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SLATS AND PARTIAL-SPAN FLAPS 

By Lynn W. Hunt on and Harry A.  James 

SUMMARY 

A study has been made of the application of two-dimensional data 
and span—loading theory for estimating the local loading characteristics 
on a swept wing with flaps. Estimated results, including local pressure 
distributions, span loadings, and the nonlinear local lift character- 
istics, are compared with similar results measured at large scale on a 
^5° sweptback wing of aspect ratio 6 having a Q.k—span double—slotted 
flap both with and without a full-span slat. 

Two-dimensional pressure distributions when corrected for sweep 
were found to agree closely with the wing pressures for most local 
sections either on or off the flap. This agreement continued to the 
higher lift coefficients and even improved near maximum lift where the 
flap—induced effects became minimized. The Weissinger 7X1 method was 
found to provide reasonably accurate span loadings for this swept-wing 
configuration which had a relatively highly loaded type of flap. Two- 
dimensional lift data, together with span—loading theory, afforded quite 
accurate estimates of the local nonlinear lift characteristics, including 
maximum lift of sections outboard of the flap but were inadequate for 
inboard sections of the wing where the three—dimensional boundary—layer 
control exercises*a dominant effect. 

INTRODUCTION 

Aerodynamic loads on wings with high—lift devices represent one 
of the critical loading conditions requiring attention in aircraft 
design. Since the number of plan forms which can be investigated exper- 
imentally is obviously limited, the importance of a reliable means of 
estimating such loads is apparent. 

For unswept plan forms the procedures of references 1 and 2 have 
provided a means of estimating local section characteristics generally 
considered quite satisfactory for most engineering purposes. These 
procedures, which differ mainly in the manner of treatment of the load- 
ing at the flap discontinuity, involve one basic assumption, namely, 
that the influence of the three-dimensional character of the potential 
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flow asBoiated with the finite wing is confined principally to the span- 
loading characteristics; and, hence, the local sections of the wing can, 
for the most part, "be related to two-dimenBional section characteristics. 
The practicality of this assumption was demonstrated originally in 
reference 3 for clean unswept tapered wings. 

For the case of the swept wing, such an approach appeared to he a 
logical point at which to begin a study of means to estimate the local 
section characteristics. Accordingly, an analysis of the load distri- 
bution on two k*?   sweptback wings of aspect ratio 6 was presented in 
reference k with the intent of evaluating to what extent the familiar 
straight-^wing procedure had application to a swept wing. By slight 
revision of the method (i.e., account for the reduction due to sweep of 
the effective potential velocity), it was found in the unseparated lift 
range to give local loading characteristics in good agreement with exper- 
iment over most of the wing span, the exception being regions in close 
proximity to the root and tip. 

The purpose of the present report is to extend the analysis of 
reference h  to the case of a swept wing with slats and partial-span 
flaps. The success of any such load-estimating procedure depends, of 
course, on the accuracy of the span—loading theory in accounting not only 
for the effects of finite span, but also for the additional complicating 
factors of sweep and a partial-span high—lift device. For swept wings of 
moderate aspect ratio, the method of reference 5 has been found to give 
span loadings in good agreement with experiment and, hence, is the theory 
evaluated herein. Two-dimensional data required for the analysis were 
obtained in one of the Ames 7- by 10-foot wind tunnels. Pressure data 
on the large-scale swept wing were measured in the Ames kO— by 80-foot 
wind tunnel at a Mach number of 0.2 and Reynolds number of 8 million. 

NOTATION 

The data are presented in the form of standard NACA coefficients 
which are applicable to a full-span configuration. All pitching moments 
are referred to the quarter point of the mean aerodynamic chord. 

