
• 

AERO. & ASTRO L 
. IBRARY. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

REPORT No. 590 

~*J 
PRESSURE-DISTRIBUTION MEASUREMENTS 

ON AN 0-2H AIRPLANE IN FLIGHT 

By H . .0\.. PEARSON 

1937 

For sale by tbe Superinte ndent of Documents, Washington, D. C. - - - - _ _ Price 15 cents 

Subscription price $3 per year 



w, 
g, 

m, 

I, 

Ji. , 

s, 
S"" 
G, 
b, 
C, 

b2 

S' 
V, 

q, 

L, 

D, 

0, 

R, 

AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Length _______ Z 
meter _________ . _________ m foot (or mile) _________ ft. (or mi.) Time _________ t second _________________ s second (or hour) _______ sec. (or hr.) Force _________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

Power ________ P horsepower (metric) ______ ---------- horsepower ___________ hp. 
Speed _________ V {kilometers per hour ______ k.p.h. miles per hOuL _______ m.p.h. 

meters per second _______ m.p.s. feet per second ________ f.p.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec. 2 

W Mass = -
g 

Moment of inertia=mP. (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-·-s2 at 

15° C. and 760 mm; or 0.002378Ib.-ft.-4 sec.2 

Specific weight of "standard II air, 1.2255 kg/ms or 
0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure -~p va 

Lift, absolute coefficient OL = :s 
Drag, absolute coefficient OD-~ 

Profile drag, absolute coefficient aD. ~ ~S 

Induced drag, absolute coefficient OD'=~S 

Parasite drag, absolute coefficient aD = DS11 • q 

Cross-wind force, absolute coefficient 0 0 - q~ 
Resultant force 

t"" Angle of setting of wrngs (relative to thrust 

Q, 
g, 
Vl 

p- , 
Ji. 

'Y, 

line) 
Angle of stabilizer setting (relative to thrust 

line) 
Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor­
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induood 
Angle of attack, absolute (measured from zero­

lift position) 
Flight-path angle 

~ 
! 

I 
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PRESSURE-DISTRIBUTION MEASUREMENTS ON AN 0-2H AIRPLANE IN FLIGHT 
By H. A. PEAHSON 

SUMMARY 

Results are given oj pressure-distribution measurements 
made over two d~fferent horizontal tail uljace and the 
l'ight wing cellule, including the slipstream area, oj an 
ob ervation-type biplane. M easurements were also taken 
oj air speed, control-surjace positions, control- tick jorces, 
angular velocities, and accelerations during various abrupt 
maneuver. These maneuvel' consisted oj push-down 
and pull-ups j rom level flight, dive pull-outs, and aileron 
rolls with various thrust conditions. 

The results jrom the pres$'U,re-distribution mea urements 
over the wing cellule are given on charts showing the varia­
tion oj individual rib coefficients with wing coefficient ; 
the data jrom the tail-surjace pre sure-distribution mea· -
urements are given mainly as total loads and moments. 
These data are supplemented by time historie oj the meas­
ured quanti ties and isometric views oj the rib pres Ul'e 
distributions occurring in abrupt maneuver. 

The result indicate that there is little if any dissym­
metry oj load on the tail due to lipstream rotation and that 
the up loads may be as much as the down loads. From the 
l'esults oj the wing investigation it wa jound that the l'ela­
tive efficiency oj the wings depended upon the type oj 
maneuver. 

I TRODU TION 

Following the completion of pressure-di tribu tion 
te ts made of a PW- 9 pursuit airplane in 192 (reference 
1), similar tests of an observation biplane were requested 

by the Army Air Corp. The original object of this 
reque t wa to in titnte a program that would lead to 
information on an observation type of airplane corre­
sponding to the information already obtained on the 
pursuit type. An 0 - 2H airplane was made available. 
Pressure of other work at the N. A. C. A. laboratorie , 
howev r, delay d work on the rather exten ive in talla­
tion of apparatu , and flight tests could not be started 
nnW 1932. 

Although the 0 - 2H airplane was by then an obso­
lescent type and although the 1'e ults of other r elated 
re earch proj ects had led to an improved und erstanding 
of many que tions concerning external loads and their 
djstribu tion on airplane tructure, it was decided to 
complete the te t of the 0 - 2H because it was believed 
that they would can ti tute a useful set of pata with 
which modern method of computing load and load 
rustribution might be compared. 

The results are presented in a two-part paper, the 
fLI' t part giving the re nIts of tests made of two tail 
ur[aces and th e second the re ul ts of an investigation 

over the right wing cellule and lip tream area. 

APPARATUS 

Airplane .- The airplane u ed in the e tests (figs. 1 
and 2) wa a tandard Army 0 - 2H ob ervation airplane 
with the following modifications: (1) The fabric covering 
on the fu elage from ju t abaft the engine hood to 

FIGURE I.-The 0-2H airplane. 

1 
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the rear of the observer 's cockpi t wa replaced by 
thin duralumin sheets tbat could easily be removed; 

r 5'3q 
r=::::;;;;;;:;;~~~~~~~Jou 
~ J 

6'O"j 
38' 7'12"--------

o 

FIG URE 2.- Line drowing Hnd dillleLlsions or the 0 - 211 airplane. 

(2) th e original 9.5-foot propeller was replaced by a 
l O.5-foot propeller ; and (3) a boom carrying a SW I V -

,Ribs D,E, Kif L rt. 

cling pi tot head wa attached to the interplane truts . 
The two horizon tal tail surface are shown in fiaures 

3 (a) and 3 (b) and the wing surface arc shown in 
figure 4. These fi gures give the location of t be pres ure 
poin ts and other per tinen t climen ions. Additional data 
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FIGU RE 3.-Toil surf.ccs with pressure·rib nnd orifice locat ions. 

concerning botb the airplane and the variou urfaees are 
given in tabl 1. 

Pressure orifices and tubing,- The ori flce and tubing 
in tallation i much tllC ame a that described in refer­
ence 1. F or the tail-surface inve tigation the metal 
pressure tube f],om both the elevator and tIlc stabilizer 
wcre brough t out ill bundles near the Iu elage (fig. 5), 
from which poin t they were connected by hor t lengths 
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F IGURE 4.-Upper and lower win gs of 0 - 211 airplane with pressure-rib and orifice)ocations. 
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of rubber tubing to metal t ube leading directly to the 
manometer . F or the wing in ve tiga tion the tubing 
from the lower wing wa carried through th e wing root 
to tb e manometer and th at from the upper wing was 
faired around the cabane tI'U ts and brougb t to t he 
manometer. The tubing from the aileron ribs was 
grouped in small bundles, midway between the pres lIl'C 

rihs, anel was connected by shor t piece of rubber tubing 
to metal t ubes within the wing. 

Instruments.- E ach pre sure orin e was connected to 
a pres lire cell on ei ther of t lVO N. A. C. A. typ 60 
multiple recording manometer 1 cated in tbe ob erver 's 
cockpit midway between th e upper and lower longeron . 
Th pre sure cells were imilal' to tho e of reference 1 

FIG URE 5.- Ta il-surface tubi ng insta ll atior.. 

bu t were corrected for temperature effec ts by the method 
given in reference 2. 

In the tail-surface inve tiO'ation t he load eli tribu­
tion occurring over each tail Ul'faee ,,-a m easured 
durinO' steady f1igh t, dive pull-au t , and pull-up from 
level fligh t. F or the teady-niO'h t condi tion the fol­
lowing standard N . A. C. A. photographically record­
ing instrumen ts were used: air- peed meter , con trol­
po ition recorder, on trol-for e recorder, inclinometer, 
and ta chometer . For the pull-up and pull-out an 
accelerometer and a turnmetel' , both located near th e 
center of gravi ty of the airplane, were sub tituted fo1' 
the inclinometer and tac hometer u ed in the teady 
nigh ts . All instrument were yn cl1l'0nized by an 

. A. . A. timer incorporated into their circui t. 
In the wing-cellule and lip t re<lm inve tigations the 

load disLribu tion was measUf'cd in teady fl igh t, pu 11-
down and pull-u ps from level fligh t, dive pull-ou t , 
and aileron roll . With the exception of an additional 
accelerometer mOl/n tedl inches in from th right wing 

tip for the aile1'o]1 roll , th e instruments were the same 
as used for the tail- u rface inve tiga tion . 

L P RESSURE-DISTRIBUTION TESTS OVER TWO ETS 
OF HORIZ O TAL TAIL SURFACES 

METH OD 

In tb e te t made of t b modified tail (fig . 3 (b)), 
{'e ul tan t pre 1I1'es were recorded at 74 points. The 
remaining pressure cell were conne ted to wing ribs 
for the purpose of correlating the tail- urface and winO' 
result. ub equent te t howed this precaution to 
be unnecessary a the variou stabilizer and elevator 
etting did not measurably affec t th e pre u re di tri­

bution on the wing ribs. Consequently, in the serie of 
te t of th e original tail (fig. 3 (a)) , tb e full 120 pres­
sure cell were used on th e tail alone. 

