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By Leonard M. Rose 

Low-speed wind-tunnel tests were made aP flat-plate wings 
&Vine an as-t ra t io  of 2.0 Etnd the ir  leading eQes swept bask 
63-4O. Both plain and s p l i t  flays of seveml plan forme. w e m  
investigated to provide qualitative fnfomation as to  the ml+ttive 
merits of these flap . 

The constant-chord f lap was found t o  be the m a t  effective a d  
a skewed wingAip flap  the least effective. I n  general, the 
effectiveraese of both the s p l i t  and plain flaps wa8 reduced ae the 
f lap  hinge axis was inclined f r o m  normal to the air stream. 

indicated  qualitative agreement as to the effects of changes i n  
flap plan form, t h e  plain flaps were mre effective, 

- Although the  results obtained with t he  s p l i t  and pla in  f l a p 8  

. Further tests of short-span conetant-chord s p l i t   f l a p s  at 
several for-sld-aft locations on a trianguhr w3ng with >prcent+ 
thick double-wedge airfofi  sections  indicated the possibility of 
obtaining either balance uithout 108s in  lift or changes in 11ft 
without change in   a t t i tude or balance, 

As a part of st- of the aerodynamic chazacteristics of 
a triangular wing of aspect r a t io  2.0, the  effectlvenesa of 
various pla in  trailing-edge flaps in the traseonic  speed range has 
been investigated and reported i n  reference 1. Further lowdpeed 
test results for t h i s  w f n g  in  combination w i t h  constant-chord s p l i t  

' f laps  have been presented in  references 2 and 3. 



The 1ow"speed investigation reported herein w&e made to 
provide a oomprison of the relative  effeotiveness of eplft and 
plain  flaps on uinga of triangular plan form and further information 
as  t0 the  effects of f lap plan form, Included i n  %hi8 investigation 
m a  a wing of the same vertex angle and aspect ratio with the  plan 
form  modified t o  include a 45O sweptcback, conatant-chord, plain 
flap. For convenience flat-plate models were wed i n  making the 
inveetigation. Some further tests were made using tbe wing of 
reference 2 with  short span epli t   f laps a t  eeveral chordwise 
locatione. 

The w i n g s  wed  fn  this  inveetigation had the eane plan form 
as those of reference 1. The models were cut from l/k-incl+thfck 
aluminum plate and all edges were beveled t o  an included angle of 
approximtely 15O. These mdels were  nobunted in the Ams 7- by 10- 
foot wind tunnel on a single  strut as ahown in figure 1. 

The f lap plan forms tested are shown in figure 2. Each of 
these flaps had an area equal t o  2CLpercent  of the total wing area. 
Spl i t  flaps and bent (i,e, , plain) traili-dge flape of the 

' various plan f o r m  were investigated except that only bent flape 
were teated on the wing that had a wept-back t ra i l ing edge. The 
spl i t   f laps  were made of l/l&-inch aluminum sheet  bent to the 
proper deflect ion. 

Additional teets  were made wing the wing of reference 2 
w i t h  a 43.4-percent-span sp l i t  f lap1 at  several chordwise locations 
as shown in  f igure 3.  

The corrections and -t;ares applied to  the  data were the  881p~ as 
those wed i n  refereme 2. No additional  corrections were made to 
account for  the  deflection of the plates.  As was tlie cam  for the 
previous testa,  the data  were obtained a t  a Reynolds nuniber of 
approximately 1.8 x loe, baaed on the w i n g  mean aerodynamic chord. 

L 
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The pitching Itlomanta are  presented about an axis i n  the plane 
of the wing perpendiculax t o  the air stream, This axis 1s 18 inches 
aft of the  vertex and passes through the 25percerrt point of the 
mean aero-c chord of the triangular models and the 15.hercerrt 
point of the mean aerodymmic chord of W e  d e l  w i t h  a swept-back 
t ra i l ing edge, (see f ig ,  2,) The data are presented in  the form of 
stadard NACA coefficients which are defimd as follows: 

CL lift coeff ic ient  

V airdtream velocity,  feet per second 

S wing ares, quare  fee t  

C mean aerodynamic chord of the wing, feet  
- 

P mass density of air, slugs per cubic-cfoot 

CL angle of attack, degree8 

s flap  deflection about  hinge line, degrees 
.I 

Flat-plate models afforded the s h p l e s t  mans for studying the 
f h p  p k  fo& under omideration. ~n Indication of the  effects 
of uti l iz ing such models rather than d e l e  with double+wdge 
airfoil  seotions  (referenoe 2 )  is provided i n  figure 4 which shows a 
ompr ison  of the oharacteristics of the two w h g e  w i t h  and without 
constanbhord  spl i t  f l ap .  The difference in characteristics of 
the two models should not be  attributed wholly t o  the difference 
in a i r f o i l  seotione became the flat-plate d e l  was considerably 
more flexible. It is believed that a large portion of the 



difference in   resul ts   e tem f r o m  the greater deflection of the 
flat-plate mdel under aerodymaic load. Fwther, the results 
C~own i n  figure 4 fo r  the  flap-defleoted  conditions are not 
directly comparable, since the flap on the Xing used i n  reference 2 
ertended over only 86.8 percent of the wing span. Although the 
results obtained with the fle=tcplate wings may not be directly 
applicable tm the design of flaps on w i n g s  throughout the complete 
l if t-coefficient range, it is believed  that  these  relsulte axe 
useful qualitatively i n  the low l if t-coefffcfent range f o r  assessing 
the relative merits of various flap plan f o m .  

