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REPORT No. 540 

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

By EASTMAN N. J ACOBS and ICE NETH E. \Y ARD 

SUMM ARY 

Tests oj 209 simple wing1uselage combinations were 
made in the N. A. C. A . variable-density wind tunnel to 
provide information regarding the effects oj aerodynamic 
interjerence between wings and juselages at a large value 
oj the Reynolds Number. This investigation is part oj 
a basic investigation oj aerodynamic interjerence now 
in progress at the Committee's laboratory and considers 
the interjerence as affected by the more important variables 
oj a combined wing and juselage. 

lI.10st oj the tests were made with a round juselage in 
combination with a rectangular wing oj symmetrical 
section. Variations of the vertical position, longi 
tudinal position, and angular po ition were cove1'ed . 
A sufficient number oj tests oj other variables, such as 
the wing and juselage shape, were made to give a general 
understanding oj the effects oj these variables. For some 
oj the combinations in which the wing and juselage were 
not connected, the air jorces on the wing and juselage 
were determined separately in order to investigate the 
mutual interj erence . 

The principal results are given in tabular j orm and 
snmmarized by presenting the important chamcteristics 
jor all the combinations by means oj pammeters in a 
single table so that the relative merits oj the various 
combinations may be readily compared. The results are 
discussed in relation to the chamcter, cause, and signifi
cance oj the interjerence eff ects encountered under various 
conditions. 

INTROD UCTION 

The continual improvement in the aerodynamic 
efficiency of airplanes may be ascribed to a gradually 
increasing knowledge of the flow about single bodie 
and the interference between them. As the units 
malting 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. Many experimental data have now been 
secured on which to base the de ign of efficient com
ponent parts but adequate data concerning the inter
ference between them are still lacking. Although the 
need for reliable information concerning aerodynamic 
interference has been appreciated for several year, 
the Committee considers that only recently the design 

of component parts ha reached a point of refinement 
such that further improvements of airplanes demand 
more knowledge concerning the aerodynamic inter
ference, 

For several years the Committee has had in progress 
a basic investigation of aerodynamic interference in the 
variable-density tunnel. Such an investigation is 
necessarily based upon existing information about sim
ple combinations and a knowledge of the :flow about 
the simple bodies forming the combinations. Two 
bodies are considered as being of primary importance: 
the airfoH and an elongated streamline body repre
senting the fuselage. The results oI numerous investi
gations of the flow about airfoils and airship hulls, 
the potential-:flow theory, and the various boundary
layer theorie fU1ID h a reasonably complete picture 
of the flow about the two simple basic forms. The 
fir t phase of the CUlTent interference inve tigation 
dealt with the flow about such bodies as affected by 
slight disturbances such as those produced by different 
types of small protuberances variously located on air
foil and streamline bodies. (ee reference 1, 2, and 
3.) The second pha e of the problem, the interIerence 
of wing-fuselage combinations, is reported herein. 

PREVIO US WI G-F SELAGE INTERFERE CE INVESTIGATIONS 

One of the earliest wing-fuselage interference in
ve tigations wa made by Prandtl, the results of which 
have been available in an Engli h translation since 
1921. (ee reference 4.) Five wing-fu elage com
binations were tested to determine the influence of the 
relative vertical po ition of wing and fuselage on the 
efficiency of the wing. Prandtl concluded that with a 
normal fuselage shape the drag differences are small 
for various vertical positions of the mng except for the 
combination having the wing a little below the fuse
lage, which showed an aerodynamic change for the 
worse in comparison with the other combination . 
He also pointed out that the drag of the mid-wing com
bination noticeably increased at an angle of attack of 
about 12°. 

The implest wing-fuselage combination may be 
considered to be a wing having a thin fiat plate inserted 
in the plane of the midspan cross section. 
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In an investigation of wing-fuselage interference, 
11 u ttray (reference 5) te ted a wing-plate combina
tion to how that the wing polar is unfavorably affected 
even by thi "ideal fu elage." He te ted a large num
ber of low-wing combinations having different fuselage 
shape and different wing shape. everal of the 
combinations were also tested with :fillets. From the 
result of thi inve tigation Muttray found that the 
relative foro-and-aIt po ition of the wino- and fuselage 
greatly aft cted the magnitude of the additional 
(induced) drag, a result that he attributed to changes 
of the pan load distribution resulting from the different 
position of the center of pre me for wing and fu e
lage. For some positions separation occurred at mod
erately high values of the lift as indicated by the ab
normal drag increase. Muttray attributed this sepa
ration to the harp nose of the fu elage. A tudy of 
the effects f variation of the angle between the wing 
Hnd the side of the fuselage showed that the malleI' 
the angle Lhe greater the additional induced drao-, 
indicn,ting nn cad y s paration of the ftil' flow at the 
wing roots. NIl1ttray devi ed the tapered, or expftnd
ing, fillets to improve the characteristic of the poor 
combinatio s. His investigations of the eff ct of 
wing having the trailing edge cut away ftt the root 
indicated LJlftt tbe separation at the root wn not 
prevrnted by cuttino- away the Lrftiling edge ftnd 
Lhftt inCl'easi ng the ize of the cu taway portion jn
ere[\, d the drag in the usualliH range but decreased 
t he everity of the break in the polar curve. 

Parkin ftnd Klein (reference G) tested combinations 
of 3 wings, varying in thickness, with 3 fuselages: 
treamline, cabin, and open cockpit. A number of 

typical monoplane and biplane combinations were 
tested, a fO\· with :fillets. 'fhe author concluded that 
the interference effect were dep ndent on the bape 
of the fuselage, the airfoil section, an 1 the relati e 
po i Lion of the fu elage and the airfoil. The better 
tbe aerodynamic form of tIl fuselage and the thicker 
the airfoil section, the greater were hown to be the 
interfrrence eft'ect and the more marked the influen e 
of the vertical wing po ition on the intmJerence. The 
in terferen c tend ed to lower the angle of attack corre
sponding to maximum lift an 1 to increa e the drag 
compared with tho e of tbe individun.l components. 
From aerodynamic con ideration , the best po ition 
for the wing was found to be at tl1C top of the fu elao-c 
nnd Lhe worst at the bottom. Fillet and fairings 
improvrd combination having poor characteri tics 
hut had little rn'ect on annngcments already fairly 
, aLi f,tetory. Many other tc ts have been made using 
smaU model. , and the general conclu ions agree in mo t 
respects wiLh tho e of the inve tigations mentioned. 

In a com rehen ive report on interference (reference 
7), Ower dc cribes an investigation in which large 
models witll tub wings were used to obtain re ults for 
much larger values of the Reynold umbel' than 

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

had been previously obtained. The e Reynolds Num
bers, however, were still well below those correspond
ing to ilight and the fact that stub wings were used 
makes the application of the result somewhat que -
tionable. 

Among the inve tigations of wing-fuselage inter
ference made at high values of the Reynold umber 
was an investigation made in the . A. O. A. variable
den ity tunnel in 1930 (unpublished) to compare high
wing, mid-wing, and low-wing monoplanes. The 
effects of expanding ftllets were also studied. Al
tbouo'h ome conclu ions were reached that confirmed 
previou results from te ts at low values of the 
R eynold Number, the result uggested a need for a 
more complete investigation at hlgh Reynolds I U1n

bel'S. A series of inve tigations were therefore started, 
the first of which considered a wing having a thin 
I1ftt plate inserted in the mid pan cross section (ref
erence ) to study the interference effects on thi 
hu, ic com binntion. 

Other intel'ferrnce invesLigations have been made 
I1t relatively large vnlues of the Reynold umber. 
Short inve tigations, each of one particular type of 
low-wing monoplane, have been made nt the Oali
fornia In titute of T echnology (reference 9) and in the 
N. A. . A. full-scale tunnel (reference 10) to stuely 
interference and buffeting. Both investigations con
Ii rmed 1Iuttray's C'onclu ions tlHtt expand ing fillet 
improve the aerodynamic chn,racteristic of low-wing 
monoplanes. 

TH8 BASI C WJNG-FUSELAGI~ I NTERFERE CE PHOGRAM 

Becau e the previous wing-fu elage interference 
investigations were incomplete in many 1'e pect , it 
was dcsired to on ider in formulating thi program 
all of the important variables. Once the important 
variables were listed, it became npparent that a com
plete investigation of all the po ible combinations 
would be impracticable. This difficulty was partly 
overcome by classifiying the po ible variable as 
"major" and "minor ", so that the program could b 
formulated to include complete investigations of the 
major variables and to include only incidental investi
gations of the effects of the minor variables. The 
following tabulation presen ts the das ification ndoptecl: 
Wing: 

i\bjor variables : 
Plan form. 
Airfoil section. 

Minor variabl es : 
Fillets. 
Plan-form variations ncar fu s lage, e. g., plan-rorm 

fmet s or wing cut-outs. 
Bends near fuseLage, e. g., gull-wing types. 
Incidence changes near fuselage. 
High-lift and air-brake devices. 
Size. 
Aspect ratio. 
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Fllselage: 
Major variable: 

ero s-sectional sImp 
Minor variables: 

Longitudinal form. 
ize. 

Air-cooled engine in nose, cowled or ullcowled. 
Unusual form changes to accommodate wing and 

windshield. 
Combinations: 

Major variable: 
Vertical po ilion of the willg with r spect to the 

fusclage. 
Millor variable ': 

Longitudinal position of the " 'ing wiLh re pect to Lhe 
fuselage. 

A ngular relation of the wing allcl fu selage. 
Fillets and strut attachments. 

It will be noted that the major variable of the wing 
arC taken as the airfoil plan form and section. Airfoil 
plan-form variations are probably covered sufficiently 
by the inclusion, in the program, of two plan forms: 
rectangular and 2:1 taper. The variations in airfoil 
section are likewi e covered by the inclusion of two 
airfoil cctions, a symmetrical . A. C. A. 0012 rep
resen ting slightly cambered ections and an J . A. C. A. 
4412 representing moderately highly cambered sections. 
An incidental yariation in section thickness is also 
obtained by considering the thick section at Lbe root 
of Lhe Lapered wing as a variation of the . A. C. A. 
0012. 

The major variable of the fuselage is the cross
sectional shape, the variation of which is included in 
the program by means of two fuselages, one having 
round and the other r ectangular sections. 

The major variable of the combination is t11e ver
tical position of the wing with respect Lo the fLi elage. 
lL appears to be necessary ( 0 include as many as 21 
verLical positions to make Lbe investigation rea onably 
complete in this re pect. 

The complete program is intended finally to include 
all pos ible combinations of major variables and all 
sllch combinations of minor variables as may appear 
to be of particular importance. 

THE I VESTIGATIO COVERED BY TillS REPORT 

This report is not intended to present the resul t 
of Lhe complete wing-fuselage interference inve tigation 
but mainly to consider the variations of a rOllnd 
fuselage in combination with a rectangular wing of 
symmetrical section. These combinations were tested 
for various vertical, longitudinal, and angular posi
tions in order to determine which of the possible vari
ables were of ufficient importance to inclllde in the 
remainder of the program. ,ome of the minor vari
able, such as fillet and cut-ou t , were also investigated, 
particularly with reference to the low-wing combi
nations, because of the pre ent demand for data on 

SlIC /t alTangemenl~. Other minor fuselage va ri
ubi<', , uch as an air-cooled engine aL the nose of 
(,he fu sehlge, were also included for llJ(' ~ame reason and 
Lo delerminc the importance of tht'se minor fuselage 
variables in respect to the remainder of the program. 
A ufficient number of combinations of the major 
variables to give some understanding of the efTects of 
each were included lo complete the main hody of the 
invesLigfl Lion covered by Lhis report. The scope of thc 
pre ent iuYe tigntion is clearly indicated by reference 
to table V, the diagrams of \~hich repre cnt all the 
combinations tested. 

MODELS 

The wing models used for Lhis investigaLion arc it 

rectangular N. A. C. A. 0012, a rectangular . A. C. A. 
4412 (reference 11), a rectangular . A. . A. 0012 
having a cut-ouL center scction (refercnce 12), and a 
tapered wing having a root-to-tip cbord ratio of 2 and 
ections tapering from the N. A. C. A. 0018 to the 
. A. C. A. 0009 (fig. 18 and reference 11) . Each 

rectangular wing has a chord of 5 inche and a span 
of 30 inches aud was constructed of dmalumin in the 
manner de cribed in reference 13. The tapered wing 
is also of duralumin ''veith an area of 150 square inches 
and a pan of 30 inches. 

Two fu selage models were used, olle haying circular 
and one rectangular cross sections. BoLh models are 

FU ELAGE DIMEN ION 

I 

Round Rectangular flL,e\n~e fu,c\age 
Station 

Diameter Height Width 

-0.1,56 0.000 o. non diameter. 
.000 . 772 . ;72 dinmrter . 
.250 I. 212 J. 212 diameler. 
.500 I. 572 I 572 diamrter. 
.719 I 795 d iamelcr. 

1.000 2.044 
J. [,00 

----2~650···· 
2.30 2.240 

2.000 
2.312 2.7flO 2.3;0 
3.406 ----------- 3.0no 2.470 
4.000 3. 23 3. Zl" 2.513 
6.000 3.410 3.410 2.678 
.000 3.440 3.440 2.702 

10.000 3.406 3. II~; 2.6i5 
12.000 3.268 3.2(, 2. ,567 
14.000 2.990 2.II'JO 2.34 
16.000 2.516 2.5lfi I. 976 
17.000 2.170 2.175 J. 701 
1.000 1.69 .------ - 1. 331 
19.000 1.000 . 785 
19.500 .54 

i~125 
.430 

20.000 .000 .000 

ource- ink distribution for round fuselage. 

O./SC·- ,,-- 20.000 

"I 
I 
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of duralumin with cfLrefully polished mfaces and have 
lengths of 2 .156 inche and maximum cro - ectional 
areas of 9.29 qUfLre inches. The circular-section 
fu elage wa, derived from a source- ink di tribution 
to give a form approximating that of an airship of 
Enene s ratio 5. 6. The rectangular- ection fu elage 
wa derived from the circular one to obtain a related 
form having the ame cross-sectional area. The 
fuselages were constructed to the dim en ions on page 3. 

The fu elage shape was fmther altered by the 
addition in the nose of a model engine with an ,A. 
O. A. cowling. The engine, 3.42 inches in diameter, 
was carefully modeled to scale to repre ent a 9-cylinder 
radial air-cooled engine. The cowling, 3.47 inche 
out ide diameter, was constructed of a single thiclme 
of metal arranged to slip over the engine. For te ts 
with the rectangular fu elage the shape of the rear 
portion of the cowling was altered somewhat to provide 
an approximately constant-area slot permitting the 
free flow of air through the cowling around the edge 
of the fuselage. (ee fig. 36.) 

The juncture of the wing and fu elage of everal of 
the combination was altered by means of fillet . 
Most of the fillets were molded from pIa tel' of pari 
and carefully frnished to a mooth surface. 

Other co binations of the wing and fuselage em
ployed connecting struts. One connecting trut con
si ted of a thin teel plate, }i6 inch thick by 2 inche 
long, treamlined and poli hed. Other connecting 
struts were formed by building up this plate with wood 
and plaster of paris to form the de ired sections. 

The wings and fu elages were combined in different 
ways to give variations of vertical po ition, fore-and-aft 
position, and wing etting. diagram of the variou 
vertical and fore-and-aft po itions of the rectangular 
wing of sy metrical section in combination with the 
round fuselage is shown in figure 1. Diagrams repre
senting all the combination are shown in table V and 
photographs of some typical wing-fuselage combina
tion, particularly tho e having fillet and attach
ments, are shown in figures 24 to 36. 

TE TS 

All the tests were made in the variable-den ity 
tunnel at a Reynolds umber of approximately 
3,100,000. In addition, the maximum lift of most of 
the combina tions was determined at a reduced speed 
corre ponding to a Reynolds umber of approxi
mately 1,400,000. A description of the tunnel and 
of the method of testing is given in reference 13. 

The tests 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. 

The fir t tests were those in which the fuselage was 
attached to the wing and the combinations were 
mounted on the model upports in the u ual manner 
(fig . 2). The method of testing and the accuracy of 

~.~ 8 
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loge quarter-chord point t"n terms or winq chord, dIe 

FIGU RE I.-A diagram of the various wing positions with respect to the fuselage. 

FIGURE 2.-A wind-tunnel set-up of a connected wing-fuselage comhination. 

the tests were the same as those of the usual airfoil 
te ts (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 
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one set-up by testing the combination through the 
complete range of po itive and negative angle of 
attack. 

The di connected combinations were tested in uch 
a manner that the forces on one body while in the 
presence of the other were independently determined. 
Only those combinations in which the wing was 
entirely outside the fuselage were tested in this way. 
For these tests the wing was first mounted on the 
balance in the u ual manner and the fuselage wa 
supported from the roof of the tunnel on a ingle 
strut and independent of the bahmce (fig . 3 (a)) . 

(a) The wing on the balance. 

i' 

between the wing and fuselage was varied by varying 
the position of the fuselage. Variations of the fore
and-aft position of the wing with respect to the fuselage 
were effected by varying the position of the fuselage 
support. As the gap and the fore-and-aft position 
changed slightly with the angle of attack, most of 
the tests required a small change in the set-up at high 
angles of attack. Consequently, the position was 
corrected at angles of attack of 160 and - 16 0 to give 
the correct gap and fore-and-aft position and the 
angle-of-attack and wing-setting range for each set-up 
uitably chosen to give the lea t po ition error. The 

(b) The fuselage on the balance. 

FIGURE: 3.-Set·ups in the tunnel for two typical disconnected combinations. NOT REPRODUCI BLE 
The forces on the fuselage in the presence of the 
wing were similarly determined by supporting the 
fuselage on the balance and the wing independently 
from the tunnel structure (fig. 3 (b) ). The angle of 
attack of the wing and of the fuselage could be varied 
eparately. 

The characteristics of high-wing and low-wing com
binations having wings of symmetrical ection were 
obtained by testing the combinations through positive 
and negative angles of attack. The wing alway 
remained in the center of the tunnel and the gap 

gap for each set-up was checked while the tlmnel was 
under pre sure by varying the angle of wing setting 
until the models were in contact (as shown by an 
electric fouling ignal) and reading the angle of 
attack of each model. As the relative po itions of 
the model at contact were known, the actual distance 
between the pivot points of the wing and the fuselage 
supports could be determined. 

The test result of the disconnected combinations 
are relatively inaccurate as compared with the test 
results of the connected combinations. Because of 

l 
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Lbe many diI:rerent et-ups necessary, the final re ult 
for a combination are subject to accumulative error. 
Also, because of the lin1itation of tbe set-up, C011'ec
tions for pO ' ition error were nece ary, which intro
duced error into th finalre ult. The net interference 
was determined from the mall difference between 
relatively large interacting forces with resulting limi
tations of tbe accuracy. The interference of tbe 
supports on the model also introduced a mall ource 
of error. A comparison between the test re ult of a 
connected combination baving a moderate gap and 
baving the fuselage a ttached to the wing by mean of a 
mall thin plate and those of tt imilar disconnected 

combination indicates that, at minimum drag, thc 
disconnected combination giyes tt yalue of the drag 
coefficient about 6.7 percent low o,nd, at a moderately 
high lift, gi \'e a value of the lift coefficient about 
1.7 percent low. 

Test of the wing alone were made in the tandard 
manner. I add ition, the wing were te ted alone 
with double tings placed direcLJy behind the upport 
struts for u 'e with the re uIt from te t of the dis
connccLed combination. The fuselage were tested 
alone with eve1':11 different m unting. The accu
racy of the e test l' sult i believed to be the a111e a 
t1Hl,L of the tandard wing te ts (reference 11). 

RE ULTS 
METHOD S OF A ALYSIS A D PRESE TATIO N 

ome di cussion of th pre entation and analysi of 
tbe data i cLdvi able owing to the omewhat unusual 
method .employed. Entirely ati factory methods 
are yery difficult, if not impo ible, for uch exten ive 
te t results inyolving so many asp ct of the da,to, to 
be considered. In the di cu ion, a part of the data 
is presented graphically in or leI' to bring out the 
effects of some of the factors tbat influence the inter
ference but a more compact tabular form has been 
adopted for the bulk of the data. Llch data are 
presented in tables III and IV for all the combination 
investigated, 

Table V summarizes the principal cbaracteri tic of 
all the combinations and together with table II, 
which gives the characteristics of the fll elages alone, 
includes the mo t important results and all the data 
necessary to supplemen t those presented O'raphically 
with the discu sion. nless detailed application of 
ome of the data are contemplated, the I' ader may 

disregard tlle following paragraphs expla.ining the 
presentation of the tabular data and continue with 
the later section: Principal haracteJ'istic of Com
binations. 

Various methods of presentation for the bulk of 
the tabular data were considered using either the lift 
or the angle of attack as the independent variable. 
Several method of tabulating the interference values 

were also con idered. The method finally adopted 
doe not indicate the interference directly but rather 
the amount by which the characteristics of the wing 
are altered by the pre ence of the iu olage in the 
combination. 

'Cole compari on are made in sllch a manner 
that the total lifts of the combinations are equal, 
lrag differenccs may be mi leading owing to the 

inclu ion of unequal components of unavoidable 
induced drag. For example, two combinations might 
be compared at equal angle of attack but the inter
ference might increase the lifL of one combination and 
decrease that of the other. As the result of a finite 
span, a larger unavoidable induced-drag component 
is included in the total drag of the combination having 
the higher lift so that it Duty how the higher dmO' 
even though the actual drag as ociated with the 
interference may be les than that of the other 
combination. 

In order to avoid misleading compa!'i on owing to 
the inclu ion f different unavoidable components of 
induced drag, drag values for comparison are given 
by means of an effective profile-drag coefficient GD e • 

The effective profile-drag coeffi ient is the difference 
between the total drag coefficient and the minimum 
induced-drag coefficient as ociated with the lift and 
pan of the airfoil, i. C., the induced-drag coefficient 
{}/7r.1l C01'1'e ponding to the elliptical load distri

bution. Effective profile-drag coefficient thus elimi-
nate, for purpo es of com pari on, any nece ary 
induced-drag dlfferences but include drag component 
due to change in induced drag as the result of in ter
ference. 

