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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

i\Ietric English 

Symbol 

Unit Abbrevia- unit Abbrevia-
tion tion 

Length ___ ___ I meter _______ _______ ____ m foot (or mile) ___ ______ ft. (or mi.) 
Time ___ __ ___ t second _________________ s second (or hour) _______ sec. (or hr.) 
Force ___ ___ __ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb . 

Power ___ ____ P horsepo~·er (metric) ____ _ ---------- horsepower ___ ________ hp. 
Speed ___ ____ V {kilometers per hOUL _____ k.p.h. miles per hour ____ ____ m.p.h. 

meters per second ___ ____ m.p.s. feet per second ________ Lp.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9 .80665 

m/s2 or 32.1740 ft./sec. 2 

Mass=W 
g 

Moment of inertia=mk2. (Indicate axis of 
ractius of gyration lc by proper subscript.) 

Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4-s2 at 

15° C. and 760 mID; or 0.002378 Ib.-ft.-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 lb. /cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure=4p V 2 

Lilt, absolute coefficient OL = :s 
Drug, absolute coefficient OD= ~ 

Profile drag, absolute coefficient ODO=~S 

Induced drag, absolute coefficient ODt= ~S 

P arasite drag, absolute coefficient OD"P=~S 

Cross-wind force, absolute coefficient 00 = q~ 

~u" 

Q, 
fl, 

n 
p-, 

J.l. 

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 ill . chord, 100 
m.p.h. normal pressure at 15° C., the cor­
responding number is 234,000 i 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 

R, Resultant force 
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PRESSURE DISTRIBUTION OVER AIRFOILS WITH FOWLER FLAPS 
13y CARL .T. \VENZ I NGEH and \VAI,' I'ER 13 . .t\:'<DBHHON 

S MMARY 

Pressure-distribution tests wer made oj a lark Y 
ai7joilwithaO.20cw Clark Y FowlerflapandojanN.A. G.A. 
23012 ai/joil with 0.20cw, 0.30cw, and 0.40cw N. A. G. A. 
23012 Fowler flap. Some oj the te ts were made 
in the 7- by 10-joot wincl tunnel and others in'the 5-joot 
vertical wind tunnel. The pre sures were measured on 
the upper and lower sUifaces at one chotd section both on 
the main airjoils and on the flaps jor seveml angles oj 
attack with the flaps located at the maximum-lift settings. 
A test installation was used in which the model was 
mounted in the wind tunnel between large end planes 0 

that two-dimensional flow was approximated. 
The data aTe giz'en in th jorm oj 1)reSsure-distribution 

diagl'ams and as plots oj calculated coefficients jor the air­
joil-and-flap combinations and jor the flaps alone. The 
J)ressuTe-distribution tests how that the iffect oj increasing 
the clwrd oj the Fowler flap, jor a given lift oj combined 
airjoil and flap , is to increa e the portion oj the total load 
carried by the flap and to decrease the adverse pressure 
gradients oj the main ai /joil and thereby its tendency to 
tall. The maximum value oj the normal-jorce coeffi­

cient oj the Fowler flap were jound to be much smaller 
than previously indicated and approximately the same as 
tho e oj the external-aitfoil flap and oj the imple split 
flap . The flap-load data given in this l'ep01·t supersede 
tho e given in R eport No . 534. 

INTRODUCTION 

The Fowler flap in combination with a main airfoil 
appears to be one of the most efiective high-lift devices 
investigated lip to the present time. Previous inve ti­
gations of this device (references 1, 2, ancl3) have shown 
that it is capable of developing high lift coefficien ts and 
t hat it give lower drags at the high lif t coefficients than 
do plain or split fla,ps. The Fowler flap, in addition, 
difl'ers from the external-airfoil flap in th at it is fully 
retmcta ble for the higb- peeel-nigh t condition. 

Sev ral sizes of flap combined with a given main air­
foil have been ilwes tigated, the [lap ranging in chord up 
to 40 percent of the main airfoil chord. (See reference 
1.) In addition, tests haye been made with these siz(,R 
of [lap to determine the r q uired locations for each to 
give it best aerodynamic characteristic. 

In order to supply the information requested by de­
igner for structural-de ign purposes, the present pres-

me-eli tl'ibution tes ts were made to obtain the air-lOlld 
dis tribution over the mail] airfoil and [lap. The combi­
nations tested have either the Clark Y or the . A. C. A. 
23012 sections for both the main airfoil and th e ilnp , 
the [lap positions being tho e giving approxima tely tll 
highe t maximum lift for each arrangement. 

