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PREFACE 

The brief and rdther elementary chscussion of the subJect which 

is contained in this report was undertaken primarily to furnish infor­

mation for inclusion in a publication addressed to private pilots. 

Upon its conpletion however it was concluded that considerable abridg­

ment would be necessary to serve the originally intended purpose, but 

that the entire paper was of sufficient value in that it sheds con­

SJderable light upon a very confused subject and also in that the 

Ta':lles contained herein represent the only general study which is 

known of the effect of wing and power loading upon the items of per­

formance treated, to warrant its separate publication. A part of the 

calculations involved in the preparation of the Tables was done by 

Mr. M. E. Gaydos and the report has been prepared by Omer Welling, 

Chief, Flight Analysis Section. 

APFROVED BY:&_L /'{;_1 
Olief, Flight Enginee and 
Factory Inspection Dl.vJ.Sion 

(a) 
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IN'l'RODUGTION 

Those wbo fly W';Jlailes are r.ecessarily concemed with altitude -
\ha altitude of objects OX" points of terrain on the surface af the 
earth a.a well as the al:!,itude of tha airplall8 in arder tbat proper 
clearance above tbs .i'ormer of ihesa may be maintained and also became 
the performance of the aii:;,lane is apparently affected b,y altitude, 
being gener.llJ.ly reduced nth :l.ncreasing altitude. Altitude is, of 
course, a vertical dimension - USllB-~ that from sea le'7el to the 
point involved - and the &!.titude of points or objects on tbEI surface 
of the eartb is ordinarily- !!lll&sured ti,- IIBBn& of s1Jl'V97i.ng instrlmltnt.s. 
The use of thees instruments to 111?a.sure the altl tude of an airplJlne 
in flight is o'briously" ili!.pi'acticable if not impossible and it bas 
therefore, be,m necess&r7 "GO rssort to some other means foJ? this pur­
pose. Tbs instrument alllloeit un:iversal.J,y so used is the altimeter but 
in order to undeNtand wbai tills instrment rea:l.ly measures, the 
relation of the measurement to altitude, and the nat'll1'8 of the effect of 
altitudll upon the pert~ of an airplane it is necessar,y to devote 
1101111 attention to ibe nature of the air in which the airplane operates. 

MPllHANICAL PROPERTIES OF THP: ATMOOPHERB 

The atmosphere surr01!Blds and rests upon the IIUJ"f&ee at the earth. 
Bach square foot of tbe earths surface supports approldmatel.7 21 100 
po'llllds of at.mospbsre. The at.mosphere is made up of a1r (which is a 
llinun of gaaes) water vapor, smoke and dust particles and otbar 
SU11p811ded material, but mschanieally it may be eonsiderea to be air and 
tbs air a gaa. ill. gaaes are CO!lp"essihle 8lld tbe meehanical p-opertiea 
are saoh that the night of a given vol'lllllll af the gu ia direetq 
proportional to the pressure to which it is aubjected and ilmlrselJ' 
proportional to Ula absolute temperature (degrees, Fllbrenbeit plus 459.4). 
'1'hua tor uapla, a cubic toot or air at tm normal na leval p-es111N 
of 2,UB pounds per irqure foot and a teperat11N o! 59°F weighs 0.0765 
po'llllds. If iba taperatve "9JDll111s constant but the p-esaure is doubled, 
the weight of. • cubics foot of al.r is doubl6d. If the pressure remal.1111 
aC11111taut and the t=p;irature ia elevated to 12001', tbe wight will be 
redueed to~ 

