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NATIONAL ADVISORY CO MM ITTEE F OR AERONAUTICS 

TECHNICAL MEMORANDUM NO . 835 

PRESSURE DISTRIBUTION ON A WI NG SECTION WITH 

SLOTTED FLAP IN FREE FLIGHT TESTS* 

By Georg Ki e l 

The pressure distribution was measu red in flight on a 
win g section with a slotted flap for sev ere,l flap defle c ­
tions, and the results obtained ar e h e r e presented. The 
test apparatus and the procedure empl oy e d in obtaining the 
results a re al s o described . A Fie seler type F 5 R air­
plane was used f or t he tests. 

I NTRODUC TION 

No flight test results on pr essur e- distribution meas­
urements on wing sections with fl aps hav e heretofore been 
available. Reliable dat.a on th e magn i t u de of the actual 
aerodyna mic forces s et up in f light and the manner in 
which they ar e set up are of g reat importance, however, to 
the p rac t icing c esi gner . Such da ta may be obtained only 
by flight tests anQ theref or e p r essure- distribution tests 
wer e conducted in f roe flight a t variou s flap settings. 

Si n c e th e results arc si milar for wing sections ex­
tendi n g ov e r the region of the ail erons the measurements 
may, in particular cases , also pro vide data on the pres­
sur e distribution at th e ailerons, a re sult which is of 
particular importance in view of t he fa c t that a whole 
seri e s of aileron failures in rec ent years has indicated 
tha t th e a ctual stresses ari s i n g i n fl i ght may so far ex­
ceed thos e computed from theory t hat c rack-ups and damage 
to th e airp lane may re sult . 

Since no pressure-distributi on tes t s in flight have 
as y et be en carried out in Germ~ny and no experimental 
data have been avail a ble these measurements provide at the 

*UDruckverteilu ngsmes sungen i m Fluge an einem Flllgelschnitt 
mit La nd ek1app e. 1I Luftfahrt f orschun g, vo l . 14, no. 2, 
F ebruary 20, 1937, pp. 71- 84 . 
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s ame ti me a means for de t ermini ng and checking a suitable 
te st p roc edure . 

AIRPLANE TESTED AND I NSTRUMENTS I NSTALLED 

For the p urposes of these tests, an airplane of type 
Fieseler F 5 R was emp loyed . F i gure I sho~s the test air­
p l ane with def lect e d flap in f li ght . For the pressur e­
d is t ributi on measur ements, a wi ng section was cho sen that 
lay outside the propel ler slipstream. Figure 2 shows a 
sketch of the airplane and th e se c tion invest i gated . Fig­
ur e 3 shows how th e pressures at the wing surface wore 
t aken . Gr eat car e was taken to see that the p re ssure 
tubes we r e se t flush with the surface . In ord er to a void 
even v e ry slight unevenness th e wing surf a c e , where th e 
o ri f ic es wo r e d rill e d, was ground smooth and lacquered 
over a gain . Figure 4 shows the pressur e ori f ic es on the 
up pe r sur fa c e , and f igur e 5 the pressure ori f ic es on the 
upper side of t he flap, the latter being shown fully de­
flocted . With t h o fl ap neutral, tho slot se en in f i gure 5 
i s closed and the two forward measuring orifices on the 
upper surface of the flap then disappear in to the clo sed 
slot, so that with the flap neutral they are not employed . 
From the orifices aluminum tub es arranged in t he wing in­
terior lead to mea suring a pp aratus in the fuse lages. For 
rec ording the pressures at each station , fou r optical DVL 
do uble- recording man ome t e r s were employed . Tivo of these 
were lo cated in the cockpit and two in the baggage com­
par t ment, f igures 6 a nd 7 showing the manne r of installa~ 
tion . At th e cockp it ther e waS in addition an optical dy­
nami c p re ssure-recording manome te r for recording t~c dynam­
ic p ressures in flight a nd a storage battery fo r feeding 
the lamps and motors in the rec ording apparatus. Fur ther­
more , a Wetzer-type clock machani s m was installed at the 
same plac e t hat marked of f short time intervals during the 
t ests , thus p roviding an accur ate time scale fo r the rec­
ordn of the se v e r al rec ording instruments . The entire 
pressure- measuring apparatus could be simUltaneously con­
nected in by the pilot through a co mm on main switch ( fig . 
B ) . The clockwork was set in motion fo r the int e rval dur­
i ng wh ich the t es ts were c onducted by means of a r od ar­
ran g ement leadi ng to the observ er. 
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TEST PROCEDURE 

The test procedure consisted in taking the pressure 
at each station by means of the opt ical manometers de­
scribed above at various dynamic pressures with the air­
plane in level unaccelerated flight. 

