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AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Length ____ _ 
Time ______ _ 
Force _____ _ 

Symbol 

l 
t 
F 

Metric 

Unit 

meter ___________________ _ 
second ___ _______________ _ 
weight of one kilogram __ - --

Symbol 

m 
sec 
kg 

English 

Unit Symbol 

foot (or mile) _________ ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound lb . 

PoweL_____ P kg/m/sec ___________________ ___ _____ horsepoweL __________ BP. 
S d {km/hr ---------------- -- - ---------- mi. /hr ________________ M . P. H. 

pee ------ ---------- m/sec _____________________________ _ ft. /scc _______________ _ f. p. 8. 

2. GENERAL SYMBOLS, ETC. 

W, Weight,=mg 
g, Standard acceleration of gravity=9.80665 

m/sec.3 =32.1740 ft. /sec.z 

m, Mass = W , 9 

p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-' 

sec.3 ) at 15° C and 760 mm=0.002378 (lb.­
ft.-4 sec.2). 

Specific weight of "standard" air, 1.2255 
kg/m3 = 0.07651 Ib. /ft. 3 

mk3, Moment of inertia (indicate axis of the 
radius of gyration, le, by proper sub­
script) . 

S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
e, Chord length. 
b/c, Aspect ratio. 
1, Distance from c. g. to elevator hinge. 
}J., Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure=~ p va 

L , Lift, absolute coefficient GL = ~ 

D, Drag, absolute coefficient Ov= ~ 
G, Cross - wind force, a b sol ute coefficient 

G 
Oe=qs 

R, Resultant force. (Note that these coeffi­
cients are twice as large as the old co­
efficients Le, Dc.) 

itp Angle of setting of wings (relative to thrust 
line) . 

ie, Angle of stabilizer setting with reference to 
thrust line. 

'1, Dihedral angle. 
Vl Reynolds Number, where l is a linear 

p j;' dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 

Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length). 

fl, Angle of stabilizer setting with reference 
to lower wing, = (it -iw) . 

a, Angle of attack. 
E, Angle of dOWllwash. 
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REPORT No. 288 

PRESSURE DISTRIBUTION OVER A RECTANGULAR MONOPLANE WING 
MODEL UP TO 90° ANGLE OF ATTACK 

By MONTGOMERY K IGII'r and OSCAR LOESER, Jr. 

SUMMARY 

The pressure distribution tests herein de cribed, covering angle oj attack up to 900
, were made 

on a rectangular monoplane wing model in the atmospheric wind tunnel oj the Langley ~£emo7'ial 
Aeronautical Laboratory. 

These tests indicate that a rectangular wing, by reason oj its large tip loads, is uneconomical 
ae7'odynamically and structurally, has pronounced lateral instability above maximum lift, and is 
not adaptable to accurate calculation ba ed on the classical wing theory. 

I TRODUCTION 

The pressure distribution tests described in this report were made at the Langley Memorial 
Aeronautical Laboratory primarily to obtain information relative to the autol'otational charac­
teristics of a particular rectangular monoplane wing model. However, the result obtained arc 
indicative of the di tribution over square-tipped monoplane wings in general, and arc presented 
herewith at the sugge tion of Lieut. W. . Diehl, nited tates avy, to add to the meager 
supply of information on the aerodynamic characteristics of wing at large angles of attack. 

uch information i of value in studie of the pinning airplane and of stability and controllabil­
ity at large angles of attack. 

METHODS AND APPARATUS 

The tests, covering angles of attack (a) from - ° (approximately zero lift) to 900
, were 

made in the 5-foot atmospheric wind tunnel, which ha a circular closed throat. (Reference 
1. ) The method of half- pan wing and reflecting plane (references 2, 3, 4, 5) was used. In 
FigUl'e 1 i hown the arrangement of wing and plane in the tunnel. Retardation of the flow 
close to the plane is compen ated for by dipping the leading edge of the plane lightly, th correct 
amount of dip being determined from a series of velocity urveys taken normal to the plane. 