The use of the effecLive profile-drag coefficient thu 
permits the 11se of the angle of attack flS the independent 
variable. 

The character of the interferenee is then indicated 
most c1 arly by con idering change in the lift, drag, 
and pitching momen t while the attitude remain lill

changed. Characteristics of the wings alone, the fu e
lages alone, and the combinations (or data from which 
the characteristics of the combinations can be obtained) 
are con equently presented at certa~ .... angle of attack. 
Interference values for the combination are, in general, 
not directly tabulated but may be readily obtained 
from the data given. Con idering, for example, only 
the single characteri tic, drag, the bulk of the data for 
the combination i pre ented by giving the "drar r 

and interfercnce)) of the fuselage. The value thu 
giye directly any increase in the drag over that of the 
wing alone due to the presence of the fu elage in t.he 
combination. From these yalues the interference drag 
is found by deducting the drag of the fuselage alone, 
01' the drag of the combinatiOll i found by adding the 
drag of the wing alone. 
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TABULAR PRESENTATIO 

Experimental Data.- Table I give the lift and drag 
coefficients and the pitching-moment coefficient meas
ured about the quarter-chord axis for the four airfoils 
used in this inve tigation. The characteristics of the 
symmetrical airfoil are given at angles of attack of 
0°, 4°, and 12° and those of the cambered airfoil, 
which has an angle of zero lift of approximately _4°, 
are given at _ 4°, 0°, and 8°. The first two angles of 
attack represent the high-speed range and the third 
repr~ ent a high-angle-of-attack condition. The coef
ficients are ba ed on a wing area of 150 square inche 
for all the wing , including those for the cut-out airfoil. 

Table II gives the aerodynamic characteristics of 
the fu elage models. The coefficients are all based on 
the original wing area and chord; the pitching moment 
coefficient Om

F 
is taken about a point on the fuselage 

axis one-quarter of the distance from the zero station 
to the tail; i. e., the quarter-chord point of the fuselage. 
The characteristics are given for angles of attack from 
0° to 16° at interval of 4°. As the fuselage models 
are symmetrical, the results for the negative-angle 
range may be obtained by changing the sign of the 
lift and pitching-moment coefficients. 

Table III gives the "lift and interference" t.OL, 
"drag and interference" t.ODe, and "pitching moment 
and interference" t.Om of the fu elage in the wing-

c/ 4 

fuselage combination ; that is, the differences between 
the characteristics of the combination and the char
acteristics of the wing alone. The e results are given 
for two angles 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, wmch are 
discu sed and presented in a more complete form in 
the following paragraphs. 

Table IV give the result of tests of the di connected 
combinations in which the force on the wing and on 
the fuselage were each measured. In order to eliminate 
tare tests and to obtain more con istent results than 
wa believed possible otherwise, a unique method of 
deriving the final result wa employed. From the 
test results of the wing in the presence of the inde
pendently supported fuselage were deducted the test 
results of the wing alone for the same set-up without 
the fuselage in place. (See section describing tests.) 
These differences of the lift, pitching moment, and 
total drag were then added, after correction for the 
change of the relative position with angle of attack, 
to the standard characteristic of the wing. The 
results obtained in this manner represent the charac
teristics of the wing in the presence of the fu elage. 
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 

14 1-36- 2 

give polar curves, which in figures 11 and 12 are 
designated" wing in presence of fuselage." The value 
given in table IV for the interference on the wing in 
pre ence of the fu elage (OOL, OODe, and oOmc/J were 
obtained as the difference between the characteristics 
of the wing in the presence of the fuselage and the 
characteri tics of the wing alone after the induced 
drag had been deducted. These values are represented 
for the lift and the drag by the dashed lines of figures 
11 and 12 joining test points at equal angle of attack of 
the "wing alone" curves and the " wing in presence 
of fuselage" curve . 

The characteri tics of the fuselage in the presence 
of the wing were obtained by adding to the standard 
fuselage characteristics the differences between the 
characteristics of the fuselage measured with and 
without the wing in place after correcting for po ition 
errors. The characteristic so obtained were added to 
the lift, moment, and the total drag of the wing in 
the presence of the fuselage. The total drag was 
then reduced by deducting the induced drag corre
sponding to the sum of the lift value. The resulting 
values are the characteristics of the wing-fuselage 
combination. These values are repre en ted for typical 
combination in figures 11 and 12 as the curves desig
nated "wing-fu elage combination." The values given 
in table IV for the characteristics of the fuselage in 
presence of the wing (OL, ODe' and Om

C
/

4
) were obtained 

a the differences between the characteristics of the 
wing-fuselage combination and the characteristics of 
the wing in the pre ence of the fuselage after deducting 
the induced drag from the corresponding total drags. 
The e value are repre ented for the lift and drag by 
the dashed lines of figures 11 and 12 joining test points 
at equal angles of attack of the "wing-fuselage combi
na tion" curves and the "wing in presence of fuselage" 
curve. 

Principal Characteristics of Combinations.- Table V 
give the principal aerodynamic characteri tic of all 
the combination tested. The characteristic of the 
wing alone are also included. The geometric char
acteri tics are given in diagram that, together with 
the tabular data and the photographs of certain 
combination (figs. 24 to 36, following the table), give 
all the information usually required . Tho e com
binations differing only in re pect to the angle of wing 
etting are represented by a single diagram in which 

the wing po ition for the maximum incidence range 
are indicated by do. hed line. The fir t three col
umns of the table give the diagrams repre enting the 
combinations, the combination number, and perti
nent remark. The next three column give the 
geometric relation of the wing and fu elage. The 
value die and kle repre ent the longitudinal and 
vertical displacement, re pectively, of the wing 
quarter-chord axis measured positive ahead of and 

------~ 
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above the quarter-chord point of the fuselage, and iw 
is the angle of wing etting. 

The following important characteristics are pre
sented by the last nine columns employing tandard 
nondimensional coefficients ba ed on the original wing 
areas of 150 square inches: 

Lift-curve slope, a. 
Airplane efficiency factor, e. 
Minim u m eff ec ti ve profile-dr ag coefficient, 

ODe min. 

Optimum lift coefficient, CLopt . 

Aerodynamic center po ition, no. 
Pitching-moment coefficient at zero lift, C"'o. 
Lift coefficient at the interference burble, C"'ib. 

lIaximum lift coefficient, C'" for an effective 
max 

R. N. of 7,500,000. 
laximum lift coefficient, CJJ for an effective 

max 

R. N. of 3,400,000. 
The lift-curve slope a was determined in the high

speed, or low-lift-coefficient, range. The valu es repre
sent change in lift coefficient per degree for an airplane 
having a wing of aspect ratio 6.86 . Thi value of the 
aspect ratio differ from the actual value for the models 
used because the lift results are not otherwise corrected 
for tunnel-wall interferenre. 

The airplane, or span, efficiency factor e is an 
empirical factor introduced by 0 wald (reference 14). 
The reciprocal of the number repre ents a factor by 
which the minimum induced-drag coefficient CL

2j7rA 
is increased to leave a reasonably constant re idual 
drag coefficient over the normal working range of the 
lift coefficient. The factor was determined from the 
portion of the drag curve between C",=0.2 and CL = l. 0 
unless the interference burble occurred in this lift
coefficient range, in which case only the portion of the 
curve below the interference burble was con idered. 
The method should therefore be used only for the 
approximate determination of drag coefficient cor
responding to lift coefficients below the interference 
burble unless the interference burble is of the type 
designated" type C" in the CLib column of table V. 

The minimum value of the effective profile-drag 
coefficient CDe represents the drag remaining after 
deducting the minimum induced drag, that is, the 
minimum induced drag that may be as ociated with 
the given lift and span. The effective profile drag 
therefore provides an ideal means of compari on as it 
includes with the actual profile drag and para ite 
drag any unnecessary induced drag associated with 
interference or a departure from the ideal span load 
distribution but, at the same tinle, eliminates from 
the comparison the unavoidable effects of the lift on 
the drag. 

The optimum lift coefficient C'" is the lift coef-
opt 

ficient corresponding to the minimum effective prolile
drag coefficient. 

The aerodynamic-center position is represented by 
values 110 indicating approximately it fore-and-aft 
position expre sed as a fraction of the ,·.ring chord 
forward of the quarter-chord axis of the wing. Each 
value is actua.lly the lope of the curve of pitching
moment coefficient against lift coefficient at zero lift. 

The pitching-moment coefficient at zero lift Cmo is 
measured about the quarter-chord axis of the wing and 
is based on the original wing area and chord. 

The lift cofficient at the interference burble C'" is 
ib 

the value of the lift coefficient beyond which the air 
flow ha a tendency to break down as indicated by a,n 
abnormal increase in the drag. 

The maximum lift coefficient CL is given for two 
max 

different values of the effective R eynolds Number. 
The effective R eynold Iumber is obtained from the 
actual test Reynolds umber by the application of a 
factor to allow for the effects of turbulence present 
in the tunnel. Comparative te ts indicate that at 
the effective Reynolds Iumber, maximum-lift re ults 
from the tunnel tend to agree with those in flight. 
( ee reference 15 and 16.) The value of the turbu
lence factor used throughout this report was taken 
from reference 15 as 2.4. 

DISCUSSIO 

For many applications of these re ult, a direct 
examination of the tabular data will undoubtedly 
yield more useful information than the following 
general discussioll. The data presented in table V are 
particularly valuable in tLis connection becau e siO'
nificant parameters repre enting the important char
acteristics as single value are tabulated for all the 
combination investigated, thus affording a means of 
comparing various combination. In the following 
discus. ion, however, the general variations are con
sidered and discussed in relation to the cau e of the 
interference and the significance of the re ults. Some 
of the data are presented graphically to supplemen t. 
th e discu sion. 

The interference is first considered in relation to all 
the characteri tics of certain typical wing-fu elage 
combinations in order to point out in a general way 
the nature of the various in terference effects that may 
be present in all the combinations. The discu sion 
that follows is then subdivided considering: First, the 
drag as affected by the interference when the val'iou 
geometric characteristics of the combination n,re 
changed; second, the moment as affected by the inter
ference; and finally, the maximum-lift characteristics 
as affected by the interference. 
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I TERFERENCE OF WING AND FUSELAGE 9 
GENERAL CHARACTER OF INTEIU'ERENCE FOR TYPICAL 

COMBINA'l'IONS 

Mid Wing.- The simplest combination investigated, 
the symmetrical-section wino- combined at zero inci
dence in the midposition with the round-section fuse
lage, will be fir t considered. The characteristics of 
this combination are presented in figure 4 as coeffi
cients plotted again t the angle of attack. The lift 
and pitching moment of the combination are, of 
cour e, zero at zero angle of attack becau e the whole 
combination i symmetrical about the plane of the 
airfoil chords. The difference between the drag 
curves indicates the "drag and interference)) of the 
fuselage. 
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FIGURE 4.-Aerodynamic characteristics of a typical mid-wing combination. 

Expressed as a coefficient the drag and interference 
of the fuselage under these conditions may be taken 
directly from figure 4 as being 0.0035. The dmo- of 
the fll elage when te ted alone is found from table II 
to be 0.0041. A comparison of this value with the 
drag and in terference indicates that the interference is 
favorable and is represented by the coefficient 0.0006. 
The favorable interference in this case i the result of 
elimina ting the drag of that portion of the wing en
closed within the fuselage which, expre ed a a coeffi
cient, would amount to approximately 0.0009. Aiter 
allowing for tlus interference effect, a small (0.0003) 
re idllal adverse interference remains that may be 

attributed to "boundary interference.)) Boundary 
interference applies to that part of the interference 
associated with the combination of the wing and 
fuselage boundary layer near the wing-fuselage 
junctures. The boundary interference for the type 
of juncture here considered is of the same nature as 
that for a perpendicular {lat plate at the midspan 
section a investigated earlier (reference ), the wing 
in both cases projecting perpendicularly from a urfaee 
along which only mall pres nre gradients exist when 
the wing is absent. As might be expected, the 
boundary-interference drag coefficient is about the 
same in either case. 

In regard to the favorable interference drag coeffi
cient shown a resulting from the enclosure of a part 
of the wing in the fuselage, it nlight be argued that 
the favorable drag increment result from the use of 
too large a wing area in deriving the drag coefficient 
of the combination rather than from any real favor
ahle interference and that no favorable interference 
drag would have bern indicated if the actual exposed 
wing area had been employed. The wing area con
si tently employed throughout tIus report is, however, 
the N. A. C. A. tandard wing area which includes, 
and properly so, the area of the part of the wing 
that should be considered as enclosed by the fuselage. 
The favorable interference drag that results, although 
ea ily explained, i none the Ie real. A indicated 
by the subsequent di cus ion, a consideration of the 
interference on the ba is of exposed wing area leads 
to difficulties in relation to the lift and induced drag 
and may lead to an analysis, such as that of refer
ence 7, harging the mid-wing po ition with adverse 
interference. 

Consider now the characteristics of the combination 
a the angle of attack i increa ed, remembering that 
the coefficient are ba d on an area including the area 
of that part of the wing inside the fu elage. If this 
portion of the wing were considered as ineffective in 
producing lift a it i in producing drag, a lift co
efficient from the wing, at 12° for example, of only 
O. 16 or les would be e:-..rpected. This lift coefficient 
added to the value of 0.011, the lift coefficient of the 
fuselage at 12°, give O. 27 a the sum of the wing 
and fu clage lift coefficient ; whereas the lift coeffi
cient of the combination is actually 0.960. A com
parison of the lift-curye lope of the combination 
with that of the wing alone indicates that the portion 
of the wing replaced by the fu elage may be even more 
effectiye than the original portion of the wino- in pro
ducing lift. A compari on of the corre ponding effec
tive profi]o-drag cm'ye how, moreover, that the 
drag of the combination varie with angle of attack 
in much the same way a that of the wing alone except 
that the re ult indicate the pre 'once of a small 
boundary-interference drag increasing with angle of 
attack, as would be expected from the results of 



r--
10 NATIO AL ADVISORY COMMIT'l'EE FOR AERO AUTICS 

reference 8. Thu, with re pect to the lift and induced 
drag, the combination behave as though the entire 
wing were expo ed to the air stream with the addition 
of lift and draa- component due to the pre ence of 
the fuselage . This behavior continues until the 
conditions of the "interference burble" arc reached. 

For the combination under con ideration, the inter
ference burble occur at an angle of attack of just 
above 12°, as indicated by an abrupt reduction in lift
curve slope and an increase of the effective profiJe
drag coefficient. These conditions must corre pond 
to an incomplete flow breakdown occurring before 
the more complete breakdown that determine the 
maximum lift. The natUTe of the flow breakdown 
a sociated with the interference burble i not well 
under tood and the subject de erve further investi
gation. It must, however, correspond to the failure 
of the lift distribution to be maintained acro the 
central-span portion occupied by the fuselage as it was 
maintained, substantially the same a for the normal 
wing, before the onset of the flow breakdown . 

Although, as previously stated, the mechanism of 
the flow breakdown is not well understood, ome light 
is shed on the subject by studying the behavior of 
the aerodynamic characteristics for various combi
nations with different wings in different po itions with 
and without juncture fillets and with other fuselage 
hapes. For example, the OCCUTrence of the pre ent 

type of interference burble i abrupt j the lift continue 
to increase beyond the burble point but with a reduced 
slope j the burble point is not markedly affected by 
filleting this juncture, or by changing the incidence, 
but is affected by changing the wing section, the fuse
lage hape, or the fore-and-aft po ition of the wing on 
the fuselage. From these and other considerations, a 
reasonably sati factory picture of the mechani m of 
the flow breakdown may be inferred. 

For the combination here considered, the initial 
flow breakd wn probably originate near the leading 
edge of the wing on either side of the fu elage. With 
the type of airfoil section u ed with till combination, 
typical of slightly cambered sections showing an 
abrupt change of flow at maximum lift, the flow break
down is associated ,vith a eparation of the flow near 
the leading edge as the re Lllt of an accumulation of 
dead air ju't behind the eparation point. Where 
the wing enter the fu elage this accumulation of 
reduced-energy air in the 10w-pressUTe region on the 
wing sUTface is undoubtedly augmented by the prox
imity of the fuselage urface. R educed-energy air 
from the fu elage boundary layer is drawn in by the 
low pressures prevailing on the upper UTface of the 
wing in this region. The e condition obviou ly 
tend to produce a premature tall of the ections 
adjacent to the fu elage but uch a stall of 0 limited 
a portion of the wing is not sufficient, in itself, to 
produce the abrupt and dra tic changes in the net 

---- ---- - --

aerodynamic characteri tic actually observed in 
figUTe 4. The flow breakdown once started, however, 
tends to aggravate it elf and probably is fUTther 
aggravated by the presence of the fuselage 0 that it 
rapidly increase in extent until it covers the entire 
entral portion of the wing. In order to form un 

adequate pictUTe of this subsequent spreading of the 
initial flow breakdown, it is nece sary to consider the 
lift distribution across the pan. 

Con ider the pamvi e lift distribution as affected 
by a discontinuity in the plan form of the wing a , 
for exampl , a sudden increa e in the chord. uch 
a discontinuity OCCUlTing in the plan form does not 
produce a corresponding discontinuity in the load
grading curve, although the lift doe increase over 
the portion of the wing having the increased chord. 
The interference between the various sections of the 
,ving act so to modify the angle of attack of the 
ections that abrupt changes in the lift grading do 

not occur, the hort-chord portion building up angle 
of attack and lift toward the di continuity and the 
long-chord portions 10 ing angle of attack and lift 
toward the discontinuity. The e effects may be 
con idered a the result of the vortices that are hed 
between section when the lift change between the 
ections. (ee reference 2 and 12.) 

For the pre ent pUTpose it is sufficient to note that 
the interference between sections act so to affect the 
angle-of-attack di tribution that variation in the 
panwise lift di tribution tend to be equalized. Hence, 

when a wing i combined with a fuselage as in the 
mid-wing combination under consideration, t.he lift 
grading across the portion of the span occupied by the 
fuselage will tend to be maintained. Although the 
Iu elage when tested alone i found to be incapable of 
maintaining much lift, owing to it very low aspect 
ratio, when combined with the wing it i able to do 
o. The general regions of low and high pressures 

above and below the ,ving carry acro s above and 
below the fu elage. Although these pre sures acting 
on the fuselage are Ie s than those acting on the wing 
sUTface, the increased chord of the fu elage as com
pared with that of the ,ving allows a lift to be de
veloped over the portion of the span occupied by the 
fLl elage. In fact, the high lift-curve slope of the 
combination indicates that the fuselage is carrying 
an excess of lift as compared with the portion of 
the wing which it replaces. The interference con e
quently act to increase the angle of attack of ad
joining ections of the wing in order to equalize the 
load grading, thus tending fUTther to overload the 
airfoil sections adjacent to the fuselage. Their pre
mature stall owing to boundary interference is thus 
hastened and, when it occurs, the re ulting 10 s of 
lift tends further to increa e the angle of attack. In 
this way the condition aggravates itself and spreads 
until the low-pressure region no longer exists over the 

l 
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fuselage. The fu elage and the adjoining ections of 
the wing have then 10 t most of their lift and the re t 
of the wing behaves much like two wings of reduced 
aspect ratio with a gap between. 

The maximum lift of the combination is, of cour e, 
lower than that of the wing alone a the result of the 
interference burble and the r esulting loss of lift over 
the central portion of the wing. The maximum-lift 
burble, however, occurs independently of the interfer
ence burble and at a hicrher angle of attack corre
sponding approximately to the angle of maximum lift 
for the wing alone. 

2.0 

1.8 

1.6 

1.4 

cJI.2 
.... -
t 
.~/.O 
. l> 

~ 
~ .8 
\J 

~ .6 
" 

. 4 

.2 

o 

- .2 

- .4 
l 

'-'-

'--

- L- l-

-

- - '--

-

- -

" 

I 

- 4 

--

c :> 
Combination 22 1 

~ Wing a lone I-Combination --
- I- - - -

t- - - - l- I- - - - . 
- r- - ? ; 

- _. 

-- - V ,;,. 

1-1\ - - - l-I- . -;c;;-

!L l-I- . 
CL 

j "'-

'-- .- l- f - II / 
j TV / V 

-

l- i- 7 '--

,./ / - I-
_ . 

~ j/ -I-. -? k:: - I- --I-
7 CDe 

- .I 

~ - +-I-~-1-+ + .. , .. 
/ - - l- I- -

I Cmc/ 4 _ 

- -~ 
Il-

k-- 28 0 4 8 12 16 20 
Angle of a tlack , d , degrees 

10 

..... 
08 .§ 

~ 
07 ~ 

o 
l> 

0 6 g-
~ 

05 ~ 
~ 
o 

04 ~ 
v 

03~ 
1I 

~ 
02~ 

01 

F IGURE 5.- Aerodynamic characteristics or " typical high-wing combination. 

In regard to the pitching moment , the curve of 
Om,{. in figure 4 indicate that the aerodynamic center 
of the combination tend to be farther forward than 
that of the wing alone. The fore-and-aft po ition of 
the wing in thi in tance is uch tha t the q uarter
chord points of the wing and fuselage coincide. A 
streamline body of revolution, uch a the round fu e
lage, doe not have an approximately constant aero
dynamic center posi tion a doe a wing. The effect 
of combining such a body with a wing, a ide from any 
interference effect, is to cau e the pitching-moment 
curve to become loped. E ven though the combi
nation cannot trictly be regarded a having an aero
dynamic center, the po ition indicated by the moment
curve slope at zero lift i about 3 percent of the chord 

l __ _ 

farther forward than for the wing alone. At lift 
coeffi cients below that of the interference burble the 
pitching-moment interference is usually small so that 
effects like tho e ju t di cussed may be approximatel'y 
predicted by adding the fuselage and wing moments. 
The changes of the pitchi.ng-momen t coefficient th a t 
accompany the occurrence of the interference burble 
are of the same nature as tho e that accompany the 
maximum-lift burble of the plain airfoil but are more 
or less marked depending on the character of the 
interference burble. 
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FIGURE 6.-Aerodynamic characteristics oC a typical tli connected high-wing 
(parasol) combination. 

