the in terferonce. 
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COMBINATJONS 

Mid Wing.- The simplest, combination investigated, 
the symmetrical-section wing combined at zero inci­
dence in the mid posi tion with the round-section fuse­
lage, will be fitst considered. The characteristics of 
this combination are presented in figure 4 as cocffi­
cicnt.s plotted again t the angle of attack. T he lift 
nnd pitching moment of the combination a re, of 
course, zero at zero angle of attack because the whole 
combination is symmetrienl about the plane of the 
airfoil chords. The difference between the dmg 
curves indicates the "drng and interference" o f the 
fuselnge. 
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Expressed us a coefficient the dr11g and interference 
of the fuselage under these conditions ma.y be ti1ken 

directly from figure 4 as being 0.0035. The drng of 
the fuselage when tested 11lonc is found frnm tllble II 
lo be 0.004 l. A comparison of t h is v11lue \\'ith the 
drog ,ind interference indicates tbat the interference is 
favorable and is represented by the coefficient 0.0006. 
The fa vora.ble interference in this case is the result of 

eliminaling the drn.g of that portion of the wing en­
closed within tho fuselage which, expressed as a coeffi­
rient, would amount to approximately 0.0009. After 
allowing for this interference effect, a small (0.0003) 
residual adverse interference remains that may be 

attributed lo "boundary interference." Boundary 
interfere,nce npplies to th11 t part of the interference 
associated with the combination of the wing and 
fuselage boundnr_y l11y<'1~ near the wing-fuselage 
junctures . The boundary interf<•rence for the typo 
of juncture here considPrNl is of th<' same nnture as 
that for 11 perpendicular flat plate at thl' midspan 
section us investigated earlier (reference 8 ), the wing 
in both c·nsPs projecting pl'rpencliculnrly from a surface 
along ,vhicl1 only small pres~ure griHlients exist when 
tho wing is absent. As migl1t ne expected, the 
bound:1r:v-interferencc dmg eoeffa•ienl is about the 
same in ,either case. 

In rogarcl to the fo, oruble interference drag coeffi­
cient shown as resulting from the enclosure of a part 
of the wing in the fusC'lnge, it might. be ,ngued that 
the favorable drng increm<'nt re;;uJts from the use of 
too Jorge- a " ·ing area in deriving the drng coefficient 
of the combi1rn.tion rather tlrnn from an.v real favor­
ahle intc•rfcrencc nncl that no fnyomble interference 
drag would have be<1n inc!i<'a ted if the artunl exposed 
wing nreu lind been cmplo)•e tl. The wing nrea con­
sistently t'lllploy<'d tl1rnughout thil'- l'eport is, howeyer, 
t ho X. A. C'. A. sti111dt1rcl winf! nren which includes, 
and properly so, the area of the part of tho wing 
that sho11ld bo considered us Prwlosecl by the fuselage. 
The fnvc,rnble interference elm~ thu t l'<'Sults, although 
easily cxvlninrd, is none the lrss renl. As indicated 
by the subsequent diseussion, n c·onsidrrntion of the 
interference on the hnsi,- of Pxposed wing area leads 
to difficulties in relution to the lift nnd induced drag 
and may lead to 1m annlysis, surh us that of refer­
eneo 7, charging the mid-wing position ,vith nclverse 
in terfercneP. 

Consid:N now tl1e drnrncteristiC's of the combination 
as tho angle of a ttnck is incrensed, remem boring tho t 
the coefficients tu-e hnsed ou nn iuen including the are11, 
of that pnrt of the wing inside the fuselage. If this 
portion of the wing were consiclcred as ineffective in 
producing lift ns it is in producing- drug, u lift co­
efficient from the wing, nt 12° for example, of only 
O. 16 or less would be e"--pcc-ted. This lift coefficient 
added lo the Yalue of 0.011, tlw lift coefficient of the 
fuselage at 12°, gives 0. 27 ns the sum of the wing 
and fuscllnge lift coeHi.cients; ,, hereas the lift coeffi­
rien t of tl,e eombin11tion is nrtuull_,. 0.960. A com­
p:i rison uf tho lift-curYC' slnpl' of tho combirla,tion 
with Lhat of the\\ ing 11lonP inclientes that the portion 
of thr wing replaced by the fuselage lllll) be even more 
cfl'ecti,,o thnn the 1n·iginnl portion of the wing u1 pro­
ducing lift. A comparison of tlw rorresponding effec­
tive profile-drag cun·es shows, moreo,•er, thn t the 
drng of the cornbinntion rnries with ungle of attack 
in much I.ho some wny ns that of the wing ulone except 
that the results indicnte the pre:e:cnce of a small 
boundary-interference drng increasing with unglo of 
attack, ns would be expected from the results of 
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ref ercncc Thus, with respect to the llit and in<lucccl 
tlrog, tho combination behaves as though the entire 
wing were exposed to the air stream with the addition 
of lift and drng components due to the presence of 
the fuselage. This bebrrvior continues until the 
concli tions ot the "interference burble" arn reached. 

For the combination under consideration, the inter­
ference burble occurs at an angle of attack of just 
above 12°, as indicat.ed by an abrupt reduction in lifl­
curve slope and an increase of Lhe effective profile­
drug coefficient. These conditions must correspond 
to an incomplete flow breakdown occtuTing before 
the more complete breakdown that determines the 
maximum lift. The nature of the flow breakdow11 
associated with the interference burble is not well 
understood and the subject deserves furtheT investi­
gation. H must, however, correspond to the failure 
of the lift distribution to be maintained across the 
central-span portion occupied by the fuselage as it was 
maintained, substantially the same as for the normal 
wing, before J;he onset of the flow breakdown. 

Although, as previously stated, the mechanism of 
the flow breakdown is not well understood, some light 
is shed on the subject by studying the behavior of 
the nerodynn-mic cha.racteristics for va,rious combi­
nations with different wings in dilferent positions with 
and without junctme fillets and with other fuselage 
shapes. For example, the occwTence of the present 
type of interference burble is abrupt; the lift continues 
to increase beyond the bUTble point but with a reduced 
slope; t110 burble point is not ma,rkcdly affected by 
filleting this juncture, or by changing the incidence, 
but is affected by changing the wing section, the Iuse­
lage shape, or the fore-and-a.It position of the wing on 
the fuselage. li'rom these and other considerations, n 
reasonably satisfaclory picture of the mechanism of 
the flow breakdown may be inferred. 

For the combination here considered, the initial 
I!ow breakdown probably originates near the leading 
edge of the wing on oitber side of the fuselage. iVitb 
the type of airfoil section used with this combination, 
typical of slightly cambered sections showing an 
abrupt change of flow at maximum lift, the flow break­
down is associated with n separation of the .flow near 
the leading edge as Lbe result of an accumula,tion of 
dead air just behind the separation point. vVbere 
tho wing enters the fuselage this accumulation of 
reduced-energy air in the low-prcssme region on the 
wing surface i'> undoubtedly augmented by the prox­
i.L1uty of the fuselage surface. Reduced-energy air 
from the fuselage boundary layer is drawn in by the 
low pressures prevajling on the upper surface of the 
wing in this region. 1'hese conditions obviously 
tend to produce l1 premature stall of the seclions 
adjacent to the fuselage but such a stall of so fon ited 
a portion of the wing is not sufficient, in itself, to 
produce the abrupt and drastic changes in the net 

aerodynamic chn,racteristics actually observed in 
figLu-e 4. The flow breakdown once started, however, 
tends 1to aggravate itself and probably is further 
aggravi1tcd by the presence of the fuselage so that it 
rapidly increases in cxtenL until it covers the entire 
central portion of the wing. In. order to form an 
adequate pictme of thjs subsequent, spreading of the 
initial How breakdown, it is necessary to consider the 
lift dist,ribution across Lhe span. 

Cons,ider the spnnwise lift distribution as affected 
by a di continuity in the plan form of the wi11g as, 
for examplc1 11 sudden increase in the chord. SucL 
a disco,ntinuity oecuning in the plan form docs noL 
produce a corresponding <liscontiouity in the load­
grading curve, although the lift docs increase over 
the po.rtion of the wing ha,71Dg the increased chord. 
T he interference between tho various sect.ions of the 
wing a.cts so to modify the angle of a.tta.ck of the 
sections that abrupt changes in lhe lift grading do 
not occur, the short-chord portions bunding up angle 
of atto,ck and lift toward the discontinuity and the 
long-chord portions losing n_ngle of attack and lift 
toward. the discontinuity. Tliese effects may be 
considered os the result of the Yortices that are shed 
between sections when the lift changes between the 
sectjons. ( cc references 2 and 12.) 

For the present purpose it is sufficient to note that 
the interference between sections acts so to affect the 
angle-of-attack distribution that varit1tious in the 
panwise lift distribution tend to be equaJized. Hence, 

when a wing is combined with a foselnge ns in the 
mid-wing combination under consideration, the lift 
grading across the portion of the span occupied by the 
fuselag:e will tend to be maintained. Although the 
fuselag:e when tested alone is found to be incapable of 
mnintmining much lift, owing to its very low aspect 
ratio, when combined with the wing it is able to do 
so. The general regions of low and high pressures 
above and below Lhe wing can-y across aboYe nod 
below the fuselage. Although these pressures acting 
on the fuselage are less than those acting on the wing 
surfaco, the increased chord of the fuselage as com­
pared with that of tho wing allows a lift to be de­
veloped over the portion of the span occupied by the 
fuselage. Io fact, the high lift-curve slope of the 
combination indicates that the fuselage is carrying 
an excess of lift ns compared with the portion ol' 
the wing which it replnccs. The interference conse­
quently acts to increase the angle of attack of ad­
joining sections of the wing in order to equalize the 
loHl grading, thus tending further to overlond the 
airfoil sections adjacent to the fuselage. Theis pre­
maturn stall owing to boundary interference is thus 
hastened and, when it occurs, the resulting loss of 
lift tends further to increase the angle of attack. In 
this way the condition aggravates itself and spreads 
until t,he low-pressure region no longer exists over the 

I 
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fuselage. The fuseloge and the adjoining ections of 
the wing have then Jost most of their lift and the resl 
of the wing behaves much like t,wo wings of reduced 
n-;pect ratio with a gap between. 

The maximwn lift, of the combination is, of eour--r, 
lower than that of tho wing alone as tho result of the 
interference burble and the rcsuHing loss of lift ovrr 
I he central portion of the wing. The mnximum-lift 
burble, howe\"'er, occurs independently of the interfer­
ence burble and at 11. higher angle of attack cone­
sponding approximately to tho n nglo of mnximum li ft, 
for tho wing alone. 

2.0 
Combination 22 

+ t 
0 4 8 12 16 20 
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Fmt'RE 5.-Aero•Jyll8mlc chnracterlsllcs of a tn,lcal hi~h-wini rnmhination. 

In regard to tho pitching moment, th<' rurn•s of 
('111 ,, in figuro 4 indic,ito that, tho aorodynnmic center 

of the combination Lends to be farther forward than 
thn t of tho wing alone. The fore-and-aft po, ition of 
thc wing in this in · tnnce is such that tho quarter­
dwrd points of tho wing and fuselage coincide. A 
streamline body of revolution, such as tho round fusc­
lngo, does not have an approximately constant aero­
dynamic center position as does ti wing. The effect 
of combining s uch a body with a wing, a ido from any 
in tcrference effect, is to cause tho pitching-momcn t, 
curve to brcome sloped. EYen though thr combi­
nation cannot strictly be regarded as haring nn aero­
<lynnmic con tor, the po ition indicated by Lhe moment­
cmTe slope a L zero lifL is about 3 percent, of tho chord 

farther forward tlum for tho wing 11lone. , \.t lift 
coeffici('n ts belo\\ thnt of thP intrrfort'nce burble the 
pitching--momcn I in t,rrferC1nC<' is usuully small so that 
effects like thos<' just disrussr.d may be nppro)l.imntrly 
predidc, I by adding- the fu-.PIO!!C uncl "mg- moments. 
The ehnnges of thr pitching-monH•nt rorfficien( thut 
accompnny tho occ·11rrenco of the inl1wfC1ronce hul'ble 
are of the same nuture ns tlioso thnt Ul'compnny the 
maxi mm n-lift burblo of tlw plum airfoil but arc more 
or Je .... s murkecl depending on thl' c-hnrncter of the 
intorforcnce bur blo. 

-
Comb1nof,on J2 

FIGl nt4 h \erOl!ynamu· rli uac1t ucs or n. t) picnl d1scomwcted high•\\ tnJ: 
Cpnru!-01) C(1mhlr1flllon 

High Wing.-TIH• high-,dng cnmhin11tion, the duu·­
acteristic,- of whi<-h nrc slHm II in fig11rn ,i, will next be 
considercicl. It "ill be noto.J thn.t tho \'nlues of the 
lift nnd pitching-moment <"oc•flirienl" HI'<' still rwurly 
zero ut 1.cro angle of att1t<'k nnd th:1t the lift-cun·c 
slope, \\ I ille remuinin~ higlwr t hun t hn t of the "ing 
alone, is ]ower than that of tho mid-win~ c·ornbinlttion. 
The minimum cot'Hirient ropre,cnting the drng 1tnd 

interfere11ce of thl' ft.sehurc1 j,., 0.00.iO, indicating nn 
adYerse interfercnc'c' clrng thnt j,.. smnllf•,,t tlt a smnll 
positiYc nngle of uttack. Tl11• interft'r«mce drag in­
creases Hlowly as tho angle of uttack is increased but 
none of the ch1u11c(rristic c11n t's show inclicutions of 
an int('drrence burble. Tho mo.xinmm lift is approxi­
ma tcly tho same ns that of the mng o.lnne. At very 
low and t1t negntive angl<'s of attack tho drag n.nd 
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interference increftses so rapiclly toward larger negatjve 
ringles that tho cou<li tion might be referred to as a 
11 negnfo·e in terfercnce burble." For certain li igh-wing 
combinations haying very unsaLisfactory forms of the 
wing-fusC'lnge juncture this drag increase, or negative 
intcrreronco burble, may begin well to the 1·ight on t,ho 
p lot. ln such cases tho drag coefficient may bo 
adversely nfl'ectcd within tho high-speed range of tho 
lirt coefficient. 

Disconnected High Wing.- Tho results for a discon­
nected high-wing, or pnrasol, combination a re prn­
sonted in figure 6. The characteristics of this combi­
nntion nre much like those of the connected high-,,,jng 
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combinations, except thnt tho drag and interference of 
the fuselage i less. In figure 6 it hils been possible, 
howeYor, to ind.icate the characteristi cs of tbe wing in 
the presence of the fuselage because tests of the ,,ing 
and fuselage were each made separately in the presence 
of the other fo r the sopurnted positions. The wing in 
tlto presence of the fuselage is shown to Jrn,·e much 
lower effecfo·e profile-drag coefficients than the wing 
a.lone. This result. has an important bearing on in­
rnstigations of airfoil characteristics in fligh t by means 
of force-measuring cleYices in the fusela.ge, in which case 
sucl1 interference effects arc f:O large that the measured 
drags are of lit tle vnlue. An examination of the test 
results for tho di connected combinations indicates 

that, irn general, such mutual interference effects, al­
though large, arc of tho naturn of an inLeracting force 
between the wing and fuselage such as would result 
from n reduced pressure region between them. As 
the incl'cmonts on the wing and fuselage therefore Lend 
to be equal and opposite, the not, interference is little 
affectcdl. uch mutual interference is of importance 
iu rega1l'd to the structL1ral design of tho components 
and tlrnir connecting members, howeYer, because it 
nffects the air loads and their distribution on ench 
part. 

Disconnected Low Wing.- Thc effects just eonsidcrccl 
nre furt\her brought out by t he cha.rncteristics of the 
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FIGIJKE R.-Aerodynnmic chnrnc teristics or n ly picul uusu lls!uctory low-wing 
~ mbinntioo. 

d isconn,ected low-wing combination presented in figme 
7. Thei effects of the low-pressme region between the 
wing ao,cl fuselage are evidenced by the increased lift 
of the wing in the presence of the fuselage as com­
pa,recl with the lift of the combination and the increased 
drag of the wing in the presence of tho fuselage. In 
this ins,~ance, however, the net drag and interference 
is exces:siYe, indicating the presence of some ad,· erse 
interfcronce drag, although there are no evidences of 
an interference burble. 

Unsatisfactory Low Wing.- The characteristics of a 
very unsatisfactory type of low-wing combination are 
represented in figure Here the interference burble 
occurs before zero lift al though i t is not of the abrupt 

_J 
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type ocr,urring wilh the mid-wing combination. This 
type of interferC'nce burble is pa rticulnrl.r objC'ction­
nhl<' b('c-11 use the drag is increased in the high-~pccd 
rung-c or the lift cocfficiC1nt. Tho drag continues Lo 
inc-rC'nse II l higllC'r Ii ft cooflicion ls as rC'prescnl C'd b.v 
thr lo" rnluc of the airpl.rnc, or spii.n, cffic·icncy factor 
for th.is cornbinnlion (e=0.50 from tabl0 \"). Tlt0 low 
volne of <' indici\lC's a rrduced cffrctiw1 span 1\1\d an 
inrrrasrcl indurcd drag 11ssocialC'd ,\i.th a loss of lift 
ovN th0 <'C'ntral portion in th0 neighborhood of the 
fus<•lag0. 

