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* NATIONAL ADVISORY COMNITTEE FOR AERONAUTICS

FDIGHT TESTS‘OF THE HIGH-SPEED PE ey

OF A P~51l AIRPTANE (AAF No. u3~1;105)
By T, J¢ Voglewede and E. C. B. Danforth

JSﬁMM¢RY“ ~

Results of tests on a P~51B airplare ‘in the full-scale
tunnel showed that an increase in maximum speed of 3 or
L miles per hour could be realized as ‘a result of sealing
the wing-gun .access doors and flep=spar lightaning holes.
Flight tests on the same airpleane were made to check
wind-tunnel results. Because of inconsistent variations
in speed of a greater mangnitude .at the same altitude and
with the same estimated engine power, no such small
increase in speed could be isclated. In an effort to
explain these variations in speed, considerably more
testing and’ analy31s were carrled out. ;

L This further study shawed thét near the maximum n
level-flight speed a sudden rise in CD/h (ratio of air-

plene drag coefficient to propulsive efflciency) deecurred
that could be explained either by an increase :in- drag
coefficient or a decrease in propeller efficiency. It

is 'shown that-such .ah abrupt increase in drag coefficient
is unlikely and that this effect is more probably due

to rapidly decreasing propeller efficiency. Becausé no.
torquemeter<was -available for these tests, the value of
the flight-test data as a measure of changes in drag
coefficient -or propeller efficiency was considerably
reduced by apparent inaccuracy in estimates of" englne
power. ' In spite of this limitation, however, the
enalysis of ‘the data does indicate that appreciable
losses in propeller efficiency were encountered in the-
maximum level-flight-speed condition ne ar high blower
critical altitude.
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INTRODUCTION

At the request of the Army Air Forces, Alr Technical
Service Command, flight tests were conducted by the
National Advisory Committee for Aeronautics to check the
improvement of 3% or Iy miles per hotUr in the maximum speed
of the P-5IB airplane that was indicated by full-scale
tunnel tests (reference 1) to be the result of sealing
the wing-gun access doors and flap-spar lightening holes.
Because of large arbitrary veriations in speed at the
same altitude and with the same estimated engine power,
it was not possible to measure any such small improvement.
In an attempt to find the causes of these variations in
speed, airplane polars were made at 5000, 10,000, 20,000,
and 31,000 feet, and an extensive analysis of the test
data was undertaken with a view to isolation of the
effects of various factors suspected of contributing to
the Inconsistency of the airplene!s performance. The
test data and analysis are presented herein.

ATRPLANE

General views of the P=51B airplane are shown in
flgures 1 to 5. The long airspeed boom on the right
wing was removed for all of the speed test flights.
Additlonal data pertinent to the tests are as follows-

1. Gross weight at take~off including 180 gallons of N
& g8s, 8 MO pounds. - :

2. Englne, Packard-bailt Rolls Royce, model V¢l650 =55 "
AF. No. 43-149089.

3, Carburetor, Bendix—Stromberg PD18A-1, parts llst
No. 395200-6 except with No. Li7 bleed in density
compensatlng system, Serial No, 14220L.

li. ©Propeller; Hemilton= Standard J6L87-2, four blades,
11 feet 2 inches in diameter. (See fig. 1. )

5. Wing-gun ports and w1ngmrack flttlngs taped over as-
shown in figure 6.

6, TFree-air resistance bulb thermometer installed on
under surface of wing. (See figs. 6 and 7.)
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T« 8pecial short-boom airapead head in frant of left
* © wing. (See g, 7 ¥

8. xService airspeed haad under rlght Wing. See geriera
; views ) it ST t

9. ‘Wing surfa_eismaothﬁd ta the

¥ : | ; g
putty in cracks and dents and removing protuberances
with sand paper.~ : :

10. For flights 5, 6, and 7 the wing~gun access doors and
the flap-spar lightening holes were not sealed.
Prior to flight %, cellulose tape was placed over
‘the wing-gun access doors and fabric was doped

over the flap-spar lightening holes. All subsequent
fllghts were made w1th this configuration.

APPARATUS

Special eqguipment installed for these tests included
synchronized NACA pressure recorders for airspeed,
altitude, manifold pressure, and carburetor metering
pressures; control-position recorders on coolant and
0il shutters; recording revolution counter for engine
speed; limit switches on the front of the wheel-well
closures connected to lights in the cockpit; thermo-
couples and indicators for manifold temperatures before
and after the aftercooler, and large sensitive indicating
altimeter and sensitive airspeed indicator.

