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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

Length ____ _ 
Time ______ _ 
Foree _____ _ 

Symbol 

l 
t 
F 

Metric 

Unit 

meter ___________________ _ 
seeond _______ __________ _ _ 
weight of one kilogram ___ -_ 

I Symbol 

m 
sec 
kg 

English 

Unit 

foot (or mile) ______ _ 
second (or hour) ____ _ 
weight of one pound_ 

Symbol 

ft . (or mi.) 
sec. (or hr.) 
lb. 

Power _ _ _ _ _ _ P kg/m/see _________________ _ - - - - - - - - - horsepower - - - - - - - --

speed_ - ---- - -- ----- -- {~f~L ~~~===== ==== == == == = ========== fti~~~===== ====== = == 

HP. 
1\1. P. H. 
f. p. B. 

2. GENERAL SYMBOLS, ETC. 

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

m/sec.2 = 32 .1740 ft. /sec.2 

m Mass = W , 'g 
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 =O.07651Ib ./ft.3 

mk3, Moment of inertia (indicate axis of the 
radius of gyration, 7.;, by proper sub
script) . 

S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span. 
c, Chord length. 
b/c, Aspect ratio. 
j, Distance from c. g. to elevator hinge. 
J.i-, Coefficient of yiscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure=~ P V~ 

L, Lift, absolute coefficient OL= L 
<J 

D, Drag, absolute coefficient aD = :s 
0, Cross - wind force, a b sol ute coefficient 

a 
Oe=qS 

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

iw Angle of setting of wings (relative to thrust 
I line). 

it, Angle of stabilizer setting with reference to 
thru~t liue. 

"I, Dihedral angle. 
Vl Reynolds Number, where l is a linear 

P -';' 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 pres ure coefficient (ratio of 
distance of O. P. from leading edge to 
chorcllength) . 

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

a, Angle of attack. 
E, Angle of dOWIlwash. 
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PRESSURE DISTRIBUTION TESTS ON PW- 9 WING MODELS FROM - 18° 
THROUGH 90° ANGLE OF ATTACK 

By OSCAR E. LOESER, JR. 

SUMMARY 

At the request oj the Army Air Oorps, an investigation oj the pressure distribution iJver P W-9 
wing models was conducted in the atmospheric wind tunnel oj the National Advisory Oommittee 
jor Aeronautics. The primary purpose oj these tests was to obtain wind-tunnel data on the load 
distribution on this cellule to be correlated with similar injormation obtained in flight tests J both to 
be used jor design purposes. Because oj the importance oj the conditions beyond the stall as affecting 
control and stability, this investigation was extended through 90° angle oj attack. The results jor 
the range oj normal flight have been given in N. A. O. A . Technical Report No. 271. The present 
paper presents the same results in a different jorm and includes, in addition, those over the greater 
range oj angle oj attack, -18° through 90°. 

The results show that-
At angles oj attack above maximum lift, the biplane upper wing pressures are decreased by the 

shielding action oj the lower wing. 
The burble oj the biplane lower wing, with respect to the angle oj attack, is delayed, due to the 

i71Jluence oj the upper wing. 
The center oj pressure oj the biplane upper wing (semispan) is, in general, displaced jorward 

and outward with rejerence to that oj the wing as a monoplane, while jor the lower wing there is 
but slight difference jor both conditions. 

The overhanging portion oj the upper wing is little affected by the presence oj the lower wing. 

. INTRODUCTION 

The increased speeds and maneuverability of modern pursuit airplanes call for careful 
consideration of design and of wing loads over a large range of angle of attack. Similarly, the 
consideration being given to stability and control above the stall requires an extension of the 
usual range of pressure distribution investigations. To this end, at the request of the Army 
Air Corps, the distribution of pressure over the wing models of a modern pursuit airplane, 
PW-9, has been investigated in the atmospheric wind tunnel of the ational Advisory Committee 
for Aeronautics (Reference 1). The test results were given in part in . A. C. A. Technical 
Report o. 271 (Reference 2) . In the present paper the pressures are plotted (normal to the 
chord) as resultant or total pressures from -18° through 90° angle of attack, while in the former 
report they were plotted as individual upper and lower surface pressures in the conventional 
manner over the range of normal flight. 

APPARATUS AND METHODS 

Half-span, laminated wooden models accurate to ± O.003-inch, with inlaid pressure tubes 
of 0.032-inch bore, were used in this investigation. (Fig. 1.) These models were 1: 9.6 scale 
of the PW-9 airplane cellule and of Gottingen 436 airfoil section throughout. (Fig. 2.) The 
most unusual features of this biplane cellule are the difference in plan form of the wings and the 
increased angle of incidence of the center section. Three-foot to four-foot lengths of ts-inch, 
inside diameter, rubber tubing served to connect the pressure tubes of the manometer. 