The ch11rnrtcr of this type of flow breakdown, 
ha,ing lH•011 discussed els0whcre (rdcrrm·C' i5), will not 
h(' ronsidrrC'd in clt•tnil. It is as;;oeialcd ,\ilh lh0 poor 

l 
67 c. 0 1--,,--,--,--,.~ ...--.-~-.-~-,-,--·,,,_-,--,-.,-..-;. I 0 

Winq ~lo 
---- Combinol 

1.6 

1.4 

l'1<l,K1< (I A~rodynnmlo cbarncll'rlslies or a lyt1lcal low-win~ oombillllllon. 

form of LhC' air spaces nt the wing-fuselage juncturn 
and ean bC' avoided by irnproYing tht' junc lure by 
fillets, or by other means. . \. separn tion or 11 thi<'kcn­
ing of the tm·bulent boundary loycr occurs as the air 
sp11t·es at the juncture expand loward the trailing 
edp:r of the wing. The maximum lift roefficienl i­
ii UI(' nffectod, probably beeouse the mnximum lift. 
for this lype of airfoil section i determined lorgely 
by the air-flow conditions near th<' leading rather than 
the trailing C'dgc. 

Typical Low Wing.- A more nearly rcpresrnlntive 
lo,\-,,;ng combinulion than the one just ronsid('rcd is 
rcpr<.'sentcd by combination 67 (fig. 9) in which the 
wing is in!ernally tangent to the fuselage. As might 

be <.'xpectcd, the cl1urncteristi1·s an• intemwdintc be­
tween those of comhinntion i:!. (fiir. s) tlllcl !hose of 
the micl--wing combination Thr drng nt , <'ry Jo,\ 
lift codlicirnls is not ex<•p,;sivr. Thr intrrferencc 
burble i,- ]('ss n hrnpt t !inn th,11 of tlw mid-\\ ing- com­
bini1t1011 hut o,·cur-. 11 t n 11nwh l,rn Pl' lift codficirnt. 
The rn11ximurn lift is 11<h·er,.P1., nll'rdNI. 'rhc extrnt 
to which tl1is typ<' of interfcn•m·t• hurhh• is objrrtionahlc 
depends on him it nll'rct-. the n111xinrnm lift, how 
t'urly LhP int C'rfercnrc burble oec11rs1 un<l sometimes 
on scc·o111lury con.;;id,wntion,-., surh 11" •111., tnil huffcting 
or sti1hilit., dilricultit•,-. nttrihutable to it. 

Tiu• r<'suJt,, of tests of II lnrgn 1111111bt•r of t·ombinu­
lions hnYing lhc l'Pc-!nng11lur \\ing of s) nunetrical 
section nnd the round fwClP)!l!!<' nr,• di»cussC'd with 
rrspecl t,1 the rfl'c-rts of thP po,ition , rinblC's, pnrticu­
larly tho vcrtienl position of the win~ and the effects 
of fillets nnd strut uttnclm1l'n(,;. Thr rc,-ulls of n 
few tr-.ts of other combination,-. J1nYing different 
vnriahks, suC'li ns \\ ing- ond fusdng<' shnpr, inclic11 ll' 
the cff<.'ds of thes<' , nriablc•,-. on tht• C"hnrul'leristic·s 
o( com hi nation._ Jun ing the \\ ing in a limitC'd numhrr 
of positions. 

Rectangular Wing of Symmetrical Section with Round 
Fuselage - Vertical position. The, nrintion of the wr­
ticnl position of the \\ing with r1•spcd lo th<' fuselage is 
the most importnnt of the position ,nrinhles. H nffeets 
the \\ mg-fusrl11~c- junl't me and !!II p nn,I ulso tht' shield­
ing of thr cenlrnl portwn uf tlw 1\ing h_\ thr fuselagC' . 
. \ crchs p lot of the efl'N·t in• profilP-d mg roC'Oirien t of 
the co111hini1tion ngninst the ,erticnl pn,:ition of the 
wing is -.ho,\ n in figurc• l 0. The re,-ults arc gi,·en for 
three ,11)11p,; o( the lift c•orffiri,•nt, tworcprr,rnting thC' 
high-spf'1•d r,rngr nncl tho third n l1igh-unglf'-of-attnck 
condition. HrfC'rrn<'<' to the fil-!11rc shm\:- tlrnt for tlie 
high-wi11g disc·o11nectrcl c0111hi11nti1111, the drng 1uHI 
interfer1•nrc of thr fn-..Pluge i, npproximutelJ Np1•1l to 
llie drug- of lhr fusclng<• nlnrw. If th<' wing is lowr rC'cl 
the dr:1!? nncl interferl'tH'<' inerPnsr-. gT<'utly nncl thC'n, 
nc; th<' \\ mg uppro11rlll'.., the midpo,ition, derrense,- to 
vulurs tlint 11111, hr lr.;s tlrnn tlw drug of the fusclngt' 
nlon<' ln thr low-,\ i11g po,itions. tlw <irng uncl intrr­
frrenre becomC's vel') lnrgc tis th<'\\ in~ nppronches the 
lower s11i-fncC' of the (usl'ln~e t hPn rapH!I,\ drrrpnc;e,: for 
l be lo\\ -wing sf'purntc•d posit ions 1 1 \\ hil'h t hC' in lcr­
ferencC' is ogaiu smull. 

Tbr lurgec,,f rontrib11ting fudnr !11 :1dYrrsr inlrr­
ferenrr 1s prohn hb· the form of t hr. wing-fuc;clngC' 
juncturr "7trlll'YC'r th<' ungfo het \\ 1'l'J1 tlw \\ ing and 
the fusclng:e su1·fncc" ut the j11nrt111·C' i, 1wut<>, thC' intrr­
f('rencC' 1s large nnd unf1n on1hl<', partirularl.\ when thr 
junctu1·,,, is on the up1wr snrfnre of the wing. This 
unfnvornblc inlC'rferrn<·r lllll,\ br notrd in figure 10, 
\\ hicl1 sl ows I urge inrrcnse.; in drag \\ hen th(' "ing 
passes the surfnr,•s of the round fust•ln~c. Thr detri­
mentnl t>ffect mny hr nttriliut<'d to the gcomctricnl 
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d ivergence between the bodie , which may exceed the 
critical divergence for tbe air flow. 

F or the wing posi tions through the cen tral portion of 
t,he fuselage, the wing-fuselage combinations of the 
l,ype under considenition have tho lowest drags. Tbc 
position giving the lea.st drag appea.rs to bo wit,h the 
wing slightly above the center line of the fuselage. 
In the high-speed range the drag and in terference of 
the fuselage Jor this combina t iou is approximately 88 
percent of the minimum fuselage drag and is still 
less at moderately high lift coefficien ts. For the mid-
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interference becomes large. The disconnected low­
wing eombinations have generally higher drags than 
the disconnected high-wing combinations, but no 
eviden,ce of an interference burble is apparent for any 
of the disconnected combinations except those low­
wing combinations having the wing very close to the 
fuselag·e. An impor tant result shown by the inter­
foren ce1 tests of arrangements with wing and fuselage 
disconnected is the large interference on each body 
due to the presence of the other. T he results of tests 
of typical high-wing and ]ow-wing combinations wi th 
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wing position and fo 1· posi tions immediately below, the 
combinations show an abrupt interference burble. 
The interference burble is absent for the higlHring 
combinations (ta ble V). 

The separated positions represent other regions in 
which the drng and inte1ference is small. R eference 
to figure 10 shows that, with the exception of the dis­
connected high-wing positions at the high value of 
the lift, the wing may almost touch the fuselage (a 
clearance of approximately 0.02c) before the drag and 

moderate clearances between wing and fuselage are 
shown in figmes 11 and 12. In these figures the 
magnitude of the interference on both the lift and the 
drag is indjcated by clotted lines connecting test 
points lbt the same angles of attack. T able IV gives 
the numerical values at representative angles of attack 
for all the clisconnectecl combinations. It will be 
noted that, al though the mutual interference is large, 
the net interference of a combination is relatively 
small. 
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Tho results of tests of the high-wing connected 
combinations indicate an increase in the drag and 
interforernce of the fuselage as the wing approaches 
the fuselage surface and the angle at the juncture 
hecomos acute. The highest drags result from the 
combination in which the lower surface of the wing is 
tangent t-o lhe smfaco of tho fuselage. At zoro lift 
tho drag and interference of tho fuselage for this 
combinn,tion is 224 percent of the :minimum fuselage 
drag and ai a moderately high lift is slightly higher. 
1 ono of tho high-wing combinations tested show· an 
intorforcnco burble. 

The lo,\\·-wing connected combinations have Utr 
largest drags of any of I.he combinations tested. 

FIGURE 13. - Cbnracter isllcs for various vertical wing POSitious. Rcclnngulnr 
wing of N. A. C .. \. 0012 airfoil i,ection aod round fuselage. 

\Yith the wing in the low-wing positions tho angle 
between the fuselage i:1,ncl the upper surface of the 
wing is rtcute and tllC geometrical divergence tap.id. 
The adveirse effects resulting from placing tbe wing on 
the lower portion of the fuselage are shown more 
complotel:v in figure 13 by Lhe graphical presentation 
of the res ults of tests of some typical combinations. 
It may b,e seen that lowering the wing increases tho 
drag in the high-speed range and results in an earlier 
occurrence~ of the interference burble. As the wing 
approache1s the externally tangent position the drags 
of the combinations become very large, even in the 
high-speed range. The most unfavorable position is 

with the wing partly contained in the fuselage (figs. 10 
and 13). For this combinat.ion the dra,g and inter­
ference of the fuselage flt zero lift is the same as th.at 
of t,ho corresponding high-wing eombination, but nt n, 

lift coefficient of l Lho drag and interforence of the 
fuselage is 1,300 percent of the rninimum drag of tho 
fuselage alone. 'l'hosq combinations having junctures 
thaL result in largo drags and adverse interference 
effects require filleting to improve the aerodynamic 
characteristics. 

Fore-and-aft position.- .\. complct,e analysis of the 
rffects of a variation of tho wing fore-and-aft position 
rnnnot be made from the nvailnble datn. The data 
for the m.idposition and two disconnected vertical 
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l'IG\/RB 1 1. - Characteristics for various fore-and-aft wing tJOsitlons. 
Rectangular \\"ing of N. A. C .. \ . 0012 airfoil s:ection and round fuselage. 

positions indicate, however, that the variation of tho 
fore-and-aft position of the wing bas very little effect 
on the d1·ag and interference of the fuselage except 
as it affects the occurrence of the interference burble 
of tbe mid-wing combinations. The effect of the 
fore-and-aft position is illustratc~d by the results of 
tests of combinations ha\-iug thei rectangular wing of 
symmetrical section in Yilrious mid-wing fore-and-aft 
positions (fig. 14). The drag tends to increase slightly 
as tho wing is m0\7 ed backward,, Lhe drag and inter­
ference of tl.J.e fuselage at 7,ero lift varying from 76 
perccn t, of the mini.mum fuselage drag with the wing 
in the most forward position to 03 percent in tho 
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rcnr position. The chief effect of Yarying the forc­
nnd-aft posi.tiou of the wing is on the occurrence of 
the interference burble. The interference burble does 
not nppear when the wing is in the most f01ward 
mid-wing position but is present for tbe second position 
back nnd occurs progressively ea rlier ns t he wing is 
rnon'd backward from this ln tter position (fig. 14 ). 
In the region of the maximum diameter of the fuselage 
large changes in the fore-and-aft position of the wing 
app1.1rC'ntly have little effect. T he interference burble 
is probnbly affected principally by the amount of the 
lC'nding C'dge of the wing contained within the fuselage. 
The most n,dYnntageous position aerodynurnically is 
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FJGL"R£ 15.-Charncteristics for various angles of wing setting. neetun­
gular wing of N .• \ . C .. \. 0012 airfoil section nod round fuselage. 

\l'Cll forward. Tbis advantageous position gives tho 
lowest drags, and a small moment-curve slope but is 
imprncticn,ble because of the center-of-graYity location. 

Tests of the combinations having the wing in thescpa­
mtcd low-wing and high-wing positions show no definite 
tendencies with variations of the fore-and-aft position. 

Wing settimg.- The variat,ion of the angle of " 'ing 
setting affects the drag and interference of the fuselage 
chiefly by varying the attitude of the fuselage with 
respect to the relative wind for any given angle of 
attack of tbe combination. T he angle of wing setting 
ma.y also affect the wing-fuselage juncture, particu-

larly for the combinations ha ,,ing the wing near the 
upper or lower surfnte of the fuselnge, with resultant 
interference efforts. 

The effect of the rnriation of the wing setting is 
shown for a typical mid-\\ ing position in figure 15. 
The chief effect j.;; on the lift and pitching momenL; 
the effect on the dr11g of the combination is small 
except ns an increase in the wing setting delays the 
in terfcrence burble. 

The variation of the wing setting with other vertical 
positions is most important for the high-wing and 
low-,ving conneetetl combinations where the wing is 
near the upper or lowC'r smfncPH of the fuselage. 

.. 

FIGOH>: 16.-C'hamcterJstu.s for ,·arious llllets oo ,m un~uisfactory low-wing 
oombinntioo. Rcctao~ulnr wing of :S \ C' \ 0012 airfoil section and round 
fuselage. 

For such combinations small chnnges of the wing 
setting result. in criticnl chonges of the \\ ing-fuselage 
junctures. 'l'he effects of varintions of the angle of 
wing setting nre not, howe, er, lnrge for any of the 
positions. 

With variation of incidence othe1· fore-and-aft mid­
wing positions generally exhibit tlte snme results as 
those of the normal micl-wiug position. In the ranges 
of high speed and mocleratrly high liu't the wing setting 
has slight effect. Increasing the an.gle is chiefly effoc­
tive in oelaying tlie interferenl'e burble. 
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Fillets. - The addition of fillets to an rn1saLisfncllH'y 
juncture reduces the drag and adverse interference of 
t he fuselage by reducing the diYergcnce and the com­
bined adverse pressure gradients of the two bodies nt 
tlie j unclurc. F illets may also reel uce the skiu fric­
tion by reducing the wetted area n t tbe juncture. An 
extensi,~e im~esLigation of various fillet,s is imprncti­
rable been use specific applications will usuolly require 
indiYidual designs. The favorable use of fillets, 
however, iis tyJJically iJlustrn tecl for an unsntisfoctory 
combination in figure lG, whicb ]1ows thnt o,·cn smnli 
fillets give: a marked imptovement. The impor tance 
of completely fi Lleting tl1c rem· portion of the juncture 
nrn.v be noted by comparing the curves of the combinn­
tions baviJO.g small fillets with those having large ones. 
The interference burble, which still appears with the 
smn111illets, is eliminated by increasing the size of the 
fiUcts to the rear. For some com b in a tious smalJ 
fillets may be more desirable than large fillets from 
considerations of steep glide characteristics because 
of the large increase in drag at lift coefficients above 
the climbing regime with only a small decrease in 
maximwu lift. 

For the high-wing combinaLions the cl1ief effect of 
filleting is to rnducc the clrng and interference of tbe 
Jusclugc irn the hjgh-speed range where a high d rag of 
the unfiJleted combination may indicate serious 
interference. 

.An at tempt was made to delay or eliminate the 
O<'currence of the interference burble of the mid-wing 
combinations by changing the form of the juncLurc 
beLwccn the wing and fuselage. This change was 
effected b.r means of 3 sizes of normnl filJets, 
which incli'ea eel the root thickness and chord, and 
3 sets of plan-form fillets, which increased the 
root chord and ,duch .-aried the effective angle of 
attack of the root section when the trailing edge or 
tbe fillet was moved downward (washed-in .filJcts) 
and when moved upward (washed-out fillets) from 
the trailing edge of t he wing. The results of tests of 
the combinations having normal fillets show that 
neither tho interference burble nor drag is appreciably 
different from those of the unfilleted combination. 
These resu l t,s agree with the resul ts reported in refer­
ence 5: tlrnt, for this type of juncturn fillets have little 
effect on !the drag. An inrrease in the root chord , 
obtained \by me0,ns o f ft straight plan-form fillet, 
delays the burble to somewhat higber Yalues of the 
lift, coefftcicnt oncl slightly increases the drag in the 
high-speed range. iYasbed-in and washed-out plan­
form fillets increase the drag and interference but ooly 
slightly delfty the occurrence of tlte interference burble. 
The chief effect of these filJets is on the lift and pitching 
moment. 

Strut attachments.- evern l combinations wore 
tested in which disconnected wings and fuselages were 
joined by single struts, representing one means of con-

nccting the body nnd Lho wing. For Urn high-wing 
combina,Lions in,·esLigated U,o thickness or position of 
the strut bas no large effect on tho drng a nd interfer­
ence. A combination h a.Ying n moderately thick 
strut has characteristics comparable with thosP. of the 
combinn.tion having a tbin-plabc conncdion or no 
connection nt nU. rrhe thick strn t increases the drag 
of t he co1nbination slightly. TesLs of the combi1111-
tions lia,ving a thick strut indicate lhat Lhe Ionnll'd 
position is slightly more fa rnrable than the ren.,· posi­
tion. The <lrag difference's due to the strnt connec­
tions, howeYcr, arc not ltn~e. 

Tn the low-wing combinntio11s tl1e thick stru!. 
rau es markecl interference <'ffect,s, which Hl'C absent 
for tho combinations having the moderately t,hjck 
strut a.nd the thin plnto. All three thick-strnt com­
binations sho,,- a.n early interference burble. With 
the strut in the 1·oar position, a d iscontinuity appears 
iu 1 he po\0,r curve just beyond the interference bmblc. 
\rhen the strnL is moved forward, the drag is slightJy 
improved in the high-speed ra.ngc and tl1e discon­
tinui ty is not so marked. Fill1eting tho junctures 
between a. t hick slrnt and the wing and fuselage tends 
to increa.se the interference dsag of the combination. 
The moderately thick strut, is compa.rn ble with the 
thin-plate connection, boLh combinations hasing lower 
clrngs t.ha.n the thick-strut combination and showing n 
normal drag increase over the entire range of lift 
coefficients. 

Wing Shape.- .\.t high values of tho lift eoefficienL 
t he stabilit.v of the air flow o,~er the central portion 
of t he wing vH,ries Ior different ,v-ings. This stnbility 
inn.y be expected to be cril ica11y affected by the 
presence of a fuselage and by the ,cha.rncter of the root 
juncture. 