3 

To determine the undisturb ed dynamic pressure in 
flight, the Prandtl tube shown in the photograph (fig. 9) 
was calibrated for the several flap set t ings. The total 
pressure was obtained by a total pressure apparatus lo­
cated at the under surface of the wing (fig. 9) and the 
static pressure by a towed static tube towed in the undis­
turbed str e am below tho airplane (reference 1); figure 10 
shows the static tub e at the fuselage in the drawn-in po­
sition . The c a libration curv e s for each of the flap set­
tings are g iven in figure 11, the readings being plotted 
a gainst the actual dynamic pressures in flight. 

The double recording manomet ers for measuring the 
pressure distribution were statical ly calibrated by means 
of a fluid manometer, figure 12 showing one such calibra­
tion curve . The apparatus, which was employed in these 
measurements for the first ti me to any large extent, proved 
to be reliable . It is worth noting that the pressure 
tub e s showed practically no hysteresis of any kind. Figur~ 
13 shows an example of a dynamic pressure record obtained 
in flight and the pressure record of a recording manometer.* 
Figure 14 shows the wing profile at the test section with 
the positiQn of the orifices measured from the leading 
edge of the wing parallel to the reference line shown in 
the figure . The pressure orifices at the upper and lower 
surfaces of the wing were arranged one above the other at 
right angles to the reference line. Altogether there were 
24 orific e s distributed over t he entire wing section. 
Since, however , only four double manometers - that is. al­
tog e ther eight manometers were available, each pair of 
orifices was connected to one manometer as shown en figure 
15, and thus the sum of tho pressures on the upper and 

------------------------------------------------------------
*On tho basis of tho favorabl e results obtained with the 
optical double manometer of t he DVL, a 40-fold recording 
mano me ter Was d~veloped at the In stitute for Flight Mechan­
ics of the DVL that works on the same principle and which . 
may be applied to p ressur e-distribution measurements for . 
unaccelerated as well as for accel erated flight conditions. 
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under s ide of the wing was approximately measured. The 
advantage of this me thod of measuring l o y in the fact that 
with the ~casurin g apparatus available, twice as many or ­
i fices could be utilized as there were manometers. The 
pre s suren at 16 orifices could thus be simultaneously re­
corded . This number of orifices would be too few, how­
evert to g ive an accurate determination of the pressure 
distributi on, particularly when the flap was deflected . 
I t was thus not p ossible to measure simultaneously during 
a single flight the pressures at the total number of posi ­
tions r equir e d . Only some of the or ific es were therefore 
utilized in one flight and then the remainder in a second 
flight . In order to obtain the same conditions for all 
flight tosts the take- off weigh t was always kept the same. 
Tho me an neight of the airnlane (between take-off and land­
ing) was 585 kilograms, an~ the mean wing loading was 
G/F = 42 . 5 kg/m B ( 8 . 70 Ib./sq.ft.). 

RESULTS AND DISCUSSION OF THE FLIGHT-TEST MEASUREMENTS 

To draw the p ressure-distributi on curves it was nec­
essary to have the simultaneous pressur es at all the 
points at equal dynamic pressure. On account of the prac­
tical diff iculty described ab ove, of obtaining all the 
pressures simultaneously at the same dynamic pressure, the 
ratio plq of the pressure, measured at some definite 
po int, to the dynam ic pressure wa s plotted against the dy­
namic pr e ssure. Figure 16, (a) and (b), shows the pres­
sure at e ach of the test positions as a function of the 
dynamic p ressure wi th flan neutral; figure 17, (a) to (c), 
for the f l al? deflected 19t1

, and figure 18, (a) to (e), for 
~ 0 

th e flap d ef lected 32 . This method has the advantage 
that good mean values are obtain ed at each flight condi­
tion for each of the measuring stations and accidental 
values of a s ingle measurement eliminated . 

