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AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Abbrevia-Unit Unit Abbrevia-

tion tion 

Length _______ l 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. 
-

PoweL _______ P horsepower (metric) ______ ---------- horsepower ___________ hp. {kilometers per hour ______ k.p.h. Speed _________ V miles per hOuL _______ m.p.h. meters per second _______ m.p.s. feet per second ________ f.p.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec. 2 

W Mass = -g 
Moment of inertia=mk2• (Indicate axis of 

radius of gyration k 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 mmi or 0.002378Ib.-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 V2 

Lift, absolute coefficient OL = :s 
Drag, absolute coefficient OD =; 
Profile drag, absolute coefficient OD. = 

Induced drag, absolute coefficient OD, = 

Parasite drag, absolute coefficient OD = DSp • q 

Cross-wind force, absolute coefficient Oc= 
Resultant force 

i lD , Angle of setting of wings (relative to thrust 

Q, 
n, 
Vl p-, 

J.I. 

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 in. 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 
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REPORT No. 571 

PRESSURE DISTRIBUTION OVER A RECTANGULAR AIRFOIL WITH A PARTIAL-SPAN 
SPLIT FLAP 

By CARL J. W ENZINGER and THOMAS A. H ARRIS 

UMMARY 

PTessuTe-distTibution tests of a OlaTk Y wing model 
with a paTtial-span split flap weTe made to deteTmine 
the distTibution oj aiT loads oveT both the wing and the 
liap. The model was used in conjunction with a Te-
flection plane in the N. A. 0. A. 7- by 10joot wind 
tunnel. The 20-peTcent-choTd plit flap extended oveT 
the inboaTd 60 peTcent oj the semispan. The tests weTe 
made at various flap deflections up to 45° and coveTed 
a mnge oj angles of attack fTom 'ZeTO lift to appToximately 
maximum lift JOT each flap deflection. 

The Tesults aTe given a aiTjoil section, 01' Tib, pTessuTe 
diagmms fOT the wing with flap neutml. I ncTements oj 
ai1joil section pTessuTes aTe given JOT vaTious amounts 
oj flap deflection so that combined wing and flap sec-
tion pTeSSUTe diagmms may be obtained by a simple 
addition. Oalculated coefficients oj section loads (md 
moments and oj wing loads and moments aTe also given 
fOT the wing and flap combination and JOT the flap alone. 

It was jound that deflecting a paTtial-span split flap 
ajfected the pressure and the section n01'1naljoTce and 
pitching-moment coefficients oveT the entiTe wing span. 
The flap loads and moments weTe almost constant oveT 
the span oj the partial .. pan flap jor a given angle of 
attack and flap deflection. The maximum normal-jorce 

and hinge-moment coefficients were about the same jor 
the partial-span pli t flap oj the present test as jor a 
jull-span split flap previou ly te ted. 

I TROD UCTIO 

A con iderable amount of aerodynamic and air-load 
data i available for imple split flaps extending along 
the entire pan of the wing. (See reference 1 to 3.) 
However, because of the general use on present-day 
airplanes of the outer portion of the wing span for 
aileron, most of the installations of split flap have 
been limited to the inner 40 to 60 percent portion of 
the wing span. Some aerodynamic information on 
partial-span split flaps is available from wind-tunnel 
force te ts of both rectangular and tapered wing 
equipped with uch flap (references 4 and 5). There 
are available, however, very fe\\T air-load and moment 
data suitable for t he de ign of wing with partial-span 
split flaps . 

The present investigation wa made to obtain in-
formation, particularly of pan load distribution, that 
would be suitable for application to d sign problems 
involving partial-span split flaps. The data were ob-
tained from pressure-di tribution test of a wing model 
with a 20-percent-chord split flap in the . A. O. 
7- by lO-foot wind tunnel. The results are given as 
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FIGURE I.- Diagrammatic drawing of emispan Clark Y airfoil with split flap showing pressure orifices. 

1 



2 HEPOHT NATIONAL ADVISOHY COMMITTEE FOH AEHO "AUTI S 

F'lIi nn: 2.- Sidr view of model in tunnel. l ,'JGL"HE 3.-Front "jew of model in tunnel. 

