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FLIGHT M3ASUEAMINTS BY VARIQUS METHODS
OF THE DEAG CFARACTIiRISTICS
OF THE XP-51 AIRPLANE

By Henry A. Pearscn and Derothy I, Beadle
SUMMARY

The variaticn of the cver-all drag crefficisnt of

" the XP-51 airplane was measured in dives up te a Mach

number of 0.8. . During the tasts the alrplans was instru-
maented so that the cvsr-all drag variation was cbtained

by three metheds, each of which employed different combl=
nations of ilnstrumantatiens The methods used are. termed
the accelercmeter, the energy, and the dlve-angle methodse

A discussion of the rslative accuracy of the results
obtainsd with each ¢f the methods is glven both from thse
standpeint ¢f instrumsnt accuracy and of the accuracy

“with which the data may be rsduced, It is concluded that

with present Instruments ths accelsremster methed yields
the most accurate and ceonsistent results.

A comparlsen of the presesnt drag results with those
ocbtained in the wind tunnel indicates that at super-
critical Mach numbers the flight valuss dc neot riss as
rapidly as these from the wind tunnsl. a4 comparison
batween varicus ssts of flight data indicates that suf~
ficient spread of ths data 1s obtained with prsesent lnstru-
mantation that a numbsr of msasurements may b3 required in
ordsr te establish a drag varlation of rsasonable accuracy.
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INTRODUCTION

In view of the need feor obtaining flight data at
high speeds an XF-51 airplane was made available by the
Air Materiel Cemmand, Army Alr Ferces, feor high-spsed
dive tests. Altheugh the primary objective ¢f the tests
was tec obtain gensral lead data that could be applied to
axlsting ailrplanes, a sseccndary. objective was to compars
the flight rssults where pcssibls with wind-tunnsl and
other flight msasuroments, he wind-tunnsl measurements
wers obtained on 4 1 scate model of the XP-51 airplane at

the Ames Aesrenautical Laboratery and the flight results
from tests made in ZEngland cn a similar medsl of the
XP<51. :

During the tests at Langley Field, Va., the' XP-51
alrplane was instrumentsd so as tc obtain data at high
Mach numbsrs en such itams as: ths pressure distribu-
tion over the wing and tall surfaces, the alrplans
pltehing-momsnt variaticn, ths cocntrecl characteristics,
the opsratlon of spscially installed dive-rscovsry flaps,
the prefile, and over-all drag variations.

In some casss thsss quantitiss wsrs te be msasursd
to the practical tsrminal Mach numbser c¢f the airplanc.,
Since measursmsnts eculd not bs .obtainsd on all of the
quantities simultanscusly, the program was divided into

9veral phasses. Previcus reports on thse XP-51 project
(raferences 1 and 2) havs covsrsd the opsration of the
dive-recovary flaps and the prefile drag, respsctively.

The purposs of this report is teo presssnt ths results
of the over-all drag cosfficient variation with Mach
numbsr up to 0,80 fer ths XP-51 alrplans, and to discuss
ln some dstall the accuracy of the varicus msthcds that
gre availabla for . dstermining ths drag coefficlent in
flight,

APPARATUS AND T&STS

Airplans,.~ A side visw of the XP-51 airplans 1is l
shown in flgure 1 and a line drawing 1s givsn 1ln flgure 2 i
During the tests ths ailrplans was coated with camcuflage l
paint; nc attempt was made to prepare either ths wing or
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the fuselage tc an asrcdynamically smooth conditien.
Several minor medifications ware made to ths airplane
whose effect on the drag was unkncwn. Thsse modifica-
tions included:

(1) The installation of a fixed pltot-static hsad
en a boom mecunt:sd on the right wing near the wing tip.
Ths static heles ware approximately l-chord length
forward of the leading edss.

(2) The installation of a shield en the upper side
of the fusslagse aft of ths pllet to hcusse a pariscepe
that was used 1n cthar tests,

b&)  The cevering of the six machins -gun openings
in ths wing.

(4) The installation of a seriss of six small
automobile~type light bulbs (about 3/8 ianches ‘high)
acress the span of the horizontal tall for use in other
testse.

(5) The installaticn of a raks fer measuring pro-
file drag on the left wing at 5143 psrcent of the scmi~
span and thres tectal-hsad tubes which preojscted 4 inches
above the top surface of the left wing.

(6) The installation of dive-rscovery flaps.,
Thess flaps fermed a bump 1/4 inch high and 30 inches
long on the lowsr surfacs cf the wing. (Sss refersnce le)

Some of these medificaticns may be seen in figures 1 and 2.

Characteristics of the airplans, sngine, prepsller,
and exhaust stacks ars glven in table I.

Instruments,- Among othsrs, the following instruments
were Installed; thoss listsd are psrtinant te ths rssults
of this repert.

Airspsed recordsr
Pressure altitude rscerdsr

Acczsleromester for racerding acceleraticn nermal to
thrust axis

(@]
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Aceelsremster fer rieecrding acceleraticn parallel
to thrust axis : = ~

(The abovse instruments ware of the centinucusly. rscording
type.)

DlPVCtlfndl ﬂyrc mount d on pllot' instrument pans
and turnsd 90° fer msasuring dttltUdv angle

Timer for oVﬂChrCanIHé re uults from abovs instru-
meats. : 3 :

Indicating tharmomstser
Mach numbsr indicater
Indicating accslsromzter

16~millimeter camera fcr photographing.pilot's
lnstrument pansl. . at 16 frames psr sscond

Tostse~ The flight tests ceonsistsd of a numbsr of
increasingly fast dives starting from stsady lsvel flight
at a pilotls Indicated speed of 160 mlles psr hour and at
a fpeecifised pressurs altituds. The lsvsel flight portioen,
prisr to ths dive, was hsld for about 4 minutss following
which an abrupt push-cver was made to sithsr a specificd
dive anglg or te a dive angle which was comfortabls to
the pilot. In ths latter cass the pilet precesdsd until
a spscifisd Mach number was rsachsd, aftsr which a 4g to
6g rscovsry was made.

