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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

~retric English 
1'-

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

--
Length ______ I meter __ _____ __ _______ __ m foot (or mile) _____ ____ ft (or mi) 
Time _____ ___ t second _____ __ __ ___ _____ s second (or hour) ___ __ __ scc (or br) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound ___ __ Ib 

Power ___ ___ _ P horsepower (metric) _____ ---------- horscpower _____ ______ hp 
Speed __ __ ___ V 

{kilometers per hour ______ kph miles per hOUL ____ __ _ mph 
meters per second _______ mps feet per second ______ __ fps 

2. GENERAL SYMBOLS 

Weight= mg . 
Standard acceleration of gravity=9.80665 m/s2 

or 32.1740 ft/sec2 

W 
Mass = -

g 
Moment of inertia=mk2

• (Indicate axis of 
radius of gYl'ation k by proper subscript.) 

Coefficient of viscosity 

Kinematic viscosity 
p Density (mass per unit volume) . 
Standard density of dry air, 0.12497 kg_m-4_s2 at 15° C 

and 760 mm; or 0.002378 Ib-ft-4 sec2 

Specific weight of "standard" air, 1.2255 kg/rna or 
0.07651 Ib/cu ft 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

b2 

Aspect ratio, S 

True air speed 

Dynamic pressure, !p V 2 

Lift , absolute coefficient OL= q~ 

Drag, absolute coefficient OD=q~ 

Profile drag, absolute coefficient ODO=~S 
Induced drag, absolute coefficient ODj= ~S 

Parasite drag, absolute coefficient ODP = ~S 

Cross-wind force, absolute coefficient 00 =:S 

Q 
Q 

R 

a 
E 

Angle of setting of wings (relative to thrust line) 
Angle of stabilizer setting (relative to thrust 

line) 
Resultant moment 
Resultant angular velocity 

Reynolds number, p Vl wher~ 1 is a linear dimen-
JL 

sion (e.g., for an airfoil of 1.0 ft chord, 100 mph, 
standard pressure at 15° C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 

Angle of attack 
Angle of downwash 
Angle of attack, infinitc aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lift position) 
Flight-path angle 
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SUMMARY 

Pressure-distribution mea urem( nt8 u;el' made on the Tight 
WI11g of a pU1"Suit-type airpla11 e at 'l:alue of i.liach number up to 
0.80. The re ults howed that a considerable portion of the lift 
u;a cw·ried by components of the airplane other than the u;ing , 
a11d that thb p1"oportion of [ijt carried by the wings may ml'y 
considerably with NJach number, thus changing the bending 
mom nt at the wing 100t whether or 110t there is a hift in the 
lateral po ition of the center of JJ1"e sute. It u·a al 0 shou;n that 
:til e center of pre8sure doe not 11eces. aJ·ily moz'e outu;ard CLt 
high }.Jach numbers, even though tIL wing. thickness ra tio 
clecrea e tou;arcl the wing tip . The wing pitching-moment 
coe./fi cient increased sharply in a negative ditection at a ilIach 
number slightly higher than the critical JYlach number. The 
lijt-cu7·ve slope increa eel with JJach numbel· up to value. of 

·l.Iach number which, in some instance, were con iderably 
.above the cntical value. Pressure inside the u;ing u;ere mall 
and negative . 

INT ROD CTIO 

11 a urements i.n flight of thc pre su]"(' distribulion on lhe 
win g of airplanes w<'re cond uctccl by th N . \..C_\.. cYeral 
ycars ago (refer 11C<'S 1 to 3) for th e purpo. e of establishin g 
the air load obtained in variou maneuvers. Berau e of Lh e 
relaLively low speed a ttainable with these airplane , infonna
Lion on til c:aed of high M acb. and R e nol ls number , 
n eed cl by de igner of pre ent-lay airplane, wa n t 
-obLained. 

The peed r('acbed by modern ai rcraft are often so high 
Lhat compre ion hocks develop in the air flow over Lhe wing 
(and other part of Lh e ai rplane), l"e ultin g in change in Lh e 
air-load eli tribution. \Vind- tunnel Lest baye hown that 
the cenLer of pres nre on a wing move backward a the bork 
tall develops. In addition , because of th e spanwise va ria

tion in thiclme ratio of most pre ent-clay airplane wing , it 
11 a been generally con iclered lhat Lhe inboD,rd ection \\ ould 
tall first, causing the cen te l" of pre sure to move outward 

also, thu incr a ing, perhap to a dangerou degrce , the 
bending moment at the win g root for a given \-alu e of lift. 

..A actual data b ad not been obtained in flight on the n aLure 
of lIch a variation, mea urements were made of the pres me 
eli tribution in flight on th right wing of a pur uit-type air
plan e. It wa po ib1e to make mea urements up to a}Vl ach 
numbcr of approximately 0. 0, the highest value attainable 
-wiLh thi ai rplane '\ h en dived verti. ally from its ope1'atinO' 
eeiling of a bout 34,000 feet Lo a minimum altitud e of a,bout 
10,000 feet. 

DESCRIPTIO OF THE AIRPLA E 

Th e airplane used in these le ts wa, a single-eng in e, ingle
place, low-wing, canl ilcver monoplane equipped with pal'lial
spn,n split fl a ps and tricycle ]" Lraclable land ing gear. Figure 
1 and 2 arc photograpbs of Lh e airplane a in sLrumented for 
th e fliO'ht test. Figure 3 i a general arrangement c1rawino
of Lhe airplane. Tb e peeificalion of Lb e ai.rplane arc a 
follows: 

Airplane, general: 
pan __________________________________ 34.0 ft 

Length _______________ . ______________ 30.167 fL 
H eighL ___________________________________ 9.271 ft 

Wing: 
Airfoil sect ion , root (22 in . ou tboard of a irplane 

center line) _ K A A 0015 
Airfo il ect i n, Lip (p rojected 204 in . ou tboard 

of airplane center line) ___ . _ X ACA 23009 
rea, t olal. in cluding aileron and ect ion pro-
jectedthrough the fu selage____ __ _ ____ 213.22 sq ft 

Chord, root (22 in . outboard f a irplane center 
line) __ .22 ft 

Chord , tip (projected , 204 in . outboard of air-
plane center lin ) __ ___________ ___________ 4.17 ft 

Chord, mean aerodynamic _____________ _____ 6.72 ft 
Dihedral, aL 30-perc nt upper ol'di nate ________ 4.0° 
I ncidence, with respect to th rust line _______ __ 2.0° 
'weepback, lead ing dge ___ ________________ _ 4.5 ° 

H orizon ta I tail: 
Span _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13.00 ft 
Area ___________________________________ 40.99 sq ft 

Distance, normal-gross-weighL center of gravity 
to one-thi rd maxim um chord po in t_ _ _ _ 14.95 ft 

Weigh t: 
BmpLy ___ _________________________________ 5761 Ib 
Kormal g ross ______ _______________________ 7620lb 
As flo\\"n __________ ______________ ______ ___ 7730 to 7460 Ib 

Ce nter-of-grfl,,·iLy posiLion : 
No rmal gros weighL, gear up ___ ___ ________ __ 0.2 5 M.A C. 
As ftown _____ ____________ _______ ___ ___ 0.2 8 to 0.291 M A.C. 

Engine: Manifold 

Hatings, without ram: b~p f;~:'S}~;j rpm 

Take-ofT _______ 1. 200 51. 5 3. 000 
1ili tary _______ 1, 125 44. 5 3,000 
TormaL __ _____ 1, 000 39.0 2, 600 

Engine/ propeller speed ratio ______ _____ ____ - -

Propeller: 

Altitude 
(m 

ea I \·el 
15, 500 
14, 000 
2.23:1 

Diameter. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 .5 ft 

Time 
limit 
(min) 

5 
15 

Kone 

T ype_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Three-blade elecLi ' ·e au tomatic pi tch 
Maximum pitch limi L.·, nominaL _____________________ _ 28° Lo 63° 
Maximum pitch limiLlS, m a ul"cd ____________________ 2 .7° to 65.3° 
Direction of rotation, a een by piloL _______________ ___ Clockwi e 

1 
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FIGUnE l.-Thrcc·qunrler rcar view, tcst airplanc. 

FIGURE 2 - Top vic\\", tcst airplane as instrumented for night tests. 
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F IGURE 3.- Thrce·view drawing of t he tcst airplane. 

Curve of the wing thicknes and geometric twist a meas
lIl'ed on the airplane arc shown in figure 4 and 5. The win g 
incidence, especially, is een to vary somewhat from the 
pecifica tions. 

INSTRUMENTATIO 

tandard NACA photographically recording in tl'umen i 
were u cd to mea m e the following variable as a function 
of t im e: indicated ail' peed, pre ure al t it ude, approximate 
angle of attack, normal acceleration , engine manifold pre -
ure, engine peed, propeller-blade angle, and ail' pre ure 

ove l' the \\rinO'. Free-ail' temperatlll'e, for use in evaluating 
R eynold number, wa determin ed from an indicator con
nected Lo a re i tance bulb protrucli nO' below the righ t winO'. 
Th e in ta llation was calibrate 1 fol' enol' due to Lhe tempera
t ure ri sC' ca used by ail' comp]'e ion at th bulb. 

A free- wiveling ail' pced 11 ad wa moun ted on a boom 
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F IGURE 4.- Varintion of th icknc ratio along span of right ",ing. 
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FIG RE 5.- Incidence and geometric t wist of the wings . 