High Wing,- The high-wing combination, the char
acteristics of which are hown in figure 5, will next be 
on idered . It will be noted that the value of the 

lift and pitching-momen t coefficient are till nearly 
zero at zero angle of attack and that the lift-curve 
lope, while remaining hicrher than that of the wing 

alone, i lower than that of the mid-wing combination. 
The minimum coefficient repre enting the drag and 
interference of the fuselage i 0.0050, indicating an 
adverse interference drag that i malle t a t a small 
positive angle of attack. The interference drag in
crease slowly a the angle of at tack is increa ed bu t 
none of the characteri tic cur,-e how indications of 
an interference burble. The maximum lift is approxi
mately the same as that of the wing alone. At very 
low and at negative angles of attack the drag and 
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interference increase 0 rapidly toward larger negative 
angles that the condition might be referred to as a 
"negative interference bmble." For certain high-wing 
combination having very un ati factory form of the 
wing-fu elage j un tUl'O thi drag increase, or negative 
intorference burble, may begin woll to the right on the 
plot. In such ca 0 the drag coefficient may be 
aclver ely affectod within the high- peed range of the 
lift coefficient. 

Disconnected High Wing.- The re ult for a discon
nected high-wing, or parasol, combination are pre
sented in figme 6. The chara teristic of this combi
nation are much like those of the connected high-\ving 
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combinations, except that the drag and interference of 
the fuselage i Ie . In figme 6 i t has been pos ible, 
however, to indicate the characteri tics of the wing in 
the presence of the Iu elage because te t of the wing 
and fuselage were each made eparately in the pre ence 
of the other for the eparated positions. The wing in 
the presence of the fuselage i shown to have much 
lower effective profile-drag coefficient than the mng 
alone. This result ha an important bearing on in
vestigation of airfoil characteristic in flight by means 
of force-mea Uling device in the fu elage, in which case 
such interference effects are ~ o large that the mea med 
drag are of little value. An examination of the test 
results for the disconnected combinations indicates 

that, in general, uch mutual interference eHects, al
though large, are of the nature of an interacting force 
between the wing and fu elage such a would result 
from a reduced pressme region between them. As 
the increment on the wing and fu elage thorefore tend 
to be equal and oppo ite, the net interference is little 
affected. uch mutual interference is of importance 
in regard to the tructmal de ign of the component 
and their connecting member, however, because it 
affect the air load and their distribution on each 
part. 

Disconnected Low Wing.- The effect ju t considercd 
are further brought out by the characteristics of the 
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disconnected low-wing combination pre ented in figme 
7. The effects of the low-pre sme region between the 
wing and fu elage are evidence 1 by the increa ed lift 
of the wing in the pre ence of the fuselage as com
pared with the lift of the combination and the increa ed 
drag of the wing in the pre ence of the fu elage. In 
thi instance, however, the net drag and interference 
i exces ive, indicating the presence of some adver e 
interference drag, although there are no evidences of 
an interference bmble. 

Unsatisfactory Low Wing.- The characteristics of a 
very unsati factory type of low-wing combination are 
represented in figme Here the interference burble 
occms before zero lift although it is not of the abrupt 
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type occurring wi th the mid-wing combination . Thi 
type of interference burble is particularly objection
able because the drag is increased in the high-speed 
range of the lift coeffi cient. The draO' continue to 
increa e at higher lift coefficien ts as r epresented by 
the low value of thc airplane, or span, effi ciency fac tor 
for tIlls combination (e= 0.50 from table V ). The low 
value of e indicate a reduced effective span and an 
increased induced drag associated with a 10 of lift 
over the central portion in the neio-hborhood of the 
fuselage. 

The character of tIlls type of flow breakdown, 
having been discussed el ewh ere (reference 5), will not 
be considered in detail. It i as ociated with the poor 
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FIGURE 9.-Aerodynamic characteristics or a typical low-wing combination. 

forll of the air space at the wing-fuselage juncture 
and can be avoided by improving the juncture by 
fillets, or by other means. A separation or a tmcken
ing of the turbulent boundary layer occur a the air 
paces at the juncture expand toward the trailing 

edge of the wing. The ma~rjmum lift coefficien t i 
little affected, probably because the maximum lift 
for tms type of airfoil section i determined largely 
by the air-flow condition near the leading rather than 
the trailing edge. 

Typical Low Wing.- A more nearly repre entative 
low-wing combination than the one just considered is 
represented by combination 67 (fig. 9) in which the 
wing is internally tangent to the fu elage. As might 

be expected, the characteri tics are intermediate be
tween those of combination 72 (fig. 8) and those of 
the mid-wing combination. The drag at very low 
lift coefficient is not excessivc. Thc interference 
burble i Ie abrupt than thn t of the mid-\v1ng com
bination but occurs at a much lower lift coefficient. 
The maximum lift is ad vel' ely afl'ected. The extent 
to wmch thi type of interference burble is objectionable 
depend on bow it aiIects the maximum lift, how 
early the interference burble occur, and sometimes 
on secondary consideration, uch a any tail buiIeting 
or stability difficllltie attributable to it. 

DRAG AND INTERFERENCE 

The 1'0 ults of tests of a lnrge number of combina
tions having the rectangular wing of symmetrical 
ection and the round fu clage are discu sed with 

respect to the eiIects of the po ition variables, particu
larly the vertical po ition of the \ving and the effects 
of fillets and strut attachments. The re ults of a 
few test of other combinations having different 
variables, such a wing and fuselage shape, indicate 
the eiIect of these variables on the characteristics 
of combinations having the wing in a limited number 
of positions. 

Rectangular Wing of Symmetrical Section with Round 
Fuselage- Vertical position.- The yariation of the ver
tical po ition of the wing with respect to the fuselage is 
the most important of the position variable. It affects 
the wing-fu clage juncture and gnp and al 0 the smeld
ing of the central portion of the wing by the fuselage. 
A cro plot of the effective profile-drag coefficient of 
the combination again t the yertical position of the 
wing i hown in figure 10. The re ults are given for 
three values of the lift coefficient, two repre enting the 
mgh- peed range and the third a high-angle-of-attack 
condition. Reference to the fi~ure how that for the 
high-wing di connected combination the drag and 
interference of the fu clage L approximately equn.l to 
the drag of the fll elage alone. If the 'wing i lowered 
tbe drag and interference increa e greatly and then, 
a the wing approache the midpo ition, decrease to 
values that may be Ie than the elmo- of the fn elage 
alone. In the low-wing po ition , the drag and inter
ferenc become yery large a. the wing approache the 
lower urface of the fuselage then rapidly decrease for 
the low-wing eparated po ition in which the inter
ference i again mall. 

The large t contributing factor to adverse inter
ference i probably the form of the wing-fu elage 
juncture. Whenever the angle betw€'en the wing and 
the fu elage ur£ace at the juncture i acute, the inter
ference i large and unfavorable, particularly when the 
juncture i on the upper urface of the wing. Tms 
unfavorable interference may be noted in figure 10, 
wmch shows large increa e in drag when the wing 
pas e the surface of the round fu elage. The detri
mental effect may be attributed to the geometrical 

l 
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divergence between the bodie, which may exceed the 
critical divergence for the air flow. 

interference become large. The di connected low
wing combinations have generally higher drags than 
the di connected high-wing combinations, but no 
evidence of an interference burble i apparent for any 
of the clisconnected combinations except tho e low
wing combination having the wing very close to the 
fu elage. An important re ult shown by the inter
ference tests of arrangement wi th wing and fuselage 
disconnected is the large interference on each body 
due to the pre ence of the other. The re ults of test 
of typical high-wing and low-wing combination with 

For the winO' po ition throuO'h the central portion of 
the fu selage, the wing-iu elage combination of the 
type under con ideration have the lowe t drags. The 
position giving the lea t drag appears to be with the 
wing lightly above the center line of the fu elage. 
In the high- peed range the drag and interference of 
the fuselage for this combination is approximately 8 
percent of the minimum fuselage drag and is still 
Ie s at model' tely high lift coefficient. For the mid-
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wing po ition and for po itions immediately below, the 
combination show an abrupt interference burble. 
The interference burble i absent for the high-wing 
combinations (table V). 

The separated position repre ent other region in 
which the drag and inteIJerence is mall. Reference 
to figure 10 shows that, with the exception of the dis
connected high-wing position at the high value of 
the lift, the wing may almo t touch the fuselage (a 
clearance of approximately 0.02c ) before the drag and 

moderate clearance between wing and fuselage are 
hown in figure 11 and 12. In the e figure the 

magnitude of the interference on both the lift and the 
drag is indicated by dotted line connecting te t 
points at the ame angles of attack. Table IV give 
the numerical value at representative angles of attack 
for all the disconnected combinations. It will be 
noted that, although the mutual interference is large, 
the net interference of a combination i relatively 
small. 
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The re ults of te ts of the high-wing connected 
combinati on~ indicate an increa e in the drag and 
interference of the fu elage as the wing approaches 
the fuselage surface and the angle at the j unctme 
becomes acute . The highe t drag re ul t from the 
combination in , hich the lower mface of the wing is 
tangent to the urface of the fuselage. At zero lift 
the drag and interference of the fu elage for this 
combination is 224 percent of the rrilnimum fu elage 
drag and at a moderately lugh lift i lightly higher. 

one of the high-wing combinations tested show an 
interference bmble. 

The low-wing connected combinations have the 
large t drags of any of the combinations te ted. 
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With the wing in the low-wing positions the angle 
between the fu elage and the upper mface of the 
wing is acute and the geom trical divergence rapid. 
The adverse effect re ul ting from placing the wing on 
the lower portion of the fu elage are hown more 
completely i figme 13 by the graphical pre entation 
of the result" of te ts of some typical combination. 
It may be seen that lowering the wing increa e the 
drag in the hiO'h- peed range and re ults in an earlier 
occurrence of the interference burble. A the wing 
approaches the externally tanO'ent po ition the drag 
of the combination become very large, even in the 
high-speed range. The most unfavorable position is 

with the wing partly contained in the fuselage (fig. 10 
and 13). For thi combination the drag and inter
ference of the fu elage at zero lift i the arne a that 
of the corre ponding high-wing combination, but at a 
lift coefficient of 1 the drag and interference of thc 
fuselage i 1,300 percent of the minimum drag of th 
fu elage alone. Those combinations having juncture 
tha t re ult in large drag and adverse interference 
effects require fUleting to improve the aerodynarrilc 
characteri tic . 

Fore -and-aft position.- A complete analysi of the 
effect of a variation of the wing fore-and-aft po ition 
cannot be made from the available data. The data 
£01' the midpo ·ition and two disconnected vertical 
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Rectangular wing of . A. C. A. 0012 ai rfoil section and round fuselage. 

po ition indicate, however, that the variation of the 
fore-and-aft po ition of the wing has very little effect 
on the drag and interference of the fuselage except 
as it affects the occurrence of the interference burble 
of the mid-wing combinations. The effect of the 
fore-and-aft position is illu trated by the result of 
te t of combination having the rectangular wing of 
ymmetrical ection in vn.rious mid-wing fore-and-aft 

position (fig. 14). The drag tend to increase slightly 
a the wing is moved backward, the drag and inter
ference of the fuselage at 7,ero lift varying from 76 
percent of the minimum fuselage drag with the wing 
in the most forward position to 93 percent in the 
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rear po ItlOn. The chief effect of varying the fore
and-aft po ition of th e wing is on the occurrence of 
the interference burble. The interference burble doe 
not appear wh en the wing is in the mo t forward 
mid-wing position but i pre en t for the econd po ition 
back and occur progre ively earlier a the wing i 
moved backward from till latter position (fig. 14). 
In the region of the maximum diameter of the fuseluo-e 
large changes in the fore-and-aft position of the wing 
apparently have lit tle effect. The interference burble 
is probably afIected principally by the amount of the 
leading edge of the wing contained within the fu elage. 
The mo t advan tageou po i tion aerodynamically is 
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F,GURE IS.-Cbaracteristics for var ious angles of wing setting. Rectan
gular wing of T. A. C. A. 0012 airfoil section and round fuselage. 

well forward . This advantageous po ition gives the 
lowest drags and a small moment-curve lope but i 
impracticable because of the center-of-gravity location. 

Tests of the combination having the wing in thesepa
rated low-wing find high-wing positions show no defini te 
tendencies with variations of the fore-and-aft position. 

Wing setting,- The variation of the angle of wing 
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 th e combination . The angle of wing set ting 
may a1 0 affec t the wing-fuselage juncture, par ticu-

L~ 

larIy for the combinations having the wing near the 
upper or lower surface of the fuselage, with resultant 
interference efl'ect . 

The effect of the variation of the wing setting i 
shown for a typical mid-'wing po ition in fig ure 15. 
The chief efl'ect is on the lift and pitching moment ; 
the effect on the drag of the combination i mall 
excep t as an increase in the wing etting delays the 
interference burble. 

The variation of the wing etting with other vertical 
positions is most important for the high-wing and 
low-wing connected combinations where the wing is 
near the upper or lower urfaees of the fuselage. 
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FIGUR E 16.- Cbaracteris tics for various fillets on an unsa tisfactory low-wing 
combination. Rectangular wing of _ - .\ C. \. 0012 airfoil section and round 
fuselage. 

For uch combination mall change of the wing 
etting reo ulL in criti al change. of the wing-Iu elage 

juncture . The effect of variation of the angle of 
wing ettino- are not, howe\' er, large for any of the 
po i tion . 

With variation of incidence other for -and-aft mid
wing po ition generally exhibit the arne re ult a 
tho e of the normal mid-wing position. In the ranges 
of high peed and moderately high lift the wing setting 
ha light efIect. Increa ing the angle i chiefly effec
tive in delaying the interference burble. 
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Fillets .- The addition of fillet to an un ati factory 
juncture reduces the drag and adver e interference of 
the fuselage by reducing the divergence and the com
bined adverse pre ure gradient of the two bodies at 
tbe juncture. Fillets may also reduce the skin fric
tion by reducing the wetted area at the juncture. An 
extensive inve tiaation of various fillet is impracti
cable because sp cillc application will u ually l' quire 
individual design. The favorable u e of fillet, 
however, is tY'pically illu trated for an un atisfactory 
combination in figure 16, which how that even mall 
fUlet giv a marked improvement. The importan 
of completely filleting the rear portion of the juncture 
may be noted by comparing the curve of the combina
tions having small fillet with tho e ha ing large ones. 
The interference burble, which still appear with the 
small fillets, i ' eliminated by increa ing the ize of the 
fillet to the rear. For orne combinations small 
fillets may be more desirable than larae fillet from 
considerations of teep glide characteri tic becau e 
of the large increa e in drag at lift coefficient above 
the climbing reaime with only a small decrease in 
ma}':imum lift. 

For the high-wing combinations the chief effect of 
filleting is to reduce the drag and interference of the 
fuselage in the high- peed range where a high dn),O' of 
the unfilleted combination may indicate enous 
interference. 

An attempt was made to delay or eliminate the 
occurrence of the interference burble of the mid-wing 
combinations by changing the form of the juncture 
between the wing and fu elage. Thi chanae wa 
effected by means of 3 izes of normal fillet, 
which increa ed the root thiclme and chord, and 
3 sets of plan-form fillet, which increa d the 
root chord and which varied the effective angle of 
attack of the root section when the trailing edge of 
the fillet was moved downward (washed-in fillet) 
and when moved upward (wa hed-out fillet) from 
the trailing edge of the wing. The re ult of te t of 
the combination having normal fillets how that 
neither the interference burble nor dTag is appreciably 
different from tho e of the unfilleted combination. 
These re ult agree with the results reported in refer
ence 5: that for thi type of juncture fillets have little 
effect on the drag. n increa e in the root chord, 
obtained by mean of a traight plan-form fillet, 
delays the burble to omewhat higher value of the 
lift coefficient and sliO'h tly increases the drag in the 
high- peed range. Wa hed-in and wa hed-out plan
form fillet increase the drag and interference but only 
slightly delay the occurrence of the interference burble. 
The chief effect of the e fillet i on the lift and pitching 
moment. 

Strut attachments. - everal combination were 
tested in which di connected wing and fu elage were 
joined by single truts, representing one mean of con-

- - - -----

necting the body and the wing. For the hiO'h-winO' 
combination inve tigated the thiekne s or po ition of 
the strut ha no large effect on the drag and interfer
ence. A combination having a moderately thick 
trut has characteri tic comparable with tho e of the 

combination baving a thin-plate connection or no 
connection at all . The thi k stru t increase the drag 
of the combination slightly. Te ts of the combina
tion having a thick trut indicate that the forward 
position is lightly more fayorable than the rear posi
tion. The drag difference due to the strut connec
tion ,however, are not jfl,l'ge. 

In the low-winO' combination the thick strut 
ca ll e marked interference effects, which are ab ent 
for the combinations having the moderately thick 
trut and the thin plate. All three thick- trut com

binations show an early interference burble. With 
the trut in the rear po ition, a discontinuity appear 
in the polar curve just beyond the interference burble. 
When the trut i moved forward, the drag i slightly 
improved in the high-speed range and the discon
tinuity is not so marked. Filleting the junctures 
between a thick trut and the wing and fuselage tend 
to increa e the interference drag of the combination. 
The moderately thick strut is comparable with the 
thin-plate connection, both combinations having lower 
drags than the thick- trut combination and showing a 
normal drag increa e over the entire range of lift 
coefficients. 

Wing Shape .- At high yalues of the lift coefficient 
the stability of the au: flow over the central portion 
of the wing varie for different wings. Thi stability 
may be expected to be critically affected by the 
presence of a fu elage and by the character of the root 
juncture. 

Polar curve giving the re ults of tests of four mid
wing combinations having different wing shape are 
compared in figure 17. The critical effe t of the wing 
shape in the hiO'h-lift region is readily apparent from 
the curve. The interference burble, which occurs at a 
moderately high lift coefficient for the combination 
having the rectangular wing of ymmetrical section, 
doe not occur for the combinations having the cam
bered and tapered wings. Also, the drag for the com
binations having the cambered and the tapered wings 
increase less rapidly than for the wings alone in the 
high-lift region. (ee fig . 1 and 19.) In the high-
peed range and up to moderately high lift coefficient~ 

the effect of the wing hape on the drag and interference 
of the fuselage i mall except for the combination 
having the cut-out wing. For this combination the 
drag and interference decrease with increasing lift 
nearly up to the normal interference burble of the cut
out wing alone; wherea the drag and interference of 
the fuselage for combinations having the other wing 
remains reasonably constant. The drag and inter
ference of the fuselage in the high-speed range for the 
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combination having the tapered wing is only 54 percent 
of the minimum drag of the fuselage, which is the 
lowe t of the foul' combinations considered. The 
favorable drag characteristic of the tapered-wing 
combination 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 to that of the combination with the 
rectangular wing of symmetrical section and, aside 
from structural con iderations, ha 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 are shown 
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FIGURE H.-Characteristics ror various wing shapes. Round ru lage. 
mid-wing position. 

by the combinations having the cut-out wing in the 
high-wing and low-wing separated positions for which 
tbe lowe t drag are obtained with relatively larO'e 
angles of wing etting. The cambered-wing combina
tions tend to have the lowe t drags at higher negative 
angle of wing etting than the combination with the 
rectangular wing of ymmetrical section. Till re ult 
may be accounted for by the negati,e angle of zero 
lift of the cambered wing. 

Other vertical po ition affect the combination hav
ing the various wing hape in a manner similar to their 
efl'ect on the combination with the rectangular wing of 

ymmetrical ection, a indicated in figures 1 and 19. 
They all how a large drag and interference where the 
juncture is un atisfactory. The thick root of the 
tapered ",ring re ults in a more uti factory form of 
juncture than tho ere ulting from the other wing root 
as evidenced by the fact that the drag increases less 
rapidly for the low-wing combination (Jig. 1 ) than for 
the corresponding combination with the rectangular 
wing of ymmetrical section. The interference burble 
i al 0 delayed. 

Fuselage Shape.- The yariations of the fuselage 
shape are the cro -se('tionnl form nnd the presence of 
an uncowled or a cowled engine. Y nriations of the 
eros - ectional form chiefly nfl'e('t the form of wing-
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FIGURE Ib.-Cbaracteristics ror various \'ertical wing positions. Tapered 
K A. C. ,\ . 0018 09 airroil and round ruselage. 

fuselage juncture. The addition of an engine intro
duces an interfering body at the nose of the fuselage, 
with resulting turbulence nnd variation of the air fl ow 
over the fuselage and the wing root. 

Uneowled and cowled engine.-The effect of addin O' 
either an uncowled or a co\\ led engine to typi.cal mid
wing combinations arc hown in fjgure 20. The ad
dition of an un cow led engine to the round-fu elage 
combination increase the drag and interference of the 
fu elage at zero lift of th combination to 434 percent 
of the minimum drag of the fuselnge alone without the 
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engine and delay the occurrence of the interference 
burble. If the difference in drag is based on the fu e
lage alone wi th the uncowled engine, the interference 
i lightly favorable. The addition of a cowled engine 
increases the drag and interference of the fuselage at 
zero lift of the combination to 149 percent of the 
minimum drag of the fuselage alone without the cowled 
engine, with favorable interference when based on the 
fuselage alone with the cowled engine. The inter
ference burble is en tirely ab en t for the cowled-enO'ine 
combination. The drag and interference of the iu e
lage, which is 'ub tan tially constant over a con iderable 
lift range for the no-engine combination, increases with 
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FIGURE 19.- Characteristics for various vertical wing positions. Cambered wing 
of N. A. C. A. 4412 ai rfoil section and round fuselage. 

increasing lift when either the uncowled or cowled 
engine i added . The addition of the uncowled or 
cowled engine to the filleted mid-wing combination 
ha no effect appreciably different from tho e of the 
unfilleted combination. 