Pola.r CUITCS giving tho results of tests of foLu· mid­
wing cornbiuations haYing different wing shapes are 
compared in figure 17. The critical efiect of the wing 
sh ape in Lhe high-lift region is readily npparent from 
the curves. The interference btu·ble, which occw·s a.tu 
moderntely high lift coefficient for the combination 
Laving the rectangular wing of symmetrical section, 
docs not occur for the combinuLions having the cam­
bered and tapered wings. Also, the drag for the com­
bina.tioos having the cambered and the tapered wings 
i.ncreases less rapidly than fo1· the wings alone in the 
h igh-lift region. (,ee .figs. 18 and 19.) In the Ligl1-
speed mngc and up to moderately high lift coefficien ts 
the effect of the wing sh a.pc on the cl rag and interference 
or the fuselage is smn,U except for the combioaLion 
h aving the cut-out wing. For Lbis combinntion tbc 
drag and interference decreases with increasing lift 
nearly up to the normal interference bm·blc of the cut­
out wing alone; whereas the drag· and interference of 
the fusel11ge for combinations liav-ing the other wings 
remains reasonably constant. The drag and inter­
ference of the fuselage in the high-speed r ange for t,he 

J 
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combinat.ion having the tapered wing is only 54 percent 
of the minimum drag of the fuselage, which is the 
lowest of the four combinat.ions considered. The 
fuyorable drag characteristics of the tnpered-wing 
rombinat.ion may be attributed to the fact that the 
thick, high-drag portion of the wing is largely shielded 
within the fuselage. The minimum drag of this com­
bination is equal io that of the combinations with the 
rectangular wing of symmetrical section and, aside 
from structural considerations, has the advantage of a 
high maximum lift and no interference burble. 

The shape of the wing makes very little difference in 
the drag and interference of the fuselage as affected by 
the wing setting. The greatest differences arc sho,vn 

by the combinations having the cut-out wing in the 
high-wing and low-wing separated positions for which 
the lo\\·esL drags arc obtained with relatively large 
angles of wing setting. The cambered-wing combina­
tions tend to have the lowest drags at higher negatiYe 
angles of •;ving setting than the combinations with the 
rectangular wing of symmetrical section. This result 
may be accounted for by the negative angle of zero 
lift of the cambered wing. 

Other vertical positions affect the combinations ha,­
ing the Ynrious wing shapes in a manner similar to their 
effect on the combinations with the rectangular wing of 

symrnetriral section, ns indicutc-d in figures 18 and 19. 
'fhey all show a huge drug and intC'rfcrcnce where the 
j uucture is unsntisfnctor) . Thc- thick root of the 
tapered wing rc-sults in a more sntisfoctory form of 
juncture lllian those resulting from the other wing roots 
as evidenced by the foct that th<' drag inC'reases less 
rapidly for the low-wing rombin.1tio11 (fif!. l8) than for 
Lhe corresponding combinution with tbl' rectanguliH 
wing of 8:ymmetrical section. The interference burble 
is also delayed. 

Fuselage Shape. The , 11ri11tion,- of the fuselage 
shape are the cros,;-scctionul form nnd thc- presence of 
on uncowkd or n ro" led enginr. Ytll'i:ttions of lhe 
cross-sectional form chiefl~ nfl'ect thr form of wmg-
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fuselage i1uucture. The addition of an c-ngine intro­
duces an interfering hotly ol the nose of the fuselage, 
wi.t,h resu !ting l11rhulence nncl vnrin ti.on of lhe air flow 
oYer the ffusehlge and the wing roots. 

Uncowlled and cowled engine. Tlit' effects of adding 
either an uncowlecl or a cmded en~ine to typical mid­
wing rombinntions nre shown in figure ~O. The ad­
dition of nn unco" led engine to the round-fuselage 
combination incren~es the drng nnd in1erference of the 
fuselage at zero lift of tbe combinntion to 434 percent 
of the mi1nimum drng of the fu:;e]ngP alone "ithout the 

J 
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engine rind delays the occurrence of the interference 
burble. If the clifl.'eronce in drug is based on the fuse­
Iago alone with the uncowlod engino, tho interference 
is slightly favorable. The addition of a cowled engine 
increases the drug and interference of the fuselage at 
zero lift of Lho combination to 149 percent of the 
minimum drag of the fuselage alone without the cowled 
engine, with favorable interference when based on the 
fuselage alono with the cowled engine. The inter­
ference burble is entirely absent for the cowled-engine 
combination. The drag and interference of the fuse­
ln,ge, which is substantially constant over a considerable 
lift range for Lhe no-engine combination, increases with 

FWt.:J<E 10. Characteris tics for various vertical wing POSitions. Cambered wing 
of N. A. C. A. Hl2 ~irfoil section and round luselagc. 

increasing lift when either tho uncowled or cowled 
engine is added. The addition of the uncowled or 
cowled engine to the filleted mid-wing com binatiou 
has no cITects appreciably d ifferent from those of the 
un filleted combination. 

Tests of combinations of the rectangular wing of 
symmetrical section having the wing in a separated 
io,,·-wing position indicate that the drag and inter­
ference of the fuselage with an uncowled or a cowled 
engine is somewhat higher than for corresponding com­
bina t,ions ha--;-ing the wing in the mid-wing position. 
Also, the drag and interference increases rnpidly with 
increasing lift. 

With the wing in the parasol or separated high-wing 
positio111, the drag and interference is approximately 
the same in the high-speed range as with the wing iii 
the mid-wing position for corresponding combinations. 
An easily interference burble occurs, however, for both 
the wicowled and cowled engine combinations at the 
approxima to attitude at which the wing probably enter 
the turbulent wake from the engine. The interference 
burble becomes more abrupt ,,7-ith an increase in the 
angle of wing setting and the drag increase beyond 
the int(~rference burble i more rapid for tlte uncowled­
engine combinations than for the cowled- engin e 
combinations. 
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F tGURE 20 .. - Cha racteristics for various fuselage shapes. M id-wing combinations 
with rectangular wing or N . A. C . . \ . 0012 airfoil section. 

Ono mid-wing combination having the cowled 
engine and the cambered wing was tested to obtain 
informr~tion about the effect of the wing shape on 
this type of combination. At zero lift the drug 
and interference of the fuselage is the same as for the 
corresp,onding combination having i,he rectangular 
wing of symmetrical section but the increase in drag 
with increase in lift is much less and, in the high-speed 
range, is reasonably constant; whereas the drag of 
the combination having the rectangular wing of 
symmefa·ical section increases with an increase in lift. 

The connected low-wing combination having the 
cambered ,,"'lilg and the round fuselage was chosen as 
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representing n typically un sa tisfactory combina tion. 
Y nrin lions of the fuselage shape from this basic com­
uinntioo are shown in fig1ue 21. Neither the un­
cowled nor the cowled engines affect the interference 
burble or the rapid d rag increase that appears in the 
combinations with no engine in the fuselage. 

Fillet.ing the juncturns of these typical low-wing com­
binations eliminates the interference burble and the 
rapid d rag increase. Flow changes over the fuselage and 
,,·ingroots d ue to the presence of an uncowled oracowled 
engine do not greatly affect the action of the fi llets. 

Fuselage section.- Typical resul ts for variations of 

V) c:====>-o 
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those olt corresponding round-fuselage combinations 
indicates that, regardless of the wing shape, the 
characte1ristics of a mid-wing combination aro not 
apprecia,bly affected by tho cross-secLiona.l shape of 
the fuselage. An exception is noted for t,hc combi­
nation with Lhe rcctn.ngulnr wing of synunotrical sec­
tion in which the interference burble is absent when 
the rectnngular fuselage is used. 

The i1mp01·tnnce of Lhe combinecl action of the 
fuselage and the wing pressure gradients an<l nir flow 
is ill ustrated b,v the sudden interference burble of the 
mi.<l-wing combination of the rcctnngular \1-,i_ng of 

the cross-sectional shape 
of the fuselage and the 
nose form resul ting from 
tlie presence of an un­
cowlccl and cowledengin c 
a re illustrated in fig UTe 
20, which compares the 
results of tests of the 
rectnngular fuselage and 
the round fuselage in 
combinations with the 
rcctn ngular wing of sym­
metrical section in the 
mid-wing position. The 
principal result is the 
absence of the interfer­
ence burble for the r ec­
tangulru· fuselage com­
bination wi th no engine. 
Otherwise the rectangu­
lnr fuselage combinations 
have genera.Uy higher 
drags over the en t i.re lift 
range; the differences in 
clrng of the no-engine 
fuselnge combinations 
and the combina tions 
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symmetricn.l section and 
Lite round fuselage. 1 rith 
other wings and with 
the rectangular fuselage, 
this em·ly breakdown of 
the nir flow is not 
o\•idenl. The introduc­
tton of turbulence and 
tho probable change of 
the prcssm·e gradient 
d uc to the addi tion of an 
unco\\ led engine appar­
ently has no appreciable 
effecl ; whereas the ad­
dition of a cowled engine 
eliminates the interfer­
ence burble of tho mid­
wing combination. This 
effect. on the interfor­
once burble indicates 
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that for wings having 
sections of the type 
similtll' to that of the 
X .• \.. C. A. 0012, i . c., 
tho:sc sections having n. 
critiral degree of sta­
bility of the air flow 
near mnximum lift ns 
indic11 tad by a, sudden 
lo;:;s of lift at the burble, 
the stability of the air 

tho COI'l'CSponding round FtGUR& 21.-Characterlstics Cor various fuselage sha~~s. Typical unSlltis!aetor~ 

nod rectangular fuselages low-wing combiontions , N. A. c. A. 4412 airtoU secl.ioo with rouod ruselu~e 

alone. The results also show that the rectangular- flow ovor the wing roots is 
fuselage combination having the uncowled engine has fuselage shape. 

critically affected by the 

an early in terference burble; no interference blll'ble 
is present for tho no-engine fuselage combination . 
Tho differences in drag between the round and the 
rectangular fuselage combinations having a cowled 
engine arc greater than between either the combina­
tions ha ,-ing the no-engine fuselage or t he combina­
tions having an uncowlcd engine, probably because 
of the peculiar shape of the cowling on the rec­
tangular fuselage. 

A comparison of the results of tests of the rectangu­
lnr-fusclnge combinations having different wings with 

PITCHI NG M O M ENT Of' THI;: COM:81:-IATIONS 

As tho interference effects on tho pitching moment 
are usw!llly small in tho lift nrngc below the inter­
ference bu1·ble, tho approximate pitching moment of 
a ·wing-fuselage combination may usually be obtnincd 
by adding t.ho moments of the wing and the fuselage. 
The pitching moments of fu!';l'lugf's of tl1e type used in 
these tc,sts are not constant about any ono point as 
indicated by the variation of the pitching moment for 
the fuselages alone (see table II.) T he slope of the 
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pitching-moment cu1Te measw·ed at zero lift n0 shows 
t,hut the aerodynamic center of the fuselage at the 
attitude of zero lift is well forward. When the 
moments of tho fuselage are added t,o those of t.he wing, 
the re:mlting moments of the wing-fuselage combiua­
t ion indicn to a position of t,ho aerodynamic cen tor (at 
zero lift) well forward of tho q uarter-chorcl poin t of 
the wing for the usual wing positions. rr ho values of 
the slopes of tho pitching-moment curves at zero 
Ji ft, which represent the foro-and-nJt positions of the 
nerod:rnamic conter as fractions of the chord ahead of 
the quarter-chord point of tho ail'foil, are given for all 
f,ho combinations in table Y. rrho variable of most 
in.fluonco on t ho posi tion of the aerod)'n amic center is 
t,he fore-and-aft position of the wing. As the wing 
moves aft from tho most forward (mid-wing) position 
(fig. 14), t,ho value of n0 increases from 0.012 •in tho 
fo1ward position to 0.067 in the rear position (table V). 
Th.is increase represents n change in the fore-and-aft 
position of (,ho aerodynamic center from 1.2 lo G.7 
percent of the ,ving chord ahea<l of t,hc quarter-chord 
point. 

The cil'ccL on Lhc aerodynamic center of adding 
fi.llels to n combination may nlso be of interest. The 
i-elativrly large changes in the position of the aero­
d,vnirniic cen ter when fillets are added (table V) indi­
cate that frlleting tl1e j nnctlU'es of e:.\.-isting airplanes 
nrny nffect tho longitudinal stability ton serious ext.ent 
111i.lc:::s compensatin!]; changes :.ire made. Because th<' 
pitching moments of a combination are not constant 
nhout nny one point, no actual ncrodym1m ic center 
exis ts for u, rombinntion. Nevertheless, tbe value 
g-iYcn representing the aerodynamic center as deter­
mined at zrro lift, together with the pitching-moment 
corfficient at, zero lift, proYicles iniorn1ation about Lhe 
n'ioment in the high-speed rnngc of a combinn.l;ion. 

The effects of the vnri ablcs considered in this 
irwestigntion on the pitching moment of the combi-
1111tio11::: urr best studied by considering only the 
moment nt zero l ift. Values of the pitching-momen t 
rodficirnl aL ZC\ro iift C,. nre given in tnhle V for all 

" th<' comhina(ions tesLod. The chief effects aJ'e Lbose 
en used by Yario tions of the angle of wing setting (fig. 
15) nnd varintions in camber of the wing section (6g. 
17) . Thc> angle of wing setting affects the relative 
attitude of Lhc fuselage wi th respect to tlJe aUitude 
of the wing an d the effect of wing setting on the pitch­
ing- mo men l of the combination may be considered us 
being due nlmost entirely (,o tho displacement of the 
pitching-moment curve of the fusclnge alone. Increas­
ing the wing setting 4° (near zero incidence) i ncreases 
the diving moment at zero lift in the order of 13 to 
19 pf'rcent of tho moment of a moderately cambered 
wing. Other vnrin.bles have small eff<'ct.s on th e 
moment at zero lift. Figure 22 shows the variation 
of C incli with tho vertical position of tho rectangular 
N . .A. C. A. 0012 wing set at 0° wit,h respect to the 

round fuselage for values of the lift coefficient of 0, 
0.3, and 1. 

Afte:r tho appearance of tho interference hmblc the 
effect of the interference on the pitching moment in­
creases. T hn effect of the interference hurblc is simila1· 
to the effect of the normal burble of nn a irfoil as the 
diving moment increases rapidly with nn incrense in 
the angle of attack beyond tho burble. The large 
pitching-moment variations with Ynriutions of the 
verticE1l position of the wing, shown in figure 22 for 
lift, coiefficients of 0.3 and 1, are mainly because the 
air flow has nlreacly hroken down nt t he interference 
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burble for combinations having the wing in the posi­
tions ,corresponding to the liuge pitching-moment 
variations. 

M AXIM U.'.\1 UFT OF T H ~; CO.'.\IBI NA'l'IONS 

Considerations of the ma,ximum lift coefficient of 
tho wing as nIToctocl by tho presence of the fuselage 
may be as important as considerations of the drng. 
T he ma;\.'imum lift is considered separately, howeYer, 

_J 
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because the resuJts show that the flow breakdown 
determining the maximum lift coefficient is almost 
umelnte<l to and independent of tbe earlier flow 
breakdown (interference burble) that causes marked 
drag increases. For considerations of maximum lift 
coefficients, vru·iations with the R eynolds Number 
must, be taken into account; whereas for comparisons 
of the drag the high-scale results may be compared 
without regard to sea.lo effect, any scale effect on the 
drag coeffkients being small n.t tbe high Reynolds 
Numbers associated with high-speed flight where 
consideraLio ns of the drng are of greatest importance. 

Data on the scale effect for the maximum lift n,ro 

given in table V by giving the maximum lift coefficients 
of the combinations at two values of the "effecfore 
Reynolds umber." The effective Reynolds Iumber 
is obtained JErom the actual test Reynolrls Iumber by 
the npplicat;ion of a factor to allow for the effects 
of ttu·buJence present in the t unne]. (See references 
15 and 16.) Comparative tests indicate that, at this 
l'ffoct.ive value of the Reynolds Number, maximum 
lift coefficients from the tunnel tend to agree with 
those in flight. The maxi.mum lift coefficien ts pre­
sented sbouJld thoroforo be applied to flight at Reyn­
olds Numbers of 3,400,000 and 7,500,000. The values 
given for the higher R eynolds Number aJ:e approxi­
mately correct for modern two-engine transport air­
planes (7,500,000 corresponds to an nirplane having 
a wing with an 11-foot mean chord and landing at 
i3 miles per hom) and the m a:...-imum lift coeffieien Ls 
given for 31,400,000 are approximately correct for 
popuJru· sing:le-engine four-place types (having a wing 
with a 6-foot mean chord and landing at 60 miles per 
hour). 

As an aid in extending tbe maximum lift results to 
other values. of the R eynolds umber, the vn.riations 
of the oocffi.cients for tbe wings alone arc shown in 
figurn 23 for n wider range of the R eynolds Number. 
For the extonsion of the results, it will be helpful to 
note tbnt, the scale effect for tbe wing-fuselage com­
bination is ,either much like the scale effect for the 
wing alone when the adverse interference is small or the 
scale e!l'ect is small when the combinaLion shows 
marked ad v'erse inter£ erence. In other words, the 
results may usually be either corrected for scale 
effect punilfoling the curve for the ,\;ng alone in figure 
23 or used uncorrected, depending on the cbarocter 
of tho interfierence. 

Wing Position.-Consider first, the effect of varying 
the wing position of the combinations having the 
rectangulal' wing of symmetricnl section and round 
fuselage. A variat.ion of the vertical position of the 
wing inclicdes marked reductions of the maximum 
lift coefficient when the wing is in. the center and in the 
low positions. The greatest r eductions occur for 
some of th e, mid-wing combinations. For some of 
the combin1ittions, the maximum lilt tends to be 

slightly higher than that of the wing alone. The 
in terference effects on the ma:...imum lift are apparently 
independent of the effects on tl.te drag. 

