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AMOUNTS OF SWEEPBACK 

By Harold L. Crane and Milton D. McLaughlin 

SUMMARY 

A series of five flat plate models of aspect ratio 2.0 with 25-percen~­
mean-aerodynamic-chord flaps have been tested at Mach numbers from 0.5 
to 1.1 to gain information on the effect of sweepback on flap effective­
ness. The fixed portion of each model had flat parallel sides with a 
thickness o~ 3 percent based on the average chord and an elliptical nose. 
The flaps, which tapered to a fine edge, were also flat-sided. 

Relative flap effectiveness was determined qualitatively fram the 
change in floating angle of freely pivoted airfoil models caused by fixed 
changes in flap Qeflection. An unswept model had the highest flap 
effectiveness at subsonic speeds. Tte most highly swept model (450 at 
leading and trailing edges) had the amallest variation of flap effective­
ness and the lowest effectiveness throughout the speed range. Other 
models with 450 sweptback leading edges and various amounts of trailing­
edge sweep less than 450 had flap-effectiveness characteristics between 
the extremes already mentioned. In no case did the flap effectiveness 
fall o~f to zero or reverse and there was less difference between the 
effectiveness characteristics of the models tested than had been measured 
in previous tests o~ swept and unswept models o~ greater thickness and 
higher aspect ~atio. Also, there was no large dip (decrease followed by 
recovery) in the effectiveness curves near a Mach number of~. Supple­
men0ary tests on the model having 450 sweep at the leading and trailing 
edges with only the outer half of the flap deflected showed that the half­
span flap had slightly o~er 40 percent the effectiveness of the full-span 
flap. 

Some variation in Reynolds munber was obtained in the tests, for 
example, at M = 0.8 the Reynolds numoer ranged fram 700,000 to 1,500,000. 
Over this range flap effectiveness decreased no~iceably with increasing 
Reynolds n·..unber for all the models tee ted. 
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INTRODUCTION 

Investigationa conducted on various airfoil models in the transonic 
speed range have shown that there is in many cases a large variation of 
control effectiveness with Mach number. Tests reported in reference 1 
indicate that an airfoil of rectangular plan form with a plain flap was 
subject to a large loss in control effectiveness at speeds near sonic; 
whereas tests discussed in reference 2 indicate that an airfoil of extreme 
sweepback and low aspect ratio with a sweptback trailing-edge flap main­
t ained substantially constant control effectiveness through the transonic 
speed range. In order to obtain more inf ormat ion on the effects of Mach 
number on control effectiveness, tests have been conducted on five airf oil 
models having an aspect ratio of 2.0. Of these models, one was unsweEt 
and the others had 450 sweepback at the leading edge and -300, 00 , 30 , 
and 450 sweepback of the flap hinge line and the trailing edge.. All the 
mode19 had the same span and area and had a full-span flap wi th a chord 
equal to 25 percent of the mean aerodynamic chord. The fixed portion 
of each model had flat parallel sides with a t~icknes8 of 3 percent based 
on the average chord and had an elliptical nose. The flaps which tapered 
to a fine edge were also flat-sided. 

The tests were run by the Wing-flow method, which is described in 
reference 1. As a measure of control effectiveness, the variation with 
Mach number of the floating angle of each model about a pivot approxi­
mately 5 inches ahead of the center of the model for several flap settings 
was determined. The flap deflections tested were in the range fram -20 
to 7.50 and the test Mach number range was approximately 0· 5 to 1.1. It 
was possible to obtain some variation in Reynolds number independent of 
Mach number by making runs at several altitudes. The test range of 
Reynolds numbers was from 500,000 to 1,600,000. 

Supplementary tests were made on the model which had 450 sweepback 
of the leading-edge, trailing-edge, and _hinge line in which only t he outer 
half of the flap was deflected. The purpose of these tests was to 
ob t ain an indication of how much the f lap effectiveness on a 8weptback 
airfoil surface varied with spanwise flap position. 

APPARATUS AND TESTS 

The investigation was made using the method of testing small models 
in the high-speed flow 07er an airplane wing (reference 1). A modi f ied 
ammunl tion door on t he wing of' a P-51D airplane was used to mount the 
t est apparatus. 

