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NATIOMAL ADVISORY COMI'IITEE FOR AERONAUTICS

ADVANCE CONFIDINTIAL REIORT

FLIGH! INVESTIGATION OF T¥E VARIATION OF DRAG COZFFICIELT

WITY MACH NU?BER FOR THE BELL P-30l=1 ATKPLANE

By Welko E. Gasich and Lawrence A Cloucing
SULTUARY

An investigation of the effoct of comprossiuility on the
drag of a Boll P=39N~l airplane has been made ir flight as
part of a drap study on sevoral high-speed alrnlanes currently
in productions Tho lach rur':er range covered in these tests
was from @,2 to about 0,8,

The rdnimum drag coefficient at low Mach numbtor was found
to be 0,022, The drag coefficient etartecd to incrcase 2t a
iach nuwrber of 0,62, reaching a value almost three times as
great at a Mach number of 0,70, From the rosults of the teasts
it appears that tho terminal Mach number for U.e airplane dur=-
ing a dive from service ceiling is about 0,30,

INTRODUCT ION

One of ihe compressibility effects which occurs on air=
planes in {'light at spoeds approaching those o' tho speed of
sound is that ol a large increase in the airplauc drag coef-
ficient. Tho lach numnber at which this dras increaso occurs,
ard the ability to predict its magnitude, 1s a subject of in-
tenso rosearch at present, because tho high~sneed porformance
of modern airplares iz affected by the nature o the drag in-
crease, Also, the terminal dive speed of airplanos is doter-
nined to a largo oxtent by the nature of tho increase of drag
at high Mach numbors, At present, reliable full-scale data
on tho drag oharactoeristics of airplanos at high lach numbers
are quite limited,
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As a result, the Ames Aeronautical Laboratory has under-
taken drag.investigations in flight of sevoral high-speed air-
planes currontly in production, The present invostigation was
ocnducted to dotermine the manner in which the drag ccoffie
cient of a Bell P-39N-l airplane varied with Mach number,
Meacuremunts were taken up to the highust value of Mach number
attainablo,

In conduoting the invostigation, it was found necossary
to devote special study to the tochnique for the determination
of drag charactoristics of airplanes in flight, A description
i3 presonted heroin of the methods used, and tho results ob-
tained through tho use of different methods of computing the
drag aro corpared,

SYMBOLS
In tho derivation of the formulas by which the drag coof-

ficient is obtained, tho following symbols are useds

F totul force parallol to flight path acting to accelerate
tho airplano, pounds

distance through which force acts, feet

mass of airplane, W/g, poundeseconds squared per foot

weipght of airplaro, pounds

accoleration of airplanc along £light path (in direction
of '), feot per second squared

accoloration due to gravity, feet por second squared
true altitude, fcet

true eirspeed, miles per hour

total drag of airplane, pounds

dynamic pressuro, pounds por cquaro foot

ving arow, square fecet
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total thrust, pounds

the algchraic sum of the conponents along <hs airplano
Xaaxis of the airplane acceloration and the accolora-
tion duve to gruvily in terms of the slandard gravi-
tational wnit {22.2 ft/scc®), positive shou directed
forvard

lorngitudinal acceleration factor due to attitude of air-
planc in torrestrial gravitational field

longitudinal accolcration factor due to accolcration of
airplano through spacc

the alzelraic gum of the comporents, along itho airplane
Z-axis, of the airplane scceloration and the accela-
cration due to gravity, in torms of the standard
pravitatiooal unit (32,2 ft/soc®), positivo whon di-
rocted upward

noraal acceleration lJactor duc to attitudo of airplanco
in torrostrial gravitational field

normal acceleration fuctor due to accoleratiion of air-
planc throush space

anglo of flight path as moacureéd from horizontal, degroes
aagle of attack of thrust lino, degroos