0.0765 X 59 • 4S9o4 a 000685 pollllde 
l20., 459.4 

'llr 89■6% ot the origlnal. 1Jt1igbt0 

The pressure exerted b,y the atmosphere upon tba 1111rtaoe of t.be 
earth or upon objects imerired 1D the atmosphere is dm to the waight 
of 1h11 air above t.he level at which the presnre la •U111'9d. U tbs 
11'8ight of a cubics foot of air remained constant at an,y sltl.tud& as tbe 
11'11ight of a cubic toot of wa'ter does remain substant1&1.'.q constant no 
matt.er what the depth below the surface, then 1he atmoapberic·preaaUl'II 
would decrease 0.0765 pounds par square foot for eaol!. foot of,altitllde 
ga:llled and 1111uld beccme zero at an al ti tllde of approxlm&tel.J' ~ ,670 feet, 
illdiaating ttiat al ti tvde to be the extent of the atmosphere aboft sea 



level. As the pr-CBPi))g paragraph has indicated, however, tbl weight 
ot a cubic toot ot air does not remain oonst&nt with altitude xt 
rather tends to decrease with increasing altitude due to the corres­
ponding reduction ot pressure. 

Due, hClll'ever, to the tact that tm t.am.perature ordin&ri~ decreases 
with increasing altl.t'llde, the weight ot a cubic toot ot air tends to 
increase with illcrealli11g al tl tude. The ettect or the decreasing pressure 
is muoh greater than that or the decreasing temperature however, and their 
combination produces a net decrease in weight 111 th in:reasillg altitude 
such that 1111der normal oon:1it1ons it is only halt its sea levsl valllB at 
an altitude ot 211 850 teat and tm pressure at an altitude ot 27,670 
!eet is not zero but rather still approJdJDately 35% ot the sea level 
valua, Final~, the upward extent or tile atmosphere is theroetica~ 
1.nfilli te and is known to be several. hundred miles, 

1 The toregoillg discussion ilidioates thllt if 1he temperature and 
atillospheric pressure at oll!I level may be masured and 1t the temperature 
at all intervellicg altitudes is known, then the pressure at any other 
altitude may be determined by calculating, as has been illustrated 
above, the weight ot each interveni.Dg cubic toot ot a1r an:1 adding 
(it the mnr altitude is less Ulan the original.) or subtracting (it 
greater) the SU111 ot thees weights to or trom. the originally lll!asured. 
pressure. That is, the pressures at all altitudes and the oorresponcling 
unit night.a ar densities are interrelated by the temperatures which 
erlst at all altitudes, or, the pressure and corresponctt.ng density at 
aiv altitude are determined by Ule pressure am temperature at sea 
level and Uie tem.peraturesat all interveni.ng altitudes. 

THE STANDARD ATM:OSPHBRB 

It is a matter or 00111110n knolrlsdga t.hat both atmospheric pressure 
and teinperature at sea lswl vary trom. time to time at a given station 
as well as trom station to station at a given time. 'l'hus for example, 
at almost &11,f statl.on in tat United States the presSUN may vary over 
a range ot 70 or 1110re pounds per square foot and the tem~ratire over 
100 or more degrees Fahrenheit during the course of a year. .Also, the 
rate at which temperature changes 1li th increasing altitude IIIIIJ' Val7 
trom m increase of 1 ° or 2°F to a decrease of 5° or 60F per thousand 
toot ot altitude at a given altitude and further, mq vary trom. 
altitude to altitude abow a given station at a given time. Final~, 
it is as yet a practical impossibility to predict or forecast what 
these values cf pressure Cid temperatUN will be more than a tew hours 
in adv,nce of tm time of making 1b, torecast and for this reason, in 
order practical~ to deal w1 th the atmosphere !or certain purposes, it 
is mcassaey to resort to an sppro:rlmation which may be coDSidered in­
variable. 

The approxi.uiation by 001111110n agreement, almost universall,y used, 
is-cal.led, "The Standard Atmosphere• and it is based upon the tollOll'iqi 
asaumptionas 



a. The atmospheric pressure at sea level is invariably 2,US 
pounds per .;quare f'oot or l4,7 pounds per square inch, or 
29.92 incbas of' mercury. 

b. The ~rature at sea level is invariably 59°F. 

o. The temperature invariably decreases IIIlif'ormly f'orm 59° at 
aea level to -67°F at an altitude of 351 300 feet, i.e. the 
temperature decreases 3. 566°r per thousand foot of altitude 
.from sea level to 35,300 feet and not at all above that level. 

