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AERODYNAMIC FORCES AND LOADINGS ON SYMMETRICAL CIRCULAR-ARC AIRFOILS WITH 
PLAIN LEADING-EDGE AND PLAIN TRAILING-EDGE FLAPS 1 

B y J ONE:S F. CA HI Ll" V'iTI LU AM J . UN DE RW OO D, R OB E R T J . NUBER, a nd G AI L A. C H EES M A. 

SUMMAR Y 

A n investigation ha been made in the Langley two-dimensional 
low-tu1'bulence tunnel and in the Langley two-dimensional 
low-turbulence pre ure tunnel of 6- and 10-peTcent-thick 
ymmetrical ciTculaT-arc airfoil sections at low Mach numbers 

and eveTal R eynolds numbeTs. The aiTfoil weTe equipped 
with 0.1 5-chorcl plain leading-edge flap s and 0.20-chorcl plain 
trailing-edge flap s. The ection lift and pitching-moment 
character'i tics were determined Jor both airj oils with the flap s 
deflected individually and in combination. The section dmg 
chamcteristic were obtained f or the 6-percent-thick airjoil with 
the flaps partly deflected as low-dr'ag-control flaps and for both 
airfoils with the flap s neutml. Surface pressures were meas .. 
ured on the 6-percent-thick airfoil section with the flap s deflected 
either individually or in appropriate combination to furnish 
flap load and hinge-moment data applicable to the StT1U:t1},1'O,l 
design oj the airfoil, 

The experimental results showed maximum lift coefficient vf 
1.95 and 2 .03 f or the optimum combinations of deflection of 
leading-edge flap s and tmiling-edge flap s as compared with 0.73 
and 0 .67 fo r the plain 6- and 10-1Jercent-thick airf oils, re pec
tively. Scale effect on th e maximum lift coefficients was, in 
general, small, The aerodynamic center was ahead oj the 
quarter-chorel point and moved toward the leading edge when 
either the leading-edge flap or the trailing-edge flap was deflected. 
Deflecting the leading-edge flap was more effective in extending the 
low-dmg range to higher section lift coefficients than deflecting the 
trai ling-edge flap . The maximum flap normal-force and hinge
moment coefficients wer'e, 1'espectively, 4-, 74- and 2.24- for the 
leading-edge flap as compa1'ed with 1.4-8 and - 0 .61 jor the 
trailing-edge flap . 

A generalized method is developed that permits the determina
tion of the chordwise pressure distribution over sharp-edge 
airfoils with plain leading-edge flaps and plain trailing-edge 
flaps oj arbitrary size and deflection. 

INTRODUCTION 

the na turally low maximum lift of the sharp-edge airfoils. 
Becau e leading-edge eparation appears to be the limiting 
factor, the use of leading-edge high-lif t devices is indi ated 
as a possible means for improving the maximum-lift charac
teristics . An investigation has accordingly been made in 
the Langley two-dimensional low-tlll'bulence tunnel and in 
the Langley two-dimen ionallow-Lurbulcnce pre ure tunnel 
of the aerodynamic force on 6- and 10-percen t-thick ym
metrical circular-arc airfoil cc tions and of the aerodynamic 
loadings on the 6-pcrccn t-thick airfoil section at a low 11ach 
number and several R eynolds numb ers. The airfoil were 
equipped with 0.1 5-chord plain leading-edge flaps and 0.20-
chord plain trailing-edge flaps. 

The ec tion lift and pitching-momen t characteristics were 
determine I for bo th airfoil with the high-lift device de
flected individually and in combination. The section drag 
characteristics wer e obtained for the 6-percent-thick all,foil 
with the flaps partly deflec ted as low-drag-control flaps and 
for both airfoil with the flaps neutral. 8Ul'face pressure 
were measured on the 6-percent- thicl;;: airfoil section with the 
flaps deflected either individually 01' in appropriate om
bination to furnish flap load and hinge-moment da ta appli
cable to the tru ctural de ign of the ail·foil , 

In an effort to provide the de igner wi th additional section
load information, a generalized method has been developed 
that permits the determination of the chordwise pressm e 
distribution over harp-edge airfoils wi th plain leading-edge 
flaps and plain trailing-edge fl aps of arbitrary size and 
deflection. 

COEFFI CIENTS AND SYMBOLS 

airfoil ection lift coefficien t, l/qc 
change in ideal lift coeffi cien t caused by flap 

deflection 
airfoil sec tion addi t ional lif t coefficient due to angle 

of attack, Cl- Clbo 
increment of maximum section lif t coeffi cien t due 

to flap deflection 
Thin sharp-edge wings designed to minimize wave 1'e i t- Cd airfoil section drag coefficient , d/qc 

Dnce have been proposed for use on hjgh- peed aircraft. If, c"'e!4. airfoil ec tion pi tching-mom en t coefficien t a bout 
however , the aircraft i to land afely or to fly atisfactorily quarter hord , 
in the low-speed range, means must be provided for increa ing Pitching momen t abou t quarter chord/qc2 

. I B~sed on. re~,ntly declas ified NACA RM L6K2Z, "Two-Dimensional Wind·Tun nel Investigation at Bigb Reynolds Numbers of 'r wo Symmetrical Circular-Arc Ail'foU Sections With 
Hlgh-~lft Devlce~, by W~ l lam J. Underwood and RObert,;' Nuber~ 1947; NACA RM L7R04, "Aerodynamic Load IvIeasurements Over Leading-Edge and Trailing·Edge P laln Flaps on 
a &-Pmcent-T Illck Symmetllcal Clrcular·Arc A':[OII SectIOn, by William J. Underwood and Robert J. Nuber, 1947; NACA RM L50IIlia, "A Method [or Predicting the Low-S ed Cbord
;:,;se Pressure DistributIOn, Oyer harp·Edge Airfoil Sections With Plain Flaps at the Leading and Trailing Edges," by Robert J. Nuber and Jones F. Cahill, 1950; and l ACA ~M L9020 

rwo·DunenslOnal Wmd- r UlU1el InvesttgatlOD of a &-Pereent-TblCk ymmetrieal Circular·Are Airfoil Section With Leading-Edge and Trailing-Edge High-Lift Devices Dell t d . • 
CombmatlOn," by Robert J. Nuber and Gail A. Cheesman, 1949. ec e ill 
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airfoil section pitching-moment coefficient about 
aerodynamic cen tel' , 
Pitching moment about aerodynamic eenter/qc2 

flap section normal-force coefficient, n/qcJ 
flap ection chord-force coefficient, x' /qc, 
flap section hinge-moment coefficient, h/qc/ 
airfoil lift per unit pan 
drag per unit span 
pitchino- moment per unit span 
flap normal force per unit span, positive upward 
flap-chord force per unit pan, positive toward 

trailing edge 
flap hinge moment per unit pan, positive when 

trailing edo-e tend to deflect downward or lead
ing edge upward 

surface-pre sure coefficient, in incompres ible flow, 

HOq p=(~)2 
pre sure-difl'erence coefficient acros airfoil, Pu q PL 

local static pre sure 
free-stream total pressure 
free-stream dynamic pressure, p V 2/2 
free- tream velocity 
local velocity on surface of basic uncambered air

foil at zero angle of attack 
incremental local velocity on airfoil urface due to 

separation 
efl'ective local vcloci ty on urface of ba ic airfoil at 

any given lift coefficient 
addi tional local velocl ty on airfoil urface due to 

departure from ideal lift coefficient 
airfoil chord wi. th all flap neu tral 
flap chord 
airfoil thickness 
d i tance behind leading edge, in. 
distance above or below chord, in. 

airfoil section angle of attack, deg 
increment of ection angle of attack at maximum 

lift due to flap deflection 
£lap deflection, po itive when deflected below chord 

line, deg 
p free- tream densi ty 
R Reynolds number 
M 1Iaeh number 
Sub cript : 
N leading-edge flap 
F trailing-eclo-e flap 
~ ideal 
U upper surface 
L lower urfacc 
bo refers to conditions at ideal lift coefficient ,,-ith flap 

a 
deflected 

refer to difference between condition at ideal lift 
coefficient and any arbitrary lift coefTicient 

MODELS 

Two ymmetrical ci.rcular-arc airfoil sections with thick
ne e of 6 percent and 10 per ent are di cu sed, Ordinate 
of the 6- and IO-percent-thick circular-arc airfoil ection aT' 
given in tables I and II, respectively. Both of the circular
arc airfoil models had a 24-inch chord and a 35.5-inch pan 
and were made of teel. Each model wa equipped with a 
0.20-chord plain trailing-edge £lap and a 0.I5-chord plain 
leading-edge flap which were pivoted on leaf hinges mounted 
flush with the lower surface. The flaps of the 6-percent
thick airfoil were made of bra and those of the 10-percent
thick airfoil were made of duralumin. ketches of the 
model are presented in figuTe 1. After the force test were 
complete, pres ure orifices weTe in taUed on the 6-pcrcent
thick modcl at the midspan in a ingle chordwise row. The 
chordwise position of these orifices arc given in fio-ure 2. 
::'fodel end plate were u cd to facilitate etting the deflection 
of the plain leading-edge flap and plain trailing-edge flap. 
Figure 3 hows photograph of the model with and without 
model end plates. 

The models were de igned so that trailing-edge-fiap deflec
tions OF up to 60° and leading-edge-flap deflections ON up to 
50° could be obtained. The flap were sealed at the hinge 
line by having the flap skirt in rubbing contact with the flap. 
'When the trailing-edge flap of the 6-percent-thick airfoil 
was deflected beyond 50°, the gap between the flap and kirt 
was sealcd wi.th mo kling clay to prcvent leakage. 

For all te ts, the surface of the model were fini hed with 
No. 400 carborundum paper to produce mooth urface; 
slight di continuities, however, till existed at the leaf hinge 
on the lower surfaces and at the line of contact between the 
flaps andllap kirts. 

TESTS 

A sununary of thc test made on the two airfoil ection 
is given in table III showing the model configurations and 

1.00c ----------~ 

(a ) 6-percent-thick airfoil. 
(b) lO-percent-thick airfoil. 

FIGURE I.-Symmetrical circular-arc airfoils with plain leading-edge 
flap and plain trailing-edge flap. 



CIRCULAR-ARC AIRFOILS WITH LEADING-EDGE AND TRAILI G- EDGE FLAPS 3 

Plain Leading-Edge Flap 

Ori- x/c y/c fice 
---

I 0 0 
2 1 .11 
3 2 .23 
4 3 .35 
5 5 .57 
6 7. 5 4 
7 10 1.0 

12 J. 2 
9 15 1. 47 

10 16. 1 1. 17 
11 1. 3 - .15 
12 2. 6 -. 30 
13 5 - .57 
14 7.5 - 3 

Airfoil center section 15 11.4 - 1. 21 
16 15 - .11 

Plain leading- edge flap 

Plai n Trailing-Edge Flap 

Ori- x/c y/c fice 
----------

17 77. 03 O. 25 

24 18 78.3 1. 54 

-1--------=----.20C- -J 
19 80 1. 7 
20 5 1. 53 
21 90 1.0 
22 95 .57 
23 97.5 .29 
24 100 0 
25 85 - 1. 53 
26 90 - 1.0 

Plain trailing-edge flap 
27 95 - .. 57 
2 97.5 - .29 

o E Ori fice .. 29 O. 3 - .15 

Ait'foil Center ection 

Orifice x/c 
---

Airfoil center sect ion A 1 . 3 

FIG URE 2.- Location of pressure orifi ce on 6-percent-thick airfoil with a D.15-chord plain leading-edge flap and a 
D.2D-chord plain trailing-edge flap. 

B 

D 

25 
35 
45 

the figure in which the data are presented. The airfoil 
lift, drag, and pitching moment were mea ured and cOlTected 
to free-au: conditions by the method de cl'ibed in reference 
1. The flap section normal-force, chord-force, and hinge
moment coefficients were obtained from mechanical int gra
tion of the pre ure di tl'ibutions. Lift measurement of 
the models with the flap neutral, with and without model 
cnd plate, indicated tbat the model end plates had no 
ignifi ant eHect on the mea ured characteri tics. 

E 55 
F 65 
G 74 
H 1 . 1 
I 25 
J 35 
I( 45 
L 55 
i\1 65 
N 75 

RESUL TS A D DISCUSSIO 

AIRFOIL WITH FLAPS EUTRAL 

The section aero lynamic characteristics of the 6- and 10-
percent-thick symmetrical circular-arc airfoils with the flaps 
neutral are pre ented in figure 4. 

The maximum ection lift coefficients are 0.73 and 0.67 
for the 6- and 10-percent-thick airfoil , re pectively. Till 
decrea e in maximum section lift coefficient with increasing 
airfoil thi lme i oppo ite to the trends that are hown by 
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the da ta for TACA G-serics ai rfoils (ref. 1) through th e ame 
thi ckn css range, bu t it is bc1i e\-cc! to be cxplain able in the 
follo\\-ing m anner: A thc thi ckl1<' s of the X ACA 6-scl'ic 
airfoi ls is incrca ed from 6 to ] 0 percen t, the COl'l'C poneling 
in crcasc in the airfoi l lrading-ccl o'c racliu rcsults ill impro\-ecl 
air-fl ow condi tions a round thc ll'nclin g cdge at thc lligLt anglc 
of attack, Th c incrcasc in tra iling-cdge ancrll' that rcsul t 
from in(' I'C3 ing tbi ekn ess tcnds to dC('l'case the maximum 
scction li ft coe fTi cil' nt duc to all incrcasc in houllcl ary-la,\"Ct' 
thickncss on thc uppCt' sut'f~lC'l', TIl e i'a,'orab lc c(rcct of a 
large lcading-cdge radiLls appcar to predomin atc in thi 
th ickll l'S rangc for thc X ACA 0- cries airfoi l and higher 
yuluc f maximum lift a rc procl uccd, For thc circula r-a rc 
ai rfoil , ho,,-evc l', th t' lcading cdgcs of both thc 6- and 10-
pc]'ccnt-thi ck airfo ils arc slwrp nnd thc ai r-flo\\" condi tions 
aro und thc Icading cdgcs at high ungll's of aUaek MC about 
thc same, Th c erJ'cct of an in crca c in t ra iling-edge angk 
\\-ith in Cl'('a ing th ickl1c s thcrdol'l' i H dcc rcasc of maximum 
lift. 

Th c Ji ft-curve slopc a rc 0,09 , and 0,090 for the 6- unci 
10-pcl'ccnt- tbick airfoils, l'C pcl'tiY('I,\-, B ccause the air-fl ow 

(a ) With model end plates, 
FInl' RE :3 ,- Front of a symmet ri cal ci rcu lar-a rc ai rfoi l \\' ith and \yithollt 

model end plates in the Langle,\' t \\'o-dimen~ i onal lo\\'- t urbulence 
pre~s ure t unn el. 

(I ) Vi' ithout model en d plates, 
Frel' RE 3.-Concluded. 

conditions a round the leading edge of both circular-arc aiL 
foil are probably VC l'y n early alike through tho omplote 
rangc of angle of attack, the thickct' bOllndar.\- la~-er of the 
10-pcrcent-thick airfoil is probably the cause of the decrease 
in the lif t-curve lopc. The slope of thc lift curve for the 
10-pcrcen t-thi ck airfoil was mca ul'ecl at m all po itive or 
negat ivc valu cs of thc Ii ft coc (fi eicn t to avoid includ ing the 
sligh t jog in the lift CUtTe that OCCUr n eal' zero lift. Thi 
jog in the lif t clIl've ha been noticed before in connection 
wi th sharp lcading-cdgc a irfoils (reI. 2) and appeared when 
th e t railing-cdge angle becam e largo. Although a imilar 
phenomcnon may have existed on the 6-percent- thick ai r
foil , it was not of u1T1cient magnitude to be noticcablo in 
the lift CUl'Y('. The data (fig. 4) how no appreciable cale 
errcct on the lift characteristic of cither circular-arc airfoil 
with th e flaps n eutral through the range of R eynold number 
inve tigated. 

Thc yaria tion of the quarter-chord pitchinO'-moment 
coefficient of both the 6- and 10-percent-thick circular-arc 
airfoi ls indicates a forward po ition of the aerocl.nlamie 
cen tcr with respect to the quar ter-chord point of the aidoil. 
This Yal'iation of the pitching moment probably 1'0 ults from 
the rclatiye thickening of the boundary la~-er near the 
trailing edge on th e upper surface with increa ing a ngle of 
attacl\:. The aerodynamic centcl' of the 10-percent-thick 
a irfoil j more forwar 1 than that of the 6-pel'cen t-thi ck air
foiL Thi shift in aerodynamic-center po ition is in fail' 
quantitative agreement with da ta presen ted in refcrcncc 3 
,,-hich how that increase in trai ling-edge angle or in 
the thi ekne s of the real' portion of an airfoil cause th 
acroclynamic-center position to movc forward . A i u ually 
true when an airfoil talls, th o centct' of pres ure of the 
circular-arc au'foils movcs toward the rear and the quarter
chord moment coe1T1cicnt incrcascs n egatively in the normal 
manner. The mall negative pitching momen t of both 
model at zero lift i attri bu ted to a ymmetrical loading 
re ulting from very m all model inegulal'i ties. 

Fo!' airfoil having sharp leading edges, the drag coeffi
cient incrcases fairly rapidly a th angle of attack depart 
from zero. In gen eral, the drag coeffi cient decrease with 
in c1'ea ing R eynold number in approximately the manner 
expec ted for fully cl cveloped turbulen t flow on bo th surface . 
In the ca e of the 6-percen t-thick a irfoil , however, laminar 
flo\\- apparently wa obtained over a fairly extensive portion 
of the upper urface at ze ro and n cO'ati,'O anglc of attack at 
R eynold numbers of 3 X 106 and 6 X 106, a indicated by th 
lower drag for these condition a compared with the drag 
obtained at a R eynold number of 9 X lOr.. 

AlHFOILS W1TH FLAP DEFLE CTED l NDIVIDUALLY 

The lift and pitching-moment characteristic of the two 
ymmetrical circular-arc airfoil wi th the plain trailing-edge 

flap an 1 plain leading-edge flap deflected in liviclually are 
presen ted in figure 5 and 6, respectively. 

The maximum section lift coe1T1cient of the 6- and 10-
percent-thick airfoils increased and t he angle of attack for 
maximum lift clecrea ed as the 0.20-chord trailing-edO'e flaps 
'\' ore deflected. The valu cs of th e m axunum lift coefficients 
(fig. 5) for both airfoil were sub tan tially eq uivalen t at 
corre poneling flap deflec tion . 
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Deflecting the 0.15-chord leading-edge flaps increased the 
maximum section lift coefficients and increased the angles 
of attack for maximum lift (fig. 6) primarily by alleviating 
the negative pres ure peaks that cause leading-edge epa
ration ncar maximum li{t. The e pressure peaks arc 
alleviated because the flow approaching the leading edge i 
more nearly alined at high angle of attack when the leadinO'
edge flap i deflected. The maximum ection lift coefficient 
for the 6- and la-percent-thick airfoils at the optimum 
deflection of the leading-edge flap, 30°, are 1.17 and 1.15, 
respectively. The optimum flap deflection i defined a the 
flap deflection for highe t maximum lift. At corre ponding 
deflection of the 0.15-chord leading-edO'e flap, the maximum 
section lift coefficients of both airfoils are es en tially the 
same. At angles of attack well below tho e for maximum 
lift, the leading-edge flap act a spoilers on the lowe!' surface 
of the airfoils and cau e some reduction in lift. These 10 es 
in lift increase as the flap deflection is increased. 