APP ARA TUS AND TESTS 

MODELS 

Two models, built of laminated mahogany and hav­
ing a pan and chord each of 20 inche , were u cd for 
the main airfoils; one was of Clnrk Y section un! tIle 
other of N . A. C. A. 23012 ecLion. The upper surfaces 
of these airfoils from mid chord to the trailing edge wel'(, 
formed by a thin steel plate uitably supported by 
metal ribs at each ('nd find by two internwdiate ribs. 
Th space between the pIa te and the lower surface was 
fllled by wooden blocks cu t to the propel' can tour and 
arranged for eu y remo\Tal to form retracting wells for 
(lap ha\-ing chords 20, 30, or 40 percent of the main 
airfoil chord. 

Four models (fig. 1) were II ed for the Fm\'ler 11/1])6, 

one of Clark Y ecLion and thl'('e of N. A. C. A. 23012 
section. The Clark Y flap was of bras and had a spall 
of 20 inches and a hord of 4 inche (20 percent of Lhe 
main airfoil chord). The N. A. C, A. 23012 flaps were 
of d uralumiu, each having a span of 20 inches and chords 
of 4, G, and 8 iuche (20, 30, and 40 percent of Lhe main 
airfoil chord, respectively). The flaps were upported 
on the main airfoils by metal fittings at each end and 
by two intermediate fittings, paced equally along the 
span. 

A single row of pres ure orifice was built into the 
upper and lower surfaces of each 111ain airfoil and flap 
at on ly the mic..lspall ecLion , the tes ts of j'('ferellc 4 
havi.ng shown that oth('r orifices wel'(, lllllleeessa l'V . 
These orifrces were located on the mod els a lis Lcd in 
ta ble I , the tubes from the orifice being brollgh t 
L!n'ough the model and alii n L one end. The prpss lIJ'es 
were photographically recorded by a multiple-lllb(' 
manometer. 

TE T I NSTALLATION 

The entire investigation wa originally int('nded to 
be made in a single wi.nd tunnel but, because the nece -
sity arose for making chang('s to that tunnel during the 

cow'se of the inve tigation, it was found de irable to 
1 
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complete the tests in a different tunnel so that the 
re ults would not be unnece sarily delayed. Some of 
the model were tested in the N. A. O. A. 7- by 10-foot 
open-jet wind tunnel (reference 5) and were mounted a 
shown by figure 2. The main airfoil wa rigidly at­
tach ed to two circular end plates with the £lap et at 
the position and clef1 ction (30°) giving about the 
highes t OLmax of the combination. The end plates 
were supported in circular cut-outs in two large vertical 
end planes that extended from top to bottom of the air 
s tream and a1 0 some dis tance ahead of and behind the 
model. The flngle of attack of the moclel was set by 

---=:=======~C~w~~------------

Clark Yairfoil with 020cw 
Clark Y Fowler flop 

l= --------------------

NA.CA. 23012 air foil with O.30cw 

NA.CA. Z30lZ Fowler flap 

r-­
~ --
NA.CA. Z30lZ airfoil wilh 040cw 

NA.CA. 23012 Fowler flap 

F IGURE I.-Scctions of airfoil and fl ap combinations tcsted. 

rotating the circular plates and locking them at the 
desired angle. Approximately two-dimensional flow is 
obtained with this Lype of in tallation and the section 
characteristics of the model under test mfly be deter­
mined. (See reference 4.) 

The remaining 11l0del were tested in the . A. O. A. 
5-foot open-jet vertical wind tunnel (reference 6) and 
were mounted as sho\nJ in figure 3. This installation 
was very similar to that used in the 7- by] O-foot tunnel; 
the model set-up for testing and the multiple-tube 
manometer arc shown in D.o-ul'e 4. 

TESTS 

The tests ,"yere carried out at a dynamic pressure of 
H3.37 pounds per square foot, corresponding to an air 

speed of 0 miles per hOllr at standard sea-level COllc..1i­

tions. The average test Reynold Number, based on 
the um of main airfoil and flap chord , varied from 
1,220,000 for the plain airfoil to 1,700,000 for the air­
foil with the 0.40cw Fowler flap . The turbulence 
factor for the 7- by ] O-foot open-jet wind tunnel i 1.4 
and for the 5-foot vertical tUlmel, 1.7 , from which the 
effective R eynold N umbers may be computed. (EfIec-
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FIGUIlE 2.- Diagram of model with Fowler flap installed between end pianes in the 

7- by lO-fool wind tunnel. 

tive Reynolds Tumber = test Reynolds Number X 
turbulence factor (reference 7).) 