A variation of the fore-and-uft mid-wing positions 
shows a steady reduct.ion in the maximum lift. coefficient 
from a val ue n.pproaching that of the wing alone at the 
most forwanl position to a v11lue l,elow tlrnt for the 
normal fore-and-nft, posilion whom Lbe wing is well 
back along the fuselage. For the disconnected combi­
nations a variation of the fore-nnd--a ft position shows 
very little effect. 

The angulnr position for a normal rnngc of wing 
setting does not appreciably uffect, the ma.~mum lift 
coefficients of 1,hc combinations. Although the dif­
ferences over the foll ranges of wing setting tested ar e 
sometimes rather large, there do not nppear to be any 
noticeable general trends. 

The effect on the maximum lift coefficients of the 
position varinbles appears to be governed mainly by 
Lhe amount of the lending edge and upper surface of 
t.he wing exposed. 
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Fmrni: 23.-Scale effect on 1he m•ximum lift coofllclcot or three wings. 

Wing Sha.pe.-Thc maximum lift coefficients of t,he 
combinations hnving the cambered wing n.re appar­
ently much less affected hy the difTerent variables 
than are the maximum lift coefficients of the combi­
nations ha.,~g the rectangular willlg of symmetrical 
section. The combinations having the tapered wing 
show generally favor11 ble eff<'ct~, except for th<' low­
wing connected combinations, in '1Vhirh the effed is 
somewhat unfavorable over a small range of v01·tical 
positions. The maximum lift coeflicients of the cut­
out wing combinations are nll low when compared 
with the uncut wing combinations but are somewhat 
higher than the maximum lift c:oefficients of the 
cut-out wing alone. In genernl, the conclusion is 
t hat low-cnmbored moderately thick wing sections like 
the N. A. C. A. 0012 haying critical ttow conditions 
at maximum lift art' more susceptible than other 
sections to adverse interference from the fuselage and, 
on the other hand, that tapered wings having thick 
root sections may show favorable interference effects 
on t he ma:\imum lift coefficient as, the result of en• 
closing the thickest part of the wing in the fuselage. 

__) 
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Fusela~;e Shape.-Thc rectangular fuselage mid-wing 
combination having tbe rectnngulnr wing of symmetri­
c-11! section bas a more favorable maximum lift coeffi­
cient 1hrnn the round-fuselnge combination. With 
other wings there :no ·mailer differences between the 
maxinunn lift coefficients of the l'OLLUcl !Incl rectangular­
fuselage mid-11ing combinations. Addition of tbe 
uncowlecl engine tends to decrease tho ma:,.imum l ift 
coefficient~ from thn t of the corresponding no-engine 
fuselage combination. AddiLion of the cowling, bow­
c1~cr, tends to eliminate the adverse effect of Lhc 

engine and somcLimes increases the m:ixirnum lift 
coefficien ll aboYe thn t of the conespondi11g no-engine 
fuselage c.ombinntion. 

Fillets and Strut Attachments.- Fillets baYe 11 slight 
effect on the maximum lift coefficient except for certain 
well-sh11p,ecl fillets that increase the mnximum lift 
slightly v1Tith increase in size of the fillet, probably 
owing to on increase in the cffecti,Te wing urea. Difl'er­
ences nppcn,r to be surprisingly small between the 
maximum lift coefficients of the filleted and unfillet­
ed combinations having very b.igh-drag junctures. 
Straight plan-form fi.l]ets in.1prove the mi1xil1rnm 1ift 
coefficienl;s over the unfilleted mjcl-wing combination 
owing to the increase in area due to the fi llets. The 
\\'Usbed-in nnd washed-out filJets affect the ma:,rimum 
lift <:oeffic·ients of the combinations in a manner similar 
to that to be expected with con esponding changes of 
camber or the section. 

The combinations having thick and moderately 
thick connecting struts show some loss of maximum 
lift from that of the wing alone. The ma;-,.-im.um lift 
coefficien1cs of the combination lta,-r:ing a thin connect­
ing p1ate arc appro;-,.-imately the same as that of the 
wing alo1nc and agree fairly well with the similar 
unconnected combinations. 

CONCLUS JON 

As reg,ards the general aerodynamic efficiency of 
the varioius combinations investigated, the most satis­
factory eriterion is probably the rat,io GLma,JGD., ,vhere 
Dv is tnkcn at a lift coefficient corresponding to either • 
high-speed or cruising flight. On the basis of this so-

called "speed-range index" the order of merit of tho 
combinations may change with the Reynolds Number 
as the result or the rather large viwiatiou of GL,,,.x with 

Reynolds Number for some or 1;he com binntions. A 
comparison of the various combinations on the basis 
of the speed-ra.nge index indicaLes that some of the 
parilsol arrangements with the muod fuseli\gc and the 
N. A. C. A. 4412 nirfoil would be among the best iJ 
the drng of the necessary wing·-supporting members 
were eliminated us in the tests. lf these combinations 
at·e eliminated because of the unarnidablc drag of a 
wing-support system, the most Irn.vorable combinations 
::;ecm to be those of the topered " ·ing or the rcctangulnr 
N. A. C. A. 4412 \\mg in positions somewhat above 
the mid-\l"IDg position. The usual hjgh-,-..-ring positions 
may be made nearly as favorable as t..he high mid-wing 
positions by the use of suitable fillets. Forward 
positions of the wing with res,pect to the fuselage 
appear to be favornblc. Low-wing positions lll'e 
unfavorable, but, by adequately filleting the wing­
fuseluge junctuTe, the aerodynamic efficiency of the 
low-wing combinations can be made to appr oach tJ1at 
of the beLter high-wing combinaLions. 

Jn general, it may be noted that; important favoruble 
interference effects are usually the result of drag 
saved by enclosing a considerable part of U1e wing 
smface within tbe fuselage. Marked adverse inter­
ference effects are associated wiL:h a breakdown of the 
flow near the wing-fuselage juncture. This phenom­
enon, referred to as the "in Ler ference burble", is a 
compljcoted one dependent on the stability of the flow 
over the airfoil, the conditions at the wing-fuselage 
junctme, n.nd the geometrica.l form of the air spaces 
at t,he juncture. Efficient airfoils of moderate thick­
ness and low camber are most, susceptible to such 
Rdverse interference. The interference burble docs 
not necessarily affect the maximu1m lift coefficient. 

LANGLEY iVfEMORIAL AERONAUTICAL LABORATORY, 

NATIONAL ADVISORY Co~anTTEE .FOR AERONAOTrcs, 

LANGLEY FIELD, VA., 1\!farch 8, 193/i. 
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TABLE I.- AIRFOIL C l I ARACTERISTICS 

fuselage 

Round 
Do. 

Airfoil 

Hectangular N .• \ . C •• \ . 0012_______ ___ 0. OOO I 
' l'npered N. A. C. A. 0018--09_. _______ .000 
Cut-om N. A. C.A. 0012 - - -- •••• 

1

_ . 000 

Hectaogular N. A. C .• \ . 4412 -0. 006 

Co, 

0. ooso 
. 0003 
.0074 

a=-4° 

0.000 
.ooo 
.000 

o. 307 
.305 
. 266 

o.~1 
. 0099 
.OObS 

a=0° 

0. 000 
000 
007 

0.0005 - 0 C\'i7 

TABLE IL- FUSELAGE CHARACTERISTICS 

Cu L c., ~ c~ r·,, 

a = 0° ,- a= 1° c,u ~• 

I(',,., ( ·, 

~one 0.000 0.OOll 0.000 0.001 0. 0042 0.010 I 0.005 o. 00!9 o. 02'> 0.011 
.004 • 02()(1 . 027 .00, l "ncowled .0189 .000 .001 .015 

. 008 .0073 .013 .017 .()("'1, .0"-5 .O'hl .000 I Cowled . . . : ., .0000 .0069 1 l>o 
llcctangu lar . :Sone .00 . 0049 

.000 

.000 . 005 
.0191 I 
. 0054 .009 .014 .0!16'- .015 .026 

, Pitching-mo,mem ccefficient about tbe quarter-chord point or the fuselage. 

c,. 

0. 920 
.ttlO 
.1b~ 

Cn, 

0.0150 
. 0116 
• 0180 

0.004 
.013 
. 01~ 

0. b9'J 0. 013fi - fl. (l'i I 

( I • I C., 

0.0(lfi2 0.035 
.02lf, .03i 
.011!°> OOl; 

• 00!17 01, 

( L 

O.OIY 
. 01., 
.040 
.(HO 

I(',.., 

a. • lfio 

0. 00>5 0. 038 
.()2,11 I . 041 
.01% I .(H4 
.0151 .015 

I 

) 
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TABLE HI.- LIFT. AND INTERFERENCE~. DRAG AND INTERFERENCE, AND PITCfiING MOMENT AND 
INTERFERENCE OF FuSELAGE IN vVING-FUSELAGE COMBINATION. 

~~CL t!.Co, I t!.C~,,. I t!.CL I t>Cv, I t!.C~,,, t!.CL I t!.Co, I ti.c.,,, .lCL I flCv, I t!.C.,1, 6Ct I t!.Co, I AC~,,, 6Ct \ t!.Cr,, I !i.C~,,, 
C"ombioa- Comblnll• 

lion --- tion 
a=0° I a=1° Cl'.- 12° a=0° a-·1° a~l2" 

--- --
o. 01610. 0012 I. .... ---- ll.000 0. 0031 0.000 0.007 0.0035 0.002 -0. 002 0 ...••••. 0,015 Q.0060 -0.029 0,018 o. 000,1 -0.02:! -0.013 0.0107 -o.oos 

2 .002 . CJ0.12 .026 .071 .0050 . 029 .092 .0067 .029 L ••••••. .020 . 0080 -.030 .021 .00 11 -.002 -.014 .0136 -.015 
3 .• • ••• .000 .0032 .000 . 008 .0037 .005 .026 .0016 .012 82 ••....•• -.017 ,()Or,., .015 -.018 .005," .018 -.cm .0070 . 021 
4. -------- --.062 .0042 -.026 -.050 , 003U -.023 -.028 .0044 -.014 83 ••• ••.•• -.006 .0045 -.000 -.008 . 005::1 • (l()j -.01S . 0005 .012 
5. - ---- .003 .OOH .027 '068 .00"3 • 033 .OIH . 0071 . 042 4. ------ - .005 .00·19 -.010 .001 .oo.;.11 -.012 -.015 .0000 .00{ 
fl .•••.•••• .028 .0030 .014 .O+I . 0038 .021 .Oil . 005:l .032 

85 _______ 
.012 .0054 -.0:10; .013 .00511 -.025 -.003 , 0067 -.OOJ , ______ .. ,000 . 0035 ,000 ,013 .0039 .009 .<HO .0047 ,02•1 86 •••••.•. .017 .0071 -. 034 . 017 .0071 -.032 . 002 .0076 -.023 

8 •••• --.028 -~1 -.014 -.016 ,0036 - . 005 • 006 .0015 .008 SL .....•. -.021 .00!0 .OIi -.02-1 • CJO.l~i .017 -.033 .0059 .020 
u ••.... --. 003 .OOH -.027 -.017 .0041 -.019 -.020 .0042 -.004 88 ........ -.010 .0038 -.006, -.014 • OOICI .003 -.034 .0056 .014. 

10 ......... .058 .001-1 . 032 .000 .0057 .().12 .070 .0300 .037 so _______ _ 
. 001 .0038 -. 0"..3 -.005 . 0041 -.014 -.019 .0052 • 003 

IL ........ .000 .0035 .000 .022 .0038 .014 .044 .0051 .036 90 ...••• •. . 007 . 0016 -.033 .000 .0045, -.0'26 -.OIO .0052 - . 007 
J? ···-····- --. 058 . OOH -. 032 -. 0-11 .OOH -.019 -.009 .0030 '003 OL ••••••. .012 .0064 -.037 .012 .00501 -. 034 -.007 .OOH - . 022 
1:1 . . ••••••• .000 '0038 .000 ,02:! .00-11 .010 .03S . 0102 .052 02. --····. -.021 .0038 .014 -.024 • 0045, .022 ---.. -- ------ .. ------
14 ••.•..••• .000 .0036 . 00:S ,016 .0038 .010 . 010 . 00-12 .0'23 93 •• _ . . . . -.013 .0035 -.002 -.015 .0033, .008 ------- -- -----
15. ·-······ . 000 .0036 .003 .011 .0038 .011 . 047 .0040 .026 94 .••••••• -.003 .0037 =:~1 -. 007 .0035, -.007 ----. -- ------- -------. 16 •..•. •••• --.002 .OOH ,00,1 .012 .0043 . 013 .039 .00-12 .028 95 ...••••. .001 .0010 .000 .00391 -.020 ------- ------- --------
17 .• -- ··-·- -·.003 .0053 .034 ,022 .0003 .039 .OH . 0089 .04S 96 .•••.••. . 00-l .0056 - 034 .005 .0052' -.032 ------- -------
18 ... -···-- . 011 .0047 .0211 .010 .0051 .029 ------- --- - --- -------- 07.·-···-- -.0-11 .0052 :023 -.040 . 0061 .022 -.051 .0084 ,009 
19 ••....... --.001 .0042 ,006 .008 . 00-16 .015 .030 , 0051 .029 OS •••••.•• -.034 .0045 .0111 -.035 .0052 .014 -.04-1 .0062 ,010 
20 ..•••.... - -.017 .0037 -.009 -.008 ,0011 -.002 .013 .0046 .012 09._ .••••• -.023 .0052 =: g<J~I 

-.026 . 00-16 -.001 -.035 .0052 .00·1 
21 ••. .•.••• --.016 • 00-13 -.021 -.034 . 0039 -.015 -.01:l 003' -.003 100 ........ -.OIO . 0052 -.015 • 005() -.017 -.030 .0056 - .008 . ' 
22 .•• .OIO .00&1 ,003 .012 . 0052 .011 .021 .0067 .025 101. .••..•• - .002 .0058 -.032 -.004 . 0056 -.029 -.019 . 005.5 -.020 
23 ••••••••• 022 , 0114 .00$ .001 .0077 .024 ------- - ---• -- -------- 102 •• --•··· .002 .0071 -.033 .00-I . 0067 - . 035 - .011 .0064 -.032 
21. ._ ...... . 045 .0088 -.001 .001 • 0006 .OIO .000 • OOS3 .030 103 .••••••• -.006 . 00-18 . 013 -.005 .0057 .020 -.01 1 .0068 .026 
25_ ..••••.• .0-ll '0068 -.Ol!l . 031 .0053 -.007 .020 .005i .013 101. __ ..•• _ • 004 . 00-16 -. 003 .OOG • 0050 ,000 -.001 .0050 .017 
20 •••... . •• - ·. 006 . 005S .021 -.OM .0058 .02$ -.022 .OOS9 .038 105 .. -·-··· .017 .0047 -.018 .014 . 0051 -.009 -.002 • ()()r,5 . 0()9 
27 ..•.•••.. .Oil .005fl -.002 -.004 .0017 .013 -.020 .0082 .030 106 •. _ •..•. .023 .0053 -.029 .024 .005.5 -.022 . 007 .0007 -. 003 
28 . -··-···- --. oos , 00-19 .0IU -.012 .0047 . 028 -.019 .oon .035 107 ·-······ .025 • 0073 -.03·1 .020 .0071 -.031 .OIO .0074 -.016 
?<J_ •••••••• • O()'J .0015 . 004 .000 .0039 . 015 -.OH . 0062 .027 108 ••.••••• .016 . 0049 .016 .018 . 0056 027 .OJI .0080 .045 
~O ...•••••. .014 .IXH5 -.012 .OJO .00-IO - .001 -.002 .1)(}16 .OH 100 •.•.•..• .024 . 0049 .ooo .024 .0052 .013 . 014 .1)()75 .036 
31 •••....•. --. 005 . 00-19 . 019 -,012 • CJ0.17 .02$ -.OlU .0063 .037 110 .••••••• .03•1 .0052 -.017 .03•1 .0057 -.001 .018 . 0070 .025 
32 ......... .000 .0045 .003 -.005 .0042 .016 -.014 .0040 .028 111 ••.....• .010 .0063 -.029 .().10 ,006()> -.014 .0'23 .0072 .012 
3:l. ••••.•.• .017 .0054 -.015 .007 .00-13 .000 -.005 • CJO.l·l .014 112 .••••••. .013 .0077 -.037 . 0-15 .007:l -,026 .026 , 0087 .001 
34. ••.•••.. .026 .ooso -.028 .010 .0053 -.019 .005 .0043 -.002 113 ••..•... . 002 .0193 .oos -.009 .0191 .013 -.069 .0289 .027 
35 •• _ •••••• .030 .0078 -.033 .025 .0065 - .032 .01S . 0047 -.021 11<1 .. .010 .0188 -.005 .001 .OlS:l -.OOI -.00-I .0265 .Olii 
:16. ·-······ -·.001 