The variation of the incl'emen t in maA-llnUm section lift 
coefficient f,clmaz and increment in angle of attack at maxi
mum lift f,exc / for both models with deflection. of the 

max 

leading-edge or trailing-edge flap individually is summarized 
in figure 7. From figure 7, it can be een that the leading
edge-flap deflection for maximum lift, the optimum deflection, 
occurs at approximately 30° for both the 6- and lO-pCl'cent
thick airfoils . N' 0 optimum deflection \Vas obtained for 
the trailing-edge flap becau e the highest test deflection 
was still the most effective. The maximum scction lift 
coefficien t of both ai rfoils arc approximately the same at 
corresponding flap deflections, but the increment of maxi
mum section lift coefficient obtained wi.th flap deflection 
differ becau e of the lowel' maximum section lift coefficiel1 t 
of the 10-percent-tbjck airfoil with the flaps neutral. (ee 
fig. 4.) Po itive increment of the angle of attack for maxi
mum lift re ulted when the leading-edge flap wa deflected , 

but negative increments resulted ,,-hen the trailing-edge 
flap was deflected (fig. 7). 

The pitching-moment characteristics of the two model 
(figs. 5 and 6) show that the aerodynamic center at low exo 
(ncar the ideal lift coeITtcient) conti.nues to move toward 
the leading edge as either the leading-edge or trailing-edge 
flap arc deflected. At higher angle of attack, the center 
of pressure ahvays move to the real' and cau es the variation 
of pitching moment with angle of attack to become stable. 
The increments in angle of attack and lift coefficient at 
which this change in tability occur show approximately 
the ame variation with flap deflection as i shown in figure 7 
for maximum lift. 

AIRFOI LS WITH FLAPS DEFLECTED 10MB! ATIO 

The ection lift characteristic of the t, 0 symmetrical 
circular-arc airfoil with the plain leading-edge flap and 
plain trailing-edge flap deflected in various combination 
are pre ented in figure 8. The flap deflections that l' ulted 
in the highe t maximum ection lift coefficient were oN= 300, 
of = 600 (fig. (a)) and oN= 36°, of= 60° (fig. (c)) for the 
6- and la-percent-thick airfoil, respectively. The data for 
the la-percent-thick airfoil with the trailing-edge flap de
flected 60° indicate no important change in the maximum 
section lift coefficient with small departure from the opti
mum deflection of the leading-edge flap. A compari on 
between the lift characteristic of the two airfoils with the 
leading-edge flap defle ted 30° and the trailing-edg flap 
deflected 60° (fig. ) with those for the airfoil with the leading
edge flap neu tral and the trailing-edge flap deflected 60° (fig. 
5) how that the ma;;..'imum section lift coefficient w 1'e in
creased 0.32 and 0.30 (to 1.95 and 2.03) and the angles of 
attack for maximum lift were increa ed 6.5° and 6°, re pec
tively, for the 6- and la-percent-thick airfoils by d fl ction 
of the leading-edge flap. 
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The section lift chara tel'istics of the two model with the 
plain leading-edO"e flap and plain trailino--edge flaps deflec ted 
30° and 60°, respectivciy, obtained at Reynold numbers 
of 3 X I06, 6X I06, and 9X l06 arc pre ented in flgme 9. 
At R eynold number between 3X I06 and 9X I06

, the data 
(flg. 9 (a)) show no appreciable cale ef!' ct on the maximum 
lift coefficient of the 6-perccnt-thick airfoil. The ection 
lift characteristics of the 6-pel'cent-thick airfoil with the 
leading- and trailing-edge flap deHe ted 27° and 60°, re
sp tivcly, arc prc ented in figure 10 foJ' R eynold numbers 
from 0.70 X 106 to 2.29 X 106. In thi rang of Reynold 
numbers, thc maximum ection lift charactcri tic of thc 
6-pcrcent-thick airfoil are independen t of calc. In the case 
of the 10-pcrcent- thick airfoil (fig. 9 (b)), howcver, ome 
advcrse scale eO'cct (nearly 0.1 ) i indicated in the maximum 
ection lift coefficien t at Reynold numbers between 3 X 106 

and 6 X 106 . ~imilarl ,Y , ome aciYcl'se scale effect (fig. 8 (c)) 
is indi ca tcd in the maximum ection lift coe fficient at 
R eynold llumbers between 3 X I06 anI 9X I06 with thc 
leading- and trailing- dge flaps deflected 36° and 60°, re
spectively. At R eynold numbers above 9X 106, however, 
the maximum ection lift coe fficient of this combination 
remained app roximatel)- constant. 

The ection pitehing-momcnt chara teri tic of the two 
airfoil with the leading- and trailing-edge flap deflect d 
30° an 1 60°, re peetively, (fi O". 9) how that the aerodynamic 
center remain ahead of the quarter-chord point for angl of 
attack greater than zero, In addiLion, the combined action 
of the leacling- and trailing- dge flap cau cd the moment 
coefficien t to increase neO"ativciy with incr asing lift coeffi
cient until the angle of a.ttack wa hiO"h enough to alleviate 
th e spoiler action of the leadi.ng-edge flap. A the lif t 
coefftcient was increa cd beyond thi point, the mom nt 
became less negative until app roximatciy 2.5° beyond the 
angle of attack for maximum lift, \\-hereupon the mom nt 
curve break . 

LOW-DRAG-CONTROL FLAP 

The lift and drag characteristics of the 6-pel'cent-thick 
symmetri cal circular-arc airfoil with the leading- and trailinO'
edO"e flap deflected arc pre en ted in figur 11. D eflectinO" 
the leading-edge flap to 10° cl crea cd the eetion drag 
coeffLCient of the 6-percent-thick airfoil at a lift coefficient 
of 0.3 about 40 per ent by l.claying the formation of a nega
tive pres ure peak at the leading edge which cau e separa
tion. In general, the leading-edge flap was more effective in 
extending the low drag range to higher ction lift coefficient 
than was the trailinO"-edge flap. 

AlRFO/I, LOADING 

Pres ure coefficient obtained from orifice static-pre ure 
mea uremen ts made on the 6-percent-thiek ymmetrical 
circular-arc airfoil with the plain lea ling- and trailing-edge 
flap defiected in variou combination and at several angle 
of attack arc pre ented in table IV. 
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Th flap ection normal-force, chord-force, and hinge
moment characteristic with the flaps deflected obtained from 
integration of these pre sure di tributions are presented in 
figure 12 to 16. The load on the leading-e Ige and trailing
edge flaps varied quali tativcly in the arne manner which 
would be indicated by the thin-airfoil theory. A i hown 
ubsequently, however, eparation at the harp leading edge 

cau ed rather large change in the pre ure di tributions, and 
the quantitative agreement between the experim ntalloads 
and those predicted by thin-airfoil theory i not good. For 
a given flap configuration, the normal force and moment on 
the leading-edge flap increased rapidly in a positive direction 
with increasing lift coefficient; wherea , in comparison, the 
normal force and moment on the trailing-edge flap remained 
almo t constant. For a given lift coefficient, increa ing the 
downward deflection of either flap produced downward 
incr ment in both the 'normal force and moment on the 
leading-edO"e flap in contrast to the 1.1 llal characteri tic of 
t he conv ntional trailing-edge flap where the increments of 
the normal force and moment increa e in the upward direc
tion with increa cd trailing-edge-flap deflection. D eflection 
of th leading-edge flap had very little effect on normal-force 
and h inge-momen characteristic of the trailing-edge flap. 
The magnitude of the load and moment on the plain 
trailing-edge flap arc of a similar magnitude to tho e of the 
plain flaps on an. J ACA 0009 airfoil (ref. 4). A hown in 
figure 16 for a combined deflection of the leading-edge and 
trailing-edge flaps (oN= 27°; of=600), the maximum flap 
normal-force and hinge-moment coeffi ient were, 1'e pec
tively, 4.74 and 2.24 for the 1 ading-edge flap as compared 
with 1.4 and - 0.61 for the trailing-edge flap. 
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FIG U R E 12.- Concluded. 

The chord -force coefficients of both flap ar negative in 
sign with the exception of the leading-edge-flap chord forces 
at deflections of 21 0 and 27°. The chordwise forces due to 
skin friction have not been included in the e re ults . Thi 
omi ion i. considered to be of minor importance because of 
the large magnitude of the normal-force coefficients. The 
pressure chord force, however, especially for the leading
edge flap , hould not be neglected if the resul tant air load is 
to be obtained. 

The variation of the maximum flap load and hinge 
moments at or below maximum lift with increasing deflection 
of either the leading-edge flap or trailing-edge flap j sum
marized in figure 17 and 18. In figure 17, it i shown that 
defl ecting th e leading-edge flap has no appreciable effec t on 
the maximum normal-fo rce and h inge-moment coeffi cients of 
the pla in trailing-edge flap. Large increa es in the corre
sponding coeffi cient of the leading-edge flap , however, are 
evident as the leading-edge flap i defl ected. In contrast, 
deflecting the plain trailing-edge Ciap increased the maximum 
normal fo rce and moment of both the leading-edge and 
trailing-edge flaps. The magnitudes of the maximum 
normal-fo rce and momen t coefficients of the plain t ra il ing
edge fl ap are hown to increase more rapidly than the 
correspond ing forces and mom ents of the leading-edge flap 
regardless of th e deflection of the leading-edge Ciap (figs. 17 
and 18). 

Typ ical pressure-distribu t ion diagram are presen ted in 
figures 19 and 20 wh ere th e flap pressure coefficient are 
plotted against the proj ected chorclwi e po ition of the flap 
or ifi ces on the ail'foiI chord. U e of the proj ecte 1 position 
accounts for the shorter effective chord in figure 20 as the 
flaps were deflec ted . The load-distribution diagram for the 
optimum maximum-lift configura t ion, pre ented in figure 21, 

278643- 5J--3 

shows the comparatively larger load over the leading-edge 
fl ap than over the trailing-edge flap. This load over the 
leading-edge flap is the resul t of the addi tional normal load 
that occur as the airfoil-flap configuration departs from th e 
ideal angle of attack or lif t coeffi cient. Thin-airfoil theory 
indicates that this additional normal load is infinite at the 
leading-edge but decreases rapidly wi th distance along the 
chord to zero at the trailing edge. Actually, b ecause of the 
bubble of separation at the leading edge, the load has a finite 
value. A study of table IV shows that th is local separation, 
as indicated by approximately constan t values of the pressure 
coefficien ts on the upper surface near the leading edge, occur 
for all the configmation investigated at an angle of attack 
well below that for maximum lift . 

In order to obtain ome indication of the flow pattern ex
i ting in the neighborhood of the leading edge of sharp-edge 
airfoils wh en upporting a fini te lift load, ob el'vations were 
made of tbe local velocity and of tbe action of tuft in the 
ail' tream near tbe leading edge of the 6-percent-tbick aU'foil 
at eversl angle of attack. At 20 angle of attack, where a 
fairly harp , well-defined peak occur in the pI' ssure distri
bu t ion neal' the leading edge, no evidence of a eparation 
bubble was apparent in the data obtained. The velocity 
distributions in th e flow field above the airfoil and th e pre -
sure distribution at th e airfoil upper urface for angle of 
attack of 4° and 6° are hown in figW'e 22. Pre sm e di -
tribu tion computed from approximate potential-flow rela
tions are al 0 shown i.n thi figure. At the e angles of attack, 
wh ere local region of eparated flow arc indicated by the 
nearly constant values of urface press w'e coeffi cient n ear 
the leading edge, th e flow survey how tha t a reversed flow 
exi ted ju t above the urface of the a irfoil. Th e pressure 
coeffi cient arc mueh lower than the compu ted value at the 
lead ing edge bu t are h igher than the compu ted values in a 
region just behind the leading edO'e. Th e chord wise extent 
of Lbe region of revel' eel flow ('o incides app roximately wi th 
Lhe extent of the region in whi ch the experimental pres ure 
coefficients are high er than Lhe compuLed coefficients. Far
tber downstream the flow reattaches to the urface of the 
a irfoil, no reverse flow is ob erved, and the press ure coeffi
cients arc ligh tly les Lhan those ('omputed . The existence 
of thi rever ed flow ncar th su rface of the airfo il suggests 
the pre ence of a "captured" vor tex imbedded in the flow , 
similar to that occwTinO' on highly swept wing wh ich ex
perience JE'aci ing-edge separation. Although the p resence of 
thi vor tex cau es an Ulcrease in load ing over a port ion of the 
a irfo il , i ts effect is no t large eno ugh to cau e an inc1'ea e in 
li ft -eurve slope, the decrea es in loading ahead of and beh ind 
the vortex apparently ompen ating for any increa e in 
loading at the vo rtex. As the angle of s,ttack j increased 
from 4° to 6°, the exten t of bo th the fla t spot in the pre ure 
el i tribution and th e r eO' ion of reversed Ciow increase in the 
chordwise dil'ection. Further increa es in angle of attack 
cause the exten t of th is separated region to in crease until it 
enclose the whole chorel of the airfoil at maximum lift. 
T he upper boundary of the red uced velocity in th e How over 
the airfoil i also shown in figure 22 and indicate very large 
10 es in momentum occlU'l'ing In the How as a res ult of the 
local separat ion. These la rge losse in th e :flow are of course 
1'e pon ible for the very rapid variation in cI rag coeffi cient 
wi th lif t coeffi cien t shown in figlU'e 4. 
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M ETHOD FOR PRE DICTI NG THE LOW-SP EED CHORD WISE 
PRESSURE DISTRIB UTIO 

DE IUVATIO OF T H E METH O D 

Veloci t ,- di t ribu tions a ·alcula ted by po ten tial-fl ow 
method generally bear li t tle re emblance to those ob tained 
exper im en ta ll~- on sharp-edge airfoil becau e of the existence 
of ex tensive regions of separated fl ow. If the veloci ty di -
t ribu t ions abo u t sharp-edge airfoils wi th fl ap are Lo be 
analyzed, the r esul tant di str ibu tions can be broken do wn 
in to variou com ponen t parts as i done in the ca e of a ir
fo il in po tential flow (ref. 1). The mos t generally used 
breakdown cons iders the 1"e ul tant velocity di tribu tion to 
be made up of the following three componen ts : 

(1) D istr ibu tion of veloci ty a bou t the basic ymmetrical 
a irfo il at zero angle of attack, v/ l -

(2) Incremen tal-addi t ional-veloci ty distribu tion du e to 
depar ture of the airfoil from tbe ideal lift coeffi cien t, 
6va/l- (The ideal li ft coeffi icn t is defined as the li ft 
co ffi cien L a t which the s tagnation poin t occurs a t the lead ing 
edge.) 

(3) Mean-line veloci ty d istribu t ion 
(a) Cau ed by airfo il camber, 6vn -
(b) Caused by fl ap deflection, (!:' vj1 -)&O 

In tbe presen t repor t, the only type of mean-line velocity 
distribution considered is tha t resul t ing from fl ap deflection, 
since the data used in the analysis arc for a ymmetri cal 
au·fo il section. It is b 1ieved, however, tha t the method 
may also be applicable to cambered sections. 

In terms of the three componen t velocit ies, the complete 
velocity distr ibu tion abou t an au·foil at any lif t coeffi cien t 

given approximately by 

,- _.!.+!:'Va + (6 V) 
, u - V V V &. (1) 

(2) 

For the basic th ickness form at zero lif t , the velocity d is
tribu tion vir can , in any ca e, be calcula ted by the methods 
of references 5 and 6. In the a bsence of :flow separation, 
the componen t !:,valr is usually taken to be a linear fun ction 
of the addi t ional li ft coeffi cien t Cia' that i , th e difference 
between any arb itra ry li ft coeffi cien t and the ideal lif t 
coeffi cien t, and ean be calcula ted by thick-airfoil theory. 
If extensive regions of separa tion do no t exi t , the com
ponen ts resul t ing from airfoil camber 6vlr or fl ap deRee tion 
(6v/F )bo can also be calcula ted. The method of thin
au·foil theory (ref . 7 and ) a re usually employed for tb is 
purpose. 

For sharp-edge airfo il for whieh flow eparation limits 
the applicabili ty of po ten tial-Bow methods, the problem of 
developu1g a general method of determining the vcloci ty 
di tribu tion 1"es01v s itself in to a determina tion of the manner 
in wh ich the variou omponen t distribu tion vary with 
Cia and 0. Fir t, the velo ity distribu tion abou t the basic 
thickness form a t zel'O li ft m ust be determined ; tha t is, by 
defin iti.on 

v ,rtr;; +,rS;~ 
V 2 

(3) 

The value of vir for the symmetrical airfoil at zero lif t can, 
of course , be calculated b.y potential-fl ow method ; however , 
the exten t of tb se parate I fl ow on the upper and lower 
surfaces and, therefore, the effective yalue of vj1 ' which 
mll t be used in eq uations ( I ) and (2) varie wi th li ft co
effi cien t and fl ap defl e ·t ion . Consequen tly, the valu e of 
v/ F for the symmet ri cal a irfoil at zero lif t , de termin ed 
theoretically, m u t be corrected by an increment v' /T' which 
i a fUllction of lif t coeffi cien t and fl ap defl ection. The 
value of v' / 1- can be determined from the experimen tal 
da ta . Kext, the mannel' in which the addi tional velocity 
distribu tion 6va/T- varie wi th tbe additional lif t coe ffi cien t 
mu t be found . T he u e of the experimental pre sure-
Ii tribu tion data and the foll owing relation obtained from 

equa tions (1) and (2) provide tbe solution: 

!:, va ,rs;;-v= 2 (4) 



2.4 

2.0 

1.6 

1.2 

~ 
<.i 

C 
<1l 
'u .8 ;;:: 

<1l 
0 
U 

<1l 
~ 
.2 .4 , 
0 
E 
(; 
z 

0 

-.4 

-.8 

REPORT 11..J6- NATIOi':AL ADnSORY COMMnvrEE FOR AEROl AUTICS 

f-\ 

r-.r ril t 
If ~ 

1 }. 
r!J, I 

/1 1 I Ii 

I / j ~h~ 
I \ Ie W I 

1/ I 
/ / ~ '1/ SF 

r--- (deg) 
0 0 
0 5 

/ I 1/ / 
0 10 
t> 22 

ill f r-

/ I I 
:~ I I-- l- i - ~ 

L t 
l II I - -

r-- W j 
(0) V 

o 

-

!---I- .. 1- -

--

.4 .8 1.2 
Section Ii f t coefficient, cl 

1.6 

2 .0 

- -

1.6 - -

I--

("£f, ~ ~ r\ 
1.2 

k-<.i 

Ie II Vi. ? ,/ 

III I ~ rr 
C 
<1l 
'u 

.8 
Q; 
0 
u 

---

i rll i 

~ VI 
/ I 

I 
- - - - -

j 

II j V 

C 
<1l 

E .4 0 

~ 
<1l 

'" c 
'I 

0 

-.4 l-I; V ' - _. 

I--- -.8 

!--- .4 

~ 

-..~ ~ ~2 X> I ~ 

-.4 
-.4 .4 .8 1. 2 2 .0 o 

Section Ii II coeff icient, Cl 

(a) Plaill I('adillg-ecige fl ap. 

1.6 2.0 

Fwl'lu; I-I.- Flap-~ec li oll load alld hillge-m o illell( charac(er i ~( i c~ of a 6-p rccn(-Ihiek ~."lIlmel ri ca l cireular-arc ai r foi l for \'ari o ll ~ deflec (i ons of 
I h(' 0.20-chorci plain trailing-edge fl ap; R = 2. I X 106 ; o,\' = 5° . 