The Clark Yand the N . A. O. A. 23012 plain airfoils, 
ancl the same airfoils with 0.20cw Clark Y and N . . O. A. 
23012 Fowler flaps, respectively, were tested in the 
7- by 10-fo t wind tunnel. The ,A. O. .23012 main 
airfoil with O.20cw, 0.30cw , and 0.40cw N. A. O. A. 23012 
Fowler flaps was tested in the 5-£00t vertical wind 
tunnel. All flaps were set at the position and angle 

- - - - - --- - - - -------------~ 
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(30°) tbat gave nearly max-imum lift for all t.he com­
binations te ted. '1'he angles of attack ranged from 
-20° to 24° and tIl e lift coe{f1cients included Uw e from 
approximately maximum negative through maxim um 
positive lift. With the model at a given angle of 
attack, a few minutes were allowed for all test condi-

Section A-A 

6) are given a rn,tios of orifice press ure 1) to dynamic 
pressure of the air stream q for the angles of attack in­
vestigated. Pressure diagrams for the combinations of 
main airfoils with Fowler flap are given in figures 7 to 
10 for the various angles of attack t sted . On tll cse 
diagram the pres ures arc ploLtC' 1 normal to the main-

Entrance ~===;======~ cone .. '1 
}14 ' ", 

Wooden 
end 

planes 

FIGURE 3.-Diagram or model witb Fowler lIap installed between cnd planes in the 5·root vertical wind tonllcl. 

FIGURE 4.-J\Iodel and manometer set·up for tests in the 5·foot vertical wind tUDDCI. 

tions to become steady; it record was then taken of the 
l,)ressures at the orifices by means of the manometer. 

PRESE TATION OF D ATA 
PRESSURE DIAG R AMS 

Diagram of the pres me over the upper and lower 
surfaces of the main airJoils withou t flaps (fig . 5 and 

airfoil chord and to the flap chord, the pres urc values 
being measured from the main chorel for the main­
airfoil pressure and from tbe flap chord for tho flap 
pre ures. Figures 11 and 12 give comparisons, a t the 
same total lift, of the pre sm e distribu tion over the 
various airfoil-flap arrangements tested. 
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d, --7.6' 
en. = -0.14 

~ Cn~ = 0.73 

d, = 4.7" 
Cn .= 0.97 

E 
q 

-/ -

Upper surface 0 
Lower 0 

FIGURE .5.- Pressure distribution on the plain (,lark Y airfoil, without Oap, at ,·arious angles of attack. 

--~----------~ 
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d , -/4.0° 
Cnw• -0.58 

d,=-9.7° 
Cn• = -0.67 

d =-33° c:.= - o.ZO 

E 
q 

-4 

-/ 

d , = Z.7 ° 
(; = 0 38 nw . 

d, = 5. 7° 
Cn• = 0.66 

d. = 8.8° 
Cnw= 0.93 

Upper surfac e 0 
Lower 0 

}' !<;UHE (j.-Pr ssure distributi on on tbe plain N. A. C. A. 23012 " irfoi ), wi thout Oap. at various ang) s of a ttack. 
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d = -148· 
C n .. ~,, ~ - 0..36 

d, =- 79· 
Cnro'''- 1./5 

do ~ -5.0· 
c nr •• /I" /. 47 

.E. 
q 

-7 

-6 

-5 

- 2 

- I 

0 

do ~ -2'/" 

Cnr •• " - I . 79 

d , ~/.O · 

cn"'op-2.04 

do =4.2· 
C nr,,," - 2..30 

Upp er sur f ace 
L ower 

d , =7.4· 
cnro•lI - 251 

d, = 15.9· 

A i r f oil 
0 
0 

Flop 
x 
II 

FIGUHE i .-Pressure distribuiion on ihe Clarl< Y airfoil , wiih ihe O.20c w Clark Y Fowler Dap, ai various a lJ{(les of ailRck. F lap deDecied 30°. 
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c 

~-=~d.-,=~-/=~o=.~~~~ 
cn",.,, ' -0.59 

do --9.7" 
Cn, •• " = 0.50 

d, =-4.2· 
Cn"'.,; - /'2e 

-2 
E. 
q 

-I 

do --1.3· 
cn , •• " 1.56 

Upper surface 
Lower 

A Irfoil Flop 
o 
o 

x 
6 

Ol~-----------------------¥ 

1'1<1l'IlE R. Pres~ure dist ,. ihlliion on lhe 1\ . 11 . C. 11. 23012 ai rfoil, \I ith the 0.20c . N. A. C. A. 2"30]2 Fowler (lap, at \'a ri oll s a ngles of attack. l'lap deflected 30°. 