011 and coolant temperatures Were: measured with the
service installations. :

Free»air‘temperatures were measured with the free-air
resistence bulb thermometer (figs. 6 and 7) installed on
the lower surface of the left wing. To establish the :
rise in temperature indication due to forward speed, the
installation ‘was calibrated in flight at altitudes of
5000 and 30,000 feet. The rise obtained was approximately
70 percent of the theoretical adlabatic rise and was
independent of saltitude (fig. 8). :
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The airspeed head used for these tests consisted of
a Kollsman head mounted with the static holes 0.3%5 chord
length ghead 6f the wing (fig. 7). The drain hole in the
head was plugged to remove the small error in total head
due to.this cause. The position error of the static side
of the head was calibrated by observation of the altimetep’
in flights at different speeds past a reference lTandmark
of known elevation. Tests were made to determine the ;
variation in the position error with altitude: because of
the change in the pressure field forward of the stagnation
point of the wing with a change in free-stream Mach number
at a constant indicated airspeed. . Another boom with the
static orifices 0.9 chord ahead of the wing was
installed for these tests to measure a reference static
pressure. Static pressures at this station show negllgible
changes with dhanges ‘in MacK number '(Peference 2).:
Figure 9 shows the p031tion error determined at- sea level
and also the error at 5000 ‘and 30,000 feet. Tunnél data
(reference 2) were used as a gulde to fair the flight
test points. The correction increased with altitude
but at 30,000 feet amounted to only l.l miles per hour
at the highest level=flight speed.

TESTS

The test program consisted eof level- fllght ‘high-
speed runs at mllitary-rated power (61 in. Hg as. 3000 rpm)
or full throttle at pressure altitudes ranging: from. :
29,000 to 33,000 feet and speed—power polars at BODO.rpm
at pressure altitudes of 5000, 10,000, 20,000, angd: ?h‘ru
31,000 feet. Above 25,500 feet the englne was operated -
in high blower .and below 25,500 feet in low blower. ' In
addition, one flight was made in high and low blower at
25,500 feet and one flight at 3000 and 2700 rpm at - . .
31,000 feet, The airplene was in the high-speed condition
;throughout flap and'gear up, with the prestone shutter
set at 7.9 inches gap (distance from the fuselage £ -the
trailing edge of the shutter). The oil shutter control.
was set in automatic and 'the csrburetor mixture control
-was set in automatic rieh for all runs.

Records were taken only after allowing several
minutes to be certain of reaching stabilized conditions.
The pilot maintained constant altitude and airspeed as
closely as pessible by reference to a large sensitive
altimeter and a sensitive airspeed indicator,
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SYMBOLS
A - aspect ratio of wing
BHP engine brake horsepower
AHP exhaust jet thrust horsepowef estimated
T . according to reference l. minus horsepower:
required:to stop the incoming charge air
relatlve to the alrplane : o
Cp S airplane drag coefficient CDo e
CDho assumed profile~drag coefficient at zero 1lift
EEg aerodynamic refinement parameter
Cr, airplane 1ift coefficient
o i O _BHP
Cp power coefficient, ‘égzgsg*
D prbpeller diemefer, feet
a engine cylinder diameter, inches
e airplane:efficiency factor
FHP engine friction horsepower
g acceleratlon of grav1ty, feet per second

per. second :

IHP e; engine indicated horsepower ‘

l | stroke, inches.

N ovimms ;engine speed rpm-

n propeller rotationalﬂspeed rps

Ne number ‘of ‘¢ylinders

n propulsive efficiency

P1 pressure at carburetor top deck, inches of mercury

Pman manifold pre s of mercury
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static pressure of free stream

static pressure registered by airspeed head
total pressure of free stream’ |

Ps”- e : : %

pressure drop from carburetor top deck to boost
venturl throat, inches of mercury

pumping power of engine; relative net power
‘output of Induction and exhaust strokes

true impact pressure of free stream
measured impact pressure of free stream
wing area, sqguare feet

horsepower absorbed by supercharger
ambient free-air temperature

observed free-air temperature

T + ¥ )

air temperature\at carburetor top deck, °p
true speéd, miles per hour

engine displacement, cublc feet

tip speed of supercharger inpeller, feet per second
weight charge air flow, pounds ﬁer hour
weight charge flow; pounds per hour

specific weight. of charge alr at carburetor
top deck, pounds per cubic foot

free-«air density, slugs/per cubic foot

free-air density ratio
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RESULTS AND DISCUSSION.
Engine Power