Mach angle
DESCRIPTTON OF TilE AIRPLANE

Tho Boll P=39N=1 airplane is a singlc=pluce, low-wing,
cantilever monoplane powerod by a 1200 brake horsepower (tako-
off rating) Allison V-1710-85 liquid-cooled engino driving a
throc=blade Aeroproducts propellor. Figurc 1 is a gcneral-
arrangement drawing of the airplano. Fipgure 2 is a photograph
of tho airplane as instrumontcd for the flight tests, Tho
following speoifications of the airplanoc were takon almost en-
tirely from rcferences 1 and 23




Airplano, genoral

SPAN » o o o ¢ 6 8 6 s o b o o a s e
Longth..o.......-..-c

Woight (normal end spprox. ns flovn)

Center of gravity (for normal gross

weight and approx. as flown)e «

Wing
Airfoil soction,
Airfoil cection,
Aroa ¢ o o o o o
Engine
TYPE ¢« o o »
Ratings
Tako-off

Military
lormal . o

Gear ratio .

Propeller

TYPO o« o o o

Blade design . »

Humber of blados « o «

Activity factor/blado o & o o o o
Thickness ratio, 75-percont radius

Dinmeter ¢ » o« o o 06 0 ¢« 06 0 ¢ o «

HACA ACR lo. 5D04

34.0 £t
20.167 £t

7629 1b

04285 11eAaCe

EACA 0015
HACA 23009

213.2 sq ft

Allison V-1710-85

(bhp/rpm/altitude)
1200/3000/s08 level
1125/3000/15,500
1000/2600/14,000

2423:1

Aeroproducts,
constant=-speed,
hollow=shaft
A-20-166-17

3

98.5

0.08

11 ft, 7 in.
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INSTRUMENT..TION

Standard NACA inetrumonts were used to rccord phetograph-
ically, as a function of time, quentities from which the fol-
lowing veriables could be obtained: indicated airspced, pres-
sure alt‘tudle, normal accoleration, lougitudinel ccccleration,
engino manit'old pressure, cngine speed, and approximnte angle
of attack of the thrust line, The instrument for measuring
longitudinnl accoleration was made ospecially sensitive for
lie purpose of tho tosts,

Tho recording instrum-onts, as installced in the airplanc,
could te road te %2 milos per hour for tho indioated airspoed,
#200 foet for tho altitude, £0.1lg for tho normal acccleration,
+0,01g for tho longitudinal accoleration, £0,& inch of mercury
fer the manifeld pressuro, £20 rpm for the cngine speed, and
£0,2° for the angle of attaoke

The tamparature was moasurod by the pilet's sorvice theor=
memetor, Tuamperaturo surveys were mado in ascending and do-
sconding flight in an offort te oliiinatc errors in tomperae
ture rcading caused ¢y the log effoct in the systams The
average taaporaturc read was cerrccted for tho tampoerature
riso oouscd by tho cempressicn of tho air duc to tho spcod ol
the airplano,

The head used for tho airspecd and altitudo mcasuraacnts
was frecly swiveling end wos mounted on the cnd of o beom ox-
tonding abeout 4 fect choad of tho loading cdge of the right
wing at a spanwiso location about 7 foct inbeard of the right
wing tip, The airspcod hond consistod of two soparato static-
prcssuro tubes (ono of which was conncoted to the airspced re-
cerdor and tho other to tho altitudo rocorder) with a sinzlo
tetal-prossure tubc located butween thems The airspecd and
altitudo rocorders wero mountod in the right wing at tho baso
of thc bocine Theo total- end static-pressure lincs to the air-
spced recorder woro balanced so that a suddon prossurc change
cqually applicd to beth total- and static-pressuro linos at
tho airspeced hoasd causod ne roading of the airspeed rocordcer.
The 1lines te tho alrspscd rccorder and altitude rocorder were
of obout the samo length and size, being about & foot leong
and of 0412 inch insido dismeotcr, Tho mognitudo of the lag
offocts in tho altitude and airspoed rocording systcms was
neasured by a cpeoially built ground setup,.and was feound in
both cystems to bo sualler than an crror in pressure equiva=-
lent tc¢ § fcet of altitude with the airplano in a dive at
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terminal Maoh number, Tho recording and servico static heads
ware calibratod for position error by comparirg the roadings
of tho recording and sorvico altimeters with the lmown pros-
sure altitude as the airplene was flown at several speods past
a refereroe heights It was assumed that the correct total
prcssuro was obtained, Calibration of tho rocording head in
tho /mes 16-foot wind tunnel showed that the error in recorded
airspeod, due to the dif'ference in }ach number ootwoon the
hiphost value obtained in the flight calibrstion (0.50) and
the highest value obtained in tho flight tecsts (0.80), was less
than 1 pereconte. Indica*ed airspeed, a3 used in this report,
was computed accordirg to tho formula by which standard aire
spoed motors aro graduated (gives truo sirspoed at ctandard
son-levol conditiors). Tho formula may bo vritten as follows:

H- o.z28e 1/2
v, =708 | (224 1) -1
P, }

v correct indicated aircpeed, miles per hour

vhoreo

H free-streum total prossuro

el frooestrosm static pressure

Pn standard atmospherio pressure at sea lovel

Tho angle of attack of tho thrust line wss indicated by
a vano mounted on tho forward cnd ol a boom located at a spane
wigo station 6.7 fect inboard from tho loft wing tip and cxe
tcnding 343 foot ahced of the wing leading edge similar to the
airspeedehced installation. Tho angle of attack as moasured
by th*s vano wans used in this analysis without any corroctions
being applicd for position orror,

METHODS OF ANALYSIS

It was found nocessary in tho course of these analyscs,
as will bo oxplained latcr, to calculato drag coofficient from
high-speod=dive data {or t'ach numbers above 05 and from spood=
powor donta fou }Mech numoers below this figuroe. Threo diffors
ent mothods wcro applicd to tho dive datu, vhile a single reth-
od was applicd to the specd-powcr data.
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The mothods which were applied to the dive data will bc
roferred to in this roport as (1) force method, (2) crergy
mecthod, and (3) accoleration mcthod, The oquations derived in
appondix A aro as follows:

(1) Forcc mothod

-V B
CD n qs __-.E_..

|
Tcosa-W Idhd dv/dt

(2) Fnergy method

-T4d
cD.Tcosa, v it

aqs

(3) Accoleration mothod

. T cos a +W(Az sin o = Ax cosa )
g5

Cp

Tho oquations shovm in tho forzgoing for thec force and onorgy
mothods aro identical oxccpt for form, It was folt that a dise
tinction should bo made, hovover, in ordor to amphasizo the
significanco of thc tcrms within tho brackots., Also, the ime
plicd differentistions woro adverod to in applying tho cqua-
tionsa

Tho foregoing methods yiclded poor results whon epplied
to test data whore the Mrch number was below 0,53 therofore,
another mcthod was dovolopod which was applicaolo to data ob-
tained during spood-powor runs in lovel flighte, This mcthod
is discusscd in appondix B, but is not complotely derivod bo=
causc of the rathor lengthy sorios of computations involved.

In cvaluating theo total thrust doveloped by tho cngines
propollcr combination, it was nccessary to include both tho
¢xhaust thrust end propoller thrust., The oxhaust thrust vas
cstimatud by tho mothod used in roferonco 3 and the propoller
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thrust was determinod from cstimations of propoller officicnoy
and engino power, Propollor efficiency was ostimatced by tho
method doscribed in appendix € using charts and date proscntod
in refcrencos 4, 5, and 6.

The cngine brako horsepower was detormined from tho manu-
facturcrts cnginc-powor charts by ontoring readings of thc ro-
cording altimoter, rpm recorder, and manifold prossurc recordor.
In mouy instancos, tho manifold prossuro at givon altitudo and
ongino-spoed conditions oxceoded that shovm by tho enzino-power
charts. In such cases it was assumod that a line of constant
rpm and nanifold proessurc could be extrapoleted linoerly to tho
higher altitude to dotorminc cnyino powor, It might bo pointcd
out that this assumption is not cxactly true, bucauso tho nde-
ditional manifold prossuro is not suppliod by thc goar-driven
suporcharger within tho cngino but by the rom offoct in tho fuole
induction systum; henoo, tho manifold prossure is not obtained
ontiroly oy thec oxpendituro of power in tho superchargers Th
amount of rom prossurc is, howevor, such a small peroontage of
tho total manifold prossuro thut it was boliovod that no ceri-
ous orrors rosultod from this assumption.