7 
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c ____ -

d o • - /3. I • 
c n",.,,' -054 

a: = -1/ 5 ' 
C n:',,·0.65 

C/ = 0 9.3" 
cn, •• /J· 0.98 

ao " - 1. /' 
e • /.30 

"(", . / 1 

p 
q 

-1 

- 6 

-3 

-2 

-/ . 

0 

ao ,-c.!" 
cU" .J}· /.8 1. 

ao =c.S' 
Cn,..,./J · C. 41 

Upper surface 
Lowe r 

ao =5. 8 ' 
Cn' •• /I • Z. 61 

C/, = /S.O' 

Air foil 
0 
0 

Flop 
)( 

l> 

F IGU HE 9. Pressure distribution on the N . A. C .. \ . 2001 2 a ir foil , with the 0.30e. N . . \ . C .. \ . 2301 2 F owler fl ap, a t various angles of alln(· k. Flap d efl ected 30°. 

l 
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PRES UR E DTSTRIB TJO N OVER ATRFOTL. WITH FO\VLE R FLAPS 

C ___ ---'J---·--

ct, =_14.1 ' 
Cn ... !) = - 0.36 

a: =-/4 3' 
Cn,:,!) 0.'43 

d , =- le.3 ' 
Cnl .. ,,: 0.79 

d, = -10.0' 
cn /w," = 1,/ 0 

d = -8 O' 
Cn ' = 1.47 , .... /) 

d , = -5.6 ' 
e n,,",.,) 1.17 

-8 

- 7 

- 6 

-3 
p 
q 

-2 

-I 

0 

ct, = /.8' 
Cn ,.,.,,- 2.62 

Ai r foil 
Upper surface 0 
Lower 0 

d, =4.8' 
cn(w,;, = 2.80 

Cn ,"./)= /. 63 

d,= /1.2' 

Cn"" , I: 1.58 

Flop 
x 
A 

FIGUnE 10.- P ressure distr ibution on tho N . A. C. A. 230 12 airfoi l, with tho DADe . N. A. C. A. 230 12 Fowler flnp, at various angles of attack. F lap dcflected 30°. 

9 
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In addition to thes normal-pre ure diagram ,figures 
13 and 14 are included to how the pres ures parallel to 
the chords of the 0.30cw and 0.40cw I . A. . 23012 
Fowler flap. The e pre ures are also given as ratio 
of orifice pressure to the dynamic pre ure of the air 
tream; however, the pres me value are plotted 

parallel to, instead of normal to, the flap chord and are 
mea ured from the maximum thicknes line of the flap, 
In tead of from the chord line. 

-6 

\ 
-4 \ 

\ 
'\ 

-3 

E. 
q 

-2 

- I 

\ 
\ 
\ 
~ 

C ='0(w+f) normal-force coefficient of mam airfoil 
II (1O+f) qc I 

10 wi.th flap. 
?nw . 1· ffi . f . CmfO=--2' pitc ung-moment coe Clent a mam airfoil 
qCfO alone about quarter-chord point. 

- ?n uv+f) . ill 
Cm(fO+f) - qc102 - 1 pltching-moment cae -tei nt of main 

airfoil with flap , about quarter-chord 
point of main airfoil. 

clI,= n" normal-force coeIflCient of flap. 
qc, 

NA.CA. 23012 
Clark Y 

O~--------------------------------------------~ 

I ~ 
FIG HE 1 I.- Comparison of tho pressure disLribution, aL Lhe same lift , on Lhe Clark Y ai rfoil and Lho 0.2Oc. Clark Y Fowler flap wi Lh Lhat on the N. A. C . • \ .23012 airfoil and 

Lhe 0.20c" N . A . C. A . 2301 2 Fowler flop . c" ("+I) =2.35. 

COE I'FJ lE NT S 

The pressure liagrams were mechanically integrated 
to obtain data from which ection coefficient could be 
computed. The seetion coefficients arc defined ac 
follow: 

Cn = nw I normal-force coefficient of main airfoil alone. 
10 qcw 

Cmr= ~'2' pitching-moment eooIfLeient of [lap about 
q , quar ter-chord point of flap . 

(C.P.)tr= (\0.25 - Cm
1r\; X lOO, center of pressure of main 

c "1r aiJof oil a Ion e, in percen t­
age of chord from leading 
edge. 

I 
I 

I 

j 
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() 
( 

Cm(w+f) \ 
c·2)· (u+f)= 0.25- C - )XlOO, center of prcs lire of 

"\'c+fJ main airfoil with 

-6 

flap, in percentage 
of main -airfoil 
chord from leading 
edge. 

mw, pitching moment of main airfoil about quarter­
chord point. 

m (w+!) , pitching moment of main airfoil with flap 
about quarter-chord point of main airfoil. 

nil normal force of flap. 
mil pitching moment of flap abou t quarter-chord 

point of flap. 