Steady dives.- In order to ob tain informa tion on 
cer tain fl ap parameters, tail loads were mea ured dur­
ing teady dive with the. tabilizel' in various etting. 
F or the mo t part, th e efl'ect of the lipstl'eam. was 
minimized by running the tes ts near zero propeller 
thrust. eyeral tes ts weI' made, however, wi th th e 
tbrot tle fully closed and al 0 with the throt tle open to 
a position corre poneling to wh at wa considered to be 
a maximum safe engin e peed . The method used to 
obtain zero thl'u t was to compute the VjnD for zero 
propeller thru t from an analysis of full-scale prop ller 
tes ts. The pilot wa then in tructecl to dive at a cer­
tain steady air speed and with a definite engine speed 
before taking record. Actually , thi procedure re­
quired that the throttle be lightly opened. 

In the tes ts of th e modified tail, the stabilizer se t­
ting pecified to the pilot were full no e heavy, full 
tail heavy! and trim. ' Obviously, wh en trim wa 
specified , several setting in the range ot adj u tment 
were possible dependinO' upon the pilot' "feel" and 
the alti tude a t which he trimmed the airplane. This 
proced1ll'e led to complication in the analysis of the 
data owing to the number of variable involved. Con­
sequently, in the te ts of the original tail only three 

tabilizer et tings were used: The two extreme ettings 
and one midway between them . 

'Wi th the excep tion noted, the test procedure for th e 
two tail sW'faces wa the same and consisted of teady 
gli les s tarting from 120 mile ' per hOUl' and increasing 
by increments of roughly 10 miles per hoW' up to th e 
maximum diving speed considered to be safe. The 
pres W'es measured a t each point were the alge braic 
sum of tho e on the top and bottom of the airfoil ur­
face (re ul tan t pre sure ), no attemp t being m ade to 
epara te them. im ul taneo u 1y wi th the e m ea W'e-

men t, air-speed, con trol-force, control-po ition , in­
clinometer, and tachometer records were taken . 

I .. ' tabilizer set tail hes \'y" as used here means that the stabi li zer is set so as to 
make the tai l seem hea\' y. From this definition the meaning of ·'trim" and " fu ll 
nose heavy" setti ngs is rea1 ily deduced. 
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The rib pressme-distribution curves for each tail rib 
were mechanically integrated to obtain the load and the 
moment of the load about the elevator-hinge center 
line. The rib loads and moments were then plotted 
against their span location and the e CUl"\-es, in turn, 
were integrated for the total load and moment of the 
tail. These results were then converted to tail load 
center of pressm e with respect to the hinge line and 
finally to the moment exerted by the tail smfaces about 
the center of gr avi ty of the airplane. A similar pro­
cedm e was followed to obtain the load carried by the 
elevator and its hinge moment. The velocity used in 
all calculations for normal-force and hinge-moment 
coefficien ts was that given by a swiveling air-speed 
head located on a boom one wing chord length forward 
of the leading edge of the upper wing (fig. 1). 

Pull-ups.-Pre sure measurement were taken in 
abrupt pull-ups from steady level fligh t thro ughout 
the speed r ange with various stabilizer ettings. Several 
graduated pull-ups from high-speed level fligh t and 
several pull-outs from shallow dives were also made. 
In these miscellaneous tests the tabilizer was et 
to trim. 

In addition to the pressme measmements taken in 
the pull-up , records were also taken of the air speed, 
normal acceleration, angular velocity, control po ition, 
and con trol forr e. In most of the pull-up tests the 
results were computed fron~ the records for only the 
time corresponding to the maximum down tail load . 
For the pmpose of showing time histories, however, 
the results were in some cases computed for an interval 
that included the initial tail load and the subsequent 
maximum downward- and upward-acting tail loads. 

The method by which total loads and moments 
were obtained from point pressmes is the same a that 
previou ly explained. 

PRECISION 

A number of po sible sources of error are present and 
may be listed as follows: 

Individual pressme measmements may be incolTect 
bceause of-

(a) Orifices not flush with surface. 
(b) Tube stopped or leaking. 
(c) Lag in tube and diaphragm. 
(d) Shrinkage of film. 
(e) Changed pressme-cell calibrations due to 

aging and temperatme effects. 
(j) Personal errors in plotting and reading 

records. 
(g) Excessive width and haziness of pressure 

record line due to dust or oil on lens, small 
rapid pre sure fluctuations, or vibration. 

Rib loads and moments may be incorrect because 
of-

(a) Fal e individual pressures due to above 
errors . 

(b) Errors in plotting. 
(c) False fairing of curves due to insufficient 

point. 
(d) Integration errors. 
(e) Error introduced by neglecting the for -

hortening of the chord line with a control 
displacement. The resultant pressme at 
each point was, in all cases, plotted normal 
to the original chord line. 

Sufficient checking was done to insure that errors in 
the individual pres ures arising from source (a) to (d) 
were negligible in these tests. The error due to source 
(e) was minimized by frequent calibrations and the use 
of temperature-compensated pre sure cells . Errors due 
to (j) were practically elimin ated by checking at all 
pha es of the work. The large t source of error in the 
individual pressures is due to the haziness and width of 
the lines on the pressure record. Generally, the 
records taken in the dives were better in tbis respect 
than those in the pull-ups; also, tho e farther out on the 
tail were better than the ones clo e to the fuselage. The 
wid ths of the record lines were in some cases, where the 
deflections were small, so large as to make it impo sible 
to tell whether a mall positive or negative pres ure 
exi ted. From the foregoing, it i obviously impossible 
to express the accuracy of the individual pressure on a 
percentage basis, since it varie with the amount of the 
local pressure, location of the pres ure point, and the 
type of maneuver. The e timated maxTInum absolute 
error in the individual pressures was no more than 3 
pounds per square foot for the high-range cell, which, 
in general, were connected to orifices located near the 
leadinO' edges and close to the hinge center line. Tbe 
error in the low-range cells was estimated to be no more 
than 1 pound per square foot. The low-range cell 
were connected to orifices located near the middle of the 
stabilizer ribs and at the trailing edge of tbe elevator. 

The errors in rib loads due to source (e) were small 
in the case of the dive since the elevator displacements 
rarely exceeded 15°. In the abrupt pull-ups, however, 
where the elevator may be deflected as much as 30°, the 
error in the total tail load may be as much as 7 percent. 
This error does no t enter into the elevator loads or 
moments. 

The principal source of error in the rib-load curves 
is known to be in the fairing of the curves. T he magni­
tude of this error varied with the type of pressme dis­
tribution obtained . In the steady dives wi th the stab­
ilizer in the full nose-heavy setting, the error in the tail 
load due to fairing i believed to be a minimum and that 
obtained with the stabilizer in the other extreme 
position a maximum. In the nose-heavy case the 
maximum error in the tail load at speeds above 150 
miles per hour is probably no more than 25 pound a 
compared with 60 pound for the full tail-heavy position. 
The maximum clown tailloacls occurring in the pull-ups 
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Th e record ed 
rations are accurate to within 0.2 g and the 
ol-force mea urement correct to within 3 pounds. 
lar di placement, as given by the control-po ition 
del', are correct to within }~o and 20 for the tabi-
and elevator, re pectively, while angular velocities 
t the center of gravity were measured to within 
adiall per second. Although tachometer reading 
taken in the dive , no estimate of their accuracy is 
d since it was found that the erratic effect of the 
us degrees of thru t in the tail-surface pre sure-
bution tests did not exceed the effect that might 
from other error. Consequently, in the following 
SSlOn, no discrinlina tion i made regarding the 
us thrust conditions. 

RE ULTS AND DlSCUSSIO 

ady dives .- The variation of the tail moment Ste 
about the center of gravity with air speed is given in 
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FIG URE 6.-Tail moment about airplane center of gravity (modified tail). 

S 6 and 7 for the modified and original tail urfaces, 
ctively. From these figures it appear that the 
nt furnished by the tail, at a given air speed, i 

figure 
respe 
mome 
consid 
tail s 
gravl 
mome 
that t 
imate 
(figs. 
towaI 

erably affected by the tablizer setting. Since the 
urfaces provide a moment about the center of 
ty of the airplane that balances the resultant 
nt due to all other part, it would be expected 
he moment furnished by the tail would be approx-
ly con tanto The tail-moment curve, however 
6 and 7), indicate that, as the stabilizer move 

'd the tail-heavy po ition, the moment becomes 
mall er and the scattering of the experimental point 

becomes gI eateI . 

Typical curve for the pressure distribution meas­
ured over the tail-surface rib are given in figures to 
12. Figures and 9 are for the modified tail urface 
and figures 10, 11, and 12 are for the original tail. The 
ordinates of the e rib pressure-distribution curve are 
given in terms of the ratio p/q where p is the local 
pressure difference and q is the clynaInic pre ure meas­
ured at the air- peed head. A comparison of the 
re ults for identical tabilizer ettings ei ther in figures 

and 9 or in figures 10, 11, and 12 shows an increa e in 
peak pressure at the tabilizer leading ed' with an 
increa e in air speed. Although this difference in peak 
pres ure i due to the cumulative effect of everal 
factors, uch as pos ible changes in interference, down­
wash, and elevator angle, it is thought that the greater 
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FIGURE 7.-Tail moment"a bout ai rplane center of gravity (original tail ) . 

tructural deflection which occur at the highest speed 
would accolmt for a good portion of the variation with 
air peed. tatic test with a loading corre ponding to 
that of the full tail-h avy setting for the modified tail 
indicated that at 170 Iniles per hour the change in 
stabilizer angle due to this structm'al deflection was 
approximately 10. 