TESTS, RESULTS, AND DISCUSSION

Tho data wcro obtainod in highespocd dives and in spced-
power runs with tho airplane in tho cloan condition with oil
and ooolont shutter: ono-half open (flush with tho oxternal
lincs of fusolago), Prossuro orificcs wero prosent in tho
anponnozo and right wing, having btoen placed thoro for other
test purposos, end an oxtra acrial most wac mountod ahoad of
tho cockpit canopy. A rcesearch englo-of'-attaok hond and boom
wag mountod on tho loft wing and m roscarch airspcoed hoed and
boom was mountod on tho right wing. A bomb raok end sway
braccs woro mounted undcr the ccuter of tho fusclage, In or-
der to insurc that tho landing-whcel doors did not open at
high spceds and pulle-outs, spceial latches wero instelled so
that tho doors wuro positively lockod during flight, A list
of thc dives involvod in theso tosts end tho approximate
flight conditions during tho dives aro prescatod in tablo I.

In order that the force, oncrgy, and accoloration mothods
of dotoimining thc drag cocfficicnt could be comparcd in rce
snrd to accuracy and consistcncy, two dives, tho timo his-
torius of which arc shown in figurcs 3(a) and 3(b)}, wero ana-
lyzed by each of tho methods.
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Figure 3(a) shows a time history of a power-on dive (dive
No. 1 of table I) from 30,000 feet at full throttle and 3050
rpme Thoe maximum indicated airspeed reuched was 464 miles per
hour at 12,500 feet, The maximum lfach number reached in the
dive was 0,765, The airplane was pulled out at 11,500 feet
at a normal aocelcration of 6,0g. It should be noticed that
the manifold pressure kept rising oonstantly until a value of
50 inches of mercury was reached, at which point there was a
sharp bresk and the prossure became constant., This break was
due to the pilot?s throttling back in order to keep the mani-
fold pressure below the maximum permissible value of 51 inches
of, mercury.

Figure 3(b) shows time history of a powor-on dive (dive
Ho. 2 of table I) from 28,000 feet at part throttle and 2000
rpm. The maximum indicated airspeod reached in this dive was
471 niles per hour at 10,300 feet, The maximum Maoch numbor
roached was 0,777, The reason for the sudden decrease in manifold
pressure at tho beginning of the dive is due to loss of power
caused by malfunctioning of the fuel-induction system of the
engine when negative accelerations are incurred.

Tho airplane drag coeffioient caloulated from the data
obtainod in the dive shown in figure 3(a), as determined by
the three methods of evaluation, is shown in figure 4(a) with
airplane drag coefficient Cp plotted as a function of kisch
nunber ke The results are presented only for Mach numbers

above 046« The variation of Cp with M as determined by
the acceleration method appears to be the most reasonable
variation of those shown, The energy and force mothods are
consistent within themselves to a small dogree, but are in no
way consistent with the aoceleration mmethods The drag=coef=
ficient curves determined by tho force and energy mothods,

in fect, show an illogical variation with Mach number,

An attempt was mado to investigate the reason for this
variation by assuming that the curve of Cp plotted as a
function of Lach number as determined by the aoceloration
method was correct, From thic curve the data were worked
backward until a time history of the true airspeed was deter-
mineds A comparison of the actual variation of airspood with
timo that was obtained from the data showed that in no case
was there a difference of more than 5 miles per hour true
airspood, This error in measurement of true airspeed is en-
tirely possible, especially when it is realized that in deal=-
ing with true airspoed an accurate temperature measurement is
necessary to obtain true airspeed from indicated airspeed,
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llence, it would appear that inhercntly the energy aud forco
mothods are too sonsitive to minor errors in tho meagurement
of airspoed to make the mcthods usablo in flight work. The
inconsistency botwcen forco and energy methods may be duo to
the fact that for the force method two graphical difforenti-
ations are necossary, onc to determine tho dive angle and tho
otker te dotermine the lonzitudinal acceleration, while only
one difforentintion is nocessary for the energy mcthod,

Tho drag results of the dive of figure 3(b) are shovm
on figure 4(b), In this case the rosults of the energy and
force mothods do not agree with eacih othor as well as in the
previous example, although in this case the energy ond force
mothods givo lower drag coefficients at Mach numbers loss
than 0,71 as ccmpared to values presented in figure 4(a).

