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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

Unit Symbol Unit Symbol 

Length_____ I meter ____________________ In foot (or mile) ________ _ ft. (or mi.) 
sec. (or hr.) 
lb. 

Time____ ___ t second___________________ sec Isccond (or hour) ______ _ 
Force_ _ _ _ _ _ F' weight of one kilogram__ _ _ _ kg weight of one pound 

PoweL_ __ __ P kg/m/see _________________ : __________ I' hor'ocpoweL - __ - - - - - - _I-H- P-. ---- I 

Speed __ -- - - _ -- ---- -- _ {~/je~r_ ~ ~~= == = == = = = = = == = = =,= = ==== = = = =1 f~.ii~~~==== = = = = = = = = = = = = rp~~. B . 1 ' 

2. GENERAL SYl\IBOLS, ETC. 

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

m/sec.3 =32 .1740 H./scc.3 

m, Mass = W , g 
p, Density (mass pel' unit volume) . 

tandard densi~y of dry air, 0.12497 (kg-m-' 
sec.a) at 15° C and 760 mm=0.002378 00.
ft.-1 sec.2). 

Specific weight of ({ standard" air, 1.2355 
kg/ms = 0.07051 lb. /fL3 

m7.:', Moment of inertia (indicate lL'\.is of the 
radius of gyration, le, by proper sub
script) . 

S, Area. 
SW' ,ri.ng area., etc. 
a, Gap. 
0, Span. 
c, Cbord length . 
blc, Ai'-pect ratio . 
j. Dis' ance from c. (I . to ele-vator hinge. 
/1. Coefficicd of -vi,cosity. 

3. AER ODYNAMICAL SY:IBOLS 

V, True air s~)ccd. 

q. Dynamic (or impact) pressure = ~ p P 

L, Lift, absolute coefficient CL = L, 
IJ. 

V, Drag, absolute coefficient CD=~ 
C. Cross - wind force, a b so l ute coefficient 

C ..-
Cc= qS 

R, Resultant force. (Note that these coefU
cients are twire fts In rgc as the old co
efficients L e, Dc·) 

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

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

'Y, Dihedral angle>. 
n RcyuoJd...; Nt:mhC',.., where l is n. linear 

P -;:' uimensi.on . 

{3. 

Ci, 

c. goo for ft model airfoil 3 in . chord, 100 
rni./hr. 1 OI'J};ul pn'ssure, 0° C: 255,000 
and at Lj" Coo 230.000; 

or [,)1' :J modeillf 10 em chord 40 m/sec, 
Ct1rrespolldlllg 111llJlbers are 299,000 
and :270,000. 

Center or pres:"ltre coefficient (ratio of 
disil),nco of C. P. from leading edge to 
chorri 12n;th). 

~\.Ilglc (.f stahil:zpr setting with reference 
to ~:)\vel' wil.g, = ( it -·iw) . 

Angle of attacl\:. 
_\.ngle of downwash. 
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PRESSURE DISTRIBUTION OVER A WING AND TAIL RIB OF A VE- 7 
AND OF A TS AIRPLANE IN FLIGHT 

By J. W. CROW I~EY, J R. 

SUMMARY 

This investigation was made by the National AdvisoTY Committee j 07' Ael'onautic at Langley 
Field, to deteTmine the prt3ssure di tTibution oveT a Tib oj the wing and oveT a rib oj the horizontal 
tail wrj ace oj an airplane in flight and to obtain iriformcLtion a to the time con'elation oj the loads 
occuTring on the e Tibs. Two aiTpZcme', VE- 7 cmd TS, were selected in oTdel' to obtain the irifoTma
tion J OT a thin and a thicle wing section. I n each case the pTe '. UT6 di tribution was recoTded j01' 
the jull mnge oj angle oj attncle in level flight and throughout violent maneuvers. Pn1'ticulw' ntten
tion wns given to the high and low nngle oj nttncle conditions. The Tesults show: (a) That the 
pTesent rib load specijications in use by the Army Air OOTPS and the BureCLu oj Aeronautics, Navy 
Department, aTe in j niT ngTeement with the loads actually OccuTTing in flight, but could be slightly 
improved; (b) that theTe nppeal'S to be no definite sequence in which wing ancl tnil ' uljace ribs Teach 
theiT respective maximum loads in diffeTent maneuvers; (c) that in accelerated flight, at air Sl!eeds 
less thnn or equnl to 60 pel' cent oj the mnximum speed, the nccelerations measured agTee 1JeJ'y 
closely with the theoretically possible maximum accelerations. I n maneuvers at higheT air speed, 
the observed accelemtion were smnlleT than those theoTetically ZJossible. 

INTRODU CTION • 
The subj ect of load distribution on an airplane in accelerated Hight is of the utmost impor

'tance for design purposes and is par ticularly so at the presen t time in asmuch a the hiO'h peeds 
and large acceleration occurring wit h the presen t airplanes make it advisable to improve the 
loading specifica t ions and compu tation methods. Con iderable work ha been done previously 
on he subject or pressure di tribu tion, but the knowledge or the loads in accelerated flight is 
still ve ry incomplete. Wind t unn el tests have been devoted to steady Right condi t ion , and th 
previous fligh t work, while including both accelerated u,nd steady nigh t, has not bee n exte nsi\'e 
enough . In ord r to improve the pre en t loading requiremen ts, con iderable addi tional inve ti
ga tion is necessary . 

The pre en t investigation was conducted primarily to determine the rib load of the wing 
and of t he horizontal tail surface in level and accelerated f1igh t and t he time correlation of 
the e loads. I t actually consi ted of t wo series of tests-first, on the VE- 7 training airplane wi th 
R. A. F . 15 wings and, econdly, on the T S figh ter with U. S. A. 27 wings, neit her airpl ane 
being in fl ny \\'ay changed 0 as to affect the perform ance characteJ'i t ics. On each a irpl anc 
the pressure dist ribu tion over a rib of the upper wing and OVC I' a rib of t he hori zo n tn l sln bili ze r 
fi nd elcYfltol' waR m eas ul'cd . Cer tain peculiarities, cspec ifi ll y in the C. P . locat ion, which wns 
found in t he fi rst .c ri of tests (VE- 7 flirpl ane) made it desirablc on th e seco nd. sNi es (T S :1 ir
plane) to in vC'RtigaLe !l r ib of the lower wing alRo. The r ibs cho, en wert' locfltc cl as ffl l' as possihl (' 
from t he ' lip stream and from the ailero n, u,nd wh ere nn upper nnd 10 wCl' win g rib W HS in\'est i
gat d t hey were located in t he arne ver tical plane. The ta il urfacc rib locat ions wc re a l"o 
cho en wi t h t he idea of keeping a far as possible from the fuselage and from the t ip and fit thc 
am e t im e m ain taining a chord of somewhat neal' the average chord of t he tai l Rurf flce. 
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ince only singl ribs in the pan of the wing and tail urface were inve tigated, too clo e 
an appli ation of the 1'e ult mu t be avoided. It i quite probable that the load along the pan 
varies considerably, particularly in the lip tream and at the aileron, 0 that it i entirely 
po ible that the loads on the rib inve tigated were exceeded by tho e at other portions of th 
pan. From the tandpoint then of obtaining the maximum rib load the result hould be 

considered a indicative rather than on lu ive. 
A very important characteristic of thi imre tigation i the determination of the time at 

which each load occurs and the re ul ti.ng time correlation of the tail and wing load. Thi , 
together with the knowledge of the variation of pre ure di tribution, air peed, and acceleration 
with time, i an important factor not only from the trength analy i standpoint, but al 0 for 
the data they provide for the analysis of airplane maneuvers, and for the check of air flow 
theorie applicable to accelerated flight . 

METHOD AND APPARATUS 

The pre ures were measured at the point indicated in Figure 1 by means of orifices of 
the type shown in Figure 2, which were connected by three-sixteenth-inch diameter tubing to 
an . A. C. A. multiple recording manometer (R eference 1). On the VE- 7 the manometer 
was mounted in the front cockpit, and on the T in approximately the arne location l.mder 

I 

~ ; ; R.~. F. {S ; ; ; y~ 
12,345 6 7 8 9 10 II 12 13 14 15 16 

Stations 
VE - 7 Upper wing 

c:;: ; X; :; = 
2 3 4 5 6 7 

Stations 
V[-7 Tail 

C U~s.A. 2~7 ~ 
123 4 • 5 6 7 8 9 10 /I 

Sta tions 

TS Upper and lower wing 

=f T T r T x 
I 1 T 

2 3 4 5 6 7 8 
Stalions 

TS Tail 

FlO 1.-] ,OC!l l ioll of orifices in rihsofV,"-7 antl1'S airplanes 

! V E - 7 airplane '],S airplane 

----------,-----------1----------,----------1 

I 
Wing 'rail Wing Tail 

Station ____ ---; ______ 1 _____ ,-____ -1-____ ,..-_____ 1 ___ _ 
1 

lrr<;;'r:; Per cent lpches Per cent ~~~ Per cent Ipches Per cent 
L. E. chord {~Jr. chord L . E. chord {~Jr. chord 

----- ----- ----- ----- ----- -----
L ___ __ ___ 1.3 2.49 2.56 5.12 1.00 1. 75 2. 0 6. 75 2 ___ ______ 2.75 4.95 9.81 19.65 1. 75 3.07 7.50 1 . 10 3 _______ __ 4.13 7.44 16. 00 32.10 2.63 4.60 12.85 31. 00 4 _____ __ __ 5. 50 9.92 23. 31 46.70 5.50 9.65 17.30 41. 60 5 _________ 6. 12.40 27. 1 55.80 11.50 20.20 21. 20 51. 00 6 _________ 11. 00 19.80 34.56 69.30 1 .50 32.50 26.51 64. 00 
i _____ . ___ 13.75 24.80 41. 75 83. 0 25.50 44 . 0 32. \I 77. 30 

17. 94 32.40 49. 7 100. 00 32.50 57.00 37.21 9.50 9 _________ 22.13 39.00 ----.----- , ---------- 39.50 69.30 41. 50 100.00 
10 ________ 26.31 47. 40 --- ------- ------_.- - 46.50 1.60 11- _______ 30.50 55.00 ---------- ------- - 53.00 93.00 12 ________ 34.69 62.50 ---------- ---------- 57.00 100.00 13 ________ 70. 00 14 ______ __ 43.06 77.70 15 __ ______ 47.25 85.20 16 ________ 51.44 92.00 
Chord ___ 55. 50 100.00 
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the front cowling. At each tation the orifices were attached directly opposite each other on 
the top and bottom of the rib and each pair was connected to the opposite sides of the same 
manometer capsule. The readings thus obtained on each cap- W W 
sule represent the resultant pres ure normal to the chord line at 
a tation, no attempt being made to record the pre ure on the ~ '-f~(l I ..---ri'L 
upper and lower surfaces separately. To avoid any permanent t~:- - u____ IoJt5IoJ 
mutilation of the airplanes, fal e ribs with sp ciltl CftP . trips 
(fig. 2) were lIsed to which the orifices were aLLached. These 
fal e rib were inserted aL the position shown in Figure 3 Fabric 

and 4. The orifices were installed so a to present a perfectly 
smooth slll'face, and the entire system wa checked for po sible 
leak at frequent intervals throughout the tests. Figure 5, 6, 
and 7 are photographs of the orifice in tallation. Orifice 

Beside the manometer, the following N. A. C. A. standard Folse rib 

in trument were u ed on all the tests: Single component accel- F IG. 2.-Type of orifice used and method of 

erometer (Reference 2); recording air-speed meter (Reference 3); attachment 

recording yaw meter (Reference 4); and an electric contact making chronometer (Reference 5). 

" J 
~ . 

t 1 
Pressure rib 

• 
~ ~ - -~ "'> it- ~ OJ 

1"-----: -------- 24' B0" ------------~ 

- --- --- 15' B 0/16" 

1' ,(;. 3 - \' E-T airplane, showing location uf false ribs 
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111 ,addition Lo Lhe above, on Lhe te t , on the TS airplane , an N. A. A. conLrol po iLio ll 
reco rder (Reference G) wa u cd. All of the instrument have been de cribed in pl'eviou pub
lication a noted. The wivelinO' Pitot-static tube u ed in connection wi t h the recording ai r-
peed meter was mounted on a boom extending forward of the left; outer bay forward trut 

of th VE-7 and dire tly n Lh left forward trut of the T. The yaw head u ed in connec
tion with tbe recording yaw meter wa mounted on a boom extending forward of the right 
outer bay front t ru t of the VE- 7 and imilal'ly mounted on tbe left front stru t of the T . 
In all ca e the yaw head wa mounted to measure angle of attack. In both airplane the 
accelerometer was mounted a clo e a po ible to the center of gravity of the airplane. 

The copeof the te t COVel' level fliO'ht at appl'oximat ly 10 M . P .'B. , increment throughout 
the speed range, a well a continuous mcord r accelerated fligh t during roll , loop , pull-ups, 

J 
K 

~----'-------;-- 22' I Yt6"--------'---'! 

-----;---/4' 6'Vt6 "----->i 

FIG. 1.-'1' '' airplane, showin g locati on of fn l ~l' ribs 

pu h-down , and diye. The e maneUVeI are all well known, with the pos ible exception of 
th e pull-up and pu h-down. The former con is ted of pullinO' the control tick full back a 
rapid ly as po ible, while flyinO' at high speed. Th e pu h-down i the xact reVel' e of t he 
above maneuver, the control t i k b inO' pu hed fully forward. The inve t igation included 
continuously record in O' during all maneuver the airspeed, acceleration, angle of ftttftck, and 
rib pre me, and in addition, on the T ,the co nt rol po ition. Vertical line across the reco rd , 
Liming lin es, were puL simultan eously on all the l' cord hy mea n of the eleeLric con tact making 
chronomeLer. 

The records obtained were all phoLo!Yl'aphic film imilar in general to those hown in Figurcs 
to 11. By means of calihration CllnTes, the va rioll defl ection from the base lin e on the 

films nrc cO ll\'C'rted into the proper ullits, suc h ~lS Ih. per sq. fL ., a ir specd in :-Vf. P . H. , C'tr. l'he 
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FIG. !) -View showing orifice instal lation in wing 

F IG. 6.- Vicw showing finished ori fice install ation in wing 

FiG 7.- View showing finished orifice installation ill tail surfaces of the '1'S - 7 "i l' pl"n~ 
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FlO. g.-Accelerometer record. Pre ure ctistribution te ton T8 ai rplane 

FIG. 10 - Ai(siJccdland angle of nttnck:rccord . Pressure distribution test on '1'8 airplane 

1 • 

FIG. 1 I.-Control position record. Pressure ctistribution test on T8 ai rplane 
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records were read at short-time intervals for each entire run, the proper synchronization of 
different records being obtained by means of the timing lines. These data were tabulated and 
the recorded normal pressures on the wing rib were plotted on the chord line, similar to those 
shown in Figures 13a to 13f. 

The instantaneous load curves were planimetered, and from this the rib loads, centers of 
pressure, moments about the leading edge, and normal force coefficients were determined. The 
normal force coefficient is the coefficient of lift perpendicular to the chord line, and is obtained 
from the expression: 

Where L is the specific load found by planimetering the various distribution curves, and; p V2 

the dynamic pressure measured by the Pi tot-static head. The various quantities enumerated, 
together with some of the original data read from the photographic records, were plotted against 
time, thus forming a complete time-history of each maneuver investigated (fig. 13). The loads 
as plotted on the time-history curves are the average loads along the chord in lb./sq. ft. Wing 
and tail-plane moments are given in inch pounds per foot of span. 

In plotting loads on the elevator, this surface is shown in a neutral position at all times, 
Whereas ill reality; it is at a varying angle. There is a slight error in the tail-moment curves on 
account of this angle of the resultant elevator force being disregarded. 

PRECISION 

The estimated precision of the measurements is as follows: 
1. Air speed_ _ _ __ _ _ _ _ _ ___ ____ __ __ __ _ _ __ _ _ __ __ __ __ ____ _ _ _ _ _ _ _ _ _ ± 1 M. P. H. 
2. Acceleration__ _ __ _ _ _ _ __ _ ___ __ __ ___ ___ __ _ ___ _ _ __ ____ ____ __ _ __ ± 0.1 g 
3. Control position_ _ _ ____ __ _____ ___ ____ __ ____ ______ _ _ _ _ __ ____ _ ± 0.50 

4. Time synchronization___ ____ _ _ __ __ _ _ __ _ _ __ __ __ __ ___ ___ _____ _ _ ± 0.1 second 
5. Individual normal pressures __________________________________ ±2 per cent 

In estimating the precision of the pressure measurements it is assumed that the errors 
introduced by the orifice and the inherent instrument errors are negligible. This is very prob
ably true because care was taken to install the orifices flush with the surface of the ribs and 
the manometer was calibrated at frequent intervals throughout the tests. The pressure loss 
in the tubing is also small. A recent series of laboratory and flight tests conducted at the 
Langley Memorial Aeronautical Laboratory on the pressure loss in transmitting air pressure 
through tubes (Reference 7) has provided the basis of the above estimate of precision of the 
pressures. In the case of the loads, centers of pressure, moments and normal force coefficients, 
which are determined from an integration of the normal pressures along the rib, there is a 
possibility of further error. However, since the different sources of error cancel each other 
partially it can be assumed that these are exact to ± 3 per cent. 