Because no torquemeter was available for these tests,
the engine power was estimated from Wright Pield power
charts (reference 3) at.the manifold pressure, engine
speed, and pressure altitude of the test. The measured
manifold tempe: ire varied-widely under apparently
identical conditions and in such a way that the effect
of the measured differences in speed was exaggerated by
the apparent change in power. To avoid using these
erratic menifold temperature readings, the chart power
was corrected by the square root of the ratio of standard
free-air temperature to observed carburetor-air temperature.
The assumption of constant aftercoocler effectiveness with
constant shutter position was necessary. When chart
power is used hereafter, it 1s to be understood that the
carburetor-air temperature correction is involved.

When the data were reduced using this chart power,
certain peculiarities were in evidence which c¢ould have
arisen from errors in estimates of power. A comparison
of the power estimates with the measured weight air flow
to the engine brought out the fact that near full power
in high blower at 3000 rpm the specific air consumption
increased far more rapidly than could be accounted for by
the changes in fuel-air ratio. Furthermore, specific
air consumption was different for high and low blower
operation after the difference 1n supercharger power was
allowed for (flg. lO) ; ;

It was expected that an estimate of power based on .
me asured charge welght air flow might remove some of the
peculiarities noted in the dsta based on chart power. The
direct measurement of charge weight air flow, however,
wproduced no more loglcal results. Because neither method
of power estimation is satisfactory in all respects, the

V“follOW1ng analysis is made with regard to both methods.

« en the appendix ‘there. is glven a discussion of ths
method of measurlng the charge Welght alr flow and its
use in the estimation of engine power. . S




8 ' MR No. L4718
EFFECTS OF IMPORTANT FACTORS ON SPEED

In order to determine the effect of changes in a
given airplene, it is convenient to express the
power-drag relationship in the form - :

/8, wEun
; gup + SHE ;/5' :

vV = 52,73 ik i _.11.1/3"
e —2) (&

V. true speed, miles per hour

where

BHP . engine brake horsepower

AHP exhaust jet thrust power estimated according to
reference l. minus horsepower required to stop
the incoming charge air relative to the airplane

0  free-air density ratio

n provulsive eéfficiency

’CD airpleane drag coefficient

S wing area, sguare feet

In this form, speed is directl roportional to two
" B EHP 4 RHBA\L/3 |

parameters; the first, —~—*3~—ﬂ— -, measures the

contribution of the engine, supercharger, air scoop, and
; 1/3 :
exhaust jets; the second, (Egg » 1s a measurement of

the aerodynamic refinement of the airplane and propeller.
Since the propulsive efficiency enters into the power
parameter, the aerodynamic refinement parameter is not
entirely independent. At the highest altitudes for this
airplane, however, the magnitude of the AHP/7) term is
never greater then 17 percent of the whole power persameter,
assuming a propulsive efficiency of 80 percent. 4&n
overestimate of propulsive efficiency of 10 percent would
therefore decrease the power estimate and the value of
CpS/n by 2.5 percent. :




MR No. T4T18 9

- The high-speed data are presen

egd nofigures 11

kaseertainedyu&mﬁi bo
kvariatlon.

The possi;k[w y that deterio 1r
surface might account. for the change in - aerodynamic
refinement was investlgatedi/aBefore fllghts 5 and 8

which show the higher w‘@f , velues, the wing surface‘

was filled #&nd sanded. Before flights 6 and 7, and 9 and
10, no additional filling was done, but the wing was =
w1ped off and eny protuberances were sended smooth. Before
flight 11, specisl care was tsaken in refinishing the

W1ng in an effort to re%ain the higher speeds ef flights

5 and 8, but the‘(a%g values were again in the Tower

group. Other than keeping the wing free from dirt end
protuberances, no refinishing was done after flight 11
and no further decrease in aerodynamic refinement was
noted.’  In'wview of the care taken with the wing finish,
it was considered unlikely that the condition of the
wing surface was responsible for the large changes in

- speed and serodynamic refinement, espec1ally since the
indicated spread of 9 percent in S/r) would require
about 27 peroent change in ‘the profi?e drag of the wing
alone. :