The nlllllbers involved in these ass1llll.ptions are approximate mean or 
representative values of a great many actual measurements of pressure 
and temperature at various points on and above the surface of the earth 
at various interval& of t:illle and these measuramants indicate that the 
probability of deyarture of' a particular 1111asurement from the •standard8 

value is a 111Uilam at or near the surface of' tm earth 111d generally 
decreases 'Id.th increasing altitude. As has been in:licated earlier, ' 
these &sSlllll8d ftl.1lll!IS o:C a sea level pressure 1111d tsmperature and of 
temperatures at all altitudes de:Cine a pressure and a density corres­
ponding with each al ti. tude and the atlllldard atmosphere is ord:illarily 
presented in the form of a table llhoring !or each of' suitable altitudes 
the correapoDding pressure, temperature and density. 

THE ALTillETER 

The altimeter is bssical.l;y an instrument which measures atmospheric 
pressure. It does not measure altitude directly, In spite o:C this, 
however, the dial is graduated in feet of' altitude and the instrument 
is so designed that 11hen it is subjected to a given pressure, the 
pointer on tbe dial indicates the altitude at which that pressure occurs 
in tlE standard atmospbare. The reading o:C the instr1111ent may or may not 
be the actual altitude depending upon how closely the actual conditions 
of pressure and tcperature correspond with those ass1J11ad by the 
standard atmospbare. For example, the Civil Aeronautics Admi.nistratiOD 
assumes, for the purpose of investigation of the power pl.ant cooli~ 
characteristics, a very hot day such that the temperature :Crom sea level 
to an altl.tude of 5,000 feet is llOOF. If, on such a day the atll'ospheric 
pressure at sea level is that asS1lllled l:l?' the standard atmosphere,namaly 
2,llS pounds per square foot or 29,92 inches of mercury tbe pressure at 
an alt.i tude of S,000 feet will be auch that the altimeter will read 
4,500 feet. I!, however, arid this is quite possible, the barometer at 
sea level reads 30.42 inches of mercury, then at 5,000 feet the altimeter 
will read appro:ziuteq 4,000 feet. It may thus be seen that the 
altimeter reading is onl,y an approximation to the alt!.tude and tnit th, 
maxim1111 error likely u, be encountered is o:C the order 11000 feet. 

Whan the al.tiDElter is used to provide clearance between an airplane 
in :t'll&ht and points or objects upon the surface of th! earth, allcmarn.e 
is ordinarily made fbr 1he possibility o:C error by providing a margin 
great enough to permit some clearance in spite of tbl error. When used 
to indicate vertical clearance between two or 110re airplanes in fiight • 
t.he altimeter ia ordinarily a more precise i.nstrunent because at the 



same altitude all macli'!lllicall;y correct i,;,truments will shw the same 
reading no matter what tm relation of tr"' reading to the actual altitude. 
Also, oarti.in lllt:Lmetars are provided with Bil adjustJ!Bnt such that U 
tha atmospheric :rresBUl'II at aa.t lewl dir,rntzy below too airplane :l.s 
known, fua :lmitr\llli9nt mn.y bo ::!llt w thu't p1'\°ls:mro and thus praetieiuly 
elimincta ti.a o.-ror dllfl to daparl,un, of I.he pl'es5ttre fi-om tbs •standard" 
vBl.110 \'lhi,~h h:c,i bsan pointed out in the pr.seeding pl&ragraph. 

'.CtG J::li'Fl!CT OF AL'l'ITUJ)!5 UPON AmPL'!Tl! PERFORJJAt.CE ........ ~- _.......__ 

In tr.a light at tho foregoing discussion, it is now possible to 
consl,for th.~ p;rfarmJ1co of the ail!'plane and tll9 apparent effect of 
altitUde upu,1 thf s. Par.f'ormanca includes such i tams as take-<1ff 
dist11J1,1a, N,'to of .ilimh, stalhng speed, er..d.urance, ceiling, ate. but 
no att,;mp,; wilJ 119:rll be made to deal compi:-ahansl. vely with all 1 tei:i.s of 
performaneoc I:nsooad, take=of.f distance, rate of climb, and stalling 
speed aro se]actad as being of greatest lnterast and suf.ficiently­
l"Gpresentative of all perfo:rm.ancs to illustrate generally the apparent 
effact of altitude upon performBDCe and the following di11cussion of 
these is confined to consideration of an airplane equipped wi 1h an 
unsupercharged or "sea level" engine and a fixed pitch propeller. 