Drawlngs and photographs of the airfoil models and the test apparatus 
1 are presented in figures 1 to 4. The models were made of ~-inch f lat 
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steel plate. The airfoil sections were of uniform thickness back to 
the flap hinge line with elliptical noses. The quarter-chord flaps 
tapered in thickness from ~ inch at the leading edge to a thin trailing 
edge. The junctures between the flaps and the fixed portions of the models 

1 I were formed by semicircular grooves approximately 32-inch deep and 16-inch 
wide cut in b:::>th sides of the plates. Setting of the flaps at a desired 
angle was effected by bending the plates at these grooves. It has been 
calculated that changes in flap deflection in flight due to aerodynamic 
loads were negligible. An end plate, curved to follow the contour of 
the airplane wing, was attached to each model along the root chord. The 
end plates were 4 inches across and either round or elliptical depending 
on the chord of the m:::>del. There was approximately ~-inch clearance 
between the end plate and the test panel. The models were supported on 
shanks, which passed through a slot in the ~unition-compartment door 
and were attached to a position recorder. The models were free to float 
at the angle of attack for zero pitching moment about the pivot axis on 
an arm approximately 5 inches in length. 

In these tests, the change in floating angle of a model due to a 
change in flap setting was measured as an indication of relative flap 
effecti veness. Because of t.he fini te length of the pivot arm and the 
mament about the aerodynamic cen~er caused by flap deflection, the values 
of relative flap effectiveness obtained are higher than the true values. 
However, the drag acting on the model produces a restoring tendency which 
tends to offset this effect. In addition, the floating angles obtained 
ru'e af~ected by any movement of aerodynBm1c center position. The change 
in floating angles with flap deflec t ion as measured in these tests, 
however, represents the effectiveness of the flap in changing the angle 
of attack of a similar airfoil in free flight with the center of gravity 
at the· same relative location as the pivot in the model tests. 

The direction of local air flow was determined by means of a wedge­
shaped free-floating vane which was located on the airplane wing apprOXi­
mately 20 inches outboard of the model. The spacing of the vane and 
m:::>del was such that the mutual interference was believed to have been 
negligi ble. The method of mounting the vane and of recording its angular 
position was the same as for the model. The difference between the 
direction of flow at the vane location and at the model location had been 
determined prior to the model tests through the use of a second vane 
mounted at the model location. 

The local Mach number was determined from pressure-distribution data 
whicr. had been taken at the test section before model or vane wa.s installed. 
Pressure gradients chordwise and spanwise and perpendicular to the . 
airplane wing were measured at the model station. Typical plots of 
chordwise and vertical Mach number gradients are presented in figure 5. 
The spanwise gradient was negligible. The effective local Mach number 
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for a given flight Mach number and lift coefficient was taken as the 
mean for the area of the model. Both chordwise and vertical flow gradients 
were considered. 

Tests were run first with the flaps set at 00 in order to eliminate 
errors due to incidence or twist of models or vanes. The flap deflections 
usually tested were approximately 0 0 , 30 , and 60 . Because of the method 
of setting flap deflections, no effort was made to obtain exactly these 
angles. However, the actual deflections were measured to within to.lo. 
For each flap deflection three runs were made: a dive from 28,000 feet 
to an airplane Mach number of 0·73, a dive fram 18,000 feet to M = 0.68 
and a run at 5000 feet where the Mach number was decreased fram M = 0.64. 
The Reynolds numbers based on average chord in the stream direction 
ranged from a minimum of 500,000 to a maximum of 1,000,000. A plot 
showing test Reynolds numbers is presented in figure 6. The three curves 
correspond to the three runs discussed above and are labeled c;r.cles, 
s~uares, and diamonds to identify the corresponding data in figures 7 
to 11. 

PRESENTATION OF DATA 

Presented in figures 7 to 11 are plots of floating angle against 
Mach number for each model tested. The values of flap deflection given 
in figures 7 to 11 were measured in a plane perpendicular to the hinge 
line. Figure 12 contains comparative plots of the values obtained for 
the change in floating angle produced by a 60 increment of flap deflection. 
The measured data are compared on the basis of e~ual amounts of deflection 
wi th the angle measured in a plane perpendicular to the hinge axis and 
wi th the angle measured in a plane parallel to the air flow. Also with 
these two conventions for measurement of deflection~ the data are compared 
after being corrected in proportion to the differences in the ratio of 
flap area to total area· This correction is based on the assumption that 
flap effectiveness varies linearly with the ratio of flap area to total 
area. The errors introduced by this assumption are small but of unknown 
megn1 tude. The data of figure 12 were obtained from the low Reynolds 
number runs which extended to the highest value of Mach number. 