Flop s ize 
---- -- 0.20c", 
---- .30" 
------ - --- 40" 

E. 
q 

-2 

-/ 

j 

/1 
// 
;: 
1/ 
/ i 

om--------------------------~ 

! \ 
\ \ 
\ \ 
\ \, 

\ 
\ 

\ 
\ 

--- _ .... 
F'GU 'I!~ J2.-Comparison of the pressu re distri bution, at the same lift, on the '. A. C. A. 23012 airfoil with the O . 20c~, the 0.30c~. a nd the 0.40c ~ N. A. . A. 2301 2 Fowler 

fl aps. Co (.+1) =2.35. 

(C,P ') f - (0.25 - Cm/)X 100, center' of pr ssme of flap 
enl 

in pel'cen tage of {lap chord 
from lefLding edge of flap. 

. r 
Cr =--1, chord-force coeffLeient of flap. 

I gCf 

where the force per unit pan are: 
n'D, normal force of mam airfoil. 

n (w+f) , normal force of mfLin airfoil with flap. 

and 
Xii chord :force of flap. 

q, dynamic pressure. 
Cw , main-airfoil chord. 
ell flap chord . 

The center-of-pres me po itions and the pitching­
moment coeffLcient were leriv cI from the normal 
force, the chor I forec being negleded ex ept for the 
eIrect of the flap, in which ca e the flap deflection was 
taken into account. 
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'~, / 
. ' / 

a, : -/3. / I 

~{I 
c Ol : - O. 03 /' "-.... , 

/ "'-

a, = -/3. 7· 
C'I: - O. / 7 

a ,·-//.5· 
e 'l: -0./ 7 

a.: - 9 .3· 
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~'IGUllE 14. Cllord pressure dist r ibution on the 0.40c . N . A. C. A. 23012 Fowler !lap mounted on the X. A. C. A. 23012 ai rroil. Flap de!lectcd 30'. 
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The calculated result from the pre ent tests were all 
cOlTectecl to infinite a pect ratio in accordance with 
methods given by Glauert (reference ) . A check on 
the theoretical correction is shown in figure 15, where 
the corrected results of the pres U1"e- iistribution test 
are compared with force-test re liltS (reference 9) for 
a 10- by 50-inch J. A. . A. 23012 plain wing corrected 
to infinite a pect ratio by the u ual methods. 
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F IGU Il E 15.- Section character istics or the N . A. C. A. 23012 anti the Clark Y airroils. 

For the case of the pressure-di tribution te ts­

ao= a+ 6 a 
where 

6 a (deg.)=- ( 0.25~Cn) X57. 3 

c is the total chord. 
h, height of the jet. 

(The quantity Cn is substituted for OL in the present 
correction and the ubstitution re ul ts in only a light 
error becau e of the small diilerence in value between 
the two qu antities.) Curves of the varioll calculated 
coefficients are given in figure 15 to 1 . 

PRECISION 

A no air-flow alinemen t tests weI' made in either 
wind tunnel with the tes t arrangements used in the in­
ve tigation, the absolu te etting of the angle of attack 
may be slightly in error; the rela tive angles are, how­
ever , accurate to within ± 0.1°. The flaps were set to 
the pecified angle to within ± O.l o. The orifice pre ­
sures based on check test in which the angle of attack 
were changed showed tha t they agreed to within ± 2 
percen t, with the exception of upper-surface pres ures 
near the leading edges, which , a t high angles of a t tack , 
checked within :l= 5 percent. The dynamic pressure 
recorded on each diagram was aCC Lu'ate to within ± 0.25 
percent for all test. Pres ure orifices were not suffi­
ciently numerous to determine the peak pres Ul' e ac­
curately at the airfoil nose, but this fact should not 
appreciably affect the results. 

RESULTS AND DISCUSSION 

SECTI ON PRESS RE DJSTRIBUTIO ' 

The pre sure-distribution diagrams (figs. 5 to 14) 
show the distribution of the air loads on th e main air­
foils and on the flap and may be con idered satisfactory 
for application to rib and flap design . The diagrams of 
forces normal to the chord shown in figures 7 to 10 are 
very imilar to those for an airfoil wi th an external­
airfoil flap (reference 4), indicating that the effects 
produced by the Fowler flap and by the external-airfoil 
flap are very much alil<e. 