.C ---------

.5 rw 

·ll-l-t-

fO 

I 
j + 1 

1------1 

I-l---l-+-

d =6° 

-35 

-30 

-25 

-2.0 

-15 

l!.. q 

-/.0 

- .5 

o 

.5 

/.0 

f-

l-

ttL\ 
11-. 

11\\ 
II il\ 

bh R , I--' 
fT- '\ '\ 1+-' , " , 

, , 
, 

"-
t-r-

, 

c..--
V 

1/ --1/ - V 
I /V 

/\/' 
I rl 

11 

-

f- !--- - +-- -
Section A ---"r ------" c--

.. 0---

.. £----
" F----- I-" c---

Upper surface 0 
Lower " 0 

1- - -

--

\i. 7 

\ 
r-" 

, -
V 

, , -
u... - -

<:::: -
"" 

I--->-
I--

-- 0 ----- - I---- ,- b -- r 
k: 

d ;/5° 

FU; l 1. Pressure <iistrihulion ()\'er airroil at three angles of attack; 0/=0°, 

+-- -- I--

l- I--

'0 

\ 
'\ 

I 
I 
I 

-a. 
'v 

N; ",= 
-'" r;:;;: 



PRESSU RE DISTRIBUTIO OVER A RECTA ' GULAR AIRFOIL 3 

pressure diagram for the hasic wing and as increments 
in pre ure or load for the Dap-deflected condition . 
The charftcteri tie are given for the wing-and-flap 
combination and for the flap alone. 

MODEL A D APPARATUS 

WING MODEL 

The Clark Y wing u ed for the e test had a 20-incb 
chord and a 60-inch semispan (fig. 1); the portion ex-
tending back to 80 percent of the wing chord wa con-

o. . .----.;:. 
ffijF-l Ff- -r "F"" 
r.H' 6, - 15°-t-+-------1--t-+_+-+-'''+'''+-+-t-I 
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J 

FIG URE 5.-Ineremen ts of pressure over airfoil sections at - 6° angle of attack wi th the 
flap deflected various amoun ts. 

3tructed of laminated mahogany. The trailing-edge, 
upper portion wa con tructed of X6-inch-thick teel 
plate rolled to the contour and attached to the wooden 
part of the \';-Jng with crew. Th flap, which had a 
4-inch chord and a 36-inch emispan (20 percent c by 
60 percent b/2), was formed by hinging the inboard 60 
percen t of the metal lower surface of the rear part of 
the wing about its leading edge. The flap wa up-
ported at its leading edge by small piano-type hinges 

and wa set at the variou deflection by suitable 
pacer block a shown in figure 2. The gap between 

the leading edge of the flap and the wing wa sealed 
with plasticine for all tests . 

Pres ure orifice were built into the upper and lower 
urface of both the wing and flap at several ction 

along the emispan, 166 individual pre ure orifices 
being installed. The tube from the orifice were 
brought through the model and out a t the inboard end. 
Two orifice on both the upper ul'face of the flap and 

-.5.-- r I 
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F IGURE 6.-Increments of pressure over ai rfoil sections at 6° angle of attack with the 

flap deflected various amounts. 

on the lower urface of the wing at sections E, F, and 
G (fig. 1) were u ed to obtain the pressures between the 
flap and the wing, 

MANOMETER 

Two N. A. A. multiple-tube photographic-
recording manometers (de cribed in reference 6) were 
u ed to record the point pre ures on the model. The 
manometer was connected to the orifices by mean of 
rubber tubing, 0 arranged a not to affect the air flow 
over the wing. 
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nap deflecled "ariou" amounts, 

TEST AR R ANGEMENT 

The model was mounted in the J. A. . A. 7- by 10-
foot wind tUlmel (reference 7) in conjunction with a 
reflection plnne at the inboard end. (ee.fig. 2 and 3). 
This plane extended from the top to the bottom of the 
air tream and some di tance ahead of and behind the 
model and was 0 located that the model was placed 
ymmetrically wi.th respect to the tunnel center line . 

The tube from the pressure orifices were brought 
horizontally through a rotatable section o( this plane 
to the edge of the jet and were grouped together to 
form a treamline shape 0 that the air flow on the 
opposite side of the plane, on which the model was 
located, wa not appreciably di.sturbed. 