CL     lift coefficient, i*^. qS 

Ci^ rate of change of wing lift coefficient with angle of 
attack,  per deg 

Cp drag coefficient, g 

Cm pitching-moment coefficient, Pltchlng moment 

qSc" 
_ C7C 
G spanwise loading coefficient, -^— 

2b 
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* 

P 
Pl-P pressure coefficient, —-— 

section lift 
section lift coefficient,  —  

40 

*. 

cl 

c7 z5 
rate of change of section lift coefficient with flap deflec- 

tion, per deg 

6a 
rate of change of section lift coefficient with angle of 

attack, per deg 

R Reynolds number "based on c 

S area of semispan wing,  sq_ ft 

"b span of complete wing,  ft 

c local chord measured parallel to plane of symmetry,  ft 

c* local chord measured normal to reference sweep line,  ft 

» /■"b/2    P 

V   c dy 

*■> 

~c mean aerodynamic chord, —=-T~ ,  ft 

4   c ^ 

c.p. center of pressure, percent chord 

p free-stream static pressure,  lb/sq ft 

P2 
local static pressure,  Ib/sq. ft 

<1 free-stream dynamic pressure,  Ib/sq. ft 

y lateral coordinate 

a angle of attack of wing,  deg 

ao angle of attack of two-dimensional airfoils, deg 

da 
dö 

flap lift-effectiveness parameter, —— 

» A incremental value 

5 angle of deflection of flap, measured parallel to plane of 
u- symmetry, deg 
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T)      fraction of semi span 

A      sweep angle of the wing quarter-chord line, deg 

Subscripts 

f flap 

H.L. hinge line 

max maximum 

A yawed flow 

DESCRIPTION OF MODEL AND APPARATUS 

Pertinent dimensions of the semispan wing—fuselage model are shown 
in figure 1. The basic wing is the same as used in the analysis of 
reference k  and is referred to therein as the plain wing. The wing had 
lt-5° sweepback of the quarter-chord line, an aspect ratio of 6, a taper 
ratio of 0.5, and employed an NACA 64A010 section normal to the reference 
sweep line. A photograph of the test installation is shown in figure 2. 

The partial-span flaps were of the double-slotted type and covered 
0.4 semispan from 0.18 to O.58 semispan, as defined by the midchord line 
of the flap in the retracted position. The leading-edge slat extended 
from the wing—fuselage juncture (0.14 semispan) to the wing tip. Details 
of the flap and slat configurations are shown in figure 3 by a typical 
section taken normal to the reference sweep line, and ordinates of each 
are given in table I. The wing was equipped with 7 pressure orifice 
stations, as shown in figure 1, with each station consisting of a mini- 
mum of k0  pressure orifices. 

RESULTS AND DISCUSSION 

This report deals with a simplified approach to the problem of 
determining the surface loadings on a swept wing having a partial—span 
high—lift flap wherein all three-dimensional effects are disregarded, 
with the exception of those accounted for in the span—loading theory. 
Accordingly, within the limitations of the data available, an attempt is 
made to demonstrate the extent to which load distributions, chordwise and 
spanwise, on the swept wing considered herein can be estimated using two- 
dimensional data corrected for sweep and the Weissinger span—loading 
theory. Studies of these two types of loadings, chordwise and spanwise, 
constitute two divisions of the report. A third section is directed 
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toward use of span-loading theory in conjunction with two-dimensional- 
lift data for estimating the local lift characteristics of sections, on 
and off the flap. 

The longitudinal force characteristics for the two wing con- 
figurations considered herein are presented for reference purposes in 
figure k,  while in figure 5 are given the two-dimensional—lift charac- 
teristics for the four section configurations involved in the study. 
All wing data used throughout the report were obtained at a Mach number 
of 0.2 and Reynolds number of 8 million, "based on the mean aerodynamic 
chord. The two-dimensional data were obtained at a Reynolds number of 
k  million which corresponds closely with the average effective Reynolds 
number for the wing based on the components of mean aerodynamic chord 
and velocity, each taken normal to the wing quarter—chord line. The 
chordwiBe loading results involving correlations of pressure distri- 
bution and center of pressure are given in figures 6 to 9, while the 
spanwise loading and local lift-curve results are presented in figures 
10 to 13. 

Chordwise Loading 

Method and results.— Because the method of correlation of section 
pressure data with the local loadings on the wing is basically the same 
as that described in reference h,  it is only briefly discussed here. 
In order to exclude any deficiencies of the span—loading theory from this 
chord—loading phase of the study, the estimated section pressure diagrams 
are based on measured values of local c-^ rather than calculated values. 
Following sweep theory, the effective cj on the swept wing which is to 
be related to unswept two-dimensional data is 

Gi 

:*A 
A=o   cos2A 

The two-dimensional pressure coefficients corresponding to these unswept 
values of c,   ,    in order to be compared to the swept wing, then, must 

4A=o 
be converted back to yawed flow conditions, thus 

PA •= PA=OXCOB2A 

Pressure diagrams determined in this manner correspond to those which 
would be measured on the infinite airfoil in yawed flow. 

