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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Unit Abbrevia- {)nit Abbrevia-

tion tion 

. 
Length _______ I meter __________________ m foot (or mile) _________ ft. (or mi.) 
Time _________ t second _________________ s second (or hOul') _______ sec. (or hr.) 
Force _________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

-
Power ________ P horsepower (metric) __ ____ ---------- horsepower ___________ hp. 
Speed _________ V 

{kilometers per hour ____ -- k.p.h. miles per hOUL ____ ___ m.p.h. 
meters per second _______ m .p .s. feet per second ________ f.p.s . 

2. GENERAL SYMBOLS 

Weight = mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740ft./sec. 2 

W Mass = -
g 

Moment of inertia=mP. (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.1 2497 kg-m-'-s2 at 

15° C . and 760 mm; or 0.002378 Ib.-ft.-1 sec.2 

Specific weight of "standard" air, 1.2255 kg/rna or 
0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure = ~p V2 

Lift, absolute coefficient OL = :s 
Drag, l:tbsolute coefficient On = ~ 

Profile drag, absolute coefficient On, = ~S 

I nduced drag, absolute coefficient On, ~ ~S 

Parasite drag, absolute coefficient On - DSp • q 

Cross-wind force, absolute coefficient Oc = q~ 
R esultant force 

Q, 
0 , 
Vl 

p-, 
J1. 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m .p.h. normal pressure at 15° C., the cor
responding number is 234,000 j or for a model 
of 10 cm chord, 40 m .p .s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lift position) 
Flight-path angle 
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THE AERODYNAMIC EFFECTS OF WING CUT-OUTS 
By ALBERT 'HERJ\IA I 

SUMMARY 

I n connection with the interjerence program being con
ducted in the N.A.G.A. variable-density wind tunnel, an 
analysis was made oj available material with the object 
oj presenting a qualitative di cussion oj wing character
istics as aifected by cut-out and oj dete1'mining means jOt 
their quantitative calculation. 

The analysis indicated that extending a cut-out in the 
cho1'd direction has much greater e.ff ect than extending it 
in the span direction. Unfairness in profile over the 
leading edge of the cut-out sections adve1'sely affects the 
l'ift and induced drag as well as the profile drag. 

L'ifting-line airjoil theory can be successjully used to 
calculate the characteri tics oj a wing as affected by a cut
out when the section characteristics oj the profiles along 
the span are known. It is usejul, in uch a problem, to 
employ the method oj successive alJp1'oximation jOt ob
taining the span load distribution. 

The injormation derivedjrom the analysis was applied 
jor illustration to the prediction oj the characteristics oj a 
wing with a center-section cut-out. The values thus 
obtained were jound to agree jai1'ly well with the test 
results oj a model oj the cut-out wing measured in the 
va1'iable-den ity wind tunnel. 

INTRODUCTION 

It is sometimes desirable to cut out portions of a 
wing, usually at the center. Such a change in plan 
form may, however, produce large changes in the char
acteristics of the wing. Therefore, information that 
would guide a designer in his choice of a cutrout and 
enable him to calculate the aerodynamic character
istics of cut-out wings should prove useful. 

The information now available concerning wing 
cut-outs or applicable to the analysis of their effects i 
plent iful (references 1 to 7) but too disconnected and 
tIDorganized to be of the greatest possible usefulne . 
In connection with the interference program being 
conducted in the .A.C.A. variable-density wind tun
nel, an analysis was therefore made of existing material 
to determine the qualitative effects of the different 
features of wing cut-outs, and to obtain means of cal
culating wing characteristics as affected by them. 

The characteristics of a cut-out wing of .A.C.A. 
0012 section were predicted from the information 

derived for this report and compared with test results 
obtained for the purpose from a test of a model of the 
cut-out wing in the .A.C.A. variable-density wind 
tunnel at a Reynolds Number of 3,160,000. 