Becauso of the apoaront inconsistency of results obtained
by the orergy and forco methods, all the dive data were finally
derivod by tho aoceleration mothod. Thoso data are shown in
figuro 5, Tho rosults are consistent and the test points de-
termino a well-dofined curve of drag coofficient as a function
of Mach number for a lilt-coolficient range of 0.03 to 0.00.
The greatest inaccuracy in computed drag coofficiont at the
high ¥aoh numbers should not exceed 2 peroent, bceanso tho en-
gire thrust (propeller and exhaust) doos not excoed 7 percent
of tho total drag at these lach numbers. The possiblo orror
rices, howevor, at low !‘ach numbers, duo to tho valuc of thro
thrust more olosely approaching that of the drag. At a liach
number of 0.5, tho thruat is oqual to the drag.

Tho drag coeffioionts at llach numbers below 0.5 have boen
caloulated by the mothod outlinod in appendixz B and are shown
in fipuro 5, To cbtnin data for this mothod, the airplcno was
flowa in straight level flight at various power conditicns at
an altitude of 15,000 fuot, thus obteining a speod-powver curve
for the airplane, Tie results ol the data after they wero ro-
drced and plotted cs figure 6 indicato an airplane drag co-
efficicat »f 0.022 at a 1lift coefficient of zero, which scems
to be a reaconeble figure, since tho particular airplanc tostod
was acrodynumically rather vuclean.

It is of interost to note in fipuro 6 that ono ol tho
points plotted wns obtained from dive data during a timo in
tho dive rccovery in vhich tho Mach number was docreasing aftor
having reached a high valuoe Tho pocition of this point above
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the goneral curve may possibly be attributed to a hysteresis
offect caused by the continuence of compressibility stall on
some portion of tho airplane fecllowing flight at high Mach
nuibore It may also have been caused by inoreased bulging
or distortion of the surface of tho airplane ac it dived
into the lower atmosphere where a larger value of dynsmic
preesure occurs at a given Maoh number than is the case at
high altitude,

Data are presented in figure 5 on the section critical
Mach mmbers (the flight Mach numbor at which the local air=
spoed ovor the surface reaches sonic velocity) for various
spanwiso stations on the wing of the airplano, Tho various
spanwiso stations at which the seotion critical Mach number
of the wing was determinod are shown in figure 7, The varia-
tion of wing thickness with snan is also shown in this figuro.
The values of critical Mach number of oach of the spanwise
stations shown in figure 7 were determined as described in ap=-
pendix D and are shown in figure 8, The pressure-distribution
measurements used in detormining the critical Mach number of
caoh spamwiso station were obtained during the flight tests
reported in reference 7, and are on file at Ames laboratory.
The critical Mach number for the four approximately symmetri-
cal inboard sections (0015 to 0012) it about 0,68, The crit-
ical l{ach mumbor for the tip section (23010) is much lower
than that for the symmetrical sections, because the tip sec-
tiom is operating at a lift coefficient less than the optimum
1ift coefficiont for maximum critical Mach number. The values
of wing critioal Mach number are spotted on figure 5 to show
their relation to the airplane Mach number of drag divergenoe,
(Drag divergenoco is defined as the point at which the drag ooef=-
ficient begins to increase over its low speed value,)

It is seen that the drag coefficient starts increasing at
a Mach number of 0,62, about 0,03 higher than tho tip-soction
critical Mach number, The critical Maoh number on the rest of
the wing is not reached, however, until approximately 0,06 lach
nuuber after the airplane Waoh number of drag divergence is
roached, It is probable that shock waves developing on parts
of the airplene (e.g., conopy, duot emtrances, etc.), other
than tho wing tip, contribute to the early drag increase,