. abou t 4 feet ahead of th leading edge of the 1'i O'h t wing at 
a panwise station about 7 feet inboard from Lhe wjn O' tip . 
The head consi ted of two epal'atC' tat ic-pl'e lire t ube (for 

parate connection to the airspeed recol'ler and al t itud e 
r ecorder ) wi th a ingle total-pre ure tube between them. 
The air peed and alti tude recorders "-ere moun ted in the 
win g at the ba e of the boom. Calibration indicated that 
the lag in this sysLem was negligible. 

The recording and el'vice static h eads werc calibrated for 
po itioo errol' by comparing the r eading of the respective 
al timete r wi I;h tbe known pre ure alti tude as thc airplane 
wa flown at sevC'ral peed past a rdel'ence heigh t. It was 
as umed that the Lota} pre ure wa mea UI'C'd correctly . 
The el'vice sy tem ' ail' peed el'l'Ol' - 0 determin ed is shown 
in figure 6. Calibration of the recording head in the Ame 
16-Coot wind tunn el ho,,' d that the error in recorded air-
peed clue to Lbe cli([erence in 11rch num ber between the 

bighe t value ob tained in tl,C' nigh t calibration (0.50) and the 
highe t value ob tai.ned in the fligh t te ts (0.80) \Va 1 than 
1 percent. 

Indicated air pc d as u cd in thi repor t \\'as computed 
ac ording to the formula by ,,-h ich tandard ail' peed meter 
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FIG UIlE G.- Calibration of service airspccd-measuring system. 

are graduated (give true air peed at tandard ea-Ienl condi
tion). The formula may be written a follow 

Where 
1' t correct indica ted airspeed, mile' per hour 
H free-stream total pre me 
P free- tream static pre sure 
Po standard atmo pheric pres ure' at sea, level 

A 60-cell pres ure recorder wa used to mea me the wing 
pre ure . The reco rder wa mounted in the rear section of 
the fu elage between th oil tank and the baggage compar t
ment. The pres ure were measured at £lush orifices at tbe 
location Ii ted in table I and hown in figur 7. The 
lifferenc , shown in tn,ble I , between the measuredlcading
edge radius of the wing ection and tha pecified for the 
particular thickness ratio hould be noted. An !tttempt was 
made to locate all upper- urface orifi es directly above their 
lower- urface counterpar ts, 0 that accurate resultant pre -
ures (the algebraic difrerence of the pre me at the top and 

bottom surface) at each orifice station could be mea meet 
Interference of tructural detail pI" vented complete attain
ment of thi condition in Ollle in tanee . It i believed 
that the re ul ting error, however, were not larcre enough to 
affect appreciably the fillal result of the inve tigation. Most 
of the tubing eOlUlecting the orifice with the press llJ"e record
er " -a %4-inch-insi cle-cliameter aluminum tubing or %6-inch
inside-diam tel' rubber tubing. In a few in tance , space 
r e trictions req uil'ed the use of hort length of %2-i11ch
inside-diameter rubber tubing. pace 1'e tricti n al 0 re
qui red the u e of %4-inch-i]1 id e-diameter rubber tubincr inside 
th ailerons. The pre, sure-lag characteri tics of typical 
lines were investigat d and the lag was found to l)e negligible 
for the rate -of-pre sure change encountered in Lhis illve ti
ga tion. Th e lag te t al"e discu sed in the appendix. R esult
ant pres ures were measured at all station ('xcept C- 1. 
0 -3, C- 6, - 10, and F. At the tation mentioned in row 
C, individual surface pres ures were measUl"ed with respect 
to the l.mcol'l"ected static pressure at a vent in each ide of 
the fuselage ju t ahead of the real' baggage compartment 
door. (ee fig. 3.) Calibration of the static ycnt in the 
fusehl ge showed thaC the maximum departure' from free-
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(b) 

(b) Section "iews. 

FIGt:R E 7.-0rifice locations on right wing. 

tream static pres ur IVa abou t 2 percent of the dynami c 
preSSlU"e. taLion F wa merely an op n-end Lube in ide 
the wing. Tlt(> internal tatic pres m e thu mea ured al 0 

\I-a ref rrecl to the pre ure at the fusela ge tatic vent. 
The approximate angle of attack of the airplan wa 
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mca urcd by a standard ~A A yaw vane mounted horizon
tally on the end of a boom located 3.3 feet ahead of the 
lcading edgc of the left wing ancl 6.7 fect inboard from thc 
wing tip. COlTections fo], upwa h at the vane at Vfl,]'ious 
Mach numb l' and for defl ection of Lhe boom wcre made. 

TEST PRO CEDURE 

In order Lo COVel' the available rangc of l\lach and Reynold 
number, te I. wcre run throughout the peed and altitude 
range attainable by the airplane, and included measlll'e
ment taken in vertical dive from the airplane 'S eiling 
(abo ut 34,000 ft) and the ub equent pull-outs. 

Wi th otl1er eondi tions approximately con tant, the lift 
coefficient was varied by gradually increa ing the normal 
acceleration of the airplane. The change in eA'ective wing 
camber introduced by the re ulting curved fligh t patll wa 
considered small enough to be nrgligible. In interpreting 
the te t re ult , it also should be reali zed that a certain 
amounL of winO'-skin wrinkling (with it 1'e ultant effeet on 
the pre sure di tribution) and wing twi ting was unavoidably 
present in f-light. Photograph illustrating the relative 
amount of wing-skin wrinkling obtained in variou. flight 
cond i tion arc hown in figure The grid hown in the 
pl)otograpb i made up of sLraighL white lines painLe I on 
the wing surface ju t ahead of the inboard end of the right 
aileron. (ee fig. 2.) The camera u cd, a standard 16-
millime LeI', 12-volt, gun- ight-aimin O'-point camera, wa 
mounted in the canopy behind the pilot' head . ing the 
lope of the grid line infiglll'e (a) a a zero r eference, the 

twi t of the wing a t the grid tation in the several condi tion 
of f1igh t repre en ted in figure wa a follows: 

Figure numher lInd ieat ed I Mach I A CEi~~ra' l 'rwist all's peed 
(mph) number factor (<leg) 

(a) .. ___ ...... ___ .. 0 0 I 0 
8 (b )._. ____ ....... __ 150 0. 36 0. 5 0.4 
8 (c)_ .... _._ ... __ ... 444 .77 . 7 0 

(d ) . __ ... __ ._._ .... 454 . 73 5.5 .7 

Power-off tcst "-ere run wiLh the engine fully LhroLLled 
and the propeller in Lhe high-pitch tting. Power-on te t 
were run with power cLtings of 39 inchcs of mercury mani
fold pre ure and 2600 rpm up Lo tbe critical alLiLude; at 
higher altitudes tbe power wa seL at full I.hrottle with 
3000 rpm. In ome of the clive, from high altitude. Lho 
latLer power-con trol sctt ing were noL changed even Lhough 
the airplane wa dived pa I, Lhe cri tical altitude. Curve 
sho wing the actual value of engine speed, propeller-blade 
angl , and bra.ke hoI' epower (as deLcnuin d by reference 
to the engine-power chart ) l' ulLing from Lhe e power 
etLing are hown in figure 9, 10, and 1l. The apparent 

brake hoI' epower values hown for Lhe PO\ cr-off e(,Ling 
were obtained by extrapolat ing Lhe engine-power curves 
1.0 include the low value of mAnifold pressure measured 
during the e te t runs. 

The effects of the varying power may ma k omewhat the 
efl'ect on pre ure eli tribul.ion of Lhe variation in l\1"ach 
number, e pecially at the lower peeds. During the our e 
of the te Ls, it wa found that Ul e landing gear would not stay 

fully retracted in traight high- pecd1:light. An additional 
protru ion wa caused by the centrifugal force in accd rated 
flight , the total extension sometimes exceeding an inch. 
peeia] lock was Lhen in taIled which held the landing gear 

rigidly in the retracted po ition , andrcpeat data were taken 
over the enti re l\lach number range. The data with wh eel 
locked , however, agreed with tho e obtaine l with wheels 
unlocked. 

RES LTS AND DISCUSSIO T 

The results are clivi led into three epara te part prescntiug 
(1) th variation of wing load and moment with ),Iach num
ber, (2) the magnitude of the internal wing pres urc , and(3) 
Lhe variation of the lope f the wing lift curve with l\1ach 
number. The re ult arc discu sed in thaI, order. 