GENERAL EFFECTS OF WING CUT-OUTS 

A monoplane wing of finite span experience the 
least induced drag when the downwaah is constant 
over the span, a condition occurring ,'.-hon the load 
distribution is elliptical. The constant downwash 
di tribution also ail'ords the highest maximum lift if 
the wing is untwisted and of tho same profile through
out, because the sections along the span reaoh their lift 
peaks together. Departure from the elliptical-loading 
condition introduces a deformation in the downwash 
di tribution that adver ely affects the characteristic 
of the wing. The e:ITect of a cut-out are due in a large 
measure to the change it produces in the span load 
di tribution, resulting in what may be called "induced 
interference. " 

It i immediately evident that, for similar cut-outs, 
the deformation of the load distribution increases 
with cut-out area. Because of the induced inter
ference, the adverse effects on the total lift and drag 
of the wing grow disproportionately to the sizes of the 
cut-outs. The total profile drag, however, tends to be 
reduced because of the reduction in area caused by a 
cut-out. At the lower lifts, this effect may be greater 
than the adverse eiIect on the drag due to the deforma
tion of the load distribution. 

For cut-outs of equal area, greater depth of cut-out 
along the chord produces the more severe deformation 
of the span load distribution and causes the grel1ter 
interference. This eiIect can be noticed in two of 
the tests reported by Ackeret (reference 3) where 
the induced interference of a cut-out extending the 
full chord depth showed itself to be much greater 
than that of a second cut-out extending half the 
depth of the fir t but twice its width. 

nfairness in profile around the leading edge of 
the cutaway sections of a wing adversely affects the 
lifts of the seotions involved and thus adds to the 
induced interference. At the trailing edge, how
ever, unfairne s in profile has negligible induced
interference effect, as is shown in tests by Ackeret. 

3 
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The profile drag is naturally increased by any profile 
unfairness. 

Unfairness of the plan form of a cut-out has little 
effect. }'1u ttray (reference 4) tested two wings, each 
having a displaced rectangular center section, one 
forward, the other aft, and compared the results with 
those of the normal wing. No noticeable effect on 
lift or drag was found except near maximum lift I 

where slightly earlier burbling occurred. Besides 
demonstrating the unimportance of plan-form fair
nes , those tests also show that whether the cut-out 
is at the leading or trailing edge is unimportant in 
regard to the effect on the interference, just as would 
be surmised from simple airfoil theory. 

When the cut-out is in the form of a hole between 
the leading and trailing edges, the portion of the air
foil at the cut-out becomes, in profile, a tandem wing 
arrangement. Therefore, if airfoil profiles be re
tained along the cut-out, the induced interference at 
low lifts is no different, theoretically, than for a 
leading- or trailing-edge cut-out with the same pro
file arrangement and total chord distribution along 
the span. At high lift coefficients, however, another 
effect appears. The sections of the wing ahead 
of the hole, being in the added relative up wash of 
those to the rear, stall still earlier than they would 
otherwise. Conversely, the forward ections tend to 
maintain the air flow over the after sections, thus 
delaying their burble. Consequently, a hole cut-out 
near the trailing edge may be poorer with respect to 
maximum lift than an equivalent leading- or trailing
edge cut-out, and one near the leading edge may be 
better. 

Because of the deformation impressed upon the 
pan load distribution, a cut-out section e}",})eriences 

an upwash with relation to the rest of the wing and 
therefore tends to carry more load than its reduced 
chord would otherwise be called upon to support. 
This upwash, however, since it owes its existence to 
the deformation present in the loading curve, cannot 
be sufficient to make the cut-out section carry its 
full share of the load. The deformation in the span 
load distribution, and thereby the induced inter
ference, may be eliminated, but only for one desired 
angle of attack of the wing, by adjusting the angles 
of the profiles across the cut-out. Below that angle 
of attack of the wing, a cut-out section will be carrying 
more than its designated share of the load, and above 
that angle, less. 