Fer thv mest part, the dives wsre made with the sngine
throttled; 1ln ths thrhttlsd dives the manifeld prsssure was
below lowsst reading on the gags (10 inchss of mercury)
threughout the dive. In all divss, hewaver, ths prepeliler
was set to geovern at 2600 rpm and the ,small’ radiator
spoiler flaps wsrs open. In soms of ths latsr dinea, in
an attempt te reach high Mach numbsrs at the highest pese=
sible altituds, various ameunts of pcocwsr were used in ths
garlier parts of the divse. Rscords and moticn plctures
were taksn during the pericd from just prior to the pushe-
over until ths pull-cut had bssn completzd.

On the way te the starting pesition ths pilet cbserved
the outside air temperature at 1000-feect 1lntsrvals, The
observations w:re always taksn at an indicatsd spesed of
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160 miles per hour after conditions were stabilized.

In order to establish the temperature-pressure altitude
variation tec be used with the subsequent dive the pilot's
temperature cobservations wsre corrected for the small
adiabatic temperature rise at 160 miles per hour.

. METHOD OF REDUCING DATA

The variaticn of the over-all drag coefficient with

Mach number was evaluated for a number of the dives -

each of three differsent mstheds. Each of the methods
utilized measurements obtalned from different combinations
of instruments and are termed the "accelsrometer methed,"
the "ensrgy methed," and the "dive~angle msthod."

Accglaremeter method,- The readings cbtained from the
accelercmeters and the airspeed recorder were the primary
measurements usad Iin evaluating the over-all drag by the
accelerometer msthed, although the gsometry of the air-
plane, recorded pressure altitude, and angle ef attack
were also usad, These quantities were inserted in the
following casily dsrived equation that expresses the over-
all drag coefficient:

C g X \ 1
D, : (nh cos @ + n_ sin a) (1)
In equation (1)
Cp. 1s the cver-all airplans drag coefficlent 1nciuding
i i gffects of prepsller and exhaust jet thrust and

induced drag

0, reéading of accelsesrcematar msasuring accelerations
i parallel to thrust axis, g units (When ths weight
cr insrtia forces on the accsleromatsr vane act
rsarward a negative valus 1s rcecorded.)

n, rsading eof accelgromster msasuring accelsrations
normal te the thrust axls, g units
W wing loading, W/S, pounds psr squars foot
' 2
a dynamic pressurs, %pv s pounds per square foet
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a angle of attack of thrust axis and of the instrument
base relative to flight path, degrees (The instru-
ment board cn which the accelercmeter was mounted
was.parallel, within +0,1°, to ths thrust axis.)

The dynamic pressure q wused in equation (1) was
derived from measurements of the impact pressure qq
and of the pressure altitude both of which were cerrscted
for the installaticn error existing at the static openings
of the pitot-static head. No lag cerrections were made to
either the alrspeed or altitude measurements as studies
now in pregress indicats that for the lengths and sizes of
tubing used in the present tests lag effects would be well
wlthin other errors.

The angle of attack a wused in equatien (1) was not
measured directly but was determined from the squation:
N, W

.G-:QL +—q——c~L— ] (2)

o) a
whesre the additicnal terms are:s

a, airplans angls of zero 1ift measursed from thrust
o line, taken as =1.3° '

CL slope of alrplans 1ift curve per degree, taken as
a 0,098

The choice of the abeve numerical values was based on an
examination of preliminary wind-tunnsl data taken at ames

Laboratory on the %«scale medel at a Mach number of about
070, ¥

Although wind-tunnel 1lift-curvs slepes and zero 1lift
angles wers avai.abls for the Mach number range of ths
flight tests they were not used because anycne confronted
with the tesk of evaluating the drag from flight tasts
would not ordinarily have access to such data, In such
cases it would be necessary sither to start frem a com-
puted datum and apply a variation for Mach number or to
assume some constant average value as was done in the
present case.

Although the use of a 1in saguatien (1) is in the
nature of a correcticn, it is necessary to include it in
the evaluation of the data since in nons of the divss was

[¢)]
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zero 1lift (that 1s n, = 0) maintained fer any length of
time, The inclusion of the a term enables a time his-
tory of the drag variation te be calculated throughout
the dive even though ths 11ft coefficient is continually
varying. In the more or less steady portion of the dive
and at small values of load factor the correctirns dus
to a were generally small; during the push-cver and in
the pull-out the C“TTeCtLﬁHQ wsre larger and the svaluated
rasults are influsnced by the cheice of the values of
CL and aj; .

a 0

Energy method.- The readings obtained from the air-
speed and pressurs-altitude recorder were the primary
measurements ussd in evaluating the over-all drag coof-
ficient by ths energy msthod. The methnd is based on
the assumption that ths rats of change of ths sum of the
potential and kinestic ensrgy of the airplane during the
dive 1s squal to the power consumsd in drag. The perti-
nant equations arse:

4 2
& (Bnorgy) = WS;-E {n ¢+ L)=prag B =y {3)

Since D CD as

0 = W_ .@‘__. / “+ VQ dha + y St (4)
D (
1 qv adt a qV g dt

where the new terms net previously definsd ars:

v the. true airspesd, feet per sscond
accelaeration of gravity, B32.2 feet por sacond2

h the absclute altitude, feet

t tims, ssconds

The true alrspeced V was obtalned frem ths corrected
measurements of ths pressure altitude hp and the impact
prsssure q, togathar with the temperature observations

taken at the various pressure altitudes during the climb.

i/
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The absclute altitude ussd in equation (4) was
determined by usual methods for correcting pressure
altitude to absolute altitudse. It was fcund, howsver,
that in thsse tests whils the absolute altituds varied

gﬁom the presssure altitude the quantities Eég and
g g .
3t variled eonly slightly.