Comparisons of estimated pressure distributions with those measured 
on the wing at six spanwise stations are shown in figures 6 and 7 for the 
flapped wing with slats retracted and extended. For both configurations 
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the correlations have "been made for two angles of attack, one near 0° 
where separation is minimized and the other near CLm^y to illustrate a 
typical design condition. The two indicated configurations of the wing 
involve four different configurations of the basic wing section, these 
being the NACA 6UA010 clean, with slats, with double-elotted flaps, and 
with slats and flaps. 

Loading at low a.- Correlations of loadings at six spanwise 
stations in figure 6 are given for angles of attack of the wing of 0° 
with slats retracted and k.2°  with slats extended. These angles repre- 
sent for each configuration the lowest attitude of the wing for which 
correlations were possible with the available two-dimensional data. As 
mentioned earlier, the estimated pressure diagrams shown correspond to 
those for the appropriate profile in yawed flow with no adjustments 
being made for chordwise three-dimensional induction effects. Conse-^ 
quently, at the root station (0.17 semispan) where the orifice station 
lies between the inboard end of the flap and the fuselage, it is evident 
from the lack of correlation that the magnitude of the chordwise-induced 
loads renders any loading estimate, based on two-dimensional data, value- 
less in this region. Had the wing flap extended clear to the fuselage, 
then possibly a more satisfactory correlation would have resulted since 
not only would the flap extremity have been eliminated but the magnitude 
of plan-form-root effects very likely would have been dominated to a 
large extent by the flap-load increment. 

For the two stations on the flap (O.38 and O.55 semispan), the pres- 
sure distributions measured two-dimensionally and corrected to yawed flow 
show quite close agreement with experiment for either configuration of 
the flapped wing, slats retracted or extended (figs. 6(b) and 6(c)). The 
largest discrepancy can be seen to occur on the main flap at the inner 
station. The estimated flap loadings, even at this low angle of attack, 
seem to indicate the presence of some flow separation by the appearance 
of the pressure-recovery characteristics. Hence, the difference in load- 
ing noted at the inner station could arise from improved flow conditions 
on the wing flap, as a result of a boundary-layer-control action attendant 
with spanwisfe flow of the boundary-layer air. At the outer station on 
the flap where the boundary-layer action is weakened", the correlation can 
be seen to be much closer. The difference in loading at the inner 
station appears in figure 9 as an 8-percent rearward shift of local center 
of pressure. 

Outboard of the flap, load comparisons are shown for three stations 
at 0.71, 0.82, and O.92 semispan. Estimated results for these unflapped 
sections were derived from the pressure distributions of reference 6 for 
the NACA 64A010 section and from unpublished experimental data for this 
section with the slat extended. The largest discrepancy between the esti- 
mated and measured loadings is evident at the 0.71-semispan station where 
a portion of the loading induced by the flap is of the distributed camber 
type amounting to a shift aft in center of pressure of about 8-percent 
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chord. At stations further outboard, this effect virtually disappears, 
leaving very close agreement between the estimated and measured results. 

Loading near maximum lift.— To demonstrate the applicability of 
the procedure for a critical design condition near stall, pressure- 
distribution comparisons are given in figure 7 for an a of 8.4° and 
CL of 1.07 for the wing with slats retracted and for an a of 12.4° and 
CL of 1.31 with the slats extended. It will be noted for these high- 
lift comparisons that all values of local cj  on the wing for either 
configuration have exceeded the appropriate two-dimensional oimpix 