The relative upwash previously mentioned causes a 
cut-ou t section to stall earlier than it would otherwise. 
The maximum lift of the wing suffers in consequence. 
Eliminating the induced interference for anyone wing 
angle, by increasing the angles of incidence of the 
profiles across the cut-out, produces a similar result. 
This effect, however, may be avoided by employing 
higher-lift, later-stalling profiles along the cut-out. 

Muttray (reference 4) tested some wing models pro
vided with auxiliary airfoils before the cutaway sec
tions which were formed of high-lift profiles set at 
increased angles of incidence. He found that most of 
the adverse effect on maximum lift was thus elimi
nated, and also most of the induced interference. 
The profile drag would, however, necessarily be 
increased by such an arrangement. 

The effects of the various cut-out features on the 
pitching moment may be readily understood by con
sidering the changes produced in the moments of the 
sections about the reference axis along the span. A 
front cut-out would tend to increase the diving mo
ment and a rear cut-o'ut to reduce it. Likewise an 
auxiliary airfoil before the center section would tend 
to decrease the diving moment. The total resultant 
moment of a cut-out wing with relation to any Yaxis 
can be estimated by integrating the moments of the 
profiles about that axis across the span. 

QUANTITATIVE CALCULATION OF WING CHARAC
TERISTICS AS AFFECTED BY CUT-OUTS 

Lotz has attempted (reference 5) to provide a 
simple, easy, and rapid means of calculating the lift 
and induced drag of monoplane wings with cut-outs. 
His assumptions being crude, however, the applica
tion of his work would seem to be limited to approxi
mating the lifts and induced drags of monoplane 
wings as affected by only the poorest type of cut
outs. Incidentally, as his paper now stands it con
tains an omission in his statement of the equation for 
the induced dTl1g. 

When the characteristics of any monoplane wing 
are to be calculated with some degree of precision, 
lifting-line airfoil theory is employed. The procedure 
consists of obtaining the span load distribution and 
its correlated downwash distribution by an application 
of the vortex theory and then, from a knowledge of 
the section characteristics and spatial arrangement of 
the profiles across the span, calculating the lift, 
induced-drag, profile-drag, and moment coefficients. 

The Fourier series method of analysis as expounded 
by Glauert (reference 6, p. 138) is commonly relied on 
to obtain the characteristics of monoplane wings. 
However, when the span load distribution is de
formed, as it is for a cut-out wing, the number of 
coefficients in the series required to define reasonably 
the load or downwash distribution increases rapidly 
and this method of applying airfoil theory becomes 
too involved for practical uses. 

For problems in which the use of the Fourier series 
appears to be undesirable, the span loading and down
wash distribution may be obtained by employing the 
method of successive approximation developed in 
reference 7. This method, stated briefly, is as follows: 
From consideration of the character of the wing, for 
any given angle of attack, some curve is drawn that is 
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thought to approximate the true span load di tribu
tion. The down wash for a number of stations along 
the span is then found from this assumed loading 
curve. The effective angles of attack at these stations 
are now obtained and, from the section characteristic 
of the profiles at those stations, the lift coefficient for 
each station is determined. A check span load dis
tribution is thus derived, and from consideration of 
the new load distribution, together with the assumed 
curve from which it was obtained, a more nearly 
accurate span load distribution can be estimated. 
This process, continued through successive approx
imations until the check distribution agrees with the 
as umed curve from which it was derived, will arrive 
at an approximately true span load distribution curve 
with its correlated down wash distribution. In the 
derivation of the check distribution, the following 
equation for the downwash WI at any station Yl may 
be employed (reference 6): 

Wl= l Js 
47r -s 

dK 
dy -- ely 

YI-Y 

where K is the circulation around any profile along 
the span, Y is its distance out from the center line 
along the span, and s is the length of the emispan. 
This e pmtion can be put in a morC' convenient form 

for general u e by ubstitu ting ~L C V for K \\'here\ T i. 