The measurement of angle of attack in accelerated flight was unsuccessful. This was prob
ably due to the change of air flow in such flights and also to the fact that the angle of attack 
varies over the whole chord and span to some extent in all maneuvers. For this reason the angle 
of attack has been included in only a few of the curves and, except in the level flights, it should 
be regarded as the general trend of the angle rather than a specific value to be used in any 
calculations or comparisons. In level flight the angle of attack is precise to ± 0.5 0

• 

DISCUSSION OF RESULTS 

The results of this investigation are given in Tables I and II and in Figures 12 to 37. Table 
I contains the pressure measured at each station for each increment of air speed in level flight 
and for each interval of time in all the maneuvers. In Table II are given, for both the wing and 
tail surface, the load, normal force coefficient, and the center of pressure location or the moment 
about the leading edge (all of which are determined from an integration of the pressures along 
the rib) together with the air speed, acceleration, and control position. These values are also 

21311-27--2 
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0 

l' 0 

. 

1'0 

~ 

. 

0 

Air speed, MP. H: .42, 0 44 
Angle or a t t ock : 18.0· 
Load on wing ri b: 6. 45 Ib./s q.ft. 

oetticien!: 1.37 
of wing: 23.8 % 

Normal force c 
Location ofC.P. 

~ 

Airspeed, MP. 
Angle of o!!ock 

H: . 50,054 
: 12.6· 

Load on wing ri b: 6.59 Ib.fsq. ft. 
oeffiden!: o.S5 
of wing: 28.3% 

Normal force c 
Loco/ion of C.P. 

II 
II 

Airspeed, MP. 
Angle or attock 

H: . 65, 067 
7.5· 

b: 7. 28 Ib./sq.fl. 
oeffieient: 0.66 
of wing: 26.2% 

Load on wing ri 
Normol force c 
Location ofC.P. 

• II 11 
II 

H: . 75,077 Airspeed, MP. 
Angle of o!tock . 5.S· 
Load on wing rl 0: 7. 10. Ib./sq.fl. 

oefficienl: 0.48 
of wing: 28.8% 

Normol rorce c· 
Locolion ofC.P. 

Airspeed, UP. H: . 85,087 
Angle or otlock 4.3 0 

'b: 7. 84 Ib./sq. ft. 
oeffident: 0..41 
or wing: 29.0.% 

Load on wing ri 
Normal force c 
Locolion ofC.P. 

II 
II 

illr speed, M P. 
Angle of o!lock 

H: . 9"0093 
.3.1" 

'b: 7. 80. Ib.jsq.fl. 
oeftie/ent: 0..32 
or wing: 30. 7% 

Load on wing ri 
Normal force c 
Location ofC.P. 

II 

"A,r speed, M P. H: .107,010 7 
Angle or a/lock. 2.5" 

b: 7. 87Ib/sq.fl. 
oeffieienl: 0..27 
of wing: 32. I % 

Load on wing ri 
Normal force c 
Localion of C. P 

lAJ 
II 

A,r speed, MP. 
Angle or attock 

H: . 117,01/7 
: 2.0. 0 

'b: 7. 75 Ib.jsq.f!. 
oeffidenl: '0.22 
of wing: 33.7% 

L ood on wing ri 
Normal force c 
Locolion of c.P 

II 
\I 

""Airspeed, MP. H: . '27,0128 
Angle of otfock. 1.6· 

b: 8. 0.5 Ib./sq.ff. 
o e fricien !: 0../9 
of wing: 32.8% 

Load on wing ri 
Normal force c 
Locolion ot c.P. 

-+-l.... 

2'0 3 0 40 
Chord line, inches 

5 '0 6 0 

FlO. 12.-Pressure distribution on VE- 7 airplane in levelllight 
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tabulated for each air-speed increment in level flight and each time interval of the maneuvers. 
In the past there has been some uncertainty concerning the moment acting on the wing when 
the O. P. approaches infinity. This has been remedied in this paper. In all such cases the 
moment has been determined in addition to the O. P. location. Three different kinds of curves 
showing the results are plotted: (a) Those showing the pressure distribution along the rib 
(figs. 12, 13a to 13f, etc.), which will be referred to hereinafter simply as pressure curves; (b) 
those representing a time history of the variables measured throughout a maneuver (figs. 13, 
14, etc.); and (c) those showing a comparison of the loads obtained in flight with those specified 
for static load tests by the Army Ail' Corps and the Bureau of Aeronautics, avy Department 
(figs. 29 to 36). There were a large number of pressure curves plotted to obtain the information 
necessary for the time histories, but only those of special interest are given in this report . 
The pressure curves for the pull-ups and push-downs are included complete, as these maneuvers 
give rise to the maximum loadings for the high and low angle of attack conditions, respectively, 
and these curves are also examples of the typical stages through which the rib loading builds up . 
For the other maneuvers only the pressure curve showing the largest load in each maneuver 
has been inserted. 

In addition to the above, a curve is given showing the theoretical accelerations compared 
to those actually obtained (fig. 37). 

Since the tables are rather extensive, another table has been added summing up the maxi
mum average loads, maximum resultant pressures, and maximum normal force coefficients 
encountered, as follows: 

TABLE III 

Maximum Maximum Maximum Maximum 
average average positive negative MalCimum 
positive negative resultant resultant ON' 

load load pressure pressure 

Lb./sq./t. Lb./sq. !t. Lb./sq./t. Lb./sq.!t. 
39.8 -3.8 158 -54 1.679 

VE-7 airplane: Wing rib ______________________________________________ ______________________ __ _ 
Tail rib ___ ____ _________________________________________________ _______________ _ 8.7 -5. 9 44 -37 -.---- ----- -Elevator rib ________________ _____ _________ ______________ ____________________ __ _ 13.2 -13.4 32 -37 ------------Stabilizer rib ____________ ________________ _____ _____ ___ _________________________ _ 13.5 -8.8 44 -20 ------------

52.3 ----------- - 164 -96. 0 1.853 
38.2 ---------.-- 100 -129.5 1. 770 
2.3 -17.7 40 -53.0 ----------- -

TS airplane: Upper. wi ng rib __ ___ __________________________ ______________________ ___ _______ _ 
Lower wing rib _______________________________________________________________ _ 
Tail ri b _______________________________________________________________________ _ 
E levator rib __ ___________________________ __________ __ __ ____ ___________________ _ 17.7 -19.0 40 -37.0 --- ---------Stabilizer ri b __________________________________________________________________ _ 7.9 -19. 3 33 - 53.0 -.----------

As previously stated, one of the two main objects of this investigation was to obtain some 
data as to the time correlation of the loads occurring on the wing and tail surfaces. This has 
been accomplished as the time-history curves indicate. A study of the results obtained shows 
that at least in so far as can be determined from an investigation of a single rib, there is no 
definite sequence in which the wing and tail ribs reach their maximum loads in different maneu
vers. In general, the loads on the elevator start to build up sooner than the wing loads, but the 
latter appear to build up more rapidly and as a result may reach their maximum simultaneously 
with the tail loads or even before the tail loads. 

The second main objective in the investigation was to determine the distribution of load 
on a wing rib and on a tail surface rib to check the rules for specifying rib loads for design pur
poses. Once again it should be pointed out that since only single ribs were investigated, the 
results can not be entirely conclusive. Figures 29 to 36 show the comparison of the rib loadings 
specified by the Army Air Corps (Reference 8) and the Bureau of Aeronautics, Navy Depart
ment (Reference 9), with those measured in these tests, the worst positive and negative loadings 
measured being given. It will be noted in general that the loadings for the high angle of attack 
condition are in fairly good agreement, the Navy specified loads more closely simulating the 
flight loads. In the low angle of attack condition there is a considerably greater discrepancy 
in the comparison, the Navy loading again agreeing better with the flight loads. The Army 
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specified loading in Figures 32, 33, and 34 is the loading for medium angle of attack condition, 
but is the loading used for low angle of attack as well and is therefore comparable to the flight 
tests and avy low angle of attack loads. The Army loading to be applicable to low angle of 
attack, as shown particularly by the loads measured on the TS airplanes (figs. 33 and 34), should 
include a negative load on the leading edge. It will also be noted in these figures that there is a 
considerable difference in the pressure distribution on the two wings investigated in thA low 
angle of attack condition . This indicates the desirability to further investigate the prp.ssure 
di tribution on othet wing section before sugge ting a distribution satisfactorily applicable to 
all type of commonly u ed wing ection. Wind tunnel tests are now in preparation to find the 
characteristic distribution on several other tandard wing sections. The specified total load on 
the horizontal tail surfaces (figs. 35 and 36) is much larger than was found in anyof the maneuvers, 
but because of the irregularity of the tail surfaco load, some of the local load exceeded the 
p cified slightly . 

The center of pressure location at high angle of attack is very interesting. On the VE-7, 
where only the upper wing was inve tigated, the O. P. location in level flight agrees with mono
plane wind tlmnel te t of the wing section, but in accelerated flight the mea ured O. P. is 
farther forward by approximately 4 por cent of the chord . On the TS, where both the upper 
and lower wings were measured, in level flight the O. P. location of the upper wing again agrees 
very closely with wind tunnol test, but on the lowor wing is about 1 per cent of the chord farther 
forward. In a colerated flight the O. P. of tho upper wing is 2 per cent forward of tunnel results 
while the lower O. P. is 2 per cent back. ( OTE :-The comparisons of wind tunnel and flight 
center of pre suro locations were made for the same normal force coefficient.) This variation 
is not at all serious with re pect to rib design, but may be so with respect to the distri.bution of 
load between pars and with re poct to the de ign of lift tru .'0. If, as is indicated here, there 
is a change in O. P. location caused by accelerations in flight the usc of the usual wing section 
data for wing de ign might be dangerous. The pre ent tests are not complete enough to 
definitely establish this. The variation of O. P. over tho span might vary considerably so that 
the average O. P.location is farther back than found here, as was the case in a previous pressure 
distribution experiment (Reference 10). The problem warrants further and more complete 
research, which is at present in progres . 

To determine the possible effect of engine power and slip stream on the loads experienced, 
pull-ups were made with "power on" and "power off" at the same air speed (figs. 22 and 23). 
The results show that while the same acceleration was obtained in each, the wing rib loads in the 
pull-up with "power off" exceeded those obtained in the "power on" condition. This seeming 
contradiction is explained by the fact that the rib investigated was outside of the slip stream and 
the "power on" flight, becau e of the slip stream, produces a larger loading on the portion 
of the wing in the slip stream with a con equent decrease on the portion outside. Thus, while 
the total loading for the e two flight was equal, the distribution along the span was different 
in such a manner that the "power off" flight showed the largest wing rib load at the rib investi
gated. The "power on" flight indicate a much lower air speed drop between the start of the 
maneuver and point of maximum load. 

Since it is easy to compute the theoretically possible maximum acceleration on an airplane 
when pulled up suddenly, it was considered of value to compare the theoretical and actual 
accelerations of each of the airplanes used. The flight tests were extended to include a series 
of pull-ups from level flight at speeds ranging from about 60 M. P. H., to the maximum speed. 
The actual accelerations were measured by the accelerometer and the theoretical calculated 
from the expression: 

V2 
.A = V? (Reference 11), 

where.A is the acceleration in terms of g, 
Vs is the minimum speed, 
V is the speed at the pull-up. 

21311-27--3 

s 



1 

30 

20 

/0 

o 
20 

10 

a 
20 

10 

a 
20 

/0 

o 
20 

10 

o 
- /0 

30 

20 

;::;: 10 
c:;. 
~ 0 
-.Ii! -/0 
QJ' 

~20 
II) 

~ /0 
<t o 

-/0 

30 

20 

10 

o 
-/0 

-20 

-30 

-40 

20 

10 

o 
-/0 

- 20 

-30 

- 40 

-so 
-60 

if 

- 70r) 

REPORT NATIONAL ADVI. ORY O~r]\[ITTEE FOR AlmONA TICS 

p;: T 

10 

i41i- speed 1-:54.5 M.P. tI. 

II 

Ali- speed = f-6.? 81 P. tI. 

11' 

:41i- speed = f--7 1.0 ",(.P' ,tI. , 

lili- speed - _ 7~.~ M. ". tI. 

~++ .+ J 
~ 

I (~/i- speed =-86.3 M. F. 'tt. 
..k 

-r--. 
~ 

Ii- speed = I- 95. 5 M P. tI. 

!"'-;. 

I 

I 

Ali- s~eed = 106 M P. tI. " 

U- K-
V 

........ 

A li- speed = 11 7 MP.tI., 

r-..: 

Air speed = 127 MP.tI., 

Upper wIng Lower, Wln91 

20 30 40 50 10 
Chord line , inches 

IT IT 
20 30 

FIG. 21 ,-Pressure distribution on a 1'8 airplane in level fii~ht 

TT 
40 5Q 



PRERSUR 8 nTRTRl BU TTON 0 I ~ ,\ N .\1 RP IA N I~ TN l" I.Tn wr J9 

. lEaD 
:Q 
~ /100 
uiJ' 
.!;;.~/OOO 

~~ 900 
.Q<t 
Q..!'! 800 
~t: c ~ 
..... ~ 700 
"- 0 
~~ 600 
.~ 

:;:~ 5 00 
::J~ 
cO) 400 

-l:) .' . 

.;:~ 300 
t::~ 
~ 200 

~ 100 

~ cO 0 

t:: 
~ 10 

, 

'B 0 
, ,. 

~ - 10 . 

I. c 

1. / 

~ 1.0 
.S! 
~ 0.9 

~ 0.8 
\J 

~ 0.7 
l. 
~Q6 
(j 

12 0.5 
l. 

~Q4 

0.3 

O.C 

o 

H-. 

\".(1 

0.5 

c .,,:. o fiupl? e;- wing 

C.-P7Jf7~/~g 

Tot! moment 

Alr sE,e e d 

=+ 
Elevator on Ie 

/(" 

-L 
':*.TNo,ma acce erar)on 

r'... 
~ 

I -L 
-;.. -

~~'~U~~ 
1-+ : i :- p.: -:-~ 
'1~ ~c+H-' .tj 

........ I ...;.-

NF.~. or/o;;;e r W/~ 

* , 

~- -+- -i-: 11. 

V oad on uppe r wing 7tb+-

D.. 
N 

"'"' I -:--. 
. ~~ 
'7 "" " Dod on lower wIn 

"b ~ , 

~L.k,ottittfTff I 

!r-'- . ~L.,J,.~iL/~' 1. ~ ~ ood on 01 rIb 
V 

on eIMtkJr~'b Loa 

CO%~ 

30%~ 
~ 

40%~ 

50%'0 

60%~ 
70%~ 

130 

IcO"J:, 
<\.: 

IIO~ 

0 0 ~' / 
111 

905l
. !, 

80 " 

70 

50 

45 

40 

35 

.30 

c5~ 

cO (j. 
.!!i.. 

1512 
'b' 

10 2 
-.J 

5 

o 
- 5 

-10 

15 

/.0 /.5 2.0 2.5 .3.0 .3.5CO 

Time in s e conds 

FIG. 22.-T S ai rp!anc in a " pull·up " wit h power on aL 12; 1\1. P. 11. 

~Il 
o V 

10. 

10 

~'~g~e~~~~~~~~~~~~~1-rt~rt~~~ 
m'1~r+~~~40~~~~~~~~r+~-r++~b) 

20 30 ..r SO 60 

~. +.k--r++",,;;;-t'--H-++-:rrrLk-a~toil U,-+-t-+--t-t-+--t--H 

-20 \H--f~I7·+-H--t-t--lo.-t+-t.'T--t-t--t-i-+-H-+h~ 0.5 ~~ . 

-30HJH-++,-A:,;.v:re:,r.aqe~ [l 70ao on up per WHln~i))~/5~/~~tb1tX: 

-/0 

.:r-17.' lower I '" " 10.6.. .. 
- 40 1-l++-t-H-+" .. " sfobikzer " - /6.9,, " .... 

'<H+-t-H~c"t-I--+++-+" .. elevator " - 19.0" " .. 
-50 ,,' " " " roi~ ,;!;., 17.7 " " .. 

~-60 .~- Momen.lQQoutLE.ofloill2/one.: I/SS in.~!f?
Locohon or cP ofUPTI1.~tt45.6!"--

~-70 1<l++-HH-+--H-+-+--H-+"-+-+-I"~" N lower' 61.6 % :!:! 1 .1 i I I I 'I- ~ 
, +-++-H--H---+-+--H-I-l.,l--+-i-+ TIme O.-75-secr 
~ 70 !1vera-qe-Iooap n up' e r wlnqrib:.30.6 Ib7FT. 
~ " ,," lowe~" " . 2 9.6" .. 
~ 601+k-)o;.+--~+t-I--,f-;;', .. H~" " s tabIlizer ,,' 6 .1" .. " 
~ " ":~.,,-evalor " 13 .9 " "" 

tl:: 50 14--+"J-"H-:-.., +."t-++.-I" ::l'-t:~~-±. ;~~ai/ ." 9. ~~" 
H~-++-++''\..-P- Mom. aboul L I orlat! ~. on,!,~ 760!~~ 

. I'~ I' ± C.f,..o(,.l,Ippe.r wmg:.,33.0 7. 
40 

30 I- J"j r- ~ J" .. J/ower. " 3 T'::· 8 % 
Looc/e;;;- ~ I 

20 t= -fTTH,,;-,qr,6( 1'i"!--:~~~~tW- H- . 
10 ~Uo~ ~UDr)~g4;i(~~ 
o :\ ~.c ... ~~,1,. 3.0. l.--f so +~..=.6f-0+-+--t-t--t--H---t C) 

I Ilil I ' >' -Hmqe . I I I I I.!, 
-10 ~-'-..J., .... /j.L_L. + 1--1 " / '['c LOciO onrai'l ribf-+-~ 

60 ~ R;trt~~i\ ~~;i?~EH~9tfo:~~:27Ef./f~f. 
50 E:- " " mSlablllz;tr" -0. 7 .. .. I" 

ro-;.. I" "" elevator " - 2.7 ".. " 
40 ~ I' ~ " ".. lfOlILl." - :. 4~'-l;,~ 
30 ~~ , . Mom. a oufl.E.or70ilfZan~",J73 In.-lb. 