It is interesting to notice that the wvalue of ch/dm keeps
gradually inorcasing up to a ilach number of 0,75, Thé value of
dcn/du between laoh numbers of 0,75 and 0,80 is epproximately

0.56
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Tho highost Mach number roachod in any divo was about 0,8
vhich appears to be tho torminal kach number for the Bull P=30N-1
airplane wiien dived power on from its sorvico ceiling, No dif-
foronce in tho maximum lach numbor attainablc was disoernod bee
twecon divos whoro thu entry was medo by rolling over into tho
dive and thoso in which ontry was mado by pushing down into the
dive, Calculations of tho terminal Mach numbor vhich could bo
rcached in a vertical dive from 34,000 fest to soa lovel wore
mudo by a stop-by-stop process using tho drag curvo of figuro 6
with a slight oxtrapolation, Sinco at high !fsoh mumbers the pro-
peller thrust in poworeon flight is awry small proportion of
the total thrust componont, tho effect of the propeller thrust
wns neglucted in thoso computations, Tho results indioatod that
tho highost Mach number would be obtained at an altitude of about
15,000 fcot and that this Mach numocr would bo 0.802, which i
but slightly highor than tho maximum Msch numbor obtainod in tho
drag tostss Tho computations indicated a decroase in Mach nurher
as tho airplano continucd the dive bolow 19,000 foct,

Tho highost Mach number roachod in level flight during the
tosts was G.40. Data of roforoenco 8 show, however, that with
wny amorgoncy power a iech number of 0.54 can oc roached in lovol
flight with a Lell P-395-1 airplano, 'With a lach number of
drag divergonce of 0,62, tho airplene could, thoroforec, be
{lown about 60 milcs por hour fastcer then at prosent beforo
the comprossibility offoct on drag would start to limit tho high
spood,

CONCLUSIONS
l. Tho minimum drag coofficiont at low Kach numbor for
tho Boll P=39k-=1 airplanc was found tc bo appreoximatoly 0,022,
2, The lMech number of drag divergence (that Mach number at

which tho drag cocfficicnt started to increasc from its lowe
spoud veluv) was 0,62.

3« Tho neximum Mach numbor attained in tho course of tho
tcsts was about 0,80, which appeurrs to bo thc torminal Kach
number of the airplonos A% this Mach number, the drag coofli-
oicut was ebout 0,060,

4. Tho glopo of the curvo of drag coofficient as a funce
tion of Mach number (dcr/d!') in tho high Mach number region
vus about 045,
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5, The critical Mach numbers of the different airloil sec-
tions of the wing as determined from pressure-distribution
moasurenents are, in general, in good azreement with the theo=
retical values of critical Lach number for the various airfoil
sections,

Amee Aeronautical Laboratory,
National Advisory Cormmittee for Aoronautics,
loffett Field, Calif,
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APTENDIX A

Three noti.ods are derivod by which the airplane drag coef-
ficient Cp may be obtuined from flight-test data., The throe
mothods are roferred to es (1) tho forco method, (2) the energy
mothod, and (3) the aocelerstion method,

Force Method
Tho drag of the rirplane ray be determined by use of reo-
ords of aliitudo and smirspecd. Equating tho forces along the
flight path (fige 9) gives

F=2Tcos a+Wsin =D

— a=Togcos o+W cin 9 =1D

from which

Substituting for sin 0 and ;

B =R sda R w( Byt 9'!?.,95)