the free- tream velocity and c i the chord length at 
any sta tion; thus: 

where cr IS the reference chord and OL' is therefore 

OL~' The integration of this expression across the 
Cr 

span can be performed graphically exeept for the re
gion within some small distance 11 to either side of the 
station Yl which cannot be thus evaluated because the 
integrand approaches infinity as Y approaches Yl' The 
evaluation of the portion of the integral between the 
limits Yl - 11 and Yl + 11 may, however, be performed 
analytically by assuming the span-loading curve be
tween those limits defined by the equation OL' = A + 
By + Oy2 and expressing the constants A, B, and 0 in 
terms of the slopes of the span load distribution curve 
at Y = Yl - t:.. and Y = Yl + 11. Then, the portion of the 
integral between the limit Y = Yl - 11 and Y = Yl + 11 be-
comes 

Cr [(dOL') (dOL') ] 
- 7f dy Yl - 11 - dY Yl + 11 

EXAMPLE OF THE PREDICTION OF CUT-OUT EFFECTS 

In order to illustrate the application of the infor
mation presented in this report, the characteristics 

of a wing with a cut-out were estimated from the 
considerations discussed and calculated for one angle 
by the method of successive approximation. The 
results predicted were then compared with the test 
results of a model of the wing. It is obviously neces
sary to calculate the characteristics for only one 
angle in the range preceding the burbling of the 
center section in order to be able to evaluate readily 
the characteristics for that whole range. 

Test of cut-out wing model.- The wing employed 
for this example was a standard 5- by 30-inch dura
lumin airfoil model of .A.C.A. 0012 profile (refer
ence 8). It was prepared with a central-section 
cut-out patterned in plan form directly after the 
upper wing of the Vought Corsair, model 03U-l. 
(See figs. 1 and 2.) The chords of the profiles along 
the span were all in one plane and the same form of 
profile was maintained over the cut-ou t portion, 

FIGUIlE I.-Cut·out wing model. 

which was faired to an N.A.C.A. 0015 profile at the 
center line for considerations of strength. As the 
characteristics of the .A.C.A. 0015 are so very 
nearly the same as those of the N.A.C.A. 0012, it 
was assumed that .A.C.A 0012 profiles were kept 
over the entire span. This model was tested in the 

.A.C.A. variable-density wind tunnel at a Reynolds 
umber of 3,160,000. A description of the variable

density wind tunnel and of the methods employed 
for testing is given in reference 9. The test was 
performed in the usual manner, except that two stings 
were employed to minimize set-up interference on 
the cut-out portion of the wing. 

The test results are presented in figure 2 where CL , 

OD, L ID, and c.p. curves are plotted against angle of 
attack lX. These curves are corrected for tunnel-wall 
effect and are compared with those of the normal 
rectangular .A.C.A. 0012. Curves are also given of 
the effective-profile-drag coefficient, ODe' and the 
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moment coefficient about the original line of quarter
chord points, Omel. plotted against OL' The effective 
profile-drag coefficient ODe is the total drag coefficient 

OD minus a.:~~, the induced-drag coefficient for a wing 

of the same geometric aspect ratio but elliptically 
loaded. The effective profile drag, therefore, includes 
the additional induced drag due to the departure of 
the wing's span loading from the elliptical form and is 
thus a measure of the effect of wing deformation. The 
characteristics of the wing with the cut-out are given 
in figure 2 as based both on the original uncut-out plan 
form- thu including the total efl'ects of the Cllt-Out-

Slo.Up ·r. L'w'r: I ~1: ~~~ l~+-!-+ti 
a a a \JO 0 ~~ 

1251.894 -1.894 l. "5 ...•. - . 
~g~;~=}:~~~ ~'(;-IO .~: i 'j 
jg ~:~g~ =~:~g~ 0 20 40 60 80 100 
155.345 -5.345 Percent of chord 

Likewise the burble should start earlier. The rear 
cut-out being considerably larger than the front one, 
the aerodynamic center of the wing should be shifted 
forward. Oonsideration of the test results presented 
in figure 2 checks these predictions. 