The pres ure di tributions shown over ribs Zn and 
ZL (fig. and 9) eem to indicate that with small ele­
vator deflection the balance portion is of little value 
in reducing the tick load. A siInilar conclusion i 
inferred in reference 3, in wruch calculated balance co­
efficients obtained by the usual methods were not veri­
fied by the pilots' ob ervation. The rib-pres m 
diagram for the original tail (figs. 10, 11 , and 12) how 
that in the dives the peak pres ure on the elevator occurs 
nearer to the runge line than to the leading edge; how­
ever, in the dive the elevator leading edge seldom pro­
jects either above or below the stabilizer surface . 

The form of the rib-pressme diagram for the full 
tail-heavy etting explain the tendency to the wide 
cattering of the ex-perimental points given in figmes 6 

and 7 for trus setting. Figure to 12 show that for 
the tail-heavy settino- the re ultant tail load is the 
difference between upward- and downward-acting 
load, either one of wruch i larger than the resultant. 



6 REPORT NO. 590- ATIONAL ADVISORY COMMITTEE FOR AERONA TlC ' 

Full nose hea vy 

2 

~ 

~ 
VR 

<U 
c.. 

) 
;:, 

'" / 
, 

'? , 
wR 

III 

0': 
0 

, XR , 
'J I 

Mid posit/on 
T 
I 
I 
I 

"-_I 

Full toil heavy 

FI (;U RE .-DiRtribution of res ul tant press ures on modified tai l surfaces for <IitTerent sta bilizer setti ngs at 130 miles per hour. 



PRESSURE-DISTRIB T10 MEASUREME TS 0 AN 0 - 2H AIRPLANE IN FLIGHT 

Full nose heavy 

Mid position 

Full toil heovy 

FIGURE 9.-D istribution of resultant pressures on modified tail surfaces for different stabilizer settings at 170 miles per hour. 

137957-37--2 

o , , , 
T , , 
L_/ 

7 



8 REPORT 1 O. 590- ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

M 

T 

Full nose heavy 

M 
N 

c 

~ 
<u' 
l ;:, 
"> 
"> 
Q) 

d: 
I 0 
I 
I 
I 
r 

Mid position I 
I 
L _I 

M 

T 

Full toil heovy 

z 

FIGURE 10.-Distrihulion of resullant pressures on original tail snrfaces for dinerent stahilrzer setLings at 130 miles per hour. 



PRESS RE-DISTRIBUTION MEA 

M N 
~-:;>r--

Fu ll nose heavy 

Mi d posi tion 

FuJI ta il hea vy 

REMENTS Or A r 0- 2H AIRPLA E I FLIGHT 

' 0 
I 
I 
1 
I 
I 
I 
~-I 

FI GURE ll.- Distribution of resul tant pressures on originalla il surfaces for <lifferen! stabilizer seilings a t 150 miles per bour. 

9 



10 REPORT O. 590-NATIO AL ADVI ORY COMMITTEE FOR AERONA TICS 

M 

T 

Full nose heovy 

M 

Mid posilion 

M N -=---

T 

Fu l l foil heavy 

z 

F,GU RE 12.-D ;slribution of resultant pressures on on gina l lail surfaces for different stabilizer setLin gs a t I 0 miles per bour. 

o 
I 
I 
t 
I 
I 
~-I 



PRE SURE-DISTRIBUTION MEASUREMENTS 0 AN 0 - 2H AIRPLANE I FLIGHT 11 

Becau e of thi condition, small inaccmacies in fair­
ing may lead to considerable di persion in the final 
re ults. Aside from the inaccmacy due to fairing, the 
individual rib loads, and consequently the tail load , 
are likely to be low for the full tail-heavy etting owing 
to the fact that the large down pres mes at the leading 
ep'ge could not be measmed. Since the rib-pressme 
cmves for the stabilizer set. full nose b eavy are not sub­
ject to these somces of discrepancy, it is felt that the 
moment cmve for thi etting (figs. 6 and 7) are more 
indicative of the true moment than any of the other. 

In order to gain an idea as to how the eJ..,})erimental 
moment curves for the nose-heavy settings compare 
with the computed ones, several curves, representing 
varying degrees of refinement, are given (fig. 13). 
Cmve A is for the case when only the moments of the 
two wings about their quarter-chord points are taken 
into account; in cmve B the moment about the 
airplane center of gravity has been computed for the 
ca e when the additional moments due to the lift and 
drag vectors are al 0 included. These vectors were 
assumed to act at the wing quarter-chord points and 
their magnitudes were determined from the relative 
lift distribution between the wing , which wa deter­
mined in the wing investigation. As the airplane 
centers of gravity were different (table I ) for the two 
tail-smface inve tigation, two separate curves were 
required. 

Cmves C also include the probable effect of the fuse­
lage on the moment about the center of gravity, as um­
ing that the fuselage exerts a constant moment given by 

Mr=OmtClAtcr 

where Omr is the moment coefficient, O.Ol. 
A/J horizontal projected area, 65 quare feet. 
C/J fuselage length, 27 feet. 

The value of the moment coefficient defined by the fore­
going equation was taken to be 0.01 after an analysis of 
the data contained in reference 4. The final compari­
son (cmves C and D) could no doubt be improved if it 
were possible to include the effect of the landing gear 
and tail smfaces. The moments that they introduced 
were, however, of opposite sign and tended to cancel. 

The span load distribution across the tail for the fore­
going rib pressure-distribution plots is given in figm e 
14. These curves show irregularities that are more or 
less to be expected owing to the irregular natme of the 
flow over the tail smfaces and to the comparatively 
small loads measured in the steady dives. An analysis 
of the data indicated that, in spite of the irregularity of 
the loading, the average difference in load between the 
two halves of the tail wa of the order of 3 percent and 
5 percent of the total load for the original and modified 
tail, respectively. Inasmuch as the sides that carried 
the most load varied between the two tail surfaces, it 
must be concluded that the difference in load is due to 
slight differences in rigging rather than to a slipstream 
effect. 

In these tests the elevator moments about the hinge 
axis were obtained from both the pressure distribution 
and the control-force-recorder measurements; the 
results are compared in figure 15 for the original tail . 
In order to make this comparison between the two 
hinge moments, however , it was necessary to correct 
the measurements given by the control-force recorder 
for the moment exerted by the elevator (becau e of its 
unbalanced weight) about the hinge line and for the 
moment exerted by the unbalanced weight in the stick 
about its pivot point. Although the magnitude of the 
friction moment was known, it wa impossible to correct 
for it in the teady dives beCfLU e its direction wa 
unknown. Even with the e correction the moments 
given by the control-force recorder were found to be 
more consi tent than those given by pre sure-distribu­
tion measurements and hence were used for computing 
hinge-moment coefficients. 

The variation of the hinge-moment coefficient with 
elevator angle is given in figmes 16 and 17 for the 
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modified and original tail surfaces, respectively. The e 
coefficient have been computed from the relation 

where Me i the elevator hinge moment given by the 
control-force recorder. 

Ce, the average elevator chord obtained by 
dividing the elevator area behind the 
hinge line by the elevator span. 

S., the elevator area behind the hinge line. 

Although the points for the modified tail (fig. 16) show 
a fairly clo e grouping to a common line, those for the 
original tail (fig. 17) indicate considerable dispersion. 
Even though the scattering of these points is fairly 
large, it can be seen that there is a tendency for the 
points to move upward as the tail normal-force coeffi­
cient increase negatively. Thi shift is in qualitative 
agreement with the theory for an airfoil with a flap, 
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Pull-ups.- Typical result of the pull-up te ts of the 
original tail are given in figures 18 to 24. Figures 18 
and 19 are time hi torie of the measured quantitie 
in abrupt pull-ups from level flight at various air peeds 
with the initial tabilizer etting full no e heavy and 
full tail heavy, re pectively. Figure 20 presents time 
histories of two fairly abrupt pull-out from dive at 
approximately 170 miles per hour 'with the stabilizer 
trimmed. 

The time historie shown in fio-ures 1 and 19 indicate 
that the maximum down tail loads occurring in the 
abrupt pull-ups vary 'with tabilizer setting. At a 
given air speed the load with the stabilizer in an initially 

Hinge moment from control force, lb.-fl. 
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FIGURE 15.-Comparison of elevator hinge moments obtained from pressure·dis· 
tribution measurements witb tbose obtained from control·force measurements 
(original tail). 

full tail heavy setting are greater than those when the 
stabilizer is in the other extreme po ition, but it should 
be noted that in the nose-heavy setting the total eleva­
tor displacements are les . R egardless of stabilizer 
setting, however, the tail load reaches a maximum 
with the maximum elevator displacement and before 
the airplane has had a chance to pitch. The load 
then quickly decrea es and reaches a positive ma}"-imum 
as the airplane gains angular velocity. This positive 
maximum is generally Ie s than the down load and 
occurs at about the same tin1.e as the ma},,'imum ac­
celeration at the center of gravity. In the pace of 
1.0 second the tail has tIm undergone two p ak 
loadings of opposite sign. 