Dive-angle method.- The readings cbtainsd from ths
airspeed recordsr and the movies of the gyro were the
primary measuraments ussd for svaluating the drag cosf-
ficleut by the dive-angls msthod althcugh the acceler-
cm3ter rsadings wsrs used to obtain the nscessary sscondary
cerrections for angle of attack changes. Ths following
equation was ussd in the reductiocn of the data:

CD :(% sin ¥y -.l.@i\ (5)

i o 6l

O

where vy , the flight-path angle rslative to the hori-
zontal, was obtainsd frem ths movies taken of the instru~
ment panel., In the tssts tha gyro was uncaged at 160 miles
psr hour just before ths push-over. The initial gyro read-
ing ssrved as a datum and subsequent rsadings were cor-
racted for the differences in computed angls of attack
existing at ths datum condition and the angle of attack
computed for any othsr time. The pertinsnt squation for
dsriving the divs angls Yy from the gyro rsadings was:

P (feana 7 Vo) "ok Voo By (8)
rea (¢} (fLa rqo a

where ths subscrint ¢ designates the readings in ths
datum position,

Corrsctions for thrust and induced drag.- Corrections
ware made to the over~all drag cecefficients. Cp com=
1
putsd by the varicus methods (squations (1), (4), and (5))
for thrust and induced drag in ordsr to obtain ths drag
coefficiont CD rop e alrplane alenc, - Thus:

G g R R Bk . | (7)
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where T 1s the thrust in pcunds and the subscripts

J and p refer to jet and propeller thrust, resspectively.
No tests were made to determine the span loading effl-
clency facter, thus the induced drag perticn was computed
from the elementary equation CLZ/hA. The use of thils

equation is justified in the present case, since the usual
5 percent correction will hardly affect the results within
the plotting accuracy.

The jet thrust was determined from the equation:

T = Nme<7j " y) (8)

where

M average flow of sxhaust gas, slugs'per ssaond i per
cylinder

N number of cylinders (12)
Vj mean exhaust gas jet velocity, feet per sscond
v flight spsed, feet psr ssescond

In computing My 1t was assumed that thsrs was
0.0021 pound cf exhaust gas psr second per brake horse-
poewar, The value'cf the brake horsepowsr was obtained
from performancs -charts for the Allison V 1710-81 angines
The velocity V1 was obtalined from results glven in
reference 3. g

The propeller thrust T (less compressibility
effects) was determinsd from the charts glvan in refer-
ence 4. In thils determination, the powar ccefficlaent
Cp and the V/nD were first computad from ths engine
manifold pressure, msasurad alrspsed, and engine rpm,
The computed power ccefficient Co was then converted

to the proper activity facter in order to enter the charts.
The thrust coefficisnt Cp obtainsd frem the charts was

then reconverted to the propsr activity factor followlng
which the propellsr thrust was computed from the equation:

s ol on®p4 (9)

9
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The above value of prﬁpell r thrust was ccerrsctsd for
compressibility offscts by multiplying squation (9)
by a tip speed cerwvectlon factor Ft' and a hub cor-

rsction factor Fy « Ths values of these faecters wsre
obtained from refsrances 5 and 6 and are similar to
those given in refersnce 7.

In the throttled dives when the manifold prsssure
was 10 inches ~f mercury or below, the thrust and powsr
ware computed as though the prassure wsrs 10 inches of
mercury. It will bs ssen latsr that this assumption
will not affect-the results to any great sxtent,

RESULTS alNL ACCURACY

In this ssction rssults are flrst prssanted for a
gelected dive in which the drag ccefficient is determinsd
by the various methods, fellowing which the accuracy of
the results obtainable with the various mstheds is briefly
discussed, and finally the average flight drag varlation
19 ‘given' for''all of the dives,

Results for a sslected divse- Flgure 3 shows-a time
history of seme of the msasursd and computed gquantities

- for a dive in which a Mach number of .0.786 was rzsachsd, b
' This particular flight was chesen for illustration because

it ‘was the highest Mach number dive for which a cemplste
set of instrumsnt records was available for svaluating

the drag oy all thrse mstheds., The dive was started from
a push-cver at 31,200 feet and preccsedsd for appreximately
20 seconds at which time a 4,0g pull-out was initiatsd.
Tha thrcttle was set prilor to ths dive so as to govern

at 19,000 fset and 160 miles psr hour with a manifeld
preganre . of &% incheg of maercurya. :

Table II lists somé of ths computations mads in
svaluating CD and CD by sach of thsse methods, In
v 5 A

(e
ordsr that an appraisal may be made of ths centributions
of the varicus drag components, table II alsc givss some

-of the computatlions for obtaining the jet and propsllsr

thrust.

10
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Figure 4(a) shews the variatien cof the dra§ coef-

ficisnt Cp  with Mach numbsr while figurv 4(b) shcws
2
ths variation ef CD with Mach number. Ths valuss
o
givsn in figure 4(a) wers obtalned frem figurs & and

table II. Ths valuss for figure 4(b), howsver, ars
takdn Trom X1ft cooffleclents falling with*n ths range
from 0,2 in ordsr that the effect of any span ¢ffi-
clency factor would be a minimum.