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

CIRCUL AR-AR C AIRFOILS WITH LEADIN G-ED GE AND TRAILI G-EDGE FLAPS 19 

~ 
15 
E 

~ 

8 

4 

o 

.4 

(1) ~ 
u " (; _ .. 
- c 
-E :Q 0 
0-

6'8 
u 

-.4 

o 

c 
(1) 

2 -.4 
Q; 

° u 
C 
(1) 

E 
~ - .8 
, 

(1) 

C7' 
c 
I 

-1.2 
-.4 

(b ) 

A 1\ 
A 

u 

D ( 

('>. ~ ~ 

V" 

p---< '0- 2 :t----l 

o 

0- -' 

t,o 

.4 .8 1.2 
Section lift coefficient, c1 

(b) Plain t railing-edge flap. 

F IGURE l4.-Concluded. 

8
F

- r---
(deg) 

r---° 0 -
0 5 
o l O - r--
" 22 

1 

1.6 2.0 

Finally] th e exten t to which the theoretical velocity d is tri
bution due to flap deflec tion is realized experimentally must 
be determined . I n order to determine the variation of 
t::.Va/V with lift co(' ffi cient and to compare the experimental 
and theoretical vel ci ty dis tribu tions] the ideal lif t coeffi cient 
mus t be known. F or any combination of leading-edge and 
trailing-edge defl ec tions, the ideal lif t coeffi cient can be cal
culated by the methods of reference 7 ; however, becau e of 
flow separation, a correlation mu t be made between the 
theoretical and experimental ideal lif t coeffici ents. 

Ideal lift coefficient.--The change in ideal Ii ft coeffi cient 
i equal to the sum of two component changes, one re ulting 
from leading-edge-flap defl ec tion and the oth er from trailing
edge-flap deflec tion. Each of these components may be cal
culated separately and add ed linea rly . For each leading
edge- and trailing-edge-flap defl ec tion inves tiga ted , the ideal 
lift coeffi cient Clbo has been determined from the experimental 
data. The result are compared in figure 23 wi th those cal
culated from thin-airfoil theol'Y· As shown in fi gu re 23, the 
th eoretical coeffi cients Ci bo for the lead ing-edge fl ap are 
id entical with those ob tained experimentally . In calcula ting 
th e id eal lift coeffi cient Cl bo rcsul ting from deflection of a 

N 

leading-edge flap , the theoretical value may th(,l'efol'e be used. 

For trailing-edge-flap deflection above 10°, th e exper i
mentally determined values of the ideal lift coefficien t Cl bofo. 

are con iderably lower than indica ted by th e theory. In 
order to determine the change in ideal lift coeffi cien t asso
ciated with deflection of trailing-edge fl ap of difl'eren t 
chord , the method used by Allen in reference 9 to ob tain 
Cl was applied to a large amount of experimen tal da ta from 

b0/i' 

various sources. In this m thod , th e id eal normal-force 
coefficien t is r elated to th e pi tching-moment incremen t 
1'e ulting from flap deflec tion and the center of pres Lire of the 
flap load for given values of flap-chord ratio and flap defl ec
tion . Valu e of Cl

06 
(the normal-force coeffi cient was taken 

p 

to be e s n tially the arne a th e lift coeffi cien t) ob tained by 
this method are plo t ted in figure 24 against trail ing-edge-flap 
defl. ec tion for flap-chord ratio ranging betwe n 10 and 50 
percen t . The values of the quar ter-chord pi tching-momen t 
increment required for the de termina tion of these curve were 
ob tained from numerous experimen tal data. These ideal lif t 
coeffi cien ts (fig. 24) represen t average valu es ob tained from 
a eries of tes ts of plain flaps on a large number of conven
tional airfoil ections. Similar compu ta tions were also mad e 
for the 0.20-chol'd flap on the circular-arc a irfoil used in the 
present analysis and, a expected] th e 1'e ult agreed with the 
corresponding data in figure 24. For any profile with pla in 
flap , therefore, the results of figure 24 can be used for the 
determination of the ideal lift coeffi cien t . 

Mean-line velocity distribution .- The distribu t ion of veloc
ity over the surface of th e airfoil resulting from fl ap defl ec tion 
(t::.V/V )bo was computed from th e exper imen tal data for 
variou flap deflections b~T mean of the following equa tion : 

This expl'es ion was obtained by sub tracting equation (2) 
from equation (1) because, by definition , t::. va/ r is zero at the 
ideal lift coeffi cient. The data thus ob tained for various 
deflections of the leading-edge flap were found to be very 
nearly independen t of flap deflection when expre sed in th e 

form of ('t; )bON! Cl bON ' A compari on of th mefln value of 

( t::.VV) I CI plotted again t perce nt chord as determined 
bON baN 

by theory and experimen t (fi g. 25 (a» shows good agreemen t . 
It is conclud ed , therefore, tha t th e mean-line velocity dis tri
bu tion resul ting from deflection of leading-edge flaps of 
various chord can be calcula ted theoretically with a suffi
ciently high degree of acc urac.,,- Because of the effec ts of 
separation near th e trailing edge, however , the experimental 
velocity dis t ribu tions resulting from defl ec tion of the plain 
t ra iling-edge fl ap differed markedly from thos(' pred icted by 
the theory] particularly for large fl ap deflections. A dilleren t 
dis t ribution for each trailing-edae-flap deflection was deter
mined , therefore, and the results are presented in figure 
2S(b) in th e form of (t::. v!l) bop plotted against percent chord. 
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As a basis for extending the anal.\' i to apply to sharp-edge 
airfoils having trailin o--edge fl ap-chord ratios other than 
0.20, the normal-force di tribu tion P bop/ClbO was determined 

Ii" 

fl'om the pressure dis tribution a t the ideal lift coeffi cien t 
for evel'al trailing-edge fl ap deflection, by the following 
rE' lation: 

When compared with the di tributions pre ented in refer
ence 9 for a 0.20-chord trailing-edge flap, good agreemen t 
was obtained . It is proba ble, therefore, that the normal
force distribu tion P OOp/Cloop and , consequ en tly, the velocity 
distribu tion may be determined with a tisfactOIT preci ion 
foJ' an.v desired trailing-edge fl ap-chord ratio and dE'Aection 
from table V (taken from ref. 9, table III). 

Additional velocity distribution .- The values of the local 
incremental velocity ratio !::,. valV were determined from the 

exper imental da ta and equation (4). When plotted as a 
function of the additional lif t coefficien t (Cla=Ct-ClbO)' these 
value were found to be essen tially independent of both 
leading-edge-flap and trailing-edge-flap deflec tions. Average 
value of !::,.valV are plotted again t Cia in figure 26 for various 
chordwise posi t ions. It i thought that these values of 
!::,. valV (fig. 26) can be used for var ious flap-chord ratio 
because, a fter the leading edge bas caused eparation of the 
Bow, any difference in airfoil contour behind tha t point 
would have only secondary effects on !::" vaIV. 

Effective basic velocity distribution .- The Lheoretical ve
locity distrib u tion vlV abou t any symmetrical airfoil at zero 
lif t can be calculated by the general methods of reference 
D and 6. The effective values of vlV which mu t be em
ployed in equa tion (1) and (2), however, vary with both 
additional lift coefficien t and t railing-edge-flap deBection 
because of separation phenomena. The incremen t v' IV 
which must be added to the theoretical ba ic velocity di tri 
bu tion was determined from tb e following relation: 

v' 
V 

v 
V 

(5) 

'ince v' IV i a function of both trailing-edge-flap deflection 
and lift coefficient, i t may be broken down in to two compo
nents (v'lV)p and (v' /T1)a, 1'e pectively. The values of (v' IV)p 
were determined fir t from equation (5) by using the experi
JI1 en tal pressure distributions at the design lift coefficient. 
Values of the total change in basic velocity dis tribution 

~=(~)p + (~)a were determined from equation (5) by 

u jng the experimental pressure listributions at variou lift 
coeffi cient. The values of (v' IV)p were ub trac ted from the 
resul ts thus ob taine 1 to obtain (v' IV)a . It should be pointed 
ou t tha t c1 efi ec tion of the leacl-ing-edo-e flap had no apprec
iable effect on the hape of the e velocity distribu tions when 
expre sed as a Junction of Cta' 

For various chorclwi e positions, values of (v' lV)p arc 
pre ented in fi gur 27 a a Junction r trailing- dge-flap 
defl ec tion. FOr\'Ia,rd of the 40-percent-chorcl tation, values 
of this componen t of v locity were found to be negligibly 
mall. The chordwise po ition of (v' IV)p is e:\."})re ed in 

x l -~ 

terms of 1 c
E 

and E C for poin t ahead of and b hind the 
- {p {p 

h inge, re pectively . In this form , the resul ts are eonela ted 
o that they may be applied to sharp-edge airfoils having 

trailing-edge flaps of varying cbord. This method of cor
r elation is thought to be justified since the di tribu tion of 
(v' IV )p is a 1'e ul t of eparation a t the [lap h inge and has 
been hown (ref. 9) to be imilar for various hinge location . 

The resul t of the determina tion of (v' lV)a are shown in 
fi gure 2 . As would be expected, the values are ind ep~nd ent 

of flap deflection when eA"})re sed in term of Cia' 
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OUTLINE OF THE METHOD 
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A method has been developed for the calculation of the 
low- peed chordwi e pres me di tribution over variou 
harp-edg airfoils equipped wi th plain leading-edge and 

trailing-edge flaps of arbitrary ize and defl ction . The 
a sumption has been made that fo1' harp-edge airfoils the 
eparation phenomena controlling tho e components of 

the pressme distribution which cannot be calculated from 
potential-flow theory do not vary appreciably with variations 
in the detailed hape of the airfoil. 

If the airfoil section for which calculation are to be mad's 
atisfie the condition of the assumption , the following 

data may be noted in preparation [or the calculation: 
EN leading-edge flap-chord ratio , (C,/C)N 
ON leading-edge-flap deflection, cleg 
Ep trailing-edge flap-chord ratio, (c,/c)p 
op trailing-edge-flap deflection, deg 
Cl ection lift coefficient 
x/c chordwise location at which the pressure to be 

calculated 
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The calculations are made in the following manner: 
(1) ] ind change in ideal lift coefficient caused by leading

edge-flap deflection Cl
b6N 

from the following equation (deriv d 

from ref. 9): 

(2) Find change in ideal lift coefficient cau d by trailing
edge-flap defl ection C 1b6p 

from figure 24. 
(3) Find additional lif t coefficient Cia 

(4) Find in remental additional velocity t::..va/V from 
figure 26. 

(5) Ob tain airfoil ba ie velocity at x/c, v/V from references 
5 and 6 or from the following equation (ref. 10) for cir ular
arc airfoils: 

..E..= 42 [ COSh 'Y/-co ¥] 
V n co h 2'Y/ +1 

n 
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FIGURE 21.- Load di .. tribution over a 6-percent-thick ymmetrical 
ci rcular-arc airfoil ; aN = 27°; 5p = 60 0. R = 2.t X I06; a o= 10.2°. 

(6) Find the p re sure-difference coefficient clue to the 
leading-edge flap P b6N from the fo llo\\' ing equation (derived 
[rom ref. 9): 

- J.. a [~(1 - EN) ( 1-~)+./ EN x/c] 
Pb6N - 45 ON lObe / :c __ 

-V (1-EN) (l-c)- ·,/ EN X/C 

(7) Find th e pre sure-difference coefficient clue to the 
trailing-edge nap P b6F from table V and step (2) . 
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FlG URJ~ 27.- Variation of (v ' / V)F due lo separation in the region of lhe 
trailing edge wilh plain-lrailing-edge-f1ap defl ect ion . 

( ) Find in l'emental velocity due to epa l'ation a t the 
leading edge (v'/V)a from figure 2 . 

(9) Find in remental velocity due to eparation at the 
trailing edge (V i IV ) F from figur 27. 

(10) Add the incrcmental velocitie obtained in teps (4), 
(5), ( ), and (9) to obtain the effective velocity on the 
surface of the basic airfoil at the desired lift coefficient, vd11. 

(ll) Add the pre ure-eli A'el'cn e coefficient obtained in 
tep (6) and (7), P bo o 

(12) ub titute value from tep (10) and (11) into the 
following equat ions obtained f]'om rcierence 11: 

u~(v<~)' 

L~(~-:~)' 
EXAMPLE 

In order to demon tra te the m thod, the following example 
i presented , It i required to determine the pressure coeffi
cient S at 55 percent of the chord of a 6-pel'cent-thick 
ymmetrical circular-arc airfoil section with a 10-per ent

chordlliain leading-edge flap defl ec ted 30° anel a 30-pel'ecnt-

chord plain trailing-edge flap deflected 40°, The ection 
lift coefficient is assumed to be 1.65. 

The airfoil ection obviously satisfies the general as ump
tions of the method. The following data arc then as embled: 

E N= O.l 

EF= 0.3 

!:=0.55 
C 

(1) cz
bON

= :5 ·,,1(0.1)(1-0 .1 )(3 0)= 0.62 

(2) From figur 24 , 
C1

MF 
= 0.772 

(3) Cla= 1.65 - (0.628 + 0.772) = 0.25 
(4) From fi gure 26, 

t>;a= 0.034 

(5) The basic velocity distribution for the 6-pcrccnt-thick 
ymmetrical circular-arc airfoil at zero lift has been computed 

and plotted in figure 29. At ~=0 .55 
C 

(6) 

v 
y=1.07 

P = 30 100' [,1(1=-0. ~o:55)+"(O.1 )(0.55)J 
bON 45 e< , '(1 - 0.1)(1-0.55)-, /(0 .1)(0 .55) 

= 0.516 
x/c 

(7) From table V, for 1 "E = 0.7 6, 
- "1' 

then 

PMF _ 1.265 
Cl

bOF 

P bOF= (1.265) (0.772) = 0.977 

( ) From fi gurc 2 , 

(9) From fi gurc 27 , 

(t)F =-0.062 

(10) ~;=0.034 + 1.07 - 0.006-0.062 = 1.044 

(ll) P bo = 0.516 + 0.977 = 1.493 

[ 
1.493 J2 

(12) u= 1.044+ 4(1.044) = 1.97 

[ 
1.493 J2 

L = 1.044 4(1.044) = 0.47 
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FIG U R E 29.- Velo city distribu tion for t he 6-percent-t hick sy mmetrica l 
circular-arc a irfoil section ; "'0= 0°; ON = OP = O°. 

ACCURACY AN D LI MITATIONS OF METH OD 

In order to ju tify the method of cOlTelation employed in 
the development of the present method, the calculated 
pre m e distributions over the 6-percen t-thick symmetrical 
circular-arc aU'foil section and the integrated flap normal
force and hing -mom en t coefficien ts for several individual 
and combined deflection of the plain leading-edge and plaul 
trailing-edge flaps are compared with those obtained experi .. 
men tally in figm es 30 to 32. The flap pres m e coefficients 
(fig. 30) arc plotted against the proj ected chordwise po itio 
of the flap orifices on the airfoil chord. The dispersion of 
the normal-force and hinge-moment resulLs shown in £igur 
31 and 32 may be con iclered typical of the accuracy to be 
expected from the present method. In eyery case the cal
culated values of the flap loadings arc hown to proyiue a 
r ea onable quantitative prediction of the experllnen tal load . 
For individual deflec tions of the leading-edge and trailing
edge flaps, the normal-force and hinge-mom ent chal'actcr 
i tics as a rule are within 10 percent of th exp l'imental 
values. For combined defl ections of the leadulg-edge and 
trailing-edge flaps , the predicted values of the loads and 
hinge moment over the trailing-edge Hap remain within 10 
percent; whereas for the leading-edge flap , the method tend 
to underestimate the e eharacteri tics to a larger degree, 
depending upon the magni tude of the flap deHections . 

The flap hing es were located on the lower smface of the 
airfoil and the flaps were in contact with the Hap skiJ:ts so 
that, in eff ct, there was no leakage of ail' between the upper 
and lower urface. Change in the vertical location of the 
hinge line are believed to have negligible effects on the 
airfoil characteristics. If leakage at the flap hinge were 
pre ent, however , the effects may be such as to al ter the 
eparation ph enomena particularly at low trailing-edge-fla 

deflec tions. 
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FIGURE 31.-Flap-s('clion no rm a l-force and hinge-moment character
istics of a 6-per cenl-lhiek ~ymmel ri cal ci rcular-a rc ai rfoil ection for 
indi\'idual defl cclion of l he plain leading-edge flap and plain t.railing
edge flap . 
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FIGl;RE 32.- Flap- ect.ion normal-force a nd hin ge-moment character
istics of a 6-percent.-thick sy mmetrical circular-arc airfoil ect ion for 
combined defl ect ions of the plain leadin g-edge flap and p lain t railing
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Although there may be ome tendency of inerea ed 
R eynolds number to alter Lb condition of the boundary 
layer, Lhe effects of calc will probably be insignificant 
particul arly in view of the negligible variation in section 
lift coefficient associated with harp-edge airfoils. (Sec .fig . 
9 and 10, and ref. 12.) 

CO LUSIONS 
A two-dimcn ional wind-tunnel investigation wa madc of 

two symmetrical circular-arc airfoils 6- and lO-per'cent thicl , 
with plain 1 ading- and trailing-edge flaps at Reynold 
number from 0.70 X l06 to 1 X 106• The resul ts obtained 
indicated the following conclusion : 

1. Maximum lift coefficient of 1.95 and 2.03 were obtained 
for the optimum combination of leading- and trailing-edge
flap deflection for the 6- and 10-percent-thick airfoil , 
re pectively. The cOl'respondin maximum lift coefficients 
for the plain airfoils were 0.73 and 0.67, respectively. 

2. The optimum combination of flap defl ction for the 
6- and 10-percent-thick airfoils were fOlmd to be oN=300, 
of= 60° and oN=36°, of=60°, re pectively, where ON l'epre-
ent the leading-edge-flap an 1 OF the trailing-edO'e-flap 

deflections. The re ults for the 10-percent-thick airfoil with 
the trailing-edge flap deflected 60° indicate no important 
changes in the maximum ection lift coefficient with mall 
departme from the optimum deflection of the leading-edge 
flap . 

3. The scale effect on the maximum lift coefficient were, 
in general, small, the largest change being a decrease of 
about 0.1 for the 10-percent-thick airfo il for R eynold 
number from 3X l06 to 9X l06

• 

4. The ection pitching-moment charaeteri tic indicated 
that the aerodynamic center wa ahead of the quarter-chord 
point and moved toward the leading edge when either the 
leading-edge flap 01' the trailinO'-edge flap wa deflected. 

5. D eflecting the I ading-edge flap was more effective in 
extending the low-drag range to higher ection lift coefficients 
than deflecting the trailing-edge flap . 

6. The leading-edge-flap section normal-force and hinge
moment coefficients increa ed rapidly in a positive direction 
with increa ing lift coefficient; for a given lift coefficient, 
however, increa ing the downward deflection of either flap 
produced downward increments in the leading-edge flap 
force and moment coefficients . 

7. The trailing-edge flap section normal-force and hinge
moment coeffi cient arc of a imilar magnitude to tho e for 
a plain trailing-edge flap on a sub onic type of airfoil. 

. The maximum flap normal-force and hinge-moment 
coefficients were, re pectively, 4.74 and 2.24 for the leading
edge flap as compared wi th 1.4 and -0.61 for the trailing
edge flap . 

9. A method for predicting the pre ure distribution over 
harp-edge airfoils equipped wi th plain trailing-edge and 

leading-edge flap ha been developed from a generalization 
of the pressure-di tribu tion measurement made for this 
investigation. A comparison of the mea ure 1 flap loads with 
those obtained by the generalized method indicat s that the 
methods by which the data were generalized give overall 
re uIts which are in reasonable agreement with experiment. 