VARIAT IO OF WI NG LOADS AND MOME ' TS WlTH MACH MBER 

For eaeh test run, the resultant pres ure a. measured at 
each orifice tation wa reduced to coefficient form and plotted 
a a function of the lift coefficient. The power-on curve 
for orifice B- 3 are hown in figure 12 a an cxample. The 
re ultant-pre ure coeffi cient is defined a follows: 

where 

P _ PL-PU 
n- q 

P n re ultan t-pre ure coefficient 
PL pressure on lower ul'face 
Pu pres ure on upper urfa'e 
q free- trcam dynamic'pre ure 
The airplane lift oefficienL wa determined by=u e of the 
relation 

where 

TV airplane weiO'ht aL time of Le t run; p und 
Az acce! ration !acLor (reading of an accelerometer, in 

term of uniL of the acceleralion due to gravity, 
normal to the Lhru t line) 

q free-stream dynamic pre ure, pounds p l' quare foot 
Lotal wing area, including area projected Lhrough the 

fuselage, 213.22 quare feet 
The formula i actually tbat for the cofficient of force 

no rmal to Lhe airplane Lhru t axis. Th e elTor involved, 
however, i Ie Lhan 1 percent. The Yrach numbers corre-
ponding to the e claLa also wero plotted and are hown in 

figure 13. The pres ure coefficients were then C1'O s-plotted, 
a hown in figure ]4, a a fun ction of Mach number for 
value of [fit' total airpJane lift coeffici ent of 0.1, 0.2, 0.5, 
anell.O . The 'e cro -ploUed curves were Lhcn u cd 1.0 drive 
the clata u b equen tly pre en Lcd. Examination of Lh data 
showed no con j LenL variation of pre ure oefficient, ith 
R ynoldsllumber alolle LhaL exceeded the scaLLer of Lhe data. 
Tb R eynold numbe r noLaLion , Lh refor ,ar not hown 
on Lhe final CUl'V . The Reynolds number range covered 
in the te Ls wa from 7,000,000 to 2 ,000,000. 
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(a) On ground at zero speed. 

. ' '. 
, ~. ~ 

(c) 1n a stra ight dive at an indicated airspeed of 444 miles pcr hOlll·. 

(b) In straight fli ght a t a n indicated ai rs peed of 150 mil per hour. 

.. . . 

(d) In a dh'e pull-out at an indica ted a irspeed of 454 miles per hour and normal acc ler-a tion 
fa cto r of 5.5. 

FIG un E .- " · ing-skin wrinkling under ,"arious conditions 
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From the data in figure 14 and the imilar 'urve for the 
other orifice, the cbordwi e and spanll'i lift di tribuLion 
were then ploLt d for 9ch 0.025 incr ment of ~Iach number 
throughout the test mnge. Because of the large number of 
ploL so obtained, only those for each 0.1 increment of Mach 
number, plus the highe t M ach number, are hown for each 
of tbe four valu of lift coefficient used in thi rcport. The e 
curve arc bown in fiam es 15 and 16. The co fficien ts noted 
on these figure, a obtained byinlegration of the pre ure
eli lribution plot , are defined a follows: 
GL ' wing-panel lifL coefficient (L' /q ) 

.11' wing-panel pitching-momen t coefficient Clo.{' /q c) 
GB ' wing-panel bending-momen t coeffi cient (B ' /(] b) 

where 

L' lift on the l'igb t wing panel, pounds 
q free-stream lynamic pres Ul'e, pound per qual" foot 

lotal wing area, including area projected through the 
fuselage, 213.22 quare feet 

l.J' pi tching mom nt of Lbe right wing panel about tbe 
0.25 mean ae rodynamic chord point, fooL-pound 

c length of the mean a.erodynamic chord , 6.72 feet 
B' bending moment aL the root of the right wing panel (22 

in. outboard of Lhe airplane center line), foot-pounds 
b tolal wing pan, 34.0 feet 
A in the case for the total airplane, the lift is a umed to be 
sub ta,11 Lially equal to the normal force. 

-j 

1 

\ 
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The ame phy ical dimension of lhe airplane wer u ed in 
computing the wing-panel coefficienl a would be u ed in 
computing the total airplane coeffici ent 0 that the propor
tion of the total load carried by Lhe wing panel would be 
immediately a pparent. 

A consis tenL clecre'a e in pilchino- moment aL the -foot 
panwi e tation wa noted in 50-1II'e 15 and 16 . No rea on 

for thi irregularity co uld be found . The s lation is 2.3 fe et 
outboard of the tip o[ the propeller arc and aboll t 2 feet in
board of the gun blasl tubes and air peed boom. Jo unu ual 
irregul ar itie in lhe eeLion at this LaLion wer apparent. 

Owing to the relatively few orifices u ed alono- the chord of 
Lhe wing, the pre ure peak near lhe leading edge co uld not 
be e labli hed accurately from the experimental dala in all 
ca es . Ho,,"ever, for the purpose of Lhe analy i ca rri ed 
ou t in this repor t, it i apparen t LhaL the errOl" re ulting from 
failure to e lablish leading-edge p ak pressure i neglio-ible, 
inasmueh as it is known lhaL uch peak pres ur exi t only 
over an exeeedingly small portion of lh e wino- chord. 

ummary curves showing lhe variation o[ lh e coefficient 
and of the lateral dis tan ce to Lhe center of pre~ ure with 
Mach number are plotted in figure 17 Lo 20. (T he lateral 
di tance d from the wing-panel roo t Lo lhe eenler of pre ure 
wa determined by u e of the relation d= b('o' JCL'.) The 
curve were faired from lbe integralion of the distributions 
ploLted for each 0.025 incremenL of Mach number. The 
point 0 obtained a rc hown on Lhe urves, contrary to lhe 
u ual practice with derived data, in order to show lh e exper
imental catLer of the data. Only the d istribu tioll s for each 
0.1 increm nl of :Mach number arc shown in llti report. 

The re ult arc di cus eel in the ub equent paragraph . 
The term "critical 11ach number" and "11ach number of 
diyergeuce," as u eel in Lhe di eu ion, are defined a follow: 

1. Critical :'1aeh number: The flio-h t 11ach number at 
which onic velocity i reached 10 ally in the air fiow over 
t be wing; 

2. Mach number of divergence: The flight Mach number 
at \\"hich t he \~ariation o[ an airplane or wing characLeri tic 
with 1ach number tart to diverge from it low- peed lrend. 

In the eli ell ion, the 1'e ult will ometime be analyzed 
in the lighl of the relation between th e critical Mach num
ber of the r ol and t ip wing ec tion , calculated valu e of 
\\"hich are hown in figure 21. Thi figure how the in
heren tly poor high- peed qualities of Lhe N A A 23000-
seri es airfoils, ince, al lift coefficie nt below 0.15 , the 
15-percent-lhick ymmetrica l airfoil a tually ha a higher 
(Titical :'laeh number than the mu ch thinner NACA 23009 
airfoil. 

Wing-panel lift coefficient.- The right wing panel com
pri es abOll t 43 percent of the total wing area, which includes 
Lhe . ec tion proj e ted through the fu selage by parallel lines 
onnecting the end of the roo t chords. Figure 17 how 

th at the load carried by the righ wing panel i generally 
much les than 43 p ercent of the total load, exec ding thi 
value only at CL = O.l with power off at low ancl moderate 
value of Mach number, and at CL = 0.5 with power on and 
orr at moderat e values of :Maeh nWllber. The remaincl r of 
th lift i , of co ur e, carried not only by the oppo ile wing 
and wing-center ec tion, but by the propeller , lail, and 
fuselage a well. 

With po\\"er off, the wing-panel lift eoeffieienL gradually 
increase a the 11ach number increa e to moderate value, 
and then gradually decrea es. The variation of the wing
panel lift coe fficient \\"ith 11ach number would be expected 
lo depend on the relation between Lhe effect of 11aeh 
number on thc lift cha racLer i tics of the wino- and the 
efrec t of :'1ach numb r on th othe r lifting component of 
the airplane. The latter efrect are noL ea ily predict el, and 
no detailed analy i i altempted here. It i a ppar nt, 
however, that the relative effectivene s o[ the olher com
ponents in creases at Lhe higher Mach number. 

In ge neral , the po\\"er affects the right-wing-pan el lift 
coeffic ient a \\'ould be expected (i. e., the eno-ine lorque 
tend to roll the airplane to the lefL, and balance, tben, 
dietales a 10,,"er lift co ffieien L for the rio-h t tban [or the left 
" "ing) . It would al 0 be expecLed that the difference 
between power- n and power-off daLa would decfea with 
speed ; tbis efrect, ho,,"eyer, i een to bold entirely tru only 
at the 10\\'es t lift coeffi cient. At li ft coeffici ent of 0.1 and 
0.2 it i een that the \\"ing-panellift coefficient requi red wilh 
po\\"e r on exceeds that required with power off for 11ach 
numbers greater than 0.70 and 0.74 , ee pc lively. It i 
po ible ll~at thi efi" et may be caused by decrea cd liflin o
cfrec tivene of the propeller, the higher rotational speed 
with po,,"e r on resulting in shock 10 ses over a la rg portion 
of the blades. AL the highest lift coefficien t considered ( l~ = 
1.0), the relatively large decrea e in Lhe wing-panel lifL 
coeffi cie nt req uirecl wi til power on may ind icate a ralher 
high lift ing efi"ee tinness of the pitched propeller at moderate 
yalue of ::.rach number. 
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:"~ r----i'---, ~ 

I ~ 
r----- 1,\ 

, , ...-f--~ f-' 
~ 

~ 0 

/ 
(j) 

I ./' 

0 48 ~ m 
O/stance from fuse/o ge cen+er line, ff 

(j) Lilt coeffi cicnt= .20, Mach numbcr= .GO. 

u ' 
~ 

co 

1 

o 

~ 0 
o 

" Q 

-I 

l ,/g < 13.6 4 
M7q'·/·62 

57. M A .C. 
B 1g - 815.48 
CL ' : . 064 1 

1 C",' : .-.00113 _ i---
C. ': .0 /1 9 
d = 6 .31 ft 

I-- El 
"r--. 

""-. ,~ 
t--.. 

'[ I'---
f-C r--r---... 