Accuracy.- Ths wide varlatien and irregularity of
the drag curvass shewn in figurse 4 fer ths various methods
indicates the dssirability of some discussioen of the
accuracy of measursments and opsrations,

The majer quantitiss usad in the equations for
rsducing the data ars bslisved to bs knewn te ths following
accuracy.

Quantity : Lecguracy Remarks

W 0,005 or 1/2 periecent Corresponds roughly
: to a welght of 7
gallons gascline

q 1 inch Ho0 or
1 psrcent whichever
is gresater

v Corrssponding to

ageuracy of Nigr “above
or 1/2 parcent

to,01

Tj 20 pounds

T, 100 pounds Corresponds roughly
to 100 thrust horsesw
powar at 20,000 feset

n, t0,0l1g Corrssponds to 79

pounds errox =in
force acting ‘along
flight path.

&l
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Tuantity Accuracy : Remarks

0 t0.,05g Error cf this amount
in combination with
an error in gngle
of 3°© weould result
inten epror of

20 1b acting along
the flight path per
load factor

v

a ey . Dus mainly to com-
bined srrors in
a and C
Ua La
o 20 Dus teo combined

3rreors in quantie
tiss in equation 6

%% 3 %%2 Difficult to assess

Errors in ths quantitiss %X and %%9 are difflcult
to determine slince part of the error may be attributsd to
the measurements of V and hg and part te the graphical
differsntiaticn that is required. Regardless.of mathed,
the absolute errcr in the evaluasted drag coefficisnts,
dspends upon the accuracy with which ths ferce acting
aleng ths flight path is knecwn, Figure 5(a) sheows ths
variation in ths width of ths srror envslopege with Mach
numbsr and altitude dus to an error eof 100 pcunds forcee.
Figurse 5(b) shews a simllar variation for an errer of

100 thrust horsspowsr.

If it is assumed that ths errors in the major quanti-
ties used In the squation for reducing ths data are addi-
tive ths maximum possibls error in forcs along ths flight
path from the sstimatss glven would be about 236 pounds.

At 20,000 feat the maximum width ef ths erroer envslops for
a load facter of 1.0 would thsn be as shewn in figurs 5(c).
The discussicn of arrors in ths prscssding paragraphs has
implisd that ths serrers ars of accidental naturs. Ths pos-
8ibility of a csrtain censistant srror will be teuchsd upon
later in ths discussien of rssults,

12
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‘Although it .is net readily seen from figurs 4, since
the results given in this figure are frem only one dlve,
it may be stated that the snsrgy and dive angls msthods
yielded results with a censiderably greater eunvelope band
than that shewn in figure 5(c). In contrast, the acceler=-
ometer method gave battsr results consistently with an
snvelope band somewhat grsater than that shown in figurs 5(c).
In gsneral,; ths band was smallsr for ths fully threttlsed
dives than for ths dives in which powsr was usad.

Avsrage flight variatien.- In view of the precsding

-considsrations ths results from ths acecslesremetsr msthod

were desmed: te bs the mest accurats and thareforse only

the results obtained by this msthed ars given in this

raport.  Plgura 6(a) shows the results obtainsd by the
accsleromatsr mathed for éight dives cof varicus degrees of
saverity where thes rangs of alrplans lift cosefficient was
¥0,2., Corrzctions for propsllsr thrust, jet thrust, and
induced-drag w=ra mads fer sach divs as outlined in table II.

: From ths curvas glven in figurs 6(a) an avsrags curve
was derived. Sinecs the numbasr of curves teo be avsragsd

diffored in various rangss the final averagad curvs of

3,

figur:s 6(b) has bsan breksn inte a number of ssgments, each
sagmant. bsing bassd on ths number of curves noted. Ths
detted linss repressnt ths msan dsviations from the msan
and sarve as an Indicatlon of the reliabllity of the average
CUrv3.e »

In order te givs sems 1idsa of the corrslatiecn bsetween
the ‘rapid rise in the cvsr-all drag curve and the critlecal
Mach numbers, ths critical spsads as dsterminsd from flight
pressura distributions taksn over three wing ribs located
at 52, 114, and 185 inches from.the airplans centar line
are noted on figurs 6(b).

 DISCUSSION

: In connsction with the mesan drag-cosfficisnt curvs
of figure 6(b), it may be notsd that the largsst value
maasursd was about twics ths low-spesd valus, and that ths
rapld rise. In drag cosfflicient whare d(CD/Mj = 0.1
is associated with a Mach numbsr which is abeut 0,05
greater than the critical Mach numbsr for the wing ssction
at 52 inchss. Aside from this gensral comment, it is of
Intersst to pressnt results from othsr drag msasursments

13
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artainipg'to the P-51 series of airplane and to discuss
the requirements necessary to insure reasonable accuracy
In flight measurements of drag coefficient.

Comparison. of the present measurements with other
available results for the P=51 series are shown in
figure 7. Curve 1 shows the drag variation obtained at

zero 11ft for a %~scale model of the XP-51 airplane

) ; 9
tested in the Ames 16-foot wind tunnel, The tunnel tests
were made on a smooth propellerless model which had some
but not all of the protuberances that were present on the
actual airplane. A comparison of the flight drag results
with those obtained in the wind tunnel indicates that at
the supercritical Mach numbers, even taklng into
consideration the mean deviations, the flight values ‘do
not rise as rapidly as those from the wind tunnel.