+-h1 .. . '1"': .... j .l' c.P. ~pl2er wmg+: 28.6% 
20 +::L~oO .. 0"'l' 1rr= "" " ~wZ41I_31.3% 

upper wmg ribT ' I I Time 2,5 secJ-= 
lIroad~~ + 
lo~ec,w0g~'h 'l 'hi" ... ~--I-:++-t-+-+-+-+--t-+-H 1_1. _ l~OIII 01.["1 "'No ) 
Ifl-L. l~lLL 3tz.-:'CU40 so J=l:o.~.,J.J1 g 

10 

,, 1IIT" " "low,e r,:I.,.t " 10.8" 1"1 .. 
~ +-+--t-+-t" ~ ." " ttabll,:£er " 0 .3 " " " 

II" ~Cl: I"L ,; ]7.ail T .. -0.9 " ~8-i" 

-10 

30 

20 

;Avera9 e rHo ~'I{0g-0*n l up..~.' or W""I ;' ~ ';'"'' . 
~ 

~".~ l"L" ele vaior" -2.4 " " " 

;:..,~ MOIT1. 06oulZIIoi p on'!': 113. 21i7.-~ 
10 ..j0adon f I L. ~.rTT"(~up. 'P.er w~g:1 30.5'7.;_ r upp'e!;...'!';:'!!;'qr~iT-. 1 '\~"Ll"lo werT ~'IT30.~~ 

t.--H'J. I L IITII J1'~l J' '1 11 I h) 
o I I T 71 r I 1 J, ~ I I I Load on r· .J . ~ I J .. I,,~ I 

'i.OOd'On7c!,i/rib t~ 1 ~rw~nqribT7ime 3 5 ;sec ..-
- 10 4iTT'il' i . f 'Llflnqe. 

o 10 20 30 40 
Chord line, Inches 

so 60 

Fu; 22H, h, (;, ~, and h.-Pr{'ss lI fc dist rihution on 'I'::; nirphllll' in a "pull-up " 
with power 011 HL 12;::11. P. 11 . lor vari ous iHLen 'ais of time 



20 REPORT NATIONAL ADVISORY CO:tll1IITTEE FOn AERO AUTICS 

lo~~o~n~~~~~~+-t1-+1-+-~-++-~-1 
lower w,';fgribHn1--H-+++-t1-+1-+-~-+-H 

~~~+-~-+~~'~r+-r+-~~-r+-~-r+-~-r~ 
o ~ I:: 0 

o~+.+~-rHr~~~~~~~~-rrr~ f) 

Looa on foil riD 
-IO~~~4-~-H~~~~~~~,rT4-rrT~ 

-20
0 10 20 30 40 

Chord line, inches 
50 60 

FIG. 22d, e, and f.- Pressure djstribution on a "pull·up " with power 
on at 127 M. P. H. [or various intervals o[ time 

. 

. 
0 

1.4 

1.3 

1.2 

~ I. 
.!! 

I 

.\l 1.0 
:::: 
~ 0.9 
u 
~0.8 
l. 
~O. 7 
D to.6 

~0.5 

3 

2 

0.4 

O. 

0. 

tr:: 

o 

.0 upper WI'!9 

I:i C.-P. of ower winq 

I 

A~;-S eed 

r""i'-< 

I , 

fall moment 

~/evotor. ong,; 

l--' 

y )Vdrmo/ 
1,\ occel. 

N.F.C.of;::: i'>-uEE.er Win 

:t 
V 

/ , 1,\ 

1\ 

,J.-/-J.--g:; 
/bwer win!J 

oo~on upper 

V 
winf-.';2D 

LL 

oodon ower 
winq nD 

oadonl 
s ob//izer. r~·t. 

00 '..J' 

n IO/'lril 
-.l I.J.-t-

c'!' 

>t--
';Loaijon 

eleva/or rib 
I'-

0.5 1.0 
Time i" seconds 

1.5 

207. t 
30'7. E' 
407. ~ 
507. 0 

l. 
607.~ 

707.~ 

55 

50 

45 

40 

35 

30 

25'¢:. 
ti-

20~ 
" 15'tl' o 

103 

5 

o 
-5 

-10 

- I S 

-eO 

FIG.23.-1' airplane in a "pull·up" with power 
olI at 125 M. P. H. 



PRESSURE DISTRIB TION OF A AIRPLA 'E IN FLIGR'l' 21 

170 

160 

150 

140 

130 

120 

/10 

1-:::100 

r:,. 90 
~ 
:!:i 80 
Ill' 

~ 70 
lI) 

~ 60 
"-

It:: 50 

40 

30 

20 

10 

0 

AV.~/OO:JdB on upptir wli7~ ri4: 52 . .3 1b·ls~. fl. 
:: :: "Hsf':b:llze'i-~~:~;"H~ ~"a : " .. "He/evof°'i-riill.O" .. ., 
", loll I 3 " " -

\ k.oJnJnf ob'o~tL.t:.,Iail pla),e:' 500 In.-Ib.
I Locofion or c. P., upper wing:-2B.I"7.-

H-t-\t--I-H-· ... 10 wer " 1-.3 1.6 % 

HH>-+1I--'k:,-j-j-l-++-+-+-+-+-Time ,/, 0 sec. 
• 

H-t-+-Hpt-t--I\--T'L.::;o.:::0Td~on'-t-'i'u.pper wim"'t'-.r'fi0't-+-l 

Looo on 
ower winq rib-f)Pi'<:t+-I-H-t-++-H-j 

H--+T+-t-++-IH--li ~ 

-10 H-t++-H-t--t"tt-H-t--uhloaa on oil ri 

-20
0 10 20 .30 40 50 

Chord line, inches 
Fl . . 23a .- PrcssurcdistributioD on n T airplane in a "pull-up" 

with power orr at 125 1\1. P. ll. Maximum load, upper and 
lower wings 

o 10 Z $ 30 40 50 rf¥~9o.,1 . " lilL a) 
-10 :4v..!oadanupperwmqri: 14.8Ib./sq'J. 

• " "lower}' " 9.c ,,", 
_20 H --I'7f--H-t+-I-H-::,,-H-::,,+-I-::,,+'-'r.::s tob'fizer " 11.8 " " " 

if,~ Load on "",, e evator1 " 1.8 - • " 
u 1 " ,," foil" 5.8 " " -30 po- fai cib 

I 'Momenf aboul L. c. or 1<;11 R/ane: 93fm'n.-lb. 
40 " "" uo'r.wmq-=1840" " , 

-::: - Load o'n tall rib " " ". " l'w~/564" .. 
6--50 ~-t-+hl-!;o:t-+-t-'+--f-\\-t-t-j Locaflon oF1:II]~1 i 
~ C.P.oTupper wing: _ 45.87._ 
:!:i 20 " "lower: " 6Z4~_ 

f 10~~~~~~~~t1~~1,~~~~+=~-~+=~=t+=~~ 
~ ~~f#~~~~+~tHlnge~k+-t-rT~~-t-t--t~+-+~+-+~b) 
~ 0 10 20 30 40 50 60 

d:.-IO ( 
00 on lower wing ri 

-20H~h=r.o~a~~a~nf7u~p~,e~r~w~'n~~ri··~-t-++-H-t--I--Hrt++-H-j 

-.30~-~~-r+-l-+~r+-j-+-l-r~H-~~-r+-l-+~r+-j-+-l~ 
1ntt..!--++-t-+t-H-H--I-HliJ· 

-40 hltl'Y--t-f-I-t-+-+-+-+-++-I-I n~ VIS; W '+-+-+-+-+-++-H 
-50 Average oodon u8f2er win9-t:!·(!.:.r.!.0'C?.!!!.:!.:~.9;.ft. 

.. "" lower" I" 5 . 6 1"1 1"1 '1 
-60 ".. "stabi!tzer 10.1"" ..1 

" /I.. e eva or. II /7.7" "" 
- 70 ",, " ai " 2.1 "" 

H++-H-t-t A1i
l
om'[!nl f ja aulLL arloll plane: --!.J..:-7470 in.-Ib. 

-80 1 "I 1 "I 1 ; 1 ,~ uppec.wlnqHI613...£.0i,:: 
" "" , lower: I H I -1405~ 

-90 ~Pi a( ypPf'i "'(/'jq: ~ -j"?i/:"(OtfT+i9( ff-f'i-
o 10 20 30 40 

Chord line, inches 
so 60 

FIG. 24a and b.-Pressure distribution on T S ai rplane in a no lift condition (push, 
down) at high speed for various intervals of time 

101-+-j-rk-lb~~~r~-r-J~~+i~~~~~1-~~ 

O~~~-f-~*+~~rP~+t~~~~c) 10 eiU 3~ ~ 50.I-
I Lood'on lower win97=ib 

-IOI-+-H~~+-r+"T4~T-~~~~2~~+-I 
1-+-TH."~I-+-r+-~~1h1,'i7g~·-j-+-l-+-j-+-l-++-+-l 

-201-+'r.~Loo~~f~/~11-~~~rt-+-~-H 
-30 1r++-l-+-++-+-r+~-r+~r++-+-l-+4-1 

I rrrr+-t-++~-H-H~~~HH 
-40rt';H-r+-+-rr+-rr+-t-H+-t-r+-+-r~'~ 

-50k~~~-j-~-j-+-l-r+-l- H+-t-r+-t-r+4~ 

-60 H'-~H-~H-~I-+-j-+-+ H-t-H+-t-r+-t-l 
-70 lime 7.0 seC:'-f-I--l--++-H 

-80 ~fiV'IO::8d1f7~i~;i~b~;~;~~I/:~q· ::~ 
-90 H' .. " eleva/or:" 9.0 " - ':-r;' "" lail- " - 7.2 ~' " )'-
-100 Mamenl aboul L.t:. oTlail plane: - 140 in.-Ib. 

H-i-++++-H+" "p'r. win9 - 138o+"f-i' 
-II 0 It ttyiTt"l"::-ti ". too I'w'r-T "-t: - I II 2-!- "f-" 

It Locaflon O,'-f:.f':..J>T upperl.J/~~ 96.8% 
-120 -', I " l"t/ower H"1 I 1/70% 

-130 z.~ on uPE.er Wi*'b 
20 i->:J ITT 

~ 

.301-+-r~~+-I-+~+-l-r+-r+-j-+-t-++-H-+-l 

20~~rf9-r+~t-t-r~~~-r~-r+-+~ 

10rR-+-lt+L'0~0~d~a~n~/o~w~e~rLw~/n9.+r~lo~-j-+-~~+-l 

o 10 cO L-t' 30 40 50 e) 
_I 0 H4-+rt-....:+r:...~f-"'-+t:...1-~iT""~~· ~J ... H.::-/+-n=fg:...et~~t;zr ;"o;:a.:::aro;'rfi~~;a:.cil.;.r-"ibr1 

-20 I-'HT-h++-t-t-I--'li ;.,re-,? b '-=5;-', e::t-(c:t-.-H-++++-l 

:;; r~'V'IO::adOR~~tifi~i:~!r~.;s:q~·r 
'j " " elevator " - 0,7- '; " 'j-

-50 'r ,," loil ,, - 7.0-', " ';-
-ltIMom:enl ahoul L.Eorlail plane: 220 In.-lb. 

-60 'imH:-t+F" up'r. wing -2160t .. t-~' 
.. "I-tt" " I'wr.t-'~ 1 - 2186 t-t-" 

-70 -'Loc::" ~~.C£,f:.;'~~PP:±~42. 9 7. 
'~ I "I J~I I" I/ow~ 1 r I I ,6c.87. 

-800 10 20 30 40 50 60 
Chord !tne, inches 

FIG. 24c, d, and e.-Pressure distribution on TS airplane in a no 
lift condition (push-down) at high speed for various intervals of 
time 



22 REPORT NATIOI AL ADVISORY COl\I]\[IT'rEE FOR AEROI AUTJC'i'\ 

~/40 
'l: 
~ 130 
'b' 
~ t20 

~ 
l 
~ 

AIrspeed 

omenta au .E. 
rorfa';plane 

1\ 
L!' omenta ouTT£. or lower 

20 

15 

10 

~ 5 
ti
~ 0 
oQ 
'b' -5 
() 

..3 -10 

-I 5 

-c 0 

5 -2 0 

wing 

1,\ 
1,\ 

.2; IJ!, omen C/ ou . E. or: ~-
uoper wino 

... LL1. 
"An e oraftacl< 
I I 

Il"IeM~Wle 
~ 

Norma7 acceleraTion 

C'-

N.F.-C.of up, er wmq, 

k: 
LC . c. or lower wing 

Load on upper Iw\n~ )...ib 

oa.E::.0~ 
elevafor 

rib 

ttaaon o~~r 
wing rib 

'h 
II' -:y 

oC:~~t-fai/rib p.-
k 

'LoaldI011tf~ill('f'l '1'°
1
-

0.5 1.0 1.5 c.D 
Tiine in seconds 

FIG. 24.-'1' ai rplane in " no lift condition (push· 
down) at higb spced 

'Ci ~ 20%1 

~ ~30% 
~ III 
(! ~ 40.7.. · 

c: 
:g 20. 

. ~ If) 10. 
Q.-a, 

· 
· 

~ £ 0. -!::Y · 
· c: -10 

8 

.... 
. ~ 1.4 
.~ 
::::/.2 
~ 
I.J 1.0 

~ 
\..0.8 
~ 
~ o.s 
~0.4 
~ 

0. 

.P. or upper wIng 

.. ~~ ower winq 
i"i 

irs eed 

Tai momen~ 

~'3 e07a ac 

"Eleva ar u + 
~ 

RiJdJeR-ith + 

"'! 
::::t-.! 

c-" ~/qn Jct-Jeron u + 
"'1---Q. 

-r--
ormo occeera ion 

J. l 
I./'L ::t: JJ::-, 
N.F.C.ofup i:;>erwmq ~ 

h 
Vf N-11' 

IL Nti.-Jf~kW,k ['< 

~ oqo on upper 
win r ib 

LO o~on ower WIn 'Lri 

L~1oM a "ilikrr;if. 

~ r-Tailri 

ood on elevator r.-ib 
2 3 4 

Time i/7 seconds 
FIG. 25.-'1'8 airplane in a right turn 

I 

I 

I 

I 

45 

40. 

35 

30 

0. 

5 

/0 

- 15 



~ 
Ib 
Ii> 
Ii> 

~ 
Ci' 

'i;-
-!l 
~ 

PRESSURE DISTlUBUTION OF A AIRPLANE IN F LIGHT 23 

130 

lea 

110 

100 

I-I-:4J. 100dlo? u,cipk) Jihql rib; .4), a 1~';.sJ. {t. 

~'ili'-hwe±+$lr 7-U"-t-f' " 'l=t¥.0bli'izer 'I 0.7- J
·" i·-

/- " " .. eleva/or " - I I 2-J. .. <'-
i- L , ,~ loil .! - 4 ·4-!. .. !,-

I I I ' I , 
i-Momen/ oboul LLof foil p on~ in.-Ib" 
'-rLoc ollon of C.P. of uppe~~nq; 129. I %-

),- "I- "I- . lower" 29.7 %-

90 1\ Tirn'e /.O lJ~~+ 
80 1\ V LOOG on upper wIW,L 
70 

, I" 
\ 

60 1 ..... 1,\ 
r-.... ~ 

50 

40 

30 

~ 
1-1- Lobo on 

lower W/~ rib 1 .... 1' 

r"'-
20 

10 

a 

I~ 
~~ 

~ 
.1; 

l/ ::t 
I I L-- a) 

-10 

-20 

f...11 1/ 
~l 1/ 

ILoad on To,'-rrig- f-f-[ / 1'""-
T 

o 10 20 30 40 
Chord line, inches 

50 60 

FIG. 25a.-Pri:ssurc distribution on 'l'S airplane in a right tu rn . 
~J ax imum 'J oad lower wing 

-10~~4-~~4-~~4-~~~+-~~4-~~+-

-20'~-+-+-+-H~-+-~Iw!I;"'_LooCi on 7oi/~o 

o 10 20 30 40 
Chord Itne, inches 

50 60 

FIG. 25b.-Prcssure distribution on T8 ai rplane in a right turn. 
Maximum load upper wing 

.... I. 
t: 
.!!! 
.U 

~ 
Q) I, 

~ 

. 
, q 

Z 

: 
% 

0 

0 

0 

0 

0 

0 

0 

. 
0 

. 

6 

4 

2 

e 
Q) 1. 0 
lJ 

~0.8 

6 

4-

~ O. 

~ 
0 0 . 
~ 

O. 2 

o 

Loo 

I,...+C?, of <;-,PP,er ~in~_ 
I T I 
c.p of ower winQ 

AIr Sl2.eed-" 

Toil ,!nomen! 
I I 

t" 

An Ie of1-f~ak-JJf wlnr 
I 

Elevator up + 

fil nroileron u + 

iah 'Rudoer r + 

Normal acceleration 

N.F.C. ofu erWin 

N.F.C. of ower win 

Load on u 'I>er w;",q,c/o 

on/ower win r i 

oodon slo l izer rib 

Loodon 017 rt-F 
Load on elevofor rib 

234 5 
Tline in seconds 

F'G. 2f'.-TS airplane in c 1 'fl tU"n 

I 
I 

130 

120:t, 
ct: 

110 ~ 

002' I 
Q) 

90 g. 
.l 

80~ 

70 

50 

45 

40 

35 

30 

25~ 
c;. 

20.!Q. 
:Q 

151)' 
o 

/0.3 

5 

o 
5 

-10 

6 15 



24 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

120 

/10 

100 

90 

80 

<:::: 70 

r:i- 60 
~ 
~ 50 

QJ' 

~ 40 
II) 

~ 30 
'-

Q;: 2 0 

10 

0 

-10 

-cO 
- 30

0 

130 

120 

110 

100 

90 

80 

;;::: 70 
r:i-
!!J,..60 
~ 

iii 50 
~ 
IJ) 40 
~ 
~ 30 

cD 

10 

o 
-10 

-20 

-30
0 

~." "'1= v""eo w,ng db." 'h·M o. if' f-ID~lllr 'lr ' 'r u=r~ablllzer '( 7.9 -', .. 'r-
, 'i ,~ elev'?tor 'f - 7.6-''1 "(-

'; 'j fall " 1.3-';,' ',-
'rMomenf obout L.E.of failplone:306 in.-Ib. 

Locedion of c.p of upper w/~;8.3 % 
, "-",, lowerl'~ 29.9% 

!.ldJ·l~~ H;17je',c.o sec 
-

00 onu erWIn rJ 

oodon 
'\IO~/n~~b ~ 

I ~ 
S 

{ 
b) 

.1 
ood on loll rib 

-1+1 
10 20 30 40 50 60 

Chord line" inches 

C1V.lDgn ,',ppe) w,ng 'r{b, 40.2 Ibfsq. (I 

rr~l ~r "j 'r o .'If -r- , stabilizer +. 1.2 -;-" ·f-
f' - " elev<;Jfor 'j -8.5 "I " 'f -I-, ,, - toll "I -3.0, -.. ". ';-
Moment oboul L.E.of foil plane: 420 in.-Ib. 

- Locof(on of c.P. of upper W/~f9.9% 
". .. "1-,, lowerl~' 30.5% 

L};;k+-) L~ Tifr l l.f fec. 
I 

00 on u ~1-er wi;; 

oadon 
ower.w/~~!.E. ~ 

QJ -l.g 
:t , 

V ~oaa!-krO';~b 
a) 

H +t-
10 20 30 40 50 60 

Chord /i'ne~ inches 

FIG. 26a and b.- Pressure distribution on TS airplane in a lert 
turn. Ma."imwn loads, (a) lower, (b) upper wing 

40 

30 

~o err win 
Upper wing 

Airspee 

Tai/moment 

llnqle of atlo k 

E/eyotor onqle 

ormol accelero/ion 

N F r:: upper wing 

N F Clower wIng 

L ood on up, er win riO 

'" L ooa on 10 wer win rI 

20' 

10' 
O·~ 
20'~ 
10' 
O· 

1.8 

Load on -g' las lob/liz' r 'nli 
c 
-.J 

o 

110 

100 

90 

80 

;;::: 70 
r:i
~60 
:Q 
Q),50 

~40 
IJ) 

~ SO 
cl: 

cO 

10 

o 

Tot!' /6 -
Lo01on eleva/or ritJ 

2 3 4 5 6 
TIme in seconds 

FIG . 27.-rl' airplane in a loop 

7 8 

-"Ulrx~:; ~lf~~3ir f\ " " ,) sfabllize J 50-') ,l,-
" " ,\~evotor 'f - 10:3-'; " (, -

J'. "'I lail 'i 1/.8-', " ',-
Mom'/. aboul LLor fbilplane: 494 in.-Ib. 

\; Locolion ~r c . .p.,uppe':"-Rng: c8.7% 
" ~- "-ower "tt-YO.3'7. 

Ti'0'e 0. 5 sle~~ 
0 

-c- Load on u erwIn rJ 

-lit.. 
Loa n 

lower win rib 

I~ 
-~ 
;t 

Load on toilFib 

a) 

10 20 30 40 50 60 
Chord line, Inches 

FIG . 2is.- Pressure distribution on TS airplane in a loop . 
. ~ Ma.ximuDl loads, upper and lower wings 



PRESSURE DISTRIBUTION OF AN AIRPLANE IN FLIGHT 25 

~ 307.: 
l. 

~ 407. 

~ 50? · 
'" 060% · l. 

· ~ 70? 
t:: 
~ 807. · 

t /0' 
e 
~ a· 
t - /0' 
:. 

~ 

1.2 

/. / 

/.0 
t 
.!,! 0.9 
.U 

::: 0.8 
~ , 

80.7 

~ 
l. 0.6 
~ 
'00.5 

~ 0.4 
~. 

0.3 

0.2 

0./ 

~ ...... 

lp.LJru~ er wIng, 

cr ~ 
ower wing ... 

i-" 

"-, ir s ee 

TOllmome n 

n g eo~o a c 

E)e vo or onqe 
I 

Nor mal acce7er a Ion 

II 

1\' 

.F.c. oru~ per wing II 

V 

. F. C. of7owe'f win 

Loa onu erwl#,b > 

z.ckkon owerwin~b Li'= 
~ 

..-::: 

°f '1 on elev~for(ib-

LOf'd onl/old;+.; 

/ 

t:: 
3g:g 

o 
2g ~ 

/g ~ 
u 

Og a 
'0 

40 

35 

30 

25 

~ 
~ 

20~ 
(). 

15~ 
~ 

10 l;J' 
o 

50 
-.J 

Zood on si'a5);~:" ""t--
~ 

VI 

o 
5 

-/0 

I 
o ;: .3 4 5 6/5 

Time in seconds 

FIG. 28.-'1'S airplane in a dive 

/60 

/50 

/40 

/3 0 

120 

//0 -# F/ic,hOesr 

0::,/00 

g- '90 

'" :Q 80 
~' 

~ 70 
I/) 

~ 6 0 

I~: \ 1-
\ 

r.:: 5l2eCllted (Ar0yA 

\ 
~\ ~: 

cl: 50 
"I 

40 

30 

20 

e cif/e'ci7Nav{) 1\ 
f';; " ~, 

'i~ ::-.; 
['-

- -
10 

0 
- l- I-

/0 20 .30 40 50 
Chord ft"ne, inches 

Fill. 29.- I ux imwn loading oncollntered on upper wing 
of VE- 7 compared with specified sta tic test londs 

/70 

/60 

/50 

/40 

/30 

/20 

//0 

-:::/00 
(). 

~90 
:Q 

~ 80 

~ 70 

~ cl: 60 

50 

40 

30 

\ 

A 

opec/Ie av 

s. ectfie rmy" 

F.19. es 

/0 20 30 40 50 
Chord line, inches 

FIG. 30.- Maximwn loading encountered on upper wing 
of 'l'S compared with specified static test loads 

( 



26 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

+ + + 

f 
+ + 
+ + 
+ + 

L 
+ + + 
+ 
+ + 
+ + 

. t ~ 

+ 
+ 

20 t-++-t-+-t-t-+_. 

10 H-+-t-+-t-t-+-+ 

°0~~L/~0~~~~-L~-L~4~0-L~-L~~ 

VII •. 31.-l\ l o'Xlmunl loadi1lg ('lICUUnll'fI·d Oil IOWN wi'l~ 
of 'l'~ compared with sp('(·iflt.'(l stali{' t(~1 IfI:lIls 

JO 

20 

10 

t r/t 
...I- ~:gN)etffi tl : 

: ecified- "F'!;;.C I :..+ 
: 'Army) I -;-';~ '-.L 
: ::::-;.. 

! !-;:: 0 
tj--IO 
~ 
~-20 

.' H-f-
!;.:;s,i;ecifie ~(/'f..o.vy' 

Hi 
~'-30 
::J 

-!-.l-' L 
L I/) 

I/) -40 
~ 
0.:.-50 

-60 

-70 

-SOO 10 20 30 40 50 
Chord l,ne, inches 

FIG. 31.-Low incidcnce (angle of "t tu('k) load on '1''' lIppI'r 
\ving compared with llwdimn inciliC'ncc stntic tl·~t. 10:1(1 
specified by ..Arrny .Air Corps and low ineilil'Il('(' statich'st 
lond spcc'ified by Durcau of ,\"ronauties, ),'avy Depart-
mont 

50 

40 

30 

~ 20 
t:i-
~ 10 
:Q 
rJL.E. 0 

~ -10 I/) 
I/) 
\J -20 
~ 

-30 

w,inum posJiJelsJakL-'eHo-to!· 

S~fiee! POSI ;JeL/Jok,t-
11. 'f/ A MaXImum POSI lVe 

!,-1':;- ~e/evafor IO;i[. 

" .. ~ .. 
I\'{ .... J-;6V' <-f 

/ y~ '<"'" 'I ~-~ t=f-h 
- ~I\; J- ~Jx/'nUJ77 

, ~I negative 
~ e evotor load ~ 

-40 

-50 

S~ec~~? n~_~lVe ib~~ . 
U . 'F L...-f'rrf~b~·rr:)~=F 
OXIl-~ . t-T10 !.leTsfrfzrrtTr 

0 10 20 30 40 50 
Chord line, inches 

Fill. 35.-Maximum load on horizontal tail surfaccs of VE-7 
comparcd with static tcst load specified by Army Air 
Corps 

30 

20 

;:: 10 

6- 0 
~ 
~ -10 
Ill' 

S-cO 
I/) 

~F 

e!oi~~V(~M) 
:f'" 
: 1 --,::::: , ~:,qh/: , fesf 

S"eCdiea7'ko~ 

~-30 
0.:.-40 

<::: 
tj-

~ 
~ 

-50 

-60
0 10 20 30 40 50 

Chord line, inches 

V", a~. Low incidene<' (nngle of attuck) loarl 011 V£-7 
IIpper wmg (Iomparctl with 11lcdiutll incid('ncc st.atic test 
load spccifiNI hy .\rmy \ir Corps and lOW inciden('(1 static 
Ipst load ~Jll'cifll'd hy nlHC':l1l of .\pronnnti{'$, Xnvy 
I Jt~par' 111('111 

,]0 

20 

10 

;:: 0 

~-IO 
....... 
,<:i -20 
<Ii S -30 
\I) 

~-40 

0, .... -50 

-60 

-70 

-80
0 

~~eCifiJ<t. . 
Nov Fliqhl fesf 

,Sl!.ecI 

, 
, 

~. -

l7 

10 20 30 40 
Chord line, inches 

lee! (ArmYL 

50 

FIG. 34 -Low incidence (!lngle of attack) load on '1'S lower 
wing comp n'd with medium incidence static tcst load 
specified by .\ my Air Corps nnd low incidence static test 
load specified by Bureau of Aeronautics, :-ravy Depart· 
ment 

50 

40 

30 

20 

10 \ 1 

IlI'L.t: 0 

~ 
- 10 I/) 

~ 
-20 ~ 
-30 

-40 

:::,......-" Moxlinum 

~ 
negoflve 

r-c :< e eva for load 

-SO 

o 10 20 30 40 50 
Chord line Inches 

Fir,. 36.-Ma..ximum load on horizontal tail snrfaces of TS 
comparcd with static test load specified by Army Air 
Corps 



PRESSURE DISTRIBUTION OF AN AIRPLANE IN FLIGHT 27 

The accelerations are plotted for comparison in Figure 37. Uncertainty as to the exact 
value of Vs makes the computed values liable to some error. It appears though that on these 
two airplanes it is possible to obtain the theoretical maximum accelerations in flight below and 
up to speeds that are approximately 60 per cent of the maximum speed in level flight a:p.d that 
"power on" and "power off" does not affect this. In all cases the control stick was pulled 
full back practically instantaneously. The falling off of the actual accelerations from the 
theoretical at higher speeds must be due to lack of maneuverability and there may be derived 
therefrom a maneuverability factor. 

In attempting to obtain the no lift or low angle of attack conditions in flight, several 
maneuvers were attempted before the push-down was decided upon. The most promising method 
of passing through zero lift apparentJy was in a dive at high speeds. However, it was found 
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that neither airplane had sufficient elevator control to reach the desired attitude, i. e., partly 
over on the back in a dive. A second method employed, that of "hanging" on the top of a slow 
loop, gave the desired result, but at such a low air speed that the pressure readings were very 
small and consequently indeterminate. The push-down method proved entirely satisfactory, 
the negative accelerations obtained indicating conclusively that the no lift condition was 
obtained and at the same time the air spred was large enough to eliminate the error caused 
by small pressure readings. 

In some of the time-history figures of maneuvers made at low speeds, such as the loops, it 
will be noted that the shape of the normal force coefficient curves appears to be erratic. This is 
because at low air speeds the accuracy of the pressure measurements is poor and also because 
the errors of integrating the load curves, when the load is small, introduce a large percentage 
error in these result. 
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Station No ________________ _ 

Air speed (i\I. P. IT) : 42 __ ___________________ _ 
44 _________ ____________ _ 
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5-1. _________________ ___ _ 
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75 _____________________ _ 
77 _____________________ _ 
85 _____________________ _ 
87 ________ ___ _ 
97 _____________________ _ 

n7~===::::::::::::::::-1 107 ___________ ______ ___ : 
117 ____________________ _ 
Il 7 ____________________ _ 
127 ___________________ . 
128 ____________________ _ 

Time (seconds): 0 _________________ _ 
0.25 ____ __________ _____ _ 
0. 50 __ _______ __________ _ 
O. i5 __ _________________ _ 
1. 00 _________ __ ________ _ 
1. 50 ___________________ _ 

0 __ ____________________ _ 
0.50 ____ ___________ _ · ___ _ 
1. 00 _______________ ____ _ 
1. 25 _____ _______ _______ _ 
1. 50 ___________________ _ 
2.00 _____ __ _____ __ _____ _ 
2.50 ____________ _______ _ 
3.00 ___________________ _ 

TABLE I 

PRESSURE IN POUNDS PER SQUARE FOOT ON VE--7 AIRPLANE 

Wing I 
~~~~--~---g~I-10 ~1~1 1-12--13~11-4 ~115~1-161 
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24 1 24 26 24 
24 24 