II I'-I--
f-8 -..... - I--

1--,'---
A - I--

f>-/'-; 

Root --- L,ff 
(: chord -"- P i tching moment 

i ~ 

! r---I---i'-.. 

/- f-- f _ ~ 
! I-- -- r-- ,/ 

(h) 

048 Q m 
Distance from fuselage center line. ft 

(h) Lilt cocffici ent =.20, 'Iach numbcr=.'IO. 

I 
L ,/g : 16.80 
M ,/g = -1.26 

25% M .A .C. 
B l g =106. 64 
CL ' - .0789 
CM ' : - .000879 I--
Ca ' = .01468 

'"' d : 5 . .?;? fl 

(I' f--- f-E ~ ~ 

II-- orl I'" !-.... J\ 

o 

2 

" 1 f 

" 
5 
" 0 
" 

-I 

I--C~ t>j.:,., ~ I 
~j/ I..r-'" ",,- I 

~ 

I "'I'-- I 
--

)....../ -f-A I--
\<-/ !... 

Root 
chord I----, 

-- Lif l ] 
--- PIiChlf')9 moment 

:.V r\ ./ 
h 

"-

"" I 

f\ ...-- f..-- , 

\ ,/ 
- ~-

(k) 

o 4 8 12 16 
Distonce from fuselage cente r It"e, ft 

(k) Lilt coeffi cicnt =.20, M ach numhcr= .70. 

~' J GVIIE J5.-Continueu . 

. 
" ~ 
" 
~ 
0 

" ; 

L '/q- 14.58 
Mfq--2M 
B 7q -g4.00 
eL' • .0684 
C,/ ' - .OOI5 !_ t--

25~~A' f Ca' · .01285 
d • 6.45 ft 

I-- E ~ 
I--O J. ---~ ('\. 

I-c~L ""'I'-- ~ I 
If 

o 1--8 \..... 
f::::: 1"-......... 

r----t---
I I·-t--

f-A J r 

0 

-I 

2 

I 

I 

~/'~ 

Roof Lift 
r. cfJord ---Pi tching m10meJt 

\ i--/' r--t--
I -........... 
1 f'-. 

! f..-- ~ 
"- I---- -

---, ....- ' 

(i) i 
048 ~ m 
Distance from f uselage center line. ft 

(i) Lilt cocfficicnt=.20, :I[ach num ber=.50. 

L ,/q - 18.51~ M 7q=-IS.80 

25% MA C 
B ,/g =108.00 
CL' : .085 1 ,... CM ': -.01/03-

I--f-E I L :""-- CR' = .01 1 9 
d : 5 .95 ft 

~01-------""--"" t'-- r--. 

f---.:V~ "'--;---

I--C L.---V "-
1 / 1\ l----i"--

~~v \ 
.-

y-.. 
r--I--A 1 Roof 

l chord 

"- /0-/'-< l-- " 

"" ........ r---- t----. 
-- Llff 1\ - -- Pdching mpmenf 

I' 
j) 

,.-' 

\ /' 
I 1/ 

\ I 

/ (I ) ~ ./ -2 o 4 8 12 16 
Dis/once from fuseloge cenler line, ff 

(I) 1.ilt rocffi cicnt= .20, Mach llumbcr=.7S. 
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L ,/q ' 41 . .36 
M ,/q · 2 62 

I---B ,/q 7?66.20-
25Z MA. C. CL ' • ./93.5 

I CM ' • .00183 r--
!\ c. . .0366 

d . 6.13 ft 

1\ \\~ 
"-.! "" I'----£ i'-... 

1-0 
\"'-r--.~ ..r--
'-.....~ ' ...... J~ 

0 

-1 

i! 

a 

I 

o 

o 

11 t--- t:= 

r-B ---~I --""""" ---r---1== 

--............ 
- r--

<-1'--

r-A 
-- Lift 

-
Rool 

t chord --- P,tchlng moment 
~ 

r-
....... 
~ 

I ~ 
1"---. - -- - 1-"" 

(m) "-1-
o 4 Il 12 16 

D,stonce from fuselage center line, ft 

(m) Lift cocffi cient=.50, l'v[ach numbcr=.30. 

) L ,/q - 4 5 .9-4 
~ 2~Z M A.C. M ,/q = 3.28 

1\\ 
8 ,/q -301.32 
CL ' • .215 
CM '- .00229 -\\ CB ' • .04 15 
d = 6.5'5 ft 

f-£ ~ ~ "'" r--- r 

'\ ~ "- ---.... f\ 
'--'\ '" ,,-r-----... r--.. -c 

i'........ 
......... L. f-- .............. -B - -
~ --A -

~/'--

Root Lift 
t. chord - - - P i tching moment 

:--- ---.... 
~ 

I '\ 
:--- --....... -- -- -

(p) : 
o 4 8 12 / 6 

Distonce f r om fuseloge center IJl1e, ff 

(1') L ift coe ffiGient=.50, :Macb numbcr= .60, 

p". 

a 

4 

. 
" 2 
E 

<> 

<> 0 <>~ 

!L1q- 38.04 
MIQ" 3.64 r--8 '/q"237.64-

257. M A C. CL ' - .1781 

1\ 
C .. c' = .00254-
Ca l - . 0328 
d : 6.25 ft 

1\ \ 
"','-..... I--E 

\"" .............. 

---- .r-.. 0 
~" 

C ......... ----...... r----...... ............... - r--
8 - r--

~/'-- --............ 
A 

Lift r--
Root 

r chord -~-Pifchin9 moment 

-
I'-...... 

1 ....... 
~ 

'--' -
'\. _\ --

(n ) 

o 4 8 12 16 
Distance from fuselage center line, ft 

(n) Lift cocffi cicnt =.50, 1ach numbcr=.40. 

257. M A .C. L'fq - 4 1. 88 
M ,/q : -7.46 

~ 
B ,/q=271.36 I 
CL': .1961 

1/'\ \ 

CM' = -.00521 r--
Co ' : . .037-1 
d = 6.48 ff 

~ ~ r- ,...... 
r--- £I 

l r--oiU v v---, ~\ .......... ............... r-

r-)I 
~ \'--

o 

4 

-2 

-- r--. 

V '" \ -8/ "'-
- r--

........... -A ~ 

Root -
l C,hord 

" 

L 
~ ............. 1-/'-< 

'-r--- r---.... , -- Lift "\ 
--- Pitching moment 

r---. l .. f..---
r-... /-'-

" - -
(q) 1 

o 4 8 12 16 
Di3tonce from fuselage center line, ff 

(q) Lift coelli cient =.50, JlIach numbcr=.i3. 

FlGUltE 15.- ontinued. 

I 

o 

4 

L79" 38.18 
M7Q' 4.30 

f--B ,/q " 240.{)6 -
25:Z M A C. CL ' = .1188 

C. ' - .0030 -

~r\ 
M 

C. ' • .03315 
d : 8.30 (I ---

1\ \ 
f-E ~ r-- ---.. 

1\" '-....~ I'----r-- .(\. 0 

1\ " ...... ~ 

C' ........ r---. 

~ ""-.... 8 - - ,-r--
<- 1'1 ""-...... '---A r--

Root Liff 
~. chord - - - Pitching m oment 

~, 

............... t--- ........ 
I 

~ .......... 

1'--, .-- ---- \ 
- L-- -

(0 ) 

0 48 ~ M 
Oisfonce fr om f us e /oge ce nlt!r I;ne, 0 

(0) Lift coclli cient= .50, Mach llumbcr=.50, 

25% MA. C L ,/q = 82.70 
M ,/q : 11.38 

\ B ,/q ·515.36 
CL ' : .388 

1\ \ 
eM': .00795 -
C8 ' = .0713 

-
~ .......... 

d = 6.24 ft-r--
t--£- ---............... 

I c-D '" ---.... 
"\"'" 

'-

6 

" -4 E 
tI 

\. 
o 

'-' 2 

" 

o 

---r-C "" r--. 

RO~ ............. - "--8 c hard J r--- ._-
~ l r-----+........ ---r--A 

i'-.... H'-i 

"'" "'" , 
I'-....... - -- Lift \ --- Pifchi'7..9 moment 

I / ' \ _L 

(r) 
--:::: J \ / 

........... 

0 4 ';- Ie 16 
Distance from fuselage center line, ft 

(I') Lift cocmcicnt= l.OO, ofach numhcr= 30. 
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25Z. MA.C 
L l q : 8060 .. M ,/g : 13.60 

\ 
B lq =511 . .36 
CL ' = . .378 
C,./ : .00!U9 I-

~\ Ca' : .0705 
c:t : (5.35 ft 

"'I "'-I'---..-t--E f'.,. 

1\ . "" 
r---I---t-D ..r-

\ ~,,"-I---r-----r--t-C 

"" I---r---i'-t-B Root "'-
'-1-

chord 1--,,-
r-A ---........ 

1-

~ ~ 
-1'-

~ 
~ 

"" I -- Lift 1\ --- Pifching moment 

\ 

--........ 1\ h. 

(5) 1 

"- --- J -- -- --
o 4 8 12 1(5 

Dis/once from fuseloge eerlter line , ff 

(s) LiftcoemdenL=I.oo, :l Inch Dumber=.40. 