a. Talm-Of.f Ground R\in 

The purposo of the take-off ground run is to accelerate the air­
plane from a r;tandil'.lg start (zero ground apaed) to tha milllmum airspeed 
at which !'.light ls possible or safe. The force producing the acceleration 
is tha dif.forence between the thrust exerted by 'the propeller and 1he 
relld,stanca to moving offered cy- tbe airplana-. The thrust results from 
th9 power dravm from tbs engine and is, at a given airspeed and density, 
very nearly proportional to 'Iha power. Tilll resistance to motion is ma.de 
up di the rolling resistance of tile landil"jg gear wh9els and the air drag 
of the airplane. The minim.um .11,irspo,ad which 111ust be attained is that 
at whieh, for the airplaoo attitude involved, the lift, equals the weigh~ 
of the airp1am, The distance, speed, and accelerating force are so 
interrelated that, for a given .force, tlw distance is approximately pro-

' portional 1D tha squara of tho spsed, i.e., if the speed is increased 
20%, tll9 distance increases appro:id.m!!.teq tJ,!/,, etc.; or• for a given 
speed, th3 dlstance is. :i.nvarsely proportional to too force; i,e., U 
tbs force is doubled, The distance is halved. 

Tm illt, am drag fol"ces acting upon an airplane are at a given 
airplantl attitude, directly proportional to the square of the airspeed 
and to the denaity or weight of a cubic foot of air; i.e., at a given 
density,_ i:C tlut 9P,<!ld is doubled the foi·c" are ir.c.raased to four times 
their original value or, at a given spsad, ti' -the denSity is halved 
tbe forces Ill o ha.lvedo At the en!i or tlw take-of! gromd' run tba lift 
load on tit? :ilrplane mu.<rt. equal its weight no II.'.'. t.t.er what 'the caabination 
of IUi"SJllfld .mil density involved and for this reasoa, it: at one time 
tb9 density or weight of the air is less than at another, th, above 
relation ind:lcatas that the spaad lllll3t bG gi•aa.ter in order that density 
times the sqllllro of airspeed, and thsrefore lift, remain the same.· 
lllder tb&se eonrlit:i.ons, as indicated by '!he preceding para.graph and 



due to the mcessary in::rease in airspeed, the take-off distance m.ll 
incr.ease aai, in general, tends to increase in pt'Oportion as density 
or weight of the air decreases. Also, sin::e both lift !llld drag are 
proportional to the same produot of denai ty and the squere of airsP3ed 
and furttie r, sin::e tiB lift must always equal the weight of the air­
plane, therefore the drag remains constant no matter what 1be density 
and necessaey airspeed for take-oft. 