18 16 
19 16 
19 16 

24 24 18 16 
24 22 21 Ii 

24 24.51 19 22 
16 23 
16 20 

10 19 
21 17 
20 17 
21 Ii 

19 21 19 17 
12 20 21 17 
12 21 18 17 
9 Ii 18 Ii 

12 17 19 19 
o 15.5 16 17 
6 13 
o 14 -2 12 

16
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16 
16 16 
15 16 
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o 14 
o 16 

118 126 
158 115 
132 121 
7i 70 

-1 12 
-I 12 

-42 -32 
-54 -37 
-51 -36 

o 38 
26 41 
19 35 

18 17 
22 32 
88 85 

122 105 
101 88 
56 48 

15 17 
15 Ii 

-20 -J2 
-21 -12 

-

20 1-8 
40 33 
37 33 
31 29 

13 9 
13 11 
13 II 
13 9 
14 11 
12.5 10.5 
J3 II 
13 9 
14 II 
H 14 
14 II 
12.5 J2.5 
Il J4 
14 11 
H 12.5 
14 12 
14 14 
14 14 

16 14 
W 16 . ~ 
~ 00 
N 51 
47 34 

13 1 12 
13 12 

-8 -2 
-10 -3.5 
-7 -3.5 

25 122.5 
30 21 
25 21 

6 
9 
9 
6 
9 

10 
11 
10 
13 
13 

g I 15.5 
14 
15.5 
15 
15.5 
17 I 

Ii 
21 
43 
53.5 
47.5 
29.5 

H 
14 
o 
2.5 
9 

~~ I 22.5 

6 
8 
8 
7 

10 
9 

10 
10 
9 

11 
12 
12 
13.5 
13 
13.5 
14 
14 
15 

16 
18 
3·\ 
43 
39 
22 

14 
11 
6.5 
6.5 
9 

20.5 
20 
19 

5 
6 
6 
6 
7 
6 
; 
7 
7 
9 

11 
10 
11 
11 
12.5 
12 
12.5 
12 

14 
19 
31 
39 
33.5 
22 

11.5 
11.5 
1.5 
1.5 
2.5 

18 
18 
18 

4 
6 
6 
4 
7 
7 
7 
7 
7 
7 
8 

10 
10 
8 

12 
10 
14 
11 

12 
16 
24 
28 
26 
18 

8 
8 
o 
o 
I 

15 
15 
15 

3 
5 
5 
3 
5 
5 
5 
5 
6 
6 
6 
6 
7.5 
7 
8 
8 
8 
8 

Level flight 

3 
4 
4 
3 
3 
4 
3 
4 
3 
4. 5 
3 
4 
4 
3 
4 
3 
5 
3 

1-------

-------1 

-- ---- -

P ull-up 

10 4. 5 7 2 
10 4.5 7 3 
19 12 10 6 
24.5 16 II 7 
20.5 14 13 6 
13 8 9 5 

Push-down-high speed 

8 
8 
1 
1 
3 

13 
13 
12 

4.5 5 
4.5 5 

-.5 -3 
-.5 -3 
o -3 
7 0 
6.5 7.5 
6.5 7.5 

2 
2 
o 
1 
2 
3 
2 
2 

1.
5 1-2 

1.5 0 
1 0 
2 1 
3 .5 
o 0 
3 1 
o .2 
2 1. 5 
o .5 
I 1. 5 
.5 .5 

o 1 
o 2 
o 1 
I 1. 5 
o 1 
o 1 

o 1.5 
o 1.5 
3 2 
5 2.5 
5 2 
3 1. 5 

o .251 o .2':; 
-8 -1.5 
-8 -I. i5' 
-6 -I. i5 

o 0 
o .5 
o .5 

o 
2 

33 
44 
33 
14 

-9 
- 9 

-20 
-16 
-IR 
-6 
-4 
-6 

-2 
-4 

15 
18 
13 
3 

-\ 
I 

-]4 
-]4 

-14 
o 
o 
o 

Tail surface 

o 
-3.5 

-13 
o 
4 
3 

o 
9 

-5 
-5 
-6 
-5 

o 
o 

4 

3 5 
-5 -w 

-10 -H 
-5 -a 
-3 -M 
-I -g 

2 3 1 13 32 
4 14 

~ .2g. 5

1 

o 0 
o 1 
o I 

6 

6 
-6.5 

-10 
-5 
-3 
-I 

7 
17 
15 
II 

2 
3 
3 
3 

-1.5 
-5.5 
-9 
-5 
-4 
-2 

-1.5 
3.5 

-1.5 
-1.5 
-5 
-2 
-2 
-2 

~ rn. 
rn. 