. 00081 
.023 - .012 .0035 ,028 -.021 .0053 .038 I 15.: .. . 0'20 .0191 -.010 .012 .0182 -.()11 -.0-17 .0230 .003 

37 -· ··---·- .010 .0038 . 000 -.006 .0034 .016 -.Oll .0029 ,031 116 •. . 000 ' 0'204 -.033 .mo .018, - .029 -.024 .0202 -.Oil 
38 ••...•.•• .021 . 00-40 -.011 . 006 .0036 - . 001 -.007 .0030 • 02(1 1 Ii •• ____ . 034 .022'2 -.043 .031 . 0202 - .012 -.003 .0)02 -.025 
:!9 ...••••.. .028 .0050 -.023 .017 . 00-41 -.01s . 001 .0020 .002 118 •••••••• .000 .0178 .000 .007 .0185 .010 .0'29 .0225 . 024 
40. ··-·· --· .034 .0062 -.031 .025 . 0051 -.030 .020 .0030 -.016 119 .....••. -. 0'20 .Ol!H .019 -.02-1 .0'2!0 .()26 -.0~5 . 0'260 .031 
41. •....... .003 . 0037 .01,s -.007 ,()029 . 0'26 - . 021 . 00-15 .0-11 120 •.••.. - .010 .0188 .005 -,012 . 0'204 .012 -.027 . 0'246 .023 
42 ••. ·•···· .013 .0035 .cm -. 001 .0028 .011 -.010 .0031 . 032 12• ... ··••• - .002 .0193 -.O()S -.003 .0197 -.001 -.012 . 023.~ .012 
•13. ·····-·· .O'U .0038 -.Ol4 .006 .0030 -.00-1 -.013 .0029 . 021 12'2 •. --· · .. . 003 '0200 - .020 , 00.1 .0'201 -.012 - .007 .0237 .001 
41. •. • ··••• .r:m .0015 -.0'27 .on . 0031 -.020 - . 000 .0031 . 003 123 ...••• .003 .0210 -.027 .Oll . 02l2 -.023 -.002 .0233 -.010 
4,li --· - - .1133 • ()()f,3 -, 03.1 . 021 . 0011 -.032 .018 .0023 -.014 124 ••.. -,1)03 ,007fi .015 -.00-1 .ooss .020 -.016 .0211 .035 
40 •. -••···- '002 .0058 .002 -.000 .0000 .O'l9 - .ma .0110 .ruo 125 .•...•.• .002 .0000 .0()2 • 001 .0076 .008 - .006 .0132 .O'lO 
.,; -. ------- .010 .0052 .02'2 .001 '0055 . 02-l -.011 .0076 .029 126 ••.....• .oos .0077 -.012 .000 .0070 -.ooo . 001 .oon .Oil 
4R - ------- .UZI .0052 .007 . 009 .0051 .012 - .005 .0057 .022 127 •••••. ,013 .0093 -.0'>.s .Ol2 .0077 -.020 .010 .()()IJ2 -.006 
49 ----- ,(J;J,I .O(H5 -. 011 . OIY .0055 -.007 .006 '0055 .009 128 .•...... .011 .012,t -.0:!9 . 016 .0091 -.035 .010 .0060 -.024 
;;o_. .Oil .0052 -.O'i:I . 031 .0056 -.026 .017 . 0050 -.007 129 ...•.••• .000 .0061 .ooo .015 .0071 .009 ,047 .OJJO .032 
51 •.....••• .047 .0070 - .0'28 . 038 .0065 -.035 .031 .0054 -.028 130 .... -.008 .00i7 .012 -.005 . 0095 • 019 -.007 .0109 .030 
52. -------- --.017 .00-17 .018 -.0'23 .0050 .028 -,()?-, .0073 .041 131. •••• ::: -.002 .0000 -.002 -.001 .0080 ,006 -.003 .0131 .019 
53 .••...••• --. 001 . 0041! . 003 -.01,1 .00-48 .012 -. 0'20 .0053 .030 132 ...... .. . 003 • 0076 - .015 .001 .0082 -.008 -.005 .0114 .012 
54 •• -······ .006 .001S -.013 -. 00/i .0019 -.005 -.013 .00-10 .010 l:!3 ........ • 001 . 000:I -.025 .ooo .00$9 -.020 -.005 .OllO .000 
55 • . ······- .013 .0053 -.028 .005 '00,;3 -.021 -.007 .0040 . OO'l l3L ••••. .007 .0125 -. 034 .OIO .0103 -.030 -. 00!) .0107 -.013 
56 .•.•••••. .018 .007l -.036 ,Olf, • 0059 -.030 .006 .0052 -.017 135 •••••. ,000 , 0032 .000 .016 .0037 .000 . 0-13 .0013 • OZ,I 
57 •• ······- -·.031 . 0052 .017 -.OU .0054 . 033 -.038 .0070 . 001 136 .•.•.• .000 .0031 .ooo .012 . 00-10> .1)08 .().14 . 00-17 .025 
58 .. . ••...• -·.024 . 0019 .000 -.038 .0015 .010 -. 035 .OOM . 0-15 137-....... . 000 , 0035 .ooo .013 .0012 . 007 .0-15 .0040 .020 
59 •••..•••• --.016 .0019 -.016 -.025 ,00-14 . 001 -.031 .0051 .030 138 .•••.• .000 .0176 .ooo .012 .0183 .oos .039 .0218 .021 
60 ....••..• -·, 000 . 0054 -.031 - .016 . 00-17 -.017 -.024 .00-ll .OIi 130 ........ .ooo .00,\~ .ooo .019 .0061 .oos .059 .0110 . 024 
61 ... ...... .000 .0008 -.0-13 -.007 • 0053 -.OJ.'! -.01:1 .0019 -.000 "10 •••••••. -.0.56 .005.5 . 032 -.014 . 0051 .030 .002 .0052 .027 
62 •.. ----- .000 .0036 -.003 .015 .0038 .004 .Oil .OO IR .016 141 •••••.•. .000 .0010 .000 . 010 .0011 .000 . 111 .0055 .001 
63 ••• .000 .0036 -.003 .021 .0030 . 005 .015 .0000 .016 1-12 .. . ..•.• ,056 .0055 -.032 .000 . 0056 -.032 . 160 .0065 -.035 
11-L •••••••• . 002 . 00-41 -. 001 .015 . 00-13 . 003 -.028 .0205 -.007 143 • . ·-·· ·• '()(11 . 001~ . 000 . OOi • 0050 .015 . 0'21 . 0076 .027 
65 .• .016 . 00-13 . 021 . 001 .0057 . 021 .01~ .0373 -.OOIJ l•~I. •••.••• . 0-18 .0051 -. 00.'i .056 .0052 -.001 .077 .0076 .007 
Ofi ......... .017 .0037 • OOll .028 . 0011 .Olol ---· -· - ------- -------- 145 ...•.••• . 015 '00-19 -.oo, • O,i(I ,0050, .ooo .07fi .()()119 • ()()CJ 
67 •• . ----- .001 .0042 -.006 . Oll .OOH .003 -.OM .0327 -.001 146 •••••• -. 00-l .OOIS -.009 .00-1 .00501 -.004 -.029 . 0098 .010 
1;8 •• • --- ·- -·.Oil , 0017 -.021 -.001 .0053 - .012 -.078 .0325 -.012 147 ...••••• -. 0-18 .0051 .00.5 -030 .00-M .oos -.022 . 0070 .009 
69 .000 .0053 -.001 -.014 .0053 -.O'l5 -.0'!0 ,0268 -.015 148 . ....... -.045 .0010 • 00., -,032 • 005.5, .009 - .021 .0009 .OIO 
70 ..... ... - -.0IO .0051 -.003 -.010 .ooss .003 -.002 .0359 .000 140 •.•••••• .ooo . 0054 .000 .007 .0051 .01 I .005 .0000 . 027 
71. •... --,011 .0068 .om -.017 . 0092 .020 -.00-1 .0185 ,()',!() tf)() ______ __ -.004 .0051 . 000 -.001 .0051 .017 -.002 . 0062 . 030 
7·>. · ······- - -.0{5 .0088 .001 -.056 .0124 .007 -. 101 . cm1 .Oil 151 •••••.•. -.001 ,()()r,2 .009 -.009 . 00601 .0'20 -.000 .0073 .026 
n ......... -·.022 .0114 -.OOS -. Oll9 .0170 . 001 -. 165 .03~3 .011 152. ------- -.000 .OOlll .oos -.010 • O()S.~ . .010 -.007 . 0007 .028 
71.. ..•.• - -.Oil .0056 . 002 -.0-15 .0078 .01-1 -.0'!8 .015.5 .023 153 •••• -.000 .0063 .oos -.013 • 0064 .017 -.Oi l .0080 .020 
75 .•..•.••. '006 .005S -.OZI -.003 .0065 -.0IO -.113 .0172 .017 151. .....•• -.OOIJ .0051 -. 000 -.002 ,00591 .002 -.004 .0074 .012 
jll __ __ _____ • OI I '0080 -.029 ,002 .0100 -.019 -.157 .0318 . 001 155 •••• ···- . 004 .0051 - . 009 .003 .0058, -.001 .000 . 0073 . 007 
77. ·- · · ••.• -·. 014 .0015 .012 -.011) . 0056 . 015 -.024 .0083 .020 l ,i6 . . ... - .• .001 .0062 -.000 -.008 ooss• . 002 -. O.iO .OlSS . 010 
78. ·-······ --.002 . 00-1.; -.004 -. 001 .0052 . 003 -.017 . 0074 . 010 157. -···-·- .000 .0001 -.oos .004 .OON -.001 -.071 . 0'-'32 . 013 
7U .. ----- .008 .0019 -.019 .006 .0000 -.013 -.om . 0081 .001 158 ••...... ,ow '0003 -.008 -.001 .(11)8:J: . 003 - .070 . 0240 .015 

i 
_ _j 



, 

J 

INTERFERENCE OF WING AND FUSELAGE 27 

TAHLE Jll.--LIFT AND INTERFERENCE, DRAG AND INT ERFERENCE, AND PITCHI!'i:G l\IOMENT AND 
INTERFERENCE OF FUSELAGE I::-l' "WING-FUSELAGE CO.MBl~ATIONS--Coniinued 

Combim1-
tlon 

c,. I t.C'o, I t;.CR,J• 

a --41) 

159 ...•••• 
lflO •...•. 
161 . .. •. 

16:l ••••.. 
ltl-l ..••.• 

0.001 
.OIO 
.022 
.021) 
.030 
. 003 

!02 .•. ····1 
. 024 1115 ··•· -
.056 lf>O.. • -Hl7 __ _ 

IGS ••••••• 
169 .•••••. 
170 ••••• 171 __ _ 

172 ..• 
17:l - • 
17.\.. 
l 7r:.. _ • 

gt:_-:·· 
1;s .. 
li9 ...••. 
J!SO •••••••• 

003 
.009 
.015 
. 021 , 
.023 ooq 
.005 
.000 
003 

.. 08 

.026 

.040 

.006 

.008 

.014 151.. -0 
182 •• 
I~~--..••. 
1~4 •. •• 
186 •.•••• 
186. _ --•··· 
lh7 •..... 

• 00-l 
.006 
.Ol5 
.009 
. 000 
.009 

o. 0037 0.007 
. 0037 -.012 
. DOI~ -.027 
.0058 -.m-1 
.0091 -.002 
. 0036 .DOI 
.0033 -.Oil 
.0(}15 -. 0'25 
.0016 -.007 
,(K)-18 -. 0'20 
. 0055 -.030 
. 0073 -.035 
.009S -.039 
.0061 -.011 
.(K)-19 -.015 
.0103 -.011 
.0072 -.Oli 
. 0(}15 -.018 
• 0038 -.013 
.0019 -.013 
. 0192 -.007 
. 0009 -.012 

---
a==0° 

0. DOil 0.022 
.0038 .012 
.0038 -.OOI 
.OOH -.OlG 
.0031 .008 
• 002'2 . 000 
• 0031 -. 008 

t>C. I t;.Cn, j llCR,/• o.c. I o.C,,, I 
a - 0° o-=80 

-0. 00.1 0.0033 0.014 -0.009 0.00-13 
.012 . 0032 -.001 . 003 .0033 
. 023 . 0035 -.021 .013 .0032 
.031 . 00-17 -.035 . 024 .0037 
. 031 . 0071 -.037 .034 .00.\.3 
. 0'24 .0035 .013 • 002 . 00-13 

-.002 .0033 -.003 .033 .00-M 
-.035 .0039 -.017 . 005 . 00-11 
-.002 .0052 . (K)-1 -. 016 .0067 

.007 . 0051 -.013 -. 009 .006.1 

.01S .005l - .026 -.002 .0003 

.021 .0003 -.032 .004 . 0007 

.027 . 0083 -.0:15 .OIi . 007b 
-. 00-l .0000 .000 .006 ,0038 

.001 .0056 -.005 -. 049 . 0231 
-.006 .0201 . 00-I -.OS,1 . 0397 

'00-l . 0077 -.002 -. 037 . 0226 
. 0'25 '00!3 - .007 .0-17 .0058 

-.006 . 00-13 -.001 .035 . 00-18 
-.019 .OOIS -.007 .024 .0054 
-.020 . OIYI -.001 . 018 .0217 
-.014 .0004 -.OOI .027 . 0095 

(l'- 40 a - 12° 

-0.017 0. 00-15 0.026 -o.023I o.~ 
-.OIO .0039 .015 -.017 .003, 

.001 .0006 .001 -.0001 .0030 

.010 . 0037 -.01, .003 .0032 
-.001 .0031 .014 .0171 .0033 

.018 .0024 .005 .032 .ooos 

. 0'2G . 0036 -.001 .(/29 .0009 

ll.C,..,/4 

0. 027 
. 013 

-.005 
-.022 
-.03S 

.026 
,Oil 

-.002 
.014 
. 006 

-.000 
-.019 
-.027 

.022 

.006 

. 014 
. 028 
.010 
. 007 
.001 
. 007 
.013 

o.034 
.025 
. 015 
.000 
.029 
.020 
.010 

Comhiua-
tion 

----
188 .•• 
1~9.-.. ::· 
190. __ ., __ 
101. .. ---· 
192 .••. 
193 •...• : . 
194 .•• 
195. ··•·• 
106 •••. -197 •••• 
198 •••. 
19\l •••. 
200 •..• 
201.. 
20'2 ••• 
20:L. 
201... 
205 ... 
20tL •• -207 ••.. . 

.lCL I .l.Cn, ~c.,.,,. 
_I __ 

-0.006 
.00-I 
.011 
.021 
.003 
.012 
.016 
'(1Z6 
.[~ 
.000 

-.Olfl 

I 
I 

-.(1121 
-. 00.1, 

(IOI 

00b1 
,021 
. 000 

-. 021 
()Cl() 

.om 

o. 0038 -~ 
. 00-ll 
.0051 
.00-13 
.00-12 
.00-17 
. 0054 
. 0073 
.003i 
.OOl7 
OOI'' 

. 00-13 

. 0051 

.00651 

.oorn 
00121 

.00!9 

.ou;1 

.0081 

0.00-I 
-.01~ 
-. 02'l 
-.0'2\l 

.018 
.002 

- Olli 
.000 

-.032 
.000 
. 016 

-.00'.l 
- 01!< 
-.000 
-.0(!1< 

.010 

.000 
- 010 

.000 

.000 

201', ••. --· l 

-0.0<Y.? 0. 0050 o. (JO!l 

:~I .OOlll -.003 
.0051 -,010 

• 0'.!3 . 0055 -,1,U 
,()()4 .oor-1 ,027 
.011 • 00l5 .013 
.Olli .OOH -.003 
.cm • I.J.171 -.020 
.000 • OC).'n -.1i~3 
.OH 0037 .009 

-.om • 00b7 • OOIJ 
-.01~ ,1,0.l~ .013 
-.005 .OO!li -.000 

. OOI, .0017 -.021 

.012i . no. ... , -.031 

.OIU .00.'lb .012 

.OIi, .IJC)-J~ .000 
- 00.11 ,IJ0-'1 -.005 

.009, . 0201 .000 

~ll .00901 .Oto 

----· 

t><.:,. I t.Cn, I o.c~,1, 

a•l2° 

- 0.017 o. oon 0. 005 
-.012 .0076 . 002 
-.006 .0077 -.004 

.002 • OOS4 -.013 

.013 .0079 . 037 
. 015 .0056 .000 
. 022 .00l3 .020 
.022 . 0042 . 005 
.020 .0062 - . 013 
.11·1 . 0147 . 003 

-.016 . 0007 . 02!; 
- .010 .0074 . 027 
-.015 . 0060 • 0'20 
-.000 .0054 . 006 

.OOl 0053 -.013 

. 077 . 0086 .011 
.OM . 0001 . 011 
.025 .0059 .001 
. 037 .0258 .016 
.056 .0139 . 027 

209 .. . .. - o 1100 o.0034 11.000 0.011 o.0039 1;~0<H\ o.oiol o.oot,sl 0.011 

TABLE IV.-INTERFERENCE DATA FOR DISCONNECTED COl\IBINATIONS 

I ntcrference on wing in presence of fuselage 

Cowbl I I nation I 6CL 6Co, 6C.,1, 

«-oo 

26 -0 021 
27 . 006 
28 -.018 
21) -. 005 
30 .OIO 
31 -.Oil 
32 . 002 
33 .016 
31 .029 
35 .Oil 
3G -.001 
37 . 009 
38 . 022 
39 • 033 
IO • 016 
•II • 000 
42 .Oil 
lit .021 
44 . 031 
,1,; . 042 
4f, -.010 
H .003 
48 .018 
40 . 032 
60 . OH 
SI ,058 
52 -. 0'24 
53 -.OOII 
M . 004 
M .Ol7 
so . 030 
57 -.OIi 
~ -.030 
00 -.018 
60 -. 00-l 
61 .009 
74 -. 006 
7o . O'll 
i6 . 037 
77 -.010 
78 . 005 
70 .018 
SO . 0:!2 
81 .046 
82 -. 016 
83 -.002 

:i I :~~l 

--0.0003 
.0001 

-. 0004 
. 0003 
.0006 
.0000 
.0003 
.0012 
.0010 
. 0009 
.0001 
.0001 
.0008 
. 0011 
.0009 
.0004 
.0007 
. 0012 
. 0013 
. 0014 
.0002 
.0010 
.()013 
. 001 1 
. 0007 
.0003 

-, 0003 
. 0002 
.0005 
.0005 
. 0000 

- . 0009 
.0000 
.0005 
.0009 
.00IO 
.0001 

-.0003 
-. 0010 

.0000 

.0003 
-.0004 
-.0013 
-.0027 

.0012 

. 0003 

.11000 
-. IXJO!I 

0.007 
.005 
.000 
. 007 
.008 
.001 
. 00-l 
.004 
. oo, 
.006 
.oo, 
.005 
.005 
. 005 
.OOI 
.003 
. 00.3 
.003 
. 002 
.002 
.005 
.000 
• OOi 
.006 
.000 
.005 
. OOl 
. 004 
.005 
.006 
.006 
• 00-l 
.005 
.006 
.000 
. 001 