Tests of combina tions of the rectangular wing of 
ymmetrical section having the wing in a eparated 

low-wing position indicate that the drag and inter
ference of the fuselage with an uncowled or a cowled 
engine i omewhat higher than for corre ponding com
binations having the wing in the mid-wing po ition. 
Also, the drag and in terference increa e rapidly with 
increasing lift. 

With the wing in the para 01 or eparated high-wing 
po ition, the drag and interference is approximately 
the same in the high-speed range a wi th the wing in 
the mid-wing po ition for corresponding combinations. 
An early interference burble occurs, however, for both 
the lillcowled and cowled engine combinations at the 
approximate attitude a t which the wing probably en ter 
the turbulent wake from the engine. The interference 
burble become more abrupt with an increase in the 
angle of wing et ting and the drag increa e beyond 
the interference burble i more rapid for the uncowled
engine combination than for the co wl e d- en gine 
combination . 
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FIGURE 2O.-Characteristics for various fuselage shapes. Mid·wing combinations 
with rectaogular wing of . A. C. A. 0012 airfoil section. 

One mid-wing combina tion having the cowled 
engine and the cambered wing was te ted to obtain 
information about the effect of the wing shape on 
this type of combination . At zero lift the drag 
and interference of the fuselage is the arne as for the 
corresponding combination having the rectangular 
wing of ymmetrical section but the increase in drag 
with increase in lift is much less and, in the high-speed 
range, is rea onably constan t; whereas the drag of 
the combination having the rectangular wing of 
symmetrical section increases with an increase in lift. 

The connected low-wing combination having the 
cambered wing and the round fuselage was chosen as 
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repre euting a typically unsatisfactory combination. 
Variations of the fu elage shape from this ba ic com
bination are shown in figure 21. either the un
cowled nor the cowled engines affect the interference 
burble or the rapid drag increase that appears in the 
combinations with no engine in the fuselage. 

Filleting the junctures of these typical low-wing com
binations eliminates the interference burble and the 
rapid (lrag increase. Flow change over the fu elage and 
wingroots due to the presence of an uncowled or acowled 
engine do not greatly affect the action of the fillets. 

Fuselage section.- Typical re uIt for variations of 
the cros -sectional shape 
of the fu elage and the 
nose form resulting from 
the presence of an un
cowled and cowledengine 
are illu trated in figure 
20, which compares the 
results of tests of the 
rectangular fuselage and 
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those of corresponding round-fuselage combinations 
indicates that, regardless of the wing shape, the 
characteristics of a mid-wing combination are not 
appreciably afi'ected by the cross-sectional shape of 
the fuselage . An exception is noted for the combi
nation with the rectangular wing of symmetrical sec
tion in which the interference burble i absent when 
the rectangular fuselage is used. 

The importance of the combined action of the 
fu elage and the wing pres ure gradients and air flow 
is illustrated by the sudden interference burble of the 
mid-wing combination of the rectangular wing of 
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the round fuselage. With 
other wings and with 
the rectangular fuselage, 
thi early breakdown of 

the round fu clage in 
combination with the 
rectangular wing of sym
metrical section in the 
mid-wing position. The 
principal resul t is the 
absence of the interfm'
ence burble for the rec
tangular fuselage com
bination with no engine. 
Otherwise the rectangu
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the air flow is not 
evident. The introduc
tion of turbulence and 
the probable change of 
the pressure gradient 
due to the addition of an 
unco,ded engine appar
ently has no appreciable 
effect; whereas the ad
dition of a cowled engine 
eliminate the interfer
ence burble of the mid
w-ing combination. Thi 
effect on the interfor
ence burble indicate 
tha t for wing ha ving 
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the corre ponding round FIGURE 21.-Characteristics for various fuselage shapes. Typical unsatisfactory 
and rec tangular fu elage low·wing combinations, T. A. C. A. 4412 airfoil section with round fuselage. 

alone. The results also show that the rectangular- flow over the wing roots is critically affected by the 
fu elage combination having the uncowled engine ha fu elage shape. 
an early interference burble; no interference burble 
i present for the no-engine fu elage combination. 
The difference in drag between the round and the 
rectangular fuselage combinations having a cowled 
engine are greater than between either the combina
tions having the no-engine fu elage or the combina
tions having an uncowled engine, probably becau e 
of the peculiar hape of the cowling on the rec
tano-ular fuselage. 

A compari. on of the results of tests of the rectangu
lm'-fuselage combination having different wings with 

P ITCHI G MOMENT OF THE COMBI ATIO S 

As the interference effect on the pitching moment 
are u ually mall in the lift rano-e below the inter
ference burble, the approximate pitching moment of 
a wing-fuselage combination may usually be obtained 
by adding the moments of the wing and the fuselage. 
The pitching moments of fn elages of the type u ed in 
the e tests are not constant about anyone point as 
indicated by the variation of the pitching moment for 
the fuselages alone (see table II.) The slope of the 
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pitching-moment curve measmed at zero lift no shows 
tha t the aerodynamic center of the fuselage at the 
attitude of zero lift is well forward. When the 
moments of the fuselage are added to tho e of the wing, 
the resulting moments of the winO"-fuselage combina
tion indica te a position of the aerodynamic center (at 
zero lift) well forward of the quarter-chord point of 
the wing for the usual wing position. The value of 
the slopes of the pitching-moment cmves at zero 
lift, which represent the fore-and-aft positions of the 
aerodynamic center as fraction of the chord ahead of 
the quarter-chord point of the airfoil , are given for all 
the combinations in table V. The variable of most 
influence on the position of the aerodynamic center i 
the fore-and-aft position of the wing. As the wing 
moves aft from the most forward (mid-wing) position 
(fig. 14), the value of no increases from 0.012 in the 
forward position to 0.067 in the rear position (table V). 
Thi s increase represents a change in the fore-and-aft 
position of the aerodynamic center from 1.2 to 6.7 
percent of the wing chord ahead of the quarter-chord 
point. 

The effect on the aerodynamic centel' of adding 
fillets to a combination may also be of interest. The 
relatively large change in the position of the aero
dynamic center when fillets are a.dded (table V) indi
cate that fill eting the junc.ture of exist.ing airplane 
may affect the longitudinal stability to a serious extent. 
unless compensating changes are made. Because th!' 
pitching moments of a combination are not constant. 
ahout anyone point, no actuaJ aerodynamic center 
exists for a combination. Nevertheless, the value 
given representing the aerodynamic center as deter
mined at zero lift, together with the pitching-moment 
coefficien t at zero lift, provides information about the 
momen t in the high-speed range of a combination. 

The effects of the variables considered in this 
investigation on the pitching moment of the combi
nations are best studied by considering only the 
moment at zero lift. Values of the pitehing-moment 
coeffi cient a t zero jift Gm are given in table V for all o 
the combinations tested. The chief effects are those 
cau ed hy variations of the angle of wing setting (fig. 
15) and variations in camber of the wing ection (fig. 
17). The angle of wing setting affects the relative 
a t titud e of the fuselage ,vith respect to the attitude 
of the wing a d the effect of ,ving setting on the pitch
ing moment of the combination may be con idered as 
being du e almost entirely to the displacement of the 
pitching-moment cmve of the fuselage alone. Increas
ing the wing etting 4° (near zero incidence) increases 
the diving moment at zero lift in the order of 13 to 
19 percent of the moment of a moderately cambered 
wmg. Other variables have small effects on the 
moment at zero lift. Figure 22 shows the variation 
of Gmcl4 with the vertical position of the rectangular 
N. A. C. A. 0012 wing set at 0° with respect to the 

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

After the appearance of the interference burble t.he 
effect of the interference on the pitching moment in
creases. The effect of the interference bmble is similar 
to the effect of the normal burble of an airfoil n, the 
diving moment increases rapidly with an increa. e in 
the angle of attack beyond the burble. The large 
pitching-moment variations with variations of the 
vertical position of the wing, shown in figure 22 for 
lift coefficients of 0.3 and 1, are mainly because the 
ail' flow has already broken down at the interference 
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bUTble for combinations having the ,ving in the posi
tions corresponding to the large pitching-moment 
variations. 

MAXIMUM LIFT OF THE COMBI ' ATIONS 

Con iderations of the maximum lift coefficient of 
the lving as affected by the presence of the fuselage 
may be as important as con iderations of the drag. 
The maximum lift is considered eparately, however, 
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because the results show that the flow breakdown 
determining the maximum lift coefficient is almost 
unrelated to and independent of the earlier flow 
breakdown (interference burble) that cau es marked 
drag increases. For considerations of maximum lift 
coefficient, variations with the Reynolds Number 
must be taken into account; whereas for comparisons 
of the drag the high-scale results may be compared 
without regard to scale effect, any scale effect on the 
drag coefficients being small at the high Reynolds 

umbers associated with high-speed flight where 
considerations of the drag are of greatest importance. 

Data on the scale effect for the ma;<,:imum lift are 
given in table V by giving the maJi.'imum lift coefficients 
of the combinations at two values of the "effective 
Reynolds umber." The effective Reynolds umber 
is obtained from the actual test Reynold umber by 
the application of a factor to allow for the effects 
of turbulence present in the tunnel. (See references 
15 and 16.) Comparative tests indicate that, at thi 
efIective value of the Reynolds Number, maximum 
lift coefficients from the tunnel tend to agree with 
those in flight. The maximum lift coefficients pre
sented should therefore be applied to flight at Reyn
olds Numbers of 3,400,000 and 7,500,000. The value 
given for the higher Reynolds Number are approxi
mately correct for modern two-engine transport air
planes (7,500,000 corresponds to an airplane having 
a wing with an ll-foot mean chord and landing at 
73 miles per hour) and the ma~'imum lift coefficients 
given for 3,400,000 are approximately correct for 
popular single-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 the maximum lift result to 
other values of the Reynolds Number, the variations 
of the coefficients for the wings alone are shown in 
figure 23 for a wider range of the Reynolds Jumber. 
For the extension of the results, it will be helpful to 
note that the scale effect for the wing-fuselage com
bination is either much like the scale effect for the 
wing alone when the adverse interference is small or the 
scale effect is small when the combination shows 
marked adverse interference. In other words, the 
results may usually be either corrected for scale 
effect paralleling the Cllrve for the wing alone in figure 
23 or used uncorrected, depending on the character 
of the interference. 

Wing Position.- Consider first the effect of varying 
the wing position of the combinations having the 
rectangular wing of symmetrical section and round 
fuselage. A variation of the vertical position of the 
wing indicates marked reductions of the maximum 
lift coefficient when the wing is in the center and in the 
low positions. The greatest reductions occur for 
some of the mid-wing combinations. For some of 
the combinations, the maximum lift tends to be 

slightly higher than that of the wing alone. The 
interference effects on the maximum lift are apparently 
independent of the effect on the drag. 

A variation of the fore-and-aft mid-wing positions 
shows a steady reduction in the maximum lift coefficient 
from a value approaching that of the wing alone at the 
most forward position to a value below that for the 
normal fore-and-aft position when the wing is well 
back along the fuselage. For the disconnected combi
nations a variation of the fore-and-aft position shows 
very little effect. 

The angular position for a normal range of wing 
setting does not appreciably affect the maximum lift 
coefficients of the combinations. Although the dif
ferences over the full ranges of wing setting tested are 
sometimes rather large, there do not appear to be any 
noticeable general trends. 

The effect on the maximum lift coefficients of the 
position variables appears to be governed mainly by 
the amount of the leading edge and upper surface of 
the wing exposed. 
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Wing Shape.- The maximum lift coefficient of the 
combination having the cambered wing are appar
ently much les affected by the different variables 
than are the maximum lift coefficients of the combi
nations having the rectancrular wing of symmetrical 
section. The combinations having the tapered wing 
how generally favorable effects, except for the 10w

wing connected combinations, in which the effect is 
somewhat unfavorable over a small range of vertical 
positions. The maximum lift coefficients of the cut
out wing combinations are all low when compared 
with the uncut wing combination but are somewhat 
higher than the maximum lift coefficients of the 
cut-out wing alone. In general, the conclusion is 
that low-cambered moderately thick wing sections like 
the . A. C. A. 0012 having critical flow conditions 
at maximum lift are more su ceptible 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 the maximum lift coefficient as the result of en
closing the thickest part of the wing in the fuselage. 

.., 
I 
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I Fuselage Shape.- The rectangular fu elage mid-wing 
combination having tbe rectangular wing of symmetri
cal section La a more favorable maximum lift coeffi
cient than the round-hl elage combination. With 
other wings there are malleI' difference between the 
maximum lift coefficient of the round and rectanO'ular
fuselage mid-wing combination . Addition of the 
lillcowled engine tends to decrease the ma)..'imum lift 
coefficient from that of the corresponding no-engine 
fuselage combination. Addi ion of the cowling, how
ever, tends to eliminate the adver e effect of the 
engine and sometimes increase the ma:-rimum lift 
coefficient above that of the corresponding no-engine 
£ uselage com bina tion. 

Fillets and Strut Attachments.- Fillet have a light 
effect on the maximum lift coefficient except for cer tain 
well-shaped fillet that increase the maximum lift 
lightly with increase in size of the fillet, probably 

owing to an increase in the effective wing area. Differ
ences appear to be urpri ingly small between the 
ma)..'imum lift coefficient of the filleted and unfillet
ed combination having very lllgh-drag junctures. 
Straight plan-form fillets improve the maximum lift 
coefficients over the unfilleted mid-wing combination 
m'ling to the increa e in area due to the fillets. The 
wa hed-in and washed-out fillet affect the maximum 
lift coefficient of the combinations in a manner similar 
to that to be expected ,'lith corre ponding change of 
camber of the ection. 

The combination having thick and moderately 
thick connecting struts show some los of maximum 
lift from th t of the ''ling alone. The maximum lift 
coefficients of the combination having a thin connect
ing plate are appro:>..'imately the same a that of the 
wing alone and agree fairly well mth the imilar 
unconnected combinations. 

CONCLUSION 

As regards the general aerodynamic efficiency of 
the various combinations investigated, the mo t atis
factory criterion is probably the ratio CLmaxICD., where 
C D is taken at a lift coefficient corre ponding to either • 
high-speed or cruising flight . On the ba i of thi 0-

l_ 

called " peed-range index" the order of merit of the 
combinations may change with the Reynolds Number 
as the result of the rather large variation of CL max with 

Reynolds umber for some of the combination. A 
compari on of the variou combination on th ba is 
of the peed-range index indicates that ome of the 
parasol arrangement ,'lith the round fuselage and the 
N. A. C. A. 4412 airfoil would be among the best if 
the drag of the necessary wing- upporting members 
were eliminated a in the te t. If these combination 
are eliminated becau e of the unavoidable drag of a 
wing-support y tem, the most favorable combinations 
seem to be those of the tapered ,'ling or the rectangular 

r. A. C. A. 4412 wing in positions omewhat above 
the mid-wing po ition. The usual high-''ling po ition 
may be made nearly as favorable as the high mid-wing 
positions by the use of suitable fillet. Forward 
po itions of the mng with respect to the fu elage 
appear to be favorable. Low-wing po itions are 
tmfavorable, but, by adequately filleting the wing
fuselage juncture, the aerodynamic efficiency of the 
low-wing combinations can be made to approach that 
of the better high-wing combination . 

In general, it may be noted that important favorable 
interference effects are usually the result of drag 
saved by enclosing a considerable part of the wing 
urface within the fuselage. Marked adver e inter

ference effects are a oeiated mth a breakdown of the 
flow near the wing-fuselage juncture. This phenom
enon, referred to as the "interference burble ", is a 
complicated one dependent on the stability of the flow 
over the airfoil, the conditions at the wing-fuselage 
juncture, and the geometrical form of the air spaces 
at the junctlll'e. Efficient airfoils of moderate thick
ness and low camber are most susceptible to such 
adverse interference. The interference burble does 
not necessarily affect the maximum lift coefficient. 

LANGLEY MEMORIAL AERO AUTICAL LABORATORY, 

N ATIO AL ADVISORY COMMITTEE FOR AERO AUTICS, 

LA GLEY FIELD, VA., March 8, 1936. 
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TABLE I.- AIRFOIL CHARACTER! TIC 

Airfoil 

Rectangular T. A. C. A. 0012 .. . .... _ . . 
T apered N. A. C. A. 0018-09 .. . ....... . 
Cut'OUL N. A. C.A. 0012 ............. . . 

0.000 
.000 
.000 

0. 0080 
. 0093 
.0074 

0.000 
.000 
.000 

Rectangular K. A. C. A. 4412 ..... • .... -0.006 I 0. 0097 1 -0.089 

0.307 
. 305 
.266 

0.29 

CD. 

0. 0087 
. 0009 
.0085 

a = OO 

1 

0.003 
. 006 

_ . 007 

TABLE II.-FU ELAGE CHARACTER! 

CL cv I I Cmp CI. I CD I I em" CL CI) I C"'p 

Fuselage ]~ngille 

a = Oo a=4° 

0.00-11 0.000 0.001 0.00-12 0.016 '"" I '·"'1 0.028 0. 011 Round None ____ ______ _ 0.000 
. 004 .0200 .027

1 

.008

1 

Do ncowled ...... . 000 .01 9 .000 .001 .0191 . 015 
])0 . Cowle<l ......... .0000 .0069 .000 .008 .0073 .013 .017 .0088 . 025 . O • 

.014 .OO6S .015 . 026 Rectnngulaf. .. None ~. ~ ___ . .00 .00-19 .000 .005 .0054 . 009 

I Pitching·moment cceffi cien t ahout the quarter·chord point of the fuselage. 

0. 920 
. 910 
.7' 

a = 12° 

0. 0062 
.0216 
. 011 5 
.0O'Ji 

Cn, ~ 

0.0150 
. 0146 
. 01 6 

a = 0 

0. 004 
. 01 3 
. 01 

0. 0136 -0. 4 

I ( . p r ('L CD 

a = 16° 

0. 035 0. 019 0. 0085 
.037 . Or., .0244 
035 .(HO .0165 
01 . 040 .01 51 

I e mp 

0.038 
.04.1 
.044 
.015 

.. _ --, 

/ 
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TABLE IlI.-LIFT AND INTERFERENCE, DRAG A D INTERFEREr CE, AND PITCHING MO ME T AND 
I T ERFERE CE OF FUSELAGE I N WI NG-FUSELAGE CO MBINATIONS 

ACL I ACo, \ ACm", ACL \ ACo. \ AC .. 4• ACL \ flCO , 
\ 

ACm", flCL \ Aco. \ 6Cm". ACL I flCD. l AC,.", flCe 16Cu 1 6C~", 
Combina- Combina- I • 

tion tion 
0:=00 0:=40 0:=12° a = Oo 0: = 40 «=12° 

--- -
1. __ _____ _ 

0.000 0.0031 0.000 0.007 0. 0035 0_ 002 0.016 0.004.2 -0.002 80 ___ _____ 0.015 0.0060 -0.029 0.018 0.0064. -0.023 -0.013 0.0107 -0.00 2 _________ .062 _0042 .026 .071 . 0050 .029 .092 .0067 . 029 81. __ ___ __ .020 . 0080 - . 030 .021 .00 4 - . 032 -.014 .0136 -.015 3 _______ __ .000 .0032 .000 .008 . 0037 .005 .026 .0046 .012 82 ___ ___ __ -.017 .0054 . 015 - . 018 .0057 .018 -.027 . 0070 .021 L ____ ____ -.062 .0042 -.026 -.050 .0039 -.023 - . 028 . 0044 -.014 83 ___ ____ _ -.006 .0045 -.003 -.008 .0053 . 004 - . 018 .0065 .012 5 _____ ____ . 063 .0044 .027 .068 .0053 .033 .094 . 0071 .042 84. ____ ___ . 005 .0049 -.019 .001 .0054 -.012 -.015 .0069 .004. 6 _________ . 028 .0036 .014 . 044 .0038 .021 . 071 .0053 .032 85 ___ _____ .012 .0054 - . 030 .013 .0059 -.025 -.003 .0067 -.009 
7 _________ .000 .0035 .000 .013 .0039 _009 .040 .0047 .024 86 ___ _____ .017 .0071 - . 034 .017 .0071 -.032 .002 .0076 -.023 8 ______ • __ - . 028 .0036 -.014 -.015 .0036 -.005 _006 .0045 .008 87 ______ __ -.021 .0040 .011 -.024 .0048 .017 -.033 .0059 .020 
9 _________ -.063 .0044 -.027 -.047 .0041 -_019 -.020 .0042 -.004 88 _____ ___ -.010 : gg~~ -.006 -.014 .0040 .003 -.034 .0056 .014 10 _____ ____ .058 .0044 .032 .069 : gg~~ _ 042 .0iO .0300 .037 89 _______ _ .001 -.023 -.005 .0041 -.014 - . 019 .0052 .003 11. ___ _____ .000 .0035 .000 .022 .014 .OH .0051 .036 90 ___ ____ _ .007 . 0046 -.033 . 006 .004.5 -.026 -.010 .0052 -.007 12 ___ ____ __ -.058 .0044 -.032 -.041 .0041 -.019 -.009 .0039 . 003 91. _______ .012 .0064 -.037 .012 , .0059 -.034 -.007 .0074 -.022 13 _________ .000 .0038 .000 . 023 

.00u 
.019 . 03~ .0102 .052 92 ___ _____ -.021 .0038 .014 -.024 .0045 .022 -- -- --- - --- - -- - - - -----14 ____ _____ .000 .0036 .003 .016 .003 .010 .049 .0042 .023 93 ___ __ ___ - . 013 .0035 - . 002 -.015 .0033 .008 --- -- - - - - ----- -- ----- . 15 __ _______ .000 .0036 . 003 . 011 .003 .011 .047 .0040 .026 9L _____ __ -.003 .0037 - . O!~ -.007 _0035 - . 007 - --- - -- ------ . - - - -----16 _____ ___ _ -.002 .0041 .004 .012 .0043 .013 .039 .0042 .028 95 ___ ____ _ .001 .0040 -.029 .000 _0039 -.020 --.---- -- -- --. - --- - ---17 ___ ______ -.003 .0053 .034 . 022 .0063 .039 .041 .00 9 .048 96 _____ ___ . 004 .0056 -.034 .005 .0052 -.032 --- -- -- -- - --- - .- -- - ---18 _______ __ .011 .0047 .021 .016 .0051 .029 - - ----- ------ - -- - ---.-

97. __ ___ __ -.041 .0052 .023 -.040 .0061 .022 -.051 .0084 .009 19 _____ ____ - . 001 .0042 .006 .008 _0046 . 015 .030 .0051 . 029 98 ________ - . 034 .004.5 .Oll -.035 .0052 .014 -.044 .0062 .010 20 __ _______ -.017 .0037 -.009 -.008 .0041 -.002 .013 .0046 .012 99 ___ _____ -.023 .0052 -.007 -.026 . 0046 -.001 -.035 .0052 .004 21. ________ -.04.6 .0043 -.021 -.034 .0039 -.015 -.013 .0037 -.003 100 ________ -.010 .0052 -.022 -.015 .0050 -.017 - . 030 .0056 -.008 22 ____ ___ __ .010 . 0054 .003 .012 . 0052 . 011 .021 .0067 .025 101. _______ -.002 . 0058 -.032 -.004 .0056 -.029 -.019 .0055 -.020 23 ____ _____ 022 _0114 .008 .001 . 0077 .024 -- -:000 -- :~~~ 
102 _____ ___ .002 .0071 - . 033 .004 .0067 -.035 -.011 .0064 -_032 24 ___ ______ .045 . 0088 -.004 .004 .0066 .010 .030 103 ________ -.006 .0048 .013 -.005 .0057 .020 -.011 .0068 .026 25 _______ __ .041 .0068 -.016 .031 .0053 -.007 .020 . 0057 .013 10L _______ . 004 .0046 -.003 .006 .0050 .006 -.004 .0059 .017 26 _____ ___ _ -.006 .0058 . 021 -.014 .0058 .028 -.022 .0089 :~~ 
105 ____ ____ .017 .0047 -_018 .014 .0051 -.009 -.002 .0065 _009 27 __ __ _____ 

- : ~~ .0056 -.002 -.004 .0047 _ 013 -.020 .0082 106 ______ __ .023 .0053 -.029 . 024 .0055 -.022 .007 .0067 -.003 28 _________ .0049 .019 -.012 .0047 .028 -.019 .0077 .035 107 ___ ____ _ .025 .0073 -.034 . 026 .0071 - . 031 . 010 .0074 - . 016 29 ______ ___ .002 .0045 .004 .000 .0039 .015 -.014 .0062 .027 108 ___ __ ___ .016 .0049 .016 .018 .0056 027 .011 .0080 _045 30 ____ _____ . 014 .0045 - . 012 .010 .0010 - . 001 -.002 . 0046 .014 109 ___ ___ __ .024 .0049 .000 .024 .0052 . 013 .014 .0075 .036 31. ______ __ -.005 .0049 .019 -.012 . 0047 .028 -.019 . 0063 _ 037 110 __ ____ __ .034 .0052 -.017 .034 .0057 -_001 .018 .0070 .025 32 __ _______ .006 .0045 .003 -.005 .0042 .015 -.014 .0046 .028 111. _____ __ .040 .0063 -.029 .040 .0060 -.014 . 023 .0072 .012 33 __ ____ __ _ .017 .0054 -.015 . 007 .0043 .000 -.005 .0044 .014 112 ___ _____ .043 . 0077 - . 037 .045 .0073 -.026 .026 
:~~? 