~ 
t; 
H rn. 

~ 
§ 
o 
Z 
o 
":1 

II> 
Z 
II> 

~ 
~ 
Z 
t:1 
H 

~ 

tv 
c.o 



Station No ________________ _ 

Time (seconds)-Contd. 0 _____________________ _ 
0.50 __________________ ._ 
I. 00 ___________________ _ 
I. 25 ___________________ _ 
I. 50 _________ __________ _ 
I. 75 ___________ ___ ____ _ 
2.00 ___ __ ______ _______ _ 
2.50 __ _________ _______ _ 
3.00 __ _________ __ ___ _ 

0 _____________________ _ _ 
J. 00 ___________________ _ 
2.00 ________________ ___ _ 
3.00 ___ ________________ _ 
4.00 _________________ -- _ 
5.00 ___________________ _ 
6.00 ___________________ _ 
7.00 _________ __________ _ 

0 ____________ _________ _ 
1. 00 ___________________ _ 
2.00 ___________________ _ 
3.00 ___________________ _ 
4.00_ -- ______ -------- ___ I 
5.00 ___________________ . 
6.00 ___________________ _ 
7.00 __________________ _ 

0 _______________________ 1 

~: g~= ==::==:=:=::===::=: 

~ ~~\:~;::::::::::::::. 
5.50 ___________________ _ 

11-::::::::::::::::: 

TABLE I-Continued 

PRESSURE IN POUNDS PER SQUARE FOOT ON THE VE-7 AIRPLAKE-Continued 

19 23 
19 23 
16 18 
o 0 

-10 -9 
-16-10 
-14 -9 
-2 0 

19 I 20 

12 
30 
52 
i7 
72 
38 
14 
9 

8 
19 
36 
62 
67 
57 
26 
14 

24 
41 
59 
76 
72 
49 
26 
23 

19 
29 
42 
65 
67 
56 
33 
23 

o 16 
2 22 

38 53 
75 80 
92 89 
92 89 
87 81 
74 68 
60 58 
43 41 
36 34 
31 28 
30 29 
40 37 
52 49 
61 61 
80 74 
85 76 

3 4 

18 14 
18 14 
18 10 
9 0 
o -R 

-7 -6 
-6 -4 

3 S 
19 17 

23 
31 
4S 
64 
62 
48 
2,1) 

22 

18 
26 
36 
54 
54 
50 
28 
19 

21 
31 
42 
54 
50 
36 
10 
17 

18.5 
24 
32 
46 
46 
44 
24 
18.5 

19 21 
25 24 
49 41 
70 50 
79 70 
76 68 
66 61 
53 52 
43 1 39 
32 30 
28 24 
25 21 
25 23 
36 30 
13 35 
53 46 
62 56 
68 58 

13 
13 
8 
o 

-8 
-8 
-4 

2 
13 

16 
27 
36 
46 
44 
32 
18 
18 

15 
20 
25 
38 
38 
37 
22 
15 

14 
16 
28 
46 
57 
57 
53 
41 
34 
25 
18 
18 
18 
24 
29 
34 
44 
49 

Wing 

6 8 1- 10 I" II 12 13 1 14 

11 
11 
9 
3 
o 
o 
:1 

11 

9 
9 
6.5 
4 
o 

-2 
o 
4 
9 

12 17 
21 20 
27 25 
31 29.5 
27 2~ 
19 21 
12 15.5 
]2 15.5 

12.5 1 J<1 
16 17 
10.5 21 
27 27 
27 27 
24 22 
14 I 15 
9.5 11.2 

9 
o 
8 
5 
2 
2 
3 
6 

10 

13 
15 
18 
22 
21 
20 
13 
13 

12 
15 
17 
20 
20 
17 
11 
9 

6 6 
6 6 
5 6 
2 3 
o 2 

-1 0 
o -2 
2 0 
61 

12.5 0 
15 12 
19 14 
22 16 
20 10 
16 15 
12.5 I 11 
12.5 11 

12.51 9 
14 10.5 
16 13 
19 15 
19 15 
)6 14 
11 10.5 
7 8 

12.5 15 15 12 10 
12 
15 
19 
19 
19 
16 
15 
12 
10 
5 
4 
6 
6 
8 

12 
14 
18 

14 15 18 12 
22.5 21 22 18 
29 34 28 24 
37 37 28 28 
37 3i 26 27 
35.5 3-1 23 23 
2') 26. 5 20 20 
24 22 IS 18 
17.5 17 11 12 
14 IJ 10 11 
11 10 9 7 
11 10 10 6 
16 13 13 10 
21 Ii 14 12 
26 22 18 16 
29 28 21.5 19 
30.5 31 23 23 

Push-down-Jow speed 

4 3 
4 3 
2 1 

3 - 1 I 
3 1 
o 0 

1 0 -1 0 
o 0 -1 0 
o 0 -1 0 
1 I o I 
3 3 3 1 
5.5 4 3 I 

8.5 
10.5 
13 
15 
15 
12 
8.5 
8.5 

6 
9 

11.5 
11.5 
11. 5 
10 
8 
5 

Right turn 

4.5 
5.5 9 
7 10 

10 11.5 
9 II. 5 
7 10 
·J.5 9 
4.5 9 

Left turn 

~. 51 
i 
g,5 
8.5 
7 
4.5 
2.5 

Loop 

5 
7 
l!.5 
8.5 
8.5 
7 
5 
5 

8 4 3 
10 4.5 3 
13 8.5 7 
15 9 10 
17 12 10 
17 12 10 
15 10 10 
13 9 9 
11 8.5 7 
7.6 6. 5 7 
5 5. 5 5 
4 4 3 
5 4.5 3 
6 5.5 5 
7.5 6.5 7 

10 7 7 
13 10 9 
13 10 10 

3 
3 
3 
I 
4 
4 
3 
2 

2 
2 
3 
3 
3 
2 
.5 

o 

3 
3 
4 
6 
6 
6 
4 
3 
3 
3 
2 
2 
3 
4 
4 
4 
6 
6 

15 

o 
o 
o 

-2 
-3 
-3 
-3 
-2 

o 

o 
o 
o 
3 
3 
3 
3 
3 

o 
o 
o 
o 
o 
o 
o 
o 

-6 
-6 
-2 

o 
o 
3 
5 
3 
o 
o 

-4 
-6 
-6 
-6 
-4 
-4 
-2 

o 

16 

o 
o 
o 

-1.5 
-2 

1 -2 
-2 
-1.5 

o 

o 
o 
.5 
• oj 
.5 
.5 
.5 
.5 

o 
o 
o 
o 
o 
o 
o 
o 

1 
1 
1.5 
2 
2 
2 
2 
1.5 
1.5 
1 
.5 
.5 
.5 

1 
I 
1.5 
1.8 
2 

Tail surface 
------ -41 

2 
2 
o 

-14 
-16 
-12 
-7 
-4 

o 

-3 
2 

14 
20 
21 
16 
o 

-8 

o 
6 

H 
21 
4 

-9 
-I 

o 

2 

1 
1 
5 
o 

-7 
-7 
-7 
-I 

o 

o 
3 
6 

10 
10 
8 
3 
o 

o 
3 
6 
8 
5 
1.5 
1.5 
1.5 

-1-1 -4 
-12 -4 

o 1 
16 6 
21 12 
24 13 
26 13 
23 II 
21 11 
19 8 
19 6 
12 4 
10 3 
10 3 
10 4 
14 6 
18 8 
18 8 

I. 51 
1.5 
9 

-25 
-25 
-25 
-2 
-1.5 

o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
1.5 
3 
3 
o 

-2.5 
1.5 
1.5 

o 
o 
o 

10 
2 
o 

-1 
-1 
-1 

o 
o 

-2 
-3 
-3 
-2 

o 
o 

o 
o 

-1 
-1 
-1 

o 
1 
1 

-2.5 I 3 
-3.5 2 
-2.5 1 

2 0 
3 1 
2 2 
o -3 
o -4 

-I -3 
-2.5 -3 
-3.5 -4 
-2.5 -3 
-1 -2 
-1 -2 
-1 -3 

o -4 
o -3 
o 0 

o 
o 

17.5 
9 
3 
2 
o 

-3 
-3 

1.5 
-7 

-13 
-17 
-15 
-5 
-3 
-3 

o 
-3 

-11 
-11 
-11 
-7 

3 
-3 

2 
o 

-9 
-13 
-15 
-15 
-17 
-15 
-13 
-13 
-13 
-11 
-9 
-0 

-13 
-13 
-15 
-9 

6 

1 
1 
8 
4 
4 
2 
1 
o 
o 

3 
2 

-2 
-5 
-5 

o 
2 
2 

1 
o 

-2 
-4 
-4 
-2 

3 
-3 

6 
4 
1 
o 

-2 
-3 
-3 
-2 
-2 
-1 
-1 

o 
o 
o 

-1 
-2 
-2 

o 

-.5 
-.5 
4.5 
1 
o 

-.5 
-1 
-1 
-1 

o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

-5 
-7 
-8 

-12 
-12 
-12 
-3 
-2 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-2 
-2 
-3 
-1.5 

CJ.J 
o 

~ 

t:J 
'"d o 
~ 

~ o 

~ 
:>
t;j 

;:'.1 
rJl 
o 
~ 
o 
o 
~ 

~ 
t.7J 

~ 
~ 

~ 
~ o 

~ o 
rJl 



Right roll 

t~==:::::::::=:::::::: ' 
9 19 181 17 14 14 13 II 8.5 8 6 4 3 

12 19 Ib 17 16 14 13 11 8. 5 7 6 4. 3 
82 58 62 39 38 37 26.5 19 19 1\ 14 7 8. 5 1. 50 ____________________ 136 120 97 80 51 66 46 35 29. 5 20 18 12.5 11.5 2. 00 ____________________ 
50 44 35

1 

38 45 29 34 25 22 16 14 II 13 2.50 ____________________ 16 19 17 24 20 14 25 13 11 12 11 7 7.5 3. 00 ____________________ 16 19 15 17 16 14 14 11 8.5 10 7.5 4.5 3 3.50 ____________________ 2·\ 17 14 14 11 12.5 10 9 6 7 5 4 4.00 ___________ __ _______ 
36 33 25

1 
21 18 14 10 9 6 7 5 3 0 4.50 ____________________ 40 40 31 26 22 16 13 11 8.5 7 6 4 2 5. 00 ___________________ 50 50 3i 31 29 22.5 17 13 10 10 7.5 5 4 6.50 ____________________ 6·\ 60.5 40 39 34 27 19 16 14 11 10 6 5 6.00 ___________________ .1 67 64 48 I 44 38 27 22.5 18 15 12 10 6 5 

~: g~=::::::::::::::::::: 1 70 67 5:1 41 38 27 24 19 15 12 10 5 5 
62 62 48 41 34 26 22.5 19 1-1 11 10 5 5 7.50 ____________________ 46 44 40 I 35 28 21 17 18 11 8 9 4.5 4 8.00 ____________________ 33 34 31 28 23. 5 li.5 14 15 10 8 6.5 3.5 3 8.50 ____________________ , 24 26 25 22 18 14 14 13 8.5 7 5.5 3.5 3 

9.00-------------------- 1 21 28 25 21 18 12.5 13 12 8.5 7 5. [) I 3. [) 3 9.50 ________________ __ __ 19 28 2:) I 21 16 12. 5 13 12 8.5 7 5. 51 3.5 3 10.00 ___________________ 1-1 21 19 17 14 II 11. 51 11 8.5 7 5.6 3.5 3 

Left 1'011 

8.-0-6::: :::::::::: ::::::: I 12 22 20 Ii J4 11 11.5 1 11 8.51 8 6 3 3 
11 22 20 17 16 12 11. 5 Jl 8.5 8 6 3 3 1. 00 _________________ __ 12 22 20 Ii 14 1I 11.5 11 8.5 8 6 3 3 1.50 ___________________ 12 22 20 15 14 11 11.5 I 11 8.5 . 8 0 5 3 2.00 ____________________ il i5 ·10 48 42 22 25 I 17 17. 5 15 11 10 9 2.25 ____________________ 87 hI 64 56 46 32 29.5 . 24 19 15 15 9 9 2.50 __________ _________ 'iU I 68 60 56 44 32 28 24 19 14 15 S 9 3.00 _________ ___________ 
60 I 53 ·18 42 34 27 22 I 20 15 12 12 6 3.60 _____________ " ______ 
·I~ H 38 33 28 21 17 18 12 10 10 5 4.00 _______ . ___________ 
:Ill I :is 31 26 22 17.5 13 12 10 8 4.5 4.50 ____________________ 3:1 :H 26 22 20 10 11.5 13 10 8 6 4.5 5.00 ___________________ 35 :l7 2'J 20 22 16 13 13 10 8 6 4.5 5.50 _______________ 
~~ I 46 35 31 25 1U 14 13 10 10 7 4.5 6. 00 ________ .. _______ :_ 44 :J5 :lJ 25 I'J 1·\ 13 10 10 7 4.5 6.50 ____________________ 11 41 :\-1 2h I 25 17.5 14 16 10 10 7 4.5 i.OO _____________ 

- I 4, 47 38 31 28 1U J.1 20 12.5 10 , 6 7. &0 ________________ . 81 70 fil ·16 42 24 22 23 17.5 11 11 .'-7.60 _________________ . __ bl 75 flO 51 45 32 2~ 23 I 19 14 1:1 b 8.00 _________________ , __ 75 70 00 .10 42 32 25 20 1i. 5 14 12 8.50 _______________ 58 59 51 ·12 30 26 22 17 W.5 12 11 6 7 9.00 __________ . ______ ::: 3i> 46 40 32 ~o 21 IV.5 16 14 II 10 5 5 0.50 ___________________ 24 33 ;{2 21j 21 17.5 15 I 13 12.5 10 0 4.5 3 10.00 ________________ 16 26 23 21 18 12 1:1 12 11 8 8 ~. 5 3 

, 

0 0 -3 1 0 
0 0 -3 ' 0 
0 0 32 12 

4 . .5 0 0 19 10 
14 5 3 14 6 

6 0 0 J4 6 
2 1 0 ~I 3 
I -I -1.5 I 
0 -1 -2 9 I 
0 -1 -2 !1 I 
1 -1 -1.5 12 4 
1 -.5 -1 Jl 4. 
I -.5 -1 11 4 
1 0 0 9 3 
2 0 0 7 5 
1 0 0 4 3 
. 5 0 0 0 I 
.5 0 0 -1 0 
_5 0 0 -3 0 
5 0 0 -3 .5 

.5 0 0 -3 \ 1 

1 0 .5 0 1 
I 0 .5 0 I 
1 0 . 5 0 1 
I 0 1 0 1 
3 0 1 28 5 
3 0 .5 22 11 
3 0 .5 21 8 
3 0 .5 18 0 
2 0 .5 16 6 
1 0 .5 12 U 
1 0 .5 6 6 
1 0 .5 -6 3 
1 0 . ,,) 16 6 
1 0 .5 12 12 
1 0 .5 6 
2 0 .5 7 I 
3 0 .5 Hi 5 
3 0 .5 12 
:l () .5 P 5 
2 0 .5 9 :1 
I 0 .5 :1 
1 U .5 3 
1 0 . .) I 

-1.5 1 3 o I -1.5 3 -35 
-l,5 -12 -24.5 
-2.5 -7 -17 
-3. 5 -4 -15 
-2. 5 -3 -13 
-3.5 -2 -13 
-2.5 -2 -11 
-2.5 -I -9 
-2.5 -1 1-11 
-2.5 -1 -13 
-2.5 -I -13 
-2. 5 -.5 -13 
-2.5 0 -11 
-2.5 0 -9 
-2.5 0 -i 
-2.5 1 -7 

-2.5 1 
1 -5 

-2.5 1 -3 
-1.5 1.5 0 
-1.5 2 0 

0 3 0 
0 3 0 
0 3 0 

-6 -0 -25 
0 -2 -21 I 
0 -2 -Ii 
0 -2 -15 
0 -2 -I;j 
0 -2 -I:l 
0 -2 -13 
0 -2 -15 