Figure 13 contains plots 0: floating angle against Mach number for 
the model which was swept back 450 at leading edge and trailing edge with 
only the outboard half of the :lap deflected. Figure 14 presents a 
comparison of the change in floating englF.l due to a 60 change in flap 
deflection for the half-sprul ffild full-span flaps. 

• 
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DISCUSSION OF RESULTS 

Because of the low Reynolds number renge covered and other limitations 
of the test procedure, it is believed that the data presented herein are 
of value only for establishing trends. A discussion of the data presented 
in figures 7 to 14 follows. 

The unswept model had the highest flap effectiveness at low speeds 
but was subject to the greatest loss in effectiveness due to compressibility 
effects. The model which was swept back 450 at leading and trailing edges 
had the smallest change in flap effectiveness with ~~ch number, but had 
the lowest flap effectiveness throughout the speed range. The other 
models tested fell between these extremes. 

In no case did the flap effectiveness reverse or fall off to zero. 
In the present tests no extreme difference between the flap effectiveness 
of the swept and unswept models was noted. Previous tests of airfoil 
models having thicker sections and higher aspect ratios have shown some­
what greater difference in the flap effectiveness of swept and unswept 
models at high Mach numbers. 

Comparison of the data for the 3-percent-thick unswept floating model 
with that obtained in reference 3 for an airfoil having a similar plan form 
and a NACA 65-009 section showed considerably different f~~p-effectiveness 
characteristics near a Mach number of 1.0. The 9-percent-thick airfoil 
was subject to an abrupt loss of 30 or 40 percent in flap effectiveness 
at a Mach number of 0·9· Most of this loss was regained by a Mach number 
of 0·98. There was no such dip in tte effectiveness curve for the flap on 
the 3-percent-thick unswept model which was used in the present tests. 

The effectiveness of the outboard half-span flap on the model having 
450 sweep at leading and trailing edges was slightly over 40 percent as 
great as the effectiveness of the full-span flap . 
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Over the range of Reynolds number covered, for example,fram 700,000 

to 1,500,000 at M = 0.8, flap effectiveness decreased noticeably with 

increasing Reynolds number. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 1.- Drawing of the series of five airfoils used for flap effectiveness investigation. 
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Figure 2. - Photograph of the series of five airfoils used for the flap-effectiveness investigation. 
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Figure 3. - Photograph of unswept floating model and angle-of-attack vane mounted on test panel. 
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Figure 7.- Variation of floating angle with local Mach number for the UDswept airfoil. 
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Figure 10.- Variation of floating angle with local Mach number for the a i rfoil with the leading edge 
swept back 45° and the trailing edge and hinee line swept back 300. 
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Plf!ure 12 .- Conparlsnn nf fla- effectiveness for the five flo"ting 
monel~ based on ...,ea~'J re"lent f") f flap angleg perpe.,iHculer ana 
narallel t o the air streum wit h ond without lineor correction 
for rt1ffe~ence 1n flao arese. 
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Figure 13.- Variation ot noating angle with local Mach nUllber tor the .odel with 450 neep ot leading 
edge J hinge line, and trailing edge with only the outer halt ot the nap deflected. 

~ 
~ 

~ 
~ 

t-i 

~ 
rD 

rD 
VJ 

I 



z 
> 
() 

> 

r ., 
" "" ,. 
'< 

." ;;. 
Ji 
< p 

F 

, ' t<-:- i1 f 

• 

~ l. 

.~ 
~ 

~'i-. 
i 

~l !t 
I .. L.:s: 
cr'h 
~-~ 

fY't 
:~ r 

\; 

I~ §-~ -
'~ 'i-l l 

~ 

( 
, .... 

~, 
~ 

.:"l " I '~W 
c 
~ 

",E IJ 11: 
TI I ~ff ~]':'~J '! 

-

• ::!~ 19 J 1 -il~ 

[1-i· .J 1 I ~ 

ow·: tti+d ' " ' ''', • t'~ . ~ 
1 1 " 

. .f Y~r. ' i~1 h T+ 

~4i ,'.+ ~q t ~ ~ ~ ~+ ~t ,. 

b · 

-Jt ' ffFff~'1;fF' rt; "jE l h :tf-~~H It 1LHWi 
. ill ~', . .j '( It;, W I :d:1 1,11too 

~:tt ~ Ir . .r~ ' ,n a· "~'ffl " t~~11fBIJP if±tt~~ 'f.ttJ· -Wffl 
! 
I- I , 

' I~ .:I . 