I n order to present values that are ~enerally valid 
the pressur e distribution will be given for different lift 
coefficients of the airplane . Since the measurements were 
conducted in straight lev e l flight, the lift may be set 
equal to the weight (A = G) . The lift coefficient for 
tho complete airplane will then be Catota;= G/Fq' For 

each value of the d;rnamic pressure corresponding to the 
same Catotal the pl q values for each of the measuring 

pos i tions were read off from th e pig = f(q) curves. 

* c - c ages - ato tal 
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With these values the nressure-distribution curve over the 
wing chord was drawn . ~Figure 19, (a) to (i), shows the 
pressure distribution for zero flap def l ection; figure 20, 
( a) to (k ) , for a flap deflection of 19 0 ; and figure 21, 
(a) to (k ), for a deflection of 3 20. The "points indicated 
ar e not values obtained directly b y measurement but mean 
values taken from the pl q = f(q) curves. 

With the flap neutral and at small values of c atotal 
and cn the pressure-distribution curves have a more 
rounded form. With increasing values of cn the pressure 
i n the ne i ghborhood of the airfoil leading edge increases 
rapidly . 

With a flap deflectio n of 19 0 the uressure-distribu­
tion curves show a somewhat fuller or more rounded form. 
For equal normal force coefficient the pressure at the 
~ing noae is le ss than ~ith the flap neutral. Of partic­
ular interest is the rather st eep pressure rise near the 
leading edge of the flap . In the region of the flap the 
pressure-distribution curve assumes a shape similar to 
that for a wing alone. At a flap de f lection of 19

0 
there 

is rela t i v ely only a small change, over the total normal 
flight range, in the maximum values of p/q at the nose 
of the flap as well as in the entire pressure distribution 
over the flap. Evidently the flow is so directed by the 
main wing that the flap experiences only a slight change 
in the wind direction . 

With a flap deflec t io n of 32 0 there is a marked in­
crease in the pressure at the leadi ng edge of the flap, 
th e pressure, at small val~es of cn considerably exceed­
ing that at the leading edge of the wing, as may be seen 
from f i gur e 21, (a) to (c) . With increasing values of cn 
a rather steep peak i s built up at the wing nose while 
the pi q value at the flap leading edge increases at an 
app reciably lOITer rate. 

Tables I to III g ive the mean values for all the meas­
urements . On these tables and also on the indi c-idual p res­
sure-distribution curves t here are also indicated the nor­
mal force coefficients of the wing section investigated, 
as wel l as the moment coefficients cm with respect to 
the leading edge of the wing and wing chord of the section 
invest i gated . The nor mal force coeffic ient may, with suf­
ficiently good ~pproximation, be obtained by integrating 
the pressure distribution over the wing chord. With the 

j 
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notation of figure 22, the normal force coefficient of the 
wing section is 

The normal force coefficient over the wing section is thus 
simply obtained by planimetering the pressure distribution 
curves and d ividing by the wing chord t. The normal 
force coef f icient with the flap deflected was based on the 
same wing chord as with the flap neutral . (See fig. 22.) 
With the f lap deflected we may write for the normal force 
coefficient 

o 

P dx + co s 
q 

dX) 

Figure 23 shows the normal force coef f icients thus obtained 
for each deflection as a funct ion of the lift coefficient 
Catotal for the complete airplane, and figure 24 shows 

the normal fo rce coefficient for the flap alone cnk as a 
function of the lift coefficient c for the com-atotal 
p le te airplane, the normal force being at right angles to 
the f lap chord . (S oe sketch at uppor right-hand corner of 
fig . 24 . ) With this definition, the normal force coeffi­
cient of the flap is 

. tk 

cnk " t~J ~ dx 

o 

In a similar manner the moment coefficient may be ob­
tained . The moment coe ffi ci on t of tho wing section is 

t 

= }a r !: x dx 
t t. q 

o 

In the region of the flap we must a gain multiply by the 
cosine of the flap deflection angle so that for the de­
flected flap (see fig . 22) the moment coefficient is 
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Xl t 

1 (f p ~J"2. dX) Cm = -2 x dx + co s X 
t q . q 

0 xl 

Fi gure 25 shows the mo men t co eff i c i ent cm of the investi ­
gat e d wing s e c tLion as a f unct io n of the normal force coef­
f icient cn fo r th e s everal f lap d efle c tions (~= 0