-:l.5 -2 -Ii 
4 -2 -11 
5.5 -2 -u 
0 -2 -u 

-I -2 -11 
0 -2 -11 
0 -2 -ll 
0 -11 
0 -9 
0 2 -2 
0 0 
0 0 

5 
5 

-5 
-4 
-4 
-3 
-2 
-1 
-1 
-2 
-2. 5 
-3 
-2.5 
-2.5 
-2 
-1 

0 
1 
2 
3 
4-

3 
3 
~ 
3 

-5 
-5 
-4 
-3 
-3 
-3 
-3 
-4 
-:1 

0 
-1 
-3 
-·1 
-3 
-3 
-2 

0 
2 
2 

-.5 
-6 
-3. 5 
-2 
- 1.5 
-.5 
-.5 
0 
0 

-.5 
-1 
-1 
-1 
-1 
-1 
-.5 
-.5 
0 
0 
0 
0 

0 
0 
0 

-4 
-3 
-2 
-2 
-1.5 
-1.5 
-1.5 
-1.5 
-2 

2 
0 
0 

-1 
-I 
-I 
-1 
-1 
-.5 
-.5 
-.5 

f'd 

~ 
[J1 
[J1 

~ 
t;l 

t:I 
H 
[J1 

>-3 
!::d 
bi 
q 
>-3 
H 
0 
Z 
0 
>:j 

I>-
Z 
;> 
;;J 
"d 
t< 
;..-
Z 
t;l 

..... 
Z 
>:j 
t< 
H 
Q 
IJ1 
>-3 

w -



TABLE I-Continued 

PRESSURE IN POUNDS PER SQUARE FOOT ON THE TS AIRPLANE 

Upper wing Lower wing Tail surface 

Station No_____________ I -1-3- 1 4 
5 I 6 I 7 I ~ 1 1~1-1 I 2 I 3 I ~ 6 I 7 I 8 I 9 110 11 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

Air speed (!II. P. II.); 54.5 _______________ . 
62.8 ________________ _ 
71.0_ 
79.0_ 86.3 ________________ _ 
95.5_ 

106.0_ 
117.0_ 
127.0_ 

15, 21 23 18 15 12 
19 25 27 25.5 19 13.5 
16 23 26.5 25 21 16 
15 21 24 22 21 18 
o 14 20 19 21. 5 20 

-12 2 16 17.5 24.5 23 
-15 3 11 15 26 25 
-31 -6 4 9.5 22 21. 5 
-47 -26-3 52625.5 

Timoe_~~~~~~~_S!~ ________ I-----I----- ' 0 10 

g:~g====:===:=:==::= -4~ ===::; 5~ i~ 
1.00________________ 82 14,] 122 109 
1.25________________ 110 129128 97 

28 31 
28 31 
59 45 
87.5 64 
81 59 
73.5; 55.5 1.SO________________ 821' 104106 81 

2.50________________ 46 62 58 48 
3.50_ _______________ 22 38 33 29 43 35 

24 14 

8 6.5 4 
9.5 8 6.5 

12.5 9 6 
13.5 10.5 7.5 
16 J 12 7.5 
18 13.5 10 
21 16.5 12 
17 11. 5 6 
22 15.5 8 

Level ftight 

2 0.5 15 20.5

1 

20 / 14 I 13.5 12 
2 2 15 19 18 14. 5 13 12 
3 1 8 12.5 13 12 13.5 14 
4.5 1. 5 0 11 11 9 14 16 
4. 5 2 -16 1 8 6. 5 14 18. 5 
6 3 /-29.5 -4 2.5 5.5 13 19.5 
6 2 -36 -25 -3 2 13 20 1 
1. 5 0 -59 -26 -16.5-13 14 19 
3.5 2 -72 -50 -24 -18 17.5, 23 

Pull-u p-powcr on 

n51 u n5m5 
U528 
39.5 31 
~im5 n _ 

12.5 11. 5 
14 ' 7 
19 8 
17.3 7. 5 
16.5 6.5 

3.5;-70 
3.5-70 
o 0 
o 78 
o 69 

-40 
-42 

74 
90 
84 
63 
39 
27 

______ -19 

=:===: I -!~ 
71 
61 
58 
33 

n5 20 
n5 20 
00 84 
04 G 
~ e 

n~lO 
13.5, 9 

15 5.5 
10 4 
7.7 2 

o 56 
o 25 
o 16 

• 28 
31 25 

,---- --1 18 n 10 

Pull-up-powcr oJf , 
0 ___________________ -40! -12) 0 / _____ 20 30 21 1 19.5---- -/ 7.5' 
0.25 ________________ -40 -12 0 _____ 29 30 24 19.5 ____ _ 7.5 
0.50 __ . ____ __ ______ _ : ____ _ ___ __ 68 _____ 64.5 55 39.5 28 _____ 9.5 
0.75________________ 92 164 ,1Q.J ' 86 66 46 32.5 _____ 10 

5. O!I ___ " ___ -48 
5.5: ______ -48 

! 1------ ~ 

-28 
-28 

48 
76 

-16 
-16 

38 
76 
76 
66 
51 
50 

19 I 19 
36.5, 
48 
66 
69 
55 
51 

26.5 
26. 5 
47 
54 
49 
47 
39 
39 

1.00 ___________ _____ 149 _____ ,152 98 68 41.8: 35. 5 _____ 9.5 
1.25 ________________ 109 128.143 88 04 42

1

29. 5 _____ 8.5 
4 89 92 

4 1- ----- 78 

100 
93 
80 
68 

1SO_ _ ______________ 82 108 III 75 57 37 28 _____ 8 
1.75 ________________ 1 ~ 94 .1.- ---- 67 50 33 26.5 17 8 

4 ______ 65 

21 19.2 ____ _ 
20 IG. L ___ _ 

0 ___________________ 1 - SO ----- 01 _____ 28 31 
O.SO ________________ -SO _____ -41 _____ 28 25 

13.3 15 _____ 1 
16 16.4 ____ _ 
23.8' 20.6 ____ _ 

29 22 1 ___ _ _ 
37 26. 5, ____ _ 

1.00 __________ ....... -96. ____ -59' _____ 20 21 
I.SO ________________ -96 _____ / -21 ; _____ 20 24 
2.OO __________ ______ , -SO _____ ~ _____ 32 34 

u _____ __ ____ ________ 1 0 _____ , 40 43 40 
0.50________________ 36 100 67 59 48 

39.5 29.5

1 

____ _ 
35.5 28 ____ _ 

~.5 ~. 5[=:== 

1.00________________ 82 131104 74 57 
1.SO_ __ _____________ 98 117124 74 55 
2.00_ _ ____ __________ 82 95 106 63 47 
2.SO ______________ ._ 72 86 88 55. 5 42 

26.5 20.5 
2'1 18 1 ____ _ 
20 15 ___ _ 
17 13.5. ___ _ 

3.00___________ _____ 62 76, 79 ' _____ 1 49 37 
3.SO________________ 58 69

J

' 69 .' _____ ' 43 32 
4.00________________ 30 38 54 ____ _ 136 27 
4.SO__________ _____ 12 24 30 _____ 28 24 

4 ______ 56 

8. 51-----1 -74 - 43 -28 7 5. 5 -94 -62 -28 
7 5.5-129 ______ ,-65 
8 5.5 ______ ,-66 -52 
9 5.5 -64 1- 36 1-24 

8.5 2 -21 
9. 5 2 26 
9.5 2 73 
9 2 71 
8.5 2 62 
8. 5 2 56 
8.5' 2 50 
8 2 44 
7 2 24 
6.5

1 
2 0 

o 
56 
83 
69 
68 
61 
61 
SO 
20 
14 

28 
60 
84 
68 
64 
60 
52 
44 
28 
15 

1

-14 

I =~~ -36 
-14 

17 
35 
68 
68 
57 
52 
44 
40 
26 
14 

Push-down 

~ 23 
10 17 
7 6 

-n5 20 9 1 14 

Right turn 

40 
48 
60 
49 
44 
50 
35 
33 
26 
21 

38 
43 
51 
41 
38 
34 
32 
28 
25 
21 

9 1 5.5 
10 6 
11. 5 8 

i~. 51 1~ I 17 11 
20 14 
18 12 
21 14.5, 

26 14.5 
26 14.5 
34 21. 6 
42.5 26 
36 21. 6 
32.5 17.5 
22.5 11.4 
14 6 

22.5; 
22.5 
34 
41 
41 
37.5 
32.5 
29 

22. 3 
22. 3 
17 
19 
26 

27.5 
34 
37.5 
30.5 
27.5 
26 
22.5 
20.5 
19 
17 

12.2/ 
12.2 
17.5 
20.5 
23.5 
20.5, 
17.51 16.5 

13.41 
11. 3 
10.2

1 

12. 2 
26 

16.5 
18.5 
20.5 
17.5 
14.5 
11. 3 
11. 3 
10. 3 
10. 3 
9.2 

3.5 
4 
5 
6 
8 
9 

10 
7.5 

10 

2.51 
3 
3 
4 
6 
6 
6 
5 
6.5 

1.5 
2 
1.5 
1.5 
2 
2 
2 
3.5 
3. 5 

13.5 9. 3 5.5 -24 
13. 5

1 

9. 3 5.5 -25 
18 10.2 5.5 0 
20 11 5.5 30 
18 11 ______ , 20 
16 9.5 ______ ' 15 
10 3.5 3 5 
5 2 3 3 

-19 -3.5 -3.4 -4 2 
-19 -11 -16 -12 -37 
-14 0 -5 1-10.2-27 

o 0 -3. 4 -9 -23 
o 0 0 -7 -20 
o 0 0 -5 -14 
o 0 0 -2 -10.2 
o 0 0 0 -7 

o i 0 -18 -7.5 
-12 -5 
-10.5-4 
-6.51- 3. 5 
-5 -2.5 
-2 0 

o 0 

12.5-1 5.51 
12.5 5.5; 
18 8.0 ' 

-5 /-4 0 1 ______ _ 
-13 -35 -15 ______ _ 

=~5 =~~ =~n=:====: 

a -31. 51-16. 51 - 4.5 -6 
o -30 -20 -5. 5 -9 
o -36 -20 - 5.5-9 

21 10 o 0 -2 0 0 
20 17.5 o 33 9 0 0 

~ 28 I 7.5 0 0 

-9 -18 -12. "-_____ _ 
18 10 -9 -16 -10.5 ______ _ 

-9 -12 -9 1_' --- --17 7.51 o 25 -4 0 0 
14.5 7. (,1 o 14 0 0 0 -7 -11 -9 ______ _ 

13.5, 

11 
12.3 
14. 3 

12.3

1 

12.4 
15. 7 
18 
16. 8 
14.7 
12.4 
10 
10 
10 
10 

8.3 ______ -43 8.31------1-
30 -16. 51 - 5. 51 -3.21 -3. 5 

-16.5 -.5, 5.5 8.5 
-22. 51 -9. 8' -4. 7 -3. 5 
-22.5 -9. 8i -7.5 -7 
-19 -4.51 -4.7 -7 

, , 

8.3 ______ -53 
8.3 ______ -46 

13.5 9.3 -25 

7.5 
9.3 

10 
10 
9.3 
7.5 
4.5 
3. 5 
4. 5 
4.5 

o ______ -15 
o 0 
o 7.5 
o 7.5 
o 3.5 
o 0 
o 3.5 
o 5.5 
o 3.5 
o 0 

-l.4 
o 
2.5 
o 

- .5 
-. 5 
o 
o 
o 
o 

-5 1 -7 
-5 -7 
- 5 -9 
-6 -9 
-6 -10 
- 5 -9 
-3 -7 
-4 -5 
-2 -4 
-2 -2 

6 
40 
19.4 
o 
o 

-9 
-12 
-20 
-21 
-21 
-18 
-16 
-9 
-5 
-2 

o 0 
15.5 4.4 
7 1. 8 
o 0 
o -1.6 

-7 -3.5 
-9 -4.5 

-10.5-5 
-10. 5-5 
-10.5 -4. 5 
-10.5 -3. 5 
-9 -3. 5 
-7 -3. 5 
-5 -2.5 
-2 -2 

C.IJ 
tv 

f;1 
"d o 
~ 

~ o 
Z 
~ 
~ 
i::l 
lJl 

~ 
o 
o 
~ 

~ 
t;:l 

bj 
o 
~ 

~ 
Z 

§ 
o 
lJl 



0 _____ ___ __________ _ 
0.50 ___ ____________ _ 
1.00 ___ ____________ _ 
1.50 __ 
2.00 __ 
2. 50 _____ __________ _ 
3.00 __ 
3.50 _____________ _ 
4.00 ______________ _ 
4.50 __ 
5.00 _____ ____ ______ _ 
5.50 __ 
6.00 ____________ • __ 

0 ___ __ ___ __________ _ 
0.5 _______________ _ 
1.00 __ 
1.50 __ 
2.00 __ 
2.50 ______________ _ 
3.00 __ 
3.50 ________ ---- -- -
4.00 ____ ___________ _ 
4.50 __ 
5.00 __ 
5.50 _________ ______ _ 
6.00 __ 
6.50 _______________ _ 
7.00 ____ ___________ _ 
7.50 _______________ _ 
8.00 ____ ____ _______ _ 

0 ______ __ __________ _ 
1.00 ___ _________ ___ _ 
2.00 __ _____________ _ 
3.00 ___________ ____ _ 
4.00 ______ _________ _ 
4.50 _________ ______ _ 
5.00 __________ _____ _ 
6.00 ___ ____________ _ 

-28 0 12 
o 38 36 

30 58 58 
72 129 88 
98 110 122 
82 11 0100 
72 95100 
62 84 81 
52 72 72 
47 62 64 
36 501 52 30 46 48 
23 38 42 

58 _____ 77 
82 _____ 104 
76 98102 
72 86 89 
66 72 79 
52 55 62 
36 36 38 
30 29 27 
24 22 20 
12 14 14 
o 10 10 
o 10 12 

12 14 18 
24 29 30 
30 40 42 
36 43 44 
47 60 60 

_____ , 36 
48 
56 

43 33 25 _____ 10.5 
50 34.5 28 __ __ _ 10.5 

5.5-53 
4 -12 
4 0 

38 1 28 22 \ _____ 10 

57 39.5 29. 5. ____ 10 
-----, 75 55 38 28 1_____ 9 

65 46 32 \ 25 _____ 8 
57 41 29 22 ___ __ 7 
50 37 \ 25 19. 5.___ _ 6.5! 

___ __ , 75 2 54 
o 75 
o 62 
o 56 
o 46 

45 34 21 16. 51 ___ __ 6 I o 38 
40 31 18. 5 15 _____ 5.5 o 32 

1 

_____ 1 36 28 17 15 ----- 5.51 _____ 34 28 17 15 5. 5 
_____ 32 28 17 15 5.5 

o 23 
o 18 
o 12 

_____ , 65 
71. 
67 
60 
50 
40 
28 
21 
15 
11 
10 
jj 

15 
23 
30 
36 
44 

47 
50 
48 
41 
34 
27 
19 
14 
10 
8 
8 
9 

12 
16 
21 
27 
32 

35 26.5 ____ _ 
38.2 26. 5 ____ _ 
33 25 
30.5 22 ____ _ 
25 18 ____ _ 
20 15 ____ _ 

g4 l~: L __ _ 
6.8 6.51-----5.5 5 __ __ _ 
5.5 5 ____ _ 
5.5 5 __ __ _ 
8 7. 8 

12 10.7

1

-----
14.5 13.5 __ __ _ 
18.5 15 ____ _ 
22.5 18 __ __ _ 

9 4 
8.5 4 
7.5 4 
6 4 
5 4 
4 4 
3.2 4 
2.7 2 
2.2 2 
2. 2 2 
2.2 2 
2.2 2 
3.2 2 
3.6 2 
4 2 
5 2 
6 2 

32 
60 
62 
60 
56 
56 
32 
24 
20 
J4 
12 
12 
14 
21 
30 
38 
42 

-2~ 1 1~ 
24 30 

-- ~~- - ~~ 
71 80 
61. 68 
54 60 
45 48 
36 44 
28 40 
26 40 
24 36 

54 60 
71 76 
71 72 
64 64 
60 52 
50 44 
38 32 
26 28 
22 24 
17 20 
J4 20 
J4 20 
17 24 
29 28 
38 40 
36 30 
45 40 

Left t urD 

- 1.21 28 
" U 31 40 
68 58 
M 54 
M a 
" 0 ~ u 
U 29 
28 28 
24 28 
24 28 
m 28 

Loop 

30 
34 
39 
49 
45 
41 
35 
30 
28 
26 
24 
24 
24 

26 \ 29 
30.5 
36 
32.5 
30.5 
26 
24 
20. 5 
17 
17 
17 
17 

15. 5 
17.51 
28.5 
21. 5 
19.5 
17.5' 
15.5 
14. 4 
11. 2 
9.2 
9.2 
9. 2 
9.2 

15. 8 
17 
29 
19 
17 
15.7 
12.4 
11 
10 
9 
7.5 
9 
9 

&4 
~ 3 
~3 
~3 
~3 
&4 
&5 
35 
35 
35 
35 
35 
35 

o - 19 
o - 10 
o 0 
o 12 
o 30 
o 15 
o 4 
o 0 
o -3 
o -10 
o - 18 
o -24 
o 0 

- 12.5 
-9 
-4 

o 
10.51 
6 
o 

-2 
-6 
-7.5 
-7. 5 
-7.5 
-4 

-4.5 -5 
-2.5 -2 
-1.4 -2 

4 0 
7 0 
4 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

-2 
-3 \

-9 
- to 
- 10 -7 
- 10 -14 
- 10 - 12 
-7 - 12. 
-7 1- 12 
- 7 
- 7 
-5 
-4 
- 2 

o 

- 11 
-9 
-5 
-2 

o 
4 

-2 -3.5 
-2 -3. 5 
-7 -3.5 
-9 -4 
-7 -4 
-9 -1 
- 9 -) 
-7 -) 
-5- -2 
-2 -2. 5 

o -2.5 
o 1-2 
o 1-1 

50 51 4: 3~ 20. 71 14. 7 9.3 0 20 0 0 - 1. - 10. - 14 -9 -3.~ 
59 I 54 40 31.5 18.5 14.7 9.3 0 27 9.4 1. 6 - 1. - 10. - 19.6 -9 -3.0 1 \ 
56 46 41 27. 5 16.5 14.7 8.4 0 25 11 1. 6 -1. - 10. - If; -9 -3.5 
50 45 36 25.8 15.3 13. 5 6.5 0 23 II 1. 6 -I. -10. - 14 -6.5 - 3.5 
42 38 30 22.5 14.4 12.3 5.5 0 20 11 1. 6 0 -8. -10 -6.5 -2. 5 
35 31 25 17 1 11.311 4.5 0 19 11 1. 6 0 -7 -7 - 4.5-1 