--
IL '/q : 9.2~ f--

1 M,/g: -1.72 

! 
8 1g=5915-I-
e!.' • 0433 
C~" -.00120 1----

257. tt-A T CD" .00817 
d : 6.42 ft 

r- E I. 
~ 
N---l 1 A 

f--O~ 
~ I.r-- '- / 

-... f---C 

r-t"--, f- BJfI----' r--
Hh.. ~ ---

I '--- 1-

-1'-

Root Ld'/ 
( chord ---P,tching moment 

1 ....... V '\ r----

1 r--

• I 
" 4 £ 

" 

L ,/q = 78.70 257, MA .C. 
M ,/q : 19.26 

f----t-+ffi\-f--+-+-B lq =SII.60--
1\ CL ' = .37!? 

f----+-tIIIttI, \-I\r-f--+-+- CM' = .013+5 _ 
CB ' = .0705 
d = 6.45 f t 

'-r--

-

- Lift L ~\--
- -- Pitching moment 

~ f--- - r--- \ 
" 2r--~~-t-"~-+~--~+-41\~ 

(t) 1 - ---N 
0~~0~~-4L--L-~8-~~/2~~-/~6~~ 

~ 

u 
E 

" 

Distonce from fuselage center line, ft 

(t) Lirt coemcicnt=l.oo, :lInch nllIllbcr=.50. 

FtGl'RE 15.- Concluded. 

L 7g - 9./0 
M 7q - -338 
B ,/q -5480 
CL ' . .0426 
eM' = -.0023~_ r--

257.f1'AC. 
C~, - .00756 
d = 6.03 fl 

- E ~ 
1-0, 
~ J\ 

~ I '-

~C 

o r 8 -11' --
-----

-
~ 

---
I-A r--. 

-I'~ 

f 
Root Lift 

chord -- - P I tchi ng moment 

: 
~ 

i?5% MA.C. L ,/q = 72.58 
M ,/q = 17. 70 

~ 
B '/q -468.40 
CL ' = .341 
CM i = .OI!?35 '--

"" 
Cs ' :: .0645 
d : 6.4 3 ff 

\1"-.. 

------
'--E 

,\"" 
, 

1-0 - ---.. 
---\ ......... r-... 

- C 

\"-r-----8 
"'-I'-... 

I--A 
Root 

6 
t chord , 

~ , 
<-1'--< 

i'---
-........ 

1 -- Llff "\ --- Pitching momenf 

f--- - r--.... 

"" \ 
(u) 1 ----- t - -...... ~ o o 4 8 12 16 

Distonce from fU3eloge center line, ff 

(u) Lirt cocfficicnt= 1.00, :I1ach numbcr=.(j(). 

L l q - 95'71 
M 'lq = -128 
B l q ' 57.40 
CL ' - .0447 
C ... / - -.000895 c--

25% MA.C. C. ' . .00791 
d = 6.01 ft 

r-- E r+-...... 
I-~f 
~ 1\ 

~ I~ 
c--C 

1 

o '-8 I! "T'----... I -- -
~ Ci----b 1 i-A 

I I 
-

i'-I'~ 

't. Root Llff I 
chord -- - Pitching ;!.ome~ 

f--

----~ r-- -.... --I'--.. "~ 
'- 0 1 - t"'. ~O 

I :---...--1"--. ....... 

1 \ / 
r'-- _ --

( a) I 
. ........ 

0 

<> 
<>~ 

-I 
0 48 ~ ffl 

D ,sfance from ruse/oge center Nne. rf 

I " .r--

'--- - ---- ' I " ./ 

(b) ! 
-I o 4 B 12 16 

Distance from fUs e lag e cen ter line, ft 

1 V'I- -". ./ 

(c) i 
-I o 4 8 ~ ffl 

DIS fance f r om fus el oge center line, (t 

(.) Lirt rocfficiclll=.IO, :lI8Ch numbcr=.30 . (b) LUL coefficienl=.lO, ::lInch nlll1lber=,<IO_ (l) Lin coefficient=.lO, lIlach nllIllber=.50. 

FIGl'lIE IG.-Pressure distribution on the right wing in power·orr flight. 
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o 

0 

-I 

I 

L Jq =10. 48 
# ,/q =-4.48 
8 ,/q =69.95- -
cL ' • . 0491 
CM'. -.00313 I---

25% MA C ce' • .00965 
d = 6.68 f t 

I---I--£J 
V-----r--.... 
V---- t---

f\. 
I--- DU 

I-- t..---I--c rf- t---

Ir I--r-I---
~B --I---

If"--1------ '-----. 
I---~A 

I 1--/'-< 

Rool -- Liff 
It c hord --- Plfch in g moment 

'~ / r-- t---r-t-----
V-- ' 

-........, 
~ 

I \ 
/-- -- V 

1 \ --
(d) 

' ----
,V 

o 4 (J II! 16 
Oi3 tonce from fuseloge center fina, ft 

(d) Lift cocnicicnt=.IO, M ach llumber=.60 .. 

L ,/q = 16.32 
M Jq ' .9E! 

1---I--+-+-+--1-- 8 ,/q -106. 10'-+----l 
25% MA C. CL' • .077 

I---f--t----r-f--I-- Cu ' = .00064 l--
CB' = .01465 

I,....., d = 6 .46 ft 

1 
-1'-

Roof -- Lof' 
t chord --- Pi/ching moment 

V 

"" - r-----.-r-. 
I '. \ 0 -

\,~-

I 
(g) 

0 4 13 12 16 
Dis/once from fuselage center line, ff 

(g) Lift cocmeicnt=.20, ,,[ach number= .30. 

1T 
L 'jq = 7.04 

M ,/q =- '1.20 
B ,/q =36.32 
CL ' = .0330 
C/o/ = - .00E!93_ r-

25% MA C Ca ' = .00499 
d=S.lIft 

o 

1--1--£ 
r .J 
10-.r--- I" -r--D

J1 
I 

r-- --
~ I---f( 1'\ f-- B 

V ~I 1 
--r-

I ~ArJ I I 

I ~/'--< n 
I 

Roof -- Lift 1 

t chord - - - Pitching momenf 
, 
V-~ I t'---, 1. ---r-r-- J i-- . 

I 
1\ L' - 1--- -:-- - VJ 

E 
tJ 

~ 0 
0 

tJ 
tJ~ . 

-/ 
(e) .,~j 

'--!- I 

" ~ 
" 
~ 
0 

\) ,,-

o 4 d /2 16 
D I.s tonce from fuseloge center line, ff 

(e) Lift coefficienl = . 10, Mach numbcl' =. 70. 

L ,/q · 16.22 
M l q : - 1.00 
B~q :IOI.OO- j---

CL' = .076 
eM' =- - .0008~_ 

25% MA C. Ca ' = .01395 

.1 d = 6.25 fI 

~ ~ 

~ I---t-,~ 1---1 1'\ 

II-- ~ '---"--.... 1--- 1 
f--C~ 

2 

'--~ I I 
I 

'--8 '-
T----- -I-

I----- 1 c-A 
Root I 

i-

t chord -I!.... 

: - Ldt 1 .l -" 
--- PitchIng moment 

o 

I 
--- I-J 

I I J--. 

"" 
0 

1--- ' ~ ---- -l L\ 
'~ / ' I 

;--_Y" 

-I 1 (h ) 1 I 
o -4 13 12 16 

Distonce from fuse/oge cent er Itne) ff 

(h) Lift cocmcient=.20, ~[aeh num b .... =.~O_ 

FI(;U RE 16.-Continue I. 

o 

- 2 

Lq·1 5.81 
M Jq =-13.0'1 
B ,/q = 31.60 
CL' = .0272--

25% MAC. CM ' - -.00912 
Ca ' • .00436 

I---r d = 5.45 fI 

I--t--£ f'..-

I~ ./ 
J.----... 

0. 

'~ 
------r---B\~ ~V 1\ 

.-I---
V V-~ 

~ r Ay \./ 
_I'-> i'---

I--

Root -- Ldl 
t chord - - - Pitchin9 moment 

/ 

"" V i'----
I ""-. V 

J.,..-- ' 
y 

, 

\ , 
1-- -

(f) 1 

o 4 8 12 16 
Distance from fuseloge center line, ft 

(() LifL cocmcicnl=.tO, M aeh numbcr= .78. 

L ,/q . 17. 18 
M ,/q · -3.28 
8 ,/q ·109.90-I--
C!.' • .0131 
C., = -.00229 r-

25% M.AC CS ' = .01517 
d ~ 6.36 fI 

.f--f---

1'---!-. r-r-~ -- ('\. 

n-.D~ I'- I--
r-C 

~ o~)~ --
T---kl 

. -1---

'E / 
" a 
<> 0 

" 

-I 

-A :-Roof ..... /'--~ chord 

: - - Lift 
- -- Pitchin9 moment 

-----~ I -~ 
t---
~ 1'\ 

'\ V- "- -- / 

(J) I ',,./ 

o 4 8 12 16 
Distance from fuselage center line, ff 

(i) Lift coeffi eicnt=.20. "Inch llum bcr= .50 
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I 

L '/ q = /8.28 
M'lq = -5.70 
B l q = /14.90 
CL'· .086 
CM ' =0 -.00398 I--

f~fA C. C .. = .0/58 
d = 8.25 fl 

l~ r-.. -etl ~ 
1\ 

1'-Dr :-i---
r--..VI---,-C If 'I--...... 