L ANG L EY A E RONAU'l'ICAL L AB ORATORY, 

J ATIO JAL ADVI ORY COMMIT'l'EE FOR A ERONAUTI C , 

L ANGLEY FIELD, V A., April 16, 19M3 . 
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T .\ BLE L-ORDIXATE8 FOR T HE 6·PERCEKT-THICE 
RY~DfETRIC.\TJ Cm Ct:L.\R-.\ RC AIRFOIL 

IStations and ordinalc~ ~iwn in pcrc<nt o[ airfoil <honl] 

Lower sudaN' 

Station Ordinatl' Slation Ordinatp 

0 0 0 IJ 
.; . ,1)72 .1 -. ,S7'2 

10 I. O~2 10 -1.02 
t.i I. .;3:) I ;) - I..o:j;j 
20 1.922 20 -I. U22 
25 2.2,=)2 2.1 -22:12 
:lO 2 .. 121 :)0 -2 .• 121 
:j.1 2 . • :jJ :lS -2.7:ll 
40 2. ~SO ·10 -2. H\IJ 
4.; 2. U70 4.1 -2. 9iO 
.'i(J :j.ll00 50 -:J.OOII 
;i!t 2. nil) ".1 -2. 970 
fiO 2. hllO fill -2 HhO 
Il!) 2.7:.i1 f-j!) -2 7:H 
70 2. 521 70 -2.521 
7:1 2.252 if> -2 252 
HU I. !l22 SO - 1.922 
S,I) I .. 13:\ H.1 - I. .13:1 
gO I. 0~2 90 -1.0S2 
H,Il .. 172 H:i -, .172 

100 IlX) 0 

Haclill s or f'ircuhr are: 1.1~2c 

TABLE n.-ORDINATES FOR THE lO-PERCENT-THICK 
'Y~ I ~ LETRICAL CIRC LAR-.\RC AIRFOIL 

IStations and ordinllt<s ~i\'en in percent o[ airfoil chord] 

___ I·_I>I_,c_r. surface ___ I __ ~o\\""r ~rracl' _J 
Slati~I~~~ ~~_~dina~=] 

() 0 0 0 
5 .9- 5 -.958 

)0 I. 12 10 -I. 12 
I f) 2.5(;2 15 -2.5(;2 
2{J 3.211 20 -3.2 11 
20 3.759 25 -3.759 
30 4.207 30 -I. 20. 
3.1 4.554 35 -4.5;;1 
10 4.802 40 -4. 02 
Ifi 4.951 -15 -1.951 

.'i(} 5.000 50 -5.0IX} 
,i:; 4. 9.11 55 - 4.95} 
no 4. 02 no -I. 02 
fl5 4 .. 154 6,; -1 .. 151 
70 4.207 70 -1.207 
7.1 :).759 75 -3.7,,9 
80 3.211 SO -:1.2 11 
8;,} 2.5(i2 g,; -2.5H2 
Ill) 1.812 90 - 1.812 
95 .9. 95 -.958 

100 0 100 0 

Hadius of circular arC: 2 . .12.)(' 

T.\ BLE IlL- 't:~DI ARY OF TEf'lTR OF CmCUL.\R-ARC AIHFOIL SECTIOX' 

Air[oil Tunnel 6.\' ~F R l\frHsurcments ~OuI'CC or data thickncss (a) (dog) (d<g) 

0.06e TDT-I 0 0 3, 6, and 9XIO' l~ift-l)rag Figurc 4 (a) 
O.lOe TilT 0 0 3,6, and 9XIO' LifL- orag Figure 4 (b) 
O.lOe '1'1)'[' 0 0 14 and 18XIO' Li[t F igure 4 (0) 
0.06e T ilT 0 0,20,40,60 6XIQ' LifL- J'itching mom<nt Figure 5 (a) 
O.lOe '1'1)'[' 0 0,20,40,60 6XIO' Lirt- Pitching moment Figure 5 (b) 
O.OHe '1'1)']' 0, 10, 20, 30, 40 0 6XlO' Li[t-Pitching moment Figure 6 (a) 
O.lOe TilT 0,20,30,40 0 6XIO' Lirt- Pitching moment Figure 6 (b) 
0.06c T in 30 50 6XlO' Lift Figure 8 (3) 
0.06e ' 1'1)'1' 20,30,40 60 6XlO' Li[t Figur< (3) 
O.lOe '1'0'1' 30 50 6XIO' Lift Figur< (Il) 
O.lOe '1'1)'1 ' 30,40,50 60 6X1O' Li[L Figure (b) 
O.lOe '1' 1)']' 36 60 3,6,9, 14, and 1 XIO' Li[L Figure (c) 
O.One 1' 1)'1' 30 60 3, 6, and 9X10' Li[t- Pitching momcnt Figure 9 (a) 
O. lOe ,],D'I' 30 60 3,6, and 9XIO' Lift-Pitching moment Figure 9 (b) 
O.O(k LTT 27 60 O.i and 2.3XIO' Lift Figure 10 
O.Olle LTT 0 0,5, 10 2.1XIO' Li[t- Drag Figure II 
O.OGe LT1' 5 0,5,10 2.IXIO' Li[t- Drag Figure 11 
0.06e LTT 10 0,10 2.1XJ06 Lift- Drag Figure II 
0.06e VI'T 0,5,9,21,27 0 2.1XIO' Pressure distribution Table 1\' 
O.OGe VI"I' 0 5, 10, 22, 42, 60 2.1X10' Pressure dis1ribution Table 1\' 
O.One V I" I' 5 5, 10,22 2.IX10' !) ressurc distribution Table I V 
0.06e LTT 9 10,22,42 2.J X IO' Pressure distribution 'r able IV 
0.06c LTT 21 42 2.1 X 10' Pressure d istribution Table IV 
0.06e LTT 27 60 2.1X106 Pressure distribution Table IV 

• T IY I' L angley 1 \l'o·dimcnsional low-turbulence prcssure lunnel. 
LTT Langtry two·<limCllsionnllow-turbu lcncc tunnr!. 
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'L\ BLE IV.- PRE S RE COEFFICIENT FOR THE AIRFOIL 
,nTH THE LEADIKG-EDGE FLAP AND TRAILING-EDGE 

FLAP DEFLECTED IN VARIOU COl\lBINATIOKS 
AND AT SEVERAL ANGLES OF ATTACK 

[R=2.1Xl()6; M=0.15j 

(a) /jN=O°, /jp=OO 

Pressure eocnicicnts for section angle of atlack-

Orifieo I /C I I . 
00 ! 0.50 2.0° .J.l ° I 6.10 .10 • 9.1 ° 10.2° 12.2° 

---1---0-- 0.17 -o--~I~:;~I~~I~ 
2 I .81.94 1. 96 2. 13 2. 14 1. 94 1. 82 1. 73 1. 6~ 
3 2 .87.96 1.72 2.14 2.15 1.9~ 1.83 1.73 1.61 
~ 3 .9.9 1.39 2.15 2.15 1.95 1.83 1.74 1.64 
5 5 .94 1.01 1.17 2.1 2.16 1.96 1. 4 1.74 1.65 
6 7.5.9 1.0·1 1.19 2.19 2.1 1.97 1.85 1.75 1.C>5 

10 1. 01 1. 06 I. 21 I. 88 2.21 1. 98 1. 86 1. 75 1. 65 
12 1. 0·1 1. 10 1. 22 1. 59 2.22 2.00 1. 87 1. 76 1. 66 

9 15 1.03 1.02 1.14 1.3 2. 18 2.00 1.87 1.77 1.67 
b 10 16.1 1.02 .9 .90 .79 .74 .69 .68 .68 . 55 

.\ 18.3 1.071.111.251.312.14 2. 03 1.90 1.79 1.67 
n 25 1.12 1.16 1.25 1.31 1. 6 2.02 1.91 1.81 1.69 

35 1.16 1.18 1.25 1.31 1.47 1.93 1. 9 1.81 1.71 
1) 45 L 17 1. 18 1. 24 1. 29 1. 32 L 76 1. 81 L 78 I. 72 
Ii: 55 1.17 L1 1.231.261.26 1.59 1.71 1.73 1.72 
P 65 1.161.171.20 1.22 1.22 1.44 1.59 1.72 1.71 

G 74 1.131.14 1.161.17 1.17 1.32 1.49 1.61 1.71 
b 17 77.03 1.10 1.10 1.10 1.10 1.11 1.23 1.37 1.49 1.61 
b 1 7 .3 1. 10 1. 10 1. 10 1. 10 1. 11 I. 23 1. 36 1. 4 1. 60 
h 19 0 1. 10 I. 10 1. 12 1. 13 1. 14 1. 26 1. 42 1. 5·1 1. 67 

20 85 1.06 1. 1.09 1.09 1.09 1.22 1. 1.53 1.69 
21 90 1.02 1.03 1.0~ 1.04 1.05 1.1 1.34 1.49 1.66 
22 95 . 97 .97 .96 .97 1.01 1.15 1.29 1.44 1.60 
23 97. 5 .92. 92 . 92 . 93 .98 I. 13 I. 28 I. 39 1. 56 
24 100 .82.84. 5 . 6 .94 1. Jl 1. 24 1. 35 I. 50 
11 1. 3 . 7 . 77 . 50 . 26 . 15 . 11 . II . 12 . OIl 
12 2.6 .89 . 1 .59 .37 .26 .22 .21 .21 .19 
13 5 .95.89.72 .• J2 .40 .35 .35 .35 .33 
14 7.5.98.93.78.61 .50.45.44.44.42 
J 5 II. <I L 01 .98 . 5 .69 .59 . 5·1 .55 .55 . 53 
II J8.1 1.05 1.02 .93 .79 .71 .66 .67 .67 . 66 
I 25 I. 09 1. 07 . 99 . 79 . 76 . 77 . 77 . it 
J 35 1. 12 1.11 1.04 .5 .87 
K 45 1.15 1. 13 1.07 .93 .95 .97 .99 
L 55 1. I.J L J4 L 09 . 99 1. 02 1. 04 I. 07 
ill 65 1.12 1.11 1.09 1.02 1.06 1.09 1.13 
:-< 75 1. 10 1. 11 I. 09 1. 06 1.11 1. 15 I. 21 
25 85 I. 05 1. 06 I. 05 1. 09 1. 15 I. 20 1. 29 
26 90 1.01 1.02 1.02 1. 09 1. 16 1.23 1.33 
27 95 .94 .96.96 1.09 1.17 1.26 1.38 
? 97.5 .89 .93 .93 1.09 1.19 1.29 1.42 

b 16 15 1. 02 .99 . 9 . ii .64.63.63 . 62 
" 29 0.3 1. 07 1.07 1. 06 1. 03 l. 02 l. OS I. 13 1. 20 I. 28 

• "\ nglo of attack for maximum lift. 
b Internal pressure. 

TABLE IV.-PRES URE COEFFICIE~TS- ontinued 

Pressure eoofTicionts for section anglo of attack-

Orifice x/c 

-2.0° I_~J~I~I~I~ ----
I 0 1. 78 I. 8~ 
2 1 .2 . 19 
3 2 .42 . (i3 
·1 3 .50 .69 
5 5 . 62 .80 
6 7.5 .74 .90 
7 1lJ .83 lJ~ 12 .93 
9 1.1 1. 07 1.19 

b10 16.1 1.29 .88 
A I . 3 1. 03 1.15 
B 2:1 1. 05 1.15 
C 35 1.09 1.16 
D 45 1.11 I. 17 
F- 55 I. 13 1.1~ 
To' 65 1.12 1. 15 
() 74 1.11 1. 13 

b17 77.03 I. 09 1. 09 
b18 78. 3 1. 09 I. 09 
19 0 1. 07 I. 09 
20 5 1.07 1. 07 
21 90 1. OJ 1.0:\ 
22 95 .99 . 97 
2;3 97.5 .94 .9:3 
24 100 .87 5 
11 1.3 1. 0 l.it 
12 2.6 1. Sl 1.19 
13 5 1.'l3 1. 01 
14 7.5 1. 1 1. 04 
15 11. 4 1. 61 .99 
j[ 1.1 1.23 .99 
1 25 1. 12 I. 07 
J 35 1.17 1.11 

K 45 1.20 I. 14 
L 55 I. J9 I. 15 

M 65 1.16 I. 13 
N 75 I. 12 1.11 
25 5 1. 07 1.06 
26 90 

1. ~~ I. 02 
27 95 .96 
28 97. 5 .91 .91 

b16 15 1. 29 S 
"29 0.3 1. 0, 1: 06 

•. \nplo of attack for ma,imum lift. 
b Internal pressures. 

0.02 0.34 1. 26 1. 67 
.99 2.14 2.47 2.37 

1.01 ~: 5~ 
2.4 2.37 

1.03 2.49 2.3 
1.0~ 1.46 2.5:\ 2. '10 
1.15 1. 37 2.5fl 2.12 
1.19 1.37 2.29 250 
1. 27 1. 45 1. 92 2.46 
1. 33 1. 54 1. 67 2.42 

1 .69 . 60 . 55 
1. 33 1. 49 1.55 2.29 
I. 23 I. 41 1. 43 2. 02 
I. 27 1. 37 1. 4~ 1. 63 
1. 26 l.33 1. 39 I. 42 
1. 24 1.30 1. 31 1. 33 
1.20 1. 25 1. 27 1. 26 
1.17 1. 19 1. 21 1.20 
1. 10 1.11 1.12 I. 14 
LlO 1.11 1.12 1.13 
I. 13 1.15 1.17 1.16 
1. 09 1.10 1.12 1.13 
1.04 1. 05 1. 06 1.0 
.97 .9S .99 1.01 
.92 . 93 .95 I. 01 

5 .87 .90 .93 
. i2 :H .19 .ll 
.75 .31 .21 

2 .60 .44 . :15 
4 .65 . 52 .42 
4 .69 .57 .49 

. 85 .64 .65 .67 

.06 5 .76 .69 
1.02 : 94 6 :gg 
1. 07 .99 .93 
1.09 1. 03 .97 .94 
1. 09 1. 05 1.00 .98 
1. 08 1. 05 1. 01 1. 01 
1. 05 1. 03 1. 01 1. 03 
1.02 1. 01 1. 00 I. 03 
. 96 .96 .97 1. 01 
.93 .94 .91 1. 00 
.80 .69 .53 .50 

1. 05 1. 04 1. 01 1. 01 

~I~ 
1. 5(; 1. ~9 
2.15 1. 97 
2.15 1. 97 
2.16 1.9 
?I 1.9 
2.19 2.00 
2.21 2. 02 
2.24 2. OJ 
2.25 2.05 
.53 .5.3 

2.23 2.05 
2.14 2.03 
I. 93 1. 91 
1.69 1. 82 
1. 49 1. 67 
1. 36 I. 51 
1. 27 1. 4-1 
1.18 1. 33 
1.18 1. 32 

U~ 1. 37 
1. 34 

1.15 1.29 
1.12 1. 26 
1.10 1.23 
1. 07 1. 20 
.11 .Il 
.20 .21 
.34 .34 

'ii .41 
.4 .47 
.6 .69 
.6~ .69 

:~ 0 
.89 

J~ .96 
1. 01 

1.03 1. 07 
I. 06 1.11 
1. 06 1.12 
LOG 1.15 
1. 06 1.16 
.50 .50 

1. 05 1.10 
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TABLE IV.-PRESSURE COEFFICIENTS-Continued 

Pressure cocflieients for section angle of attack-

Orinoe xlc I 
___ -2.0° ~~~~~llo.20 ~ l2.20 

1 0 1. 70 1. 62 
2 1 .18 .~5 
~ 2 . ~3 .51 
4 3 .40 .5Q 
5 5 .5.1 .71 
r. 7.5 .69 .85 
7 10 .80 .96 
8 12 .94 1.10 
9 15 1. 25 1. 43 

bl0 16.1 1.1 .92 
A 18.3 1. 07 1. 20 
B 25 1. 06 1.16 
(' 35 I. 09 1.17 
D 45 1.11 1.1~ 
1~ 55 LIZ 1. 18 
F 65 1. 12 loW 
a 74 1.11 1. 13 

b17 7i. 03 1. 07 1.09 
b 18 78.3 1. 07 I. 09 

19 80 1. 07 1. 09 
20 85 1. 06 1.07 
21 90 1. 04 1. 03 
22 95 . 99 .98 
23 97.5 .95 .92 
24 100 . S9 . F5 
11 1. 3 1. il 1. r,2 
12 2.6 1. i2 1. 64 
13 5 1.i2 1. 62 
14 7.5 1. i4 1.47 
15 11.4 1. 75 1.1 :1 
J[ 1~.1 1. 74 .92 
1 25 1. 45 1. 01 
J 35 1.15 1. 09 

K 4.~ 1.12 1.12 
I , 55 1. 14 1. 13 

i\[ 65 1. 13 1. 13 

" 75 1.11 1.10 
25 ~5 I. 06 I. U6 
26 90 1. 02 1.02 
27 95 .97 .9.5 
28 97.5 

I 
.94 .92 

b16 15 1. 73 .91 
b 29 80.3 1. 07 1.06 

• A ngle of aLLack for maxim u m liFt. 
b Internal pressures . 

1.00 
.69 
.80 
.85 
.96 

1.06 
1.17 
1. 31 
1. (;6 
.6:3 

1. 34 
I. 29 
I. 27 
1.25 
I. 24 
I. 20 
1.16 
I. 10 
1.1 0 
1. 12 
1. 09 
1. 04 
.96 
.91 
.85 
.93 
.90 
.89 
.87 
. ,0 
.81 
.94 

1.01 
1. 06 
1.0'l 
1. 09 
I. 07 
1.01 
1. 01 
.9.1 
. 91 
.63 

1. 05 

0.04 0.2Q 1. 89 1. 92 1. 65 0. 88 
1. 55 2.42 2.81 2.45 2.19 1. 9q 
I. 19 2.45 2.82 2.46 2.20 I. 99 
1. 20 2.46 2. 3 2.46 2.20 1. 99 
1. 26 2.36 2. 6 2.48 2.21 2.00 
I. 33 1.68 2.90 2.51 2.24 2.01 
I. 40 I. 5.3 2.74 2.0.3 2.26 2.03 
1.5:3 1. 64 2.35 2.53 2.27 2.04 
1.90 1.9·1 I. 96 2.49 2.27 2.06 
· r,2 .51 .42 .3Q .39 .40 

I. .5:3 1. r,7 I. 75 2.37 2.21 2.03 
I. 43 1.5.1 1. 62 2. 17 2.14 2.01 
I. 37 1. 47 I. 53 1.83 I. 97 1. 94 
I. 33 I. 40 I. 45 1. 57 1. 78 1. 8.5 
I. 29 1. 34 I. 3q I. 42 I. 62 1. 75 
1. 24 1.28 1. 30 1.31 I. 49 1. r,5 
1.18 I. 21 I. 23 1.23 1. 39 1. 1\6 
1.11 LIZ I. 12 1.16 1. 29 1.4~ 
1.11 I. 12 1. 12 1. 16 1. 2~ 1. 4:1 
I. 15 1.17 1. l R 1. 20 1. 33 1. 49 
1.10 1.ll 1.12 1. 16 1. 29 1. 47 
I. 04 I. 05 1.06 1.12 I. 26 1. 4:3 
.9r, .98 1.00 I. 09 1. 22 1. 39 
.91 .93 .96 1. 07 1. 20 1.36 
.87 .88 .92 1. 04 1.17 1.30 
.53 · z,q .14 . 10 .10 . 11 
.. 19 .37 .24 . 19 .19 .20 
.fio .49 . ~5 .30 .30 .31 
· 6~ .51 .42 .36 .37 .37 
.66 .. 54 .45 .41 .41 .41 
· r,9 .I\g . 52 .4'l .4Q .49 
.n .7:\ .66 .61 .62 · {l.1 
.91 .84 .77 .74 .75 .77 
.98 .91 .85 .83 .% .R7 

1.01 · ~fi .90 .90 .92 .96 
1.04 .99 .96 .95 _9 1.02 
1. 04 I. 01 .99 .99 1. 04 1.09 
I. 01 1.00 1.00 1.03 I. Oq 1. 15 
.90 · 99 .99 1. 04 1.10 1.1 
.95 .95 .96 I. 04 1.11 1. 2J 
.93 .93 . 95 1.0-1 1.12 1. 2~ 
.62 .50 .42 .39 .39 .39 

I. 02 1.00 1.00 1. 0:] 1.09 1.16 

TABLE IV.-PRESSURE COEFFICIEKTS- Continuecl 

Pressure eoeflicients for section angle of aLLack-
Orifice xlc 

0° 2.00 

------
I 0 1. 54 1.31 
2 I .09 .2:3 
3 2 .23 .39 
4 3 .31 .48 
5 5 .47 .65 
6 7.5 .71 .87 
7 10 (l 1.05 
8 12 1.10 1.31 
9 15 1. 86 2.13 

10 16.1 1. 99 2.33 
A 18.3 1. 36 1. 54 
B 25 1. 24 1. 38 
C 35 1. 21 1. 31 
D 45 1. 21 1.28 
E 55 1. 20 1. 26 
F GS 1.18 1. 21 
a 74 1.15 1.17 

b 17 7i.03 1. 09 1.10 
b 18 78.3 1. 09 1.10 

19 80 1.12 1.14 
20 85 1.09 1.10 
21 90 1. 05 1.05 
22 95 .99 . ~~ 
23 97.5 .95 .93 
24 100 .89 . 87 
11 1. 3 1. 54 1.31 
12 2.6 1. 55 1. 32 
13 5 1. 55 1. 33 
14 7.5 1. 56 1. 33 
15 11. 4 1. 57 1. 34 
H 18.1 1.58 1. 37 
I 25 1.61 1. 23 
J 35 1. 50 .91 

K 45 1.21 .93 
L 55 1. 04 .99 

1\1 65 1.02 1.02 
l'" 75 1. 01 1. 03 
25 85 I.~ 1. 01 
26 90 .99 
27 95 .95 .95 
28 97.5 .93 .93 

bl6 15 l. 58 1.35 
b 29 80.3 1.01 1.02 

• Angle of attack for maximum lift. 
b Internal pressure,. 