~f ~ ;~ I ~. 6 ~. 2 ~ U g j; U ;: g g =g =7 =~ g 
14 17 10 7 1 5 4 1. 8 0 14 7. 5 1. 6 0 - 2 0 - 1 0 
12 15 8 i 5 2.5 I. 8 0 12 4 1. 61 0 -3.6 - I -2 0 
12 I 15 8 7 I 5 2.5 1. 8 0 ------ 3.5 1. 6 0 -3.6 - 1. 6 -2 0 
12 15 8 7 5 4 1. H 0 11 3.5 I. 6 0 -3.6 -3 -2 0 
14 17 12 10. 5 6 5.3 2.7 0 14 3.5 1. 6. 0 -3.6 -7 _ -4. 5\ 0 
24 23 15 14 1 S. 2 8 3.5 0 15 7.5 1. 6 0 -3.6 -8. j -6. 5 0 

28 30 23 19 12 10 4.5 0 19 3.5 1. 6 -2 -5 -8. 7 -9 - 1. 6 
40 37 28 24 14.3 II 5.5 0 22 3.5 1. 6 0 - i - 14 - 9 - 1. 6 

28 28 21 17 10.3 9 4.5 0 17 9.4 1. 61 0 -3.6 -8. 7 -4.5\ 0 

, I I' I I I I I 'I ' . 

i __ __ _ 18 
-9 _____ 0 

-281-- -- - - 14 
-55\ _____ - 1.6 
-70 _____ - 16 
-42 0 0 

o 40 38 
40 70

1 
77 

13 
7 
7 

13 
17 
30 
53 
75 

10 
8 
9 

15 
21 
29 
43 
51 

5.5 5 _____ 2. 2 
5.5 5 _____ 3 
6.8 8 4 

12 10.8 _____ 6 
16 15 _______ _ 
22.5 19 _____ 8.5 
33 26.5. ____ 10.5 
50 29.5 _____ 12 

o 10 
o - 10 
2 -38 
5. 5-56 
7 -74 
7 -69 
7 -27 
9 7 

15 20 
-2 4 

-23 - 16 
-35 -20 
-48 -32 
-51 -32 

o 0 
27 28 

D ive 

12 13 
o 11 

- 10 9 
-16 13 
-21 15 
- 12 19 

lS 31 
33 51 

8 
8 
8 

12 
17 
25 
36 
56 

7 
7 
8.5 

14 
17 
26 
32.5 
39 

4 
5 
6 

18 
10.2 
14.5 
19.5 
22.7 

1 
5.2\ 
6.5 
7. 5 

to 
12. 5 
14.5 
19 
21 

2.71 0 
3.5 0 
5.5 0 
6. 5j 0 

7. 5~ 0 8.2 0 
9. 0 
1O~ 0 

o 0 
- 10 -7.5 0 
- 17.5 - 12. 5 -3.5' 
-25 -14 -4.5 
-34.5-18 -6.5 
- 17. 5- 18 -8.5 
-8 - 14 -3.5 
-6.5

1
- 10.51 -2.5

1 

0 1 0 0 
0 0 0 

-2 0 0 

=~. 51 J g 
-7.5 -7 - 12 
-5 -8.5- 14 
-3 -10.5 - 10. 5 

o 0 
o 0 
o 0 
o 0 
o 0 

-6.5 -6. 5 
-6.5-2.5 
-6.5 -2. 5 

~ 
t.=J 
Ul 
Ul 
C 
~ 
t'J 

2 
Ul 
-'l 

~ 
q 
-'l ..... 
o 

o 
"'j 

> 
Z 

~ 
~ 
> 
Z 
t.=J 
I-< 

~ 
Ci"l 
D:i 
>-i 

c,.J 
c,.J 
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A ir speed 
(M ,P.Il .) 

---

42 
44 
50 
54 
65 
67 
75 
77 

5 
87 
97 
99 

107 
1\7 
127 
128 

N ormal 
'l' iJnc accelcra-Air speed tioll (seconds) (M .r.Il .) ( in terms 

of U) 

---- ------

0 126 1.00 
.50 127 1. 03 

1.00 128 -. 75 
1. 25 129 -.90 
1. 50 130 -.60 
2. 00 134 2. 10 
2. 50 2.20 
:l. 00 2.05 

0 66 1.00 
.50 66 1. 00 

1.00 66 . 05 
1. 25 66.5 -.2.5 
I. 50 67 -.35 
I. 75 69 -.20 
2.00 72 .25 
2 . . ;0 ii 0 
3. 00 I. 35 

Normal 
'rime Air speed aecelors-

(seco nds) (M.P.ll .) tion 
(i n tcrms 

ofU 

0 12(; 1.10 
.25 126 I. 25 
.50 125 3.50 
. i 5 124 5.40 

1. 00 120 5. 10 
1.50 lO7 3. 15 

0 11 5 I. ~O 
1 11 5 2.05 
2 1io 2. 0 
:j 104 3. 4:; 
1 100 :\. ~O 

IO ! ~). :';) 
104 I. 40 
107 1. :1 ,; 

TAl:.ILE II 

VE-7 AIRPLA~E 

Upper wing 
Normal 
accelera-

Lion A vel'age ('ente,'of 
(in terms load 

C'NF 
pr ure 

ofU) (Ib ./ (per ceut 
sq. ft.) chord) 

----I 
Level nighL 

} 6. 5 I. 370 23.8 

} (j.6 .950 28.3 

} 7.3 .660 26. 2 

\ 7.1 .480 28. J 
} 7. .4 10 29. 0 

} 7. .320 30.7 

7.9 .270 32. 1 
7.7 .220 33.7 

} .0 .190 32. 

U pper wing 

I 
· \ 1;t~·~g, I .M.oJllenL Average 

a bout load on 

(lb·1 CSf' leading stab ili7.er 
sq . ft .) edge (Ib./ 

(in. lb .) sq . ft. ) 

Push-d own- high 
speed 

i. 9 0. 203 -650 -2.6 
7.5 . 1 9 -642 4.3 

-3. 4 . 0 4 - 173 - . 6 
-3.8 -.093 16 - 7. 9 
-2. 1 - . O~7 - 26 -8. 8 

12.8 .2 8 -995 -2.7 
13.8 -99 1 - . 9 
13. 1 -986 - 1. 3 

Push-d ow n- \ow 
s peed 

6.3 0. 593 -393 1.1 
6. 4 .60 1 - 407 1.1 
4. .451 -299 6. 5 
1.2 . 11 !; -64 - 1. 3 

-1.1 -. 097 77 -5.7 
-2.1 -. 180 III - 4. 
- 1.2 -. 096 70 - 4. " 

I. · 127 - 143 -2.7 
6.9 . 404 - 496 -. 2 

\J pper wing 

Average 
.~ "erage Ce nlerof load on load 

C.vP pre sure st a bilizer (lb·1 (pel' cenl (Ib ./ SQ . fLl chord) sq . ft. ) 

Pull-up 

10. H 0.2(;9 :I.iO 0.4 
11. 5 .292 :)1.(; -~ 
298 .766 24. 9 4.9 
39.8 1. 040 24.7 13.5 
34. 4 .965 24.8 11. 6 
20. fi .726 25. 4. 6 

HighL Lurn 

9.4 0.29.; 3 1. 7 -.6 
12. . 403 2 .1 1.3 
17. 1 .584 25.9 4.0 
21. 4 · 8~0 2:1. I 7. I 
~O. X · ~1i3 2ft j 7. X 
1:1. i .112$ 2h. :\ r,. 4 
U. ~ · :{7n 30.4 
9. i .:l :;O :1:1.:1 - I. i 

Angle of 
attack 

(d egrees) 

-I 
18 

12.6 

7.5 

5.6 

4.3 

3.1 

2.5 
2.0 

1.6 

reail surfare. ~ I 
1 

A vcrago ..\ \'crage l\1 omenL 
load on load Oil about 
("levator tail (lb .1 lead ing 

(Ib ./ sq . ft. ) edge 
sq. ft .) (in. lb .) 

--- --------

2.4 - 0.1 - 129 
13.2 8. 7 - 10 5 
6.6 -. 1 -309 
4.9 - 1. 5 -219 

-2.9 -5. 390 
0 -1.4 76 
. ,; -.2 13 
. 7 - . 3 -20 

.5 -60 

.2 - 13 

.9 -766 
3.6 -297 
1.9 -50 

-10 
.2 110 

-.9 125 
-1.1 83 

T ail surrace 

A\l'crage 1-lomont 
load on Average aboUL 
elevator load 011 leading 

(Ib.1 ta il (Ib .1 edge 
sq. ft .) sq . ft .) (i n. lb.) 

2. ~ 1. :1 - 164 
-8. 4 -,>.6 645 

- 13. 4 -4.1 ~20 
- .3 2.8 474 
-6. 4 2.6 292 
- 4. 2 . " 197 

1. 5 .4 -90 
-.6 .3 26 

-3.3 . b 1 6 
-0.2 1. 0 290 
-!i. a 1.:\ 246 
- 1.:\ 2.0 :lO 

0 . 4 - I f) 
. 1 0 
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TAB LE II 'u ll t i llucd 

VE- 7 A I RPL ANE- Colltillued 

U pper wing T ail surfBC 

Tormal 

Avcrage I ' !' ime .\ ir speed accclera· .\ verage Avorage \I oment 
(seconds) (M .P . II .) Lion I Con te I' of load on load on Average aboul (i n terms load 

C."r pr sure I stabili zer elevator load on leading 
or o (lb./ (prr ce n t (lb / (l b ./ t a il (lb ./ edge sq . rt.) chord) sq. [t.) sq. [t.) sq . rt .) (i n. lh .) 

1A'[t tu rn 

0 11:1 I. 45 b. I 0.271 al. I (} .Y . ·1 -aa 
I 11 0 1. 80 10. .368 29.5 2.4 -.6 .8 13 

101 2.30 13.7 . 517 27.4 0. 1 -a.2 1. 0 120 
:l 98 2. 0 1 . 2 .790 24.1 7.6 -3.6 2. 0 130 
4 92 2.70 I .3 .900 24.9 2. 0 -3.5 - .7 207 
5 91 2.30 16. :1 .819 24.0 -2.2 -2. 0 -2. 1 170 
6 89 1. 30 9. 7 . 511 25 . 1. 5 1. 2 - 124 
7 8 1. 00 6. ~ . 36(i 26 .. 1 1. 2 - 1. 5 -.2 76 

l.oo p 

0 126 I. ~O 7.8 29.4 -4. 0 1. 0 -1.7 20 
. . i 126 1. 40 .9 28. I - 4.5 - 1. 2 -2.9 1 1 

1. 0 126 2.45 15.3 27.8 - .1 - 4.5 -2. 2 34 
1.5 124 3.35 22.6 2.1.9 5. 6 -6. 4 - . 5 407 
2. 0 I ~O 4.0;; 26.0 24.9 . 7 - .6 .3 .101 
2 .. 1 109.5 4. 00 2.1.6 20.1 10.0 - . 0 1. 0 476 
3. 0 98 3.60 n2 20.2 .6 -0.7 I. ;; 305 
3.5 ~6 2.90 19. 4 20.8 7 .. i - 1. .1 I. 252 
1. 0 71 .• 1 2. ao 16.0 2.1.4 (i.a -:1 .. 1 1. .1 210 
.1. 5 61 1. 0 II. 8 2;;.7 4.2 -3.4 . 1 2,,4 
.1. 0 ;;7 1.45 8. 22.4 4.3 -3. i .2 269 
5. i\ 5(i I. 30 7.5 18. :J 2.0 -2. 7 -. 4 212 
6.0 ;;9 1. 40 7. 5 2 1. 4 2. 2 -2. 8 -.3 200 
6. 5 60 I. 70 10.0 23.0 2. I -2. :1 -.2 200 
7.0 7:l 2.05 12.4 24.4 2.3 -:1. 9 -,7 256 
7. ;; 2. 5 2. 55 16.4 22. (j 4. 0 - 4 .. 1 -.3 30 
8. 0 91.5 3. 0.1 20. 5 24.4 . 1. 4 - 4 . . 1 322 

. 5 99 3.20 22.0 2.1.4 5 . -2.2 1. 8 13(j 

Hi ght roll 

0 97 I. 0.1 7. a O. :1 17 27.9 -.3 1.7 .(i - Iaa 
.0 97 1.10 i. 1 · :114 2i. H -.\.1 -9. 1 -4.9 .'\8 1 

1.0 97 3. 10 I .6 .7V2 no n .. ? -6.4 . 1 fOO 
I.!i 91 .. '\ 3. 0 30.5 I. 49;; 22.0 4.9 -.'\. 1 0 a60 
2.0 79 2. 0 I,j. I. 294 31.6 2.9 -4.6 266 
2 .. 1 fii I. 9.1 11.5 I. 0-15 32.9 3.6 -:3. 7 0 230 
:3.0 60 1. 40 8. I .922 2 .f) 1. 9 -3 .. 1 

- 1: 0 
256 

a. :; ;}i 1. 10 6.4 I:; ~4. 0 .0 -2.6 -219 
'1. 0 !i I. 2.1 7. i .938 17.9 1.0 -2. 3 -.6 100 
'I. !i 62 I. 45 9.0 I. OOB 19. fi I. -3. 1 -.6 249 
.5.0 67 .. ) I. !i 12. :1 I. lor; ~O . 9 2.9 - 4. 0 -.r) 262 
.i. ~ i f} 2. ~O I fl. I I. 101 :0.9 2. -:J.8 -.5 232 
(i. 0 80 2.40 1fi. 1 I. 02.'\ 2 1.1 2. -3.6 -. 4 :' 01 
n.5 8., 2.60 16.8 . 946 2 1. I -3. 0 -. 4 17a 
7.0 87 2 .. 10 16.0 .8(i!i 22. :1 -2.9 -. 4 186 
7. !i 8i 2. 10 12.0 · (i-I9 n,2 -2. 0 -. 4 14 3 
. 0 .1 I. 65 9.9 · .159 2:1.4 -\. -.9 - 126 

8 .. '\ .t .. i I. 40 .3 . 1179 2;;.2 -.5 -.4 30 
9.0 84 I. 30 . 1 .471 25.4 .2 -. 4 -7 
~ .• 1 83 I. 25 7. 9 . 46 2,5. Ii 1. 3 .2 - 70 

10.0 1.,1) I. 05 7. I 439 27. I -.6 1.2 .3 -66 

\'e[1 ro ll 

0 S I. 10 7. 3 27.6 .9 1.1 1. 0 -10 1 
. :; 8(; 1. 10 7.5 27.7 .9 1.1 1. 0 - 101 

1.0 86 I. 05 7.2 27.6 .9 1.1 1.0 - 101 
I. .1 7 I. 60 7. i 29. Ii -:J. 2 - .1.9 - 4. Ii -'1 4 
2. 0 Xl .!) 3.4f1 I . 1 23. {) (j. (} - 7. 4 -. 1 480 
2.2:1 79 .. 1 3. ~O 2 1. Ii 23. I 7.5 -5. 4 1.1 292 
2 .. i 74.5 2.80 ~ O . 25.0 6.3 -4.9 .8 2 6 
:J.O G;; 2.30 Hi. 3 2.1.3 .1. 1 -4. I .n 221; 
3. ,1 [,6. " I. 90 1:1. 1 25. I 4.8 -4.2 .:J 226 
1. 0 fO I. .10 10.2 24.9 :1.9 -4.2 -. 1 253 
4. 0 48 .. 1 1 .. \0 9. 6 2;;.6 2. I -4.4 - 1. 1 2 2 

• 0.0 .12 I. 70 10.0 20.9 -I.(i -;;.2 -3.4 a97 
fl.;; 5c I. ;; 11 .8 2'1. 3 .1.8 -2.:1 1. 8 6:J 
(i.n (l:{ I. c.; 11. :1 2:1.2 (i. 8 -2.1 2. 1 :J:!2 
R. ;; iO. :) I.().l) I I. 2 23. I 2.8 -2. 1 .1 107 
7.0 1.90 12.7 24.0 1. 4 -:3.7 - 1.1 2.12 
7. ;'1 8·1 2.6.1 I .6 2:1.0 4.1 -3.6 . :) 100 
i. i ;; 2. !i ~O. 0 2:3. :l :1.6 -3.2 . 2 166 
.0 6.5 2.70 19 .• i 23. 3. 2 -3.4 - . 1 I 7 
.!i 8i 2.30 15.6 2~. !j 3.2 -2.7 .2 140 

ll.n . .1 I. 90 12.9 · Hi!) :l.r;. fj :1. 2 -. Ii 1.:1 - \(I 
9. t) H .. i I. \'i 10. Y · .;.1H 21S. II 2. ;; .:1 1.1 -80 

10. 0 IJO.O 1.20 n.1 . -Ififi 29. '2 .9 .,) . i -fin 
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Time 
(sec· 

onds) 

---

0 
.50 

1.00 
1.50 
2.00 

Time 
(sec· 

onds) 

---

0 
.50 
.75 

1.00 
1. 25 
1.60 
2.50 
3.50 

0 ..... 
.25 .. 
.50 .. 
.75 .. 