values when corrected to yawed flow. Such a condition is normal for 
swept wings where it has been reasoned that an effective boundary—layer- 
control action exists over the entire span, being a maximum near the root 
and diminishing spanwise to 'virtually no effect at the wing tip (described 
in analysis of ref. it-). Recognition of these conditions obviously poses 
two problems in the prediction of maximum loads for a swept wing; first, 
of how to estimate the C2max potential of various sections of the wing 
initially, and, second, knowing the cl-mPIX   values, how to estimate the 
chordwise loading with available two-dimensional data limited in the 
C} range as it is. The former problem will be discussed in another 
section of the report while the latter is of immediate concern here. 
The limited range of the two-dimensional data indicates that some means 
of extrapolation to higher values of lift is necessary if correlations 
are to be made near maximum lift. For the comparisons herein, different 
procedures were followed for the two wing configurations considered. 
With slats retracted the two-dimensional pressure distributions for 
unflapped sections are from airfoil theory of reference 7,  while those 
for the flapped sections are simply the basic pressure distribution meas- 
ured two-dimensionally at an angle of attack of 0° with the addition of 
theoretical pressures due to additional type lift for the NACA 6UA010 
section of sufficient amount to obtain the desired c^. With slats 
extended the use of theoretical pressure distributions becomes difficult 
to apply. Therefore, an alternative procedure was employed whereby the 
two-dimensional pressure distributions for the required cj    values were 
reached by linear extrapolations of the two-dimensional pressure data. 
This procedure has been followed for slatted sections of the wing, both 
on and off the flap. 

Inspection of these results near Ciaax    for an over-all comparison 
with the previous results at lower CL reveals that only small differ- 
ences exist, and these, in general, are in the direction of improvements 
in the correlation. At the root station inboard of the flap, the loading 
on the wing continues to be dominated by three-dimensional chordwise 
loading effects; hence, this region obviously is beyond the applicable 
range of this simplified method. Both stations on the flap with or with- 
out slats show generally close correlation between the estimated and 
measured results, thus, signifying little flow separation at this high 
CL.  For the three stations outboard of the flap, virtually all evidence 
of the induced camber effect has disappeared at these higher lifts as a 
result of the dominance of additional type lift. It is clear, therefore, 
that the use of two-dimensional data or theory together with sweep theory 
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provided a reasonably accurate indication of local loads over the major 
part of this wing for lift coefficients approaching those for stall. 
However, in view of the simplifying assumptions involved, it is antici- 
pated some difficulty would he encountered in estimating the loads close 
to the root, tip, or flap junctures. The results herein demonstrated 
such a difficulty only in the case of the root section load hut were not 
sufficiently detailed to cover loadings beyond 92—percent semispan nor 
closer to the flap junctures than 5-percent semispan. 

Use of streamwise section data.— Figure 8 is presented for the 
purpose of briefly illustrating the importance of accounting for the 
effects of sweep when estimating the local loadings over the flapped 
portions of swept wings. The data shown for the wing were measured at 
the 0.55-semispan station with the orifices oriented in a streamwise 
direction. Data for angles of attack of the wing of 0° and 8° are shown 
for configurations of the slat retracted and extended, respectively. 
Section data for these comparisons were obtained from two-dimensional 
tests of two sections approximating the two streamwise section configu- 
rations of the wing. For these tests the same basic models as used for 
the preceding analysis were tested with the flap, vane, and slat deflec- 
tion angles adjusted to values appropriate for the profile of the wing 
parallel to the free stream. Obviously, this is an approximation where 
the principal deviation involves the section maximum thickness. However, 
the main effect of this difference would be to shift the level of the 
pressures a small amount without materially altering the magnitude or 
distribution of either the basic flap load or the induced load on the 
main section. These data are compared directly (uncorrected for sweep) 
with the wing data for equal values of c^. The results clearly demon- 
strate a complete lack of any correlation by this method. The two- 
dimensional data can be seen to indicate loads over the flap and vane 
almost double those for the wing. Consequently, to attain the wing 
C2 values, the two-dimensional pressures must "be obtained at very low 
angles of attack with attendant negative loads on the slat or leading 
edge, of the section. . It is recognized the only available streamwise 
station on the flap falls rather close to the flap extremity (fig. l) 
where, it might be argued, end effects would confuse the correlation. 
That this is not the case (or at least an insignificant effect compared 
with the discrepancies noted in these streamwise—loading correlations) 
is borne out by the close comparison of this streamwise' section flap 
loading on the wing in figure 8 with the comparable chordwise section 
flap loading in figure 6(c), both for an a of 0 and the slats 
retracted configuration. 