.001 34 __ ___ ___ _ . 026 .0060 -.028 .016 .0053 -_019 .005 . 0043 -.002 113 _____ ___ .002 . 0193 -:gg~ -.009 .0191 .013 - . 069 _027 35 __ __ _____ .030 . 0078 -.033 . 025 .0065 -_032 .018 . 0047 -.021 114 _____ ___ .010 . 0188 .001 .01 3 - . 001 - . 064 .0265 .015 36 ___ ______ -.001 .0038 .023 -.012 .0035 .028 -.021 .0053 .0~8 115 ________ .020 . 0194 -.019 .012 .0182 -.011 -.047 .0230 .003 
37. ____ ____ _ 010 .0038 .006 -.006 .0034 _ 016 -.011 .0029 . 031 116 ________ . 030 .0204 -.033 .020 .0187 -.029 -.024 .0202 -.Oll 38 ___ _____ _ 

:~~~ 
.0040 -.011 .006 . 0036 -.001 -.007 .0030 .020 117 _____ ___ .034 .0222 -.043 .031 .0202 -.042 -.003 .0192 -.025 39 __ _____ __ .0050 -.023 .017 .0041 -.QI8 .001 .0029 .002 U8 _____ ___ .000 . 01~~ . 000 .007 .01 5 .010 .029 .0225 .024 40 ____ _____ .034 .0062 -.031 .025 .0051 - _030 .020 .0030 -.016 119 ________ -.020 

:~~~ 
.019 - . 024 .0210 .026 -.035 .0269 .031 41. ________ .003 .0037 .O!~ -.007 

:~~ 
.026 - . 021 .0045 . 041 120 ___ _____ -.010 _005 -.012 .0204 .012 -.027 . 0246 .023 42 ____ _____ .013 .0035 . 002 -.001 _ 011 -.016 .0031 .032 121. _______ -.002 .0193 -.008 -.003 .0197 - . 001 -.012 . 0238 . 012 43 ___ ___ ___ .021 .0038 -.014 .006 . 0030 -_004 - . 013 .0029 . 021 122 _____ ___ .003 .0200 -.020 .004 .0204 - . 012 -.007 .0237 .001 44. ___ ____ _ .027 .0045 -.027 .013 .0031 - . 020 -.006 .0031 .003 123 _______ _ .003 .0216 -.027 .011 .0212 -.023 -.002 .0233 -.010 45_ • _______ .033 .0063 -.033 .021 . 0041 -.032 . 018 .0023 - . 014 124 ________ -.003 . 0076 .015 -.004 .0088 .020 -.016 . 0211 .035 46 _________ . 002 .0058 .032 -.006 .0066 .029 -.013 .0110 .030 125 ___ _____ .002 .0069 .002 .001 .0076 . 008 -.006 .0132 .026 47. _____ ___ .010 .0052 .022 .001 .0055 _ 024 -.011 .0076 . 029 126 ________ .008 .0077 -.012 .006 . 0070 -.006 .001 .0077 .011 48 ______ ___ .Q?..3 . 0052 . 007 .009 . 0051 _ 012 -.005 . 0057 .022 127 ____ ____ .013 .0093 -.028 .012 .0077 -.020 .010 .0062 -.006 49 _________ .034 .0045 - . 011 .019 .0055 -.007 .006 .0055 .009 128 ___ _____ .011 .0124 -.039 .016 _0094 - . 035 .019 .0060 -.024 50 ______ ___ .041 .0052 -.023 _ 031 .0056 -_026 .017 .0050 -.007 129 ________ _000 .0061 .000 . 015 . 0071 .009 .047 _0110 .032 51. ____ ____ .047 . 0070 -_028 .038 .0065 -.035 .031 . 0054 -.028 130 ________ -.008 .0077 .012 -.005 .0095 .019 -.007 .0169 .030 52 _______ __ -.017 . 0047 .018 -.Q?..3 : &l;~ .028 - . 025 .0073 .041 13L _______ -.002 .0069 -.002 -.001 .0080 .006 -.003 . 0131 .019 53 __ __ _____ -.004 .0046 . 003 - . 014 .012 - . 020 .0053 .030 132 ________ .003 .0076 -.015 .004 .0082 -.008 -.005 .0114 .012 54 ___ _____ _ .006 .0048 =:2M -.005 .0049 - _005 -.013 . 0049 .019 133 ___ _____ _004 .0093 -.025 .009 .0089 -.020 -.005 .0110 .000 55 ____ _____ .013 .0053 .005 .0053 -.021 -.007 .0049 .002 134. _______ .007 .0125 -.034 .010 .0103 -.030 - . 009 .0107 -.013 56 ____ ___ __ .0!8 . 0071 -.036 .016 .0059 -.036 .006 . 0052 -.017 135 __ ______ .000 .0032 .000 .016 . 0037 .009 .043 .0043 .024 57 ___ _____ _ -.034 .0052 .017 -.043 .0054 .033 -.038 .0079 .061 136 ________ .000 .0034 .000 .012 .0040 .008 .044 .0047 .025 58 _____ __ __ -.024 . 0049 .000 - . 038 . 0045 _ 019 - . 035 .0054 .045 137. _______ .000 . 0035 .000 . 013 .0042 .007 .045 .0046 .020 

59 ___ ___ __ • -.016 .0049 -.016 - . 025 .0044 .001 -.034 .0051 .030 1 .000 .0176 .000 . 012 .01 3 .Q~ .039 .0218 .021 60 ___ ___ ___ -.006 : &l~~ -.031 -.016 .0047 - . 017 -.024 .0044 .014 139: : : : :::: .000 .0058 .000 .019 _0064 .008 .059 .0110 .024 6'- ___ ____ _ .000 -.043 -.007 .0053 -.033 -.013 .0049 -.006 140 __ __ __ __ -.056 .0055 .032 - . 014 .0051 .030 .062 .0052 .027 62 ____ _____ .000 .0036 -.003 .015 .0038 _ 004 .044 . 0048 .016 141. ____ ___ .000 .00'10 .000 .040 .0041 .000 .111 .0055 .001 63 __ _____ __ .000 .0036 -.003 .021 .0039 _ 005 . 045 .0060 .016 142 _____ ___ .056 .0055 -.032 .090 .0056 -.032 . 160 .0065 -.035 64. ___ ____ • .002 .0041 -.004 .015 . 0043 _003 -.028 .0295 -.007 143 ________ .004 .0048 .009 .007 . 0050 .015 .021 .0076 . 027 65 _________ .046 .0043 .021 :~~ .0057 .021 .012 .0373 -.006 144 __ ____ __ .048 .0051 -.005 .056 .0052 -.001 .077 . 0076 .007 66 ______ ___ .017 .0037 .009 .0044 .014 - -- - - -- ---- -- - ----- - --
145 __ ___ ___ .045 .0049 - _005 .056 .0050 .000 .076 .0069 .009 67. ___ _____ .001 .0042 -.006 .01 1 .0047 .003 =:~~~ .0327 -.004 146 __ ______ -.004 .0048 - . 009 .004 .0050 -.004 -.029 :~g .010 68 __ ______ _ - . 011 .0047 -.021 -.001 .0053 -.012 .0325 -.012 147 __ ______ -.048 .0051 .005 -.030 .0054 . OQ~ -.022 . 009 69 ____ _____ .003 .0053 -.034 - . 014 . 0053 - . 025 - . 080 . 02~~ -.015 148 ___ ___ . _ -.045 . 0049 .005 -.032 . 0055 .009 -.021 .0069 .010 70 ________ _ - . 010 .0054 -.003 -.019 .0088 .003 -.092 :~~~~ .000 149 __ ______ .006 .0054 .006 .007 . 0051 .014 .005 .0060 .027 

71 ________ _ -.041 .0068 .016 -.047 .0092 .020 -.064 . 020 150 __ _____ _ -.004 .0051 .009 -.001 .0051 . 017 -.002 .0062 .030 72 ____ _____ -.045 . 0088 .004 -.056 .0124 .007 -.101 .0277 .011 151. _____ __ -.001 .0062 .009 -.009 . 0060 .020 -.006 .0073 .026 73 ___ ______ -.022 .0114 - . 008 -.069 .0176 .001 -.155 .0353 .011 152 __ ____ __ -.009 .0061 . 008 -.010 . 0058 .016 -.007 .0067 .028 
74 _. ____ ___ -.011 .0056 .002 -.045 . 0078 _ 014 -.088 .0155 .023 153 ________ -.009 .0063 .008 -.013 .0064 .017 -.011 .0080 .029 
75 __ ______ _ .006 .0058 -.021 -.003 .0065 -.010 -.113 .0172 . 017 154 ____ ____ -.006 .0054 -.006 -.002 .0059 .002 -.004 .0074 .012 
76 ____ _____ . 014 .0080 -.029 .002 .0109 - . 019 -.157 :~~g . 004 155 __ ______ .004 .0051 -.009 .003 .0058 -.001 .000 .0073 .007 77 ___ ______ -.014 .0045 .012 - . 010 .0056 .015 - . 024 .020 156 ____ ____ .001 .0062 -.009 - . OQ8 .0082 . 002 -.050 :g~~ .016 
78 ________ _ 

-:~~ .0045 -.004 -.00'1 .0052 .003 - . 017 .0074 . 010 157 _____ ___ .009 .0061 - ' <>2~ .004 .0074 -.001 -.071 .013 
79 __ __ _____ .0049 -.019 .006 .0060 -.013 -.013 .0084 .001 15 -- - - - - - - . 009 . 0063 - . 008 -.001 .0083 .003 -.070 .0240 .015 

I 

h 
I 

~ 
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TABLE IlL- LIFT A D INTERFERE CE, DRAG AND I TERFERENCE, AND PITCHING MOME T AND 
INTERFERE CE OF FUSELAGE IN WI G-FUSELAGE COMBI ATIONS-Continued 

':"CD,,':"C.,,4 t::. L I t::.CD·1 t::.c.,1, flCI. I/lCD' I !:lCm", flCL I flCD, I flCm", flCL I flCD, 
1 

llC"'e/4 flCL I flCD, I '::'CM"4 flCL 

I Combina· I Combina· 
tion tion 

a=-4° a=OO a=8 CJ a=OO a=4° a=12° 

---- --
159 ........ 0.001 0.0037 0.007 -0.003 0.0033 0.014 -0.009 0.0043 0.027 1 -------- -0.006 0.0038 0.004 -0.002 O. 00b0 0.009 -0.017 0.0075 0.005 

.00b1 -.003 -.012 .0076 .002 

.0051 -.016 -.006 .0077 -.004 

.0055 -.025 .002 .0084 -.013 
.0053 .027 .0 13 .0070 .037 

160 .... __ . .010 .0037 -.012 .012 .0032 -.004 .003 .0033 .013 1 9 .. ______ .004 .0038 -.012 .00b 
161. . ___ .022 .0044 -.027 .023 .0035 -.021 .013 .0032 -.005 190 .... __ .. .014 .0041 -.022 .014 
162.. _ ... :: .029 .0058 -.034 .031 .0047 -.035 .024 . 0037 -.022 191. .... _ .. .021 .0051 -.029 .023 
163 .. ---- . 030 .0091 - . 032 .034 .0071 -.037 .034 . 0043 -.038 192 .. ____ .003 .0043 .018 .004 
1&1. .. ... .003 .0036 .004 . 024 .0035 . 013 .062 .0043 .026 193 ........ .012 .0042 .002 .011 .0045 .013 .015 .0056 .030 

. 0044 -.003 .022 .0043 .020 

.0047 -.020 .022 .0042 .005 
165_ .. .. -.024 .0033 -. Oll - . 002 .0033 - . 003 .033 .0044 . Oll 194 .. ____ . .016 .0047 -.016 .016 
Hi6 .. . -.056 .0045 -. 025 -.035 . 0039 -.017 .005 .0041 -.002 195 ...... .026 .0054 -.030 .024 

.0054 -.033 .020 .0062 -.013 

.0037 .009 .1l4 .0147 .003 
.0057 .026 -.016 . 0097 .028 
.0049 .013 -.019 .0074 .027 
.0048 - .005 -.015 .0060 .020 
.0047 -.021 -.006 . 0054 . 006 
.0058 -.O:JI .004 . 0053 -.013 

167 .. --. -.003 :gg;~ -.007 -.002 .0052 .004 -.016 .0067 .014 196 .... __ .028 .0073 -.032 .030 
1 . . 009 - . 020 : ~~ .0051 - . 013 -.009 .0063 . 006 197 .... .006 .0037 .006 .044 
169:' .015 .0055 -.030 .0054 -.026 -.002 .0063 -.006 198 __ .. -.016 . 0047 .016 -.019 
170 .. :. ~::: . 021 :~~ -.035 .021 .0063 -.032 .004 .0067 - . 019 199 _______ -.012 .0042 -.002 -.013 
171. .. ---- .023 - . 039 .027 .0083 -.035 .01 1 . 0078 -. 027 200 ___ .... -.003 . 0043 -.018 -.0051 
172 -.031 .00&4 -.Oll -.004 . 0060 .006 .036 .0088 .022 201. ___ .004 .0051 -.030 .006 
173.:: .. -.005 .0049 -.015 .001 . 0056 -.005 -.049 .023 1 .006 202 .. __ --- .008 .0065 -.038 .U12 
174 .. .000 .0193 - . 011 -.006 .0201 .004 -.053 .0397 .014 203 .. __ -- .021 .0049 . 010 .040 .0055 .012 .077 .0086 .01 1 

.004 .006 .055 .0061 .Oll 

. 0051 -.005 .025 .0059 .004 
J 75. ______ . -.003 .0072 -. 01 7 .004 .0077 -.002 - . 037 .0226 .028 204 .. __ .000 .0042 .000 .018 
176 .. ______ .. OS . 0045 -. 01 8 .025 .0043 -.007 .047 .0058 .010 205 .. _____ -.021 .0049 -.010 -.003 

.0201 .006 .037 .0258 .016 

.0090 .010 .056 .0139 .027 
177. .. ___ - . 026 .0038 -.013 -.006 : gg::~ -.004 .035 .0048 . 007 206 .. _ .. ___ .000 . 01 7 .000 .009 
17 _______ = -.040 .0049 -.013 -.019 - . 007 .024 .0054 .001 207 .. __ .. _ .000 .00 1 .000 .022 
179 .... ___ -.036 .0192 -.007 -.020 .0191 -.001 .018 .0217 .007 
80 .. ______ -.038 .0069 -.012 - . 014 .00&4 - .004 .027 .0095 .013 

a=-4° 

O. 0041/-0. 001 0.0391 0.00541 0.013 

o. 00391 0.004 0.0401 0.00581 0. 011 

a=Oo 0:=4 0 a=12° 

-0. 0191 0. 00471 0. 0031 2OS .. ___ .. _ -0.006 

81. .. _ .. -0.014 O.OO4 J 0.022 - 0. 017 0.0045 0. 026 - 0.023 0.0055 0.034 
2 .. _____ . -.004 .0038 . OJ2 -.010 .0039 .015 -.017 .0037 . 025 a=Oo 83 .. _____ . .006 .0038 -.004 .001 .0036 .001 -.006 .0030 .015 

84 .. ___ ... .015 .0044 -.016 .010 .0037 -.015 .003 .0032 .000 
85 .. _ ... -.009 .0031 .OOS -.001 .0031 .014 .017 .0033 .029 

209 ........ 0.000' 0.0034 0.000 0.014 
86.. ..... : .000 . 0022 .000 .018 .0024 . 005 .032 .0038 .020 

7 .. ----- .009 .0031 -.008 .026 . 0036 -.001 .029 .0069 .010 

TABLE IV.- I T ERFE RE CE DATA F OR DISCONNECTED COMB! ATIONS 

Combi· 
nation 

26 -0.021 
27 .006 
28 -.018 
29 -.C05 
30 .010 
31 -.011 
32 .002 
33 .016 
34 .029 
35 .041 
36 -.004 
37 .009 
38 .022 
39 .033 
40 . 046 
41 .000 
42 .Oll 
43 .021 
44 .031 
45 .042 
46 -.010 

:~ :g<;~ 
49 .032 
50 .044 
51 .058 
52 -.024 
53 -.009 
54 .004 
55 .017 
56 .030 
57 -.041 
58 -.030 
59 -. 018 
60 -.004 
61 .009 
74 -.006 
75 .021 
76 .037 
77 -.010 
78 .005 
79 .018 
80 .032 
81 .046 
2 -.016 
3 -.002 
4 . all 

85 .024 

-0.0003 
.0001 

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

-.0003 
.0002 
.0005 
.0005 
.0006 

- . 0009 
.0000 
.0005 
.0009 
.0010 
. 0001 

-.0003 
-.0010 

.0006 

.0003 
-.0004 
-.0013 
-.0027 

.0012 

.0003 

.0000 
-.0009 

Interference on wing in presence of fuselage 

0.007 
.005 
.006 
.007 
.008 
.004 
.004 
.004 
.005 
. 006 
.005 
.005 
.005 
.005 
. 004 
.003 
.003 
.003 
.002 
.002 
.005 
.006 
.007 
.006 
.006 
.005 
.004 
.004 
.005 
.006 
.006 
.004 
.005 
.006 
.006 
.007 

-.005 
-.007 
-.007 
-.COS 
-.007 
-.006 
-.004 
-.003 
-.004 
-.004 
-.004 
-.004 

-0.022 
-.005 
-.016 

.001 

.013 
-.013 
-.001 

.0ll 

. 024 

.038 
- . Oll 
-. 001 

. Oil 

.024 

.037 
-.009 

.001 

.009 

.0'9 

. 030 
- . 014 
- .001 

.Oll 

.022 

.037 

.050 
-.026 
-.012 
-.001 

.013 

.028 
-.047 
-.036 
-.022 
-.010 

.004 
- . 036 

. 020 

.027 

. 000 

. 012 

. 027 

.043 

. 055 
-.012 

. 002 

.016 

.030 

-0. 0023 
-.0029 
-.0022 
-.0027 
-.0033 
-.0018 
-.0022 
- . 0026 
-.0030 
- . 0040 
-.0015 
-.0017 
-.0021 
- . 0026 
-.W34 
-.0010 
-.0015 
-.0017 
- . 0021 
-.0028 
-.0021 
-.0024 
- . 0028 
-.0030 
-.0036 
-.0046 
-.0004 
- . 0009 
-.0013 
-.0020 
-.0033 

.0007 

.0001 

.0000 
-.0002 
-.0012 

.0061 

. 0039 

.0037 
.0065 
.0052 
. 0037 
.0017 

-.0004 
.0057 
.0047 

: gg~~ 

0.006 
.007 
.006 
. 006 
.007 
. 004 
.005 
.006 
.005 
. 004 
.003 
.004 
.004 
. 003 
.003 
.002 
.001 
. 001 
. 001 
.000 
.003 
.004 
.004 
.005 
.003 
.003 
.003 
. 004 
.004 
.004 
.003 
.004 
.005 
.006 
.006 
.005 