1.00 .. 
1.25 .. 
1.50 .. 
I. 75 .. 

Air speed 
(M. P.H.) 

HEPOBT NATIO AL ADVI 'ORY Oi\ll\lITTI~E J,'OR AI':HO A T] 'S 

ormal 

(~~r speed 
8ccelera-

( 1. P .rr.) tion (in 
terms of 

0) 

I 
--_. 

54.5 I 
62.7 1 

I 
71 1 
79 1 
86.7 1 
95.5 1 

106 1 
117 1 
127 I 

TABLE II-Continued 

T AIRPLANE 

Upper wing Lower wing 

Average I A verage I Center oC 
load I GN' pressllr load CNP (Ib./sq . (per cent (Ib./sq . 
ft .) chord) ft.) 

----
I Lovel flight 

.2 I. 210 29.0 .1 1.199 
10.7 1. 175 29. .6 .945 
12.0 1. 039 29.2 . 760 
12.3 45 32.0 9.0 . 617 
12.3 . ill 36.1 9.5 . 549 
13.3 .631 3 .5 9.2 .436 
14.5 .541 39.5 9.2 .343 
10.0 . 304 41. 7 6.7 .204 
11. .301 43.7 7.8 .199 

~ 

I I 
Angle of 

Cen ter of attack 
rrcssllre (degrees) 
per cent 
('horrl) 

-I 
28.4 10.95 
31.4 .3 
35.4 5.9 
37.6 4 
42.3 2.4 
46.5 1 
53.0 -.45 
61. 3 -1.5 
67.3 -1. 

---

Upper wing Lower wing Tail surface 

Normal 

A verage I acoolera· I Moment 10ment Average Average Average tion (in Average 
terms of load about load about load on load on load on 

g) (lb./sq. GN' leading (lb./sq. GN' leading stabilizer elevator tail 
ft.) edge (in ft. ) edge (in (Ib./sq. (lb ./sq. (lb./sq. 

lb.) lb.) ft .) ft.) ft.) 

Moment 
about Elevator 

lending 
edge (in 

lb .) 

angle 
(degrees) 

----~--- --- ----,-- ---- ---- -- ----
I Pu h·dowu 

12 1.00 14. 0.373 - 1.840 9.2 0.230 - 1,564 -11 . I. -5.8 93 -6.5 
128.5 

I 
.05 10.00 .24 - 1,613 5.6 .139 -1, 405 -10.1 17.7 2.1 -747 - 19 

131. 5 -.15 5.3 . 124 - 1,30 .4 .009 -1,112 - 19.3 9.0 -7. 2 -140 -9 
132 .55 9.7 .225 - 1, 639 2.4 .055 -1,266 -19.3 -.7 -10.6 20 -4 
132.5 1.55 1 .6 .4.29 -2, 160 12 . .295 -2, 16 -12.0 -.7 -7.0 220 -1.5 

-..,.--------
Upper wing Lower wing Tail surface 

ormal -
Air accel· Center Center Average speed eration Aver- of pres· Aver- of pres· load on Average Average Moment Rudder Ailerou (M.P. (in age sure age sure stabi. load on load on about Elevator angle angle E.) term load GN' load GNP elevator tail leading angle 

of 0) (lb./ (per (lb./ (per liz r (lb./sq. (Ib./sq. edge (in (degrees) (de- (de-
sq. ft.) cent sq. Ct.) cent (lb./sq. ft .) ft.) lb.) grees) groes) 

chord) chord) ft .) 

--- ------------ --- ------,--- -----~ 
Pull·up-power 

on 

126 1.00

1 

15.0 0.412 46.0 9.8 e5.7 -LO.2 .i -5. 6 133 -5 
126.5 1.00 15.1 .3 7 45.6

1 

10.6 61. 6 -16.9 -19.0 -17.7 1, 199 16 
127 3.45 30.6 .779 33.0 29.6 32. -6.1 -13.9 -9.7 760 16. 5 --.- ... - --------
126 4.90 46.6 1. 225 27.2 36.9 31.9 I.i -11.6 -3.9 613 1 .--.---- -- ---- -
124.5 4.35 43.4 1.160 27.1 32.1 31. 5 1.7 -9.6 -3. 4 453 1 ----_.-. --------
11 9 3.40 37. 1.119 27.6 2i.5 31. i 

1.~ 1 -6. 5 -2.0 313 1 ------.- ----.---
96.5 2.00 23.1 1.057 28.6 17.2 31. 3 -.f -2. 7 -1.4 173 9 .-.----- -------
75 I. 25 12.9 .993 30.5 10. 30.1 .3 -2.5 -.9 113 7. [) --._--.- -_.-+-+-

Pull·up--pow r orrl 

..... .1.. ... 126 1. 00 16.1 .427 44.2 .5 .226 ~I -12.6 - . 7 -7.4 226 -4 
126 1.00 16.1 .427 44.2 .5 .226 61. 0 -17.0 -14.6 -16.0 226 15 ------- - ------ --
125 2.2 35.0 . 929 33.0 25. 6 .679 34.2 -16.6 -15.5 - 16.2 965 1 --------.- -.-.-
121 4.3 46.2 1. 317 29.5 34.9 .995 31. 2 -2.7 - 13.0 -7.0 646 20.5 -------- .------ -
117. 5 4.95 52.3 1.' 28.1 3 .2 J. 157 31. 6 6.5 -1 1.0 -1.3 500 22 -------- --------
114 3.95 45.7 I. 4 0 27. 34.6 1.120 30. 3 5. -9.2 -.6 426 22 ------.- --------
H2.5 3.45 39.4 J. 305 29.7 27.9 .924 29.7 2.0 - .3 -2. 3 419 21 -------- ::::::::1 109.5 3. 15 36. I I. 250 29. 26.2 .90 31. 0 1.2 -7.4 -2.3 366 20.5 

• 



Time 
(sec

onds) 

0 ____ _ 
. 5 __ _ 

1. 0 __ _ 
1.5 __ _ 
2.0 __ _ 
2.5 __ _ 
3.0 __ _ 
3.5 __ _ 
4.0 __ _ 
4.5 __ 
5.0 __ 
5.5 __ _ 
6.0 _. 

0 _____ 
.5 ___ 

I. 0 ___ 
l. 5 ___ 
2.0 __ _ 

2·5.. _1 3.0 ___ 
3.5 ___ , 
4.0 ___ 
4.5 ___ 
5. 0~._ 
5. 5 ___ 
6.0 ___ 
6.5 ___ 
7.0 ___ 
7.5 ___ 

. 0 ___ 

0 _____ \ 
1.0 ___ 
2.0 ___ 
3.0 ___ 
4. 0 ___ 
4.5 ___ 
5.0 .. _ 
6. 0 ___ 

Air 
speed 

(M . P 
H .) 

127 
125 
120. 5 
113. 5 
J05.5 
98 
91 
86 
83. S 
83 .• 1 

J26 
124 
123 
11 .5 
III 
104.5 
97 
91 
86.5 
85.5 

5. fi 
6. r, 
.5 

117. !) 
110. f> 
J02 

97 
88 
77.5 
6 
57. 5 
51 
45 
41 
45 
flO 
56 
64 
70 
' t.!l 

.12 
63 
79.5 
95.5 

III 
119 
122. 5 
130 

P RES. URE DIs'rRIB TIO N OF AN AIRPLANE I 

I Upper wing 

Kormall 
aeecl-

eration A vcr· 
(in age 

term~ load eNP 
ofu) (Ib ./) 

.ISq~ 

I 
1. 1.1 24 .• 1 .624 
2.75 33. 4 94 
4.05 41. 0 1. 170 
4.30 42. 2 1. 375 
3. 55 35. 1. 363 
3.25 32.2 1. 439 
2. 90 28.4 1. 456 
2.65 2.1.0 I. 455 
2.20 20.6 I. 22 
1. 5., 15.7 .97 

1. 45 20.0 .1\20 
2.30 26.4 .716 
2.70 31. 7 70 
3.85 40.2 1. 200 
4.35 41. 3 1. 393 
3.75 35. 3 1. 372 
3. 40 32.4 I. 468 
2.90 27.9 1. 450 
2.55 24.8 1. 425 
2. 10 22.4 I. 327 
1.80 19.6 1.160 
1. 70 1 . I. 080 
1.55 17.8 . n78 

3.00 34. I 1.040 
3.95 3e.8 I. 342 
3.7.1 36.7 1. 459 
3.25 31. 9 I. 444 
2.85 27.4 1. 505 
2.10 21. 6 I. 483 
1. 65 15.2 1.42 
1. 15 II. 4 1. 512 
. 80 .1 1.483 
.65 6.0 I. 359 
.55 5.3 I. 360 
.60 6. 7 1. 518 
.75 .2 1.500 

1.35 13.0 1.853 
1. 6., 

I 
16.2 I. 780 

1. 1\ 18.9 I. [,go 
2. 20 24 . I I. !li l 

.75 6. 9 1. 154 

.40 4.6 .506 

.25 3.7 .254 

. 30 5.7 . 268 

.35 .299 

.85 16.1 .473 
2.05 

I 
28.2 .786 

3.40 41. 0 .994 

Centel 
of pres· 

sure 
(per 
cent 

chord) 

--

35.2 
31.3 
29. I 
27.7 
28.2 
2 . 
29.9 
30.4 
30. 4 
34.4 

42.8 
37. 0 
34. 2 
29.9 
28.3 
28.6 
27.7 
28. 
28.4 
28.6 
30. I 
30.9 
31.4 

30. 
28.7 
2.J 
28.6 
27.7 
28. 7 
30. 6 
29.9 
31. 1 
35.0 
36.0 
33. 2 
35.4 
31. 9 
31. 5 
:i2. tI 
29.8 

31. 2 
48.5 
66.3 
65. 
67.7 
46. 5 
37.1 
32.3 

'fA BLE II-ConLinued 

TS AIRPL_' ~E-Contil1ued 

Lowcr wing 

A vcr· 
age 
load 
(Ib./ 

sq. fL.) 

19. I 
26 .. 1 
33.7 
28.9 
26.4 
25.6 
20.4 
lR 7 
14.9 
11. 5 

13.4 
18.5 
25. I 
33.0 
30.8 
28.5 
24.7 
21. I 
18. I 
16. 1 
14. 3 
14 .4 
14 . 0 

2i.7 
:l0.7 
27.2 
25.0 
21. 
I .0 
13.2 
10.4 
7. 9 
7.1 
6.9 
6.9 
9. I 

12.2 
15.2 
16.2 
20.2 

6.9 
5.2 
3.3 
5.3 
5.3 
9.3 

19.0 
28.6 

Center 
of pres· 

CNJo' 
sure 
(I)or 
cent.. 

chord) 

--
Right turn 

.486 37.6 

. 709 ~3. 3 

.960 29.7 

.944 29.9 
I. 005 29.3 
I. 142 29.3 
I. 046 28.5 
I. 090 29.1 
.92.1 32. 
.71 :37. fi 

J,cft LUl'n 

I . :14 49.2 
.502 41. 0 
.690 40. 0 
.9 - 30. [) 

1.040 29.9 
1.109 30. 3 
1.11 28. 
I. 096 ? .6 
I. 040 29.8 
.954 29.8 
.845 29.9 
.827 31. :l 
.769 :12.3 

Loop 

1--
. 84 Ii 32.0 

1.062 :lO.3 
1.080 29.9 
I. 130 29. I 
1.199 29.7 
I. 236 29. 1 
I. 239 30.5 
1.380 29. 9 
1. 448 28. 9 
1.608 28.9 
I. 770 28.3 
1.561 30. 4 
I. 666 30.0 
I. 740 30. 9 
I. 670 :lO.6 
I. 355 3.1.4 
I. 319 30.9 

Dive 

1.154 31. 9 
.57 1 46.5 
.227 7 .4 
. 249 79.5 
.180 7 . 0 
.273 62.7 
.529 45.1 
.693 36.0 

. \ vcroge ' Average 
load on load on 
• s~~~;- elevator 
(Ib./sQ. (lb./sQ. 

ft .) ft. ) 

- -

-7.0 -fi.3 
-2.2 -7. 

.7 - 11. 2 
-.3 - 10.9 

- 1.7 - 11.4 
-2.9 - 12. I 
-.9 -8. 7 
-.5 -5. 6 
0 -4.0 

- . 9 -I. 

- 10.3 -2.7 
-6.2 -3.1 
-3.3 -5.4 

1.2 -8 .. , 
7.9 -7. 6 
3.6 -6.7 

-1.0 -7.4 
-2.1 -6.0 
-3.2 -4. i 
-4.3 -2.9 
-5. 6 - I. 
-6.7 -.7 
- 1.0 .9 

1.4 - . 3 
5.0 - 10.3 
fl .! -9.0 
5. 0 -7.6 
4. 6 -5.6 
5. 1 - 4.5 
4.4 -2.5 
5.0 -.7 
3.9 -.4 
2.6 - 1. 6 
.9 - 1.1 

2.6 - 1. 6 
2.9 -3. 
4. 1 - 4.7 
4.6 -4.3 
2.9 -6.0 
:\.8 - 7.6 

0 0 
-4. 3 0 
-7.3 0 
-9. 1 0 

- 13.7 -.7 
-12.0 -6.7 
-8.2 -7.4 
-7.3 -6. 3 

ADDITIONAL COPIES 
o !o~ TFUS PUBL ICATION MAY HE PROCORED .. ~n.OM 

T1Hi SUPERTNTEN DENT OF DOCU M ENTS 
GOVE RNMENT PR INTING Of'rICE 

WASIDNOTON, D. C, 
AT 

15 EN'rS PER OPY 
t::. 

l!'LTGHT 

Tail surface 

1 
Average Momont 
lORd on about 

tail leadiog 
(l b./sq. edge (in 

ft .) lb.) 

-6.7 433 
-4. 7 447 
-4.4 553 
-5. 0 560 
-5. 9 593 

I 
-6.9 660 
-4.2 460 
-2.6 320 
- 1.7 206 
-l.4 60 

-7.0 313 
-4. 9 280 
-4. 1 353 
-3.0 420 

1.3 306 
- 293 

-3.7 

I 
386 

-3.7 320 
-4.0 293 
-3.7 207 
-4.0 160 
-4.1 11 3 

- .2 -20 

-2. 4 434 
- I. 494 
- 1.0 400 
-.5 

I 

361 
.2 247 

1.0 173 
1.5 87 
2. 3 0 
2.0 0 
.9 50 

0 67 
.8 67 

0 160 
.3 173 
.8 153 

- 1.0 280 
-1.~ 347 

0 0 
-2. 4 53 
-4.3 86 
-5.1 113 
- .0 193 
-9.8 540 
-7.9 507 
-6.6 440 

Elevator 
aogle 

(degrees) 

0 
7 

17 
19.5 
20 
20.5 
21. 5 
19 

.5 
8 

3 
5 
7 

1 .5 
16 
17 
1H 
12 
10 
5.5 
1. 5 
0 

-2.5 

S.!i 
15 
17 
19.5 
19.5 
19.5 
19 
18 
18 
17 
15.5 
14.5 
13.5 
13.5 
5.5 
5. ,') 

10 

-2. 5 
- 4. 5 
-6 
-6 
-5.5 

3.5 
3.5 
1. 5 

37 

RUdderl AilEron 
angle angle 

-
-
-

-

-

(de- (de-
grees) grees 

5.5 
10.5 
11.5 
11.0 
7.5 
2.5 
o 

- I 
-I 

I 

2 
- 7 
-7.5 
-7.5 

-8 
5.5 
.5 

3 
3.5 
4 

10 
II 

.5 
4.5 

- I 
-4 
-5.5 
-7 
-9 
-9.5 

- 10 
- 11 .5 
-1 1.5 
-2.5 
- 1. 5 

0 
I 
2.5 
4.5 
7.5 
8. !) 

9 
9 

----- -- --- -- --·1 --- .... _-. - ----
. --~--- - . - _ . . . 
..... __ .. . ... ' 



Axis 

" / 
/ 

/ 

,-,-

.... ..-

z 
t . 

\ 

9 

\ 
\ 
\ 
\ 
\ 
\ 
I 
I 

y/""'-----~x 
'l' 

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

!'.loment about aJds Angle Velocities 

Force 
(parallel Linear to axis) Sym- Designa- S"D1- Positive Designa- Sym- (compo-Designation bol symbol Hon bol direction tion bol nent along Angular 

axis) 

LongitudinaL __ X X rolling _____ L Y--.Z 

I 
rolL _____ <I> u p 

LateraL _______ Y Y pitehlng ___ _ .V Z--.X piteh _____ e v q 
NormaL _____ _ Z r, rawing _____ N X---Y yaw _____ W w r b 

Absolute coefficients of moment 

C =.£ C = JZ C = N 
L qbS M qc' N gfS 

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

Pv] 

Diameter. 
Effective pitch 
Mean geometric pitch. 
Standard pitch. 
Zero thrust. 

'P!] Zero torque. 
p/D, Pitch ratio. 
V' , Inflow velocity. 
Vs, Slip stream yelocity. 

4. PROPELLER SYMBOLS 

T, Thrust. 
(), Torque. 
P, Power. 

(If c. coefficients" are introduced all 
units used mU3~ be consistent.) 

'1/, Efficiency = T VIP· 
n, l1e,-oluLions per sec., 1'. p. s . 
lV, Revolutions per minute ., R. P. M . 

<1>] EiIecLiye helL.'{ angle = tUn-1 (2;n) 
5. NUMERICAL llELATIOXS 

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

1 lb. = 0.4.535924277 kg. 
1 kg = 2.2046224 lb. 

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

1 mi. = 1609.35 m = 5280 ft. 
1 m=3.2808333 it 