Spanwise Loading 

tfethod and results.— The theoretical loadings were calculated by 
the Weissinger 711 method of reference 5. In this method loadings for 
arbitrary flap spans involve an interpolation procedure which, for the 
flap configuration of this report, is illustrated in figure 11. In 
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part  (a)  are shown the loadings for the four flap spaas for which direct 
soStlons are available, while in part  (b)  cross-plotted results are 
given of the variation of the loading parameter at given stations 
(0.1-eemispan increments) as a function of flap span     A   da/d&   value 
of 0.5 was used which was derived from the available ^imeneional 
data.    Slat configuration did not affect this value      The calculated 
flan loadings of figure 10 are based on a 0.1^-span flap extending from 
0 I to 0^ semispfn and on a streamwise section flap deflection angle 
of V70 based on the hinge-line sweep angle following the relation 

tan 5stream = tan Snormal x COBA
-H.L. 

The theoretical loadings near   <&«»    were determined for the same values 
of wing    CL    as measured experimentally and consist of the fixed-tlap^ 
incremental loading plus the necessary amount of additional type loading 
to make up the total    CL    required.    The experimental loadings 
undoubtedly contain a fuselage-interference effect hut, in view of an 
uncertainty as to the influence of the tunnel-floor houndary layer on the 
fuselage loading,  consideration of the effect has been disregarded 
throughout these calculated results. 

Comparisons of experimental and theoretical span loadings for both 
configurations of the wing are given in figure 10 for 0°^angle of attack 
and for an angle of attack near    CW-    Experimental points are 
indicated for the same six pressure stations used in the pressure- 
distrihution study.    The spanwise locations of five of the stations 
oriented in a chordwise direction have been chosen as the intersection 
of the station with the quarter-K:hord line, inasmuch as additional type 
lift is centered near this point.    Obviously, for low angles of attack 
the point selected represents rather a rough approximation, especially 
for sections involving the flap, hut in approaching   CL^ax    the aBBumP~ 
tion "becomes more justifiable. 

T^iHtu» at    a = 0° fn« lift increment).^   Owing to ^e |f^f °J 
a slat on the angle for zero lift, the loadings at an    a    of 0    for the 
?wo wing configurations differ by a small amount      Thus, in figure 10, 
only thf loading with slats retracted strictly indicates the flap lift 
increment- integration of the calculated loading (weighted by local 
choSXforHIT case gives a   ACL    of 0.62 which compares favorahly with 
a measured value for the wing of 0.59.    With slats extended the theoreti- 
cal loading shown has been reduced by an incremental addiJ*™£ **J* 
loading amounting to 0.0^ in    CL    as an approximation of the ^l1"6^- 
eSt effect.    The value of 0.0^ was derived from the two^imensional-slat 
results corrected for sweep.    The resultant    CL   ^*^^J££- 
angle loadings are O.58 for the calculated compared with 0.57 measured. 

The calculated distributions of loading based on interpolated        ^ 
results at 0.1-^emispan increments appear to be in reasonably good agree- 
ment with the experimental points.    The most noticeahle deficiency of the 
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theory is a failure to account fully for the difference in loading 
between flapped and unflapped sections of the wing.    This discrepancy 
most likely stems from a limitation of the theory, mentioned in ref- 
erence 5    in accurately accounting for discontinuous twist distributions 
especially of the magnitude introduced by the relatively efficient 
double-slotted flap. 

Loading near    Ci^Y.-   The span-load distributions in figure 10 

include comparisons for lift coefficients of 1.07 and I.31    slats 
retracted and extended,  respectively, which closely approach the meas- 

atL^VrU^e S? laT aM 1M-    Tt iB si^^ant to note that 
™tw ? hl^1iftB

+
the accuracy of the theory shows no sign of deterio- 

Se^fTh nC*eJ.for the lo"er lift case.     In fact, with slats 
i*lt      it      Z correlatlons even show some improvement at this higher 
lift      The obvious reason for this success is the absence of any 

^le^ailtaafxA^t flOW ßePa™tion.     Similar accuracy of the method 
is obtainable  for this wing without flaps,  as noted in reference k 
although m this case the    CL    range for accuracy did not extend as close 
™    °%ix    owlnS to the more gradual progression inboard of flow 
separation. 