0
, 19 0

, 

32°) . The curves cm = f(cn) for al l flap deflections 
have the usual normal appearanc e . Wi th i ncreasing flap 
deflection the moment coeffic ient i nc r e a ses rapidly. F r om 
the slope of th e curves of figure 25 the partial differen~ 

de m 1 tial coeff icient wh ich always h a s a constant va ue 
ac~' 

in the n o rm a l r a n g e of angles of attack , may be read off . 

o 0 dem For a f lap defle c t i on o f 0 a n d 1 9 the value --- = 0.247 
den 

is ob t aine o.; f or S = 32 0 th e v alue obtained is ~Cm = 
dCn 

0 . 252 . A go od ag r eement is ev e r ywhere obtained betw e en 
this v a lue a nd t h e r e s u lt of th e hydrodynamic theory for 

dCm 
wing sections accordin g to which for al l profiles ---­dOn -
0 . 25 .* 

Fi gur e 2 6 show s , finally , the eff e c t of the flap de­
flection on th e pitching mo men t at zero lift, the moment 
coeff icients c m b eing plotted against the flap deflec-

o 
tion f or cn = O. The cmo values are obtained for the 
di ffe rent flan defl e ctions by extr apolation from the curves 
c m = f ( cn ) of f igur e 25 . In th e normal flight range, as 
is we ll kno wn, a lin ear relation holds, for all profiles , 
bet ween t h e moment coefficien t , t he normal force coeffi ­
ci ent, and t h e fl ap defl e cti on . The moment coefficient is 

where cm~ denot e s th e mom en t co efficient for zero flap 

d efl e ction corresp onding to Cn = O. I n our case cm; = 
O.g15 . Fr om f igure 26 the valu e obtai ned for ~~m is 

dS 

*In th e g iv en case cn may be s et e qu a l to ca" 
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Ey substituting the values found for and 0 . 0068 . 

aCm the moment coefficient for the section under investi-
ac~ 
gation is found to be 

em ~ 0.015 + 0.0068 ~ + 0.25 cn 

For completeness there is shown on figure 27 the cen­
ter of pressure travel for the several flap deflections 
as a fun ction of the normal force coefficient cn' With 
the flap l1e·Ll.t ral the position of the center of pressure, 
wi thin the normal flight range, varies only slightly. 
With the flap deflected 19 0 and 32° the center of pressure 
moves backward a relatively large amount, the position of 
the center of pressure showing a greater dependence on cn. 
With decreasing values of cn ' that is, with increasing 
velocity, the center of pressure, for relatively large val­
ues of cn travels backward a considerable amount . 

SU MMARY 

Pressure-distribution curves were obtained in unaccel­
erated flight on a wing section with slotted flap at flap 
deflections of 00, 19 0 , 320. The flap chord was 0.296 
times the over- all wing chord. With a flap deflection of 
19 0 the pressure-distribution curves show a somewhat fulle r 
form (that is, le ss p eaked) than is the case with flap neu­
tral. For equal normal force coefficient the pressure in 
the region of the nose of tho wing is less than for zero 
f lap deflection . In the neighborhood of the flap lo~ding 
edge, with the flap d ef lect ed, a rather steep pressure 
rise occurs , the pressure-distribution curve in this case 
assuming a fo rm similar to that of the wing alone. With 
the flep doflected 19 0 there is only a relatively slight 
change both in the maximum p ressure at the flap leading 
edge as well as in the general pressure distribution over 
the flap . Evidently the main wing dive~ts the flow in 
such a manne r that the a ir- flo\", d.irection at the flap ex­
perien ces only a slight change . With a flap deflection of 
32 0 

[\. ma rked pressure rise occu rs at the leading edge of 
the flap , consid e rably exceed.ing that at the wing leading 
edge at small normal force coefficients. As the normal 
force coefficient increas es a rather steep pressure peak 
is buil t up at the no se of the wing whil e at tho flap 
leading edge the pressure increases at a considerably lower 
rate. 
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By integ rati ng th e pressure- distribution curves the 
normal fo rc e and moment coeffi cients were determined. The 
effe ct of the flap deflect io n on the ma~nitude of the 
pitching mo~ent at z e r o lift WaS also determined, ag~eement . 

being foun d wit h hydrodynamic theory fo r 

valu e of 
oem 
()f3 was obtained as 0.0068. 