'Ihe powar developed by an engine is proportional to the weight ot 
tba mixture of air and .fuel burmd in the cylinders in a unit o.f time. 
The volume o.f the Jllllture handled by the engine in a unit o.f tLme is 
approximate~ proportional to the RPM at which it operates, since tiB 
dLmnsions of the cylinder, that is, its bore and stroke are fixed. For 
this reason, 1£ the engine opgrates at a given RR!, as the density or 
weight of the air entering the cylinders is decreased so is 1he poll'er. 
As has been indicated qp- the previous discussion, the thrust developed 
during the take-off run is very nearly prooortiaial to the pClll'er and 
therefore, the thrust is also approx:imatel,y inversely proportional to 
tle dens!. ty or weight ot a cubic foot of the air in which the airpl.am 
operates during take-off; that is, if the density is reduced to 80 
percent of its original value, the 1hrust 11111 also be reduced to 
apprc.lCl.lllA tely 80 percent o.f its original val Ill. This msans that the 
accelerating .force dir:i.ng the talm-ot.f run, which is equal to thl!I 
difference between the thrust and the resistance of the airplam to motion, 
will also be reduced by an even greater amount. If, for example, un:ler 
the original comi tions tbs resistance is 25 percent of tha thrust, 
lsavtrw; 75 percent of the thrust as an accelerated !Orce, tilen a reduction 
ot the thrust to 80 percent of its original value will reduce the acceler­
ating force to 55 percent of the original value at thrust. It bas been 
stated above th8 t the take-QC f dis tanoe is inversely proportional to till 
accelerating force. It fol.lows therefore, that reduction in density, 
which reduces the acceleratl.ng force, mcessarily increases the takl!l-off 
distance and does so at a rate which is greater than proportional to tne 
density. Combining tbs two effects of denB1ty-upon tiB take-off distance 
which bltV-e been discussed above, it must be concluded that tbe take-of'f 
die ta.nee increases with reducing density at a rate which is some'llha t 
greater 1han inversel7 Jll'Oportional to the square of tbs densit7. 

In order to 1.Diioate the magnitude o.f this effect Table I has been 
J]l'epLred. Since tbt relative magnitude ot the effect depends also upon 
the i:articular oomblnatl.on ot wing loacli!lg and power loading involved in 
a gi'V9n airplane, the tabls considers various wing loadings and, for 
each, several take-of! power load~s over the range likely tD be en­
countered. The power loading is 1be weight of the airplane divided by 
the rated t.ake-off power of the engine (or their sum it more than om 
engim) at sea level. 

b. Rat.e of Climb 

An airplam climbs because the thrust boreepower available trom the 
engine is in excess .:,! that required far level flight at the s1111111 airspeed. 
The power 1s by definition a farce times a velocity. The thrust horsepower 
is thlrefore, thrust times the speed of fiight and the polfer required tor 
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level £light :is the drag of the airplane times the speed of t'light. It 
has been seen in the discussion of the tak~ff distance, tt.at, 50 long 
as the lift force on the airplane remains equal to "the weight, the drag 
will remain constant. In any straight and steady tl.ight condition the 
lift load 011 the wing is approximately equal to the weight of tbs a:lrplaie. 
S:ID:e, as bas been pointed out above, tbe drag is proportional to the 
product of densi t;y times the square of airspeed and parer is equal t,o drag 
t:lmee airepeed it follo..s that power required is very marly proportional. 
to the cube of the airspeed times the density. The thrust horaepower 
available is equal to the brake horsepower of qine ti.DBS the propulsive 
efficiency and ge111rall;y tends to increase with increasing airspeed. Siole 
tbe rate of clilllb res'lll.ts from tm difference between thrust horsepower 
available and power required, it is usually convenient to plot these two 
quantities against au-speed as has been done in Figure 1. As bas been 
pointed out in the discussion of the take-off distance, the brake horse­
power and 1herefore, th, thrust horsepower are approximately proportional 
to the -density. This is indicated b;y several Clll"ves of thrust horsepower 
available for each of several densities in Figure l. As 'the density 
decreases the speed required for level fiight iri:reases in order that 
the procmct of density times the square of velocit;y am therefore tht 
lift remains constant. Since the velocity must increase so therefore, 
must tl:11 horsepower required for level fiigb.t. This is also in:licated 
by several curves on Figure 1. The combination of these "bro effects 
of dens!. 'IF upon horsepOll'er required and thrust horsepower availabla 

- is 1111ch that 'the difference between these two powers and therefore, the 
rate of climb reduces with decreasing densl.ty. The magnitude of this 
effect is illustrated b;y "the quantl.t,- llhawn in Table II, 'llhich also 
consl.ders wing and power loadi~ • 

c. Stalling Speed 

The stalling speed of an airplane is the lCllfest speed at which the 
litt load on the wing may be equal to the night of th! airplane. For 
the reason ihat the lift load is proportional to the product of densit;y 
and tb9 11quare of speed, it follows that if the density be reduced tl:B 
sp,ed must increase in order that this product remain unchanged. Table 
III has been prepared to indicate the magm.tude of this variation. 
'!'he stalling speeds shown in tbs Table are representative of thoS9 
which 110uld be obtaimd for a plain wing wi:thout. any high lift. devices 
Tbe;r will 'not necessarily correspond with the stalling speed far any • 
particular airplane, but such comparisons as it has been possible to 
make between these SJJEI eds an:i tbs results of actual tests indicate 