Local Lift Curves 

lnafl*
ile P°^ntial-flow calculations yield generally reliable span- 

loading results,  such theories in not accounting for viscosity    of course 
cannot provide  for a given wing any clue to separation or Ä lift       ' 

^?-IJlg^+
WinSS thiS imPortant boundary-layer information has been  ' 

^dary lay.r cha^^ 
the greatly increased amount of lateral flow of the boundary laVS      *l 
comparison,  then,  of two-<limensional lift data witJ "Suref r^ts 
on the swept wmg,  it would be expected some knowledge could be sainS 

SSlv *f ^ TtUre and na«nltuaÄ °f the -is— eiScts whiS Stil 
ZTrll^f        It USefUl ln estimating ^e stall behavior of a wing 
approximating the general configuration considered. 

ffethod and results.-    Local lift data for both wing configurations 
are given in figure 12.    For each of the six stations of the XI thSe 

results ST an efimat6d lm CUrVe^ taeed 0n the tvo-^imensioLl 
results of figure 5 and span-loading theory.    The estimation procedure 

indl^J    °^r that deSCrited ln refere^e 4 wherein threePste"s are 
indicated:     (a)  conversion of the two-dimensional lift curves to yawed 
flow conditions,    b)  adjustment of the lift-^urve slopes to accouS for 
local induced angle-ofattack characteristics on the finite wing    and 

a?tacTG " °f the eBtimated l0Cal im — to the wing fngjfof 

For the first step,   following the theory of sweep, the angles of 
attack and corresponding values of lift coefficient for the equivalent 
yawed infinite wing become:. equivalent 
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<x, = a„   X cos A 
'°A    °A= o 

;,   = C7    X COB
2 A 4A    4A=o 

Next, to account for the local induced angles of attack on the finite 
wing and, hence, spanwise variation in lift-curve slope, the foregoing 
yawed infinite wing lift curves were then modified so that the slopes 
in the linear or near linear lift range matched those given "by the 
Weissinger theory.1 This step was accomplished "by adjusting only the 
angle-of-attack values and leaving all corresponding values of lift 
coefficient the same as those for the yawed infinite wing, thus 

(c2q)yawed infinite wing 
alocal " aoA 

x JcT~) 
V ia-'finite wing theory 

2 
C7.,    , = C7A   = C7     X COS* A 6local   LA 6

A=O 

•Finally, for configurations involving other than zero loading at zero 
wing angle of attack, an additional step is required to orient these 
estimated local lift curves to the wing angle of attack. The loading 
for a given value of wing angle of attack (0° for this case) must "be 
computed from theory. For the flapped sections of the wing the estimated 
lift curves were shifted by an increment in angle of attack so as to 
intercept the calculated values of local G\    at 0° angle of attack. For 
the unflapped sections a different procedure would seem advisable in view 
of experience with straight wings. For the straight wing it has "been the 
practice to increase all two-dimensional values of G\,  including cimRy, 
by some increment to account for increased maximum lifts of these sec- 
tions found to exist apparently as a result of the camber-type load 
induced by the flap. In reference 2 a special correction factor is 
introduced for this purpose in estimating the local lift characteristics 
of unswept wings. Herein an alternative procedure is employed which is 
believed to be generally more straightforward in application, as well as 
more accurate for the swept-wing case. This procedure for the unflapped 
sections of the wing consists of increasing all values of <^lA   by the 
increment induced by the flap at 0° angle of attack given directly by the 
span—loading theory. 

xSince only linear section lift curves are considered in the Weissinger 
span-loading theory, a simplifying assumption is made for purposes of 
the procedure of this report, wherein any induced effects associated 
with nonlinearities in section lift curves across the span of the wing 
are assumed to be small enough to be disregarded. 
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Low-lift characteristics.—   At low angles of attack the degree of 
correlation shown in figure 12 between estimated and measured results 
with respect to either the level or slope of the curves obviously 
reflects directly the accuracy of the span—loading theory previously 
discussed.    With slats retracted the theoretical slopes at several sta- 
tions are slightly higher than experiment,  giving an over-all    CLa    of 
O.O58 compared to a measured value of O.O56; whereas with slats extended 
the reverse trend is evident, with theory unchanged at a   C]^    of O.O58 
compared with a measured over-all value of 0.059- 