4.1 0 

1.17 
.45 
.61 
.70 
. 87 

1. 09 
1.2(l 
1. 5.3 
2.40 
2.74 
1. 75 
l. 51 
I. 42 
1. 36 
1. 32 
1. 26 
1.20 
1.11 
1.11 
1.16 
1.11 
1. 05 
.0 
.93 
.87 

1. 14 
1. 15 
1. 13 
1. 05 
.90 
.68 
.72 
.85 
.94 
.99 

1. 01 
1.02 
1.00 
.99 
.95 
.92 
.7 

l.01 

6.1 0 ~\~:::..J 12.2° n 14.2° \ 16.2°_ 

0.47 0.16 1.1 2.46 3.44 2.57 
.83 2.20 2.82 3.41 3.82 3.02 
.94 I. 65 2.86 3.43 3.84 3.04 

1.00 1. 38 2.8 3.45 3.86 3.05 
1.14 1. 45 2.67 3.50 3.89 3.0 
1. 36 1.64 1. 3.42 3. 9·1 3. 12 
1.50 1.80 1. 9 2.64 3.77 3.01 
1. 78 2.20 2.22 2.24 3.08 2.74 
2.67 3.07 3.18 2.83 2.70 2.55 
3.03 3.21 3.10 2.86 2.45 2. 15 
1. 9S 2.22 2.38 2.42 ? 40 2.30 
1. 66 1. 83 1. 97 2.03 2.0i 2.10 
1. 51 1.63 1.72 1. 77 1. 79 1. 91 
1. 43 1. 51 1.58 1.60 1.61 1. 0 
1. 37 1. 43 1. 47 1.'l7 1. 47 1. 65 
1. 29 1. 34 1.3G 1. 35 1. 35 1. 56 
1.22 1. 25 1. 26 1. 24 1. 26 1.50 
1.12 1. 14 l.l 5 1.14 1.17 1.39 
1.12 1. 13 1.13 1.13 1.17 1.3S 
1.19 1.20 1.20 1.19 1.20 1. 43 
1.12 1.12 1.13 1.12 1. 17 1. 42 
1. 05 1. 06 1. 07 1. 07 1.1:3 1. 39 
. 93 .98 1. 01 1.03 1.11 1. 35 
.93 .94 .98 1. 01 1.10 1. 33 
· SS .90 .94 .gq 1.07 1. 29 
.73 .38 .20 .Oi .03 .06 
.70 .44 . 28 .16 .10 .12 
.66 .49 .35 .25 .19 .20 
.62 . 47 . 37 .28 .2,3 .24 
.49 .42 .33 .26 .23 .24 
.47 .39 .32 · ?6 .24 .25 
.67 .58 .51 .45 .40 .42 
.79 .12 .6" · 59 . .55 · 57 

S .82 .75 .69 . (l7 .69 
.94 .88 3 .7 .76 .80 
.97 .93 .87 · P4 3 9 
· 99 . 96 . 93 .90 .90 · 9q 
.98 . P7 .96 .94 .96 1. 06 
.98 .96 .96 .96 .99 1.11 
.94 .95 .96 .96 1. 02 1.16 
.92 .93 .95 .93 1.04 1. 20 
· :33 .32 .34 .2S .24 .24 
.99 .97 .95 .9:\ .95 1.05 

TABLE IV.-PRESSURE COEFFICIEI TS-Con tinued 

Pressure coefficients for section angle of attack-

Orifice I xlc 
0° 1 2.0°1 4.1 0 1 6.1° .1° 1 10.20 1 12.20 &15.2° 1 1 . 3° 

--I -I--o--~;~~ 1.20 -;;:;-~-;;----I~ 
2 1 . 0-\ . 12 . 29 . 52 1. 02 2. 41 3. 08 3. 69 
3 2 .15.26.46.69 1. 09 2.29 3. 11 3.71 
4 3 .23 .36 .55 .79 1.15 1. 3.14 3.72 
5 5 .39 . 54 .74 .97 1. 30 1. 53 3.03 3.76 
6 7.5.60.75 1. 00 1. 22 1. 52 1. 77 2.30 3. 2 
7 10 . Sl . 99 1. 21 1. 45 1. 76 2. 02 2. 10 3. 54 
8 12 1. 10 1. 31 1. 55 1. 82 2. 16 2.34 2.56 2.84 
9 15 2.04 2. 35 2. 73 3. 14 3. 68 4. 01 4. 10 2.63 

10 16.1 2.26 2.60 3.00 3.43 4.10 4.42 4.43 2. i2 
A 1 .3 I. 3 1. 55 1. H 1. 95 2.21 2.42 2.59 2. 19 
n 25 1. 28 1. 39 1. 54 1. 69 1. 85 1. 99 2. 12 1. 85 
C 35 1.231.321.431.53 1.64 1.74 1.83 1.62 
\) 15 1. 23 1. 29 1. 37 1. 45 1. 53 1. 59 1.6·\ 1. 52 
E 55 1. 22 1. 26 1. 32 1. 3 1. 44 1. 47 1. 52 1. 49 
F 65 1. 20 1. 23 1. 26 1. 30 1. 34 I. 36 1. 37 1. 46 
(1 74 1. 16 1. 18 1.20 1. 23 1. 26 1. 26 1. 27 1. 43 

b17 77.03 1.10 1.10 1.11 1.13 1.14 1.15 1.15 1.3 
bl8 78.3 1. 10 1.10 1. 11 1.12 1. 12 1.14 1.13 1. 37 
19 80 1.14 1. 15 1.17 1.19 1. 21 1. 20 1. 21 1. 42 
20 85 I. 11 1. 10 1.][ 1.12 1.12 1.12 1.13 1. 42 
21 90 1.07 1.05 1.05 1.06 1.06 1.06 1.07 1.42 
22 95 1. 01 .99 .98 .98 . 97 .98 1. 01 1. 42 
23 97. 5 . 97 . 94 . 93 . 92 . 93 . 96 . 99 1. 40 
24 100 . 9·1 7 . 89 . 92 . 98 1. 36 
II 1. 3 1. 58 1. 39 1. 12 .56.29. 15 .03 
12 2.6 1.58 l.39 1.12 .56 .35.20 .09 
13 5 1.59 1.40 1.1 3 .53.38.29 .18 
14 7.5 1.59 1.40 1.13 . 50 .37.29 . 19 
15 11.4 1.60 1.41 1.15 .37 .34 .26 .20 
][ 18.1 1.61 1.42 1.17 .36 .30 .24 .20 
I 25 1. 64 I. 46 .99 .56.4.42 .36 
J 35 1.651.27.77 .70 .62 . 58 .52 

K 45 1. 53 . 99 7 .80. 73 . 69 . 66 
L 55 1.30.95.9-1 .8i 1.77 .77 
i\[ 65 1.19 .98.9 .92 7 4 7 
:\" 75 1.02 1.00 1.00 .95 .91.90 .97 
25 85 .99.99.99 .96 .94 .94 .95 1.07 
26 90 . 9S . 98 . 9 . 95 . 95 . 95 . 98 1.13 
27 95 .95.95.95 .94.94.96 1. 01 1. 21 
28 97.5 . 94 . 92 . 92 .92.93.96 1. 04 I. 26 

b16 15 1.58 1.40 1. 14 . 20 .21 .23 .18 .1S 
29 O. 3 1. 01 I 1. 00 1. 00 . 96 . 94 . 93 . 93 1. 05 

• Anglc of attack for maximum lift. 
b Internal pressures. 

TABLE IV.-PRE URE COEFFICIENTS-Continued 

Pressure coeflicients for section angle of aLtack-

I 
2 
3 
4 
5 
G 
7 
8 
9 

bl0 
A 
n 
C 
J) 

E 
F 
a 

bl7 
b18 

19 
20 
21 
22 
23 
24 
11 
12 
13 
14 
15 
II 
I 
J 

K 
L 

:VI 
)[ 

25 
26 
27 
28 

b16 
b29 

o 1. 65 
1 . 29 
2 .43 
3 .50 
5 .61 
7.5 .71 

10 .78 
12 .83 
15 .87 
16.1 1. 08 
lR 3 .91 
25 .98 
35 1. 05 
45 1. It 
55 1.15 
65 1.17 
74 1. 21 
77. 03 1. 19 
78.3 1.19 
o 1. 36 
5 1.16 

90 1. 09 
95 1. 00 
97.5 .94 

100 . 5 
1. 3 1. 89 
2.6 1. 91 
5 1. 90 
7.5 1. 76 

1I. ·1 1. 27 
18. 1 1. 21 
25 1. 23 
35 1. 23 
45 1. 21 
55 1.18 
65 1.l1 
75 1. 04 
85 .99 
90 .98 
95 .9·1 
97.5 .91 
15 1.12 
80.3 1. 05 

1.60 
.57 
.68 
.74 
.82 
. 89 
.94 
.9 
.9 

1. 01 
1. 05 
1.10 
1.15 
1.1 
1.20 
1. 22 
1. 2i 
1.20 
1.20 
1. 39 
1. 17 
1. 09 
.99 
. 93 
. 8'1 

1. 07 
1. 05 
1.06 
1. 07 
1.07 
1.10 
1.12 
1.13 
1.13 
1.][ 
1. 07 
1.00 
.96 
.96 
. 93 
.90 

1. 02 
I. 04 

n Angle of attack for maximum lift. 
b Internal pressures. 

0.30 
1. 06 
1. 06 
1.06 
1.08 
1.11 
1.13 
1. 15 
1. 06 
.93 

1.19 
1. 21 
1. 24 
1.25 
1. 26 
1. 25 
I. 26 
1.19 
l.l8 
I. 37 
1.19 
1. 08 
.99 
. 94 
.89 
.65 
.72 
.82 
.86 
. 91 
.97 

1.01 
1. 05 
I. 07 
1. 06 
I. 04 
. 98 
.95 
.96 
.95 
.93 
.93 

1.02 

0.38 
2.10 
2.12 
2.12 
1. 97 
l. 46 
1.28 
I. 27 
1.15 
.86 

1. 34 
1. 34 
1. 34 
1. 34 
I. 33 
I. 31 
1.29 
1.20 
1.19 
1. 39 
1.20 
1.10 
1.00 
.95 
.90 
.36 
.4i 
.60 
.6S 
. i5 
.84 
.91 
.96 

1.00 
1. 01 
1.00 
.95 
.9·1 
.96 
.95 
.94 
.82 

1.01 

0.79 
2.23 
2.25 
2.25 
2.27 
2.29 
2.29 
2.21 
2.01 
.91 

1.72 
1. 42 
1. 37 
1. 36 
1. 35 
1. 32 
1.28 
1. 18 
1.17 
1. 36 
1. 20 
1.10 
1. 02 
.98 
.93 
.19 
.31 
.45 
.54 
.63 
.73 

I 

.93 

.95 

.96 

.92 

.93 

.95 

. 95 

.95 

. i3 
1.00 

1. 40 
2.15 
2.16 
2.16 
2.18 
2.20 
2.23 
2.25 
2.27 
.88 

2.26 
2.15 
1.83 
1. 53 
1. 37 
1. 29 
1. 24 
1. 15 
1. 14 
1. 26 
1. 17 
1.12 
1. 07 
1. 05 
1.02 
.12 
.22 
.36 
.4-
. 55 
.65 
.75 
.83 

9 
.93 
.9·\ 
.91 
.94 
.98 

1.00 
1.00 
.66 
.9 

I. 56 
1. 92 
1. 93 
1. 93 
1.94 
1. 95 
1. 97 
1.99 
2. 01 
.83 

2.02 
2.03 
1.99 
1.88 
1. 74 
1. 59 
1. 4i 
I. 31 
1. 31 
I. 39 
1. 36 
1. 32 
1.29 
1. 26 
1. 24 
.09 
. 17 
.33 
.43 
.52 
.64 
.74 
.83 
.90 
.95 
.97 
.96 

1.01 
I. 06 
1.12 
1.15 
.63 

1.09 

0.93 
1.72 
1.73 
1. 73 
1. 74 
1. 74 
1. 75 
1. 77 
1. 78 
. i9 

1. 79 
1. 1 
1.82 
1. I 
1.77 
1. , 2 
1.68 
1.51 
1.50 
1. 59 
1.61 
1.58 
1.53 
1.50 
I. 44 
.10 
.20 
.34 
.43 
.53 
.65 
.75 

5 
.94 

1.00 
1.03 
1. 05 
1.][ 
1.20 
1. 27 
1. 32 
.63 

1. 23 
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TABLE IV.-PRES RE COEFFICIEN TS-Con tinued 

(g) ON=OO, 0.=10° 

Pressu ro coeflicients for section angle of attack-

Orifice xlc 
~1-2.00 

1 0 1. 39 0.91 
2 1 .45 5 
3 2 .58 .90 
4 3 .65 .93 
5 5 .75 .98 
6 7.5 .83 1.02 
7 10 9 1. 06 
8 12 .94 1.09 
9 15 .96 1. 06 

bl0 16.1 1. 04 .99 
A 18.3 1.03 1.16 
n 25 1. 09 1.19 
C 35 1.16 1.23 
D 45 1. 21 1. 27 
E 55 1. 26 1. 31 
F 65 1. 30 1. 32 
G 74 1. 37 1. 37 

b17 77.03 1. 40 1. 34 
bl 78.3 1.44 1.38 
19 0 1. 75 1. 64 
20 85 1.33 1. 27 
21 90 1. 16 1.13 
22 95 1. 01 1.05 
23 97. 5 . 94 I. 02 
24 100 5 1.00 
II 1.3 1.85 2 
12 2.6 1.50 4 
13 5 1.10 .90 
14 7.5 1.11 .94 
15 11.4 1. 10 .96 
IT 1 .1 1.11 .99 
I 25 1.13 1. 02 
J 35 1.12 I. 04 

K 45 1.10 1.04 
L 55 1. 05 1.01 
]\[ 65 .97 .96 
N 75 .88 6 
25 85 4 .85 
26 90 9 .91 
27 95 :89 .94 
28 97.5 .88 .96 

b16 15 I. 04 .98 
b29 80.3 1. 27 1.23 

• Angle of attack for maximum lift. 
b Internal pressures. 

O· 2.00 4.1' ~I~ 
o. 0.79 1. 23 1.56 1.66 
1.9 2.24 2.30 2. 17 1. 91 
1. 0 2.26 2.30 2. 17 1. 92 
1. 48 2.27 2.31 2.18 1. 92 
1.20 2.29 2. 33 2.19 1. 92 
1. 21 2.29 2.36 2.21 1. 94 
1. 24 2.02 2.39 2.23 1. 95 
1. 26 1. 70 2.40 2.25 1. 97 
1.12 1. 46 2.37 2. 1. 99 
.88 .83 7 1 .77 

1. 31 1. 40 2.26 2. 2.00 
1. 31 1. 40 1. 91 2.27 2.02 
1. 33 1.42 1. 52 2.11 2.00 
1. 34 1. 42 1. 42 1.85 1. 93 
1. 36 1. 42 1. 41 l.61 1.83 
1. 36 l. 42 1.39 1. 45 1.71 
1.38 1. 42 1.39 1. 35 1.60 
1.31 1. 34 1.28 1. 21 1. 40 
1.36 1. 39 1. 32 1. 26 1. 47 
1. 1. 62 1.50 1. 33 1.50 
1.25 1.30 1.28 1. 26 1. 49 
1.14 1.16 1.17 1. 22 1. 46 
1.0 1. 06 1.09 1.1 1. 42 
1.06 I. 03 1. 06 1.16 1. 39 
I. 04 1.00 1. 03 1.14 1. 36 
.47 .24 .14 .09 .09 
.57 .37 .24 .19 .19 
.69 .50 .39 . 32 .31 
.75 .59 .47 .41 .4 1 

I .66 .56 .50 .50 
.75 .66 .62 .61 

2 . 75 .70 .71 
2 .79 .80 
7 4 7 

7 .91 
.87 7 .91 
.79 I 7 
. 82 :84 : 92 

9 . 93 1. 02 
.93 :94 1.00 1. 13 
.95 .96 1. 04 1.20 
.74 .67 .61 .60 

1.20 1.15 1.10 I. 27 

TABLE IV.- PR E S RE COEFFICIENT -Continued 

(h) o.v =OO, 0.=22° 

I 
Pre1<Sure coe ffi cients for section angle of attack-

Orifice xlc 

: -4.1° I -2.0° 

------------
1 0 0.74 0.34 
2 1 .75 1. 78 
3 2 .83 1.23 
4 3 .86 1.16 
5 5 .93 1.1 
6 7.5 .99 1.21 
7 10 1.04 1.23 

12 1.0 1. 24 
9 15 1. 05 1.10 

bl0 16.1 .96 .87 
A 1 .3 1.16 1. 31 
B 25 1. 20 1.32 
C 35 1.?6 1. 36 
D 45 1. 31 1.3 
1, 1;5 1. 36 1. 41 
l' 65 1. 39 1.12 
G 74 1.42 1. 43 

bl7 77. 03 1. 27 1. 25 
18 7 .3 1. 42 1. 42 
19 0 1.41 1. 41 
20 5 I. 39 I. 39 
21 90 1. 43 1.42 
22 95 I. 45 1. 43 
23 97.5 I. 44 1. 42 
24 100 1. 37 I. 36 
11 1.3 .91 .53 
12 2.6 .90 .62 
13 5 .94 .72 
14 7.5 . 96 .7 
15 11.4 .96 .82 
n 1 . 1 .99 7 
I 25 1.00 .90 
J 35 1.00 .92 

K 45 .9 .91 
L 55 .93 .88 

M 65 3 . 0 
T 75 .68 .64 

25 5 . 67 .6" 
26 90 . 83 2 
27 95 .99 : 99 
28 97.5 1.09 1. 09 

h16 15 . 95 5 
h29 0.3 1.26 1.23 

• Angle of attack for maximum li ft. 
b In tema I pressures. 