TE T 
The static reference pre SLlre u ed to maintain the 

dynamic pre sure con tant during the te ts wa cali-
brated ao-ainst dynamic-pres me mveys at the model 
location with the model removed from the tunnel. 
The longitudinal tatic pres me at the model location 
wa also measured and usecl to correct the point pre -
m'e to the correct refer nce pre ure. 

All the tests were made at a dynamic pressm 01 
16.37 pounds per square foot, corresponding to an air 
speed of 80 miles per hour under tandard sea-level 
atmo ph eric conditions. The average Reynold Num-
ber of the te t , ba cd on the wing chord, wa approxi-
mately 1,220,000. 

The model was tested with flap angle of 0°, 15°, 
30°, and 45°. The angles of attack covered a range 
from approximately zero lift to 15° (approximately 
CT.-max) with each flap etting, te t points being taken 
at 3° intervals. lInen the model had been fixed at 
a given angle o[ attack with a given Hap setting, a 
few minutes \\'ere allowed [01' condition to become 
constant; a record was then taken o[ the pressures a t 
the orifices hy means of the photographic manometer. 

PRESE TATIO OF DATA 

Section or rib pre me diagrams with the Hap neutral 
(fig. 4) are given as ratios of point pres ure p to dynamic 
pres me q for a low angle of attack ( - 6°) , an inter-
mcdiate angle of attack (6°) , and a high ano-le of 
attack (15°) . In addition to th section pre sure 
diagram with the flap neutral, the increments of 
point pres me with the flap deflected oYer the point 
pres me with the flap neutral (both in terms of the 
dynamic pre ure) are given (fig. 5 to 7) for all 
Hap deflection and for the three previou ly mentioned 
angles o[ attack. On these diagram the flap pressure 
are plotted from the deflected flap chord but normal 
to the wing chord. The principal advantage of the 
increment diagram i that they may, by the principle 
of supcrpo ition, b applied to pre sme diagram o[ 
any other basic wing ection that does not depart too 
greatly from the Clark Y ection of which the te t 
were made. 
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The da ta computed from the integrated pre ure 
diagrams are given as nondimensional coefficient. 
The coefficients for the wing-and-flap combination 
include the load of the :flap projec ted onto the wing 
chord. The coefficients are defined as follows: 

C"w = n w ] airfoil section normal-force coefficien t . qcw 

O Nl lOc/4' . h ' ffi . 
In / 4=--2&- ] wmg pItC mg-moment COe --lClen t 

c qcw w about quarter-chord point. 

fl . hi ffi . C" f=-Z] . ap ctlOn nge-moment Oe -1Clen t 
qCf about £lap hinge. 

O"f = £l ap hinge-momen t coefficien t about 
qCf I Hap hinge. 
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0", = N'bO 
] wing normal-force coeffi cient. 

. w qcw w 

cnf = nf] flap section normal-force coeffi cien t . 
qCf 

O N f = Nbf ] fl ap normal-force coeffi cien t. 
q CI f 

(c. P.)w= ( 0.25- Cm./ 4
) X 100] airfoil section longi-

c"lO tudinal center of pres-
sure in percentage of 
wing chord from win g 
leading edge. 

m 
cmC/ 4 = airfoil section pi t ching-momen t 

qcw coefficient abou t quarter-chord 
point. 

(0 . P .)u= ( 0.25- 00./ 4
) X 100] w0g center of pres-

N w ure m percentage of 
wing chord from wing 
leading edge . 
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(c. p. )r= ( - Chr) X I 00, flap section center of pres-
cILr sure in pe rcentage of fl ap 

cbord from hinge. 

CO. P. )r=( - X l 00, fl np cen te r of pressure in 
N r percentage of flap chord from 

hinge . 

JllOcl 4 , wing pitching moment about the quarter-
chord point. 

till (I ,lP section binge moment per unit span 
about the flap hinge. 

fl ll flap hinge moment abou t the flap hinge. 
Jill' 'IL " moment of wing emispan load abo ut 

\\'ing root. 

CO. P, )w1a t =( X l 00, l(ltern.l cen te r of pl:es-
su re 111 percentage of II"mg 

4 emispan from \\'ing root. 