Calculation of the aerodynamic characteristics of the 
cut-out wing.-Out-outs may be compared and their 
e1J'ects estimated qualitatively as in the preceding dis
cussion. However, once a cut-out i cho en it is 
desirable to calculate the characteri tics of the cut-out 
wing. The characteristics of the wing in this example, 
based on the original plan form, were calculated for an 
angle of attack of 8° from zero lift, which would approx-

~! ~ +. 1-+ +L~-h, J . I i-l-c, N A. C. A. 0012 wing 'wtfh ~ I 
,I I - I cul-oul, charac l enstics 

f---+-- based on ac fual pIon _', I 

,/2 48 

.11 44 

&10 I 40. 
20 5.738 - 5. 738 !--r-,--,---,--,-,-
2
3

5
0 ~:g6~ =~:bb~ I I II I ,I I , 4 c' 09 
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± (orm -, I J . I-
- CI' - ~ -+ 1-- ~ 'm f I Vi' 

36 Q) 
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24 l.O~ 20 c.p. b, c . / ,JI/ . :=~ 1.2, ~ .24 ~Q ~.04 -.:: x:'11 ~ b 'Z;:z;sr7J~,,!~~f- ~ ~ ~ 

~20 g 40 - +-I-I-"0"'t"'0 111 "',,/ 1: ~:==-f- I.O~ .20 ~ ~.03 
~ / 6::;60 f- O f!" ,\- ///-0 . 8~ . 16~i;j02 
l. l. C,I (i I,", i,/ ~- ~ Cl 

Q 12 . ~ 80 "1//,.1, 6 U 12 
-E u I V'b I'\, W . 't o 
0::: "- I ~ ~i'--- ,0 --J 8 
'" 8:;100 If ~ " .4 .0 
"- c: 0!;4 
o 4 ~ If ~b :g l. 

n, 1-10-- c;, 
~ 00.. f-+-l-+--1 NA.C.A. 0012, cuf -ouf. R.N:3,16 0,000 

.S, H -+-+-t Size : 5 "x30 " Ve/.(ff./sec.J: 63.5 -. 2 
-4 R. f-+-l-+-t Pres. {sf'nd atm.):20.3 Da te: 1-24- 33 

(,J Where tested:L.MA.L. Test: VD.T 958 
-8 1-I---+--t--tCorrected for tunnel-wall e ffec t . 

b. c · "" 

-.4 

.2 

o 

.04 

o 

-8 -4 o 4 8 12 16 20 24 28 32 
An gle of a ttack, ex (degrees). 

.0 1 

o 
't 
£"' - . / 

, J~r--- e, 6 cr f- f- f-I-
( , 1.628 cr __ f-r- t -F e g, 1.070" 

< h , 0.534 "f- -/1 - , k, 0.398 " 1-

;J g (; ( n, 0.068 " '-- '-

I 
.--1- b. '1~ 

t ' ..L 

~l~ 
, - -\-

I .-
liY /)~-'--. k· -- / - .-

n k - h 

It- f - --p'er - l'--V ./ 

~ L.j L.j VC··1 I I----->Lo ' / --J h: ' 0 
'-:-- 'T l-r - ~ ;..Y' 

r--
f- f-

r--r--

r--r--
r--r--

r--

-

~-

32 f! 
"'-

28 ~o 

.Q 
24'0 

l. 

20li 
QJ 
Q 

16 ~ 

/2 ~ 
~ 

1 -l ~ / ":\_ ::.-- f-" r _-+ CD, 
I r-- r--

8 'S 
l. 

<2 
4-'>:, 

u 

--

H= 
I 
I 
I 

':J.J x':::: x x -x-!Lc 
_. .J o ' _ L;x~' -

b"x ,/ C~ '14 
.-

. - -- -----
AirfOil: NA.C.A . 0012 with centra/ - sec -

o.;g 
o 

4'0 
-S! 