, that the values shOll'n in the Table are representative of the results 
of tests far airpla.ms of good design. It should be borne in mini 
that the stalling speed here discussed is the actual speed of the a1r­
plall! with respect to the air through llhich it moves. It is not the 
speed with respect to the gro\Uld nor ;yet the •speed• read from tha al.r-­
speed indicator except Wlder a very SJJElcial set of circumstances 
alinost never encountered in actual night in an actUBl. airplane. The 
airspeed indicator is however a pressure instrument and is so cali­
brated that when corrected for all !mown errors associated '111th its 
installation its reading is independent of density, 1. e., for an 
airplam of a given wing loading and at a given outside al.r temperature 



the indicator will read the sama at ths stall at any &l ti tude. 

CONCLUDING RJWARKS 

It lll8Y be noted that each of the items of performance considared 
above has been related to the density or weight of a cubic foot of 
th!! air in llbich the airplam operates and flll'ther that as this weight 
of a cubic toot ot &1.r decreases the take-off distance is increased, 
the rate of climb is reduced, and the et.ailing speed is increased. 
Nothing hal!I been said about altitude. The apparent effect ot altitude 
upon these, ar ior that matter, any otblr items ot performance, is dull 
preciseq to the fact, as has been indicated earlier, that th! density 
of the air tenda to decrease with iDCreasing altitude. Tb.18 reduc ti.on 
in density l!ith increasing altitude is however, due not to the altitude 
but to the presswe lilld temperature lihich mq e:x:l.st at an al ti. tude. 
In o:t.bar words, altitude as su,c;h has no effect upon performance at all 
but preHure 1111d temperature do effect it critic&lq and there hap:p3ns 
to be an approldlllate relation among altitude, pressure, lllld temperatun, 
sucb that altitude appears to affect perfarmance directly. This illusion 
ia tlll'tber l:mightened tv 1be tact 1hat the atmospbsric pressare gage 
(&lt:imster) in the airplana is calibrated 'ID read feet of altl.tude. 
Since the altimeter measures nothing rut pressure, it yields no 
information ooncerning the weight of the air and this can onq be 
learned b)' considering also thl!I temperature. Tables I, II, and III 
have th9refore, be.en irepared in terms not of altitude or densit;y, 
neither ot which mq be me&l(ured directly by mans of sny i.Dltrument 
installed in an airplane, but rather in terms ot •altimeter readiilgH 
(i.e. pressure) am outside eir temperature. With a aansitive alti­
meter, thia reading should be taken nth the instrum,nt set at 29.92 
incbe11 of merCUr'J'• 

The cal.culationa involved in the preparation ot tbs tables are 
outlined in Appendix I. 
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APPIDIDIX I - CALCIJLATI0R:l 

The calculations upon wblch Tables I, II, and llI are based asS\11118 
thi> .:!'planes equipped. with sea level engines and f:l.xsd pitch propellers. 
They further ass1Jdl8 that, for an engine operating at fixed throttle 
setting and RPM in the i,tandard atmosphlre, tbe variation of power 111th 
densiw- is: 

BHP .. 1.132 ek® -.132 ___________ c1> 
BHP0 

and, for departures of the temperature from the standard value for a 
given pressure 1.n the st.andard atl!lospbere, the variation of power is 1 

ID!E _; ffi" 
BHPO 1T 

_______________ __.,2) 

An anal,ysis of the 105 airplanes of Appendix IV to Flight Engineerillg 
Report No. 5 indicates tbs ma.xi.mm lift coeffic,ient to increase with wing 
loading at a rate approximated very closely by the following equation which 
has been used throughout. 

c:C.X = 1.20 + .0152 w _____________ (3) 

Although the actual variation of RPM 8Ild propulsive efficiency at 
constant throttle settlng and indicated airspeed with density will actually 
depend upon the selection of a particular propeller for a particular 
airplane engine combination, it has been assumed that thsse remain constant 
and further, that under these conditions, the J:!OWBr output of the engine ill 
proportional to RPM. 