Comparison of the normal-press UTe diagram for th e 
. A. . A. 23012 airfoil and N. A. C. A. 23012 F owler 

flap with th a t for the Clark Y airfoil and Clark Y Fow­
ler flap at the sam total lift (Gg. 11 ) shows the effect of 
changes ill airfoil section . Changing from:1 lark Y 
to an . A. . A. 2301 2 section [01' both main airfoil and 
flap had the following eilect : (1) Th e loads on th e Rap 
were reduced and (2) th e adverse pres me gradients of 
th e main airfoil, and thereby its tendency to stall, were 
increased . 

Comparison of normal-pre SLlre diagrams for Lhe 
N. A. C. A. 23012 airfoil with various size of N. A. C. A. 
23012 Fowler flap (fig. 12) shows the effect of changing 
the flap chord for a given lift of the combination. In­
creasing the flap chord had the following effects: (1) 
The portion of the load carried by the flap was increased ; 
and (2) the adverse pre sure gradients of the main airfoil 
were decrea ed so that higher lifts could be obtained 
before stalling. 

The chord pres ure diagrams for th e 0.30cw and 0.40cw 

Fowler flaps (fig. 13 and 14) were included becau e i t 
\V a thought that rela tively large forces existed which 
acte 1 in a direction to retract the fl ap from its maximum­
lift etting. As indicated by th ese diagrams, the nega­
tive component overbalances th e positive for practically 
all of the arrangements te ted, so th at the to tal chord 
pressure force is directed forward. This force, however , 



PRESS RE DI TRIB TION OVER AIRFOILS WITH FOWLER FLAPS 15 

doe not include the kin-friction [o1'ces, which al a act 
nearly parallel to the chord and in such a way a to 
increase the magnitud of tbe total chord force if posi­
tive or to clecrea e it if llcO'ative. 

L.E. 

120 

D 

-.5 

2.4 

20 

o 

-.4 

-G-.---~. 3C)" 

NA.CA. 23DI2 .~ 

! 
I 

~ I 

/ -ko- _ x 
~ 

.x-b ~ 
k/ v 

""'t-::. f='i<> 

I / 
II 

,I 
I 

r 

\ 
1\ b 

\ ~ )..-- -
" ""-- ~ A-- -

-x-- -><. - .- x· f---X--

/~ 
7 
~ 

./ \ 

/ ;:17 II 

,/ 1 

;I IP' 1\ 
/ v 1'':'-

/~ V 1'--

1/' 
I 

I 
,/ V 

" / 
i f 

! / 
! II (a) -

I 
-16 -12 -8 -4 0 4 8 12 16 

d o ,deg. 

(9) A irfoil with nap. 

Fowler flap gives a higher maximum lift than the 
N. A. C. A. 23012 airfoil with J . A. C. A. 23012 Fowler 
£lap (fig. 16). This fact is partly accounted for, how­
ever, by the higher maxim um lift of the plain Clark Y 
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FIGURE 16.-Section characteri lies of tho N. A. C. A. 23012 ai rfoil with the O.20c. N. A. C. A. 23012 Fowl r Dap and of tho Clark Y airfoil witb tbe O.20c. Clark Y 
Fowler nap. F laps denccted 30°. 

SECTIO LOADS AN D MOM I,NT S 

Pressure -distribution r esults.- The airfoil and flap 
section cocfficients arc given in figul'es 15 to 1. It 
will be noted that the Clark Y airfoil with Clark Y 

airfoil at the Reynolds J umbers of the test, t he 
increment in maximum lif t due to the flap being 
approximately the arne wi th either airfoil cornbinfl tion. 
In ad ti tian, the normal-force coefficient of the Clark 
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Y Fowler flap are omewhat higher than tho e of the 
. A. C. A. 23012 flap. 
In all the arrangements investigated, the flap loads 

build up rapiLl1y at relatively low lifts of the combiua-
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(a) A irfoil with fl ap. 

airfoil flap (reference 4) and also for simple spli t flap 
(reference 10 and 11). 

The chord-force coefficients of the Fowler £laps 
(figs. 17 ::md 1 ) arc all negative in SiCYll; that i , til 
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F'G UH E J7.-Section characterisli· of the N. A. C. A. 23012 ai rfoil with the 0.30e. N. A. C. A 23012 Fowler flap . Flap deflccted 30°. 

tion, but the normal-force coefficients do not differ 
greatly for the three izes of J. A. C. A. 23012 Fowler 
fl ap. The range of the maximum value of the Fowler 
flap normal-force coeffi cient i from 1.20 to 1.33, wllich 
approximates the maximum values for the extel'llal-

pressure forces parallel to the chord are directed for­
ward along the chord. The magnitudes of these 
forces arc relatively small and, as previoLisly mentioned, 
they would be decreased by the kin-friction forces 
that have not been iudll Ie 1. 