-8 g> 

" - /2 

t/on cv l -ou l R.N ' 3,1 6 0,00.0 
Dote: / -24-33 Test: VD. T. 958 -16 

o .2 .4 .6 .8 10 1.2 /, 4 1.6 /.8 
Lift coefficient, C, 

FIGURE 2.-Characlerislics oC a wing with centra l-s~ction cut-out. 

and on the actual plan form, thu presenting the true 
characteri tics of such a wing. 

Prediction of the effects of the cut-out.-From the 
qualitative discussion of the effects of wing cut-outs , 
the effects of the cut-out on the characteristics of this 
wing model can be predicted by consideration of its 
design. As the cut-out portion of the wing is fair, 
untwisted, and of the same profile, the total drag at 
zero lift may be expected to be reduced proportion
ately to area of cut-out. The induced drag would be 
expected to be greatly increased, and the adverse 
effects on the lift-curve slope and on maximum lift 
would be predicted to be greater than proportional to the 
size of the cut-out becau e of the induced interference. 

imate the climbing attitude. In this calculation, the 
span load distribution and its correlated dO''lIlwash 
distribution were obtained by the method of successive 
approximation. Figure 3 shows the successive step 
undergone in arriving at the final acceptable span 
loading. Figure 3 also shows, for comparison, the 
downwash distribution obtained by u ing the Fourier 
series employing six coefficients. With tIllS number 
of coefficients the distribution obtained probably 
cannot be relied upon to give a satisfactory approxi
mation. 

The values of OL and ODt for the wing were obtained 
from the span load and the downwa h distributions by 
graphical integration of the following equations: 
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O Cr J8 WO ' d 
Di= S -8 V L Y 

where S is the area on which the coefficients are based. 
ODo was similarly obtained from the downwash dis
tribution and the section characteristics of the profile 
(assumed to be all .A.C.A. 0012) along the span. 

where OD'o is the profile-drag coefficient at any section 

multiplied by ~. The pitching-moment coeIlicient for 
CT 

the wing about the original line of quarter-chord points, 
0,ncl4, was calculated from the design of the cut-out 
wing, the downwash distribu tion, and the ection 
characteristics of the profiles along the span by graphi
cal integration of the following expression: 

Om =Sl:[J8 ON' h dy + JS 0,:' C dy] 
cit -8 -8 cf4 

where ON' is ON ~ at any section along the pan, h i 
Cr 

the distance in the chord direction of the quarter
chord point of that section from the original line or 

quarter-chord points, and 0,:' 1 is Om £ at any 
c.. cl4 c, 

section. 
The characteristic of the ell L-ou t wing based on the 

original uncut-out plan form a thus calculated for 
an angle of attack from zero lift, au, of 8° were: 
OL = 0.517, OD .=O.Ol 2, OD = 0.0089, Ov=0.0271, and 
0"'C14 = 0.01l . • These precJicted values check well 
with the test results: OL=0.512, OD=0.0259, and 
Om

CI4
=0.014. 

The induced-drag correction factor (J' applying to 
the range below the burble of the center section, can 
be calculated from the induced-drag equation: 

OL2 

ODt= 7rA [1 + (J'] 

Using the values of OL and ODt just calculated, (J' based 
on the original plan form was computed to be 0.285. 
As (J' equals zero for an elliptical wing, this cut-outrec
tangular plan form has the same effect as a 22 percent 
reduction in aspect ratio of the equivalent elliptical 
wing. The rectangular plan form itself for this instance 
is equivalent to but a 5-percent reduction. Similarly, 
the lift-curve slope can be obtained. The e:1l.-pres ion 

dOL' . I 1 OL f h da IS approXlll1ate y equa to ~ or t e range of 
a" 

lifts below the burble of the center section. Then, for 

. lb' 8° dOL 0.517 0 065 I this examp e, aa emg 'da =--8--=' ca cu-

lated as compared with 0.064 from the test results. 
The point at which the center section stalls, causing 

the lift curve to depart suddenly from an approximately 
straight line and the drag curves to rise suddenly, can 
be calculated from the fact that the downwash distri-