-.004 
- . 007 
- . 008 
- . 012 
-.009 
-.008 
-.006 
-.005 
-.007 
-.007 
- .006 
-.005 

-0.026 
-.017 
-.020 
- . 007 

-:gt~ 
-.005 

.008 

.021 

.035 
- .019 
-.002 

.006 

.017 

.036 
-.021 
-.011 
-.004 

.006 

-:g~ 
- . 008 

.005 

.019 

.032 

.046 
-.028 
- . 016 
-.002 

.010 

.023 
-.049 
- . 036 
-.026 
-.012 

.002 
- . 068 
- . 083 
-. 134 
-.005 

.013 

.024 

.033 

.040 
-.016 

.002 

.012 

.030 

0. 0011 
-.0002 

.0007 
-.0013 
- . 0044 
-.0001 
-.0026 
-.0044 
-.0067 
-.0090 
-.0002 
-.0031 
- . 0041 
-.0061 
-.0084 

.0005 
-.0013 
-.0026 
-.0040 
- . 0068 
- . 001l 
-.0026 
-.0053 
- . 0071 
-.0095 
-.0115 

.0036 

.0013 
-.0007 
-.0028 
-.0054 

.0068 

. 0051 

.0039 

.0016 
-.0004 

.0265 

. 0252 

.0331 

. 0243 

.0213 

.01 5 

.0161 

: gt~~ 
.0174 
.0151 
. 01 16 

0.004 
.005 
.003 
.003 
.003 
.002 
.002 
· 001 
.001 
· 000 
.002 
.002 
.002 
.001 
.001 
.003 
.002 
.002 
.001 
.000 
· 00-3 
.003 
.002 
.001 
.001 
.000 
.001 
.001 
.001 
.002 
.001 
.003 
.002 
.002 
.003 
.003 

-.007 
-.004 
-.014 
-.014 
-.Oll 
-.009 
-.OOS 
-.006 
-.008 
-.009 
-.007 
-.006 

0.015 
. 005 
.010 
.007 
.004 
.006 
.004 
. 001 

- . 003 
-.011 

.003 

.001 
-.001 
-.005 
-.012 

.003 

.002 

.000 
-.004 
-.009 

.012 

.007 

.005 

.002 
-.003 
-.Oll 

.007 

.005 

.002 
-.004 
-.012 

.007 

.006 

.002 
-.002 
-.009 
-.005 
- . 015 
-.023 
- . 004 
-.007 
-.010 
-.017 
-.026 
-.001 
-.004 
-.006 
-.012 

0.0061 
.0055 
.0053 
.0042 
.0039 
.0049 
.0042 
.0042 
.0050 
.0069 
.0037 
.0034 
.0032 
.0039 
.0053 
.0033 
.0028 
.0026 
.0032 
.0049 
.0056 
.0042 
.0039 
.0034 
.0045 
.0067 
.0050 
.004-1 
.0043 
.0048 
.0065 
.0001 
.0049 
.0044 
.0045 
.0058 
.0055 
.0061 
.0090 
.0039 
.0042 
.0053 
.0073 

-.0107 
.0042 
.0042 
.0049 
• ()()6.1 

Characteristics of fuselage in presence of wing 

O. 014 O. 008\ 
-.007 .001 

. 013 .004 
- .003 -.001 
-.020 - 003 

.015 .001 
-.001 -.004 
-.019 -.004 
-.033 -.008 
-.039 -.013 

.01 -.001 

. 001 -.005 
-.016 -.005 
-.028 -.007 
-.035 -.012 

.015 .002 
-.001 -.002 
-.017 -.003 
-.029 -.000 
-.035 -.009 

. 027 .008 

.016 .002 

.000 -.002 
-.017 -.003 
-.029 -.006 
-.03.1 -.012 

.014 .003 
-.001 -.002 
-.018 -.004 
-.0.34 -.008 
-.042 -.012 

.013 .004 
-.005 -.002 
-.022 -.00.3 
-.037 -.006 
-.0.50 -.011 

.007 -.009 
-. 014 -.023 
-.022 -.025 

.020 -.010 

.003 -.016 
-.013 -.021 
-.025 -.025 
-.027 -.034 

.019 -.0061 

.001 ,-.010 
-.015 -.015 
-.026 -.017 I 

C"'e/-4 

O. 0081 I 0.022 0.0041 0.0078 
· 0076 006 -. 00.1 . 0084 
· 0069 022 . 00 I . 0070 
.0066 .009 -.007 .0075 

:~~ I -~ =:&\i :~ 
.0064 .010 -.009 .0072 
.0069 -.006 -.013 .0088 
.0083 -.024 -.016 .0110 
.0105 -.036 -.017 .0137 
.0050 1 .025 -.002 . 0055 
· 00b1 .012 -.009 .0060 
.0057 -.005 -.013 .0071 
.0067 -.021 -.016 .0090 
.OOS5 -.033 -.016 .01l4 
· 0039 . 024 . 000 . 0040 
.0043 . 010 -. 005 . 0044 
.0047 -.005 -.009 .0055 
.0052 -.021 -.012 . 0071 
.0069 -.032 -.Oll .0091 
.0087 .026 .005 . 0121 
.0079 .020 -.003 .0102 
.0079 .008 -.010 . 0llO 
.00& -.012 -.013 .0126 
.0092 -.029 -.015 .0145 
.Olll -.038 -.015 .0169 
.0060 .025 .003 .0037 
.0057 .008 -.004 .0040 
.0062 -.009 -.011 .0056 
.007:1 -.025 -.017 .0077 
.0092 -.039 -.017 .0106 
.0047 .029 . Oil .0011 
.0041 .014 .001 .0003 
.0044 -. 00b -.008 .0012 
• 004~ -.023 -.012 .0028 
.0065 -.038 -.015 .0053 
.0017 .01 -.0"20 -.OllO 
.00"26 -.003\-.030 -.0080 
.0072 -.Oll -.023 -.0013 

-.0009 .027 -.019 -.0160 
.0000 .012 -.030 -.0139 
.0023 -.0051-.037 -.0101 

:~~ =:gg =:~~ -:~ 
.0000 .025 -.Oll \-.0128 
.0006 . Oil -.020 - 0109 

:~~: I =:~ I =:gi~ =:~~ 

0. 034 
.025 
.032 
.024 
.011 
.035 
.026 
.013 

-.003 
-.021 

.036 

.029 

.01 

. 001 
-.017 

.038 

.030 

.019 

.002 
- . 014 

.027 

.026 

.020 

.008 
-.008 
-.028 

.0-10 

.029 

.01 

.000 
-.01 

.0 

.043 

.0 

.011 
-.009 

.030 

.021 

.01 

.034 

.021 

.010 

.000 
-.009 

.029 

.021 

. all 
-.003 

j 

j 
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2 _rATIONAL ADVISORY COMMIT:rEE FOR AERONAUTICS 

TABLE IV.- I I TERFERENCE DATA FOR DISCONNECTED COMB! ATIONS-Continued 

Interference on wing in presence of fuselage Character istics of fuselage in presence of wing 

Combi- OCL I OCD. IOC,. ", OCL I OeD, I OCm,,, OCI. loco. I OCm", CL I CD I Crnett CL I CD I Cm r/~ C,. I Co, 
\ 

C m ell nation . . 
a = Oo a=4° a=12° 0'=0 0 a=4° a=i2° 

---- ---
86 0.037 -0. 001 -0.003 0.042 -0.0001 -0.004 0.041 0.00 0 -0.005 -0. 020 0.00 9 -0.031 -0.025 o.oon -0.028 -0.039 -0.0004 -0.018 
87 -.022 .0008 - 005 -.022 .0049 -.005 -.032 .0160 -.006 .001 .0032 .016 -.002 - . 0001 .022 -.001 -.0101 .026 I 
~~ -.009 .0004 -.005 -.009 . OO~~ -.006 -.025 .0148 -.OOR -.001 .0034 -.001 -.005 .0002 -:~~ .009 -.0092 .020 
89 .004 .0001 -.005 .004 .0028 -.006 -.003 .0125 -.006 -.003 . 0037 -.01 - . 009 .0013 -.016 - . 0073 . 009 
90 . 015 -.0004 -.004 .017 . 0016 -.005 .011 .0098 -.005 =:~~ .0050 -.029 -.011 .0029 -.021 - .021 -.0046 -.002 
91 . 026 - . 0009 -.003 .029 .0005 -.00'1 .019 .00 4 -.004 .0073 -.034 -.017 .0054 -.030 -.026 -.0010 -.01 
92 -.021 .0012 -.003 -.023 .0041 -.002 - ------- --- . --- - - ---- -- -- .000 .0026 .017 -.001 . 0004 .024 -._----- ---- -- -- - ---.---- -
93 - . 011 .0007 - . 003 -.011 .0028 - .003 -- -- - --- -- --- ---- --- ----- -.002 . 0028 .001 -.004 .0005 .011 - - -.---- -- - -- ---- - - --.--- -
94 .000 .0004 -.003 .000 .0020 -.003 _. - - ---- -- -._ - - -- ---- -- -- -.003 .0033 -.015 -.007 . 0015 -.004 -------- --.------ ---- . --- -
95 .008 -.0002 -.003 .009 .0013 -.003 ----- - -- - - - _.---- -- -- - --- - . 007 .0042 -.026 -.009 :~~~ -.017 -------- --- -- ---- .---.----
96 .017 -.0007 -.003 .Ol~ . 0004 -.003 --- - - - - - -- --- - - - - --.- . --- -.013 .0063 -.031 -.013 - . 029 -.-.---- ---- . -.-. ---- - - - --
97 -.044 . 0007 - . 006 -.043 .0072 -.007 

=:~~ . 0234 -.010 .003 .0045 .029 .003 -.001l .029 .005 -.0150 . 019 
98 -.032 .001l - . 006 -.031 .0068 -.007 .0220 - 010 -.002 .0034 .017 -.004 -.0016 .021 -.006 -.0158 . 020 
99 -.018 .0013 -.007 -.017 .0061 -.007 -.019 .0204 -.009 -.005 .0039 .000 -.009 -.0015 .006 -.016 - . 0152 .013 

) 

100 -.003 . 0010 -.006 - . 002 .0050 - . 007 - . 00 .0188 -.010 -.007 .0042 -.016 -.013 .0000 - .010 -.022 -.0132 .002 
101 . 010 .0002 -.005 .012 .0039 -.006 .010 .0160 -.009 -.012 .0056 -.027 -.016 .0017 -.023 -.029 -.0105 -.Oll 
102 . 022 - .0007 -.004 .028 .0021 -.005 .024 .0129 =:~~ -.020 .0078 -.029 -.024 .0046 -.030 -.035 -.0065 - . 0.24 
103 -.004 .0005 - .005 .002 .0045 -.007 .002 .0171 -.002 .0043 .018 - . 007 .00 12 .027 -.013 - .0103 .036 
104 .009 . 0002 -.004 . 017 .0029 -. 005 .01 .0140 -.009 - . 005 .0044 .001 -.Oll .0021 . OIL -.022 - . 0081 .026 
105 .024 -.0003 -.004 .030 .0016 - .005 .029 .0111 -.006 -.007 .0050 -.014 -.016 . 0035 -.004 -.031 -.0046 .015 
106 .037 - . 0011 -.002 .041 -.0003 -. 003 .042 .0075 -.004 -.014 -.0064 -.027 -.017 .0058 =:~~ -.035 -.0008 .001 
107 .049 -.0019 -.001 .052 -.0021 - . 003 .052 .0032 -.002 -.024 .0092 -.033 -.026 . 0092 -.042 .0042 -.014 
108 .01 .0005 - . 006 .027 . 0028 - . 007 .028 .0132 -.007 - . 002 .0044 .022 -.009 . 0028 .034 -.017 -.0052 .052 
109 .030 .0000 -.005 . 037 . 0011 - . 006 . 040 . 0098 -.006 -.006 .0049 . 005 -.013 .0041 .019 -.026 -.0023 .042 
110 .041 -.0009 -.004 .050 - . 0005 -.004 .052 . 0055 -.004 -.007 .0061 - 013 =:gl~ . 0062 .003 -.034 .0015 .029 
lU . 052 -.0018 -.003 .058 - . 0025 -.003 .060 .0015 -.003 -.012 .00 1 -.026 .0085 -.011 -.037 .0057 .015 
112 .062 - . 0028 -.002 .0 -.0047 -.002 .067 -.0025 -.001 -.019 .0105 -.035 -.023 .0120 - . 024 - .041 .0112 .002 
113 -.003 - .0001 . 004 -.009 -.0015 .001 -.077 .0060 . 000 .005 .0194 .004 .000 .0206 .012 . 008 .0229 .027 
114 .006 .0001 .004 .004 - . 0022 . 001 -.064 .0046 - . 002 .004 .0187 -.009 -.003 . 020.5 -.002 .000 .0219 .017 
115 .019 .0007 .005 .015 -.0026 .003 - . 041 .0011 -.001 .001 .0187 -.024 -.003 .020 -.014 -.006 . 0219 .004 
ll6 . 032 .0007 .005 .026 - . 0029 .002 -.012 -.0028 -.002 - . 002 :gir~ -.038 -.006 .0216 -.031 -.012 .0230 -.009 
117 . Og . 0004 .005 .041 -.0039 .002 .013 -.0061 -.002 -.010 -.04 -.010 .0241 -.044 -.016 .0253 -.023 
119 - . 019 .0007 -.005 -.017 .0051 -. 006 -.022 .0203 -.009 - . 001 .01 7 .024 -.007 .01 59 .032 -.013 .0066 .040 
120 -.006 .0001 -.004 -.001 .0044 - .006 -.006 . 0173 - . 008 -.004 .01 7 . 009 -.011 .0160 . 018 - . 021 .0073 .031 
121 . 003 -.000 1 -.004 .011 .0027 -. 004 .015 . 0143 -.007 -.005 .0194 - . 004 - . 014 .0170 -:~~ 

-.027 . 0095 .019 
122 .012 - . 0007 -.004 .019 .0015 -.00'1 .025 .0116 - .005 - . 009 .0207 - .016 -.015 .0189 -.032 .0121 . 006 
123 .018 --.0014 -.002 .030 -.0003 -.003 .036 . 0079 -.004 -.015 .0230 -.025 -.019 .0215 - . 020 -.038 .0154 -.006 
12{ -.014 .0000 .005 -.019 -.0002 .003 -.047 .0054 - .001 .011 .0076 . 010 .015 .0090 017 .03 1 .0157 .036 
125 .000 .0004 .005 -.004 -.0006 .004 - . 022 .0020 . 000 . 002 .0065 -.003 .005 .00 2 . 004 .016 .0112 .026 

j 
126 .015 .0010 .005 .011 -.0014 .004 -.003 - .0006 -.001 -.007 .0067 -.017 -.005 .00 4 -.010 . 004 .0083 . 012 
127 .031 .0007 . 005 .026 -.0019 .004 .015 -.0037 -.001 - . 018 .00 6 - .033 -.014 .0096 =:~~ 

- . 005 .0099 - 005 
128 .043 .0002 . 005 .0'10 -.0033 .003 .032 - .0065 -.002 -.032 .0122 -.044 -.024 .0127 -.013 .0125 - . 022 
130 - . 015 . 0010 -.005 -.015 . 0047 - .006 -.024 .0182 

=:~~ 
. 007 .0067 .017 .010 . 0048 .025 .017 - . 0013 .039 

131 .000 .0004 -.005 . 000 .0036 -.006 - . 007 .0161 -.002 .0065 .003 -.001 .0044 .012 .004 -.0030 .027 
132 . 014 .0000 - . 005 : g~~ .0026 - .006 . ODS .0135 -.007 -.011 .0076 - .010 -.011 .0056 -.002 -.013 -.0021 .019 
133 .027 -.0003 - .004 -:ggM - . 005 .017 :g~2~ -.

006
1 

-.023 .0096 - . 021 - . 019 . 0078 -.015 - . 022 . 0005 . 006 
13! .041 -.0011 -.002 .040 -.004 .041 -.004 -.034 .0136 - . 032 - . 030 . 0111 -.026 -.032 .0049 - .009 

o: = - lo a = Oo a:= 0 0: = -4 ) 
I 0:=00 a = 0 

159 -0. 003 0.0013 0.001 0.001 -0.0013 -0. 001 0.001 -0.0013 -0.002 0.001 0.0024 0.006 -0.001 0.0046 0.0015 -0.010 0.0056 0.0029 
160 . OIL . 0013 .000 .017 -.0020 -.002 .0 17 -.0039 - . 004 -.001 .0024 -.012 -.005 .0052 - . 002 -.014 .0072 . 017 
161 . 027 .00 12 -.001 . 032 -.0030 -.001 .030 -.0061 -.004 -.005 .0032 -.026 -.009 .0065 - .020 -.017 .0003 - .001 
162 .042 .0005 - .001 .045 - .0040 -.002 . 041 -.0083 -.()()'I - . 013 . 0053 -.033 -.014 .OOS7 - . 033 - . 017 .0120 - . 018 
163 .054 .0000 .001 .057 -.0050 -.002 .0;;5 - . 0109 - .005 -.024 .009 1 -.033 -.023 .0121 -.035 - . 021 .0152 -.033 
167 .002 -.0009 -.010 . 009 . 003 -.010 .006 .0172 -.010 -.005 . 0055 .003 -.Oll .0014 .014 

=:~~ 
-.0105 .024 

168 . 015 -.0014 -.009 . 022 .001 -.009 .019 . 01~8 - . OOS -.006 .0062 -.011 -.015 . 0033 -.00-1 -.0075 . 014 
169 .027 -. 0023 -.008 .035 .0002 -.008 .030 .0101 -.006 -.012 .0078 - . 022 - . 017 .0052 -.O!~ -.032 - . 003 .000 
170 . 039 -.0032 -. OO~ .044 - . 0020 -.006 .0-11 .0063 - . 004 -.018 . 0105 -.027 -.023 . 0083 =:g~ -.037 .0004 - . 01 5 
171 .052 -.0048 -.00 .058 -.0043 -.007 .05.2 .0022 - . 003 -.029 . 0146 -.031 -.031 .0126 -.011 .0056 -.024 

0:=00 a=4° a=J2° a=Oo a = 4° a = 12° 

181 -0.028 -0.0013 0.007 -0.024 -0.0042 0.006 -0.021 - 0.0047 0.005 0.014 0.0054 0.015 0.007 0.0087 0.020 -0.002 0.0102 0.029 
182 -.016 .0001 .010 -.013 - . 0037 .008 - . 008 -.0066 .005 .012 .0037 .002 . 003 .0076 .007 - . 009 .0103 . 020 
1 3 - . 002 .0015 .Oll -.001 -.0033 .008 .006 - . 0082 . 006 .008 .0023 - . 01 5 .002 .0069 -.007 - . 012 .0112 .009 
I 4 .011 .0027 .013 .012 - . 0030 .010 .01 -.0094 .007 .004 .0017 -.029 -.002 .0067 - . 025 -.015 .0126 -.007 

~~ .002 .0015 -.Oll . 014 .00 4 -.012 .008 .0269 -.014 - . 008 .0023 . 015 -.016 - . 0034 . 021 -.025 -.0194 . 019 
.016 .0001 - .010 .024 .0066 -.009 .021 .0238 -.011 - . 012 . 0037 - . 002 -.019 -.0015 .006 -. 033 -. 0162 .013 

190 .028 -.0013 -.007 . O~~ .0037 -.007 :g~~ .0197 - .008 -.014 .0054 -.015 -.024 . 0014 - . 009 - . 010 -.0120 . 004 
191 .010 - .0031 -.001 .050 .0010 -.005 .0154 - .006 - .019 .0082 -.025 -.027 .00-15 -.020 -.046 -.0070 -. 007 
192 .002 .0003 .003 .002 -.0007 . 003 .004 .0005 .003 .001 .0040 .015 .002 .0060 .024 .009 .0074 .034 
193 .012 .000.5 . 003 .014 -.001 3 .002 .014 -.0015 .004 .000 .0037 -.001 - .003 . 0058 .01 1 .001 .0071 .026 
19·1 .019 .0007 .003 .020 - . 0017 .002 .025 - .0032 . 003 -.003 .0040 -.019 -.00-1 . 0061 -.005 -. 003 .0075 .017 
195 .033 .0003 . 003 .030 -.0024 . 003 .029 -.0044 .002 -.007 .0051 -.033 -.006 .007 1 - . 023 -. 007 .OOS6 . 003 1 
{g~ .012 .0001 . 005 .040 -.0033 .003 .027 -.0037 .000 -.014 .0072 - .037 -.010 .0087 -.036 - . 007 . 0099 -. 01 3 

-.019 .0007 - . 003 -.022 . 0039 -.003 -.024 .0139 -.003 .003 . 0010 .019 . 003 . OO!~ . 029 . 008 -. 0042 . 031 
199 -.012 .0005 -.003 -.011 .0036 -.001 -.016 .0125 -.003 .000 . 0037 .001 - . 002 . 0013 .014 - .003 -.0051 . 030 
200 -.002 .0003 -.003 .000 .0029 -.001 - . ()().I .0108 - . 002 -.001 .0040 -.015 -.00;; . 0019 - . 001 - . 011 - .0048 . 022 

I 
201 .011 . 0000 -.003 .013 .0019 -.001 .008 .0090 . 000 -.007 .0051 -.027 -.007 . OO~S -.020 - . 014 -.0036 .006 
202 .023 - .0007 - . 004 .026 .0007 -.001 .022 .0064 - .001 - .015 . 0072 -.034 -.014 .0051 - .030 -.01 -.001l -.012 

-------. 

l 
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TABLE V.-PRINCIPAL AERODY AMIC CHARACTE RISTICS OF WI TG-FU ELAGE COMBINATIONS 

c: 
o 

Diagrams represent.ing combi nation ~ 
:0 
8 

Remarks 

Longi · 
Ludi· 
nal 

posi· 
tion 
die 

VerU· 
cal 

posi· 
t.ion 
kle 

Wi ng 
set· 
ting 
iw 

Lilt· 
cun"e 
slope 
(per 

degree) 
a 

A.R.= 
6.86 

Span 
effi· 

ciency 
factor 

e l
-;,e:~lt 
center 

position 
n. 