, 
" • 

o 

2 

I 

I 

1 

D 

4 

" l2 
o 

o 

r---- ____ 
f-8 ~ 1 .+ ---~ 

~ 
f-A r---... I-

f 
Roof 1>-1'-

chord 

Lifl 
- - P i fch ing moment 

I t'-----1 t--

"" 1 1\ 
I -"" ,/ --r "-

(j) I 1'\, ,1 
o 4 8 12 16 

D,sfance from fuseloge cenfer line, ff 

0) Lift cocmcient=.20. Mach number=.60. 

r- ...,.- , , 
r r l 

25%.MA C. 
L ,/q ' 41 .58 

~ M lq ' 430 

ft\ 
8,/q =267.00-
CL ' , ./95 
CM " .0030 l--

~\ CB ' , .0368 
d = 6.41 (I 

-E 
'" \1 .......... 

----- r 
1\ \ '-

----i'.. .............. J\ 

f-C \'--~ -......... 
----""'1'-.. i'--...... I 

1-8 - f-

I'-r---t--- --.J f-A 
-(~ 

1 

Roof - - Li ff 
t chord -- - PItching momenf 

'. 
-I---. 

~ 
.............. 

1 

"'" - . I-- .\ ........ - -, (m) 

o 4 8 12 16 
Dis/once from fuseloge center "ne, f t 

(m) Lif t coemcient=.50. Mach numher=.30. 

L i q - 18.06 
M Ig - -4.32 
B i g = 111.40-
CL ' = .D85 

r--
C.1o/ - - .0030 2 r--

25'!.MA .C.' C.' - .01538 
1 d - 6.15 ff 

I--- £ IA ~ .r 

If-D r ~ f"\ 

r-C-~ ~ ------I--

f-a ll A " ......... ._-
l('v \ 

f-A "- c- :-

f Roof l 1'-/'-chord 

"~ V r----. --- Liff 
- --Pi t ching momenf 

o 

2 

I ""- r--. I 

~ 
I V- . \ I 

1 V I'. V · r-- -r---- -1/ I 

(k) 
\. 1/ 

- I 
048 ~ ~ 

Disfonce Trom fuselage cente-r line. ff 

(k) Lift cocmcient =.20. Mach number=.iO. 

L rq ' 4 4.00 
M 7q ' 2.74 
B 7q - 275.50 

257.j .f.A . C. eL ' " .206 
eM '- .00191 t--

1\ CB ' : .0380 
ct = 6 .29 fI 

\\ 
I--E I\~ r---- t--... 

,,~ I'---. r- f'... -0 "-", ...... r------..l--\ r-- - / '-:>. 

-c ........ t---

'i r--. 
- 8 -""r---. .--

PH 

0 

- 1-
Root -- Lift 

" chord --- P i tching moment 

: 
r---.....- r----

............. 
~ 

1 ~ 

4 . 
" E 
<-

l 2 
0 

..--- ---. l1 ~- --
-r--

,:; 

0 

(n) 

o 4 8 12 16 
D is tonce from fu s eloge center line, ff 

(n) Lift coemcicnt=.50. i\Inch nilinber= .40. 

FIGl' RE 16.- C'onUn ucd. 

I 

~ 
~ 

" 
~ O 

" c; 

I 

·2 

';, 
E 

u 

l 
0 

u 
C 

L Jq - 16.28 
r--t---l---II---+-_-l-M 1q = - 13. 76 _-1---1 

8 'lg = 101. 10 
CL ' = .076 

I----t---I----t---f--+ c., ' - - .OO98-f-----
Co = .01396 
d - 6.25 ff 

- - f-----

- /'-
, 

/ 

H· \ Ldf ~ 
---Pl tchlnqmoment 1\ 

\ 
/ / 

~-+-I--j---,,L.J--+--I---l 
" 1/ 

1 
! 

(1) I "- ......... - !,./' 
0 4. 8 12 18 

Disfance f rom fuse lage c enfer line, f t 

(I) L ift cocmcicnt=.20. Mach number= .78. 

2 5 ,£,M.A. C. 

'-A '--
I ~-r~ 

Roo 1 -- Li fl 

4 
t chord --- P i t ch ing m omen t 

" ----....... 
1 ....... ----..... 

2 , 
~ -- \ 0 I'--. - '- -

........ -..-/ 
(0) I 

0 4 8 12· 16 
Dis tance from fu~eloge center line, If 

(0) Lilt cocffic-icnt= 50, Mach number=.50. 
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25%,MA.C. L Jq = 4 5 .32 

" 
M l q = 3.08 

<\ B 'lq -2(J4.50 
eL ' - .212 
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Wing-panel bending-m oment coeffi cien t. - The CU ITe of 
wing-panel bending-moment 0 ffici enl (fi g. 1 ) bea I' a 
marked imilariLy in ha.p lo the curves of ,,-ing-panell ifl 
coeffi cient , sugge tinO' lhal changes in the \\'ing-panel bend
ing-moment coefficient ,,"ere due more to actual cbanges in 
the magnitude of lhe load carri ed by the wing rather lhan 
lo a late ral hift of lhe po ition of Lhe center of p re sure. 
In facl, lhe preceding eli cu s tOn concerning the wing-panel 
lift coe ffi cient can be appli ed equally well to lhe eli cu sion 
of th e wing-pan el bending-moment coefficienL. 

Lateral distance to center of pressure.- The cline of 
fi g ure 19 show that , for power-off condition , lhe laterfll 
dislance from Lhe wing I'ool to th e center of pre sure varied 
very liltle with :'\lac11 number. The O'rcalest movemenL 
occurred at a lif t coeffi cient of 0.1 where the c('nler of pre -
s ure , while tending to moye inward , varied i rregularly oyer 
a di tance of l }z feel as llw :'\fach number \ 'as increa cd 
from 0.3 lo 0.7. At a l ift coefficient of 0.2, lhe laleral 
cenler-of-pre sure loca tion remained e sentially con tanL 
over the :.\1ach number ra nge of 0.4 to 0.62 and th ell moved 
inward approximately 0.4 fool a Lhe Mach number wa, 
furth er increased, while a l a lift coefficient of 0.5 a negligible 
moyemen t of the cen tel' of pr ure for a :.\J acb n umber 
range of 0.4 to 0 .7 \\"a experi enced. At a lift coe fficient of 
1.0, the trend of moyemen L of lhe lateral cenler of pres ure 
was ouLwanl oyer lhe range of ~1ach number~ Le ted (0.25 
Lo 0.65) . 

Al lhe lowest lift coefficien t, lhe rea on for the fa ilure of 
th C'enLer of pres m e lo move outward at high :M ach 
numbers may be explained by lhe fact that the rool sec t ion, 

ACA 001 5, ha a high er criti cal Mach numbp[" than docs 
the tip section, JACA 23009 (fig. 21 ) . Although tb e rela
tion between lhe crili cal M ach numbers of Lhe two ection5 

changc at the hiO'her lift coefficient, the difference i not 
large, and Lhe failure of the center of pres Ufe lo exhibi t a 
marked oulward movem ent at high value of :Mach number 
probably can be a cri bed to lhis faeL. In add ilion, the 
small amount of geom eLric twist in Lhe winO' of this a irplane 
(about - 0.7 c from root to tip) resulL in an aerodynamic 
lwi t of about 0.4 °. (The zero-lift angle of lh e NACA 
23009 ee l ion i about - ] .1°.) Thi Lwi t tend ' to increa e 
the lift coeffici ent and, conseq uenlly, lower lhe critical 
peed at the tip at valu e of CL above 0.2, thu further 

inhibiting any Lend ency of the c nler of pre LIre to move 
ou L,,'a rd at high valu of lvlach number. 

A propo al ha been madc that all hig h- peed airplane 
wings be con tructed of con tan t section with c n tant
percenLage Lhi ckne alonO' the span in order Lo eliminate 
lateral hifts of lhe center of pres ure aL hi O'h Mach number. 
The fe ult pr enLed herein sh ow that uch a r equirement 
would unnecessarily resLrict des ign er , as only in ignificant 
lateral shift of th cenler of pr ure occurred on a wing 
,,-i th greatly clifferinO' ecl ion h ape and Lhi kne s at. root 
and tip . A more logical and Ie re tric ling requirem ent 
need specify only Lha t the cri tical Mach number be main
tained reasonably con tan t along the pan . 
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FIGURE 18.-Va,·iation of right-wi ng·panel bending-moment coeffi cient with M ach number. 

The shiH between the power-on and power-off curve of 
figure 19 for the lif t coefficient of 0.1 is in the direction that 
would be expected from the direction of propeller rotalion; 
the difference decreases with increase of peed a would al 0 

be expected. Tb reason lor the lack of a imilar f1'ect of 
power at higher values of lift coefficient i not und r tood . 

Wing-panel pitching-moment coefficient.- i wa ex
peeled, the wing-panel pitching-moment coefficient chano-ed 
sharply in a negative direction at high value of ~Iach 
number (fig. 20). Th e value of thi M ach number of 
moment divergence will be compared with the cr ilical 11ach 
number in a later sec lion of the report. Tb e change in wing 
pitching-moment coefficient requires in crca cd lownwar l 
tail loads for balance at high valu e of 11ach number. The 
magnitude of the pitcbing-momenL-coefficien t change, how
ever, is not too seriou . 