] el el ) ]2

Cp = !_T cosa- W =*5=- &

as

whore 8in 8§ and a are dotermincd by zraphical differentietion
with respect to time, of altitude end veloecity along the flight
pathe
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Ensrgy Method
This method involves +re equating of the changes in pow

tontial and ¥iretic energy to the product of force and dis-
tance as fellows:

prd
d(wor) = Fds » d(ua~h) + d <aw
[

v

Vdhd WooiS
3

v av
( dn+ -5
o=t

FaTcosg =D

7
(T cosa - D) Vat = w{ dh+Vdv>

D=Toosa-w-i<h+-9

Tcosa-ﬁ-@. /h+‘I;>

Cp= --......-...--..- ....- —————

It is seen that this method does not require the use of
an accolerometer, Tho ouly instruments required are an al-
timeter and an airspoed recorder. Tho graphical differentia-
tion of tho quaantity (h+ V /Zg) with r ospeot to time is
required to evaluate the latter part of the right-hand term
cf ths above equation., This equation is essentially the same
result as is obtuined by the force method, except that one
graphical differentiation is required instead of two, The re-
sults cbtained from the two mothods differ only by errors due
to the work-up of the basic flight data,
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Acceleration Method

Determination of the drag of an airplane in flight may
bo made by consideration of the accelerations involved,

As bofors,

DaTcos a+Wisin b = a/g)

sin § 1is measured by the components of the aocelerameter due
to their orientation in the gravitational field. Therefore

siné = Axx cos a+ Az sin a
1

a/g is measured by the components of the accelerometer due
to their acceleration along the flight path, Thorefore

: gAx.cosa-o- Az'sina.

honce

D =Tocos at H(Axxcosu. - Ax' cos a +Az‘ sina = A; sina)
2

and sinee
by ® by, = A

Ay = Ag, w bgy

D®7Tcosa+TWAz sin @ = Ax cosa)

T cos a +7(A; sin @ = Ay cos a)
Cp =

qs
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APPENDIX B

The following disoussion presents the method by whioh tho
drag coefficient at low Mach numbers was obtaired from speed-
power data, The method is based on the assuaption that the
airplane polar moy be represented by a parsbola in the normal
flying range; for example, 1ift coefficierts from 0.0 to 0,8,

The equatlon for the parabola is then vwritten as

c il
D = Cpp ¥ 331
whero
Cp total airplano dreg cooffioient

CDP eff'ectivo parasite drsg coefficient

airplano effioiency faotor
aspeot ratio
By proper mathematioal manipulation, the following equa=

tion for indioatod thrust horscpower required for level flight
may bo detormined:

thpy = thp(o)1/? = g,82 (.!g)s £+ 02332 (!’7
: 10 eVi b

whoro

& CDP S, 8sq 't

Vi o Virue, mph
w alrplano gross weight, 1b
b airplane span, ft

The above-mentionod formula for the power-requirod term de-
finos 2 single ourve of indicatod power roquired as a function
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of indicated airspeed for all altitudes., By the preper anpli=
cation of the foregoing formula, flight-test data may be re-
duced te give the airplene paramcters o and f. This may be
accomplishod by representing the power-required equation as
linear; that is, ropresented vy the intercept oquation of a
straight line

2+dz
a

yue

Henco the power-required vrquation becomes

0.322 (W/b)?®
g B2 SP ER I |

eV thpy

’ y 3
If the values of 6453-3Y1A99). aro plotted against valuos of

3 thpy
9-’§§§MA’)-, then the intercopts of the linc passing through

Vi thpy
the given test points determine the equivalont flat-plate area
£ and airplane offioiency factor e+ In order to dotermine
thoe Indiceted thrust power, it is nocessary to deofino tho on-
gine brake horscpewur by wmgine charts or a torquemeter, as tho
ceso may bus From the power conditions (rpm, altitudo, otc.)
the propeller efficicncy may bo detormined mnd hence the pro=-
poller thrust powers To this pewer must be added the oxhaust
thrust powery, if anye Exhaust thrust mey be estimated by the
method of rofcrence 3, By multiplying this valuo of thruet
powor by & @, tho indicated powor required (thpi) is de-
tormined, leaving only the gross weight and indicated airspeed
te bo ovaluatod.
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APPHENDIX C

Propulsivo officioncy was ostimated from oharts presented
in roferenco 4 corrected for tip compressibility effects using
tho data obtainad from refcrence S Thoso data aro presented
in figuro 10, Tho curvos show the tip-spoed factor "My as a
function of tip Mach numbor M, for various advanco-dismector
ratios Jes In using thoso curves tho same oritical tip linoh
nurber was assumod to apply to the propeller on the Eoll
P«39N-1 airplane as eppliod to the tost propeller of rcferonco
5, sinoe it was of tho samo thickness ratio and both propoliors
had high-critiocal-speod tip soctions.