The most interesting item occurring in figure 20 i a 
measured up load greater than the maximum down 
load. In this run (run 79 ) it may be observed that the 
acceleration mounted rapidly . toward 6g, where it wa 
abruptly checked when the pilot returned the elevator 
to neutral. This condition probably occur quite 

frequently in airplane performing acrobatics and the 
horizontal tail surface for such airplanes hould 
consequently be de igned to withstand the same load 
in both directions . 

The evolution of the rib pressure distribution oc­
currino- in the abrupt pull-ups from level flight at 
approximately 115 miles per hour is shown in figure 
21 and 22. These diagrams corre pond to nms 67 
and 70 of figure 1 and 19, respectively. imilarly, 
figUTe 23 how the rib pres ure distribution OCCUlTing 
in the dive pull-out repre ented by run 77 of figure 20. 
It can be seen from these diagrams that with the larger 
elevator displacements the horn balance ·performs its 
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proper function. The Handley Page part of the balance, 
however, does not contribute 0 much toward balancing 
during the first phase of the pull-up as would be ex­
pected and durino- the latter phase it works against 
balance. 

A typical variation of the change in the spanwise load 
distribution with time is given in figure 24 and cor­
re ponds to the results given in figure 22. The shape of 
the loading curve i more regular than in the teady 
dives mainly becau e th e larger loads result in larger 
recorded deflection , which may be read with 'a greater 
percentage of accuracy. Another rea on for the 
greater regularity may be ·that in the pull-up the tail 
surfaces tend to wing Oll t of the relatively irreo-ular 
slipstream area. 
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Although the foregoing fio-ures (figs. 1 -24 ) have given 
results for the original tail, they also typify tho e ob­
tained with the modified tail. In figures 25 and 26, 
however, over-all loads and coefficients are given for 
both tail surfaces. Figure 25 gives the variation with 
air speed of th e maximum loads measured in ab rup t 
pull-ups from level ilight and figure 26 is a plot of the 
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o 

·-400 
~ 
'tl' 
Cl 
o 

-.,J -800 

-1,200 

Air speed, m.p. h. 
70 80 90 100 lID 

,« 

'I l x 
0 x 

0 Xx 0 x x 
0 x 
0 x ~o 

x x 
0 

x Modified fa il 
0 

r OI Ort'TI I" 

120 130 

x 

x 

Xx 

0 

Fl r-VR E 25.-:\ [" ximurn down ta il loads meEsured in abrupt pull,u )'lS from le\'el night 

o 

~ -. 4 
\J 
III 

~ 
1- ·6 

'G 
g 
r::.-.8 

":: 
~ 

-1.0 

70 

I 
I 

x 
x 

80 

I 

x 

x x 
0 

n 

Air speed, m.p.h, 
90 100 liD 120 130 

" I Modifl'ed t~il 
° Oriqinal " 

. 
x 

x xxx 0 
• x 

;-. 
~ 

x 
0 

x 0 
Xx x . 

-

0 
0 

0 
0 

: 
FWl'RE 26.- :.\Iaxim um \"alues of lhe tail normal-force coeflkient measured in abru pt 

p ull-ups from le\'el night. 

corre ponding normal-force coefficient, computed from 
the relation 

C _ tail load 
1\', - q 

where is the actual tail area including the balances, in 
square feet. The maximum loads mea med are of the 

same order of magnitude, about 1,200 pound, for both 
tail mfaces. For the original tail, however, the maxi­
mum unit loading per square foot i higher (26.6 
pounds) because of it maIler area. At a given air 
peed there is a large variation in the maximum load 
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to detect becau e of the steep gradient of the control 
records. 
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An average line through the point of figure 25 would 
indicate that the maximum load obtained in the a,brupt 
pull-ups varies nearly linearly with the air speed 
in tead of a the square and, as a con equence, the 
normal-force coefficients increa e inversely with the air 
speed. 

The variation of the ma}'coJmum acceleration in the 
abrupt pull-ups with the increment in stick force is 
plotted in figures 27 and 2 for the two tail surfaces 
with each point labeled for the air speed that e}.coJ ted at 
the tart . The increment given is the difference be­
tween the maximum force recorded dming the pull-up 
and the initial force on the stick prior to the maneuver. 
If traight lines are drawn, as indicated, through the 
average of each group of points for a given air speed 
and the 0- lg point, it is apparent that the increment of 
force required to produce a given acceleration increases 
with a decrea e in air speed. Since no graduated pull­
ups were made, the relation b tween acceleration and 
stick-force increment may not be linear as indicated by 
the lines in figures 27 and 2 . 

n. PRESSURE DISTRIBUTIO OVER THE RIGHT WI G 
CELLULE A D SLIPSTREAM SECTIONS 

METHOD 

The tests of the wing cellule were carried out in two 
parts in order to make the best use of the available 
pre sure cells. In th fir t section, called the "wing 
hook-up," pre sme measurements were taken on all ribs 
on the upper wing outboard of, and including, rib Sl and 
all ribs, excepting R1, on the right lower wing (fig. 4). 
In the next section, called the "slip tream hook-up," 
pre ure mea urements were taken on ribs Sl, B, and 
H, in addition to all the ribs previously omitted. Thus 
ribs Sl, B, and H fmni hed a means for tying in the data 
between the two section , a procedme simplified by 
makmg similar nms with the two arrangements. 

The flight tests with each arrangement were divided 
into three group consisting of: (1) a serie of level­
flight nm starting from just above stalling speed and 
increasing by approxin1ately 10-mile-per-hom incre­
ments up to high speed, (2) a series of abrupt pull-ups 
and pu h-downs from level flight at the foregoing speeds, 
and (3) a serie of abrupt right and left aileron rolls with 
rudder neutral at various speeds throughout the peed 
range. Several shallow dives at about 170 mile per 
hour were also made with the engine fully throttled. 

The method of working up the re luts was omewhat 
imilar to that employed in the tail-surface te ts. For 

the ymmetrical-loading conditions the rib-pre sure 
curves were mechanically integrated to obtain the rib 
load and the rib moment about the 'wing leadinO' edge. 
The rib load and moments were then converted into 
coefficient form by the relations 

(1) cn=n /qc 

(2) cm = ml.e./qc2 

where cn is the rib normal-force coefficient. 
n, rib load normal to chord, pound per foot 

of pan. 
g, dynamic pressure, pounds per square foot. 

mI. •. , pitching moment about leading edge, foot­
pounds per foot. 

c"" pitching-moment coefficient about lead­
ing edge. 

c, rib chord, feet. 

The rib loads were then plotted again t their span 
location and the resulting curve integrated for total 
wing load . The e loads were converted to individual 
wing and wing cellule normal-force coefficients from 
the reiation 

and 

where 

Cellule N= 
NUSU+ CNLSL 

SU+SL 

N U and NL are the integrated loads for upper 
and lower wing , pounds. 

Su and SL are the upper and lower wing areas, 
square feet. The lower wing area doe not 
include the part intercepted by the fuse­
lage. 

In the aileron roll~ , the rib-pressure curve were inte­
grated for both load and moment but the re lut were 
not converted into coefficient form. 

Since the tie-in rib Sl on the upper wing was some 
distance out from the center, it wa necessary, in order 
to obtain the celllue and upper wing normal-force 
coefficients, to extend the span loadings to the wing 
center. In the symmetrical-flight condition they were 
extending by plotting the values of the normal-force 
coefficients of the slip tream rib against that of the 
tie-in rib. The span load for the upper wing wa then 
continued by means of these intermediate plot together 
with the appropriate value of the normal-force coeffi­
cient for rib Sl. In the aileron rolls, the span loads 
were continued across the slip tream ection by inter­
polation between the partial-span load curve for the 
slipstream section by the use of the values of normal­
force coefficients given by the tie-in ribs Sl and H. 

PREcr rON 

The individual rib pre sure in the wing investigation 
are su bject to the ame errors li ted for the tail pre sures. 
The magnitude of the different sources of error are the 
same with the exception of that clue to width and hazi­
ness of the record lin ,which is less for the wing tests . 
The error in rib loads due to fairing are a1 0 smaller 
because of the larger number or orifices pel' rib. 
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The load on the individual wings are belie\~ed to be 
correct to within 75 pound and individual rib load to 
wi thin 7 pounds. A good idea of tbe accuracy of the 
load re ults may be obtained by noting the dispersion 
of the points in figures 33 and 34 . 

The air speeds in level flight are correct to within 
l}~ mile per hour . In the pu h-downs, pull-ups, and 
rolls, the air- peed head, although measuring the dy­
namic pressure at the head correctly to within 2 percent, 
does no t record the correct dynamic pre ures for cal­
culating coefficients since tbe spe<:>d yaries along the 
span. Control positions and control forces are believed 
accurate to within 2° and 3 pounds, re pectively. 