, 
0° 2.0' 4.1 ' 0,5. 1° I 6.1' 

---------------
0.61 1. 08 1. 64 2.00 1. 98 
2.19 2.36 2.35 2.27 2.14 
2.21 2.37 2.36 2. 2~ 2.14 
2.23 2.3. 2.36 2. Z 2.14 
2.22 2.40 2. 37 2.29 2.15 
1. 92 2.43 2.39 2.32 2.17 
1.54 2.46 2.42 2.34 2.19 
1. 36 2.44 2.44 2.36 2.21 
1.23 2.32 2.47 2.3 2.n 

0 5 .79 .77 .75 
1. 40 2.14 2. 2.39 2.24 
I. 42 1. 66 2.46 2.41 2.26 
1. 43 1.48 2.25 2.32 2.23 
1.44 1.4 1. 93 2.12 2.13 
1. 45 1. 49 I. 67 1. 1. 97 
1. 45 1. 48 1. 5.3 I. 67 1. 79 
1. 44 1. 47 1.48 1. 54 I. 6.'; 
1.24 1. 26 1. 28 1.29 1.3 
1.44 1. 47 1.51 1. 51 1. 58 
1. 42 1. 45 1. 54 I. 49 1. 55 
1. 40 1. 41 1.37 1. 41 1. 51 
1. 43 1. 42 1.33 1.39 1.50 
1. 42 1. 40 1. 29 1.37 1. 47 
1. 39 1.37 1.28 1. 35 1. 46 
1. 34 1. 31 1.25 I. 32 1.41 
.28 .14 .07 .06 .06 
.40 .25 .16 .14 .15 
.53 .39 .29 .27 .28 
.61 .47 .37 .37 .36 
.67 .56 .46 .4.5 .45 
.74 .65 .55 .55 .55 

0 .72 .6·1 . 6·1 .64 
.83 .77 .70 . 70 .72 
.85 .79 . 73 .74 .76 
.S3 .7 .74 .75 . 77 
.77 .73 .70 .72 . 73 
.62 .59 .55 .57 .60 
.63 .60 . 59 .61 .64 
. 79 .78 .75 .78 2 
. 96 .94 .90 .94 1:00 

1. 07 1.04 1.00 1.01 1.11 
.n . 65 .57 .56 .56 

1. 21 1. 23 1. 24 1. 25 I 1.33 

TABLE IV.- PRE RE COEFFICIEKT -Continued 

Pressure coefficients for ection angle of attack-

Orifice xlc 
-2.0' 1_0_'_ _1.1 0 

1 0 0. 31 1. 18 
2 1 I. 94 2.19 
3 2 1.53 2.21 
4 3 I. 20 2.n 
5 5 I.?O 2.23 
fi 7.5 I. 21 2. 22 
7 10 1. 2" 1.53 

12 1. 28 1.36 
9 15 1.14 1. 25 

h 10 16.1 3 .75 
A 1 .3 1.34 1. 40 
B 25 1.37 1. 43 
C 35 1. 42 1. 
D 45 1. 46 1.50 
E 55 l.iiO 1. 52 
F 65 1. 5·1 1.54 
G 74 1.60 1. 56 

b17 77. 03 1.5 1. 51 
1 78.3 1. 89 1. 76 
19 0 I. 59 I. 51 
20 5 1. 59 1. 51 
21 90 1.61 1.53 
22 95 1.64 1. 53 
23 97.5 1. 62 1.53 
24 100 I. 56 1.50 
11 1. 3 .46 .27 
12 2.6 .57 .38 
13 5 . G .51 
14 7.5 .il .57 
15 11. 4 .74 .64 
H 1 . 1 .79 .69 
I 25 2 .73 
J 35 .so .75 

K 45 .79 . 73 
L 55 . 71 . 68 

IVI 65 .58 .55 
N 75 .42 .39 
25 85 .~4 .34 
26 90 .56 .54 
27 95 .84 I 
28 97.5 1. 02 .93 

b 16 15 .79 .m 
h 29 SO. 3 1. 33 1. 27 

• Angle of attack for maximum lift . 
h Internal pressures . 

2.07 
2.38 
2.40 
2.40 
2. 42 
2.46 
2. 48 
2.4.3 
2.27 

.76 
2.02 
1. 61 
1. 51 
1.54 
1.56 
1. 56 
1. 56 
I. 49 
1.69 
1. 47 
1.4 
1.50 
1. 51 
1.50 
1. ·17 
.14 
.24 
.36 
.45 
.53 
.60 
.66 
.6 
.6S 
.f>3 
. 52 
.34 
.31 
.54 
.79 
.91 
.59 

1. 25 

2.0' ~I~ 
2.3~ 2.30 2.05 
2.45 2.32 2.07 
2.45 2.33 2. 0 
2.46 2.34 2.0 
2.47 2.31 2.09 
2.49 2.36 2.10 
2.52 2.37 2.11 
2.51 2.39 2.12 
2.56 2.41 2.14 
.70 .67 .65 

2.57 2.43 2.14 
2.52 2.46 2. 16 
2.22 2.41 2.19 
1. 5 2.31 2.1 
1.f>.! 2.11 2.12 
1.55 1. 9 2. 00 
1. .54 1. 74 1. 92 
1. 50 1. 65 1.91 
1. 69 1. 66 1. 81 
1. 49 1.60 1. 1 
1. 49 1.5 1. 7R 
1.50 1.57 1. 77 
1. 51 I. 56 1. 74 
1.50 1. 54 1.71 
1. 47 1.50 1. 67 
.06 .03 .04 
.15 .11 .12 
.27 .22 .?l 
.3., .~I .31 
.43 . 39 .40 
.52 .4 .51 
.5S .54 .57 
.6.3 . 61 .64 
.6.3 .62 .66 
.60 .59 .64 
.5.1 .51 .54 
. 33 .33 .35 
.30 .31 .33 
.5.3 .53 .56 
.7 .79 .87 
.91 .95 I. 06 
.53 .49 .50 

1. 24 1. 36 I. 56 

TABLE IV.-PRE URE COEFFICI ENT - onlinued 

I I Pressure cocflicicnts [or section angle of attack-

Orifice xlc 
-6.1' -4. 1' 
------

I 0 0.29 1.36 
2 1 1. 7 2. 26 
3 2 1.36 2.29 
4 3 1.20 2.30 
5 5 1.19 2.31 
6 7.5 I. 21 2.08 
7 10 1. 25 I. 67 
8 12 1.28 1.44 
9 15 1.13 I. 31 

blO 16.1 .7 .70 
A 1 .3 I. 34 I. 47 
B 25 I. 39 1. 51 
C 35 1. 45 I. 56 
D 45 1.51 1.61 
E 55 1.58 1.66 
F 65 1. 6t 1. 69 
G 74 1.66 1.6 
17 77.03 2. 19 2. 12 
18 78.3 1. 92 1. 7 
19 0 2.00 1.93 
20 85 1. 6 1.83 
21 90 1. 6 1. 
22 95 1. 85 1.81 
23 97.5 1. 82 1.7 
24 100 1. 79 1. 75 
11 1.3 .47 .24 
12 2.6 .56 .35 
13 5 .65 .47 
14 7.5 .69 .53 
15 11. 4 .71 .57 
II 1 .1 .74 .64 
I 25 .75 . 67 
J 35 .72 .66 

K 45 .66 .63 
L 55 .55 .51 

M 65 .37 . 35 
N 75 .34 .31 
25 85 .31 .28 
26 90 .32 .30 
27 95 .61 .59 
28 97.5 .86 4 

b 16 15 .75 .64 
h29 SO. 3 .59 .56 

• Anglc of attack lor maximum lift. 
b Internal oressures. 

-2.0' O' 1.0' 2.0· a 3,00 

---------------
2.23 2.45 2.52 2.50 2.44 
2.46 2.52 2.55 2.52 2.47 
2.48 2.52 2.56 2.53 2.47 
2.49 2.53 2.57 2.54 2.4 
2.51 2.55 2.5 2.55 2.49 
2. 54 2.56 2.60 2.56 2.49 
2.56 2.60 2.62 2.59 2.52 
2.49 2.62 2.64 2.61 2.5-1 
2.31 2.84 2.67 2. 63 2. 57 
.73 .69 .67 .63 .62 

2.00 2.63 2.68 2.64 2.57 
1.62 2.47 2.67 2.67 2.61 
I. 1.99 2.46 2.61 2.61 
1. 62 I. 69 2.09 2.40 2.51 
1.66 1. 61 1.80 2.10 2.31 
1. 68 1. 61 1.66 1. 5 2.06 
1. 65 1. 59 1.60 1. 70 1.86 
1.97 2.07 2.08 2.03 2.07 
1.81 I. 75 1. 72 1. 70 1. 80 
1.82 1. 65 1. 61 1. 6-1 1. 75 
1.72 1.58 1.58 I. 61 1.72 
1. 72 I. 59 I. 59 1. 62 I. 71 
1.71 1.58 1. 59 1. 61 1. 69 
1.69 1. 57 1.58 1.60 1. 66 
1. 65 1. 55 1. 55 1. 57 1.84 
.13 .07 .03 .02 .02 
.23 .14 . 11 .09 .0 
.35 .26 .22 .19 .1 
.42 .34 .30 .26 .25 
.49 .41 .37 .35 .33 
.56 .4 .46 . 42 .42 
.59 .53 .51 .4 .48 
.60 .55 .53 .51 .51 
.57 .53 .52 .50 .50 
.49 .49 .48 . 47 . 46 
.35 .34 .34 .33 .33 
.27 .21 .20 . 19 .19 
.18 .11 . 12 .14 .13 
.28 .28 .29 .29 .29 
.58 .56 .56 .56 . 57 
.SO .77 .77 .7 .79 
.57 .50 .47 .44 .43 
.50 .49 .47 .46 .47 

4.1° 

- --
2.30 
2.30 
2. 30 
2.30 
2.31 
2.32 
2.34 
2. 35 
2.37 

.66 
2.3 
2.41 
2. 42 
2.37 
2.26 
2.10 
1.96 
2.04 
1. 89 
1.87 
1. 81 
I. 79 
1.76 
1.74 
1.71 
.02 
.09 
.19 
.26 
.35 
.44 
.49 
.53 
.52 
.47 
.34 
.20 
.15 
.30 
. 60 
.83 
.45 
.51 
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TABLE IY.- PRE RE COEFFI CIE:;\T...,-Conlinued 

(k ) 0.\"=5°, op=5° 

Prcssure coemeicnts for section angle of attack-
Orifice xlc 

-4.1 ° I -2.0° 
------

I 0 1.77 1. 71 
2 1 .20 .36 
3 2 .34 .51 
4 3 .42 . 5~ 
5 5 .55 .71 
6 i.5 .69 .82 
7 10 .77 . 91 

12 8 1.00 
9 15 1.10 1. 09 

b lO 16. I 1. 73 .97 
A 18.3 .99 1. 10 
B 25 1. 02 1. 12 
(' 3'> 1.0 1.16 
D 45 1.13 1.1 
E 55 1.17 I. 21 
F 65 1.19 1.22 
G 74 1.22 1. 2:1 

b17 77.03 I. 21 1.1 
b 18 78. 3 I. 20 1.18 

19 80 1.39 1. 38 
?O 85 1.17 1.18 
21 90 1.10 1.09 
22 95 1.02 1.00 
23 97. 5 .96 .94 
24 100 .88 . S9 
11 1.3 1.7 I. 0 
12 2.6 1. 79 1. 82 
13 5 I. 81 I. 70 
14 7.5 I. 82 I. 36 
15 11. 4 I. 3 ].05 
Jf I .1 1. 71 1.01 
I 25 1. 36 I. 09 
J 35 1.15 1.1 3 

K 45 1.13 1.14 
L 55 1.12 I. 12 

1\1 65 I. 09 I. 08 
N 75 1.03 1.01 
25 5 .99 .99 
26 90 .98 .98 
27 95 .95 .95 
28 97.5 .92 .94 

b 16 15 1.68 . 96 
b29 80.3 I. 07 I. 04 

• Angle of attack for maximum lift. 
b Internal pressures. 

~I~I~ 6.1 ° 8.1 ° n 10.20 

1.10 0.54 0. 73 1. 76 I. 3 1. 53 
.7l 1.77 2.3.5 2. 2. 27 I. 93 

0 1. 23 2. 37 2.59 2.29 1. 94 
.~5 1. 19 2.39 2.60 2.29 1. 9·1 
.9·1 1.23 2.36 2.67 2. 31 1.96 

1.03 I. 2~ I. 0 2.64 2.34 I. 97 
1.10 1. 32 1. 53 2. 6 1 2.37 1.99 
1.17 I. 39 1. 47 2.50 2.40 2.01 
I. 20 I: ~~ I. 44 2.23 2:;~ 2.03 

6 .70 . 70 .04 
I. 26 I. 46 1. 57 1. 7 2.36 2.03 
1. 25 1. 39 1. 50 1. 59 2.26 2.0-1 
I. 26 I. 36 1. 45 1.50 1.9 1.99 
I. 27 1. 35 I. '12 I. 45 1.1l9 1.90 
I. 27 1. 34 1. 39 I. 41 I. 49 1. 0 
I. 27 1. 31 1. 35 I. 36 1. 37 1. 67 
I. 27 1.30 1.32 1. 32 1. 30 I. 5~ 
I. 20 1. 20 I. 21 I. 20 1.18 1. 42 
I. 20 

n~ 
I. 20 1.18 1.1 1. 40 

1. 39 I. 40 1. 31l 1. ~~ I. 49 
1. 20 1.70 1. 21 1. 21 1. 22 I. 48 
].09 1. 09 1.11 1.12 1.17 ]. 44 
.99 1.00 1.02 1. 04 ]. 14 ]. 40 
.9·1 . 96 . 97 ].00 1. 12 1.38 
.90 .92 .93 . 96 1.10 I. 34 
.94 .53 .28 .14 .10 . 11 
.93 .61 . 39 .25 .20 . 20 
.94 . 70 .51 .38 .33 .33 
. 9-1 .74 .57 . 46 . 40 .40 
.90 .75 .62 :~ .46 .47 
.90 .77 .67 .51 .55 

1.00 .88 .78 .70 . 66 
1.05 .95 7 .80 .77 .79 
I. 07 .99 : 92 .86 .84 .8 
I. 07 1. 00 .95 .90 . 90 .94 
1.05 1.00 .95 . 91 .92 .98 

.98 .95 .92 .90 .91 .99 

.96 .94 . 92 .91 . 95 1. 05 

.97 .96 .% .95 1. 00 1. 12 

. 95 .9.5 .95 .96 1. 03 1.1 

.93 .9·1 . 94 .96 1.05 1.22 

. ~2 .n . H2 .55 . 51 .51 
1.01 1. 02 I. 01 .99 .99 1.12 

12.20 

---
1. 2.1 
1. 72 
1.72 
1. i3 
1. 74 
1. 75 
1. 76 
1.77 
I. 79 
.62 

1. 0 
1. 2 
1. 2 
I. 2 
1. 80 
1. 76 
1. 76 
I. 59 
1. 5 
1. 66 
I. 69 
I. 67 
I.fi2 
1.5 
I. 53 
. 11 
. 21 
.33 
.41 
.4 
.56 
.69 
.82 
.91 
.99 

I. 04 
1. 07 
1.15 
I. 23 
1. 33 
1. 38 
.51 

1. 28 

TABLE IV.-PRESSURE COEFFI CIEKTS-Conlinued 

Pressure cocmcicnls (or section ang1c of att.ack-
Orifice xlc 

- 4.1° -2.0° 0° 2.0° 4.1° 
---------------

I 0 I. 64 I. 72 
2 1 .29 .51 
3 2 .44 .04 
4 3 .52 .it 
5 5 .64 . 83 
6 7.5 .77 1.00 
7 10 .87 I. 07 
8 12 .96 1.10 
9 15 I. 15 1.15 

b 10 16.1 1.17 9 
A I .3 1.0 I. 21 
B 25 1.11 1. 22 
C 35 1.16 I. 25 
]) 45 I. 21 1.28 
E 55 1. 26 1. 31 
F 65 1. 29 1. 32 
G 74 1. 37 I. 37 

b 17 77. 03 I. 37 I. 34 
b 18 78.3 I. 42 I. 38 

19 80 1.71 1.61 
20 85 I. 32 1. 27 
21 90 1.15 1.13 
22 95 1.02 1.06 
23 97. 5 .95 1. 03 
24 100 .88 1. 01 
II 1. 3 I. 70 I. 61 
12 2.6 I. 71 1.11 
13 5 1. 73 1. 02 
14 i . .; I. 70 1.01 
15 11. 4 I. 47 . 95 
IT 18.1 I. 09 .94 
I 25 I. 04 1. 01 
J 35 1.07 1.04 

K 45 1.10 I. 05 
L 55 I. 0·1 1.02 

]\( 65 .98 .9 
X 75 . 89 . 88 
25 85 .87 .87 
26 90 . 90 . 92 
27 95 .91 . 9.'; 
28 97.5 .90 . 98 

b 1(; J5 .1.1(; . HI 
b 29 80.3 I. 25 1.22 

• Angle of attack for maximum lift. 
b IntC' rn:t1 pressures . 