Curves numbars 2 and & were obtainsd from flight’
tssts made in Great Britain on an sarly versicn ~f the
Mustang which was similar in configuration to ths XP-51,.
In the British tests, the drag variaticn was detsrmined
by the snergy method. Curvs 2 applies with ths small
radiator speiler flap up, while curvse 3 applies with ths
radiater speilsr flap dewn. The curves shcwn represent
averages of prints which wers widely scattersd.

Curve 4 shows ths variation with Mach numbsr of the
apparent prefile drag cesfficient obtainsd from a rake
survey bshind a station 114 inches out frem the wing
" denter Iins on the XP-51. This curve was taken from
rafersnce 2 and represents only sscticn data.,

It may bs nrtsd that whsreas both curves 1 and 4
show sither no increass or slight incrsase in drag coef-
ficient with Mach number for M 1less than 0.66 the mesan
flight curve shows an opprsite trend which may be of sig-
nificancs. All ths curves in figure 6(a) from which the
msan curve was derived shew this same tendency indicating
the possibility that soms conslstent errer was introduced
{nto the computaticns. A consistent trend of the type
shown could bs introduced by smpleying sither propallsr
characteristic or engins-powsr curves which wsrs not
directly applicabls te the engine prepsllsr combination
used: in the tasts. It may be seen from figure 3 and
table TI that in the low-spsed rangd (that is at ths
beginning of the dive) small but consistent srrors in

éithsr the prasdiction of ths engineg pewsr or ths propsllsr

14
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/ thrust from the charts used would materially affect the
rasults whereas in the high-speed range this effect

would be much less impertant. :

In connecticn with the British results (curves 2 and
3) a more recent British analysis of the data indlcated
that the instrumsntation used was nct adeouate and rscom-
mended the use of the accslercmeter methed for future
evaluations of flight drag. The same rsccmmsndation is
made in refersnce 9 which shows that small srrors Lia!
airspsed and altitude msasurements givs rise teo large
errors in the drag crsfficisnt as desterminad by ths ensrgy
mathod. ‘

Altheough the comparisens of figure 7({a) .are of prin-
cipal intersst since thsy psrtain te the XP-+51, othsr
compariscns Zre centainsd. in figure 7(b) for other versions
of the P-51 airplans. Figure 7{b) shcews the comparison of
the XP-51 rasults with wind-tunnsl.and flight me. suramants

for the P-51B alrplane. Curve 5 shows the drag-cosfficient-
yariaticen obtainesd at zero 1lift in the wind tunnsl.ef a

1_scale modsl of ths P-51B sirplans, witheut a prepezllor.

See reference B.) Curvss 6 and 7 ars the d4drag varlation
measured in flight nsar z3ro 1lift by the accelsromater
msthod on a P-51B witheut a preopsllsr. (Sse refsrence 8s)
Curve 6 reprssents the variaticn obtainsd in one fiteht-dn
which it, was statcd that the lesast amount of dust was on
the airplane whils curvs 7 repressants the cass of a divs
with the most dust on ths airplane.

Tt is believed that mest of the variation ocbtalnsd
in the form of the drag curves given in flgurss 7(a) and
7(b) may be attributed to diffsrsnces in the accuracy of
the measurements and methods ussd in evaluating ths datas.
On the basis of ths pressut expsrisnce it may bse stated
that results obtained with ths snergy msthed are not as
accurats as those obtained with ths accelsromstsr method.
In support of this statemsnt 1t may bs notsd that ths wind-
tunnel tests of ths %-gcale modal of ths XF-51 indicated
that the small radiafor speilsr flap had barsly a netice=
able effect on the airplane drag belew an M -of 0,75 and
a slight effect up to 0.80, whsreas the flight tests for
the Mustang (curves 2 and 3) showed that the radiator
spoiler flap had a relatively large effect. It may als30
be noted from figurses 4 and 6 that drag variations as
large as thoss indicated by either curves 2 and & or curves
6 and 7 could be cbtainad between successive flights even
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though the airplane configuration had neot been changeds
This leads to the conclusion that unless improvements
are made in technigue several flights may be requirsed in
order to estaklish the drag variation for a glven con-
figuration.

CONCLUDING RSMARKS

; The detalled cemputations given feor the selscted
dive (figs. 3 and 4 and table II), as well as results

of computations net included in this report, indlcate

that further gain in accuracy may be had by improving

both the instruments and the flight technique. Lacking
direct measurements of propeller thrust, an improvement

in accuracy would be obtained by using less power bscause

the thrust could be mere closely computed. -An lmprovement
may also be obtained by furthsr incrsasing the accuracy of
the dccelerometers and taking special prescautions in their
location with rsspect to the airplane center of gravity

and their orientation with rsspect te the angle of zero

1ifte It is fslt, unless such improvsments ars accomplished,
that (a) computations for converting pressurs altitude to
true altituds, (b) determinations of span sfficlency factor,
and {c) corrsctions for compressibility seffects on propsller
tips and hub lose much of their significance.

Langley Memorial Aercnautical Laboratory ¢
National Adviscry Committee for Asronautics
Langley Field, Va. '
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TABLE T

CHARACTERISTICS OF XP-51 AIRPLANE

Alrplane:
Over-all length « .
Weotioht for teats, 1B . & '« . ¢ s
(G 3 S . e e g ailne el Nl
N eras, 20 Tt o v .8 s 3 W w4
Horizontal tail
Stablliger area, 8 £t + s ¢ o
Elevator arsa (including
I8aEd sq Tt balance), 8q % « 4
Vertical tail
T aroe, 5g PE s o 3 wiwpes
Rudder area (including
0,83 .8 £t balance), 8q e «

RS s v v s v W e w W e e
Nopmal rating « +» ¢ + « o s o % %

Geal" I"atio. . . . . . ° . . . . .