RESULTS AND DIseu 'SION 

Symmetrical-flight condition .- Re ul ts for the sym­
metrical-flight condition , which include push-down, 
pull-ups, dive pull-ou ts, and steady fligh t, are given in 
figure 29 to 35. 

Typical pan load and span CIt variations are given in 
fi gure 29 for steady flight at air peeds ranging from 5 
to 171 miles per hour. The span loadings over the 
upper wing in level fligh t (fi g. 29 (a)) how compara­
tively little variation with air speed. At the center the 
loads tend to be low owing to the center- ection cut­
out; also, owing to a clockwise rotation of the slip-
tream, there is a tendency for the loads ju t to the 

right of the center line to be lower than those to the 
left. The load curves for the lower \\-ing show a imilar 
but increa ed slipstream efl'ect, which is due to the low 
po ition of the th rust line. Although the rotation 
effect is present on the wings, the tests of the tail 
urfaces indicated that there it had been practically 

damped out since little dissymmetry of load occurred . 
In the throttled dive (fig. 29 (a)) the span loading 

is much more irregular than in the level-fligh t condi­
tion owing to the fact that a negative thrust is pre ent 
and that the wing had a light twist, the effect of a 
mall twist on the load being much more no ticeable at 

the malleI' wing lift coefficients. Measurement of the 
profiles of the extreme tip ribs (G and N) on bo th wings 
showed them to be at a smaller effective ano-le than 
tho e farther inboard while ribs F and M were found 
to be at a higher angle. This twist at the tip was due 
to the fairing used in forming the rounded portion of 
the wing, although there may also have been an actual 
twi t of the wing structure in flight. 

The curve given by figure 29 (b) indicate that the 
Cn value at the center tend to be high , even though 
these sections are efl'ectively wa hed out with respect 
to the rest of the wing, because of the tendency for the 
lift to be maintained across a cut-out. This wa hout 
ari es from the fact that the rib in the center section 
were formed by simply cutting off the trailing edge of 
a Gottingen 39 airfoil and fairing in the bo ttom 
surface, a shown by figure 4. 

The di tribution of load on the individual wing ribs 

is o-iyen in figlll'e 30 where the local pressure are given 
in terms of the dynamic pre lire at the air-speed head. 
These distributions, which correspond to orne of the 
previou span-loading curves, are similar to tho e ob­
tainf'd in other investigation and require no comment 
as to their shape. It will be noted, however, tha t the 
pressures at the leading edge how a peculiar variation, 
indicating that there the flow i extremely critical. 

Although figure 29 and 30 showed typical resul t 
for the load di tribution, the final averaged result for 
the symmetrical-ilio-ht condition are contained in figure 
31 and 32. The re ul ts of these figure, which give the 
variation of rib Cn with individual wing ON and of rib 
c'" with rib Cn re pectively , were determined from curves 
similar to those given in figures 33 and 34, whi h indi-
ca te both the average scattering and the number of 
experimental pointR used to establi h each of the curves 
giyen in figure 31 and 32. It will be noted (fig. 31 
and 32) that ribs S2 and S3 show two distinct curves at 
the bigher lift coefficients. The point that form the 
second, or do tted, curye occurred in some but no t all 
of the pull-up. An analy i of the points determining 
the two curves showed no tendency for one curve to be 
associated with pull-ups at one end of the speed range 
or vice vel' a; al 0, ince these pull-ups were made from 
power-on flight, a dift'erence in slipstream conditions was 
not an explanation. The only cause to which tbi 
peculiar flow could be attributed was that the fl ow past 
the top of the fuselage nose, which incidentally had 
louvers, was critical to the shutter opening on the 
radiator. 

In these tests the maximum individu al wing N mea -
ured was l.9 (upper wing); the maximum individual rib 
Cn values mea ured were over 2.1 for rib S2, S3 , and SA. 
These high values are common in abrupt maneuver and 
occur if the angular velocity in pitch i sufficiently great 
to carry the lift pa t the normal burble angle before the 
wing stalls. 

The relative effiCIency of the wings i given in figure 
35 \\-here the ratio CNulG.'1L is plotted against the cellule 
ON' These curves were determined from the result of 
an in teo-ration of indiyidual wing-load curves, known 
wing areas, and an air speed measured one chord leno-th 
ahead of the upper wing. It i obvious, however, that 
in a pull-up or push-down the wings are actually travel­
ing at different air peeds owing to the angular velocity 
in pitch and tha t the efi'ect, if a ingle air peed I ll. ed, 
i to change the apparent relative efficiencies between 
the wings of a biplane. Figure 35 show three di tinct 
curves, rather than a eries of transition curve, becau e 
the points determining them were obtained from record 
that were read neal' or at the peak load, which occur 
practically simultaneou ly with the maximum angular 
velocity. If the records had been read at intervening 
time intervals, a gradual transition from the level-flio-h t 
to the pull-up curve would have been indicated. 
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In order to reconstru ct the pan en or em di tribu tions 
ob tained in the symm trica l-fligh t conditions a cell ule 
coefficien t is first cho en and reference made to figure 35 
to find the relative efficiency. With thi ratio and the 
formula 

th!l individual wing ON values may be found . Figures 
31 and 32 are then referred to for the variation of rib 
en and em along the span. 

Aileron rolls.- The re ult of the aileron rolls are 
given in figure 36 to 41 and in table II . Time historie 
of the measured qu an titie are given in figure 36 and 
37 for 6 righ t and 6 left aileron rolls made at various air 
peed. Figures 38 to 40 give the varia tion wi th time 

of the pan load di tribution, rib load distribution, and 
individual wing load during abrupt riO"h t and leit 
aileron roll at 120 miles per hour. These re ults, 
which corre pond to n m 43 and 39 (fig. 36 and 37), 
are typical of tho e mea ured a t other speed . The 
maximum mea ured air loads on aileron ribs D and K 
are gIven in figure 41. The wing rib characteri tics, 
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FIGURE 33.-Typical wing rib en curves showing scattering o( experimental points 
(or ribs 5 , and K. 

i. e., rib load, rib momen t abou t the leading edge, and 
rib cen ter of pre sure, are tabulated in table II fo r all 
the aileron rolls. 

The irregularity of the pan-load curves in the roll 
(fig. 3 ) i due to the combination of an effective twist 
introduced by deflecting the aileron and a twi t intro­
duced by the subsequent rolling motion . In a left roll , 
the load on the right wing is fir t increa ed owing to 
the down aileron ; then, a the airplane rolls, the load 
decrease owing to the rolling action and also to the 
decrea e of the componen t of airplane weight normal 

to the span. In a righ t roll , the load on the righ t wing 
i first decreased by the aileron action; sub equently 
it tends to increase a rolling occurs and finally to de­
crease as the lift component become smaller . This 
variation i indicated botb by the t ime historie of t he 
accelerometer mounted inside the wing near the t ip 
(figs. 36 and 37) and by the re ults shown in figure 40. 

The load distribu t ion over the aileron rib (fig. 39) 
indicate that the peak pres ure at the leading edge of 
the aileron is greater during the left aileron roll than 
during the righ t. This variation is due to a maller 
aileron deflection and i hown in figure 36 and 37. 
Since the aileron had no differential action , the smaller 
deflection is a direct result of piloting technique. 

The results shown in figure 41 indicate that the loads 
mea ured on aileron rib D and K tend to increase 
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linearly witb initial air peed as did the maximum load 
on the tail surfaces in the a brupt pull-ups. The load 
on the upper aileron rib (rib D) is larger than that on 
the lower aileron rib regardless of the direction of deflec­
tion. Since the re ultant load on the aileron i upward 
for zero deflection (fi O". 30), the magnitude of the up 
loads with the aileron down i gr eater than the corre-
ponding down loads wh en the aileron is up. 
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FIG URE 38.-Distribution of normal force a long wing spa n obtained iu abru pt ai leron rolls at l20 miles per hour. 
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CO CLUSIONS 

The pre sure-di tribu tion te t over the two tail ur­
faces showed that: 

1. Although for large elevator deflection horn-type 
balance performed their intended function of redu cing 
hinge moments, they actually increased the hinge 
moment :for small deflection . 

2 . The difference in the load on the two ides of the 
tail urfaces due to lip tream rotation was of minor 
im portance. 

3. The tail moment in the teady dive was calculated 
with :fail' accuracy by tatic-equilibrium equation that 
took into account the moments exerted by the wing 
and :fu elage . 

4. In abrup t pull-up the maximum up tail loads 
may be a great a th e maximum down tail loads. 

5. In abrupt pull-up the maximum tail normal-force 
coefficient developed d crea ed with an increase in air 

l ed. 
6. The acceleration produced with a given increment 

of stick force increased with the initial air speed. 
The pres ure-distribution te ts over the right wing 

cellule and slipstream area showed that: 
1. The effective relative efficiency between biplane 

wings varied con iderably with the type of maneuver. 
2. The maximum un ymmetricalload in the abrup t 

aileron roll occurred a soon as the aileron reached it 
maximum deflection. 