The rectangular mahogany wing which had a ottingen 387-FB (Gat bottom) profile, had 
been te ted previou ly in autorotation experiment a a 5-inch by 30-inch full- pan wing. For 
pre SUl'e di tribution purpo es, 12 small brass tube were inlaid in slots cut in the surface of the 
wing parallel to the span. The pressure orifices consisted of hole drilled at interval in these 
tubes. The tube locations around the profile, and the spa ing of orifi e group or ection 
along the span, are given in Figure 2. Figure 3 shows the model with tubes, connections, 
and mounting block. 

Pressures were recorded photographically on photo tat paper placed again t the tube in 
the multiple liquid manometer illustrated in Figure 4. In this figure are al ' o hown the rubber 
pro ure tubes from the wing, and the handles attached to the lower end of the wing upportiuO' 
bracket for changing the angle of attack. 

3 
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In order to implify the drawing of the pres ure di tribution diagrams, the po ition of 
the orifice tube in the wing urface were 0 cho en that when projectcd on the chord they cor­
re ponded 1,0 certain selected tube on the manometer, the distance between the end manom­
eter tubes representing the wing chord. This arrangement made it pos ible to draw the 
pre ure diagram directly on the manometer record a shown in Figure 5, which is a photograph 
of a spccimen record. Only the manometer tube labeled at the top of this record were u ed in 
the L(' Ls, the other being left open to the ail' in the experimental chamber. 

The te Ling procedure con i ted first in ealing all orifice with wax, checking each tube for 
lrak , find then opening with a needle the orifices of the de ired section. This ection wa thrn 
tr ted through the complete angle of aLtack range. 

Throughout the tests the dynamic pre sure (q = Yz pP, where p= air den ity and V = 
YelociLy) in Lhe vicinity of the model wa held on tanL aL 4.09 poundg prr gquarc foot, using as 

F IG. !. JIaH-spnn wing model and reflecting plane mounted in 
LUnnel 

35 7 

o~ 
2 4 6 8 10 

/-
2------
3 - - - ---

4- - ----

51- -

61- - - -- -

71- - - --

8------

Oriftce -7. chord 
'-om L.£. 

o 000 
/ 248 
3 7.48 
5 /8.00 
7 38.60. 
9 6440. 
JI 87.40. 
2 496 
4 20.96 
6 41.20 
8 67.00 

10 9000 

Seckon -7. semi-span 
from lip 

/ /.67 
2 5.00 
3 10.00. 
4 /6.70. 
5 26.70. 
6 40..0.0. 
7 60..0.0 
8 80..0.0 

FIG.2.- LocaLion of preosure distribution orifices in Oiit­
tingen 387- FB wing 

a reference the Pitot-static tube hown at the left of Figure 1. Thi in trument wa connecled 
to a yemier InanomeLer out ide Lhe tunnel. The static pre ure ide of tbi Pitot tube was 
al 0 connected to Lwo of the lllulLiple manometer tube for the purpose of locating the sLaLic 
pressure lin on the manometer record. The mean velocity corresponding to the above dynamic 
pre sure wa 59.5 feet per second. The mean Reynold umber wa 147,000, with the wing 
chord as the characteri tic length. 

A comparison of the integrated area of original and check manometer record indicated 
oyer-all error of about 1 per cent, covering the te t and the drawing and integration of the 
pres nrc diagram. Thi error, together with the error in the values of q used in computing the 
coefficient of normal force (GNP) for each cction, 1'e ulted in a probable error of about 3 per cent 
in the final 1"e ult . 
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FIG. 3.-Model wing showing pressure connec· 
tion, and mounting block 

Section 8 
at '" 16' 

q = /.02" 
CX F = /465 

FlO. 4.- IulUple photographic manometer in place beneath tunnel 

F IG. 5.-Specimen manometer record witb pressure diagram 
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FIGs. 19.20, and 21.-Resultant Ilormal pressuro distrihution 
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R E ULTS 