. . . . . ° . . . . L] 52 ft 2’% il’lo

. . . . . L] L] 7897
. o ‘B Ft.5/18 ine
. L] L . o . 255.75

iy

- e . . © .

¢ B Wm0 '13p76
9.44

11.16

. . . a . .

Allison V1710~-81-99

1000 bhp at 2600 rpm

at sea lavel

955 bhp at 2600 rpm
at 15,700 feet
250081

PR RLanY 4 v i e v b o s e w ow CUDESED censtant-speed

DPewing number « « « o o & w8 o..#
SR al DUIDEP ¢ ¥ v s v s Al E-»
oL R L
Angle high at 42 in. station . . o
Angle low at 42 in. station . . .
Gesivity facter (total) » o w9 =

BExhsust stacks:
Area of cach stack, sq ine « o« o o
ilpedlinetlien «to thrust axlis le s sl
Inclination te plane of symmetry .

NATTONAL aDVISORY

. o BLACCE:S= 18
. . . . AF 40"‘12646

I o e o
L] . . . . . . 580
. . . . . . . 250

. . . . . . 265.5

. . . . . . . 4.95
240 40!
129 850"
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TABLE II
COMPUTATIONS FOR EVALUATION OF DRAG COEFFICIENT OF XP-S51
FLIGHT 43
o 2 o