3. The unit loadings on the ailerons of a biplane arc 
affected by the relative efficiency between the wings. 

LA GLEY MEMORIAL AERONAUTICAL LABORATORY, 

J ATIONAL ADVISORY COMMI'l'TEE FOR AERONAU TICS, 

LANGLEY FIELD, VA., December 8, 1936. 
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TABLE I 

CHA R A TERlSTIC OF DOUGLAS 0 - 2H AIRPLA E 

Engine- Li beriy ______________________________________ 420 hp . a t 1,750 r . p . m . 
AirfoiL _______________________________________________ Oot t ingen 39 
'Veight during pressure-distribut.ioll measurements 0 (-M odified taiL _______________ _______________________ ___ ______ 4,660 lb . 

Original taiL _____________________________________ ___ ________ 4,i36 1b. 
Wing ce\lule ________________________________________________ -- 4,708 lb. 

Arcfls : pper wing ___ __ __ __ ____________________________ ___ __________ 190.4 SQ . ft . 
Lower wing __________________________________________________ 1 2.4 sq . It. 
'l'otaL _______________________________________________________ 372. sq . IL. 
E levator, modi fied ta il (i ncluding 2.06-square-Ioot balance) ____ 27 .00 sq. ft. 
Stabilizer, modified taiL __________________________ ___________ 23. 2 sq . ft. 
'r otal horizontal surlaces, modified tfl iL _____________________ 50. 2 sq . It. 
E levator, original tail (including 4.53-square-Ioo t balance) ____ 2.1. iO sq . It . 
Sta bilizer, original ta iL ___________________________ __ _________ 21.24 sQ. It. 
Total hori1.Onta l surfaces. ori~inal ta iL _______________________ 46.94 sq. It. 
Rudder, all testg (i ncluding O.93-square-loot balan ce) ___________ 11.81 sq . ft . 
Fin , a \1 tests ____________________________________ _____________ 6.41 sQ. rt. 
'l' otal vertical ta il surfaces _______________________ _________ ____ 1 .22 sq . ft . 

c. u. location back 01 leading edge 01 lower wing during tests; Modified taiL _______________________________________________ 8.20 in . 
Ori~ina l taiL _________________________________________ ____ ___ 9.55 in . 
Wing ce\1ule _________________________________ ____ _______ ____ -- 6. 0 in. 