I NTER AL WING PRESSURE 

In order to determine the actual ail' load aero s the wing 
skin, a knowledge of the wing int mal pres ure i neces ary, 
as well as of the external pres ure di tribution. The pre ure 
in ide the righ t wing wa measured by r cording the differ
ence in pressure bl'tween the op n end of a tub!) in ide the 
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F'Gt·RE 19.-\ -ariation of latera l di tance from root chord to centcr of pressure of right-wing 
panel with Mach number. 

,,-ino- at lation F (fig. 7 (a)) and the fu elage static vent. 
taLion F is con ider-ed repre en tat ive, a the interior of the 

wing i \ 11 vented. Th e inLernal wing pres ure coeffi ient 

(PW;lIg~P Itn 13) wa mall and, un IeI' mo t co ndi tions, 

negali \'e (fig. 22). 

AIRPLANE L1FT- C RY E SLOPE 

The lope of the airplane lift urve dOL/do: theoretically 
incrca es ,,·i th ~1ach number. At a ertain ~1ach number, 
at 01' om what aboyc th · criti cal Yallle, the flow cond ition 
change, invalidating th e theory, and the lift-curve lope de
crea e. Th e lift-curve lope wa determined from fli ght 
data by mea Ul·ing the lope of the curve of 0& plotted again t 
the all o-Ie of attack a meas ure I by the angle-or-attack vane 
(hori zontally mounted yaw vane). The te t poin t were C011-

iderabl:r cattered (fi.g . 23 ); but, when th e data were faired 
and corrected for upwash at the vane and for deflection of 
the boom in a cel ra ted flight, rca onable agreement with 
theory was obtained, e pecially at the lower Mach numbers 
and higher liE co fRcient. Th e poorer agr ement of th e 
[aired test lata with th eory at high ~1ach number and low 
lift coefficient is in the region where Lhe corrections du e to 



20 REPORT NO. 59-JATIONAL ADVI ORY C01DHTTEE FOR AERO~-AUTI 

016 and with the lheorelical ,-alue of the critica,l Mach number " Jp\ 

.004 

-. 0 12 
o 

/ \ 

17~ CL : 1.0 
A - ._- ~ 

~ , 

.' ~ 
,+ 

"1'" .. 
> 

.if 
'-+y.0 

~ 
~ 

".n ' ,+ 

r '0:+0 ... ,-, , , + ":t~ .. 
0 \ .5 

+ 
~'o. 

.. \ 
N:+ ~~o 

0 .~ .. "" 0 
+'0 

+,,-'",+ ~ -4; " , + 
, 

~o 
-+; .2 

'I 
~ 0 t ' + 0 ~t 

' +'t+,+.+. _ +~ ~ 
,~+, " 

\ I + + 
+ 

I, ~ 
I 

1\ .I 

O-- Power on \ + - - - -.Powe r o f f 

. 2 .4 .0 .8 
Mac h numb er , M 

012 

, 

008 

o 

-.004 

-.008 

- .012 

1.0 

FWVRE 2O.-Variation or right·wing·pancl pitching.moment coefficicnt with Mach number. 

boom deflection are larg . It is quite po ible that the boom
deflection correction applied was somewhat in error it eIf, 
a the boom had two degree of tiffne s, depending on the 
normal acceleration, and, in addition, no correction wa 
attempLed for the deflection cau cd by the ail" force on th e 
boom and head. Th e e air force would be appreciable at 
high peeds, and would act in the direction to cause better 
agreement with the Ll1eory if Lh data were cOlTe('ted for their 
effect. It is strongly recommended that Iu ture measure
ment of angle of attack macie by tili method be done with 
a very rigid boom. 

Except at a OL of 1.0, the aLLer of the data docs not pel"
mit a certaining wheLhe1' or noL the lach number of lift 
divergence was reached; although at a lift coefficient of 0.2, 
there appear to be a fairly definite indication f divergence 
at a Mach number of about 0.72. At a lift coeffi ienL of 1.0, 
the lift-curve slope diverge at a t-. I ach number of 0.5, 
rcaching a value of only 0.012 at a Mach number of 0.67. 
AL a Mach number of 0.3, d dda with power on average 
about 0.01 higher than Lhe power-off value. At highcr values 
of Mach number the dilTerence, if any, is ma l\:ed by lhe 
experimental scatLcr. 

It i intere ting to comparc the Mach number of lift 
divergence (fig. 23) with that of moment divergcnce (fig. 20) 

for the wing. Thi compari on i facili tated by the following 
Lable: 

~"\Ic r of Mar 
.\ irpJanc POQI'<:'st JI or lirt moment L wing dh'crgeT1cc 

section divcrgencc 

0.1 0.62 10. 79+ 0.69 
.2 __ • H4 . i2(?) 
.5_ .55 '. i3+ .60 

1.0. .40 . 5O .55 

1)\0 definite indication of dh'crgcnce up to the ~r8cb number showll. 

It i immediately apparent that th attainment of the 
critical :'Iach number docs not pre cribc immediate changes 
in the trend of the ai rplane' characteristics, I ot only doe 
the ;"Iach number of moment divergcnce exceed the critical 
:'Iach number, buL, except at the highc t li ft coefficient, the 
:'Iach number of lii" clivergenc exceeds Lhat of moment 
clivergence. 

CONCJ, SIO 

The following conelu ion are drawn from the data pre
ented herein: 

1. A con ici erable portion of the weight of the airplane is 
carriecl by component other than the wing. The propor
tion of lift canied by the wing may vary considerably 
with :'Iach number, thu changing th bcnding moment 
at the wing roo whether or not there i a hift in the lateral 
position of thc center of pre ure. 

2. The center or pre me on the wings doc not nece sarily 
movc outward at high lIach number , even though the 
wing-thiclme s ratio decrea e toward the tip. The impor
tant factor to con ider i the variation of critical Mach 
number along the pan. The panwi e variation of wing 
section an 1 twisL are additional primary factor which may 
be adjusted to control the variation of th lateral position 
of the center of pre sure with :Mach number. It is seen 
that the extreme expedient of pc ifyino- con tant ection 
and perc en tage thickne along the pan i unnecessary. 

3. The wing pitching-mom nt oefficient increases 
harply in a negative direction at a certain value of Mach 

number ; th i yaille doc not nece sarily COlT pond to the 
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1.0 

critical Mach number, but may be considerably hio·her . 
The magnitude of the change encountered i no t too seriou . 

4. The pressure in ide the winO' relative to the tream 
static pressure varies somewhat with changes in the condi
tion of fligh t, being for the most part negative. The greatc t 
departure occur at low value of lift coefficient and high 
value of M ach number ; at a lift coefficient of 0.1 and a 
Mach number of 0.79 the internal wing pressure i a much 
as O.4q lower than the fre e- tream static pressure. 

5. In the normal speed range, the lift-curve slope increa es 
with Mach number a pre licted by theory; the tend ency 
may persi t to values of Nlach number ubstantially above 
the critical value before a reversal in trend become apparent. 
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APPENDIX 
LAG IN W1 NG -P RESSURE MEASUREMENTS 

SUMMARY 

M easurements oj lag in duplicates oj typical wing-p?'e SU7'e 

line were made in order to cletennine whether 01' not an error 
oj this type existed i n the recorded wing pressure. The error 
wa found to be negligible for the conditions encountered in 
this flight investigation. 

PRESSURE LI NES TESTED 

Two types of lines were tested, hereinafter designated a 
the wing line a.nd the aileron line. A descrip tion of each 
type follow : 

Wing line .- The wing line u ed was typical of one of the 
short lines extending from a cell on the pressure recorder to. 
an orifi ce in row L The several parts of the line arc list d 
below in that order: 

1. 'Wing orific , %-inch inside diameter, about 1 inch long 
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2. _Uuminum tubing, %4-inch in ide diameter , 16 inch es 
long 

3. Rubber t ubing, ~{6-inch ins id e liameter, inehe long 
4. Aluminum tubing, %4-inch inside diameter, 7 feet long 
5. Rubber tubing, %6-inch inside diametcr , 14 inche 10nO' 
6.' Pre u re cell , volume app roximately 1 cubic inch 
Aileron line.- The aileron lio e u cd wa typical of one of 

the lines e-xtending from a cell on the pressure recorder to an 
aileron orifice in row E . Th c several parts of lhe line are 
listed be-low in that order : 

1. Aileron orifi e, about }{6-inch ins ide diameter, about 1 
inch long 

2. Rubber tub ing, %4-inch ins ide diameter, 10 feet 3 inch e 
long 

3. Aluminum tubing, %rinch in ide diameter , 5 feeL 2 
inclws long 

4. Rubber tub inO', ~\6-inch ins ide diamete r, 9 in ches long 
5. _Uuminum tubing, %4-·in ch inside diameter, 7 feet 3 

inche long 
6. Rubber t ubing, ~\6 -inch in ide diameter , 15 inches 10nO' 
7. PI'(' sure cell, volume approximately 1 cubic inch 

METHOD 

_\.. laboratory te t e-tup was mad e in which the pr essure 
in a C'llamber wa l'e-col'ded throuO'h a hor t (abou t 6 in.) direct 
line s imultaneously with that recorded throu gh a duplicate 
of one of the te t pre ure line. Th e pressure in the chamber 
could be changed various amount at var iou rates. All 
pressurcs ,,-ere measured by tandard diaphragm-type 
press ure cells the n atural frequen cy of which i about 100 
cycles pel' econd. 