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



PRE SURE DI TRIBUTIO I OVER AIRFOIL WITH FOWLER FLAP 17 

Comparison with force-test measurements of flap 
loads .- A comparison of some load on Fowler flap 
obtained from force-te t mea Ll rement in an earlicr 
inve tio'ation (reference 1) with those from the pre ent 

pendently of the main airfoil at t he po ition and anO'le 
for maximum lift and then mea uring the force on 
the airfoil alone mounted on th balance in the pre ence 
of the flap . The flap louds were then computed by 
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FIGCRE I .-Section characteristics of the N. A. C. A. 23012 airfoil wilh lhe 0.40e . N . A. C. A. 23012 Fo\\ler lIap. Flap deflecled 30°. 

pre sure-eli tl'ibution measurement indicates that a 
eriolls eli agreement e:A"ist between the two . In the 

case of th force tcsts, air load acting on the Fowler 
fl aps were determined by upporting the £ia.ps incle-

deducting the forces on the main airfoil in the presence 
of the fl ap from tho e on the main airfoil with the 
flap attil hed . 

The disagreement between the 1'e LIl ts from the two 
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types of test ha been found traceable to deflection of 
the model in th e force te t (reference 1) resulting in 
displacement of the flap with respect to the main airfoil . 
The combination tbu fa iled to develop the full lift 
coefficient available wh en et up for the flap-lo ad tests, 
thereby re ulting in the observation of small force on 
the main airfoil with the flap eparfLtely supported. 
The re ulting flap loads, calculated a previou ly 
de eribed, were conseq uen tly co nsiderably exaggerated. 
Th e present pre nre-di tribution re ults, however, are 
believed reliable in iew of the te t methods and the 
rigid models u cd in tho investigation and should there­
fore be con idered as superseding the fl ap-load data 
given in reference 1. 

CO CLUSIO 

1. The pre ure-di tribu tion te ts show that the 
effect of incr a ing the hord of the Fowler flap, for a 
given lift of combined main airfoil and flap, wa to in­
crease the portion of the total load carried by the flap 
and to decrea e the adver e pre ure gradient of the 
main airfoil and ther by its tendency to stall. 

2. The maximum valu es of normal-force coefficient of 
the Fowler fl ap are much maller than previou ly indi­
cated and arc approxima tely the ame as tho e of the 
external-airfoil fl ap and of the simple spli t flap. 

LANGLEY 1\1EMORIAL A E RONAUTICAL L ABORATORY, 

T ATIONAL ADYISORY COMMITTEE FOR A ERO AUTIC 

LANGLEY F JELD , VA., November 24, 1937, 
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ORDINATE AND ORIFICE LO ATIO 

(a) 

(' la rk Y ai rfoil : Section ordi-
nale, in percen L of chord 

Slation pper Lower 

0 3. GO 3.60 
I. 25 5.3. I. Ii 
2.5 6.43 I. 42 
5 7. b3 .91 
7. [) S.79 .59 

10 9. "Ii .39 
15 10. (;'1 . 12 
20 1 I. 32 .O t 
30 I I. (j.~ .00 
40 11. 37 .00 
[,0 10. 19 . 00 
60 9.1:3 .00 
70 7.3 1 .00 
80 5. 21 . 00 
90 2.79 .00 
95 l. 50 .00 

100 .12 .00 

(d) 

N. A. (' . A. 23012airfoil : _ectio n 
ordinales ill percent of chord 

lat ion Upper Lower 

0 2. 67 -1.23 
1.25 3.61 -1.71 
2.5 4.91 -2.26 
5 5. ;;0 -2. 61 
i .5 6.43 -2.92 

10 7. 19 -3.50 
15 7. 50 -3.97 
20 7.60 -4.28 
30 7.55 -4.46 
40 7. 14 -4. j 

50 6.41 -4. 17 
60 5.47 -3.67 
70 4.36 -3.00 
bO 3.08 -2. l6 
90 I.lilS -I. 23 
95 .92 -.70 

100 .13 -. 13 

L. E. radi us= 1.5S 
Slope t hrou~ 1 1 zero= 0.305 

(g) 

1 . A. C. .23012 2O-incb a irfoil 
wi Lh 0.2Oc~ and 0.3Oc~ !la lls : 
Ori fice locations on surfaces 
in percent of chord from lead-
ing edge 

Orifice Upper Lowt r 

---
0 0.00 0.00 
1 2.40 2. 40 
2 5.00 .5.00 
3 10.00 10.00 
4 25. 00 25.00 
5 45.00 45.00 
Sa none .80 
6 62.50 62.50 
6a none C>8.80 
7 75.00 75.00 
8 82.50 ~2. 50 
9 88.10 8S.1O 