0. 70 0.37 1.10 
1. 00 2.1 2.57 
1. 02 2.20 2.59 
1.05 2. 12 2.60 
1.10 ]. 59 2.63 
I. 17 1.41 2.66 
I. 23 I. 41 2.37 
1. 31 1.4 I. 96 
I. 34 1.46 I. 67 
.82 .73 . 67 

I. 40 I. 56 1.62 
I. 35 1. 49 I. 57 
I. 35 1.45 I. 54 
I. 36 1.44 1. 50 
I. 36 I. 43 1.4 
I. 36 1.4 1 1.45 
1.38 1.40 I. 44 
I. 31 1.31 1. 32 
I. 34 1. 34 I. 37 
1. 55 1.54 I. 59 
1. 24 1. 26 I. 29 
1.16 1. 17 1.17 
1.11 1.11 1.09 
1.09 1.10 I. 06 
1. 07 1.07 1.02 
. 71 .37 . 18 
. N .47 .29 
. 79 .42 

2 .63 .49 
.80 .66 .54 
. ~1 .70 .60 
.90 . 80 .7 t 
.95 7 .79 
. 9 .91 . 83 
.97 .91 . 85 
.94 9 .84 

I . 82 .78 
5 3 .80 

.92 .90 7 

.97 .9(; .93 
1. 00 . 99 . 95 
.78 .66 .5(; 

I. 19 1.1 1.19 

-- - - - --- -

6.1 ° a 8.1 0 

------
I. 59 I. 4 
2.54 2.19 
2.55 2. 20 
2.56 2.20 
2.58 2.22 
2.66 2.25 
2.66 2.27 
2.66 2. 29 
2.61 2.3 1 
.70 .66 

2.43 2.31 
2.08 2.27 
I. 67 2.14 
I. 52 I. 93 
1. 47 I. 72 
1.42 1. 56 
I. 39 I. 45 
I. 27 I. 28 
I. 32 I. 33 
I. 47 I. 39 
1. 27 1. 34 
I. 19 I. 3 1 
1.12 I. 27 
1. 10 1. 26 
I. 07 I. 23 
.10 .09 
.20 . 1 
. 33 .30 
. 40 .3 

1. ·16 .44 
.53 . 52 
.64 .6-1 
.74 .74 

0 I 
.83 .8S 
. 83 .85 
.78 I 

I 

.79 5 

.8 . 95 

.95 1. 04 

.98 1.10 

.51 .49 
1.15 I. 16 

10.2° 

---
1. 59 
1. 91 
I. 91 
1.92 
I. 92 
I. 94 
1. 96 
I. 97 
I. 99 
.63 

2.00 
2.01 
I. 99 
I. 94 
I. 6 
1.17 
1. 70 
1. 50 
I. 55 
1.60 
I. 59 
1. 57 
1. 53 
1.50 
I. 45 
. 10 
. 19 
.31 
. 38 
. 45 
.53 
. 66 
. 77 
. 84 
.90 
.91 

8 
.95 

1. 06 
I. 18 
I. 26 
.50 

1. 3·\ 

TABLE IV.- PRE SURE COEFFICIENTS- Continued 

, 
Pressure coefficients for section angle of a lta ck-

Orifice xlc 
-4. 1° -2.0° 
------

I 0 1. 09 0. 71 
2 1 .43 6 
3 2 .57 .92 
4 3 . 64 .96 
5 5 .76 1.03 
6 7.5 .88 1.11 
7 10 .97 1.1 

12 1. 06 1. 25 
9 15 1.11 1. 26 

blO 16. 1 a 4 
A 18.3 I.l8 1. 35 
n 25 1.20 1. 33 
C 35 I. 24 1. 36 
D 45 1.29 1.38 
E 55 ]. 33 1. 40 
F 65 1. 36 1. 41 
G 74 I. 39 1. 42 

bl7 77. 03 1.27 I. 28 
IS 78.3 1. 39 1. 42 
19 0 1. 3 1. 40 
20 5 1. 3i I. 39 
21 90 1. 40 1. 43 
22 95 1. 42 1. 43 
23 97.5 1. 40 I. 42 
24 100 1.36 1. 37 
II 1. .1 1. 72 .7 
12 2.6 1.87 . 79 
13 5 1.16 2 
14 7.5 .99 :~3 
15 11. " . 94 . 80 
H 18.1 .91 .79 
I 25 .9 • P 
J 35 .99 .91 

K 45 . 97 .91 
L 55 .92 7 

l\f 65 .83 . 80 
N 75 .H8 .04 
25 85 .69 .63 
26 90 .84 .82 
27 95 .99 . 99 
2 97.5 1. 09 1.09 

bl6 15 .86 .7 
b29 8~.3 I. 24 I. 24 

• An!!le OCatlack for maximum lift. 
b Internal pressures. 

0° 2.0° 4.1° 6. 1 ° a 7.1 0 

---------------
0.31 0.73 I. 09 I. 43 I. 90 
2.06 2.4 2.68 2.40 2.24 

. 83 2.50 2. fi9 2.40 2.25 
1. 47 2.51 2.70 2.41 2.25 
1. 26 2.53 2.72 2. 42 2. 26 
1.28 2.16 2. 76 2.46 2.29 
1. 38 I. 81 2.79 2.49 2.31 
1. 4.J 1.56 2.73 2.51 2. 34 
I. 42 1. 49 2.55 2.53 2. 36 
.72 .66 . 69 .04 . 63 

I. 53 1. 04 2.20 2.53 2.36 
I. 46 I. 59 1. 0 2.49 2. J5 
1. 4,1 I. 55 1. 61 2.31 2.27 
I. 45 1. 54 1. 57 2.03 2 J2 
1. 44 I. 52 1. 55 I. 78 I. 93 
1.44 I. 49 1. 51 1.60 I. 75 
1. 43 1. 45 1. 48 1. 50 1. 61 
I. 24 I. 2~ 1. 28 I. 28 1. 36 
I. 40 1. 43 I. 47 1. 50 1. 56 
1.39 I. 40 I. 43 I. 49 1.53 
I. 37 1.38 1. 40 1. 39 1. 48 
I. 40 1. 42 1. 40 1. 37 I. 47 
I. 40 1. 42 1.39 I. 34 1. 44 
I. ~9 I. 40 I. 37 1. 33 I. 43 
I. 34 1. 36 1. 31 1.29 1. 39 
.43 .22 .10 .06 .07 
.52 . 34 .20 .1 4 .14 
.61 .45 .33 .26 . 26 
.65 . 52 .40 . 33 .34 
.67 .56 .45 .39 .40 
. 69 .61 .51 . 46 .46 
.78 .71 .62 .56 .57 

3 .77 .69 .IH .66 
1 . 79 .73 .69 .71 

. 82 .79 . 73 .70 .73 

. 76 .74 .71 .67 .69 

.62 .60 .55 .1;'1 .56 

.63 . 62 .59 .58 .61 

.80 .79 .76 . 7.5 .79 

.97 .96 .93 .91 .97 
1. 07 1. 07 1. 02 I. 02 1. 09 
.65 . 56 .50 . 4., .45 

1. 22 I. 22 1. 22 I. 24 I. 31 

8.1° 

---
1. 74 
2.09 
2.09 
2. 10 
2.11 
2.13 
2. 15 
2.17 
2. 19 
. 62 

2.20 
2.21 
2.1 
2. 10 
1. 98 
I. 5 
I. 73 
I. 47 
1.66 
1. 62 
1.60 
1. 59 
1.56 
1. 54 
1.49 
. 07 
.15 
.27 
.34 
.40 
.47 
.59 

.73 

.75 

.72 

.60 

.64 
4 

1. 04 
1.16 

. 45 
I. 4l 

TABLE IV.- PRE SURE COEFFICIENT -Continued 

P ressure coefficients for cctioo angle of attack-
Orifice x lc 

_4. 1° -2.0° 
- -----------

I 0 0.94 I. 22 
2 I .20 .39 
3 2 .35 .53 
4 3 .44 .61 
5 5 .57 . 75 
6 7.5 .73 .94 
7 10 4 I. 07 
8 12 .99 I. 15 
9 15 I. 32 I. 51 

bl O 16. 1 I. 64 2 
A 18. 3 1. 12 I. 23 
n 25 1.11 I. n 
C 35 1.1 6 I. 25 
D 15 1. 21 1. 28 
E 55 I. 26 1. :) 1 
F 65 1. 29 1. 33 
G 74 I. 36 1. 38 

bl7 77. 03 I. 25 1. 2~ 
bl8 78.03 1. 34 1. 32 
19 80 1.74 1.73 
20 5 I. 29 1.28 
21 90 1. 13 I. 12 
22 95 I. 02 I. 03 
23 97.5 .98 1.00 
24 100 .95 . 98 
11 1. 3 l. IH 1.58 
12 2.6 I. 61 I. 59 
13 5 1. 63 1.53 
14 7.5 1.64 1. 30 
15 11.4 1.6.1 .9 
IT I . 1 1.04 . 87 
I 25 I. . 95 
J 35 I. 07 I. 00 

K 45 I. 03 I. 02 
L 55 I. 01 I. 00 

}.{ 65 .91 .95 , 75 .91 . 87 
25 85 .88 . 85 
26 90 .92 . 90 
27 95 .93 .93 
28 97.5 .94 . 9·1 

bl6 15 I. r>4 .81 
b29 0.3 I. 20 1.17 

a .\nglc of at.t:..1ck Cor maximum lift . 
h In lerna I pressurr~. 

0° 2.0° 4. 1° 6.1 ° .1 ° a9.1 ° 

-------------
0.93 0.47 0.62 I. 01 1.85 1. 9 
.73 1. 76 2.52 2.94 ~:~ 2.41 
.84 I. 23 2.54 2.95 2.41 
.89 I. 22 2.56 2.96 2.69 2. 42 

1.00 1. 28 2.49 3.00 2. 70 2.43 
I. 13 1. 39 I. 70 3.03 2.73 2.45 
1. 23 I. 45 1.61 2.90 2.75 2.47 
I. 37 I. 59 I. 69 ~: g~ 2. 75 2.49 
I. 76 1. 98 2.03 2.73 2.50 
.60 . 59 .48 .40 2:~ .36 

1. 40 1. 59 I. 75 I. 2.43 
1. 37 I. 50 1. 04 1.71 2.34 2.34 
1. 36 I. 45 1. 57 I. 64 I. 93 2. 12 
1. 37 I. 43 1. 53 1. 58 1.66 I. 
1.38 I. 43 1. 50 I. 54 1. 52 1.68 
1. 38 1. 40 I. 47 1. 49 1. 44 1. 53 
I. 41 1. 40 I. 46 I. 45 I. 39 I. 44 
I. 23 I. 20 I. 21 1.19 I. 13 1.1 6 
I. 33 1. 30 1. 32 I. 31 1. 25 1. 29 
1. 73 1. 04 1. 69 I. 62 I. 43 1. 40 
1. 28 I. 24 1. 29 1.29 1. 27 1.33 
I. 13 1. 15 I. 16 I. 17 1.21 I. 29 
I. 07 1.11 I. 09 1. 10 I. 17 1. 27 
I. 05 1.10 1. 06 I. 07 I. 14 I. 25 
I. 02 1.06 I. 04 I. 04 1.12 1.22 

.50 .25 .11 .07 . 08 
5 .57 .35 .21 : ~~ . 17 
5 .04 .46 . 33 .2 

. &3 .66 .51 .39 .34 .34 

. 76 .63 .51 .42 .37 . 37 

. 77 : ~ .56 .49 .45 .45 

:~~ .04 .57 
.91 . 5 . 71 .67 .68 
.96 9 . 3 .77 .7 1 .76 
.96 .90 5 .80 .79 1 
.93 . 89 : ~~ .82 .80 .83 

4 .81 .75 .76 . 79 
3 . 81 .78 .76 :~ .82 

.89 .89 .87 .85 .92 

.94 J~ .92 .91 .96 1. 02 

.96 .95 . 95 1. 01 I. 08 

.60 .. 58 .47 . 39 . 35 .36 
1.17 1.14 I. 15 I. 12 1. 07 1.10 

12.2° 

---
I. 67 
I. 7 
I. 7 
1. 7 
1. 
I. 
1.90 
1.91 
I. 93 
.38 

1. 92 
1.93 
1. 92 
I. 90 
1.86 
I. 0 
I. 79 
I. 44 
I. 51 
1. 68 
I. 70 
1.69 
I. 65 
1.61 
1. 55 
. 11 
.19 
.31 
.37 
. 40 
.4 
.62 
. 74 

9 
.92 
.90 
.96 

l. ll 
1. 25 
1. 34 
.38 

1.36 



CIRCULAR-ARC AIRFOILS WITH LEADING-EDGE AND TRAILIl G-EDGE FLAP3 37 

TABLE IV.-PRE RE COEFFI CIENTS-Continued 

(0) 0.y=9·, .,,=22· 

I 
Pressure coefficients for section angle of attack-

Orifice xle 
1 -4.1° -2.0° 

------------
I 0 1.44 1. 42 
2 1 .33 . 60 
3 2 .47 .73 
4 3 .55 .80 
5 5 .69 .92 
6 7 . .5 .86 1.08 
7 10 .96 1. 17 

12 1.Jl 1. 32 
9 15 1. 48 1. 71 

"10 16. 1 I. 19 .62 
A 18.3· 1. 24 I. 38 
n 25 I. 23 I. 36 
C 35 1.26 I. 37 
J) 45 1. 30 1. 39 
E 55 1. 35 I. 42 
F' 05 1. 37 I. 42 
0 74 I. 40 I. 43 

b17 7i .03 1. 25 I. 26 
18 78.3 1.4 1 1. 43 
19 80 1. 41 1. 42 
20 85 I. 39 I. 40 
21 90 1.42 1. 44 
22 95 1. 43 1. 41 
23 97 . .5 I. 41 1.42 
24 100 I. 35 1.36 
11 1. 3 !. 47 .97 
12 2.6 1. 47 .92 
13 5 1. 49 9 
14 7.5 1.4 5 
15 II. 4 I. 38 .7 
IT 18. 1 1. 05 .77 
I 25 .91 .87 
.T 35 .95 .90 
K 45 .95 .00 
L 55 .92 .87 
M 65 5 .80 
N 75 .73 .65 
25 85 .73 . 65 
26 90 5 2 
27 95 1.00 .9 
28 97.5 1.09 1. 09 

b16 15 1.18 .62 
b29 80.3 1.24 1.23 

• Angle or at tack [or maximum IiIL. 
b Internal pressures. 

~I~ ~I~ 00 

---
0.4 0.55 I.l S 2.23 2.29 
1.11 2.36 2 . " 2.92 2. 44 
I. 15 2.39 2. 5 2.94 2.45 
J.l 6 2.36 2.87 2.94 2.46 
1. 24 I. 92 2.91 2.96 2.47 
1. 31 I. 55 2.96 3.01 2.50 
1.42 1. 57 2.46 3.02 2.51 
I. 56 1.72 2.00 3.00 2.52 
I. 97 2. 10 I. 92 2.90 2 . .14 
1.16 .49 .41 .34 .33 
I. 59 1. 75 1. 81 2. 63 2.51 
1. 51 I. 64 I. 72 2.23 2.44 
I. 48 I. I. 66 l. I 2.29 
I. 47 1. 55 1. 61 1. 66 2.0 
I. 47 I. 54 I. 57 1.60 1. 
I. 47 1.50 1. 52 I. 55 1.72 
I. 46 I. 47 I. 47 I. 51 1. 61 
I. 26 1. 24 I. 23 1. 28 1. 34 
I. 43 I. 44 1. 44 I. 52 1. 57 
1. 41 1. 41 I. 40 1.50 1. 55 
I. 39 I. 39 1. 37 1. 40 I. 48 
1. 42 I. 41 1. 39 1. 38 1.46 
I. 43 I. 41 I. 39 1. 36 1. 44 
1. 42 1. 40 1.3 I. 34 I. 42 
1.37 1. 36 I. 33 1. 29 1. 39 
.5 .3 1 . 15 .06 .06 
. 63 .4 1 .25 .14 . 14 
.68 .50 .36 .25 .24 
.6 .54 .41 .33 .30 
.65 .53 .43 .36 .34 
.66 .58 . 49 . 42 .4 1 
.77 .69 . 61 . 54 .53 

2 .76 .69 .63 .62 
.84 .79 .73 .68 .68 
.83 .7 .73 .70 .70 
.77 .74 .71 . 6i .68 
. 62 .60 .57 .53 .58 
.64 .62 .60 .57 .60 

0 .79 . 77 .74 .7 
.98 .96 .94 .91 .96 

1. 09 1.0 1.05 1. 02 1.08 
.60 .50 .40 .34 .33 

1.23 1. 20 1.1 1. 23 l. 29 

TABLE IV.- PRE SURE COEFFI CIENTS-Continued 

Pressure coemcients for section angle of attack-

Orifice xlc 
-4.1· -2.0· 

I 0 1. 00 0.34 
2 1 . 63 I. 21 
3 2 .77 1.17 
4 3 3 1.1 8 
5 5 : 95 I. 26 
6 7.5 1.0 1. 33 
7 10 1. 21 1. 45 
8 12 I. 36 1.60 
9 15 1. 77 2.02 

blO 16. 1 .58 .56 
A I .3 J. 44 I. 57 
n 25 1. 41 1. 60 
C 35 1. 45 1. 55 
D 45 I. 47 1. 56 
E 55 1. 52 1.58 
F 65 1. 56 1.60 
0 74 1.61 1. 64 

b l7 7i. 03 1.61 I. 61 
I 78.3 1. 92 1.00 
19 80 1. 64 1. 62 
20 8.5 1. 64 J. 62 
21 90 1.05 I. 64 
22 95 1. 66 1. 65 
23 97.5 1.65 1. 64 
24 100 1. 61 1.60 
II 1.3 .89 .52 
12 2.6 . 86 .57 
13 5 .83 .62 
14 7.5 .80 .63 
15 11. 4 .72 . 59 
IT 18.1 .71 .60 
I 25 .79 . 70 
J 35 .80 .73 

K 45 .78 .72 
1. 55 .70 .67 

]V[ 65 .57 .5.5 
N 75 .44 .37 
25 5 .38 .33 
26 00 .56 .55 
27 95 .84 .82 

97. 5 1. 03 1.01 
" 16 15 .57 .56 
b 29 0.3 1. 36 1. 35 

a Angle o[ attack [or maximum lift. 
b Internal pressures. 

00 2.00 4.10 ~1 __ ·l_0 _ 

0.52 1. 47 2.41 2.57 2.25 
2.38 2.84 3.08 2.63 2.26 
2.41 2. 6 3.09 2.63 2.27 
2.39 2.88 3. 10 2.64 2.27 
1. 99 2.92 3.12 2.65 2.28 
1. 63 2.94 3. 17 2.66 2.28 
I. 59 2.41 3. I 2.68 2.30 
I. 75 1. 96 3. 10 2.71 2.32 
2. 14 1. 95 2.86 2.74 2.34 
, 45 .37 .32 .28 .29 

1. 79 1. 4 2.45 2.70 2.33 
I. 69 I. 77 2.0l 2.66 2.34 
1. 65 1. 70 1. 77 2.49 2.32 
1.63 I. 67 1.71 2.26 2.24 
1. 62 1. 65 I. 67 2.00 2.14 
1. 61 1. 62 1. 63 1.80 2.01 
1. 62 1. 59 1.60 1. 68 1. 90 
I. 55 1.50 1. 51 1. 62 1. 87 
1. 78 I. 70 1.6 1. 68 1. 81 
1. 54 1. 47 1. 47 1. 59 1.7 
1. 55 1. 48 1.4 1. 56 1. 75 
1. 56 1. 49 1. 49 1. 56 1. 75 
1. 57 1.50 1.50 1. 55 1. 72 
I. 56 1. 49 1. 49 1. 54 1. 70 
1. 54 1. 47 1. 47 1. 51 1. 67 
.28 . 14 .05 .03 .04 
.38 .23 . 14 . 11 . 12 
.47 .33 .24 .21 .22 
.50 .3 .29 .26 .27 
.50 .40 .33 .31 .31 
.53 .45 .3 .36 .37 
.62 .55 .49 .46 .48 
.67 .60 . 56 .53 .5.5 
.68 .62 . 58 .56 .59 
.63 . 59 .56 .55 .58 
.53 .49 .48 .48 .52 
.35 .32 .31 .29 .33 
.32 . 29 .29 .29 .32 
.511 .52 .50 . 50 .55 
.80 .77 .76 .77 3 
.99 .94 .93 .94 1. 04 
.45 .37 .32 .28 .29 

I. 29 I. 25 1. 25 1. 31 I. 51 

TABLE IV.- PRESSURE COEFFICIEKTS-Contin ucd 

Pressure coemcients [or section angle o[ attack-
Orifice xlc 

_4.1 ° -2.00 

------------
I 0 L 19 0.94 
2 I .17 .43 
3 2 .32 .58 
4 3 .40 . 67 
5 5 .57 4 
6 7.5 0 I. 05 
7 10 .9 1. 25 
8 12 1. 25 1. 52 
9 15 1. 95 2.23 

10 16.1 2.03 2.34 
A 18.3 1. 56 1. 97 
B 25 1. 44 1.63 
C 35 1. 43 1. 59 
D 45 1. 45 1.58 
E 55 1. 49 1. 60 
F 65 I. 51 1. 62 
0 74 1. 56 1. 66 

"17 77.03 1. 55 I. 65 
18 7 .3 1. 82 1. 96 
19 0 1.58 1. 65 
20 5 1. 59 1. 65 
21 00 1. 60 1. 67 
22 9.5 1. 59 1. 67 
23 97.5 1.58 1. 66 
24 100 1. 57 1. 62 
11 1.3 I. 19 .94 
12 2.6 1.19 .95 
13 5 I. 20 . 95 
14 7.5 1. 20 .95 
15 II. 4 1. 21 .94 
IT 18. I 1. 23 5 
I 25 1. 26 : 65 
J 35 1.16 .65 
K 45 .96 .68 
L 55 .82 . 65 

M 65 .74 .56 
>J 75 .6 .45 
25 85 .63 . 43 
26 90 . 69 .60 
27 95 .85 3 
28 97.5 1. 00 1. 02 

b16 15 1. 23 .00 
b29 0.3 1. 34 I. 37 

" Angle of attack for maximum lift. 
h In ternal pressures. 