3 
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Compensation was made for the mi sing half span by means of a reflecting plane. (Figs. 
3 and 4.) tatic and dynamic pre sure urvey were made normal to thi plane two chord length 
ahead of the models, and, as expected, the velocity close to the plane was found lower than that 
in the free tream above it. This condition was remedied by slightly bending the leading edge 
of the reflecting plane downward. 

The integrated mean pressures of the final surveys were used to calibrate a Pitot static 
tube, located 3 feet ahead of the honeycomb, forward of the test section. This tube was then 
used to maintain an air speed of approximately 30 meter per econd. 

Gottingen 436 airfoil 

tation pper Lower 
per cent per cent per cent 
chord chord chord 

0 2. 5 2.85 
l)l.j' 4.59 1.21 
2~ 5.54 0.69 
5 6. 6 0.37 
7~ .02 0.21 

10 .92 0.05 
15 10.03 0.00 
20 10. 2 0.00 
30 11. 08 0.00 
40 10.55 0.00 
50 9.60 0.00 
60 8.28 0.00 
70 6.60 0.00 
80 4.70 0.00 
90 2.59 0.00 
95 1.43 0.00 

100 0.26 0.00 

FIG. J.-PW-9 Pressure·distribution wing models 

In calculating the results, no allowance was made for the change in dynamic and static 
pressure with increasing angle of attack due to the blocking of the air stream by the model, 
since an evaluation of this effect would have required a separate investigation. Consequently, 
above maximum lift the accuracy of the re ults may be eA-pected to decrease slightly. 

To obtain a pressure distribution record as shown in Figure 5, the model was set at the 
desired angle of attack and an exposure made upon a sheet of photostat paper held against the 
manometer tube, after a constant condition of pressures had been obtained. The recorded 
pre sure were then scaled off accurately, tabulated, and plotted to obtain the individual test 
ection pI' ure di tribution curves. A comprehensive discus ion of airfoil pre ure di triblltion 

principle i given in Reference 3. 
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FIG. 4.-PW-9 wing models in wind tunnel 

FIG.5.-Reduced photograph of a manometer record 
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The final curves are estimated to be accurate to within about ± 3 per cent, for the plani
metering of the pressure distribution curves was held to within 1 per cent, while the fairing of 
the curves was susceptible to errors of possibly 2 to 3 per cent. 

The Reynolds Number based on the weighted mean chord was approximately 300,000. 

RESULTS 

It was possible to obtain the resultant normal pressures directly from the algebraic differ
ence of the recorded surface pressures, inasmuch as the upper surface orifices were located 
directly above the corresponding orifices in the lower surface of each wing. These resultant 
pressures in terms of dynamic pressure, 

where p = air density 

V= air speed 

for the wing models separately and in their mutual relation in the biplane cellule, were plotted 
as ordinates in their respective positions on the isometric projection of the wings. (Figs. 6-18.) 
The pressure diagrams are drawn through the test points in every case; but in order to avoid 
congestion these points are not shown. This manner of presentation of pressure distribution 
offers a direct comparison of pressures between the various test sections over the wing, and also 
between the monoplane and biplane pressures. 

Variation of the coefficient of normal force GNFI' at each test section along thc semispan, 
is shown in Figures 19 and 20. GNF! is the mean pressure in terms of q of the individual test 
sections. 

Figure 21 illustrates the variation of coefficient of normal force, GNF, for each wing and 
for the biplane cellule; with change of angle of attack. The value of GNF was obtained from 
the integrated mean of the respective GNF! curves. That for the biplane cellule was obtained 
from the weighted sum of GNF for both wings. 

O G 
S11, 0 SL 

NFb= NF11, X S
T 
+ NFLXS

T 

GNFb = normal force coefficient for the biplane cellule. 
GNFu = normal force coefficient for the biplane upper wing. 
GNFL = normal force coefficient for the biplane lower wing. 
Su = area of upper wing. 
SL = area of lower wing. 
ST = total area of both wings. 
The distribution of load along the span, in terms of a nondimensional coefficient K, IS 

shown in Figures 22 and 23. 
K = ONF X chord 

mean chord 

Due to the irregular plan form of the wings, the longitudinal center of pressure 0 11 , positions 
were plotted on the mean chord of each wing in their respective positions in the biplane. 
(Fig. 24.) The mean chord was obtained by dividing the area by the span, and the mean 0 11 

was derived from the integrated mean of the G1I curves as plotted on the isometric diagrams. 
The biplane cellule center of pressure was computed as the equivalent moment arm of the 
forces on both wings from the center section leading edge of the upper wing: 

GNF11,XSUXa+ ONFLXSLXb 

GNFuXS11,+ GNF11,XSL 

GPb = center of pressure of biplane cellule. 
a =position of G1I of upper wing back of center section leading edge. 
b = position of Op of lower wing back of upper wing center section leading edge. 
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Figure 25 illustrates the lateral Op travel. The values for the biplane cellule were obtained 
from the integrated moments of the span-loading curves, by computing the equivalent moment 
arm of the forces on the wings measured from the plane of symmetry: 

o =Mu+ML 
Pb Au+AL 

Mu = integrated moment of upper wing span-loading curve about the plane of symmetry. 
ML = integrated moment of the lower wing span-loading curve about the plane of symmetry. 
Au =area under K curve for upper wing. 
AL = area under K curve for lower ·wing. 
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FIG. 24.- Longitudinal Cp travel VS. angle of attack 