I f , fo r ~he momen t c oeffic i e~t, we set 

o c m 0 c m 
+ 3"13- i3 + a c;:- cn 

we obtain i n our case 

c m = 0 . 015 + 0 . 0068 i3 + 0 . 25 c n 

The 

For c ompleteness, the r e is finally given the center of 
pre ssur e travel as a function of the normal force coeffi­
cient . 

In part icular cas e s the resu l ts presented here may also 
provide inf ormat ion on the pres sur e distribution on ailer­
ons i nsofar as the fo r m of the lat ter corresponds to the 
flap arrangemen t d iscus sed in thi s paper. 

TrBnslation by S . Reiss, 
Natior-al Adviso ry . Committee 
f o r Aeronauti cs . 
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TABLE I. Test Results for a Flap Deflection of ~ = 0° 

Total (ift I 
coeff,cient ca ... {tv! 0,30 0,45 0,60 0,70 0,80 0,96 1;10 I 1,22 1,27 
Nor rno I force 

0,36 0,51 0,65 J cOl2ffi cie nt c" 0,77 0,87 1,03 1,16 1,27 1,33 -
t-torne nt 

0,11 I 0,14 0,18- 1 I I coefficient Cm 0,21 0,23 0,27 0,30 0,31 0,33 

.... e o5u rin9 
D i'5Tan~e 

fro'!"1 wlnq 
p/q s .... o;.'·on N0 4 lead In'] pd9' 

perce-nil t 

1 2,5 0,34 0,99 1,58 2,00 2.:l.5 
I 

2,92 

I 
3,39 3,88 4,22 

2_ 5,0 0,61 1,14 1,63 1,97 2,29 2,80 :),27 3',6.5 3,88 
3 10,0 0,74 1,12 1-,51 1,78 2,05 2,48 2,85 3,17 3,33 
4. 20,0 0,81 -1,05 1,33 1,52 1,71 2,01 2,26 2,48 2,59 
5 30,0 0,64 0,80 1,00 1,12 1,24 1,43 1,60 1,74 1,80 
6 40,0 0,51 ,0,64 0,78 0,88 0,96 I 1,09 1,18 1,27 1,29 -7 50,0 0,36 0,44 0,54 0,61 0,68 0,76 0,82 0,88 0,90 
8 60,0 0,23 0,29 '1 0,36 . 

1 
0,40 0,45 

I 
0,50 0,55 0,58 0,59 

11 81,4 . 0,04 0,05 0,08 0,10 0,12 . 0,14 0,17 0,19 0,19 
12 90,0 0,04 0,04 0,07 0,08 . 0,09 0,11 0,12 0,12 0,12 I 

TABLE II. Test Results for a Flap Deflection of ~ = 190 

To+al li+t 
, 

I I coefficient ca_ ll.,t.I 0,45 0,60 0,70 0,80 1.,00 1,20 ' 1,40 1,44 1,52 1,67 1,77 
Normal fo rce 

1,22 I : I 

coefficient Cn 0,64 0,80 0,91 1,02 1,42 1,61 1,66 1,72 1,85 1,94 
Jo(omen+ 
cOQf+icien+ Cm 0,31 0,36 ' 0,38 I 0,41 0,46 

I 
0,51 I 0,56 0,56 0,57 1 0,58 I 0,60 

ol~t"af1ce 
Measur j t*l9 from 'win9 

p/q S + o-fion No . (ead i"9 ~dq" 
pt!rc ~nt', t 

j f 

I 
1 2,5 0,07 0,80 1,23 1,61 2,29 2,97 3,70 3,98 4,33 5,00 5,56 
2 5,0 0,42 0,97 1,30 1,61 2,20 2,84 ~,46 3,69 3,94 4,44 4,78 
3 10,Q 0,68 1,07 1,35' 1,60 2,09 2,62 

I 
3,16 3,29 3,48 3,84 4,11 

4 ' 20,0 0,91 1,15 1,35 1,53 1,88 2,24 2,60 2,69 2,82 3,04 3,23 
5 30,0 0,79 0,98 I,ll 1,23 1,44 1,67 1,90 1,94 2,01 2,17 2,32 
6 40,Q 0,74 0,87 0,96 1,06 , 1,25 1,42 1,59 1,61 1,66 1,74 1,79 
7 50,0 - 0,69 0,,(7 0,84 6,91 I 1,04 1.17 1,31 1,32 1,35 1,41 1,44 
8 60,0. 0,60 0,67 0,72 0,77 I 0,88 0,99 1,09 1,09 I,ll 1,15 1,16 
9 73,1 0,68 0,71 0,73 0,75 0,79 0,83 0,87 