The experimental results for the  various f laps are presented 
in  figures 5 through 8, a8 follows: 

Skewed tip 
SwepGback constant chord 
Conetanfipercent chord 
Constant chord 

5 
6 
7 
8 

To afford a direct comparison of these  results a d  those of 
the  previous wing4low teste  (reference 1) the va lues  of % for  
the various flap  configmatione were evaluates fo r  both the plain 
a d  spli t   f laps,  These values are as follows: 

Constant chord 

Comtant"geruerrt 
chord 

Swept-back 
constant chord, 

Skewed t i p  

0 

21.8 

43 

63.4 

"- 4 "" 

Plain f lap 

6 = 20° 

-0-500 
-. 467 

-. 219 
-.167 

P l a i n  flap 

Reference 1, 
M = 0.5 

-0 -42 
- 

-0 46 

-.27 
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. 
Although same d i f f e r y e s  exist  in the resulb of these t e a t s  

and-those of reference 1, t he  results  clearly  indicate  the greater 
effectiveness of the f laps  w i t h  h u e  lines nearly normal t o  the 
air stream. In this connection, it is interesting t o  note that for 
the  present  teste the f l a p  effectiveness decreases in  a consistent 
m e r  w i t h  increasing angle of sweep of the hinge axis. 

Compwison of the  results obtained w3th the plain and s p l i t  
flapa shows that although sp l i t   flap^ were lees effective  than the 
plain flaps,  the results &a indicated fn t h e  table are in  qualita- 
t ive agreement, Tor each flag plan form investigated the e p l i t  
flaps groduced much smaller ircrerents  in IfFt, and pitching IllDment 
for 20 deflection than the corresponding plain flaps. Because of 
this difference i n  spl i t - fhp aai plain-flap  effectiveness  the data 
of references 2 and 3 should be considered only as an indicatioq 
of the  characteristics of epl i t  flaps rather  than as representative 
of a l l  f l a p  t n e e  . 

The results of tes t s  of partial  span s p l i t  f laps  on the 
5percent"thick double-wedge, triangular wing  are presented In 
figure 9. For an angle of attack of loo the increment i n  pitching 
moment ard lift coefficient derfved from 25O deflection of theee 
f laps  as a function of flap location is Shown i n  figure 10. Theee 
results i-odicate that by locating the f l a p  hinge l ine at appoxt- 
mately 76 percent of the  root chord a l i f b o e f f i c i e n t  increment 
of 0 -1  can be provided with no change i n  pitching moment. Further, 
locating  the flap hinge l ine between 76 and 67 pement of the  root 
chord w i l l  -vide bahncing pitching mmente without loas of l i f t .  

Tests of several flaps on triELngular f lat-plate models produoed 
remits that &re believed to be indicative of general tiende which 

2Same of Ghe disorepanciee may be accounted f o r  bg the dif'ferencee In 
method6 of data  reduotion due t o  the  difference in testing technique. 
In the xing4low teets the values of were determined by divid- 
ing t h e  wing floating angle by the f lap  deflection; whereas the 
values herein were determined by the r a t i o  of  a0,ddS to  %laat; 
thus, 
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would  be  obtained on other  models  having  similar  plan  forme  and 
aspect  ratios. A constant-chord f l a p  was found  to be the meet 
effective  and a skewed-tip  flap the least  effective. In general, 
the  results  indicated  that the effectiveness of both t h e  split  and 
plain  flaps  was  reduce& by sweep or  the  flap  hinge  axis. 

Although the  results  obtained  with  split  and  plain  flaps 
indicated  qualitative’agreement a8 to t h e  effect of changes in flap 
plan  form, the split  flaps  produced  much smaller increments  In  lift 
and  pitching  moment  with 20° deflection. 

Some additional  tests  of a shortiepan flap at several  chordwise 
locations  indicated &e possibilities  of 6 0  lmating these flaps 
that  balancing  moments  without loss  in lift or changes in  lift  without 
change in attitude or balance  might be attained. 
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Constunt chord Constant percent chord 

Swepfbac& consfont chord Skewed tip 

ngwe 2.- Hun forms und /ocuf/ons of ihe fiups fesfed on #he 
f/uf-p/ute models. 
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