-.005 
-.007 
-.007 
-.DOS 
-.007 
-.000 
-. OOI 
-.003 
- . 004 
-.IXH 
-.001 
-.004 

-0. 022 
-.005 
-.016 

.001 
. 013 

-.013 
-.OOJ 

- ~11 
. 02-1 
.038 

-.011 
-.001 

.OI i 

. 024 

. 037 
-. 00\) 

.001 
• 00\) 
.0'9 
. 030 

-.014 
-.001 

.Oil 

.022 

.037 
.050 

-.026 
-.012 
-. 001 

.013 

. 0'28 
-.0!7 
-. 036 
-.022 
-.OIO 

.001 
- .036 

.020 

. 027 
.000 
.012 
.027 
.0-1;1 
.055 

-.012 
.002 
.016 
.030 

-0. 0023 
-.00-29 
-. 0022 
-. 00:17 
-. 0033 
-.001S 
-. 002'2 
-. 00-26 
-. 0030 
-. cxi10 
-.0015 
-.0017 
-.0021 
-. 0026 
-,C,004 
-.0010 
-. OOIS 
-.0017 
-.0021 
-.0028 
-. 00'2I 
-. 0024 
-.0028 
-.0030 
-. 0036 
-.0046 
-. 0004 
-.0009 
-.0013 
-. 0020 
-. 0033 

.0007 

.0001 

.0000 
-.0002 
-.0012 

.0061 
. 0039 
. 0037 
.0060 
,()(\52 
.0037 
.0017 

- . 0004 
.0057 
.OOli 
.0033 
.OOl6 

0.000 
. 007 
.000 
. 000 
. 007 
.OOI 
.005 
.000 
• 00/j 
. 00-l 
. 00:1 
.()(}I 
. 001 
.00-3 
. 003 
. 00'2 
.001 
. 001 
.001 
.ooo 
.003 
.001 
.OOI 
.005 
.003 
.003 
.003 
.DOI 
• OCH 
.(K)-1 
.003 
.OOI 
.005 
.000 
.000 
. oo.; 

-.OOt 
-.007 
-.008 
-.012 
-.009 
-.006 
-.000 
-.005 
-.007 
-.007 
-.006 
-.00/\ 

-0.026 
-.017 
-. 020 
-. 007 

.010 
-.01 
-.005 

.008 

. 021 

. 035 
-.019 
-.002 

.006 

.017 

. 036 
-.0-21 
-.011 
- .()()-1 

.000 

.029 
- .OIS 
-. 008 

.005 

.019 

.032 
.Ol6 

-.028 
-.016 
-.002 

.OIO 

. 0'.!3 
-.OIO 
-.036 
-.026 
-.012 

. 002 
-.008 
-. OS3 
-. (34 
-.005 

.013 

.024 
• 0-'!3 
.040 

-.016 1 .002 
.012 
. O:lO 

0.0011 
-.0002 

. 0007 
-. 0013 
-. 0(}14 
- . 0001 
-.0020 
-.00-14 
-. 0067 
-.0000 
- .0002 
-.0031 
-.0011 
-.0061 
-. 0084 

. 0005 
-.0013 
-. 0020 
-.OOIO 
-.OOOb 
-.0011 
-. 0026 
-.0053 
-. 0071 
-.0095 
-. 0115 

.0036 

.0013 
-.0007 
-.0028 
-.00&1 

,O()f>l) 
.0051 
.0039 
.0016 

-.0004 
.0265 
.0252 
.0331 
.02•13 
. 0213 
. 0 185 
.0161 
.0131 
.019S 
. 0174 
. 0151 
.!1111) 

0. OOl 0. 015 
. 00.i . 005 
.003 .OlO 
. 003 . 007 
. 003 . 004 
.002 .006 
. OO'l • 00-l 
.001 .001 
.001 -.003 
.000 -.011 
.002 .003 
.00'2 .001 
.002 -.001 
.001 -.005 
.001 -. 012 
. 003 .003 
.002 .002 
.002 . 000 
. 001 -. 004 
. 000 -. 009 
.003 .012 
. 003 . 007 
. 002 . 005 
. 001 . 002 
.001 -.003 
. 000 -.011 
.001 .007 
. 001 . 005 
.OCH .002 
. 002 -.004 
.001 -.012 
. 003 . 007 
. 002 .006 
. 002 .002 
.003 - .002 
. 003 -.009 

-.007 -.005 
-.004 -.015 
-.011 -.023 
-. 014 -. ()l)j 
-.011 -.007 
-. 009 -. 0IO 
-.oos -.017 
-. 000 -. 02li 
-. ODS -. 001 
-.Oll\l -.004 
-.007 -.CKHl 
-. OClfl 1 -.012 1 

Characteri.S1ics or /usela~e in present(' of wiug 

Ci,, 

O. ()()t;I I o. 01~ I). OOI 
.0055 -.oo, Jj()J 
-~ .013 .<IOI 
.(K)-12 -.000 -.001 
. 0009 - . ()'2() - 003 
. (K)-19 . 015 . 001 
. 0042 - 001 -. OOI 
• OOl.2 -. 019 -. 004 
. 0050 -. 003 -. 00', 
.006\J -.039 -.013 
.0037 .018 -.001 
0034 . 001 - . 00.i 

.0032 - 010 -.OC~i 
00.l~ - . 0'26 - • 007 

• ()(l.13 -. 0.'!5 -. 012 
• ()(~13 • 015 00'' 
. 00-l'- - 001 -. ocr2 
.0026 -.017 -.00:1 
• 00.12 - . O'lll - , oo,, 
• 0049 -. 035 -. 009 
. 005') 027 . 00'! 
004'' . ow . ocr2 

. 00.19 . 000 -. 002 
.00:14 -.017 -.003 
.0015 -.0'.19 I -.006 
.OOGi - .00.1 -.0J2 
.oo.;o .014 003 
.0014 -.001 -.002 
. 0043 - Olb - OOI 
. rot~ -. 034 - (IO< 
• 0065 - 0-12 - 012 

.0001 I .013 .OOl I 

. oo-io - . 005 -. c•n 

.rou - 022 -.uo:i 
• (K)-1, - 007 -. 006 
.00.18 -.050 -.OIi 
• (l(l..',S 007 -. ro.1 
. OOil - 011 - 112:l 
.0000 - 02'1 - IY.!5 
.00311 .020 -.OIO 
.00!2 .003 -.016 
.005:l - .013 -.DIii 
• OOi3 -. 0'.?5 -. 02~ 

-.0107 -.02'7 -.034 
• (K)-12 • 019 -. 006 
.0042 .001 -.lllO 
• OCH\1 -. 015 - OJI; 
,OOf;I -.11211 -.Ol7 

Co, 

O.IXI,\ 
.OOiU 
• OOOP 
.U061l 
• 0073 
.ooos 
• 006-I 
.0000 
.00<-3 
.010.'i 
.OOIO 
. 0051 
.00,\j 
• O()tjj 
. 00,..~ 
• 0039 
. 0013 
. ()(H7 
. 00:,2 
.0009 
. 0087 
.0079 
.00;9 
• OOt,5 
.0002 
• OJ 11 . oc.,. I 
.(JIJ5j 
.(l(](\2 
.m7a 
. 1•1!12 
• Ol.117 
.0011 
. CllHl 
, IJ>l9 
.l.lC)i.li 

O()Jj 

• OO'ltl 
. 007:.? 

-.lXJ09 
.rooo 
.0023 
.004i 
.(JO,,, 

CJU) 
• llOO!i 
.0021 
.11011 

c~,u I c, I Co, I Ca,,, 
--'----

o. ll'.!"! 0. OM o. 007S I . ooo - ooa . OOS4 
.022 .001 .0070 
.1)(19 -.007 .0075 

-.Ullt! -.012 .OOIIO 
024 -. 001 . OCJ6-l 

• 010 -. 00\l . 0072 
-.ll(lti -.013 -~ 
-.0-l-l -.016 .0110 
-.036 -.01; .0137 

• 025 -. 002 0055 
.012 -.000 .0000 

-. oo.; -. 013 . 0071 
-.1!21 - . Olti 0090 
-.c,13 - .OIO .0114 

. 0'!4 . 000 . 00-10 
.OI0 -.005 .0011 

-.OOf, -.00\I IX).'~ 
-. 0'11 -. 012 0071 
-. 0:12 - . 011 0091 

.1!.!tl .OOii 0121 

.02<) -.003 OlO'J 

.008 -.010 0ll0 
-. 012 -. 013 . 0126 
-.()29 -.015 0145 
- • O.'li! -. 015 0169 

• 0:.!.S . 003 0037 
• oug -. OOl • OOIO 

-(JOO -.011 -00.~ 
-.0'2.i -.017 . OOH 
-.u:m -.01, 010,; 

029 • 011 . 001 I 
014 • m1 000.1 

- . IJ01i -.()Ob .0012 
- 023 -.012 .OO'lS 
-,IXt~ -.015 .00.",3 

Olb -. lr.'O -. 0110 
- <•J3 - (l;U} -. ooso 
- fill -.m:1 -.OOJ:l 

.ll2i -.019 - .OIIJO 
01~ -.030 -.013ll 

=·~111 =.:;:h =-~ 
-.027 -.0.'>I .0005 

.lt.?5 -.Oil -.012& 

.IHI - 1120 - 0109 
- • OOtj -. 11:!7 I -. 00S2 
-. 112{1 - 1,'l.1 -. 1)()49 

0.034 
.025 
. 032 
.024 
.011 
.035 
. 026 
.013 

-. 003 
-. 001 

. 036 

.029 
.018 
. 001 

-.017 
. 038 
.030 
.019 
.002 

-.014 
. 027 
.026 
.020 
.008 

-.oos 
-.028 

.0-10 

. 029 

.018 

.000 
-.01 

.oss 

.().l3 

.028 
.OJ l 

- . 009 
.030 
.021 
.018 
.034 
.021 
.OIO 
.000 

-.009 
.029 
.021 
.OIi 

-.II03 



- -----

I 

l 
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('ombi 
nalion 

8lJ 
87 
&, 
81) 
00 
91 
92 
03 
9-1 
05 
OIi 
07 
98 
!19 

1()(1 
101 
102 
10:i 
101 
105 
106 
107 
1118 
109 
1IO 
Ill 
112 
I la 
IH 
115 
ll6 
117 
119 
120 
121 
122 
123 
12,{ 
125 
l:11\ 
127 
12a 
130 
131 
132 
133 
131 

1.50 
160 
161 
102 
163 
167 
Ill& 
169 
170 
171 

181 
182 
H;:J 
181 
188 
180 
190 
WI 
192 
19:l 
191 
JU5 
mo 
IUS 
1\/!l 
200 
:!OL 
202 

NATIONAL ADVISORY COMMI T'l'EE F OR AERONAUTICS 

TABLE lV.-INTERFE RE NCE DATA FOR DISCONNECTE D COMBINATIONS--Continued 

I Inter ference on wing in 1>rescoce or ruse Iago 
--

C'baracicristics or ruselaio in presence or wing 

-, 
6CL !Co, Ju· .. ,,,\ .c. OCi,,. I~~.,. .c,. j •Cu, \ 6C~,1, c,. c,, c,,,.,,,\ 

I 
Co C'n ' c,,.,,, Ct I c,, I C'.,.t/1 . 

- -- -------- - - - --
1:r=Oa a=4° a=l2° a=0° a - '4o a=l2° 

I ~371-0.0016 
-- --

-0. 003 0. 042 -0. 0001 -0.004. O.Oll 0. 00SO -0. 00/i -0.020 o. 0089 -0.031 -0. 02.~ o. 0072 -0. 028 -0.039 -0.lXXH -0.01~ 
-.022 .0008 - 005 - .022 .0049 -. 006 -.032 .0100 -.006 ,001 .0032 . 016 -.002 -.0001 .. 022 -,001 -.0101 .026 -.oou . 000 I -.005 -.(lll\l .0038 -.II06 -.025 .Oll8 -. 000 -.001 • 0034 -.001 -.oo;; . 0002 • 009 . 009 -.0092 . 020 

. 004 . 0001 -.005 . 001 .0028 -.006 -.003 .0125 -.006 -.003 .0037 -.OIS -.000 .0013 -.008 -.016 -. 007:l .009 

.015 -. 0001 -.004 .017 .0016 -. 005 .Oil .0008 - .005 -.008 • 0050 -.029 -.011 .0029 -. 021 -.021 -.0016 -. 002 

.026 -.0009 -.003 .029 .0005 - . 004 .OIO .008'1 -.004 -.014 .0073 -.034 -.017 .0051 -.030 -.026 - . 0010 -.018 
-.021 . 0012 -.003 -.02:1 ,OOH -.002 ----.. -- --------- ----- - -- . 000 .0026 .017 -.001 .0001 . 02-l -------- .. ------- ----------.011 .0007 -.003 -.(JII .0028 -.003 -------- --------- ---- . --- -.()()2 . 0028 . 001 - . 001 .0005 ,OIi -. -- --- . -------- .... -----.uoo • 0004 -.003 . 000 . 0020 -. 003 ------- - --------- -------- -.003 . 0033 -.015 -.007 .0015 -. 00-I --- - - --- --------- -- -------.008 -.0002 -. 003 ,()(J<J .O(Jl3 -.(,03 ------.. --------- -------- -. 007 . 0042 -.026 -.009 .0026 -.OH -------- --------- ------- --. 017 -.0007 -.003 .01 .0001 -.003 -:..::o.i6- -------- -:..::oia- -.013 . 0063 -.031 -.013 .0048 -. 029 ---:oos- ·.-iiif --.014 .0007 -.ooo -.0-13 .0072 -.007 .0231 .003 .0045 .029 . 003 -.0011 . 029 -.01.IO 
-.032 ,0011 -.006 -.031 . 0068 -.007 -.038 .02'20 - 010 -.002 .0031 ,017 -.00-I -.0016 . 021 -.000 -.01/iS .02() 
- .018 .0013 -.007 - .017 . 0061 -.007 -.019 .020-1 -.009 -.005 .0039 • (JOO -.009 -.0015 .006 -.OIG -. 0152 .013 
-.003 .0010 -.006 - . 002 . 0050 -.007 -. 008 .0188 -.0!0 -.007 .0042 -.016 -.013 .0000 -.010 -.022 -.0132 . 002 

.010 .0002 -.005 .012 .0039 -.006 .010 .0160 -.000 -.012 . 0056 - .027 - . 016 .0017 -. 023 -.029 -.010; -.011 
.022 -.0007 -.001 .02S . 0021 -.oo:; . 024 .0129 - .00 -.020 . 007S -.029 -.024 .0046 -. 030 -.035 -.0065 -.024 

-.004 .0005 -.00.5 ,002 . 00-15 - . 007 .002 .0171 -.010 -.002 .OOH . 018 -.007 . 0012 . 027 -.013 -.OIO:! .036 
.009 . 0002 -.0()4 .017 .0029 -.005 .018 .0140 -.009 - . 005 .0011 . 001 -.011 .0021 .OJI -.022 -.ODi,I .026 
.024 - .0003 -.004 .030 .0016 - .005 . 029 . 0111 -.006 -.007 . 0050 -.01-1 - .ow . 0035 - . 0()-1 -.031 -. Q0-16 . 0IS 
.037 -.0011 -.002 .0-11 -. 0003 -.003 .012 .0075 - .00-1 -.OH -. 0001 -.027 -.017 .0058 -. 019 -.035 -.0008 .001 
• OIO -.0019 -.001 .052 -.0021 -.003 .052 .oo:i2 - . 002 -.021 .0092 -.033 -.026 .0002 -. 028 -.0-12 .0042 -.014 
.01-8 . 0005 -.000 .02i .0028 -.007 .028 .0132 -.007 -.002 .0014 .022 -.009 .0028 . 03-1 - . 017 -.0052 .052 
. O:J!O .0000 -.005 . 037 .00ll -.000 . 0-10 .0098 -.006 - .006 . 0019 . 005 -.013 .0011 .0!V -.020 -. 002.1 .0-12 
.UH -.0000 -.00·1 .050 - . 0005 -.001 . 052 . 0055 -.001 -.007 . 0061 - 013 -.010 .00112 • (l(J:J -.034 . 0015 .029 
.05.2 -.0018 -.003 . 053 -. 002,5 -. 003 .000 .0015 -.003 -.012 .0081 -.026 -.018 .0085 -.Oil -.037 .(,O,;; .015 
.00:2 -.0028 -.002 .068 -.OOH - . 002 . 067 -.0025 -.001 -.019 .010.; -.o:io -.023 .0120 - . 021 -.0-11 . 0112 .002 

-.00:1 -.0001 .00-1. - .009 -.0015 . 001 -.077 . 0060 .000 . 005 .0191 . 001 .000 . 0206 .012 .008 . 0229 . 027 
.OOll .000! .004 . 001 -.OOZ-2 . 001 -.004 .0016 -.002 .001 . 01 7 -.009 -.003 .0205 -.002 . 000 .0219 .017 
.011) . 0007 . 005 . 015 - . 0026 . 003 -. 0-11 .OOll -.001 .001 .0187 -.024 - .{1()3 .O~H -.014 -. 006 .0219 .ll<H 
.03:! .0007 . 005 .026 -.0029 ,002 -.012 -.0028 -.002 -.002 . 0197 -.038 - . 006 .0210 -.031 -.012 .0230 -.009 
.O~I . 0001 .005 .041 -. 0039 .002 .01:l - . 0061 -. 002 -.010 .0218 - . OIS -.010 . 0211 -.044 -.016 .0253 -.023 