The following have also been assumed as representative and constant 
values, 

Coefficient of Rolling Friction,,..cu., 0.050 

Minimum Parasite Drs.g Coefficient, Cn
0 

• c.02750 

Atmospheric density has been calculated by m,ans of the following 
expression 1 

~ = .0412 x Pressure ("HG~ (4) 
Absolute TemperatureOF) 

The calculations and tba remainder of the assmptions are outl.ined 
below for each of the items of performance considered. 

TAB-OFF GROIJND RUN 

The take-off gro11!1d run may be expressed1 

St- : Vt-a 
0 2a 

Where: V :: the take•-c.ff spa ed in feet/ sec. 
a = an effective constant acceleration. 

I~ l 



'I 76 

It is assumed that, 

Vt-o = lol V9 • l.l f'rw' 
i~ 

Now: 

a = & (T -R) 
w 

and: 

T = 550 BHP 
, 

Va 

Also: 

R ~W + ½ ev: f, where w • airplane weight; 

That 191 

a is a function of velocity during the take-off ground run am thll 
expression for R assumes the airplane to operate at zero lift throughout 
the run. The actual calculation of the variation of a nth Va for a great 
many cases indicates the actual value at V ""o.70 Vt-ec, is a ver,y close 
approxilllation to the effective constant v.ifue involved in equation (S)o It 
is tb9refore- assumed that: 

Then: 

T., 505 BHP? .. sos BHP 2 ~max 

.I rc1mu. 'V 

=, ... s ... 596 ... f 
c1max 

Where ' = wing area in square feet. 
Nows L' = CD S • Q.0275 S 

0 

• • • R =....,..> w S + .0163 • S • ,r S 

c¾iax- CLrna:r 

C jp, L + .0l.63), 
nw,: 

anr': a = g r2os BHP ,5wl • ____ s __ _ 
c r c1max 

I 2 



= g 

,. K 
p 

Finally: 

CL -p...-, m.ax 1w -.0l6J 

c1ir.ax 

JE7w 

The solution of this equation con taimd in Table I l.S hased upon 

( 5) 

the assumption that the propeller has been so selected that at 7CYI, of the 
take-off speed the engine turns 9(Yf, of the rated RPM and the propu1s1,ve 
efficiency is 0.450. Then: 

P•W 
B1iP 

BHP• BHP
0 

(l.132 e/t0 -.132)f~s 

lf!P0 = Rated Take-Off Power 

f 0= .002378 Slugs per Cubic Foot. 

RATS: OF CLIMB 

The rate of climb of an airplane in feet per minute may be e,cprassad 1 

Now: 

C = ,23,000 
w 

- E' f v:l 
1,100 

S, 
f : o S : 0.0275 s, ... nd, AR:;; L, 

s 
Also1 

w:;?[, ... ndp=- W 
S BFi? 

I - J 

2 
"hence I b :;; ABS 



Ma.ld..ng these substitutions1 
ec 

C = JJ"OOO ( ., - Do v3 - 2 w 
, p 1,100 w 5501ft e ARV 

For tha purposes of Tabla II, it is asSUJ11Bd that 1hs climbing airs1>.Jed 
is 150 percent of the indicated stalling speed; i.e. 

V : 1.5 12 VI "' 2.120 c:1. 
1 -e . Cr. ..j «t 

Calling: 

CD ., 0.0275 
0 

, ., 0.70 

e = .75 

AR = 8 

Thens 

C : ?'.;,000 
/• 

p 

'"'lDax max 

Representative Values 

STALLING SIEED 

______ (6) 

V = 00 68l8~w 
s Tc 

________ (7) 

1inax 

I-4 