o 

------------------~~------------~--~--~----I-------- ----
Rectangular N. A. C. A. 0012 a irfoil with round fuselage 

Wing alone . . . . . __ ._ .. 
DegTetS 

• . _ .. . • O. 077 O. 5 O. OOSO 

______________ 1- ------------.1---1-- - - -- - --__ : _____ ._ .. _._ .. _ .. _._ .. _._ .. ~~:1~ ___ 0 __ ~ _ _ ._ 5_ .Olll 

2. toG-
1 

~ :} . . .25 0 
.079 
.079 
.079 

.85 .0121 

.85 .0112 

. 85 .0121 
--------------1--

5 toC --' 
9 

10 toC -., 
12 

13C -., :=> 

~ ) . . ... o 1 =~ 
.00 
.080 
· OSO 
.080 
.080 

.85 

.85 
· 5 
· 5 
.85 

.012:1 

.0116 

.0115 

.0116 

.0123 
--1·---------------- --------- ----- -------

10 } {-~ .OSO 5 .012:1 

_~_~_I-·-·-·-··-··-·-·-··-·-··-·-··-·---- - . 25 __ 0 _ ~ _ ._ 0_
1 ~ :~g3 

__ -.7.1 a .082 .85 

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

14 .... _ .08 0 .OSI .90 .(Ill(l 

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

15 ....... . . 16 .0 1 . 90 .0116 

. 00 

.00 

-.02 I 

.00 

.()2 

-.06 
.02 
.00 

-.02 
.06 

-.06 
. 00 
.06 

.00 

.1111 

.00 

_______ __ --'1----------11--- ------ - ______ -----1-----

16 • .. __ • .24 o .OSO .90 .0121 -.03 

----------- ---1------------------1-:-;:;- -8 --:079 ---. -5 .01:1:1 
.0127 
.012'1 
.0117 
.0)2'2 

17 

toe::=> 
21 -----

~~c ::=> 
2.7 -------

17 } :~ 
20 
21 

.27 -4 .079 .85 
n . 28 0 . 079 , 85 

:~ ~ :~~ : ~ 
--- ---- ----------- --- ------ -----

22 

2'] } 
24 
25 
28 } 
27 

o . 3·1 0 .07 · 5 I . ana 
------- ---- ---- - --- ---1-- -

{ 

.40 -4 
a .40 0 .076 ' .80 

. 41 4 . 075 '. 90 

{ 
4 0-5 ' . '.1 

.40+ - 0 : O~I ' . 5 

. ow:! 
• 0l.;3 
.0110 
.01:l8 
.0132 

-.O.i 
-.n2 1 
- . n.; 
-.03 

.05 

.10 

· :37 
.32 
.33 
.02 
.19 

----- -----1-- -----·-----1-------- -- - ---

~ 
28' } {-4 .076 1 '. 0 .0128 .09 a . 44 0 .075 '. 5 .0124 . 1:3 

______________ -1-____________________ 4_ . o~: I~I~!~ __ ._13_1 

31 ) I 1-4 .010 . 5 .()J2b .04 3. - 32 I 0 .075 . _Ii .0125 .(18 

toC 
-------
______ 33 .. 00 ___ • __ • __ • ___ •• 0 .54 4 .075 -.90 .0129 . 11 

35 ------ - 34 I .~ .075 .90 . 01 . .22 
___ ______ __ 1--3-5 ________________ _ ~I~ '. 95 . 0152 .35 

~369; ) .... O. 70 1-~ :g~~ :: ~ Jm :~ 
.:: .076 .90.0127 . 22 

40 12 .076 ' .95.01:18 .29 

28 ~--~~---__ 

toC => 
30 

36 --:: 

toC => 
4 0 ---- - --

a.olo 

.012 

.019 

.025 

.019 

.03·1 

.035 

.040 
· 035 
.034 

.04X 

.054 

.04 

•
OR7 1 

· naz i 

, o:ll 

.035 

.O:J.I 

.0:17 

.O:t~ 

.020 

.019 

.0:15 

· (157 
.02'1 
.032 
.042 
.067 

.040 

.042 

.040 

.(140 

.(,44 
· (!40 
· (120 
. 004 

. 033 

.(H3 
· (135 
· n~o 
.(105 

· os I . (l4Ii 
· I ( .046 

---- -------1-- ·1---------- 1·--- - ------ ----- ---I 

1
-4 .075 .85 .0113 

o .075 .85.0111 
41 i 42 

1~c-------=> :~ "m"n.m .. ' ___ ' 

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

46 --=--=,:----_ 
toC => 
51 

46 
47 
48 
49 
50 
51 

o 

. 25 

I. 00 ~ .075 I ' .90 .0116 
.:: .075 .90 .11I20 
12 .075 ' .90 .01:10 

.54 I 

-4 
o 
4 

12 

· 075 
· 075 
· 075 
· 075 
· 075 
· 076 

· a 
'. 5 
· ,5 
· 5 
.90 
.90 

.01: 

. 01~2 

.0129 

.012b 

.01:14 

. 0149 

. Iii .(H2 

.24 .02fl 
· :Ji .1100 

-.0, 
-.05 

.01 

.0, 

.12 

.15 

,(112 
. 1124 

11:31 
021i 

.(~ 
- . (~ 

Lift co· 'CL I 'CL 
efficient mo,r; mQZ 

at inter. el)'ec· eITec· 
ference bve l ive 
burble f.5xion ~4~ 'IOft 
1CLib 

O.(){IO '1.5 ' 1.54 '1.39 

.000 AI.4 bl.44 bl.33 

.
025

1 · aoo 
-.025 

. 025 
· 013 
.000 

-.013 
-.025 

.02<J 

.000 
-.029 

lil.O 
lil.l 
HI. 2 

B1. 0 
BI.O 
H1.0 
BI. 2 
BI. 2 

B.8 
BI.O 
lll.l 

b1. 24 
bl. 23 
'1. 36 

" I. 21 
bl. 25 
'I. 33 

b1.21 b1. 17 
bl. 22 
b1. 21 b1. 20 
bJ. 20 
"I. 23 bl. 25 

bl. 20 
bl. 20 
bl. 19 

bl. J4 
bl. J4 
bl. 21 

.000 B.9 bl.17 b1.16 

.oua AI.2 "1.23 b1.24 

.003 A1.3 b.30 "1.30 

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

.004 

.0:14 

.021 
• QlMi 

-.00 
-.01S 

.002 

.00, 

A1. 4 

"1. I 

<1 . 5 
'I. 5 
.'1. 5 

'1. 5 

-.004 '1.5 
-.010 AI.5 

. 021 
- . 003 
--- -----1 

' 1. 49 bl. 36 

'1. 52 ' I. 38 
'1. 56 ' 1. 38 
'1. 55 '1. 35 

'I. 5·1 '1. 3 

' 1. 57 '1. 37 
'1. 56 '1. 39 

'1. 36 
' I. 55 '1. 36 

.021 CJ. 37 

.005 ••••••• • ' 1. 37 
-.011 •••••• • • ' 1. 54 '1. 35 

.020 
004 • .' '1.:l8 

'1. 54 •••• • • 
'1. 57 'I. 34 
'1. 59 . • • • •• 

-.012 ______ • 
-.025 __ .. __ __ 
-.033 

· f.23 
. 001; 

- . 012 
-.024 
-.031 

.01, 

. (!Ol 
- 015 
- . 02 
- n:1a 

.030 

.U22 

. UOf) 
-.012 
-.024 
- . 0:1O 

(, ) 
' 1. 39 

'1. 51 '1. 39 
' 1. 39 

' I. 52 '1. 41 

'1.3 
•••••• '1. 35 
, I. .12 '1. 34 

. ' 1. 31i 
, I. 51 '1. 37 

00 '1.36 
.... '1. 35 

• __ .... • • ' I. 32 
.... .. ' I. 52 'I. 32 

. ... (,) '1.33 I 

.. ' 1.52 '1.35 
----------

1 Letters re fer to IYP3S of drag curves associated witb the interference bnrble. See footnote 1, p. 34 . 
• Letters refer to condition at maximum lift as follows:' Reasonably steady at CL ; b small loss of lift be)'ond ('1._. ,; <lar~e loss of lift beyond elM. ': and uncertain 

~M~~ • --

3 Poor ;;~ement in high·speed range. 
, Poor agreement o,-er whole Tange. 
, Poor agreement in bigh·lift Tange. 
I Rapid increase in drag preceding defini te breakdo wn. 

- I 
I 
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TABLE V.-PRI NCIPAL AERODYNAMIC CHARA TERI TIC OF WING-F SELAGE COMBINATIONS-Continued 

" :3 
Diagrams representing combination ~ 

~ 
o 

U 

Remarks 

Longi-
tudi-
nal 

posi-
tion 
die 

VerU-
cal 

posi-
tion 
kle 

Lift-
curve 

Wing slope 
set- (per 
ting degree) 
i . a 

A.R.= 
6.86 

Span Aerody- Lift co- 'l CL
mu ' Cr. 

effi- namic efficient efTec- effe~~z 
ciency CD' mi n CL o)J t center Cmo 

at inter- tive tive 
factor po ilion ference R.N .= R.N. = 

"0 
burble 7.5XIC)· 3.4XI0' 
1CLi b 

--------- -'------------'-----'-----'-- -1-- --- ----- -- -- -- -- --
Rectangular N. A . C . A. 0012 ai rfoil with round fuselage 

Degrees 
O.O!§ 52 

) -- -- -- -- ---- ------------- 1 
-4 0.076 O. 5 0.0127 -0. 03 0.039 -------- -------- < I. 39 

53 0 .076 5 .0126 .02 . 040 .003 -------- < I. 39 
[,4 -0. 25 0. 54 4 .076 .85 .0129 .08 .036 -.014 -----_.- < I. 50 < I. 39 
55 I~ .076 '. 90 .0134 .15 .022 -.028 -------- < I. 35 
56 .077 ' .90 . 0146 .27 .011 -.037 -------- < I. 50 < I. 

~~C - -=:=> 
56 -----

---------------------------- - - ------
57 

) -- -- ---- --- -- --- - - --- ----
1 

-4 .076 . 80 . 0132 - . 03 .065 .019 -------- -------- • 1. 35 
58 0 .076 , 5 .0128 .03 . 065 .002 -------- <I. 33 
59 -.75 .54 4 .076 5 . 0128 .08 . 053 -.015 -------- < I. 51 < I. 34 
60 I~ .076 '. 90 .0131 .15 .047 -.031 -------- --'- i.-.jg- ' I. 36 
6t .076 ' .90 .0140 . 25 .040 -.043 <1. 28 

~~c ___ ·_·~ 
61 

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

6 ZC - 62 _.________________________ 0 - . 08 o .081 · 5 .0116 .00 .032 - . 003 "1.0 bl.25 b l.2O 

1-- --------1-- 1-------1---------------------------------
63 __ ______________________ __ -.16 .081 · 5 .0116 .00 . 034 -.003 B1.0 b l.24 b1.1 

------------1--1---------1--'------------------------
64 ________________________ __ 

- . 24 o .0 0 · 5 . 0121 .03 .035 - . 004 B.7 bl.32 bl.24 

- - - ---=8' --------------------------

r26 .080 0 .0122 -.05 .019 .018 B. 7 < I. 45 < I. 35 
- .27 - 4 .079 .80 .0117 .03 .026 .008 -------- -------- --------
- . 28 0 .079 .80 .0122 .05 .038 -.006 B. 5 • I. 40 ' 1.29 
- .27 ~ .079 :~ . 0127 .02 .037 -.021 • B. 6 < I. 40 < I. 26 
-.24 . 073 . 0133 .05 .034 -.034 • ".6 e J. 24 ' I. 17 

- - - - - - --------- - - - --------
70 __________________________ 0 -.34 o .078 .50 .0133 -.10 .035 -.002 C.O ' I. 45 ' I. 30 

--------------------------------
71 71 } - ------- -- -- --- --.-- - ---- {-.41 - 4 .075 . 70 .0140 -.33 .032 .016 c . 3 < I. 52 < I. 34 
toC:==> 72 0 - .40 0 .074 .60 .01 53 -.32 .022 . 004 c _ .3 < I. 49 < I. 3t 
73 . 73 -.40 4 .065 , .55 .0163 -.37 .057 -.007 c _ .3 < I. 39 < I. 26 

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

7~C 74 }. ---- -- ----- ------- ------ { 
0 .07 1 .70 :~ :~ -.19 .067 .003 c _ .2 < 1. 28 

to 75 0 -. 40 4 .075 ' .70 -.02 .042 -.021 c .O < I. 44 < I. 26 
76 76 8 .075 '. 60 . 0155 -.18 .035 -.030 c _ .2 -------- c 1. 22 

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

~~ ) .. -- -- -- ----.-- ---- -- ---. { 
-4 .075 .80 .0124 -.13 .040 . 011 -------- -------- < I. 39 

;~C --=::> 0 .075 .80 .0124 - .13 . 042 - . 005 -------- < I. 38 
79 -.44 4 . 076 .80 .0128 -.09 .0'10 -.021 ------ - - < J. 56 < J. 40 

8J 80 I~ .076 . 80 .0140 .02 .030 - . 030 -------- --'- i ~ .j9 -
' J. 35 

I .076 ' .80 .0160 . 05 . 014 - . 032 -------- c 1. 35 
- - - -- --------- - -----------------

82 82 

1-·· ------ -- ----- --- ------ { 
-4 .075 5 

I 
.0129 =:2; .040 .012 -------- -------- <I. 40 

to C ::=> 3 0 .075 5 .0125 .044 -.004 1-------- <I. 4U 
84 0 -.54 4 .075 5 .0128 -.04 .0'10 -.020 - - -- ---- < 1. 57 ' I. 40 

86 ~ 5 8 .076 .85 .0134 .03 . 027 -.030 <I. 39 
86 12 .077 • 5 .0151 .12 .020 -.034 < I. 55 ' I. 34 

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

~:C 
7 

) .. -- ----- -- ----- --- ------ I 
-4 . 075 5 .OJl9 -.14 .035 .012 -------- -------- c 1. 37 

-=:> ~ 0 . 075 5 .01l6 -.09 .043 -.005 -------- e 1. 37 
- .70 4 .075 5 .0lH -.03 . 033 - . 023 --- - - --- < I. 55 ' I. 38 

91 90 8 .076 5 .0126 .05 .025 -.033 <I. 36 --- - --------:: 91 12 . 076 5 .0143 . 15 . 0 14 -.037 -------- OJ. 57 ' I. 37 
--- - - - --- --------- ------------------

~!C :=> 92 

) ------- - -- ----- -- -- ------ -1.00 1 
-4 . 075 5 .OJl6 - . ~~ . 042 .015 -------- -------- --------

93 0 .075 5 .Oll l -.11 . 046 -.001 ------ - - -------- - -------
96 94 4 .075 5 .OJl3 -.05 .046 - . O~ -------- --_ ... _- --------

95 I ~ .075 .90 . 0120 .03 .038 -.029 -------- -------- --------- 96 .075 . 90 .0135 .12 .020 -.034 -------- -------- --------...... 
--- - - - --- - --- - - ---------------

97 

1 

-8 .075 . ~ . 0134 -.12 .008 . 024 -------- -------- ' I. 41 
97 

-=:> ~~ -4 . 075 · 5 .0128 - . 08 . 025 .012 -------- ------_. <I. 40 
toC 99 0 .075 5 .0129 -.01 .031 -.006 -------- -------- ' J. 40 

100 ------------------------- .25 - .54 4 .075 .85 .0132 . 05 . 024 -.022 -------- ' J. 55 ' I. 38 102 -=: 101 8 .075 .85 . O ~~ .O~ .012 - . 030 -------- -------- 'I. 37 
102 12 .076 ' .90 .0150 .10 .000 -.033 -------- c 1.56 ' I. 39 

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

I~~C 
103 

) ---- -- -- -- -- --- -- -- -- ---- 1 
-4 .076 " .0l29 -.08 . 036 . 014 -------- -------- ' I. 39 

:=> 104 0 .076 .85 . 0126 -. 02 . 040 
= : ~J ----.--- <I. 

105 -.25 -.54 4 .076 . 85 .0127 .03 . 039 -------- ' I. 58 ' I. 41 
107 
~ 

106 l~ .077 5 .0132 . 10 .027 -.029 -------- c 1.41 
107 .077 • 5 .0150 .18 . 019 -.035 ------.- ' I. 53 <I. 37 

------------1-- ·1--- ------,- ----------------------------
I Letters refer to typ of drag curves associated WIth the interference burble. See footnote I, p . 34. 
, Letters refer to condition at maximum lift as follows: • Reasonably steady at CLmo.; b small loss of !tft beyond CLmo.; <large loss of 11ft beyond C Lmu and uncertain 

\'alue of Cc-
IftU

' 

, Poor agreement in hi gh-speed range. 
• Poor agreement over whole range. 
, Poor agreement ' high-lift range. 
• Ra pid increase in d rag preceding definite breakdown. 

\ 

----~~ 
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TABLE V.-PRINCIPAL AElWDYNA1IIC CHARACTERISTIC' OF WIXG-FUSEL\ IE C011BIXATIO J '-Continued 

.~ \·~;' : i. \\"in~ 
I I Lifl ('0' 'Cr. 

effieienl clT.;'c:' 
I )ja~rams representing combination ~ Hcmarks 

I iongi
tllcti· 
!lill 

pos i· 
lion 
!I/e 

lIOS;
lion 
I;/e 

1'ct
ling 

Lift· 
CII(\'C 
slope 
(per 

degree ' 
a 

A.H.= 
0.86 

~Jl:lII 
em· 

cieney 
fnctor 

. \f\rod~ -
nHmi(~ 
('('nt('r nt 1I'lter- Live 

ference R N = 
~u;hle 7.5X i()'l 

'Cr . 
crr;c~~ 
tive 

S 
o 
u 

il)()sil ion~ 

"n GJ·,b 

RN.= 
3.4XI()'l 

Reclangular l\", .\ . C. A . 0012 nirfoil with round fusc la1[c 

I~~C :.=> 
liZ -----

IISt== ___ ::=> 
119 p-- :=:> 
I ~~\-.-_--.-~---

124IT--~' .~:--::>-
I~~ -----

12SQ-

I~~Q :=:> 
134 -_-----

135~ 

137C -==- :=> 

140C- :=> 

141C- :.=> 

14ZC - --=:::> 

143 

110 ~~~ I ____ . ________ - 0. i5 -0.50 
III 
11 2 

114 __ .~~?t~~ ec engme __ ::::. 11:1 U I I 1 

~:~ :::::~l~: --------.::.:.:. :.: ..... f 0 
1I7 ____ . do. 

11 8 Uneow led engine o 

-.54 

/)ryrcr.' 

o 

11 !1 
120 
121 
122 
In 

Uncowled engine __ __ 
____ . do ________ . ____ . 
. __ do ______________ . 

. ____ do ______________ . __ 

. __ .. do ________________ . I r - I 

o -.lil ! j 

O. ll7fi 
.OiH 
.070 
.016 
.0i7 

.071i 
· (I,1i 
• 071; 
.075 
.O'G 

.0iU 

· Oi,~ . Il,., 
· Oi.~ 
· Q7fi 
.Oill 

--- ---------
121 
125 
12(j 
127 
12S 

('oll'led engine ________ __ 
do ______________ . 

. do ________ . 

. do ________ . 

. do. ______ __ 
II .:'1 1 

IW Co\\' led engine o 

1:\0 ('o\\' l ~d ~Ilg in e ____ . __ 
lal . do 
t:l2 . do .. 
laa do. _ . 
I:j I _ do __ . __ 

1:15 (Sll1all ronstant radius } 0 
t (U.O:lc) fillet. 

t:lH I Lar~c ron"lanl m<liu<}o 
. l (0. 12r)fi llel s. 

1:17 Tapered fl llels .•• 

138 (Tapered fill els; 
t ('owleci engine. 

un· } 0 

1:19 {Tapered flllel "; ro\\ INI } 0 
engme. 

o 

o 

o 

- I 
o 
I 
H 

12 

o 

- I 
I) 

I , 
12 

o 

o 

.Oii 

.Oi; 
· Oi, 
.Oil 
.1I'b 

.0bO 

· on 
.Oi; 
.077 
.Oii 
.Oii 

.OSI 

.ObO 

0.(l1~ 
.OI~ 
.0132 
.0142 
.0155 

.0272 

.02r.6 

.OZr.8 

.1I2il 

.1l2ll7 

.80.02;' 

n.os 
.oa 
.03 
.10 
.1 

.on 

.15 

.2.1 

.:\:\ 

.1!l 

.Oll 

0.05:\ 
.Or..' 
.Ofi5 
· Of~1 
· !I51 

.03·1 

.0:11 

.o:la 

.026 

.010 

· Oll 

O.OIS 'I. 41 
-.on2 ' 1.39 

=:~W ~':::I o.~~~. :U~ 
-.040 ______ , 1.47 '1.28 
------------

.008 
-.006 
-.020 
-.O:l-1 
-.O~I 

D 0.5 
B.6 
D.7 
11.7 
B.7 

, 1. 48 
, I. 46 ______ __ 
, I. 42 ______ . 
0 1.41 ____ • 
, 1. 41 ____ __ 

.000 Bl.l bl.IO b l.JI 

· is . (l2H -.2.; . (I~3 .020... i ........ '1. 36 
.~o .021~1 -.11i .IJ:lI .006 ••...... 1 •••••••• '1.37 
· '0 .0272 -. Oil .0:14 -.011 ......., 1. 54 'J. 35 
· ~o .02»0 I .O:t .031 -.019 ..••.••......... '1. 36 

'. S . 02(11 .I:j .02.5 -.027 .••. _... 'l. 55 '1.32 

'. 70 I~ ~ 1-:O:iI--:cii5 ~ ~ == ,. ,0 .UloiO .Oli .0:1:1 .0112 __ . I '1.54 '1.37 
'.~" .Ollili .15 .1J:l) -.01:1 . '1.55 ____ . 
•. !KI .O IH1 .~ .U2i -.O2l; ' 1.,';6 ' 1.38 

.01'0 .1:1 .022 -.0311 '1.511 

.0111 

, Ulfl!) 
IlIr~1 

. CIl.'.!} 

. (lITO 
(I I tt() 

· -.i .0112 

.-.i .0111 

• ~I) 

. I~l 

. 15 

.Oli 

.02 

.1:\ 

.27 

.W 

.IM) 

.IXI 

.00 

.IMI 

.011 · OI~1 A I. I ' I. 47 ' I. 31 

.031 .01:1 
· n:\:\ -.002 
.0:11 -.0 1.1 
.02:' -.112R 
.n21 -.O~·I 

, I. 40 
_ 0 1. • ~ 

, I. 57 '1.40 
'I. 40 

'I. 56 '1. 39 

· 000 Il I. 0 b I. 21 b I. II 

.0:11 .000 Il 1.0 

• (01) 1\ 1.0 

.(X~) n 1. J 

.n:m · OIM)' I. .1 ' I. 50 ' I. 32 

110 (\\' asherl·ou t p lan·form 
l fl ll els (2.We radius). }o 0 .0.61 . 00 .olas .00 .IMli .032 D 1. 0 • I. 25 " I. 21 

III -S-'I-r-n-ig-h-l-p-I a-n-'-fo-r-m-f-il-I~-I-' -0-' • 'I---:~ .0120 .00 

I 
.00 112 {WaShe~ .. ~n plan:forll1 01- } 0 

lets <_._Ue r"cllu"). 