-.Ol!l .0007 -.005 -.017 .0051 - . 006 -.022 .0203 -.009 -.001 .0187 .021 -. 007 .0159 . 032 -.013 .0066 .0-10 
-.001! .0001 -.001 -.001 . 0011 -.006 -.006 .0173 - .008 -.004 .Olb7 • OOll -.011 .1ll60 .01 -.021 .007:l .0:11 

.00:l -.0001 -.001 .Oil .0027 -.004 . 015 .0143 -.007 -.005 .0104 -.00-1 -.014 ,0170 . 003 -.027 .0095 . 019 

.012 -.0007 -.004 .019 .0015 -.001 .025 . 0116 -.005 -.009 .0207 - .016 -.015 .0189 -. oos -.032 . 0121 .ooo .ow - . 0014 -.002 .030 -.0003 -. 003 . o:ro .0079 -.00-1 -.Ol5 . 0230 -.025 -.om .0215 -. 020 -.038 .OJ&l -.00/) 
-.01'1 .0000 .005 - .019 -.000~ .003 -.017 . 0051 -.001 .OIi .0076 .OIO .015 .0000 oi; .031 .01/\7 . 030 

.0IKl .0004 .005 -.004 -.0006 .00-1 -.022 . 0020 . 000 . 002 .0065 -.ooa .005 . 0082 .001 .016 .0112 .020 

.01!) . 0010 .005 .Oil -.OOH .001 -.003 -. 0006 -.001 -. 007 • 0007 -.017 -.005 . 0()84 - . 010 • ()04 .0083 .012 .o:in .0007 .005 . 026 -.0010 .001 .015 -. 0037 -.001 - .018 .ooso -.033 -.014 .0000 -.021 -.(105 .0090 - 005 

.04<1 .0002 . 005 . OIO -. 0033 .003 .032 -.ooo.; - .002 -.032 .0122 -.(H I - . 02-1 .0127 -. 038 -.01~ .11125 -.022 
-.Olli .ODIO -.005 -.015 .01)-17 -. 00/) -.02-1 .OJ 2 -. 009 . 007 . 0067 .017 .ow .004 • 025 .017 -.0013 .030 

.OJll . 000-1. -.oo., .000 .oo3r. -. 000 - .007 . 0161 - .oos -.0()2 .0065 .003 -.001 .OOH . 012 .001 i--0030 . 027 

.01,1 .0000 -.005 .015 .0026 - .000 .005 . 0135 -.007 -.Oil .0076 -.010 -.011 . 0056 -.002 -. 013 -. ()(121 .urn 

.027 -.0003 -.001 .()23 .OOH -.005 . 017 .0!05 -.006 -.023 . 0096 - . 021 -.019 .0078 -.015 -. 022 . 0005 .O(~i 

.OIi. -.OOll -.002 . 040 -.0008 -.001 .O il . 0058 - . 004 -.03-1 . 0136 - . 032 -.roo .Olll -.026 - . 0:l2 . IKI-IU --Ol~J 

1-- <>= -1• 
a=0° a .2tso ~--4" I a=0° Q ;,• 

-0.010 I o. 0056 I o. 002!! ,-0. 00;! o. 0013 0.001 0.001 -0. 0013 -0.001 0. 001 -0. 0013 -0.002 0.001 o. 002-1 0. 00/) -0.001 0. 0016 o. 0,01:i .om . 0013 .000 . 017 -. 0020 -.002 .Ol7 -. 0039 -.001 -.001 .0024 -.012 -. 005 .0052 -, 002 I - . QI~ .00i2 .01 7 
. 0~' . 0012 -.001 . oa2 -. 0030 -.001 .O.'IO -.0061 -.004 -.005 003·> -.026 -. 009 • OIKl5 -.11'!01-.011 . 009:1 -. 001 
. 01:! . 0005 -.001 .015 -.0010 -. 00'2 .Oil -. OOS3 -.00-1 -.013 .0053 -.033 -.OH . 008i -.033 -.01; .0120 - . 018 
. 05'1 , 0000 .001 . 057 -.0050 -.002 .0.'\5 -. 0109 -.005 -. 0-2-1 .0091 -.033 -. 0'.!3 .0121 -.03,, -.(J21 .0152 -.00.1 
.00:! -.0009 -.010 .009 . 00:lS -.010 , 006 .0172 -.010 -.00.5 .0055 .003 -.Oil . 0011 . OM -.022 -.oH.; .IJ2.J .01:; -.OOH -. 009 .022 .0018 -.009 .019 .0138 -. 008 -.OOG .0062 -.Oil --015 . 00:!3 - . 001 -.02!, 

-.00751 
.Ol-1 

. oz;1 -. 00-23 -.oos . 035 .0002 -.oos .030 .0101 -.006 -.012 . 0078 -. 02"2 -.017 .0052 -. 018 1--032 -.000 .000 

.0311 -. 0032 -. OIB .J).JJ -.0020 -.000 .041 . 0063 -.004 -.OlS .0105 -.0?7 -. 02.1 . OIXl3 - . 020 -.037 . 000-1 - . Ol5 

.05:! -. 0018 -.1)08 .058 -.00-13 -.007 .05,2 .0022 -. 003 -.029 .OHO -.031 - . 031 .0126 -.028 -.0-11 .OOM -.024 

ot=-0° a-- -10 a - 12° a=0° I o-c40 a c J2'0 

·- -
-0,0:1>! -o. 0013 0.007 -0.024 -0.0012 0.000 -0.021 -0.00-17 0.005 0.014 0.005-1 0,01,\ 0. 007 o. ()()t;7 0. ITLO -0.()()2 0. Ollrl o. 02'J 
-.OIO .0001 .OIO -.013 -. 0037 . 008 -.008 - . 0060 .005 . 012 . 0037 .002 .003 • 00711 . 007 -. (K)<J .0!03 .020 -. oo:i . 0015 .Oil -.001 -.0033 .oos . 000 -. 0082 . 000 . 008 .0023 -.01,; .002 . 0009 -. 007 -.012 . 0112 . 00/I 

.OIi .0027 . 013 .012 -.0030 . 010 .018 -. 0091 .007 .004 .0017 -. 02'J -.002 .OOOi -. 025 -.015 .0126 -.007 

.00'.! .0015 -.Oi l ,01'1 .0084 -.012 • 0O!i .0269 -.014 -.OOS .0023 .015 -.016 -.003-1 . 021 -.02:i -.019 1 .019 .ow .0001 -.010 • 0-2-1 • 006() -. 009 . 021 . 0238 -.011 -.012 .0037 -.002 -.019 -.OOl5 . 000 - . 033 -.Olli2 .013 

.028 -.0013 -.007 .038 .0037 -.007 . 03'1 • 0197 -.oos -.OM .0054 -.015 -.02-1 .0011 -.009 -. OIO -.0120 • 00-1 

.OIO -.0031 -. 001 .050 .0010 -.005 .Ots . 0154 -.006 -.019 .0082 -.025 -.0'.?7 .0015 -. 020 -.OlfJ -. 0070 -.007 .Om? .0003 .003 . 002 -. 0007 .003 .00-1 . 0005 .003 .001 . 0040 ,015 oo•> .0000 . IJ'l•l .0011 .0074 .034 
. 0 1~! .()()()5 . 003 . OM -.OOU . 002 .014 -.0015 .001 .000 . 0037 -.001 -. 003 • 00.',6 . OJ I .001 . 0(171 . 0-26 
.Olli . 0()/)7 .003 .ow -.0017 . 00'2 . 0-lS - . 0032 . 003 -. 00.1 .0010 -.019 -.()()4 .00(;1 -. 005 -. 003 .007~ .017 
. 03::1 . 0003 .003 .030 -.002~ . 003 .029 -. 0044 . 002 -.007 ,(IO.,J -.033 -.0011 .0071 -.OZ\ -. 007 • ()11',!1 .00-3 
. 04~! .0001 .005 .0-10 -.00.1:i .003 .027 -.0037 .000 -.Ol4 . (,072 -.037 -.010 .OOS7 -. 03ti -.007 .00\li/ -.013 

- .Olli . 0007 - .00.3 -.022 .0030 -.003 -.024 .0139 - . 003 .003 . OOIO .Ol!l .ooa , 0018 02II .uos -. 0012 .(Y.JI 
-.01:i .0005 -.003 -.011 .OOlG -.001 -.01~ .0125 -.003 .000 . ()():!7 .001 -.002 .001:i • 01-1 -.ooa -.OD.SI .o:m 
- .00-,! . 0003 - 00.3 .ooo .0029 -.001 - . 001 . OIOS -.002 -. 001 . (!040 

-.OJ~ I -. 00.~ . 0019 -.00-1 -. Oil -.0018 .(122 
. 011 • O(K)() -.003 . 013 .0010 -.001 .oos .0000 • (KIO -.007 .0051 -.CY.!1 -.007 • ()112', -.020 -.01·1 -. 0030 .ooo 
.02::1 -. 0007 -.00-1 . 026 . 0007 -,001 .022 • OOOl -.()(JI -.UIS .0072 -.034 -.OH . 0(),\1 -.o:10 -.01~ -.0011 -.012 

----

1 
I 
I 

r 

r 
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TABLE V.-PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATION'S 
-1--

I 
- -

I Lift- I 
Longi- \ "erti· CUr\"C 

" 
Span .\ erody- Lirl ro- •C~ tCLlftO.t 

tudi• Wing slope 

I Diagrams represen I ing combination 
.~ cal 

Remarks 
nal Jl<)Si• set- (per 

~ posi- tion ting deirree) 
Lion 1. 

effi• Cr,,,..,,.. ('I opl 
O!Ulll{' 

efllcicnt ell~:• efJec· 
cienc>· ~nter c., at inter- tive live 
ractor po..,itioll ferenre R N R.N.= 

burble ?,SXi<r' :0 k/c a 

I 
E d/c A.R.= 
0 6.86 
(.; _· 1--

R ectangular N. A . C. A. 0012 airfoil with round fuselage I 
--~ 

- - --
1~ 

- --

,!~ 
4 -
5 
to~ 
9 

13~ 

l4c====:> 
IS~ 

17 ~ -----­to.._______...... 
21 

22 ---------

23 --------­to.._______...... 
21 

28 ~---­to.._______...... 
30 

3, ,,.-=------___ 
to.._______...... 
35 

-36c==:> lo 
40 

4lc==:> to 
45 

46 ~ ------­lo.._______...... 
51 

Wing alone 

----
I 

----
2 } 3 
4 
--

15 

16 

I i 

} 
I ~ 
10 
20 
21 

:n 

2·1 
21 
25 
2a 
27 

2o } 20 
30 

31 } 32 
33 
34 
35 

36 } 37 
3h 
39 
40 

46 
47 
48 
49 
50 
51 

-

-

I I Degre,t I 0.0i7 I u. ~5 I 0.00,-0 on 

---1 
- .. o. 61 .S5 . Olli 00 

- - --
~1- 1 

0-\-0-~iS 

.. . 2S 0 
{ -8 .Oi9 

g I :gf~ = 0112 -~~ I .(1121 

.!lb 0121 

-.112 
.00 
,ll2 

- - --- - -----

0 0 

. b5 . lll2:l -. 1)(1 

.85 , 0116 .02 
~5 . 011., .00 

.b5 .Ollfl I -.112 
. S.5 . 0123 . Ofj 

{ -b .OI\O I 
-.25 0 0 • Ol>l 

s .080 I 

.8., .012:1, - , ll11 

.85 .0115 .00 

. 5 .012:l .00 

-. 75 0 0 .11,2 1 .80 .llllK , (Kl 

----
.08 0 .on . 01rn . m 

-- -

- 00 I () rn 
_n 1~1 ,l)l]U .Oil 

0 . 2-1 0 ,()l,() • !JO . lll2I -.03 

----- -----

{ 
. 21 -8 .o;o .ss . 013:I -.05 
. Ti -4 .ll79 . '>5 .11127 - 112 

ll .2', 0 079 . ,5 • 012'2 - 11-'1 
. rt I . 0,9 . s., I . Olli - 0:1 
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... 22 -.i~:iii bJ. 21 
bJ. 20 ·;,i:25 •1. 23 
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------
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•J. 59 ----------- - -

( •) 
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----
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. • l.36 

•• . . • ). 35 1 · I. 32 e )_(,2 C J,32 
(•) • l.33 

• I. 52 • J. 35 -- ---, 
1 LeUers refer to typJs or drag curves associnted with t he Interference burble. See footnote t, p. 34. 
• Letters refer to condition at mJL'<imum lift ns follows:• Reasonably steady at C 1, ; b small loss of lift beyond c•, • .,: , lore• loss or lift he~ und c, • ., : an<l uncertain 

value or Ct,,.u. ..,. 
• Poor agreement in high-speed range. 
• Poor agretm4?Dt. o,·er whole range. 
' Poor agreem,ent in high-lift range. 

Rapid increase in drag preceding definite brenkdown. 
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TABLE V.-PRINCIPAL AERODYNAMIC CHARACTERISTlCS OF WIKG-FUSELAGE COMBINATIONS-Continued 

Lill• 
C Lon~i• Vcrti· curve Span 
.~ tud1· cal Wiog slope em-

Diagrams repae.senting co1ubina tio n " Remarks nal 1)0Si• set • (per cicncy Cn,~,. c,.,,, 
C posl• t iou tlog degree) factor ii tioa k/c / ¥ a 
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1-- --------- --- --------------1--- ------ - --
nectangular N. A. C . A. 00l2 airfoil with round fusclnge 

52 --
to,...-------____ 
56 ~ 

o. 64 

57 ~ 
toe===> 
61 { 

- 4 

. 64 I 
12 
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- . 32 . 022 . 004 
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87 ,....----....__ 
to--------------
91 
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' Letters refi,r LO types of drag curves associated 1vi1h 1he interfcreoce burble. Sec fooloote I, p. 34. 
,·al~e~{'brs refer to condition a, maximum lift as follows: • Reasonably steady at ct • .,: • small loss or lilt beyond ci • .,; • large loss or lift beyond cL • ., nnd uncerlnln 

1-••z 
' Poor agreement in high•s1>eod range. 
• Poor agree1neot o,·er who e range. 
• Poor aiu-eement in high•lift range. 
• Rapid incr,3a.se in drag preceding definite hreakdown. 
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1 l.<'tters refer to types or drag curves nssociatcd with the intl'rlerence burble. See lootnolc I, Jl. 3·1, . 
, Let ters refer to condition at maximum lift as follows: • Reasonably steady at Cr, ; • srnull l,,ss or hft beyond CL ; • forge loss or II fL beyond 

tajn value of CL .,.u .... •u 

4 Poor agreomoot over w hole range. 
l Poor ngreemont in bigh•lift mngl'. 
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TABLE V.-PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS- Continued 

I- Lift-

" Lonr.- VcrU- curve Span Acrody- Lift co- •c,. :cL,,.oz 
·3 tud - cal Wing slope cffi- namic efficient err;;: etrec-

IJingrorns representing combination .,, Remarks nal posi• set- (per ciency Co,,.,u·,. Ci . ,,, renter c~, at inter• li,,e, tive 
::, posi- tion ling de~roo) factor position rerenoo R.N.~ R.N. ; :.5 tion k/c ;. • e n, hurble 7.5XIO' 3.4Xl0' = die A.R. ; 1Ctn, 
0 I 6.86 r.., 

--- ------ ------ ----- --
Rectangular N. A. C. A. 0012 airfoil with round fuselage 

-
Degrou 

145 {Large tapered fillets sx- } 145(_ ~ tended to L. E. or air- 0 0.40 0 o. 080 o. 85 o. 012!) 0. 08 0.021 - ,o.ooo • I. 5 ' I. 57 • I. 40 
foil. 

------- -- -------------- ---
l46C 14G Same as combination 143. 0 -. •10 0 . 078 . b() . 0128 . 02 .030 --. 009 t H. 9 'I. 19 • I. 31 

-· -- -- - - - ---
___ , __ 

---------------
147< - 147 Same as combination 14 l . 0 - .40 0 . 080 .85 .OU! -.0~ .020 . 005 • I. 5 'I. 57 ' I. 35 

-- - - - - ------- - --
- .021 1- .006 

--- -- --
14S ~~ 118 Same as combination 115. 0 -.10 0 .oso 5 . 0129 - .0.~ •I. I 'I. 48 • I. 31 

-------------1--- -- --- ---- - - - --

1~8 ~ 

{l'hin connecting plate 

1 149 (0.013< by 0.40c) 0.15c 0 . 51 0 .077 .85 _:4 1--·0i, .0:16 . 000 A I. I ~ 1. 4i ~ l. 37 
back or L. E. or airfoil. 

------------ -------- -----
ISO ~ 

r loderntely thick con-

} 150 necting slrut (1'. A. 0 .M Cl . Oifi .85 .Ol;J() I . OS .o:m .OO<J A 1.4 (' I . 48 '1.:~1 (' . .A. 00l2secLioo with 
0.85c chord). 

I 
-------- - - - - - -- -- ------- {'!'hick connecting strut } 1s1c 151 (1'. A. (;. A. 002.5 sec- 0 . 54 0 . Oil . ~s . 0112 . 07 .Oli • ()()<J \ l. 3 • l. 44 • I. 33 

lion wi1h 0.85< chord). I 

-------- - - ----- ---------------
i-- ramc as combination 151 } 1s2C 152 hut with strut in for- 0 . 51 0 . 076 . 85 . 0110 .m, .03f> .oos A J, 5 '1. 52 < I. 37 

ward position. 