JI/' ILI ' momen t of [lap semi pan load about in-
board end of fl ap. 

{f, dynamic pressure. 
(" w, wing chord. 
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FI GlJ ltE 9.-Airfoil secticn longitudinal centHs of pressuro against span of wing with tbe flap deQeded \'arious amoun ts. 

(C. P, )rt"t=( +':;b') XIOO' lateral cen ter of pres-
.L.l sure In percentage of flap 
4 semispan from inboard end 

of fl ap , 
where 

nw IS the airfoil section normal force per unit 
span. 

N ,&) \\'ing normal forcE'. 
nIl {l ap section normal force pE'r unit pan, 
Nil flap normal force , 
In wcl4 , airfoil section pitching moment per unit 

span about the qllartE'r-chord point. 

c" flap chord . 
b'D' wing span. 
b" flap span, 

In these coefficient it is to be noted that the chord 
forces on the airfoil have been neglected ; i. e" the 
longitudinal center-of-pres lire positions and the pitch-
ing-mom nt coefficients were derive 1 solely from con-
sidrrations of the normal forces. 

The airfoil section normal-force coefficien t are plot-
ted against the wing semispan in figure for all 
nap deRections and all angles of attack te ted, The 
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airfoil section centers of pre ure are plotted similarly 
in figure 9. In addition to these data, the increments 
of airfoil ection normal-foree and pitcbing-momnt 
coefficients, t:J.cn and t:J.c l1l) for the three angles of 
attack previously mentioned are given in figure 10. 
The airfoil section coefficient en and Cm are also plotted 
against angle of attack for all the flap deflections in 
figure 11. The wing normal-force aDd pitching-moment 
coefficients and 10nO"itudiDal center of pressme are plot-
ted again ' t angle of attack for all flap deflection in 
figure 12, and the wing lateral centers of pressure arc 
given for all flap deflection in figure 13. 

The flap section normal-for e coefficient are plotted 
against flap semi pan in figure 14 for all flap deflec-
tions and angle of attack. It hould be noted that 
[or 0, = 0° the coefficient were computed for the load 
on only the lower surface o[ the flap, wherea for the 
other £lap deflection the coefficient include the load 
on both the upper and lower _l.Irface of tbe flap . Thi 
condition al 0 applie to the flap center of pressure and 
hinge-moment coefficients. The flap ection center of 
pre ure fOT all flap deflection and anglc of attack 
arc plotted against flap emi pan in figure 15. The 
flap normal-force and hinge-moment coeffieients and 
longitudinal centers of pres ure arc plotted against 
\ ing normal-force corfFicients in figure 16 for all flap 
deflection and angle of attack . The flap lateral 
centers of pres ure are plotted again t angle of attack 
in figure 17 . 

P R E ISIO 

Ina much a no air-flow alinement test were made 
in the wind tunnel with the te t arrangement used 
[or thi inve tiga tion, the a b olute setting of the anO"le 
of attack may be slightly in error ; the relative angle 
are, however, accurato to within ± 0.1 °. The IJ ap 
deflection were ::et to the specified anO"le to within 
± 0.1 °. The point prc ure ba ed on check te t i n. 
which both the angle of attack and the £lap etting were 
changed independently howed that they agreed to 
within ± 2 percent, with the exception of the upper-
surface pressure near the wing leading edge which, 
a t high angle of attack, checked to within ± 5 percent. 
The dynamic pressure recorded on each diagram wa 
accurate to within ± 0.25 percent for all tests . ince 
the dynamic pressure wa recorded on each diagram, 
there i no relative error between it and the point 
pre ure ; therefore variation of the dynamic pressure 
do not introduce any errol' in computing the coefficient . 
N one of the data ha been corrected for the effect of 
the jet boundaries . 