The possibllity of a Drogressive loss in power .
output of the engine which would not be reflected in ‘the
air flow or manifold pressure measurements was also
investigated. The spark plugs were replaced and the
ignition timing and valve clearances were adjusted to
the optimum conditions after flight 11. Speed and ;
aerodynamic refinemenmrremained the same on the subsequent
flight, ‘flight 12. As & further check on its: power -
output, the engine was returned to the Packard Motor
Company for duplication of the original run-in tests. The
results of these tests are presented in table I. No
significant change in engine power was noted in the
check runs at those power conditions for which data were
available from the original run-in tests. g
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o

Because both the speed and the power estimates depend
on the measured value of free-alr temperature,it was
corisidered possible that random errors in the temperature
could account for the inconsistent values of aerodynamic
cleanness shown in figures 11 and 12. The tempsrature
installstion was checked on the ground for the effect of
ambient temperature on the indicator. Similar resistance
bulbs were mounted at several other points on the airplane
for comparison in flight, The reading of one resistance
bulb was checked against an alcohol thermometer during
the same flight tests. These checks revealed no
possibility of random error in‘temperature~greaterAthan‘2° F.
Errors of the order of 10° F would be necessary to ,
account for the spread of aerodynamic cleanness shown’
in figures 11 and 12. The variation of free-sair
temperature with altitude observed during the initial
portion of the test program is shown in figure 13.

. Alrplane polars.- A series of tests was made at
31,000 feet at 3000 rpm and verying throttle openings in
an attempt to define the variation in asrodynamic
cleanness at and near the maximum speed condition.
Comparative tests were also made at lower altitudes. The
data are presented in figures 1l to 19. Alrplane polars
were constructed by plotting CpS/n, the inverse cube
of the aerodynamic refinement parameter, against the
square of the 1ift coefficient. For the portion of the
speed range shown in the figures, airplane drag coefficient
should vary linearly with the square of the 1lift coefficient.
The dotted line in figures 1L and 15 shows the variation
that might normally .be expected with a profile=drag .
coefficient at zero 1lift of 0.017, a constant propeller
effic%enby of 0,80, and an airplane efficlency factor
Of Oo 5. * :

, The data in figures 1l and 15 depart from the
expected values both in magnitude and im slope. The
unreasonable values of ‘CDS/h at low speeds at each
altitude indicate that the power estimates are too low
in this region. The Iincrease in CDS/n as the speed and
~ power are increased may also be due to inaccuracy in the
estimate of power but several trends are present which:
lead to the belief that other causes are also present,

' The repid rise in OpS/n near full throttle at
31,000 feet shown in figure 1l and to a lesser degree
.in figure 15 could be ascribed.wholly to inaccuracy in

R A
R A RS
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“The general trends of the polars in figures 1l .
and: 15 are what would be expected 1if & effl
were inareasxng or: the propeller. Bl Jelen)
with inerease in Mach number; that is, U B =
increase @3 the speed increases and as the .
a?titude increases. Because a portion of the incre "1
“An CDS/h is due to inadequate power measurement and is
not defined, it is difficult to draw conclusions concerning
the: remainlng portion.~ It is more probable, however,
that a rise in CpS/n eccompanying an increase in M
number would be causad by a loss in propeller *
with the propeller operating at tip Mach number
1.07 rather than a rise in .airplane drag coefficient With
the maximum airplane . MachAnumber of 0.65 g P ml

The 5-percent rise in G S/h near full throttle &b
31,000 feet shown in figure‘lg is greater than would be
expected from. the avail able : .ata on: propellers (ref-
erences 5 and 6) for a chang ard ‘Magi
number of Ole. ‘Bven with ¢
of 110 percen £ decre:
propeller: efficiency of motimore th@n~2~percent wmuld be
expected. The rise in CpS/7  shown in figure 15 for -
the same condition is of The same order but the estimated
rise in power coefficient is less. If the 3%3~to 5-percent
rise in €. S/m 1is actually present as a result of
decrease iR propeller efficiency, the propeller must be
operating in a more critical region with regard to Mach

number and power a@efficient t%an any propeller bleade

w The iny apnreclable change in operating conditions
shewn in figure lh for the fullmthrottle runs | at 51 000 feet
Because
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the highest epeeds were obtaineds t the highest free-air
temperatures, 4 ch X B
For ‘the conetentwprep 5
Mach number decreased ae the fre
increased, i

power ooeffie : tip Mach nu
interreleatedy the seame conclusions apply te %
throttle tests as are drawn from the airplane polars.