: ; H x 5 | %

o : 3 o o 2] =

> s = 5 £ pr] e 2 3 3 °® 8

13 ] & g ~ g s —~ = ) | ar o Bk : = e r&:x: -

-~ a o o = O K n - L) £y 6 — g - 0 ~0 . 5

’g g d U‘\n g :h' — 3 : T o 2 D — o ~ 0 o~ o w0 “wdo o o c ©

— D@ - o 2= ~0 Au:?c 3:::':27: ‘5 ‘; E..Jé‘ :38 gl et -n; ko -

20 ay |§ o ° @a 5 | 2 5 o =t o | 892 | o g o °

Eo @ & ~ Eel 2 E & ke 3 o o ~— j =] — o - -~

ke il g e = 5 4 FE ° @ > £ w0 > ] @

b & 4 & B Sal s 2 a S 2 Z 3 &
0 0.86 2.0 -4.6 2.38 | 1.73 | 20.0 | 500
1.0 53 5.0 -1.9 1.53 1.74 | 20.0 | s00
1.7 .49 —— ———— 1.24 1.76 | 20,1 505
2.2 .06 e -.99 | 1.77 | 20.2 | 510
2.6 -.18 — - -2,22 1.78 20.3 515
2.1 .06 ———— —— -1.01 | 1.80 | 20.5 | 520
4.0 -.59 19.5 10.5 -4.12 | 1.84 | 20.8 | 530
4.4 -.41 ——— —— -3.20 {1.87 | 20.9 | 535
5.0 -.80 27.0 18.8 -4.91 | 1.89 | 21.0 | 540
6.0 -.67 36.0 28.0 -4.08 | 1.96 | 21.2 | 545
8.8 -.59 —— -———- -3.63 | 2,01 | 21.5 | 550
7.0 -.67 41.0 231.0 | ==-e-- 2.04 | 21.8 | 560
8.0 -.67 47.5 37.7 | =--e- 2.13 | 22,0 | 570
8.7 -.61 ———— —em- 2.19 | 22.2 | 580
9.0 -.10 52,5 44.7 2.21 | 22,5 | 885
10.0 -7 56.0 47.5 2.30 | 23.0 | 595
11.0 .49 mm——— 60.0 53.8 2.39 | 23.7 | 610
11.4 .59 pohad s 2.43 | 23.9 | 615
12.0 .15 59.5 52.4 2.49 | 24.1 | 625
13.0 72 60.5 54.6 2.58 | 25.0 | 640
14.0 1.10 P — 59.0 53.8 2.67 | 26.0 | 670
14.4 .60 2030 27,930 | 28,990 ———— ———a 2.71 | 26.4 | 680
15.0 AL (RS (S S ——ccem 59.0 52,7 2.77 | 27.0 | 695
15.7 .19 .045 27,440 | 28,310 ——ee -—-- 2.85 | 27.7 | 710
16.0 .67 - 58.5 52.2 2.86 | 28.0 | 720
16.6 | 667.5 |212.6 | ,650 | -20.6 .15 c——e - 2.94 | 28.7 | 740
17.0 | 676.4 {219.5 | .658 | ~=--~ +20 59.5 52.2 2.98 | 29,0 | 750
17.8 |696.5 |237.3 | .678 | -17.9 .49 ——— SEIT 2.06 | 30.0 | 780
18.0 |701.5 |239.9 | .681 | ----- .25 60.5 53.6 3.09 | 30.2 | 790
19.0 | 722.0 |259.4 | .699 {-15.4 .06 61.0 53.6 3.18 | 21.4 | 815
19.7 |[728.0 |275.0 | .713 |-15.0 [1.14 ——— ———- 3.25 | 32.2 | &85
20.0 |745.0 | 28145 | 722 | ----- .24 62,5 55.6 3.28 | 32.7 | 850
20.6 |757.0 |297.4 | .734 |-13.4 .53 ——— —aen 3.335 | 33.3 | 810
21.0 {767.7 {2307.1 | .740 }----- .49 62,0 55.1 3.38 | 34.0 | 890
21.4 |(772.0 |318.8 | .746 {-11.0 |1.s8 ———e —— 3.40 | 34.4 | 900
22,0 |[784.0 |328.9 | .748 |----- 1:21 60.5 54.3 3.45 | 35.0 | 915
22.5 [792.5 |332.4 1.29 ———— ——ee 3.49 | 35.7 | 930
23.0 |800.0 | 245.3 1.5 6040 53.9 3.52 | 36.1 | 950
23.5 |807.0 |358.0 1.50 59.0 53.0 3,55 | 26.8 | 965
23.8 [810.1 1350.9 | .774 | -3.6 |1.80 —— ——— 3.56-1 37.1 | 975
24,0 |812.5 [ 364,85 | ,775 {-~--- |1.48 57.5 51.4 3.58 | 27.2 | 980
24.4 |816.5 |370.2 | .78 | -2.1 |1.99 - ———— 3.59 | 37.7 | 990
24.8 |817.5 | 271,68 | 779 {----- 2.12 55.5 50.0 2,60 | 37.9 | 995
24.7 |819.0 |374.4 | .780 1.99 ———— _— 2.60 | 38.0 (1000
25.0 |821.5 [377,8 | 780 | ----- 2.46 55.0 49.8 2.61 | 38.3 (1005
25.1 |822.0 [378,0 | .780 -7 |2.70 ———- —— 3.62 | 38.5 [1010
25.5 |824.0 [284.6 | .782 {----- 1.24 53.0 46.7 2.65 | 29.0 (1020
25.65 | 824.5 | 386.6 | .783 +5 .86 == ———- -.53 | 3.63 | 39.0 [1020
26.0 |826,0 |290,0 | ,784 | -===- |1,97 51.0 46.3 | --=-- 3.65 | 39.3 11025
26.1 |826.5 |391.2 | .784 N A2.07 ———- ———- .52 | 3.64 | 39.5 |1030
26.5 |827.5 |398.8 | .783 {----- 2.19 50.0 44.5 ----- | 3.64 | 39.9 [1035
26.9 |827.8 | 400.1 | .785 3.2 2.5 ———— -— .52 | 3.64 | 40.0 |1040
27.0 |828.0 [400.4 | .785 | ~-=-- 2.27 48.0 42.5 ----- | 3.64 | 40.2 |1045
27.2 |829.4 |402.7 | .786 3.8 | 2.47 —— ———— .79 | 3.65 | 40.2 (1048
27.5 |B28.0 | 404,8 | ,784 | ----- 2.20 46.5 40.9 | ==--- .64 | 40.5 |1080
28.0 |[828.0 | 408,686 | .784 | ~---- 2.59 45.0 239.7 | ===e- 3.64 | 41.0 |1065
28.5 |827.0 [412.9 | .786 6.2 |2.78 43.5 | 38.4 1.00 | 3.64 | 41.1 11070
29.0 |825.0 | 414.1 | ,780 7.8 | 2.33 42.0 .3 1.26 | 3.63 | 41.5 1080
29.5 |823.0 | 409.6 | 774 | ----- 3.57 38,0 33.5 -=--= | 3.62 | 41.8 (1090
29.7 |822.1 4119 |.775] 8.7 |3.40 ol B 1.51 | 3.62 | 41.8 (1090
30.0 [820.0 | 411,1 | 772 | ----~ 3.79 34.0 29.7 | -c=== 3.61 | 41.9 |1095
30.2 |818.5 |410.6 | 780 9.8 |a.02 == e 2.07 | 3.60 | 42.0 {1100
30.5 |817.0 | 410,68 | ,768 | --=-~ | Z.72 31.5 27,1 | em-e- 3.59 | 42.0 [1100
30.9 | B813.5|409.8 | .766 ] 10.5 | Z.98 ———- ———- 2,06 | 3.58 | 42.0 1100
21.0 |812.5[ 408.8 | .765 | ----- 3.91 30.0 25,8 | ==-e= 3.58 | 42.0 1100
31.7 | 807.1[405.0 | 759 | 11.1 | 4.02 ———— -—-- 2.11 | 3.55  42.0 {1100
32,0 |802.0 [ 402,8 | ,755 | ----- 2,47 22.5 18.0 | -=-=- 2.58 | 42.0 11100
32.2 | 801.1|400.9 | .753] 11.5 | 3.40 —— -—-- 1.62 | .52 | 42.0 (1100
32,0 |794.2 | 394,86 | 746 | ----~ 3.47 17.5 13,1 | =---- .49 | 42.0 (1100
32.9 |783.5| 384.8 | .736 ! 12.2 | 3.67 -—— -—-- 1.96 | 2.45 | 42.0 |1100
54.0 | 782.0| 384,8 | 735 ] ~=uun 3.60 13.0 8.8 -=-=« | 3.45 | 42.0 |1100
35,0 | 772.5 | 374.4 2.38 6.0 1.6 | =--=- 3.40 | 42.0 {1100
36,0 | 762.4 | 264.4 2.10 1.5 -4.0 .67 | 3.35 | 41.9 [1095
57.0-1750.5] 558.9 | .706.] --—-- 1.50 0 6,0 | me--= 3.30 | 41.8 (1090
38.0 |741.9) 244.1 | .697 | 11.8 | 1.19 -1.5 -7.8 -.13 | 3.26 | 41.6 {1085
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TABLE II - Concluded
COMPUTATIONS FOR EVALUATION OF DRAG COEFFICIENT OF XP-51
FLIGHT 43 - Concluded