--------- ----- ---------------

l53 ~ 
153 {::lame as eombinalion 152 

bu1 wi1h small fillc1.,. } 0 . 51 0 . 076 • . 85 . Ol 13 . 05 .0-14 .008 A I. 3 e 1.38 • I. 38 

- -.. ~\-o -------- ---

IS<l 154 Sa rne as cornhinalion 149. 0 .or; .ss . 0134 - . OS . 036 --. 000 '1. 5 • I. 56 • I. 35 ---- - -- -- -- ------ -- ·----- ---
]55 ~ 155 Same as corn binal ion 150. 0 -.54 0 . 076 . 85 .0130 - . 05 . 036 --. 009 A 1. 5 • l. 55 • I. 31 

-· -- ---------· ------
156~ 155 same as combination 151. 0 - .54 0 . 074 . fl[, .01-12 -.Oi . 047 --. 009 O h .9 • I. 43 • I. 28 

- --- ------------- - --------------

)51 ~ l57 Samcnscombinatioo 152. 0 -.ii-I 0 .076 '· 70 . 0140 -. 09 . 036 --. 008 c. o • l. 14 • J. 27 

--- ---------------1------------

1ssC 158 Samens combination 153. 0 - . 5-1 0 . 076 '· 60 .Ol-13 -. Oi> .OH --. oos c,o Cl l.·H • I. 30 
- -'--- ------ ------------

I 
Rectangular;-; . /\ . C. /\. 4H2nirfoil with round fuselage 

--- --- -- --- --------- ------------- --
I Wing alone ________ ______ 

Degree, 
. 22 ai. 6-1 ___ ,. __ ·-·---------- . 076 . 90 .0094 .000 --. OS9 A 1.6 • I. 51 

--- ·-- - --- --- --- --- ---------
159 

}----······--· --··-·----- { 
- 4 . 075 •.oo .0127 .22 . 035 ---~2 -- . ----- ---- -- -- • 1. M 159c==:> 160 0 . 075 •. 00 .0127 .Z'! . 030 --. 101 -- ·- --- . • I. 54 

lo 161 0 0. 54 4 . 076 • .95 .Ol31 . 36 .010 ·-. 116 . -. -~ --. • I. 68 • I. 54 

]63 162 8 . 076 --. ---- . 0140 . 45 -.006 •- .12:"J - - .. --- • ]. 54 
163 12 .Oi7 ·- -- . --- . 0160 . 58 -.003 --.121 ----·--- • I. 67 • I. 54 

-- · - - ------- --- ------------ -----

I 
164 161 

}--·-----------··-·· .. { -I . 080 .oo .012.'l . 21 .030 --. OS5 A 1. 4 • I. 52 • l. 50 
0 -.04 0 . O!sl .00 . 0126 . 17 .026 --. 100 A I. j b I. 52 • 1. 49 

to~ 165 4 . oso .00 . 0134 . 21 .027 •-, 112 \ I. 5 b I. 56 • I. 47 
)66 166 

--- - ---- - - --- ---- --------- -----
1 Letters r,,rer to types of drag curves associated with the interference burble. See footnote I p . 34. 
, Letters rnfer to condition at maximnm Jilt as follows: • Reasonably steady at CL ; • smah Joss or lift beyond CL ; • large loss of lift beyond CL and uncer-

tain value of C'L .. u '""~ 

I Poor 9$ree;;"ient in high-lift range. 
• Rapid 1ocrease io drag proceeding definite breakdown. 

J 
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TABLE V.-:PRI NCI PAL AERODYNAMIC CHARACT ERISTICS OF WING-FUSELAGE CO:--IBI'HTIO~S-Continued 

" 
Loa~i- V~rti-

.!: tud1- cal Wing 
Diagrams representing combination :. Remarks nal posi- set-

" posi- tion ti_ng 
:0 tion k/c .. 
8 d/c 
0 
C) 

Rectangular N. A. C. A. 4412 airfoil with round fuselage 

TJegreu 

167c==> 
167 

}-······················· { 
-4 

lOS 0 
to 169 0 -0.54 4 

171 ~ 170 8 
171 12 

----
112Q- :> li2 Cow led engine •••.•..•.•. 0 -.04 0 

- ----
173c==:=> 173 ___ ., ______ ------ ---------- 0 -.30 0 

l"l4c===> tit Uneowlcd engine •.•• - 0 -.30 0 

-- ----
I 1750 ==> 175 Cowled engine •..•••••• __ 0 -.30 0 

----- --
176~ 176 

rnverted tal")red fillets } 
0 -.30 0 (lar e radius front to 

I smo1I radius rear) .•.•.• 
--- ----

177~;;:=:>- 17; {Straight fillets (large ro- } 
dius rroutand rear) ••. - 0 -.30 0 

-- ----
178~ J7S dius front to large ro-

{Tapered fillets (small ra- } 

dius rear) ............. 
0 -.30 0 

- -----
17S~ liU {Tape(ed fillets; unoowlcd } 

engine • _______ 0 -.30 0 

-- -- -
I 

--- - ---
ieoj I ISO {T~~1~~ ~-II~~; ~wlcd __ ,} 0 -.30 0 

..... ----
I T'apered K. A. C. A. 0018--09 airfoil with round ruselage 

_I_I 
---
Dtgru! 

\\'iog alone_ ------- ------ _____ ,_ -------
-- --

161 <s":~- · ISi } 

{ 
-1 

182 0 .M 0 
toe==> ml~ ------- ------- 4 

164 8 
-- --
)85~ 185 .•• ----- ----------- ---- 0 . 22 0 

-- -- - ------- -------
186~ 186 - ..... --- -.. --- - -- ---... 0 0 0 

--- -- ----- ----
187~ I 7 ------ ........... .. 0 -.22 0 

---
166c==:> 188 

} { 
-4 

to 189 0 -.54 0 
ISi ~; 190 - ---------------------- 4 

191 8 
- -

Lilt-
curve Span slope em-(per ciency c,, ...... 
deJ(ree) Cnctor a 

t A.R.-
6.86 

------ -

0.076 0.85 0.014 
.076 '. 90 . 014 
.076 •.90 .014 
.076 '.90 .01 
. fli7 -•--- . 017 --· -----
. 081 •.90 .0IM 

-- •·- ----
.077 .80 .OH." 

-
.071 . -- .02<-

------
.078 -____ ,. .0166 

---1-- --

.CM I .90 . 013, 

-- --
.O'IO .00 . 0131 

-- - --
. OSI I .90 .0143 

-- - ---~, 85 .0'281 

--- .~5 1~~ -~2 
I --- --

---
I 

.Oi7 .90 . 0093 

--- ,_; I .01:io .075 
.075 '.00 .0132 
,075 .90 I .0132 
.075 .90 .013-1 

-----
.079 .90 .0124 

.20 

:10 

.t i 

.Z'J 

.oo 

• 03 
. 15 
. th 
. lb 

____ I 

. 02 

-
\crody­
nAm1c 
renter 

t>O~ition 
n• 

.033 

.027 

.021l 

.0.10 

-- I 
,02(} I 

. 03c, 

.012 I 

.040 

-~~ 
.039 

-. IOI 

- IOI 

-.(l'.% 

ICKI I 

- 1~1 HI.,') • I. 61 

--, 
A 1.0 • I. 67 "l. 57 

-' 1.61 h l ,f,6 ,~1.60 
, 1. i I b 1. j'~ I b 1. 60 

------
I 

I 
---

• 1.1 • I. 4, • I. 23 

o 1. r,o b 1.30 
• I. 50 • I. 31 I 
•1.52 •1.30 
•1.51 •1.33 

c'-
A I 6 •1.62 b J.30 

------
.070 .90 .0115 

--------, 
.oo .o~o .ooo I AJ.5 •1.s2 1.25 

- - -----
.079 .85 . 0121 

---- - ---::.:.-1 -.02 .039 -.008 •.o • 1.33 

----- --------
.076 .85 .0132 -.)~ .040 .005 • 1. 44 h]. 22 
.075 .85 .0132 -.15 .ll-12 --009 • I. 44 b I. 22 
.075 .ss .0136 -.03 .036 -.023 • l. 44 • 1.22 
,076 .8.5 .0144 .05 . 0.10 -.030 • J,.J2 b 1. JO 

1 Letters refer t;o types or drag curves associated with the interference burble. See footnote 1, p. 3-1. 
• Letters re!er t,o condition at maximum lift as follows:• Keasonably steady at CL ,..,; •small loss of lift beyond CL,. .. ; • large loss of lift b1eyond CL,.., and uncertain 

value of CL 
• Poor ag;~8meot over whole range. 
• Poor agrccme,nt in high-lift range. 
• Rapid lncreai;e in drag preceding definite breakdown. 

I 
I 
( 

_ _/j J 
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.'.\AT!ONA I, ADVISORY COi\l1'll'l"l'El.!; l •'OR Al:lWNAU'l'ICS 

T .\BLI~ \'. - PRIN CIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUS l!:LAGg CO:i\rnIX.\TIO)l"S-Co11Linucd 

Diugr.1111~ r('Jtt'C!-Cnt in~ <-om bi nation 
" -~ 
.; 
C 

ii 
s 
0 u 

('ul--0ul :--- . • \ .('.A. 

I 
l,on~i-1 \ 'erti-
t11d1• cal 

Hc1111rks 1ml l)O.~i-
l>o,1- i 
lion I l on d/c k/c 

0011 airfoil with round f11:,;rln1,rC' 

-- -

Wing 
set• 
l in~ 
i, 

--I I IDcgrw \\'iu~ nlour - - ----- -- ------

II 
- -- ------ --

rs, -·. · 
to,....-------.._ 

196 ~ 

197~ 

198 ,..-----__ 
to~ 

202 =·•.-

192 
rn:{ 
1!11 
1ua 
lfK; 

l!li 

I l\h 
Ht!I 
2111 
'.!01 
2<l2 

I 

I--
-

!} -• ----- . .. 

1icctt1n1,:ular fuselage cornhinntlons 

203 
to ~ 

205 ~ 

206~ 

207 ~ 

208~ 

209~ 

203 HN'tammlur N . .\ ('. ,\ . } 
0012 nir foil. 
.. do .. ... 

: ... do ... -- ------

20fi Hedungulnr X. I . C. ,I . 
0012 airfoil; UllCO\\ lotl 
rni,:ine. 

Wi Rcctsrngular N . A. f' . . \. 
0012 airfoil; cowled en­
gine. 

'! 
f 

208 I Hectan~ulnr N. A. l' . . I . } 
1412 air foil. 

I 
2oi1 I 'l'a:rccl N . A. C. 

0018-00 airfoil. _________ ....,__ 
A. } 

I 

{ 
- 1 

0 
0 11.,)t 1 

~ 
12 

- -
0 0 0 

I - 1 1 (I 
(I -.:J I 

l .i 
-

--
/11gra, 

l 
-•l 

0 0 0 
I 

-- -

II (I n 

0 0 

(I 

0 (I 

1I,etters re for Lo lY1>os or drag c,ir,·cs a5soriated with the inlcrlcrcuco burb le as follows: 

c, 
Type A 

Lilt-
c11r vo 
:,;.lope 
(per 

fl l'~n)•l\) 
n 

.\ . H.• 
G.86 

0.(l(;li 

.0fl7 
-lt;i; 
• (lf,r, 
. lij\S 
.o,;n 

. 077 

.OIMI 
. t)jlfi 
.0Hi 
. ()iii 
. (Kl!, 

.Ol,I 

. ()XI 

. Obi 

-

. II'° I 
I 
I 

. 0.,2 

. o,o I 

Span 
rfli-

dcnry (Yu,,.,.,,. ('1•oM 

ruc·cor I 

\Crt}(~~·-
narmt 
('('nter c~. 
JOSifiOII 

C ", 

- --
- - -----

0. ;.1 0.1~1;1 

. 70 . .Oll7 
. ;r, , Ol lf, 

'.NI I .0121 
•.~o .111:?i 

. 111:i11 

• h(l .0111 

-
,fi!'l . 0 121 
. 70 .0116 
. 70 .Olli 

&. 7,) . 012-1 
•.so .01:Jli 

--

. ~r. .1112\1 

. ,,.5 • 012"2 
• i-1:, • 012n 

-
. ,o . 02fii 

. Olli! 

.!\O .onr, 

. 012i 

0.(KI 0.1':!7 11. 1,,1 

- .Ill .or.n . (lJj 
.(12 .111-(1 . °''' .(If. . o;o --.(If~ 

. 1:1 .C11i ·-.0:12 

. 2h .020 --.o:n 

.00 .Cl.IC! .ooo 

-. 1'.Mi . 0i0 .OH, 
-.02 .llMI . 1110 

.lll . ll(i9 -.llli 

.un . o;~i -.o:l() 

. 12 .0111 ·-.O:l>\ 

-

--

.112 .1121 . UICI 

. 011 .n2:1 .om 
-.02 . 02:l ·-. 0111 

. (let .11~ 1 • CXX\ 

.(XI 1~1110 

. 2;, I . OIO 

. <XlO 

·-.1~\.I 

.oo .11:n 

I.if(('()• 
cflic-ien1 
at inter 
rerentt" 
burble 
1c,,u 

, rcu. " 

' u,8 
H.l) 
n. 8 
c.:c 

II, 7 

A 1.:1 

I I. I 
A 1.:i 

I 

II I.II ! 

/1. I. .) 

' 1. 6 

A ). ,5 

• Letters refer to condition at ma,imum lift as follows: • llcasonobly ste·1cly at C,. . • ,mall loss of lift beyond c,. . 'large loss or l ift be)'ond C, 
value or Ci,,.u. "'ou:' """J • 

• Poor agreement over whole range. 
• Poor agrnement in bigh-li!G ruuge. 
• Rapid inc:rease in drag 1irccedlng definite b reakdown. 

ic,.,,,a, ·C1.,.,..,u 
ctfcc- c/Tec-
t ivo live 

H.N.- R. N . .. 
7.5XIII a.4+19" 

• I 1, h I. JO 

b I. 16 
• I, I~ 

• I. 11 b I. 13 
b I. II 

• I. 11 b I. 10 

a I. :!I I, I.If,-
b I. IS 
b I. 17 

b I. 40 b I. 15 

-~-1.-20· b I. 13 
b J. I I 

------

e I. :iri e 1. :ll 

• I. 11 e I. :ti 
,. I. :i~ ,. I. 2H 

, 1. :n 'I. 2i 

<I.S2 <1.38 

• l. r,3 • I. 1S 

on<l unecr1ain 

J 



1- u. uu, 2-t. Comhirrntiou i! (t-ombiuation ~-l in, nlt"fl) ~ho\\ ing pnor junt·tures 
al th(l \\ inl[ roots. 

l'IIH tc> :.?J C101111ii11alions lum ing round (us-•I ••· "ith rowh·•I .111d unro" Jee-I 
en~irw 

~·mvn,. 21i.-Cumhlnntion 1111 (comhlnatioa H2 ln\"\'rled) sho\\ Ing curie<! 
pJon-lorm fillets. 

3;"5 

412 Ll 

1-'l<il.iftt. '!7. <'nmb1111t1011 J h, h I\ 111~ small t,11,ere<I 

l'u:a n£ :...~ < otuht t1011 Hi < 

f'1ot.:m: 29. < ombrn.11!011 lh (oomblnnl n Ii I"' erte I sbo" Ing forl(e 1 ,r,~red 
tnlets e,1t•111h•,\ to th,• \1• ,,ling e lg,, or 1\w II l1tK, 
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F1GURE 30.- Combinatioos 152 and 153 (combinations 157 nod 158 inverted) show• 
ing the thick connecting strut in the forward position with and without fi llets. 

FIGURE 31.-Combination 175 showing the N . A. C. A. 4412 airfoil in a low-wing 
position. 

FIGURE 32.-Comblnation 176 showing Inverted tapered Ollets. 

-

.. 
FIGURE 33.-Combioation 177 showing straight fi llets. 

... 

F IGURE 34.-Combination 178 showing tapered fi llets. 

-==---·•-========--

F IGURE :!5.-Combination 197 showing the Junctures at the wing roots or the 
cut,.out wing. 



INTERFERENCE OF WING A ' D FUSELAGE 

I 

1-·1011RE 3-0.-Combioalloos 20I and Wi ~howiog th~ l'<'Claogular fuselage with ond 
wit bout a cowled eo&ioe. 
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~ ------ ,,,.------- ~z - , 

. • I 

-.... --. 

z 

I 
I 

I 
,4 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment nbout a xis 

Force 
(para.lie! 

Sym- to a.xis) S m 
b l D 0 •1·gna.t1·on y • bol sym O = bol 

Positive 
d irection 

I : Line 

tion nent 
axis 

ocities 

· Angular Designa- ~" (com 

,.------:---l-----1------l---:- - - ---1-- --1 -----l------l 
j 

gitudinaL _ _ X X Rolling____ _ L Y--+Z Roll _____ - tJ> , u 
raL_______ Y Y Pitching.... M Z--+X P itch... . 8 11 

rmaL_______ Z Z Yawing_____ N x -1· Yi.w__ ___ t w 

p 
q 
r 

Absolute c efficients of moment .Augle (If set o! control suriace elative to neutral 
position), o. (IndicatP. surface b proper subscript.) 

D, Dia 
p, Geo 
p/D, Pitc 
v, 

' 
Infl 

v., Slip 

T, 

Q, 

1 hp.=76. 
1 metric h 
1 ro.p .h.= 
1 m.p.s. = 

0 M 
m= tj_cS 

(pitching) 

N 
O,.=qbS 
(yawing) 

4. PROPELLER SY:i\JROLS 

eter P, Power, a b,oluto coefficient 
etric pitch 
ratio 0., Speed-power coefficient='\ 
velocity 

tream •relocity T/, Efficiency 

st, absolute coefficient OT= r.D' n, ReYolutions per second, r.p 
pn 

<I>' Effective helix angle =tan-1 

e, absolute c~efficient 00 = ~Y pn 

5. NUMERICAL RELATIONS 

kg-m/s = 550 ft-lb./sec. 
epowcr = l.013:3 hp. 

.4470 m.p.s. 
2369 m.p.h 

l 

I 

1 lb.= 0.453G kg . 
1 kg =Z.20-16 lb. 
1 mi. = 1,009.35 m = 5,280 it. 
1 m =3.2808 ft. 

2:) 