RESULT A D DISC SSION 

~\.. tim e history of typical fe ults i ho'\-n in figure 24 . The 
t ime lag in r ecord ed pre ure at 100 p ercent of the final 
pre UJ'C was olUe-times d iffi cul t to m easure (poin t a and 
b , fig. 24). For thi reason, t ime Jag was dcfined as the lag 
in J'('col'd cd prc LI r e at 90 per cen t of th e final Pl'(' sure (poin t 
c and el , fig. 24). Th e difference in maximum r te of change 
of applied and recorded pre ure wa al 0 m ea ured on the 
time 11 i lorics. 
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FIr;l:RE 24.-Time history of pre~ure Jag in typical aileron line. 
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FIGURE 25.- Lag in typical lI'ing pressure lines. 

The tim e lag and the rate-of-change diff r ence for variou 
rate of pre sure chang a rc ummarized in figul' 25. The 
actual time lag for th e typical wing pressure line wa mall 
enough to be pract ically immea lIl'a ble with th e apparatus 
employ d. A small rate-oi-ch ange cI iffel'encc fol' thi line, 
however, co uld be mea ured. It is intere t ing to note that 
the maximum rate of change of l' corded pres m e for the 
wing line wa sometime more than tbat of the appli ed pre -
ure. Thi ph enom rllon wa caused by a mall ini tial laO' 

which essen t ially disappeared before Lhe final pre Ul' \\-a 
r each ed. The time lag for a typical a ileron line varied from 
0.09 sec one! at an applied rate of change of pre sLlre of 21 
incb e of mercury pcr ('cond to 0.16 econ d at an applie I 
rate of change of pre L1rr of 140 inch e- of m ercury pel' eco nd . 
Th e rate-of-ehange clifrerelle" for this line rose a high a. 
80 inch e of m er cury pel' econd aL an appli ed rate of change 
of pl'es ure of 140 inches of mercury p l' econd. 

Th e magni tud c of pressure chaJ1O'e te ted yaried between 
values cOl'1'esponcli ng to about 2 to 12 ineh e of m ercury. 
The r esult werc found to be incIepencl rnt of th r maO'nitucl e 
of th e p re- sure chanO'c \\·ithin thi range. , ub equent to 
lhe laboratory trst , it \\-a found tba t e"en th e lo\\'e rates 
of pre LI re change u cd (21 in. H g/sec) \\-er e con id el'ally 
greater than th e highr L Yalu e. enco untered in lhi flight 
in"r t igalion (Ie- s than 4 in. H g/sec, obtainecl on lendinO'·edge 
orifices in pull-ups). Th e-se high rate of pressure change al 0 
I'e ulled in Lmbulenl [J o \\, in the tubc. The ni o'hL rates of 
change of pre lIJ'e wer r lo\\·cr than the laborato ry-te t 
rate , and al though laminar fio\\- may havc exi tt'cl in at 
lea t pad of th e- tube-s, it is con iclcl'e- d doubtful th at the 
lag ever app l'('c iably exceeded the values Sh O\Yll. 
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o CLUSION 

The e)'J'or jn recol' led pre 
line was negliO'ible for the 
fligh t inves t igation. 

lll'C' elu 
ondition 

Lo lag in th e pre sure 
cncount red in thi 
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TABLE I.- ORDIXATE OF PRESS"GRE ORIFI ES 

RowA Row B 

Orifice 

Uppcr surface Lower surface L:ppcr surface I Lowcr surface 

tallon nate v t3110n nat I,,; tallon nal e Station nate I . ordi. ,1 . ordi. j . . Ordi· . Ordi· 

1-- --- ;---1--- ---.-- ·----1---1-__ ---

1.16 0. 30 1.16 0.43 1.3 0.58 1. 
2.10 1. 21 2.26 1. 23 2.34 1.35 2.37 
2.95 2.703. 3J 2.052. g7 2.613. 14 
4.50 5.204. 30 4.854. 21 5.024. 10 
5.66 9. 77 5.54 9. 21 5.53 9.22 5. 21 
6. 94 16. 79 6. 5<1 1 . 07 6. ~8 I . 7 6.48 
7. 50 25.49 7.0 25.90 7.25 25.3 (j. 6 
7.44 36.51 7. 37 37.:30 7. 03 37.30 6.86 
6. 71 4 . 62 6. 74 51. 82 6. 12 51. 82 6. 03 
5.70 60.21 5.71 62. 5 5.16 62.85 5.0t; 
4.51 7l. 4 4.51 73. 00 3. 98 73. 00 3. 9 

L .......... . 
2 ........... . 
3 ........... . 
4 ..... ___ ... . 
5 ........... _ 
fl __________ _ 
7 ___________ _ 
8 ......... .. 
9 ..... __ ... .. 
10 ......... .. 
11 ......... . 

L. E. radius 2.29 (mcasurcd ) 
L. E. radius 2.34 (specified ) 
T. E. thicknes =0.19 I 

L. E . radius 2.ls ·(mraSurCd ) 
L. E . l1\dius 2.1 (specified ) 
T. E. lhickncs =0.17 

TABLE I.- ORDINATE OF PRE ' RE ORIFICES-Continued 

Row 

Upper surface Lower lll'fncc 

Orifice 

Slation ?,~~~- I Station Or'di
nate 

1-----·1-- - --- - __ _ _ 

Orifice 

L ___________ 
2 .. ____ ... _ .. 
3 _____ ..... __ 
4 _____ .. __ . __ 
5 ____ ... _____ 

(; ----------. 7 ___ _____ ... 
-~- ----- -- --9 _________ 

10 .... ______ 
11 __ •••• __ __ • 

I __ ..... __ .. . 
? .----.-- .. . 3 .. ________ _ 
4 ______ __ __ __ 
5._. _______ __ 
6 _________ __ 
7 " _______ _ 
8 . . ________ __ 
9 ________ __ 
10 ________ __ 
11 • ______ __ 

0.45 
I. 29 
2. 
5.27 

10.52 
24.9.3 
37.20 
45.95 
53.41 
62. 41 
76.27 

1. 64 
2.61 
3.46 
4.62 
G.OI 
7.42 
7.25 
6.71 
6.23 
5.43 
3.79 

L. E . radi ll 2.03 (measu rcd) 
L. E. radius 1.95 (spcciftcrl ) 
T. E . lhickness=0. 15 

Row D 

1Jpper Surfac Lowcr surface 

lation Ordi· lation Ordi-
nate nate 

1------ - - -
O. 9 2. 1.14 1.53 
2.10 2. 2.34 2.13 
4.08 3.92 4.27 2.84 
6.73 4.8(; 6.92 3.45 

12.41 6.02 12. 7 4.3'1 
29.27 6. 2 29.27 5.61 
48.42 6.02 4 .42 5.04 
68.62 4.34 (i .62 3.42 
4.08 2.51 4.08 1. 97 
7.30 2. 01 87. 30 1. 62 

92.36 1.01 92. 36 1.1 

L. E. raoi l! I. 9 (measured) 
L. E. radius 1.64 ( peeifi d ) 
'l'. E. thickness=0. 12 

0.45 1. Or. 
1. 29 1. 9 
2. 1 2.69 
5.50 3.57 

10.52 4.60 
23.73 5.84 
35. 0 5. 95 
45.95 5 .. 
53.4 1 5.21 
6.1.69 4.32 
76. 27 2. 91 

RowE 

'Cpper surface j Lower surface 

talion I Ordi· S19lion Ordi-
nate nate 

---'-- - --- --. 
O. 6 2.22 I. 02 1.19 
1.99 2.7 2.26 1.69 
5.57 4.32 5. 2.44 
8.21 5.07 .2J 2.68 

16.08 6.09 16.08 3.61 
30. 6 6.26 30.86 4.27 
51.89 5.36 51.89 3.75 
69.32 4.13 69.32 2.57 
80. 76 2.89 0.76 1.82 
84.88 2.28 4. 0 1. 47 
113.69 1. 19 93.69 .71 

L. E. rad ius 1. 73 (measured) 
L. E . radius 1.24 (speCified ) 
T. E. thickncss =0.19 
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y ..... ~ 

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

Axis Moment about axis Angle Velocities 

Sym-Designation bol 

LongitudinaL ______ X 
LateraL __ Y 
N ormaL __ ____ _____ __ Z 

Absolute coefficients of moment 

0,= q{;s O,"=tc~ 
(rolling) (pitching) 

Force 
(parallel 
to axis) 
symbol Designation 

X Rolling _______ 
Y Pitching ______ 
Z Yawing _______ 

N 
On=qbS 
(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 

axis) 

Y----.Z RoIL ____ ___ 
'P u. P 

Z----.X PitclL _______ I) v q 
X---+Y Yaw . _______ 

'" 
w T 

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

4. PROPELLER SYMBOLS 

D 

P 
p/D 
·V ' 
T1. 

T 

Q 

Diameter 
Gcometric pitch 
Pitch rat io 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT= ;D4 
pn 

Torquc, absolute coefficient OQ= ~n., 
pnJf 

p 

O. 

n 

Power, absolute coefficient Op= ~D5 
pn 

5/ V 5 
Speed-power coefficient = " ~n2 
Efficiency 
Revolutions pel' second, rps 

Effective helix angle = tan-l (2:rn) 

5. NUMERICAL RELATIONS 

1 hp=76.0<i kg-m/s= 550 ft-Ib/sec 
1 metric horscpower=O.9863 hp 
1 mph=0.4470 mps 
1 mps=2.2369 mph 

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