0° 2.0° 4.1° 6.1· .1° nJO.2° 

~1 0.28 
---------
g:~ 2.09 3.24 3. 7 

.;2 1. i 3.32 3. 94 4.21 

. 5 1. 28 2. 73 3.35 3. 97 4.22 

.93 1. 29 2.73 3.37 3.9 4.24 
1. 09 l. 42 2.20 3.42 4.03 4.27 
1. 20 1. 56 1. 93 2.42 4. 10 4.32 
I. 49 I. 79 1. 96 2.21 3.60 4.35 
1. 75 2.09 2.29 2.26 2.77 3.97 
2.35 2.97 3. 18 3.08 2. 78 3. 26 

~:~ 2.67 2. 0 2.74 2.62 2.56 
2.41 2.59 2.67 2. iO 2.76 

I. 77 I. 97 2.13 2.23 2.32 2.40 
1.71 1. 2 1. 93 2.00 2.06 2.10 
I. 67 1. 76 1. 83 1. 87 1. 92 I. 93 
I. 67 1.i3 1.77 1. 79 1. 81 1.80 

i:~ 1. 70 I. 72 1.71 I. 70 1. 68 
I. 70 1.68 I. 64 1. 61 1. 59 

1. 64 1. oi 1.60 1.54 1.50 1. 51 
1. 00 1. 7 1. 0 1.68 1. 62 1.60 
I. 62 1.61 1. 57 I. 49 1. 46 1.46 
!. 62 I. 61 1. 58 1. 49 1. 46 I. 45 
I. 65 1. 63 1. 59 1.50 1. 47 1. 47 
I. 66 1.64 I. 60 1.51 I. 48 1. 47 
1. 64 1.62 I. 59 I. 50 I. 47 1. 47 
1.60 1. 60 1. 5); 1. 49 1. 46 1. 45 
.73 .39 .20 .09 .03 . 01 
.68 .43 .27 . 17 .09 .05 
.63 .45 . 33 .24 .17 .12 
.57 .44 .34 .26 .20 . 16 
.45 .39 . 30 .24 . 19 . 17 
.40 .34 .28 .24 .20 . 18 
.56 .49 .43 .38 .33 .29 
.64 .57 .S! .46 . 42 .39 
. 66 .60 . .15 .51 .47 .44 
.62 .57 .54 .5 l .47 .45 
.53 .49 .47

1 

.44 .42 .40 
. 37 .34 .32 .29 .28 .27 
. 33 .36 .29 .27 .26 .26 
.53 .51 .50 .48 .47 .46 

0 .7 .11 .73 .72 .71 
I. 00 .9 .95 .92 .89 
.37 .28 .31 .28 .22 . 1 

1. 37 / 1. 35 I. 33 I. 27 1. 24 1.24 

12.2· 

---
2. 4 
3. 17 
3.18 
3. 19 
3.22 
3.27 
3.28 
3.H 
2.95 
2.37 
2.69 
2.52 
2.33 
2. 16 
2.03 
I. 91 
1.83 
1.7 
1.80 
1. 73 
I. 70 
I. 69 
1. 67 
1. 66 
1. 63 
.02 
.07 
. 14 
. 18 
.18 
.1 9 
.31 
.4 1 
.47 
.48 
.43 
.29 
.28 
.50 
.78 
.9 
.20 

I. 45 

TABLE IV.-PRES URE COEFFI CIENTS-Concluded 

Pres lire coeillcients [or section angle of attack-
Orifice Lie 

-4.1° -2.0° 0° 2.00 4.10 6. 1· 8. 1· . 10.20 12.20 

--------- ---1----------------
0 0.75 4.79 4.55 

2 1 .46 4. 0 4.32 
3 2 .62 4.82 4.33 
4 3 .72 4.83 4.35 
5 5 . 90 4. 7 4.37 
6 7.5 1.1 4.92 4.40 
7 10 1. 42 4.73 4.41 

12 1.81 3.82 3.97 
9 15 3.21 3.49 3.33 

10 16.1 3. 54 3.72 3.21 
A 18.3 2.05 3.06 2. 6 
B 25 I. 83 2.63 2.54 
C 35 I. 74 2.30 2.25 
D 45 1.72 2.10 2.05 
E 55 1. 74 1. 94 1. 91 
F 65 I. 74 1. I 1. 80 
0 74 I. 69 1. 67 1.71 
17 77.03 2.16 2.08 1. 99 
I 78. 3 1. 91 1. 67 1.68 
19 0 I. 95 1.61 1. 66 
20 85 1.86 1.60 I. 65 
2l 00 1. 85 1. 60 J. 61 
22 95 1.83 1. 60 I. 64 
23 97.5 1. 81 I. 59 1. 63 
24 100 1. 75 1.5 I. 62 
11 1.3 .75 0 0 
12 2.6 .75 .02 . 03 
13 .75 .08 .09 
14 .74 .11 . 1I 
15 .73 .Il .Il 
IT . 67 .12 .12 
I . 51 . 22 .22 
J .51 .30 .30 

K .53 .33 .34 
L .48 .32 .33 

:.'v[ .40 .25 .25 
N .32 . 17 . 18 
25 .28 . 14 . 14 
26 .3 . 23 .24 
27 .62 .48 .5J 
28 4 .69 .72 

h 16 .67 .10 . 10 
" 29 .49 .41 . 42 

a Angle of aLtack for maximum lift. 
b Internal pl·essurcs. 
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TABLE V.- P bo/Clb! DISTRIBUTIO N 1 

(a) Plain flap al 0=5°, 10°, and 15° (b) Plain fla p a l 0=20° 

E~ 0.05 0.10 0. 15 0.20 0.25 0.30 0.35 ~l~~ 0.55 0.60 0.65 0.70 0.05 0.10 0. 15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0. 60 
------------------------

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.05 .15 .15 . 16 . 16 .17 .17 .18 . 19 .20 .21 . 22 .23 .25 .27 . 15 .15 . IG . 16 .17 . 17 .18 .19 .20 .21 .22 .23 
.10 .22 .23 .23 .24 . 25 .25 .26 .27 .29 .30 .32 .34 . 36 .39 .22 .23 .23 .24 .25 .25 . 26 .27 . 29 .30 .32 .34 

xlc .20 . 33 . 34 .34 .35 .36 .38 .39 .40 .42 .44 .46 .49 .52 .56 .33 .34 .34 .35 .3G .38 .39 .40 .42 .44 . 46 .49 

J-E 
.30 .43 .44 .45 .46 .47 .49 .50 .5'1. .54 .57 . 60 . 63 .67 .72 . 43 .44 .45 .4G .47 . 49 .50 .52 .54 .57 .60 .63 
.40 .54 .55 .56 .57 .58 .60 .62 . 64 . G7 . 70 .n . 77 . 2 . 88 .54 .55 .56 . 57 .58 .60 .62 .64 .67 .70 . 73 .77 

(ahead of .50 .66 . 66 .67 .69 
: ~~ 

.73 . i5 .77 .80 .84 .88 . 92 
1: y~ 1.05 .66 .66 .67 .69 .il. :~ .75 .77 0 .84 .88 .92 

hin ge) . flO .79 .80 .82 .83 I: ~ . 00 .93 .96 1.00 1.05 1. 10 1.25 .79 .80 .82 .83 . 85 .00 . 93 .96 1.00 1. 05 1.10 

1 
.70 .97 .98 1.00 1.01 I. 03 1. 08 1.11 1.15 1. 19 1. 2'1 1. 30 1. 39 1.48 .97 .98 1.00 1. 01 I. 03 1. 05 1. 08 ~:~~ 

1. 15 1. 19 1. 24 1.30 
. 80 1. 23 1. 24 1. 26 I. 27 I. 29 I. 31 1. 34 1. 38 1. 42 1. 46 I. 52 I. 59 1.67 1. 78 I. 23 I. 24 1. 26 I. 27 1.29 I. 3J 1. 34 1.42 I. 46 1. 52 1. 59 
.00 I. 73 1. 74 1. 75 1. 76 1.i7 \. 79 1. 81 1. 4 1. 88 1. 92 1.98 2.06 2. HI 2.29 1.73 I. 74 1. 75 1. 76 1.77 I. 79 1. 1 1.84 I. ~§ 1.92 1. ?~ 2.06 

1. 00 8.74 ~:~ 4.89 4.40 4.01 3. 71 3.50 3.35 3.2.1 3. 15 3. Il 3.06 3.04 3.02 5.83 4.05 
n~ 

3.02 2. 83 2.70 2.63 2.58 ~:~ 2.56 2.58 2.62 

t . 90 6.45 3. 78 3.32 2.99 2.77 2.60 2.48 2.39 2.32 2.26 2.22 2. 19 2. 16 5.08 3.53 2.61 2. 36 2.18 2.05 1.9G 1.83 1. 78 1. 75 
.80 4.9G 3.5 1 2.92 2.57 2. 31 2.12 2.00 1.90 1. 81 1.74 I.Gg 1.04 1. VO I. 57 4.23 2.99 2.50 2.19 1. 97 I. 1 I. 70 1. 62 1. 55 1. 49 1.44 1.40 

x .70 3. ~? 2.72 2.23 1. 97 1.7i 1. G4 I. 53 1.44 I. 37 1. 32 1. 27 1.22 1.19 1.16 3.7 1 2.63 2. IG 1.00 \. 71 1. 58 1.48 I. 39 1. 32 I. 27 1.22 1.18 
1-- .60 3.09 2.18 I. 78 I. 57 I. 41 I. 30 I. 21 1. 14 1.08 1. 04 1.00 .96 .93 .91 3.33 2. 35 1. 92 1. G9 1. 52 I. 40 1. 30 1. 22 1. 17 1.12 1. 08 1.04 c 
E .50 2.46 L 72 1. 42 1. 24 1.11 1.02 .95 .89 . 85 . 81 .77 .75 .72 .70 2.98 2.09 1.73 1.50 1. 35 1. 24 1.1 5 1. 08 1.03 .98 .94 .91 

.40 1.00 1. 34 1.10 .96 .86 . ?~ .73 .69 . G5 .62 .59 .57 .55 . 53 2.65 1. 87 I. 54 I. 34 1.19 1.09 1. 02 .96 .91 .86 .83 .80 
(back of .30 1. 40 . 99 .~! .70 .6.1 .57 . 53 .50 .47 .45 . 43 .42 .40 .39 2.32 1.63 1. 34 I.lG 1. 04 .95 :~ :~~ . 78 .75 .72 .69 
hin ge) .20 .92 .65 .53 . 46 .41 . 38, .35 .33 .31 .29 .28 . 27 .26 .25 1.93 1. 35 1.11 .96 6 .79 .85 .62 .59 .56 

1 
.10 . 481 . 34 . 27 .24 .21 .20 . 18 . 17 .IG .15 .15 . 14 .1 3 .13 1. 39 .9 .79 .69 .62 . 57 .53 .50 .47 .45 .43 . 41 
.05 . 32 .19 . 16 . 14 . 12 .11 . 10 .10 .09 .08 .08 .08 .07 .07 I.lG .70 .58 .50 .45 .40 . 38 .35 . 33 .31 . 30 .28 

0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(c) Plai n fl a p al6=300 (d) Pla in nap at 0=40° 

E- 0.05 0.10 0.1 5 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0. 40 
------------------------------ --------------------------

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.05 . 15 . 15 .IG .16 .17 .17 . 18 .19 .20 .21 .15 .15 .16 .16 .17 .17 . J8 .19 
.10 .22 .23 .2:3 . 24 .25 .25 . 26 .27 .29 .30 .22 .23 .23 .24 . 25 .25 .2G .27 

xlc .20 .3:1 .34 .34 . 35 . 36 .3 .39 .40 .42 . 44 . 33 .34 .35 . 36 .3 .39 .40 .42 

1=1£ . 30 .43 .44 .45 . 4G .47 .49 .50 .52 .54 .57 .43 .44 .45 .46 . 47 .49 . 51 .52 
.40 . 54 .55 .56 .57 .58 .60 .G2 .04 .67 .70 .54 .55 .56 .57 .5 .60 .62 .64 

(ahead of .50 .li6 .6G . G7 .69 .71 .73 .75 .77 .80 .84 .66 .66 .G8 .69 .71 .73 .75 . 77 
hinge) .60 .79 .80 2 . 83 .85 .88 .90 .93 . 96 1.00 .79 .80 .82 . 83 .85 .00 .93 

i .70 .97 .98 1.00 1. 01 1. 03 1. 05 1.0 I.lJ 1.15 1.19 . 97 .9 1.00 1. 01 1.03 1.05 1.08 1.11 
.80 1.23 1. 24 1. 26 1. 27 1.29 1. 31 1. 34 1. 38 1. 42 I. 46 I. 22 1. 23 1.25 1. 26 1.28 1.30 1. 33 1.36 
.00 I. 67 1. 68 1. 69 1. 70 1.71 I. 72 1. 73 1.74 1.77 1.80 I. 58 1. 59 1.60 1. 61 1. 61 1. 62 I. 62 1. 63 

1. 00 4.50 3. 12 2.66 2.36 2.22 2.13 2.0 2.05 2.01 1. 99 4. JO 2.00 2.42 2.12 1.99 1. 88 1. 81 1. 76 

r .00 4.61 3.20 2.70 2.37 2. 15 2.01 1.00 1. 83 1.77 1.73 4.24 3.01 2.52 2.23 2.02 1.88 1.7 1.72 
.80 4.34 3.07 2.56 2.24 2.02 1. 86 1. 75 1. G6 I. 59 1. 52 4.29 3.04 2.53 2.22 2.00 1. 84 1.73 1. 6G 

1-: 
.70 4.08 2.89 2.37 2.09 1. 1. 73 1. 62 1. 52 1. 45 1. 40 4.27 3.02 2.48 2.18 1.96 1. 81 1. 70 1. 59 

c .90 3.82 2.69 2.20 1. 94 1. 74 1.90 1. 49 1. 40 J. 34 1.28 4.14 2.91 2.39 2.10 1. 89 1. 74 1.62 1. 52 

IF .50 3.55 2.49 2.05 1. 79 1. 61 1. 47 1. 37 1.29 1.22 1. 17 3. 92 2. 75 2.27 1.9 1.77 1.G2 1. 51 1. 42 
.40 3.25 2.29 1. 88 1.04 1. 46 1. 34 1. 25 1.17 I.lJ 1.06 3.64 2.56 2.11 1. 83 1. 64 1. 50 1.40 1. 31 

(back of .30 2.89 2.04 1.6 1. 45 1.29 1.18 1.10 I. 03 .98 .93 3. 28 2.31 1.00 1.64 1. 47 1.34 1. 24 1. J7 
hin ge) .20 2.44 LiZ 1. 41 1.22 1.09 1.00 .93 7 .82 .78 2.82 1. 9 1. 62 1. 40 1. 26 1.1 5 I. 07 1.00 

i .10 I. I I. 27 l. 03 . 90 .81 .74 .69 .65 .61 .5 2. II I. 48 1.20 1. 05 .95 . 87 .81 .76 
. 05 1. .13 .92 . 76 .66 . 59 .0.3 .49 .46 .44 .41 l. 79 1.08 .89 .77 .69 . 63 .58 .54 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(e) Plain Ilap at 0=50° (0 Pla in fla p al 0=60° 

E-----+ 0.5 1 o. 10 I o. 151 0. 20 I 0.25 0.30 0.35 0.40 __ ~~J~ 0.15 0.20 0.25 0.30 0.35 0.40 
- -----------------

I 0 
o I 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.05 . 15 . 15 . 16 .16 . 17 . 17 .18 . 19 .15 .15 .16 .IG . Ii .17 . 18 . 19 
. 10 :E .2:3 .23 .24 .25 .25 .26 .27 .22 .23 .2:3 .24 . 25 . 25 .26 .27 

xlc .20 .34 . 35 .35 .36 .38 .39 . • 0 . 33 .34 . 35 .35 .36 . 3 .39 .40 

l-E 
.30 . 4:3 .44 .45 . ·16 . ll7 .49 .51 .52 .43 . 44 .45 .46 .• 7 . 49 .51 . 52 
.40 .bl .55 .56 . 57 .58 .60 .62 . G4 .54 . 55 .56 .57 .58 .60 .62 .04 

(ahead of .50 . 66 .66 . 68 .69 .71 .73 .75 .77 .66 .67 .68 .69 .71 .73 .75 .77 
hin ge) .60 .79 .80 .82 .83 .85 .88 .00 .93 .79 .SO .82 .83 5 .90 .93 

1 
. 70 .97 .98 1. 00 1. 03 1. 05 1.08 1.11 1. 14 .97 .98 . 99 1. 01 1:02 I. 05 1. 07 1.10 
. 80 1. 21 1.22 1.23 1. 25 1. 26 I. 29 1. 32 1. 35 1.20 1.21 1.22 1.24 1. 25 1.28 1.29 1. 32 
.00 1. 54 1. 55 1. 56 I. 57 I. 57 1. 57 I. 57 1. 57 1. 52 1. 53 I. 5. 1. 55 1.54 1.53 1. 51 1. 50 

------ 1. 00 3. I 2.68 2.27 2.00 I. 6 1. 77 I. 71 J. 67 3.84 2.59 2.22 I. 97 1. 81 1. 71 1. 63 1. 59 

r . 00 • . 18 2.00 2.45 2.15 1. 95 I. 81 1.72 1.66 4. O. 2. 80 2. 36 2.08 1. 88 1. 76 1. 68 I.G2 
.80 4.25 3.00 2.50 2.20 1.98 1.82 1. 72 1.04 4.16 2.9·\ 2.45 2.15 1. 94 I. 78 1.68 1. 59 

I_X .70 4.27 3.02 2.48 2. I 1.96 1. 81 I. 70 I. 59 4.27 3.02 2.48 2.18 1.96 1. 1 1. 70 1.59 
. 60 4.21 2. 97 2.4:) 2. 14 1. 92 1. 77 1. 65 1. 55 4.27 3.01 2.46 2. 1i 1. 95 1. 79 1. 67 1. 57 c 
.50 4.07 2.86 2.36 2.06 1. 84 1. 69 1. 57 1.4 4.18 2.93 2.42 2.ll 1.89 1.73 1. 62 1. 52 

~ .40 3.86 2.71 2.24 1. 95 1.73 1. 59 1. 48 1. 39 4.01 2. 2 2.33 2.02 1. 80 1. 65 1. 54 I. 45 
(back of .30 3.52 2.49 2.04 1. 76 1. 58 1.44 1. 34 1. 25 3. 71 2. 62 2.15 1. 86 1. 66 1. 52 1. 41 J. 32 
hinge) .20 3.06 2.15 I. 76 I. 53 I. 37 1. 25 1.16 1.09 3.27 2.29 1. 1. 63 

I 
1. 46 1. 33 1.24 1.16 

1 
.10 2.34 I. 64 I. 33 1.16 J. 05 .96 .00 .84 2.51 1. 76 1. 43 1. 25 1.13 1. 03 .96 .00 
.05 2.02 1. 22 1. 00 .87 .78 .70 . G5 .6J 2.1 1. 31 1. 0 .93 .84 .76 .71 .66 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

I :Mod ified form of lab Ie III, rcf. 9; lbe normal-force coefficient was laken to be essentia lly the same as th lift coe fficient. 

\I S. GO"lERHMEHl PRINTING OFfiCE: 1954 