10 93.60 93.60 
l[ 9.60 98.60 

TABLE I 

OF AIRFOIL AKD FOWLER FLAP C MBINATION TE TED 

(b) (c) 

lork Y 20-i nch a irfoil. p la in 
a nd wit h 0.20e·, !la p: Orifice 
JOCllUons on surfacc~ in per-
cen t of chord from leadi ng 

C la rk Y 0.20e" Oap: Orifice 
locations on surfaces in per-
re ,1\ of fl a p ch ord from lead ing 
ed ~e 

edge 

Orifice Upper Lower 
Orifice pper 

I 
Lowe;' 

I 

0 0.00 0.00 
0 0.00 0.00 I 2.50 2.50 
I 2.50 2.50 2 5.00 5.00 
2 5.00 5.00 3 10.00 10.00 
3 10.00 10.00 4 23.00 25.00 
4 25. 00 25.00 5 4.,.00 45.00 
5 45.00 4.5.00 6 62.50 62.50 
6 02. SO f,2.50 7 7.,.00 75.00 
7 75.00 75. 00 2.50 2.50 
R 5.00 8s. oo 9 92.00 92.50 
9 90.00 90. LV 

10 95.00 90. 00 
11 99.00 99.00 

(e) (0 

N.A.C A . 23012 20·ioch plai n 
ai rfoil' Orifice locations on 
surfaces in percent of chord 
from leading ed~e 

N. A. C. A. 230 12 0.2Oc~ flap: 
Orifice locations on ur(uct's 
ill percen t of !lap chord fro III 
lead ing edge 

Ori fice Upper Lower Orifi ce Upper Lower 

0 0.00 0.00 
1 2. 40 2.4 0 
2 5.00 5.00 
3 10.00 10.00 
4 2.1.00 2.5.00 
5 45.00 15.00 
6 62.50 62.50 
7 75.00 75.00 

2.50 2.50 
9 . 10 .1 0 

0 0.00 U.OO 
1 2.50 2.50 
2 5.00 5.00 
3 10.00 10.00 
<I 25.00 25.00 
5 45.00 45. 00 
6 62.50 62.50 
7 75.00 75. 00 
8 82.50 2 .. )0 
9 92. 50 92. ;;0 

10 93.60 93. 60 
Il 9.60 98.60 

(h) (i) 

. A. C. A. 23012 2O-i nch ai rfoil 
wi t h O.4OC~ !lap: Or ifice loca-
tions on surfaces in percent of 
chord from lead ing cdge 

:-<. A . . A. 230 12 0.3Oc~ a nd 
O.4OC~ !laps: Ori fice locations 
on surfaces in pcrcent of !lap 
chord from leadi ng edge 

Orifice pper Lower Ori fice U pper Lower 

-----
0 0.00 0.00 
J 2. 40 2. <10 
2 5. 00 5. 00 
3 10.00 10.00 
4 25.00 25.00 
5 45.00 45.00 
5a none .80 
6 62.50 62.50 
7 75.00 75.00 
8 2.50 82.50 
9 .10 & . 10 

0 0.00 0.00 
I 1. 20 I. 20 
2 2.50 2.50 
3 5.00 5.00 
<I 10. 00 10.00 
5 25.00 25. 00 
6 45.00 45.00 
7 62.50 62.50 

75. 00 75. UO 
9 82.50 '2.50 

10 92.50 92.50 
10 93.60 93. 60 
11 98.60 98.60 

-------
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Positive directions ofaxcs and angles (forces and moments) are shOl,n by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Designation Sym- to axis) Designation bol symbol 

LongitudinaL ____ X X Rolling _____ 
LateraL _________ l' l' Pitching ____ 
NormaL _________ Z Z yamng ____ 

Absolute coefficients of moment 
L ~1 

CI=qbS Cm = qcS 
(rolling) (pitching) 

Linear 
Sym- Positive Designa- Sym- (compo- Angular bol 

L 
AI 
N 

direction tion bol nent along 
axis) 

1'------7Z Roll _____ q, 1I P 
Z------7X Pitch ____ 0 v q 
X------7 l' yaw _____ 1/1 w r 

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

4. P ROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
Va, 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inilo,\· velocity 
Slipstream ,elocity 

Thrust, absolute coefficient CT = ~D' pn- , 

Torque, absolute coefficiont CQ = 9
D

5 
pn 

P, 

Cs, 

1), 

n, 

q" 

Power, absolute coefficient CP = ~n-' 
pn 1..F 

Speed-power coefficient=-V ~J~: 
Efficiency 
Re,olutions per second, r.p.s. 

Effecti,Q helix angle=tan-{2:n) 

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m/s=550 ft-Ib./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. 