Olc ____ _ . __ _______ ___________________ _______ ________ __ ------------ 1.2 

~~~;J~ai:=== === ============== == ========== =======================: W or 22 in . 

Pn~~~i:~~e:: = = == == ==== = === == == = = = = = = == == = = === = = = == = === == == = == = = = = = go 'rhrust-Iine location above leading edge of lower wing ____________ 2 ft. 1.4 in . 
Di Lance from leading edge 01 lower wing LO center line of tail-hinge axis _____________ ____________________________ ___ __________ ______ 20 ft . 3 in . 
'r ail-hinge location above thrust line ______ ________ ___ ____ ________ 2 ft . 0 in . 
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Run :l8 (air speed 62 m. p. 11. 1) 

Rib load, lb. nib momenL, c. p. from lead-
Ib.-ft. ing edge, ft. 

I~ Time, 
Hib sec. 1.09 1.90 2.50 1.0£ 1.90 2.50 1.09 1.90 2.50 

-- -- --
So 77 77 72 -lI2 -99 -95 I. 45 1.28 I. 32 S. 75 75 70 -109 -97 -93 1.45 1.29 I. 33 SA 1 80 72 -117 -103 -93 I. 45 1.29 J.29 S, 73 i3 6" -92 -76 -62 1. 26 I. 04 .95 S, 67 67 56 -91 -i4 -55 I. 36 1.10 

1: ~~ A 63 63 54 -1~~ -{4 -63 1. 40 1.17 S, 72 60 38 -92 -70 I. 51 I. 53 1. 84 B 75 f,4 44 -1 17 -103 -77 J. 56 1.61 1. 75 C 76 6~ 47 -1 19 -101 -,~b I. 57 I. 6n 1.85 D 80 71 58 - 153 -147 I. 91 2. 07 2.07 
E 64 04 42 - 126 -112 -89 1. 97 2. OS 2. 12 
F 40 32 25 -64 - '19 -38 1.60 I. 53 I. 52 
G 22 16 10 -24 -17 -9 I. 09 1.06 .90 
R, 58 42 35 -94 -65 -5<] I. 62 I. 55 I. 54 
S" 65 44 37 -102 -69 -55 I. 57 I. 57 1. 49 
H 54 55 49 -100 -101 -89 I. ~~ 

I. ~t 1.81 
R, 55 60 53 -~~ -112 -101 1. 78 1. 7 ::~ J 53 51 50 -95 -90 -9~ 1. 79 1.76 
K 51 46 42 -104 -96 -89 2. O~ 2.09 2.12 
L 46 43 40 -97 -P2 -~6 2.11 2. 14 2.15 
M n 31 29 -61 -56 -52 1. 79 1.81 1. 79 
N 15 12 -28 -20 -17 1. 55 I. 33 I. 42 

Run 44 (air speed 63 m. p. h.l ) 

Hib load, lb. Hib moment, c. p. from lead-
lb.-fL. i ug edge, fL. 

I~ 
-------

sec. 
1.40 2.10 3.90 1.40 2.10 3.90 1.40 2.10 3.90 

Rib 
--- -- ---- - - -- --

Su 61 66 11 -106 -105 -46 I. 74 1. 59 4. !~ S. 60 65 12·-104 -103 -47 1.73 1. 58 3.92 
SA 67 72 2·1 -106 -105 -56 i:~ 1. 46 2.33 
S, 67 7J 

~~ 
-89 -88 -43 1. 24 1.53 

S, ~~ 63 -85 =g~ -36 1. 46 1. 33 1.29 
A 70 43 -94 -63 1. 42 1. 33 1. 46 
S, 72 

~! 
43 -106 -105 -72 1. 47 1. 36 1. 67 

B 77 44 -114 - l iZ -73 I. 48 1.~ 1. 66 
C 6-l 69 30 -83 -~? -45 1. 30 1.29 1. 50 
D 50 59 13 -43 -53 -6 . 86 .90 .46 
E 40 49 15 -31 - 44 

-3~ .71 .90 .53 
F 40 50 19 -5'1 -65 I. 35 1. 30 ::~ G 28 40 17 -30 -47 -20 1. 07 I. 17 
R, 60 53 28 -98 -81 -52 1.63 1. 53 1. 86 
S" 67 60 20 - 104 -87 -36 ::~g 1. 45 I. 80 
H 56 49 -11 -102 -86 -6 1. 75 -.04 
R, 55 ;~ -5 - 94 -ii - 10 1. 71 1.60 -Z.DO 
J 46 4 -69 - 67 - 14 1.50 1. 42 3.50 
K 34 39 4 -30 -37 3 .88 .95 -.75 
L 31 40 5 -22 - 3Z 7 . 71 .80 -1. ~O 
M 40 44 15 -61 - 64 - 29 1. 52 1. 45 1. 93 
N 31 39 12 -38 - 47 - 17 1.22 1. 21 I. 42 

I Denotes air speed at sLarL. 

TABLE 

WI NG RIB LOADS AND MOMENT 

Hun 39 (air speeu 74 m. p. h.l ) Run 40 (air speed ,jm. p. h.l) 

Hib load, lb. Hih moment, c. p. from lead-
Rib load, lb. Rib moment, C. p . from lead-lb.-ft. ing edge, ft. Ib.-IL. ing edge, fL. 

0.90 1.90 1 2.50 0.90 1.90 2.50 0.90 1.90 2.50 lAO 2.09 2.90 J.40 2.00 2.90 1.40 2.09 2.90 

-- -- ---- -- -- -- -- -- -- -------- ------
~; 69 60 -125 -107 -~~ I. 49 I. 55 1.63 98 83 63 -156 -137 -III 1. 59 1. 65 I. 76 69 62 -126 -108 -99 1. 50 1. 56 1.60 94 79 62 -g4 -125 -105 1.53 l:gg 1. 6~ 82 67 56 -124 -104 -90 1.51 I. 55 I. 61 89 74 58 -137 -II~ -99 1.54 1. 71 75 55 40 -94 -70 -49 1. 25 I ?- I. 22 82 67 46 -105 -86 -61 1.28 1. 28 q~ 64 32 22 -85 -60 -36 I. 33 1 ~? I. 64 08 53 26 -99 -80 -47 1. 45 1. 51 65 29 16 -93 -06 =~~ 1. 43 2.27 2.37 68 53 26 -116 -92 -91 I. 71 1. 74 3.50 73 45 14 -112 -~I 1.53 1. 80 3. 14 70 56 16 - 120 -101 -56 1. 71 I.~O 3.50 76 52 21 -120 -96 -58 1.58 I. 85 2. 76 77 63 24 -137 - 116 -71 l.l~ 1. 84 2.96 78 54 ~~ - 129 -106 -78 1. 65 I. 96 nr 78 65 31 -142 -129 -95 1.82 1. ~~ 3.06 92 68 - 193 - 156 -129 2.10 2.30 94 78 54 -213 -191 -168 2.26 2.45 3. 11 74 51 32 -158 -125 -103 2. 14 2.45 3.22 74 57 ~~ -175 -153 -132 2.36 2. 68 3. 47 42 26 17 -u5 -44 -36 1. 55 I. 69 2.12 40 29 -68 -56 -45 I. 70 I. 93 2.37 23 9 6 -22 -9 -4 .96 1.00 .67 19 10 7 -20 -11 -8 I. 05 1. JO 1.14 57 38 17 -94 -72 -33 1.65 1.90 qy 59 51 23 -119 -95 -04 2.02 I. 6 2.35 64 41 15 -102 -if -28 1.59 ~:~ 63 55 20 -125 -99 -53 I. ~~ 1.80 2.65 52 44 33 -102 -90 -67 I. 96 2.03 52 43 32 -122 -102 -n 2.35 2.37 2.41 5-1 47 31; -101 -97 -86 1. ~7 2.06 2.39 55 40 31 -120 - 103 -91 2.18 2.24 2.94 54 46 39 -I~~ -94 -96 1.~1 2.04 2.46 53 49 42 -Ill -109 -112 2. 09 2.22 2.06 63 50 34 -123 -101 2. 2~ 2.46 2.97 65 37 41 -164 -109 -134 2. 52 2.95 3. 27 57 41 3,1 -129 -106 -100 2.20 2.59 2.94 58 44 37 -142 -i~ -127 2.45 2.91 3.43 40 ~~ 22 -70 -60 -53 1. 75 2.14 2.41 ~~ 29 25 -i~ -71 -69 2.05 2.45 2.76 22 8 -30 -19 -15 J. 3n 1.58 I. 87 J2 10 -28 -22 -is 1. 47 1.83 1. 80 

Hun 45 (air speed H m. p. b. l ) H u n 46 (air speed 83 Dl. p. h. l) 

Rib load, Ih. Hib moment, C·l)· from lead-
Rib loacl, lb. Rib moment, c. p. from leacl-lb.-fL. ing edge, ft . lb.-ft. ing edge, ft. 

1.10 1.90 2.90 1.10 1.90 2.90 1.10 1.90 2.90 1.60 2. 15 3.10 1.60 2.15 3.10 1.60 2.15 3.10 

-- -- -- -- -- -- -- -- ---- -- -- -------- - - --
58 63 ~ -~~~ -109 -76 1. 74 1. 73 

n~ 
55 63 34 -108 -120 

~~l I. 96 I. 91 2.56 52 57 -94 -61 1. 65 1. 6., 56 62 34 -105 -116 - 2 1. 87 1. ~? 2.41 61 66 38 -99 -107 -73 1. 62 1. 62 1. 92 58 65 38 -100 -112 -79 1.72 1. 72 2.08 63 6h 43 -83 -91 -61 I. 32 1. 34 1. 42 59 06 43 - I -92 -63 1. 37 1. 39 I. 46 57 62 41 -83 - 91 -61 1. 46 1. 47 1. 49 64 71 50 -96 -107 -76 1. 50 1. 51 1. 52 62 67 50 - 86 -94 -70 1. 39 1. 40 1. 40 63 70 56 -98 -109 -I~~ 1. 55 1. 56 I. 55 i5 80 59 -114 -121 -95 I. 52 I. 51 I. 61 75 83 64 - 122 -133 1. 63 1.60 J. 70 80 84 ~~ ~~g -130 -101 1. 57 1. 55 1. 71 81 88 66 -135 -143 - 115 1. 67 1. 02 1. 74 66 69 - 90 -64 
1. !~ 1. 30 1. 56 64 73 48 -~? -IOJ -74 1. 39 I. 38 1.54 51 57 ZI -40 -48 -II .84 . 52 '13 55 21 -28 -42 -I~ .65 .76 .38 41 1~ 24 -37 - 4J -J6 .90 . t5 . 67 37 52 28 -24 -42 .65 I .50 40 27 -58 -68 -42 I. 45 1. 39 1. 55 39 54 32 -§S -73 -~~ 1. 49 I. 35 1. 50 25 36 20 -28 -41 -24 :: ?~ I. 14 1.20 24 35 22 -25 -40 -26 I. 01 1. 14 1. 18 65 53 34 -116 - 99 -55 1. ~~ 1. 62 63 59 33 - 128 - 125 -60 2. 03 2.12 1. 82 64 51 28 - 106 =~ -37 1. 66 I. 73 I. 32 63 59 28 - 118 -1 15 -40 I. 87 1. 95 1. 43 54 42 2 - 113 -35 2.09 2.28 17.50 51 47 I -115 -11 1 -17 2.26 2.36 17. DO 57 45 1 ~ -~~~ =~ -28 I. 84 1. 95 3.50 63 58 12 -128 -125 -30 2.03 2.16 2.50 49 '13 -30 I. 71 1.63 2.50 47 48 16 ...:~ -84 -40 1. 81 1. 75 2.50 34 35 9 -34 -30 -3 1. DO . 86 .33 29 36 J2 -20 -25 -1 .69 .69 . 08 28 35 10 -21 -24 4 .75 .69 -.40 27 

;~ 
10 -11 -20 -10 .4J . 54 1. DO 

~~ H 21 -60 -fi7 -36 1.58 1. 52 1. 71 39 25 -64 -74 -44 1.64 1.54 1.76 37 17 - 3,1 -44 -22 I. 13 1.19 1.29 29 39 20 -33 -47 -26 1. 14 1.20 1. 30 
-
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II 

DURING AILERO r ROLL. 

Run 41 (air speed J03 Ill. p. h.l) Run 42 (air speed Jl4 lll. p. h.l) Run 43 (air speed 122 m. p. h .l) 

Rib load, lb. Rib moment, c. p. from leading Rib load, lb. Rib momeut, c. p. from leading Rib load, lb. Rib moment, c. p. from lead-