Tho compressibility lossos ovor tho blado root wero estie
mated by thc mothod devoloped in roferonco €. Tho rool core
roctions woro then applied to tho propellor efficiencios of
roforenoo 2 for powor ocoofficients of 0,2 end 0,3, and for pro-
pollor tip Mash numbers of 0.8 and 1.2, Thoso curvos are shown
in figuro 11 as M., which is tho ratio of propollor effioicncy

with root losscs to propellor officiency with no root lossos.
Tho over-all officiency of the propaller was then oalculated by
multiplying tho valuos of officioncy eobtainod from tho chart of
figuro 10 and the ohart of figuro 1ll.

APPENDIX D

To establish tho oritioal Mach numbor of tho Boll P=39N-1l
airolone wing, uso wns mado of normnleforcee-distribution data
at fivo spanwise stations along tho wing., Theso data hod boen
monsured in flight in conncotion with a scparato invostigation
on tho airplanos The critioal Mach numbor was detormincd at
cnoh soction for tho particular section 1lift coofficiont corro-
sponding to an airplanc 1lift of 0,06, which is an averago 1lift
coofficient for the drag curvos of figurc §., Sinco only normal-
forocedistribution data wore taken, tho flight datn hnd to be
roduced to prossures on uppcr and lowor surfacos. This was dono
a8 is outlined in reference 9, which prosonts a mothod for the
rapid calculestion of the prossuro distribution over an airfoil
scetion when tho normaleforce distribution and tho prossuro dis-
tribution ovor tho baso profile (i.0., tho profilo of tho samo
airfoil if tho camber linc wore stralght and if tho rosulting
airfoi]l were at zero anglo of attack) nre knmowna Since thore
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were no pressure-distribution data available for base profiles
corresponding to the test sections, theoretioal bese-profile
pressure-coefficient distributions were usod as determined from
the abovc-mentioned referenoce.

The rasulting pressure distributions gave results which
checked very olosely the value of critical Mach number as de-
termined by reference 10, The peak pressures at spanwise sta-
tions A, B, C, and D occurred between 10 and 20 percent chord,
hence the peak prossure was well definod. For station L,
which is approximately an NACA 23010 section, the pesk pres-
sure occurs over an extremely limited portion of the airfoil
chord nesr the leading edge, and the relatively few orifices
near the leading edge prevented the peak pressures from boing
accuretely establishod, A value for the critical Mach numbor
for the tip section (station =) was arrivod at, however, by
use of reference 10, Sinoe the pressure-distribution data
from flight gave results that were in very cloce agreament with
tho theoretical deta for stations A, B, C, and D, it is thought
that the value of section criticel ilach number for station E
is probably not greatly in error.
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TABLE T.~TABULLTIONS OF FLIGHD COMDITIONS DURIKG
UIGI'-SPEED DIVES OF DELL P-3%l-1 A1RPLANE

Divo, Altitudo Maximum | Messimum {Ewme conditions

fe\}: TEE S +normal Mach |- e e

| B {At start]Aftor 'acceler- {number | rpm | Throtilo
lpull--ou{:!o.*ion lattained | | sotting

i (£t) |factor at’ I

| ipulleout !

sef - e —— —— - — -

- (g -
11,500 0.766  } 3050 Varied

10,300 777 2800 Part

| 54,000 12,100 « 797 3000 Full

!
!
!
|
|

132,000 | 22,000 | .ms | 3000 | part

132,000 | 12,800 | .785 2820 | Part

[}
30,000 ] 10,900 2778 | 2600 | Varied

FOTE: 0il and coolant shutter position for all dives;
one-half cpen (flush with oxtornal lines of fuselage),
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Figure 1l.- Three-view drawing of the

Bell P-39N-1 airplane.
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