.6 

I 
.4x 

.2 x 

Wing plan form 

Assumed span lood distribution 
Check distribution 
Reconsidered curve, 
second approximation 

0~~--~~~~~~~~-r--+--1--~ 

Second approximation 
Check distribution -+~+ __ 
Third approximation 

0L--r--+-~--4-~--~--r--+--+-~ 
I 

::1 - I I-l 
----- Third approximation. 

acceptable as finql 
Check distribution 

O~-+--+--+--4-~--~--r--+--+-~ 

~ curve 

<') 8° t Downwash distribution obtained 
r-: from appr.oXimated span-loOdin9t 

x 6° + Downwash distribution obtained 
iill:::.. I by Fourier series employing + 
~ 4° ~----l---ll six coeffIcients -- /--

g' I + + I L ~ + + 
tl CO + +.---T==+~+~-+----1 g I + 

~ a I 

" I 8-cO+~~--~---L __ -L~~ __ ~ __ L-~L-~ __ ~ 
a .c .4 .6 .8 1.0 

Distance from center line of span, y/ s 
FIGURE 3.-Approximation of span load distribution for a wing witb cut·out. a. =8°. 

bution has the same proportionate shape thl'oughout 
the range preceding the start of the burble. From 
figure 2 it is seen that the .A.C.A. 0012 profile stalls 
at an a o of 17° from zero lift. Figure 3 shows that for 
an aa of 8° and a calculated OL of 0.517, the effective 
angle of attack at the center is 8° plus an up wash of 
2.2°,01' 10.2°. The OL of the wing at which the center 
section stalls can now be quicldy found; for 
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calculated result, however, must be considered approx
mate because the downwash distribution is no longer 
exactly proportionate when any section of the wing is 
acting above the straight portion of the lift curve. The 
agreement with tc t re ults is fairly close, a C,lll bc 
een from figure 2, where the drag curve . tart to in

crea e suddenly for a OL between 0.8 and 0.9 and for 
an Cia between 12° and 14°. 

CONCLUSIONS 

1. The adverse effects of a cut-out on wing character
istics are mainly due to the induced interference it 
produces. Extending a cut-out in the chord direction 
has a greater effect than extending it along the span, 
and unfairness in profile around the leading edge of 
the cut-out sections greatly increases the interference. 

2. Lifting-line airfoil theory can be succe fully 
employed to calculate the characteristics of a wi.nO' with 
a Cll t-out when the section characteristic of the profiles 
ftlong the span are known. For SLlch problem, thc 
method of successive approximation for obtaining the 
span load distribution is considered satisfactory. 

LANGLEY ~1EMORIAL AERONAUTICAL LABORATORY, 

ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS, 

LA TGLEY FIELD, VA., November 4, 1933. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear 

Sym- to axis) Sym- Positive Designa- Sym- (compo- Angular Designation bol symbol Designation bol direction tion bol nent along 

LongitudinaL __ X 
LateraL _______ Y 
NormaL _______ Z 

, 

Absolute coefficients of moment 
L M 

G,= qbS Gm = qcS 
(rolling) (pitching) 

X 
Y 
Z 

Rolling _____ 
Pitching ____ 
Y awing _____ 

N 
Gn = qbS 
(yawing) 

L 
M 
N 

axis) 

Y--+Z RoIL ____ 

'" 
u p 

Z--+X Pitch ____ 8 v q 
X----.Y yaw _____ t/I w r 

Angle of set of control surface (relative to neutral 
position), 8. (Indicate surface by proper subscript.) 

4. P ROP ELLER SYMBOLS 

D, 
p, 
p/D, 
VI, 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient GT = ~D4 
pn 

T orque, absolute coefficient GQ = 9D5 
pn 

P, 

G" 

TJ, 
n, 

<I>, 

Power, absolute coefficient Gp = ~D5 
pn 

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

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

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 it-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 = 2.2046 lb . 
1 mi. = 1,609.35 m = 5,280 ft. 
1 m=3 .2808 ft. 