I 
0,86 0-,87 0,89 0,89 

10 76,1 1,13 1,24 1,30 1,35 1,44 1,51 1,56 1,53 1,53 1,52 1,49 
11 I 81,4 0,91 '(J,95 0,97 ., 1,00 1,05 I,ll 

I 
1,15 1,14 1,14 1,14 1,12 

12 90,0 0,46 0,48 0,49 0,49 0,50 0,50 0,51 0,50 
I 

0,48 0,47 0,46 

TABLE III. Teet Results for a Flap Deflection of p = 32 0 

Total l i ft I 1,75 I I I coeff icient c9 .... (f. .. , 0,70 0,80 .1,00 I 1,20 1,40 I 1,50 I 1,60 1,03 2,10 2,24 
Nor-lTlo I f orce 

I i coct"'ci e n+ c" 0,97 1,10 1,32 1,54 1,73 1,84 1,93 2,07 I 2,23 2,44 2,56 
l'4omen-t 

0,48 0,51 0,56 0,63 . 0,67 0,70 I 0,72 0,76 I 0,79 I 0,86 0,87 coe.f.+ icient Cm 
Dis"i""Cl~nce 

Measurl'ng fro m wfnQ 
Plq st Qti o n No, (eodi ,,'1 edge 

percf"n:.t , t: 

1 2,5 0,51 1,01 1, 6 2,72 

I 
3,46 3,84 4,15 4,67 I 5,35 

I 
6,22 6,7 

2 5,0 0,93 1,23 1, 5 -2,52 3,16, 3,47 3,77 4,22 4,74 5,39 5,96 
3 lO,O ' 0,08 1,34 1,90 2,41 2,88 3,13 3,36 3,74 4,20 4,69 5,05 
4 20,0 1,21 1,45 ] ,82 2,1 6 2,52 

I 
2,71 2,87 3,12 3,40 I 3,69 3,92 

5 30,0 1,06 1,20 1,46 1,69 ],94 2,06 2,16 2,31 2,49 2,6 2,84 
6 40,0 1,02 1,12 1,31 

I 
1,48 I 1,66 1,74 1,81 1,90 

I 

2.03 2,14 2,24 
7 50,0 1,00 1,07 1,20 1,33 ],47 1,54 1,60 1,66 1,78 1,87 1,94 
8 .. 60,0 0,95 0,99 1,0 1,18 1,28 I 1.33 1,38 1,44 1,52 1,59 ],64 
9 73,1 1,89 1,93 2,03 2,13 2,24 

1 

2,29 2,33 2,37 2,47 2,:56 2,66 
' lO 76,1 2,50 2,54 2,64 2,74 2,85 2,91 2,96 2,98 3,08 3,15 3,20 
11 ' 81,4 1,35 1,35 1,39 1,45 1,52 1,55 1,58 1,60 1,66 1,71 1,74 
12 , 90,0 0,64 0,66 0,71 0,73 0,75 0,76 0,76 0,75 0,76 0,75 0,74 
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Figure 1.- Test airplane with 
deflected flaps. 

_Leading edge 

Pressu re orifices covered 
when flap is undeflected 

Figure 5.- Orifices on upper 
surface of flap. 

The picture shows the flap 
fully deflected (320 ). With 
the flap neutra.l the ali t 
seen on the picture is closed. 
The two orifices at the lead­
ing edge of the flap are then 
covered and in this case are 
not employed for pressure 
measurements. 

Figure 7.- The double record­
ing manometer moun ted 

in the baggage compartment. 
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Figs.l.4.5,6,7 

_0 
-' Slotted flap 
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4.- Orifice locatlon on upper 
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box 
Figure 8.- Instrument board with 

swi t ch for connecting 
in the measuring apparatus. 

Figure 9.- Mounting of Prandt1 tube 
on the upper wing surfa.ce 

for measuring the dynamic pressure I 

and of the total-pressure apparatus 
at the lower wing surface. 
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