lb.-ft. edge, ft. lb .-ft. edge, ft . lb.-ft. ing edge, ft. 

~ 1.93 2.92 3.38 1.93 2.92 3.38 1.93 2.92 3.38 1.90 2.92 3.53 1.90 2.92 3.53 1.90 2.92 3.53 1. 90 2.90 3. 73 1.90 2.90 3.73 1.90 2.90 3.73 
~ec. Rib 

-- -------- -- ------ - - - ---- -- ------ - - - -------- ----
88 ,,7 30 -161 -121 -U6 1.83 2.12 

3: ~! ~i 60 46 -J62 - 149 - 145 I. 93 2.48 3.15 ~ 71 55 - 1 ~2 -158 -151 2.07 2.23 2.75 5B 
86 64 35 -154 -135 -134 I. 79 2.11 3. 3 52 49 -151 -142 -140 1.82 2.73 2.86 73 

~ 
-176 - 155 - 150 2.02 2.12 2.50 5. 

74 
~ 

28 -131 -113 -112 1.77 2.09 4.00 72 
~~ 

46 -126 -113 -111 1. 75 2.31 2. 41 75 
~~ 

-148 - 127 -122 1. 97 2.12 2.54 5A 
69 12 -97 -59 -51> 1. 41 1. 55 4.58 65 35 =~ -67 -64 1. 35 1. 76 1.83 72 29 -Ill -81 -71 I.M I. 40 2. 45 5 , 
53 11 -15 -101 -52 -46 1.9J 4.73 -3.07 55 17 13 -58 -56 1.74 3. 41 4.31 65 40 11 -U2 -76 -62 1.72 1.90 5.64 5, 
57 16 -16 -134 -92 -87 2.35 5.75 -5.44 39 3 I -:~g -42 -41 2.05 14.00 41.00 48 ~g I -1~ -61 -52 1. 8? 3.09 52.00 A 
49 -11 -22 -114 -49 -41 2.32 -4.45 - 1. 6 51 -3 -8 -128 -67 -62 2.51 -22.33 -7.75 61 -9 -97 -75 2. 40 9. 70 - .33 5, 
57 -3 ...:::~ -131 -70 -62 2.30 -23. 33 -7.75 60 11 I -148 -99 - 2 2.47 9.00 82.00 74 27 H -!~9 - 128 -110 2.43 4.74 9.17 B 
64 13 0 -158 - 109 -94 2.47 8.38 '" 66 19 5 -180 - 129 -106 2.73 6.79 21. 20 77 36 -2ii~ - 160 - 138 2.70 4.45 7.66 C 
5 45 22 -252 -216 - 171 2.96 4.80 7.77 85 54 23 -272 -2111 -157 3.20 4.46 6.83 96 65 38 -310 -273 -204 3.13 4.20 5. 37 0 

64 30 14 -203 -173 -141 3.17 5.77 10. 07 64 38 J8 -225 -199 - 150 3.52 5.24 3.33 72 50 26 -250 -227 -177 3.47 4.54 6.81 E 
31 13 6 -73 -62 -52 2.36 4.77 8.67 

~~ 
10 5 -71 -61 -55 2. 84 6.10 11.00 27 17 8 -76 -69 -63 ~:~9 4.06 g~ F 

10 5 2 -IS -13 - 10 1. 50 2.60 S.OO 2 2 - I S - 13 - IS 1. 87 6.50 7.50 10 7 3 - ~~ -16 -13 2.29 G 
45 1 -15 -110 -53 -28 2.44 53. 00 -1.87 53 12 4 -110 -i~ -74 2.07 6.50 18.50 60 49 -9 - 150 - 120 -79 2.50 2.45 - .78 R, 
45 -6 -26 -113 -50 -24 2.51 - .34 -.92 52 11 

~ 
-110 -!~ -72 2.12 7.08 7~:~ :?§ 47 -14 -1 42 -115 - 0 2. 45 2.45 -5.72 5H 

37 15 4 - JJ3 - 70 -45 3.05 ~:~? 1l.25 29 12 -104 -83 -79 3.58 6.92 33 21 
~~ 

- 127 -106 -89 3.85 5.05 .90 H 
41 15 -2 -122 - 103 -71 2. 98 -35.50 39 11 5 - 128 - 111 - 107 3.28 10.09 21. 40 42 31 -152 -133 -120 

~: ~~ 
4.29 15.00 R, 

41 14 4 -122 -103 -92 2.98 7. 35 23.00 35 14 II -128 - 119 -liS 3.66 8.50 10.72 38 23 12 - 146 - 135 -127 5.87 10.59 J 
56 26 19 -197 -166 -158 3.52 6.38 

n~ 
57 32 17 -226 -202 -1M 3.97 6. 31 9.06 62 47 30 -250 -241 -1~~ 4.03 5. 13 6. 60 K 

50 32 21 -J~2 -174 -157 3.64 5. 44 49 34 18 -204 -195 - 150 4.16 5.74 6:~§ 
51 47 29 -215 -230 -190 4.22 4.90 6.55 L 

30 I~ 13 -94 -92 -90 3.13 5.11 6. 92 26 18 14 -98 - 100 -96 3.77 5. 55 3~ ~ 21 -116 -122 -122 U~ U~ 5. 1 M 
12 5 2 -26 -24 -24 2.17 4. 80 12.00 9 6 1 -29 -30 -25 3.22 .'>. 00 25.00 4 -31 -31 -28 7.00 N 

R un '17 (air speed 103 Ill. p. h .l) Run 4 (air speed 117 m. p. h .l) Run 49 (air speed 125 Ill. p. h .l) 

Bib load, lb . Rib moment, C.l). from leacl- Ri b load , lb . Rib moment, c. p. from lead- Bib load, lb. Rib mOlllent, c. p. from leacl-
lb .-ft. in g edge, ft. lb .-fL . ing edge, ft. lb .-ft . ing edge, ft. 

I 

% 1.08 
sec. 

1.75 2.50 3.10 1.75 2.50 3.10 1.75 2.50 3.10 1.08 1.92 2.60 1.92 2.60 1.08 1.92 2.60 1.60 2. 10 2.90 1.60 2.10 2.90 1.60 2.10 2.90 

Rib -- - -- -- -- -- ------ - - ---------- -- --- - -- - -- -- -----------
62 46 20 - 13_6 -112 

=~ 
2.20 2.44 4.40 

~~ 66 -I -!~1 -164 -125 2.32 2.48 -125.00 76 72 ~ =:~~ - 179 -131 2.45 2. 49 5.95 58 
60 44 19 -127 -1l!3 q~ 2.34 4. 16 66 -3 -171 -1M -1 15 2.20 2.34 -38.W 75 71 -167 -122 2.32 2.35 5.55 5. 
66 50 26 -122 -98 -74 1.96 

2: ~t 66 M -3 -152 -135 -95 2.30 2. 50 -31. 70 73 69 26 - 152 -145 -100 2.08 2.10 3. 5 5 .. 
73 57 34 -Ill -~! -63 1. 52 1. 52 I. 5 84 72 22 - 134 -117 -82 1.59 1. 62 3.73 86 2 45 -135 -128 -=~i I. 57 1. 56 1. 93 5 3 
79 63 41 - 121 - 97 -73 1.53 1.54 I. 78 72 60 33 - 11 9 -102 -71 I. 65 1. 70 2.15 83 79 46 -137 -130 - 9 1.65 I. 65 I. 93 5, 
88 72 50 -143 -119 -95 I. 62 1. 65 1.90 87 

~~ 
42 -162 -145 -112 !: ~~ I. 93 2.67 91 7 58 - 157 - 150 -114 I. 73 1.72 I. 97 A 

100 
~ 

61 -169 -146 -121 I. 69 I. 76 1.9~ 99 54 -183 -166 -137 1. 93 2.54 106 102 72 - 199 -191 -155 1.~ I. ~7 2.15 5, 
H16 61 -183 -164 -130 1. 73 I. 87 i: ~~ 108 91 61 -203 - 182 -159 1.88 2.00 2.61 11 5 111 77 -217 -2 11 - 175 t: ~ 1. 90 2.27 B 
~7 64 41 - 121 -104 -81 1. 39 1.63 86 64 37 -135 - 116 -103 1. 57 1.81 2. 79 93 83 52 - 147 - 134 -107 1.61 2.06 C 
54 29 3 -34 -3 16 .63 . 10 -5.33 56 25 7 - 42 0 -4 .75 0 .57 59 41 10 -42 - 10 9 . 71 . 24 -.90 0 
62 37 17 -49 -24 1 .79 .65 - .06 60 34 19 -47 - 16 -23 .78 .47 1.21 62 53 24 -47 -36 -9 .76 . 68 .37 E 
66 43 26 -96 -68 -51 I. 45 1.58 1. 96 67 46 26 -99 -76 -62 1. 47 I. 65 2. 38 74 61 37 -11 1 -96 -68 1.50 1. 57 I. 3 F 
41 27 14 -45 -33 - 19 1.10 1. 22 I. 36 39 26 12 -43 -32 -22 1.10 1. 23 1. 83 42 35 19 - 45 -40 -24 I. 07 I. 14 I. 26 G 
76 32 -3 - 169 -101 -76 2.22 3. 16 -~~:~~ 50 rs 9 - 149 - 121 - ll8 2.98 4.17 13.10 55 36 29 - 169 - 136 -128 3.07 3.78 4.4 1 R, 
74 29 -6 -143 -75 -53 1. 93 2.58 50 5 - 137 -101 -90 2. 74 3.61 18.00 55 34 21 -157 - 124 -100 2.85 3.65 4.77 5" 
51 4 -20 -141 -72 -50 2. 76 1 .00 -2.50 ~~ 7 -21 -145 -99 -74 3.02 14.10 -3.52 51 23 -3 -161 - 129 -99 3.16 5.61 -33.00 H 
65 15 -13 -156 -87 -60 2.40 5. 80 -4.62 20 - 12 - 156 -110 -85 2.64 5.50 -7.08 62 34 5 -172 -139 - 106 2.77 4.09 21. 20 R, 
59 Ii 

-1 -117 -67 -43 I. ~8 3. 19 -43. 00 59 21 4 - 134 -8~ -8~ 2.27 4.00 20.20 63 42 10 -146 -116 -79 2.32 2.76 7.90 J 
46 -2 -42 -10 2~ .91 . 55 4.00 43 

~~ 
1 -49 - 12 -i~ 1.14 

O' 
0 18.00 45 29 I -51 -24 1 1. 13 .83 -1.00 K 

49 0 -39 2 .80 l:~~ '" 47 1 -37 0 3 . 79 -3.00 50 38 8 - 43 -31 11 . 86 2 -1.37 L 
64 39 22 -101 -71 -50 1.58 2.27 67 43 26 - 11 2 -~j -73 I. 67 t:~ 2.81 73 59 36 -123 -106 -77 1.69 1.80 2.14 M 
45 28 13 -56 -38 -22 1. 24 1. 35 1.69 45 28 16 -57 -39 -30 I. 26 1. 87 51 41 22 -64 -53 -34 I. 25 1.29 1. 54 N 

I Denotes air speed at start. 

U. S GOVER NMENT PRINTING OffiCE : 1937 



y 
~.-----, 

'\. 
"- ..... ..... 

" 

Z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

~ 

Axis Moment about axis Angle Velocities \ 

Force --
(parallel Linear 

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

axis) 

LongitudinaL __ X X Rolling _____ L Y--+Z RoIL ____ 4> u p 
LateraL _______ Y Y Pitching ____ M Z--+X Pitch ____ () v q 
NormaL _______ Z Z Y a wing _____ N X--+Y yaw _____ 

'" 
w r 

I 

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

N 
Gn=qbS 

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

I qbS m qcS 
(rolling) (pitching) (yawing) 

4. PROPELLER SYMBOLS 

D, 
p, 
pID, 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient GT = In4 
pnJ.F 

Torque, absolute coefficient GQ = ~D5 
pn 

P, 

G., 

1/, 

n, 

Power, absolute coefficient Gp = ~D5 
pn 

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

Effective helix angle = tan-1 (2:n) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 ft-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s. = 2.2369 m.p.h. 

1 lb. = 0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 m=5,280 ft. 
1 m=3.2808 ft. 