RES LT A D DI C SSJO 

SECTION P RESSURE DISTRIBUTION 

The di tribution of prossure over the airfoil ections 
with the flap neutral (fig. 4) is typical of that for wing 
of rectangular plan form . The expected high tip 
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load at the high anO"le o[ attack verify previoLls con-
clu ion that tructurally the rectangular tip shape is 
poor. The data [or anO"le of attack other than those 
hown were not believed to be of ufficient general 

in terest to include in this report. 
The increments of pre ure due to the deflected flap 

at the low angle of attack, - 6°, (fig. 5) show that the 
partial- pan flap affect the load distribution on all 
ections along the pan of the wing. The fir t ection 

outboard of the tip of the flap, section D, hows a 
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peculiar re ul tant down-load incr ment at the trailing 
edge of the wing, 'which increase a the £lap i deflec ted 
dO\\Jlward. There i al 0 a con iderable re ul tant 
down-load incremen t on the trailing-edge por tion of 
the wing covered by the flap when tbe flap is deHected, 
which increase with flap deflection. In addi tion, tbe 
po i ti,-e pre ures on the lower mface of the wing arc 
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pressure of the wiog with the fl ap defl ected va rious amou nts. 

increa ed more than the negativ pre ure on th 
upper surface at a given flap Ieflection . The pre lire 
are increa ed the grea te t amount neal' the flap hinge 
and near the leadinO' edge of the winO'. 

At the intermediate angle of attack, 6° (fig. 6), there 
i a peculiar increase in load at the tip of the wing, 
which is pro ba bly a flmction of the ,ying plan a well 
as of the flap deflection. The increment of pre ure 
at the trailing edge of the wing aT' qui te imilal' to 

those noted fo r the low angl of attack. In addition, 
the increase in po itive pressure near the £lap hinge on 
the lower surface of the wing i larger . This increa e 
in load near tbe hinge may be critical in rib design 
be au e normally this por tion of the rib does not have 
large loads. The negative pres ure on the upper ur-
Juce neal' the len ding edge increase at this angle of 
attac k by abouL 75 pe rcen of the dynumic p resSLIre 
\\ritlt the ma"il1lum flap denecLion. 

At t11l angle of a ttack of 15° (fig. 7) the increa e ill 
load on the tip section is again eyiden t . At till angle 
of att,lck the resultan t down-load increment ncar the 
trailing edge at ection D wi th the £Iap down is Ie 
than 1'01' the lower angles of attack. The load incre-
ment on the por tion of the wing above the fl ap i 
very mall but the increment on the wing outboar 1 of 
tlle flf1p i larO'e, increa ing wi th flap deflection . The 
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large increase in posi tive pre slire near the £lap hinge 
is also eviden t and is in agreemen t with the resul t of 
the test reported in ref ren e 3. The increased n O'a-
tive preSSllre at the wing leading edge i about three 
times the dynamic pres ure when the fl ap i fully 
de£lec ted . 

WI NG LOAD AND MOME ' TS 

The airfoil ection normal-force coefficients plot ted 
in figure how the actual di tribution of the air load 
along the pan for all the angle of attack and the Hap 
cl flection tested. 'With the flap neu tral, the pan 
loa d distribu tion i, typical of that for rectangular 
airfoil . Wi th the £lap deflected, the section normal-
fo rce coefficient increa e along the entire span of the 
wing . The rapid change in ection normal-force co-
efficien t at the tip of the flap i very noticeable. The 
curve how that the larger the £lap deflection, the 
O' ['eater i the concentration of the load over the 
fl apped portion of the wing for a O'iven total load . 
The illgh tip loads mny be attributed to the particular 
plan form of the wing. 

The ection cen ter of pre ure plo t ted aO'ain t the 
pan of the wing wi th the {lap neutral (fig. 9) are 



10 REPORT KATIOXAL Ann ORY COMMITTEE FOR AERONAU'rICS 

typical of those for a wing of rectangular phm form . and moment diagrams of plain wmgs having similar 
The center of press ure mons for,,'ard as the angle o[ profiles and plan form . 
n Uack i, incl'easccl and i, uniform oyc r th e In oreler to complete the air-load information on wing 
span excep t n t LIte t ips of the wing, ,,'hich llla) be with this typc of nap, more tests are de irable with other 
. een from tIle pre u re-clislriblltion diagrams (fig. 4). " 'ing profiles and plan forms and Dap of difl'eren t pan 
With the flap deflected (fi g. 9), the center of pre urc and chords. Such additional data would e tabli h the 
shifts rennn1l'd not only onr the flapped portion o[ efl'ect of profile and plan form on ection-eh aracteri tic 
the wing but a lso o \' e1' the rest of the wing to the Ollt- increments and on pan-load and moment increment. 
board end for the high angles o[ attack. For the low The CUITes of the ection normal-forc e coefficien t (fig. 
angles of attack, the cenler o[ pressu re shifts forward 11) howthatfor/l11 ectionsexceptA and B tbenormal-
o,'er the unnappecl portion of the wing " ,hen the flap force coefficien t is linearly proportionill to the angle of 
i deD ected. attack from 7.ero lif t to] 5° angle of attack. Tb epitcbing-