11:\ "1ll11lllapered fi llels __ . o 

o 

.10 

.086 .00 .0135 

o .Oi '. 5 .OI2b - .02 

• (l(~, • (XIO B I. 2 b I. W b I. 28 

.OOi -.032\ D 1. 1 " I. 35 "I. 35 

· 0~1l .OO'J AI.5 '1.56 ' 1.38 

111 I.ar~e lapered fillets ... 
--1---
o . 10 0.0b0 .5 .Ilt:ll .0:.>0 -.005

1 
A 1.6 01.62 '1.41 

144C:=:-: :> 
-~:::::======::::=---I--I--------I---- --------

1 Letters refer to types of drag curves a sociated " 'itb tbe interference bu rble. ee footnole I, p. 34. . . 
, Letters refer to coudition at maximum lift as follows: • Reasonably steady at CL ; • small loss of hft beyond CL ; 'large loss of 11ft beyond CLMU and uncer' 

tain value of OL".cu IPIU ,"U 

, Poor agreement over whole range. 
, Poor agreement in higlHift I'ange. 
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TABLE V.-PRI CIPAL AERODYNAMI C CHARACTERISTICS OF WING-FUSELAGE COMBI NATION -Continued 

Lift-
c Longi- Verti- curve Span Aerody- Lift co- 2CL

mru 2CL mu 

~ 
tudi- cal Wing slope effi- namic efficient effec- efIec-

Diagrams representing combination '" Remarks nal posi- set- (per ciency CD' min Cl_o pt center Cm, at inter- tive tive c posi- tion ting degree) factor position (erence RN.= R.N. = :0 tion '. a burble 
6 dIe klc A.R.= e 11, lCL;b 

7.5X IO' 3.4XI0' 
0 6.86 u 

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

Degrees 

14S~ 145 {Large tapered fi llets ex- } tended to L. E. of air- 0 0.40 0 0.080 0.85 0.0129 0.08 0.021 -0.006 A 1.5 c 1. 57 c 1. 40 
foil. 

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

14S C - => 146 Same as combination 143. 0 -.40 0 .078 .80 .0128 . 02 .030 -.009 ' B .9 c 1. 49 c I. 31 

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

147~ 147 Same as combination 144. 0 -.40 0 .080 .85 .0131 -.08 .020 .005 AI. 5 '1. 57 c 1. 35 

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

148~ 148 ameas combination 145. 0 - . 40 0 .0 0 .85 .0129 -.0 .021 .006 A 1. 4 'l. 48 c 1. 34 

- ----- ------------ ---------------
~ {l'hiD connecting plate } 148C --=:::> 149 (0.013e by 0.40e) 0.J5o 0 . 54 0 . on 5 . 0134 .0 .036 .006 A 1. 4 c 1. 47 c 1. 37 

back ofL. E. of airfoil. 

------------------ ---------------
,... I { 10cierately thick COD-

} ISOC :> 150 neeting strut (N. A. 0 .54 0 .076 .85 .OJ30 .05 .036 .009 A L II 0 1.4 'l. 30 . A. 0012 section witb 
0.85e chord). 

------------------------------ ------
,.... I {TbiCk connecting stru t } ISIC :> lSI (N. A. C. A. 0025 sec- 0 .54 0 .074 . 85 .01<12 .07 .047 .009 A l. 3 c 1. 44 c l. 33 

tion with 0.850 chord). 

--------------------- ---------------
I I {' ameascom bination 151 } IS2e :> 152 but with stru t in for- O .51 0 .076 .85 .0140 . 09 .036 .008 A I. 5 c 1. 52 ' I. 37 

ward position. 

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

IS3C 
r--z- :> 153 {sameaSCOmhination 152 0 .54 0 but witb small fi llets. } .076 , .85 .0143 .05 .044 .008 A 1. 3 c 1. 38 c 1. 38 

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

154 C =:> 154 Same as combinatio n 149. 0 -.54 0 .07, .85 .0134 -.08 . 036 -.006 A1.5 c 1. 56 c 1. 35 
l. d 

---------------------------------
15SC-- ~ 155 arne as combination 150. 0 -.54 0 .076 .85 .0130 -.05 . 036 - .009 A 1.5 c 1. 55 c l. 31 

1 I 

--- --------------- - - - ------------
15SC-- =:> 156 Same as combination 151. 0 -.54 0 .074 . 65 . 0142 - . 07 . 047 -.009 6 B .9 c l. 43 c 1. 28 

- I 

---------------------------------
157C-- ~ 157 Same as combination 152. 0 -.54 0 .076 ' .70 .0140 -.09 .036 -.008 c. O , l. 44 c 1. 27 

I T 

------------ ------------- - - ------
158C--

i-I 
~ 158 Same as combination 153. 0 - . 54 0 . 076 '.60 .0143 -.05 .044 -.008 c. O c l. 41 c 1. 30 

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

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

Wing alone ______________ --.---- -- - --.-
Degrees 
----- -- .076 .90 .0094 .22 .006 -.089 AI. 6 a 1. 64 a!. 51 

--- ------------------------------
159 

f-- ---- ------------------- 1 
-4 .075 ' .90 . 0127 .22 .035 - . 082 -------- - - - - ---- - I. 54 

l~~C ... =:> 160 0 .075 '.90 . 0127 .28 .030 - . 101 ----.--- -I. 54 
161 0 0.54 4 .076 '.95 .0131 .36 .010 -.1l6 -------- a !. 68 - I. 54 
162 I~ .076 --- - ---- . 0140 .45 -.006 -.123 ------ .- a 1. 54 

163 163 .077 -------- .0160 .58 -.003 -.J21 ----- - -- a !. 67 - I. 54 
------------------------ - -------

164C 164 
}- ---------------------- -- { -4 .080 .90 .0128 .21 .030 - . 085 A!. 4 '1.52 '1. 50 

:> 0 -.04 0 .081 .90 .0126 .17 . 026 -.100 AI. 5 b 1. 52 a!. 49 
165 4 .080 . 90 .0134 .21 . 027 -.112 A l. 5 b 1. 56 ' 1. 47 to ~ 

166 166 
------------------------------------

I Letters refer to types of drag curves associated with tbe interference burble. See footnote 1, p. 34. . 
, Letters refer to condition at maximum lift as follows: a Reasonably steady at CL ; b small loss of lift beyond CL ; c large loss of 11ft beyond CL and uncer-

tain val ue of C
L 

m(Jz mo:.r; 

I 
, Poor agree;"e'nt in high-lift range. 
I Rapid increase in drag preceeding definite breakdown. 

l 
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TABLE V.-PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WI NG-FUSELAGE COMB! ATIONS-Continued 

" .!3 
Diagrams representing combination ~ 

:0 
8 
o 
o 

Remarks 

Longi-
tud i-
nal 

posi· 
tion 
die 

V~rti-
cal 

posi· 
t ion 
kle 

Lift-
curve 

Wing slope 
set· (per 
ting del':ree) 

I . a 
A.R.= 

6.86 

Span Aerody- Li ft co· ZCLmn 2CL mo & 

effi- namic efficient eITec- elTec· 
ciency CO'".1" 01 op t center CM, 

at inter· tive t ive 
fnctor position rerence R.N.= R. N.= hurble e n, 

1GLi6 
7.5XLO' 3AX I06 

I------------'---"---------'---'---~-- ------ --- --- ------ -------
Rectangular N . A. C. A. 4412 airfoil with round fuselage 

Degree8 
167 ) 1-4 0. 076 O. S5 0. 0142 0 06 0.036 - 0.006 • 1. 58 
168 0 . 076 '.90 . 0144 . 11 . 028 - .100 . ___ • ___ . ___ ... a1. 57 

il~7~1 --.--- .. - . .. -- --- -- .-.--- - 0.54 J : g~~ : :~g :gm .~~ :gi~ =:g~ ::.::::: _:_:~~~. :U~ 
______________ \ __ .\ __________ \ ___ __ ~~===~~~1-·12!l ~~~ 

1~:C --=> 171 _ .. ;~ 

17ZIT- :> liZ Cowled engine. ________ __ o - . 04 o .081 '.90 .0154 . 18 · 041 - . 009 A 1. 7 • 1. 76 b 1. 59 

1-----------,--\--------·1------------------ --- - ---

me :=> 173 _________ • ___ • ________ •• __ o - .30 . 077 .80 . 0145 . 00 . 039 - . 104 CoO;; ' 1. 70 b l. 59 

---------11-1- - - ----1·----- ----------- -----------

174 C => 174 Uncowled engine .. __ .. __ -.30 .074 ____ .__ . 0288 .00 .063 -.100 C . 4 b 1. 65 b 1. 52 

1750 => 175 Cowled engine ... _. _____ . o -.30 o .07 .0166 . 12 .053 -.106 c.3 a1.iO b 1. 58 

{InVerted tapered fillets } 
176 (large radius front to 

small radius rear) ______ 
-.30 176~ ---=> o . 080 . 90 . 0137 . 24 .Oll -.107 B1.:J 81.56 - l. 47 

177C=;;:--=:> 17i {Straight fi llets (large ra· } 
dius front and rear) _ •.. o -.30 o .080 .90 . 0131 .20 .033 -.101 1ll.5 -l.61 8 1. 5 l 

178 c:;;;;: --::> 178 
{Tapered fillets (small ra· } 

~:~~ ~~~~r~~!~~~~- ~~~- o -.30 o . 081 .90.0143 .20 · 02i -. 101 A 1. 6 • 1. 67 " 1. 57 

17Y {'l'~~~~~~!~l!~~;_~~_~~~·_l~~_ } o -.30 1 79C~:=> o .080 · 5 .0284 . 14 

--1---
.026 -.005 AI.6 b 1. 66 " 1. 60 

1800::;;: =:> 180 rl'~~~~~. ~!:~~s: _ ~~~:~~ __ } 0 -.30 .082 .85 .0158 .23 · O~O -. 100 ALi b I. 78 b 1. 66 

Tapered N. A. C. A. 0018-09 airfoil with round fuselage 
----1-----

--------------;---,---------:---,-------;--·1--------------
Degree. 

Wing alone. _________ .. . 077 .90 . 0003 .00 .020 .000 A 1.4 0 1. 480 1. 23 

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

IBI ~c 

I~~C => i!~ }--.......... ----.-.... --
185~ => I 5 . ____ .... __ . __ .. _. ______ .. 

o 

o 

{ 

- 4 

. 54 : 

. 22 o 

.075 

. 075 

. 075 

.075 

. 079 

•. 90 
'.90 

.90 

.90 

.0136 

.0132 

.0132 

.0134 

.00 . 0124 

.03 

.15 

. 18 

.IS 

.02 

.036 

.042 

.040 

.022 

.039 

.023 ___ _ 

.000 __ .... 
-.OO~ / _____ _ 
-.01, __ _ 

01.50 b 1. 30 
o l. 50 b 1. 31 
0 1. 52 " 1.30 
-1.54 b l. 33 

.00 AI.6 0 1. 62 b 1. 36 

______________ 1 __ 1_6 -----------·---··-·----·--------··------·-··.1--- 0 0 . 079 . 90 .0115 .00 .040 .000 I A I.~ oJ.52 _~25 186C~ => 
187 __ .. _____ . __ ... __ ... _._. - . 22 o .079 . 85 .0124 -.02 .039 -.008 B. 9 0 1. 33 • 1. 14 -----========-----1--------1-------------------------18 7~ :> 

1 ~~C :=:> 
19 1 ~ 

~~} 190 --.------ .... ----- ..... --
191 

o 
{ 

-4 

- . 54 ~ 
.075 
.075 
.075 
. 076 

1 Letters refer to types of drag CUl'ves associated with the interference burble. See footnote I , p. 34. 

.85 
· 5 
· 5 
.85 

.0132 

.0132 

.0136 

.0144 

- . IS 
- . 15 
-.03 

.05 

.040 .005 

.042 -.009 

.036 -.023 

.030 -.030 

0 1. 44 b 1.22 
01. 44 b l.22 
01.44 " 1. 22 
o 1. 42 b 1. 19 

2 Letters refer to condition at maxim um lilt as follows: • Keasonahly steady at CL . bsmallloss of lilt beyond CL . o large loss of lift beyond CL and uncertain 
value of CL mu , MOZ, mu 

4 Poor ag:~ement over who le range . 
• Poor agreement in high·lift range. 
, Rapid increase in drag preceding definite breakdown. 
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TABLE V.- PRIN CIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS-Continued 

" .!:! 
Uiagra llls representing comhinalioL1 ~ 

:0 
a 
o 
() 

ltCIIlHrks 

Longi. 
i lldi-
nu l 

})osi-
Lion 
d/e 

Cut-oui 1':. A. C. A. 00 12 ai rfo il w illi round fu~c I H~e 

\\'inJ! aloll C' 

- ------ -_·-----1---

192 ,~~'- -

toC =:> 
196 -----

192 } I!l:! 
IHI ______ _ 

HIS 
J90 

Verii-
cal 

posi-
tion 
k/c 

1_-1_--

0.5'1 

---

- ------"-

1 9_7_~ __ ~ _______ ==:> ______ I:_I_n7_1 ______________ I __ __ 

I~~C :> 
202 -a=---,, :---.~---

I ~S. } H)!} 
200 
20 1 
202 

llcctallgular fu selage comb in a tions 

203 

ZO·I 
2,.15 

Hertangu1a r N . ,I . C . A. } 
U012 a irfoi l. ____ do __ ___ ______ ____ _ 

____ do _______ _ 0 ______ _ 

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

207Q - ~ 

20SC- ~ 

209C~ ~ 

20n n ecla ugular N. A. C. A. 
0012 a irfoil ; uncow led 
engine. 

207 Itecianglllar N. A . . A. 
0012 a irfo il; cow led en-
gine. 

208 TI eeiangular N. A. C. ,I . 
'1412 a irfoi I. 

200 rrapercd A. C . A. 
0018-09 ai rfoi l. } 

n - . . ; 1 

0 

0 

--

0 

-- ---

0 

Wing 
sei-
Li,ng 
;. 

DcgreeR 
--.---

I 
-4 

0 
4 
8 

12 

--

{ 
- I 

0 
4 

1 ~ 

Degrees 

{ 
- 4 

0 
'I 

o 

0 

---

--

0 

, Leitors refer to types of drag curves associated w ith ihe interference burbl e as follows: 

L ift-
Cllr ve 
s lope 
(per 

dt:'grec) 
a 

11.11. = 
6.86 

0.066 

---
.0(;7 
.06(; 
. Olin 
.068 
.069 

.077 

.ono 

. OliO 

. un7 

.0(;7 

.OGS 

---

. 08 1 

. 08 1 

.08 1 

.OHO I 

.082 

- -
.0 I 

.(WO 

r.l :;-- r. 

C. "-'---::;-="'-'--

Type A 

Spa n .\erocl)"- Lift ro-
2CD"HJL !C/~mu 

em- nam ic e01cienl clree- eacc-
ciency C'lJ emin G'[' OPI renler em, at inter iive tive 
(a('tor rlosiLioll ference n .N.= R.N.= 

e '", burble 7.5XIQII 3.4+10' 
lel' ib 

--- --

~ --- - --- --

0.70 Q.0071 0.00 0.027 O.IKIO " "(I.X 'I. IX h 1. 10 

.70 .0 11 7 -.01 .069 .0 17 b 1. 16 

. 70 .0 11f; . O~ .080 .000 n.8 b 1. 15 
s. ~o . 11121 .O(i .070 -.018 lJ : ~ • 1. 14 b 1. 13 
<.80 .0127 .1:1 . (J17 -.032 H b 1. II 

.01:]!1 .28 .02., -.0:]7 c.:] R 1. 14 b 1. 10 

---------
.80 .0 111 . 00 . 0,)0 .000 ".7 n 1. 21 Il l. 1.1 

--- - --- ._- -- --- -
,O!) .0121 -.or; .070 .018 b 1. I 
. 70 .0 11 6 -.02 .080 · t:oo ----- ---- - b I. .17 
.70 .OIl7 .0 1 .OG9 -.017 - ~ ---~- b I. 40 b 1.15 

5.75 .0 123 .06 .053 -. 0:10 -------- -- - --- - ~ 
b 1. )3 , 0 . 0136 .12 .0411 -.038 -- - ~ .. -- • 1. 26 b 1. 11 

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

.80 .0 129 .02 .112.] .tJlO A I. c 1.:35 o J 3·1 

.8.\ .0 122 .m . 02:] .O{)O A I . 0 1.4'1 0 1. :17 

.8.1 .0129 - .02 .02:1 -.11 10 A I. ~ l.:if> 'I. 29 

080 . 02(i7 .00 .028 · om "1.0 0.1.3,1 '1.27 

.H) .Olli l .00 .0 10 · om A I. 5 c I. 52 ' 1.3 

--------_. --------- - -----

.00 . 0) 3G .25 . 019 -.O!}.' \ I. G • 1. 03 • 1. 48 

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

.85 . 0 127 .00 .034 .000 A 1. 5 (' l. !l! b I. 26 

, Leiters refer io coudition at maximum lifi as follows: • R easonably s tendy at CL .... ; h sma ll loss of lifi beyond CI . .,,,: ' large loss of lift beyond C"m,u and uncertain 
value o[ CLrno-z

o 

, Poor agreement over whole range. 
, Poor agreement in high-li ft range . 
• Rapid increase in drag preceding defin ite breakdown. 
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FJ(;vn ~; 2·I.-Comhinntio n i2 (combination 2~ i 'l\"~rtcd) showing poor junctures 
nt lhe wing roots. 

Frau ,n: 25.-C'o lll hinnlions sho\\ ing round fuselage wit h cowle<l and uncow led 
engines. 

FIGURE 26.-Comb inntion 140 (combination 142 inverted) showing cun'ed 
plan·form fill ets. 

FIGURE 27.-C'olllhinntion I If; (comhination 113 ill\l'rte,J) showing small tapered 
nllels. 

FW\JRE 2R COllliJinal ion Iii (l'oillhiJl:llion III in\ l'rlC' I ... howiJlg' large tnpered 
11111'ls. 

FIGURE W.-Combinntion US (combination 145 i""erlell) showing large lapered 
fi llets e,lend~\llo lhe lead in\( c,lge of Ihe wing. 
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FIGURE 30.-Combinations 152 and 153 (combinations 157 and 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.-Combination 176 showing Inverted tapered fillets. 

FIGURE 33.-Combination 177 showing straight fillets. 

FIGURE 34.-Comhination 178 showing tapered fillets . 

FIGURE 35.-Comhination 197 showing the junctures at the wing roots of the 
cut·out wing. 

/ 
-------------------------~ 



INTERFERENCE OF WI G AND FUSELAGE 

J;'lGURE 36.-Combinations 204 and 207 showing the rectangular fuselage with and 
without a cow led engine. 
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Positive directions of axes and angles (forces nnd lIloI:1cnts) are shown by arrows 

Axis Moment nl>ou t axis Ang1c Velocities 

Designation 

Longitudinal. __ 
La.teraL ______ _ 
N ormaL ______ _ 

Force 
(parallel 

Sym- to axis) 
bol symbol 

x X 
Y Y 
Z Z 

Absolute coefficients of moment 

C =J:.. 0 = jU 
I qbS m yeS 

(rolling) (pitching) 

Designa.tion 

Rolling ____ _ 
Pitching ___ _ 
Yawing ____ _ 

N 
O"=qbS 
(yawing) 

Sym
bol 

L 
M 
N 

Positive 
direction 

\' 
Linear 

Designa- I Sym- (compo-

lion l~bOl ne~~~)ong 

ROIL----I' <!> u 
Pi tch_ _ _ _ tJ II 

yaw _____ , '" w 

Angular 

p 
q 
r 

Angle 0f set of control surface (relative to neutral 
position),.s. (Indicatp, surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V" 
T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient Or= rD4 
pn 

Torque, absolute coefficient OQ= 9D6 
pn 

P, 

0., 

TI, 
n, 

Power, absolute coefficient Op= ~n.o; 
pn.l..F 

Speed-power coefficient = ~ ~~: 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-1 (2;rn) 

5. NUMERICAL RELATIOXS 

1 hp. = 76.04 kg-m/s = 550 ft-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m .p.h. = 0,4470 m.p.s. 
1 m .p.s. = 2.2369 m.p.h 

1 lb. = 0.4536 kg. 
1 kg = 2.204.6 lb. 
1 mi. = 1,609.35 m=5,::!80 it. 
1 m = 3.2808 ft. 