In order to givo a three-dimensional impros ion of the distribu tion of prossure ov~r tho wing 
model, the pre sure diagrams for oa h oction at a given angle of aUack are plotted in their 
respoctive positions along the span of an isometric plan view of the half wing. The pressures 
on the upper and low~r wing urIaco aro prosented in this mannol' in FiO'ures 6- 17. egative 

f1 ~/. Tip 
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Angle of atlack, ex 

FIG. aO.-Section curves of GNP 

pros uros arc pI ttod upward and positivo pre ures downward with 1'0 poct to the chord plano_ 
Figures 18- 29 are corro ponding diagram of resultant or total pres ures. Lifting pressures are 
plotted upward. The latter diagrams al 0 contain curves of centeI' of pre sure (0_ P.) along 
the pan. A pre ure scale in terms of q i included at the left of each figure. Each of the two 
sots of diagrams is for angles of attack of - 0, 0, 0, 12°, 16°, 20°, 24°, 2 0, 36°, 50°, 70°, and 
90 0

, the angle boing 0 cho on that int~rpolation may bo mad with fail' accuracy_ 
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In Figure 30 are O'iven the curves of GNF v . a for each section. 
obtained direcLly from the manom tel' records by integrating the prc 

A 
GNF = qJ, 

where A = intcgrated arca of diagram, 

The values of GNF were 
ure diagram -

q = dynamic pres ure expressed as pre ure head de term i ned from stagnation point, 
l =length of diagram. 

The determination of q at large angle of attack provc·d to be a difficult matter. From a 
careful tudy of the stagnation point of the pre sure diagrams a curve of q vs . a wa finally 
obtained for each section. The values of q taken from these curves were u ed in the above 
equation for GNF• 
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FIGS. 318 and 31b.-Semispan loads 

Con idering the wing as a "lifting line," GNF i merely the pre sure in term of q at any 
point on that line. FiO'ures 3la and 3lb show GNF plotted alonO' the lifting line for variou angles 
of attack. The e diagram not only repre ent the variation in GNF along the pan, but are 
al 0 a measure of the load di tribution ince the wing chord i a con tanto 

By integrating each of the curves in Figures 3la and 3lb and dividing by the length of Lhe 
diagram the value of GNF may be obtained for the entire wing for each angle of attack repre­
sented. The e values are plotted together with the force test l;e ult for thi wing in Figure 32. 

Figure 33 give the longitudinal center or pressure travel vel' us a for the entire wing. 
Thi curve i determined from moment integrations of the C. P . curve in Figures 1 -29. 

A imilar curve for the lateral . P. travel along the emi pan i given in Figure 34. This 
curve is obtained from moment integraLions of the semi pan load curve of Figures 31a and 31 b. 
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DISCUSSION 

The isometric diagrams of Figures 6- 17 furni h a graphic representation of the growth and 
final collapse of wing surface pressures as the angle of attack is increased. The forward move­
men t of the upper surface boundary layer i shown, beginning with a slight thickening at the 
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trailing edge of the diagram of section 7 at 16° (fig. 10), and culminating in complete flow 
breakdown for all ections at some angle between 28° and 36°, a shown by the flattening of the 
upper urface diagram of Figures 13 and 14. The e diagram indicate the natme of the stresses 
imposed upon the covering of rectangular airplane wing in steady flight. Figures 10- 13 also 
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show the presence of high nose pre ures, signifying that the nose of the Gottingen 3 7 profile 
is somewhat too harp for best 1'e ult in the vicinity of maximum lift. 