|

wi-1

°
3
i3 1) 0 (% w0 5
3 5 ol 2 | § il P =2 88 |¥
8| » — 3 o 3 - -] 3 < fo ®
o 52 3 2 - ° -u‘ - o~ - o ) ° e "
28| ~= H= o v3 < oE '1 & li B ~ < - £ - Bl e g
- o I o ] o\ ~o |/ ok ~ ~ oe - Ok | o
-t o o L [>Y -g ~ o ~|l!' Qae EQ. @ Q ~ - Q - o
&~ | g - > (-9 3 l’v(Po o 8 o > 30 o 10!-0-
SN B o e peae g f g golissE g g £
A o -] ] < —~ o g [ 1 [ K o
o] 581.6 | 44.9 | 0.0393 | 0.0030 | 0.457 | 0.,0113 | =0.0188 | =coceua
1.0 | 577.7 | 44.9 . +0030 277 . -.029: ———mee=
1.7 | 590.9 | 45.7 0375 029 «251 .0034 ~20267 | mceeen=
2.2 | 567.0 | 46.1 0369 .0030 .032 »0001 -.0283 | ~ev== -
2.6 | 585.3 | 46.7 +0376 .0030 -.090 +0004 «0165 | w=een-a
3.1 |578.3 | 47.4 0368 .0030 .032 »0001 =e0245 | wovenew
4.0 | 575.0 | 48.2 <0348 .0029 | -,277 0041 =.01056 | =ee=-- -
4.4 | 575.5 | 48.7 +0331 .0028 | -,187 .0019 -.0228 —————
5.0 | 557.0 | 49.3 0316 .0028 | -.354 20068 -.0072 ——moeca
6.0 | 546.7 | 49.0 0279 .0025 | -.270 +0039 =.0010 | «-cceee
6.6 | 520.0 | 49.3 20283 .0024 -+225 «0027 -.0126 | -0,0147
7.0 | 550.0 | 50.2 20283 .0024 -.251, 0034 ceecee | ccecee=
8.0 | 587.0 | 50.%7 20233 .0022 -.218 20026
8.7 1521.3 | 51.4 #0213 .0021 -.200 20022
9.0 | 505.8 | 51.8 +0208 .0021 -.032 0001
10.0 | 516.0 | 51.9 <0179 .0018 | -,098 +0008
11.0 | 500.0 | 52.5 0162 «0017 122 0008
11.4 [488.8 | 52.9 01567 .0017 .148 +0012

12.0 {482.0 | 53.2 «0145 .0016 .039 20001
13.0 | 46Z.4 52.9 «0129 .0015 +154 20013
14.0 [447.1 | 56.4 20111 .0014 «219 «002¢
14.4 1430.8 | 56.9 «0106 <0014 .116 -0007
15.0 {428.3 | 58.0 0096 .0013 «103 +0008
15.7 {379.2 58.7 0084 .0013 .125 .0010
16.0 {377.7 | 59.9 »0082 .0013 .109 +0006
16.6 {361.6 | 61.1 20071 .0012 .026 +0001
17.0 | 354.7 | 61.7 +0069 .0012 .013 +0000
17.8 | 330.8 | 63.8 «0057 .0011 .071 .0003
18.0 | 304.3 | 65.2 0056 .0012 .043 «0001
19.0 | 283.9 | 66.4 +0047 .0011 .006 «0000
19.7 [268.9 | 67.2 0040 .0010 <142 .0011
20.0 [240.1 | 68.6 +0035 +0010 «046 0001
20.8 1210.2 | 70.1 0030 .0010 .058 » 000R
21.0 }1213.9 | 71.3 0030 .0010 .051 «0001
21.4 [187.4 | 72,1 <0026 .0010 «167 0018
22,0 {166.6 | 72.4 20023 .0010 .109 20008
22.5 [171.0 | 73.3 0021 .0009 .129 »0009
23.0 [ 141.9 | 75,1 20017 .0009 .129 +0009
23.5 [126.4 | 75.8 <0015 +0009 122 + 0008
2%3.8 [120.5 | 76.4 0014 .0009 .168 .0018
24,0 |112.2 | 76.86 | ,0013 .0009 <117 0007
24.4 1102.9 | 77.2 20012 .0009 .180 0018
24.5 1103.3 | 77.5 +0012 .0009 .165 «0015

25.5 | 96.7 | 79.1 0011 .0009 .121 «0008
25.65| 96.8 | 79.0 #0011 +0009 +075 +0003
26.0 | 87.6 | 78.9 +0010 .0009 .146 20012
26.1 | 88.5 | 79.7 +0010 .0009 177 «0017
26.5 | 88.1 | 79.3 +0010 .0009 .160 .0014

27.2 | 88.8 | 79.9 +0010 .0009 .206 .0023

20.5 [121.8 | 84.3 +0013 .0009 «263 20037
30.9 |140.3 | 84,2 0015 +0009 «325 +0057
21.0 1140.5 | 84,3 +0015 .0009 .278 0041
31.7 |150.6 | 84,7 20016 .0009 333 +0060
2.0 {169.3 | 84.6 »0018 .00Q9 .251 0034
2.2 |169.6 | 84.8 .0018 .0009 .284 0044
32.0 |207.5 | B84.9 20022 .0009 «295 0047
22.9 |236.7 | 85,2 20025 .0009 .319 «0058
4.0 |246.1 | 85.3 0026 .0009 274 «0041
35.0 [260.2 | 86.8 20030 .0010 «263 0037
26.0 |29Z.6 | B86.4 20034 .0010 .192 .8&278
27.0 |336.9 | 86.4 20039 .0010 .126 B
38.0 [346.9 | 86.7 +0044 ,0011 116 20007 «0140 .0210 .0226 .0188
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Figure 2.- Line drawing of XP-51 airplane showing location of various items.
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