Maximum lift characteristics.-   The estimated values of    c^max    Gan 

be seen in figure 12 to fall somewhat short of experiment over the 
flapped sections of the wing, while for sections outboard of the flap 
reasonably close agreement is shown.    To study these results in a little 
more detail in an attempt to isolate,  if possible,  some of the factors 
responsible for these differences in stall behavior between flapped and 
unflapped regions of the wing,  figure 13 has been prepared.    This figure 
shows the variation spanwise of the increment in    C2max    measured over 
and above the two—dimensional value corrected for sweep.    Included in the 
figure,  along with the increments for the two wing configurations of this 
report,  is a basic  curve  shown solid which represents the  clean wing with 
no high-lift devices   (from ref.  k).     In the  analysis of this reference, 
it was concluded that the variation spanwise  in local    C2max    found for 
the clean wing was indicative of the  strength of the natural boundary- 
layer control associated with sweptback wings,  the effect being a maxi- 
mum at the root and diminishing gradually spanwise to little effect at 
the tip.    In figure 13 it can be seen that the increments in    cjmax    for 

both stations on the  flap of either wing configuration match closely the 
clean-^wing increment.    This would seem to suggest that the magnitude of 
the effective boundary—layer control in this region of the wing is gov- 
erned primarily by the plan—form geometry since it is not materially 
altered, even by such severe changes in section and effective twist as 
introduced by a deflected flap.    This inference is further substantiated 
by results of tests of this same plan form incorporating relatively large 
amounts of camber and twist   (NACA 6I4A8IO section with 10° washout)   for 
which virtually identical increments in    c^,^    were found  (see ref.  k). 

In the case of sections outboard of the flap, the increments in maxi- 
mum lift above the yawed infinite-^wing values can be seen to rise above 
the clean-wing curve, the largest difference occurring close to the flap 
juncture.    This result,  it seems,  illustrates the relative magnitudes of 
the two principal factors contributing to the    c^u^    increments in this 
region, namely,  the natural boundary-layer-control effect indicated by 
the clean-wing curve with the remainder of the increment being chargeable 
to camber loading induced by the flap. 

Returning to the estimated lift characteristics of figure 12-,  some 
explanation is seen for the difference in accuracy of the estimates of 
c}max    for the  flapped and unflapped regions of the wing.    For the flap- 
ped sections the estimated curves,  as described previously, were derived 
from two-dimensional results and, hence,  fall short of experiment 
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evidently by an amount governed "by the strength of the spanwise "boundary- 
layer flow. Owing to this effect, further progress in the estimation of 
the maximum lift characteristics of swept wings appears at an impasse 
until such time as some reliable means is found for predicting for any 
given wing increments in lift such as those illustrated in figure 13. 
In the case of the unflapped section cimnx estimates indicated in fig- 
ure 12, all infinite wing values were increased "by the amount of lift 
induced "by the flap at 0° angle of attack of the wing/ as given by span- 
loading theory; justification for this procedure is based on a reasoning 
that the flap—induced loads can "be considered analogous to camber—type 
load and, hence, roughly additive to the potential c^m^ of the section. 
While the results of "both the pressure-distribution study of a previous 
section of the report and the incremental cij^y.    considerations in this 
section do not entirely substantiate the validity of the assumption, the 
method nevertheless provides for this wing a fairly accurate indication 
of the combined effects from the induced potential field and the three- 
dimensional boundary—layer control for sections outboard of the flap. 

CONCLUSIONS 

A study to determine the applicability of two-Miimensional data for 
estimating loads on a sweptback wing with Blats and partial—span flaps 
has been made and the following conclusions reached: 

1. Correlations of wing pressure data with two-dimensional pressure 
data corrected to yawed flow conditions for profiles matching the section 
of the wing normal to the quarter—chord line indicated that: 

(a) For stations intersecting the flap, very close agreement 
with experiment was obtained for each component of the flapped section, 
this condition extending to lift coefficients just below stall. 