, ·tt Jt ltl) gFA' , l "~ -11 !. j 

~i -, t- t i H~:J:I ' i.-t, :~ I ' 1 - ' n 
-1 r I: -;-l+.'~i fit J ' ;,. ' 

':;:rf . J tr~-t§ '. d 1tfli2~!tiB,11r~ i" 'n'- 'J.-' 1. d~ 
., j 1 - :;1' t-:;~j t l ,~1' /1' .1:1., I , I..L 

t' '. 1, ._, I ·.~:t;t lt<1. 1, 
i:f1 L:T~ 1 :~~ I " 

]f . H i "1 11·'~m1ff=n !fiWW I fp:tr~4I1" rl ~-" r :; tlt:l ~ -00. 1 r ~_ ,_!-' 'i- -8'.., ;:..: . , ~ '=h _' ' I ~ ___ '~- _ +:!~ 

r:-r~l " ~fW :; I tt#. +·r:,~ - lJ l "1~f I ~ ~i 1 :1 1~ff: tj*,"d tv"'"' 
f. .. ! j 1'7'{1 ~:!J~:-1; M:: " ~ L 1~ ~ - i_ 'I~ -+ ~ tt~'-~ ~1 ~!-11 ~ ~TI trr T~W .~ 1°O~ 1 ttr8-4ITIr elf' r~J ' '" J ~ m 'ffEL i1 l+;~-

• ' f.; .1 , 1'- I , 1-t .J f], !JA'ri',$ , b 'l J' '* 1'.-

n "'!;- ,~ ,:J i ,tWi l :r:~ ' fr~r+1ffifl{fH' ' i ~.1fi! ! 'T~1 [-ffdt 
1 l "F'fF{;:l] ::rlhi ~;mMiH~1~~:rf~ :f~ l .L.:lfl '1 -' ,-,- t,~ r;t;. frJttt~ ,,1 / y/ ~ . ,1 

- lI j·~Jr~ri ~}th~i JtF~'40 .jj±, 

J;~f 
-;- ..- F1.,.i· · ". ' lttrl- ~)-' ,-t . 1::

0
-1-'1 " ' ~;t'~ " . ;-:'~ij :r"'lN -4t.;".~'~'~ + - J. , .' 1" c"-i- t r ... ". . ,~, "~~ , ' " - . + 1 ,.I." 1" .j.' ~.' C. ~- . t~ ,...Ct ~..,." , t ~l · k . '.~ .. t. ,.~. 

.. ··t·~· +:;:;~" .~ p "'F! -,-. ~.,. "-" t" '. 1 .' H= :fl:l+ f:\: .". . NACA " .' ..... .' ~~ .=iF! '+J:t:\:tj:'-r J: +. ·;;f ft1~rtf:i: fi·r ' r~ ;rF l~P.:~ Fh'!f 8~:' +.1 df'I r',1 tt :J-tt • }H:tl'fflj ,.~ .. tt: iB: 1W,::t~}t~:it-; t l ' 

I. t_., r ,: L; _. 1-:- ' h , .. t·· .... · i:" ,I .:I:f -r'''''', F'" ',+;++11 tt ,.; , . " ,1++1- i ,tl-iT ~ •... . ::., ' t:' 
I 1+"Ir .~ t ,- I t-jo r - ---T-- .~ .. ' -, ...... _ I - j t "":~ ..• '--IL - .... -~. Itt:;: ';:'1' ~ fT.-f L f+r~: '--~ rr 

-: r:t ... -': ~ ~ .. , ~:.g ~:t,:~ f-·:" 1: ~~t §:f -...- ." " ·j}1:tfrl -tift =trj1+~ ..,.1 . -+ - . ...o_.1 -.~ '-1"1 +-~.- -1-+'- l,...j1. 'J. J., 1. -'- ~ '"i1-1; IT..r:JT . r -I -,; r ,"rl- t- • ....o-r 
• "f'- • -,. .-- ..... -' J _I " q. - '--j i . .... ~ :-" -- -I.. +-=-i! 

·tft [-.". .,..,-- ~ ~ -c-:---" -, '" -:" H J:;";-'" ,-tj '1' J". ;.I.c·~J· : 42 
,1+- Ll ~ _. t-7 I ,~r~ :~- --~ l~ ,>-; .. 1 -I ~- ~ -i'" I.J -fl r lJIl ""·-r--~ r '. fl-"t-t.:-f l:":- h ~ti·, f-f.!:H' t~~ ~ I I t 

Figure 14.- Comparison of effectiveness of full-span and halt-span (outboard) flaps on the floating 
model with 45° aweepback at leading and trailing edges. 
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