The increments of airfoil section normal-force and moment coefficient curve, except for section A, arc regu-
pitching-moment coefficients caused by deflect ing th e lar, tbe moment in('l'efl . ing toward the center oIthe wing. 

/. 4 I I I I I I I I I I I I I I I I I I I I I II I I I _ A previously pointed out, 
0( ,degrees - -9 0 __ __ "1 -I- o ____ 0-- -- 6 0 r- ot. ,degrees the peculinl' loads and mo-_ _ v---g-:_-_-, __ -t,-c,-t--+-t--f_--T __ -,t-3-0 1- =: ments at the tip ection are 

12 I I I I a function of th e tip shape. 
. I -+---F=I-:-+-t-II- 6f = 45"- The YnriaLion in the ,vinll 

,,? ... _ characteristic with angle 
",' '== ' ..... , , . co 1 1 fi ) = 1- , __ -:!= __ 1 ___ I-- __ +_ -' I-t-' -,<1> - - - r- - - o· attac\: ( g. 12 , caused 
."E !.O I _, ," +- ' .. j- by cleOecting the partial-.V ,-

, t- span flap a given amount, 
CJ "" ,= 't= 1-' - checks reasonably well with 

- -- r-=:-.: , '- -, - t-;:f=. .. F< 'r= , ::t.,J;;= f::.r-<: the re ults of force te t 
, .. f- ' _, f- .. , ,_ t:: I-- _ .. +- -:- "1-1- t=' I=+- .. 1== b:' .. (da ta unpu bli b ed). The 

sudden change in normal CJ 
£: force at hie:h nebO'ative 
g .6 1 61 = angles of atL;ck wi th the 
c: §=O l::=; '''I:''::I=' " - - ' t--t- .. -'- flap down 45 ° i worthy of 

[ • - .. r= - - ,-j .:t- '- r-:-F ,- . t:"-t=: ' note. The amephenome-
.4 non was encountered in 

force te ts with plit flap 
t.... (references 2 and 4) and 

.21-+-+-+++-+-+-t-H-+-+-+++-+-+-+-t-H-+-+-++ -+-+-+-+-H-t-l0f = may result in critical loads •• when considering a dOW11 
.. gu t if flying at maximum 

allowable speed with th e 
£ Dap deflected. 110re data Tip 

G F 
Flop semispon 

on condi tion in thi vicin-
ity are de irable. 

FlGl'IlE I I.-Span load distrihution on fl a p for \'ariOlls O" p deflections. 

flap (fig. 10) are probably of greater intere t than the 
wing coefficients for a particular model. The largest 
changes in section normal-force coefficient, £len = 0.75, 
and in section pitching-moment coefficient, £lC"'c/4 = 
- 0.20, occur at the maximum flap deflection used and 
at 15 ° angle of attack. The rapid change in both the 
wing normal-force and pitching-moment coefficients at 
the outboard end of the flap and the increase in the 
force and moment on the unflapped portion o[ the wing 
are clearly ho\\'n by these increment diagrams. The 
peak load and moment increments at the tip of the 
wing are probably a function of the rectangular tip 
shape and might not be encountered "'ith rounded wing 
tip. It is pro ba ble th a t these increments of loads and 
moments may safely be superposed on known span lond 

The lateral center of pre sure on the wing (fig . 13) 
moves toward the plane of symmetry a the flap is 
deflected do\\'n ward. 