(b) For stations outboard of the flap, use of simple additional 
type loading gave good agreement with experiment, especially at lift 
coefficients approaching stall. At lower lift coefficients there was 
evidence of an induced camber—type loading from the flap which was 
restricted principally to the area adjoining the flap discontinuity. 

(c) • Extension of a full—span slat produced no significant 
change in the foregoing conclusions. 

2. Correlations of two*-dimensional pressure data uncorrected for 
sweep with measured wing data, each for a section in a streamwise direc- 
tion across the flap, revealed no agreement whatsoever. 

3. A span-loading theory (simplified lifting surface) is demon- 
strated to provide for this wing an accurate estimate of the magnitude 
of the flap incremental loading at a =0°, based on two-dimensional 
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values of da/dö, as well as a good indication of the distribution of 
spanwise loading. 

k.    Quite accurate estimates of c^m^ were obtained for sections 
outboard of the flap, based on two-dimensional values of oj^  cor- 
rected for sweep and adjusted for the induced c 7 increment from the 
flap. 

5. A correlation of the measured cij^   values across the span 
of the flapped wing, with and without slats, with those for the wing in 
a clean condition revealed marked similarities in stall pattern. The 
results appeared to indicate that the influence of the spanwise flow of 
boundary layer in alleviating separation with resultant increases in 
~T>max    is not affected particularly by drastic changes in section. c 

Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Moffett Field, Calif., Aug. 19, 1953 
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TABLE I.- COORDINATES OF THE SLAT AND DOUBLE-SLOTTED FLAP 

[Stations and ordinates given in percent of airfoil chord] 

(a)    Slat 0>)    Vane 

Station 
Upper 
ordinate 

Lower 
ordinate 

0 Same as Same aß 
| NACA NACA 
I 64A010 64A010 
4.68 --2.26 
5.00 -I.36 
5.50 -.56 
6.00 -.02 
7.50 1.05 
10.00 2.11 
15.00 3.46 
17.00 > ' 3-95 

L.E. radii üB: 0.69 
I.E. radii üB: 0.02 

Upper Lower 
Station ordinate ordinate 

0 0 0 
.42 •95 -.93 
.83 1.31 -1.14 

1.25 1.52 -1.20 
I.67 I.67 -1.11 
2.08 1.72 -.85 
2.92 1.74 -.36 
3.75 1.64 -.02 
4.58 1.43 .18 
5.42 1.13 .27 
6.25 .75 .25 
7.08 .28 .11 
7.50 0 0 

L.E. radius: 1.20 ( center on 
flap chord line) 

(c)     Flap 

Station 
Upper 
ordinate 

Upper 
ordinate 

0 -1.00 -1.00 

•15 -.37 -I.56 
.30 -.08 -I.7I 
•59 .27 -I.96 
.88 •5* -2.10 

1.18 •75 -2.18 

1.77 1.06 -2.29 
2.35 1.27 -2.32 
2.94 1.1H -2.3O 

3-53 1.50 -2.26 

It.71 1.59 -2.14 
5.88 1.6k -2.00 
7.06 I.65 -1.88 
8.24 1.63 -I.76 
9.kl ■  I.58 -1.64 
10.00 1.55 -I.58 
11.25 1.45 -I.45 
15.00 1.06 -I.06 
20.00 .5* -5^ 
25.00 .02 1   -.02 

L.E. radius: 0.95 (< senter on 
flap chord line) 

T.E. radius: 0.02 
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Figure 2.— Yiew of semiBpan wing—fuselage model installation in the 
Ames kO- "by 80—foot wind tunnel. 
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Figure 5.-Two-dimensional lift characteristics of the NACA 6U010 
section with various combinations of slats and double-elotted 
flaps. 
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1.000 

(a) Variation Bpanwise of the loading coefficient for several flap 
spans. 

''8 

(ID) Variation of loading coefficient with flap span. 

Figure 11.- Theoretical spanwise load-distribution coefficients due to 
symmetric flap deflection. cf/c = 1.0. 
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