DISCUSSION 

Lower 
wing 

At large negative angles of attack (ex) the biplane upper wing pressures are greater than for 
the wing as a monoplane. This difference decreases as ex approaches the angle of zero lift, 
approximately - 5°, above which the monoplane pressures become larger than the biplane 
pressures . There is but slight difference in pressures between the monoplane and biplane 
upper wing from zero lift to maximum lift, where the biplane leading edge pressures again 
become larger. As a. is increased beyond maximum lift, the effect of shielding of the upper wing 
by the lower becomes apparent and is very marked at the higher angles of attack as shown by 
the decided decrease in pressure on the biplane upper wing. 

The influence of the upper wing on the lower at large negative angles of attack is shown 
by the decreased pressure on the lower wing. As ex approaches zero lift the lower biplane wing 
and monoplane pressure diagrams become quite similal'. Above zero lift the biplane pressures 
decrease with reference to the monoplane up to the region of maximum lift, beyond which the 
lower wing pressures are again higher. As seen from Figures 13, 14, and 21, these increased 
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pressures are due to the delayed burbling of the lower wing, a result of the influence of the upper 
wing. At high angles of attack the upper wing of the biplane deflects the air downward over 
the upper surface of the lower wing, thu tending to prevent the separation of flow from that 
surface. 

In the region above zero lift and below maximwn lift the mutual interference of the biplane 
wings cau e decrea ed pressures on both wings, with the greater effect on the lower wing. 

The overhanging portion of the upper wing i little affected by the lower wing of the biplane, 
except for an increa e in pressure on the upper wing leading edge in the region of maximum lift. 
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F IG. 25.-Lateral OP travel vs. angle of attack 

The longitudinal center of pressure po ition of the biplane upper wing is decidedly forward 
of that for the monoplane. That for the lower wing is but little affected, except for a slight 
movement to the rear at large angles of attack. (Fig. 24.) 

In the biplane upper wing the lateral Cp in general move outward with increa e of angle 
of attack, due to the decreased pre ure over the greater part of the wing, while the over
hanging portion pressures are little affected by the lower wing. (Fig. 25.) The Op of the biplane 
lower wing differs little from that when taken a a monoplane. Due mainly to the horter 
lower wing, the biplane cellule Op i nearer the plane of symmetry than that of the upper wing as 
monoplane. 
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CO CLUSIO S 

A comparison of the biplane and monoplane re ults leads to the following conclusions: 
1. The biplane upper wing is shielded by the lower at large angles of attack, with resulting 

decrease in pres Ul'es on the upper wing. 
2. The influence of the biplane upper wing on the lower i marked at largo negative angles 

of attack by decreased pressures and at large positive angles of attack by the delayed burble 
of the lower wing. 

3. In the region above zero lift and below maximum lift the mutual interference of tho 
biplane wing cau es decreased pressure on both wings, with the greater efIect on the lower 
wing. 

4. The overhanging portion of the biplane upper wing is little affeoted by the lower wing, 
other than for slightly increased leading edge pressures in the region following maximum lift. 

5. At angle of attack above maximum lift the biplane upper wing center of pressure moves 
forward and outward, while the Cp for the lower wing varies but little from that of the monoplane. 

LANGLEY MEMOHIAL AEHONAUTICAL LABOHATOIlY, 

ATIONAL ADVI OHY OOMMITTEE FOH AEHO TA TIC , 

LANGLEY FIELD, VA., April 9,1928. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis l\Ioment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) Designa- Sym-
Designation bol symbol tion bol 

LongitudinaL __ X X rolling _____ L 
LateraL _______ y y pitching ____ M 
NormaL ______ Z Z yawing _____ N 

Absolute coefficients of moment 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nentalong Angular 

axis) 

Y----+Z roll ______ <I> u p 
Z----+X pitch _____ e v q 
X----+ Y yaw _____ 'It w T 

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

4. PROPELLER SYMBOLS 

D, Diameter. 
P., 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. 

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

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

TI, Efficiency = T YIP. 
n, Revolutions per sec., 1'. p . s. 
N, Revolutions por minute., R . P . M. 

<P, Effective helix angle = tan-1 (2:rn) 
5. NUMERICAL RELATIOKS 

1 HP = 76.04 kg/m/sec. = 550 lb./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 mi./hr. = 0.44704 m/sec. 
1 m/sec. = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg. 
1 kg=2.2046224 lb. 
1 mi. = 1600.35 m = 5280 ft. 
1 m=3.280S333 ft. 