FLAP LOADS A D MOMENTS 

The flap section normal-force coefficients are hown 
in figure 14 [01' all flap deflection and angles of attack 
plotted again t fl ap span . For the zero flap deflection the 
load on only the lower urface of the flap wa con idered, 
but for the other nap deflection the load on both Ul'-

face was included . The ection normal-force coefficient 
of the fl ap increases with fl ap deflection but hows no 
con i tent variation with angle of attack. For practi-
cal pm'po es the air-load distribution may be considered 
uniform the pan of the fl ap . 
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The flap sec tion center of pressu),e (ng.15) ,,-ith the 
flap nCll tral arc rather erra tic and "ury oyer a large 
range; for other flap deflections the flap conteI' of 
pre slife i e sen tially con tan t be tween 40 and 50 
percent of tlJC flap chord from the hinge axi . 
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FIGliRE 17.- Laleral cOlllers oC pressure of flap for "ariolls fl ap defleclions. 

The flap hinge-momen t and normal-force co ffi-
cient (fig . 16) increa e with [Jap deflection but how 
no consistent variation with wing normal-force coem-
cient. The maximum Dap normal-force coefficient was 
l.15, which check the results of references 2 and 3 fo), 
the arne flap deflection. The maximum hinge-moment 
coefficient of the flap wa 0.5, which i about 10 percent 
les than that reported for the Iull- panDap of reference 2. 

The longitudinal center of pressure on the flap (fig. 
16) i about con tant at 43 percent of the flap chord 
from the hinge axis except when the flap is neutral and I 

for mall \' alnes of the wing normal-force coefficien t 
with the Jlap down 45°. With the flap neutral the 
conteI' of pre sure moves to about 65 percent of the 
flap chord at mall value of wing normal-force coeffi-
cient. Th e lateral center of pre ure on the flap (fig. 
17) is at 50 percent o[ the Dap pan from the plane of 
ymmetl'Y, within ± 0.5 percent, for all flap deflections 

and angle of attack tested. 
The amollnt of leakage between the wing and ;1 

closeu spli t fI'l}) largely determines the lunge-moment 
and normal-force coefficient for th e neutral etting. 
1f there i any negatiye pre ure on L11 upper urface 
of the flap in the cIo cd position, the hino-e-moment 
and normal-force coefficients will be increased. It i 
possible thaL the force required to overcome the hino-e 
momen t when the flap is neutral may be criti al for 
manual operation of the flap. Further le t of Yariol! . 
flap-n<'utral conditions seem desirable. 

CONCLUSIOI S 

Til c fo ll ow ing conclu ion may hc drn\\'n fro111 lhc 
I'C lilts of lile Le ts reported herein: 

1. Dcf\cc( iOlI of the partial-span ' piit flap affected 
(IIC pl'eSSlIl'eH and section normal-force and pitching-
Illomcnt ('ocl fi cienis oyer the entire span of the wing. 

2. For lhe wing-nap ombination tested, the flap 
hlds and llIoments were practically constant over the 
Sptlll or Lhc partial-s pan split fiap for a given flap 
deflect ion llild angle of attack of the wing. 

3. The i1IllximUlll normal-force and hinge-moment 
coefficienL were about the ame [or the partial- pan 
plit flap of the present te ts as for a previously te te] 

full- pan plit nap. 
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Z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Designation 

LongitudinaL __ 
LateraL ______ _ 
NormaL ______ _ 

Force 
(parallel 

Sym- to axis) 
bol symbol 

x X 
Y Y 
Z Z 

Absolute coefficients of moment 
L M 0,=- 0, =-

I qbS m tjcS 
(rolling) (pitching) 

Designation 

Rolling ____ _ 
Pitching ___ _ 
y a wing ____ _ 

N 
0,,= qbS 
(yawing) 

Sym-
bol 

L 
M 
N 

Positive 
direction 

Y--.Z 
Z--.X x--.y 

Linear 
Designa- Sym- (compo-

b:l I 
Pitch____ 9 v 
yaw_____ '" w 

Angular 

p 
q 
r 

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

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V" 
T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= 
pn 

Torque, absolute coefficient 0'1= 
pn 

P, 

0., 

1), 
n, 

Power, absolute coefficient Op= 
pn 

Speed-power coefficient = 4 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-l (2:) 

5. NUMERICAL RELATIONS 

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