The isometric diagrams of Figure 1 -29 how the growth and collap e of re ultant pressures 
acting normal to the chord. There is a noteworthy difference both as to hape and ize of the 
pre ure diagrams of ection 1 as compared with those of other ection. This diJference is due 
to the action of the trailing vortices at the wing tip and practically di appears at 36°. (Fig. 26.) 
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The curves of longitudinal center of pres ure included in Figures 19- 29 how that, due to the 
large tip load and rearward center of pressure, unde irable twi ting moment are pre ent at the 
wing tip. 

In Figure 30, which contains the curve of Om' for each section, the high loading of the tip 
section ( o. 1) i evident, reaching 11 maximum value of 2.12 at 26°. The harp drop from 
this value to .90 at 34° is indicative of the stronO' autorotational tendencie of the rectangular 
wing tip . 

In Figure 3111 and 31b the excessive tip load are once more evident. The load di tribution 
depart on iderably from the de ired elliptical hape which i the theoretical condition for 
minimum drag. Thi fact indicate that inaccurate re ult will be obtained when the theoretical 
corrections for aspect ratio, biplane interference, and tunnel wall effect are applied to rectangular 
wing. 

In Figure 32, the comparison between pre ure distribution and force te t values of Nfl' 
shows good agreement between - ° and + 10° and between 50° and 90°. ]3etween10o and 50.° 
the cli. cl'epan cie, are variable, rever ing in sign at 31°, The l'e ult of force test at large angles 
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FIG. 34.-Lateral center of pressure 

of attack now in progress in the atmo ph eric tunnel lead to the belief that tunnel wail interferenc ' 
may be the chief cau e of the e diITerences. The distance from the wing tip to the tunnel wall 
wa 15 inches for the force tests and about 29 inches for the preSSUl'e di tribution experiment. 

CONCLUSIO S 

Although the e tests were run at a low Reynolds umbel', it is safe to state that 11 full 
scale rectangular wing po esses the following disadvantages: 

1. The excessively high tip load up to large angle of attack (ONfl'=2.12 at a=26° for a 
ection 2.4 per cent of semi pan from tip) produce large lateral bending moments and longi­

tudinal twi ting moments in the winO' tructUl'e. 
2. Above maximum lift uch a wing ha a high degree of lateral in tability. 
3. The con iderable deviation from eilipti al span loading result in increased drag, and al 0 

introduc appreciable enol' in calculation ba ed on this type of loading. 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 

J ATIONAL ADVISORY OOMMITTEE FOR AERONA TICS, 

LA GLEY FIELD, VA., October 27, 1927. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Moment about axis Angle Velocities 

Force 
(parallel Linear 

Sym- to mds) Designa- Sym- Positive D esigna- Sym- (compo-
Designation bol symbol tion bol direction tion bol nent along Angular 

axis) 

LongitudinaL __ X X rolling _____ L }"---+Z roll ______ <P u p 

LateraL ____ - -- y y pitching ___ _ M Z---+X pitch _____ e v q 
NormaL _____ _ Z Z yawing _____ N X--l" yaw _____ 'lr w r 

Absolute coefficients of moment 

L j£ N 
OL= qbS OM= qcS ON= qfS 

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

D, Diameter. 
pe, Effective pitch 
Po, Mean geometric pitch. 
Ps, Standard pitch. 
pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio . 
V', Inflow velocity. 
Vs, Slip stream velocity. 

4. PROPELLER SYMBOLS 

T, Thrust. 
0, Torque. 
P, Power. 

(If CI coefficients" are introduced all 
units used must be consistent.) 

1/, Efficiency = T F/P. 
n, Revolutions per sec., r. p. s . 
N, Revolutions per minute., R. P. M. 

<P, Effective helLx angle=tan-l(~) 
27l'rn 

5. NUMERICAL RELATIONS 

1 HP = 76.04 kg/m/sec. = 550 lb ./ft. /sec. 
1 kg/m/sec. =0.01315 HP. 

1 lb. = 0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m=3.2808333 ft. 

1 mi./hr. =0.44704 m/sec. 
1 m/sec. =2.23693 mi./hr. 