Additional evidence that the propeller efficiency is
affected by operation at high Mach number was obtained by
comparison with results of tests at 2700 rpm. Polars
obtained at %000 and at 2700 rpm during the same flight
are shown in figures 16 to 19. The reduction in CpS/n
due to change in propeller rotational speed from 3000
to 2700 rpm is of the order of 10 percent. Comparlson
with existing data on propeller efficiencies again
indicates that “this. chenge 1is greater by 3 or E percent
than would be expected espec1ally in view of the
20 percent increase in powér coefficient when operating
at 2700 rpm: The fact remains, ‘however, that approximately
thé same speed was obtained at full throttle at E
31,000 feet with 3000 and with 2700 rpm even though the
estimated power for 2700 rpm was of the order of
10 percent less., There can be no gquestion of changes
in drag coefficient at the same speed and altitude
during the same flight; the exact magnitude of the change
in propeller efficiency, however, depends on the
accuracy of the power estlmate.

Evidence of* loss in propeller thrust as far ‘inboard
-as the 0.6 radius at forward Mach numbers as low:.as 0.66
was found in' a ppessure‘survey behind the propelldgp
cuffs reported in reference 7. The conditions of £
operation were approximately the same as those: for the - -
high-speed condition at 31,000 feet, except that the
data were taken during a shallow dlve.

cone LUDIN G- REMARKS

In spite.of the questiomable accuracy of the estimates
of power used in the ana1y81s of the data of this report,
considerable evidence is- presented which indicates that
appreciable losses: in propeller efficiency were
encountered in the maximum level~-flight-speed condition -
due to high propeller Mach number.: The gain in maximum
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speed obtainable by reducing the propeller rotational

speed should be sufficient to warrant a change in

propeller reduction gearing from its present value

of 0.477 to at least 0.li20 as is used on the Merlin
engine., This change 1s comparable to operation at

2700 rpm with the present reduction gearing.

Whether the propeller efficiencies obtainable at
the reduced rotational speed are reasonably high cannot
be determined definitely unless: propell tests are .
made with a thrust survey and a torquemeter. It is
recommended that this be done in order that the
possibility of further improvement can be determined.

Langley Memorial Aeronautical éborétéry
National Advisory Committee for Aeronautics
Langley Field, Va., December 18 19&&

‘//f//l%%a // /’” /% K727 ﬁ‘g
.. Thomas J+ Voglewede
Aennnautical Engineer

8" Ergpazents AL /,: : A ’4 s/
 Edward C. B. Danforth III
Aeronautlcal Engineer

Approved"'-" u»w? v{om @
' Melvin N, Gouglé7
Chief of Flight Research Division
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APPENDIX

CALCULATION OF BRAKE HORSEPOWER
FROM MEASURED WEIGHT AIR FLOW

If the effects of variation of ‘ignition and :port
timing with engine speed are ignored and if changes in
fuel~-air ratio are small enough so as to have a
negligible effect on thermal efficiency, the 1ndicated
horsepower of an'engine may be considered to vary
linearly with the amount of air consumed. These condltlons
are met in the present tests since the effect of changes
in fuel-air ratio over the operating range is small and
all testing was done with engine speeds of 2000 and 2700 rpm.

The welght flow of charge ‘air was determined by
measurement of the pressure difference between the
carburetor deck and the boost venturi throat, The
carburetor was calibrated by the NACA Aircraft Engine
Laboratory at Cleveland, Ohio. The calibration is
presented in figure 20 as an adaptation of the method
proposed in reference 8 which makes the calibration
applicable to any inlet temperature. Because the
calibration based on carburetor top-deck pressure was
not well defined in the region of maximum power at
high blower critical altltude (Ap/Pl between 0.50

and 0.60), the calibration based on measurement of
carburetcr total-head collector shown' in figure 20
was used as a_guide in fairing the calibration used. .-

A specific air consumption of 5.7 pounds per
indicated horsepower hour was chosen from consideration
of dynamometer test data on this engine furnished by
Packard Motor Car Compeny.

The indicated horsepower may be expressed by the
following relation: '

W
THP = 5?7 = BHP + SHP + FHP - PHP
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where

IHP indicated horsepower

Wa weight charge-air flow, 1lb/hr

BHP brake horsepower

SHP horsepower absorbed byfthegsupammhargarw
FHP friction horsepower

PHP relative net power output of induction and
exhaust strokes

The power absorbed by the supercharger was calculated
from the impeller tip speed and the mass charge flow, and
is given by the follow1ng relatlon based on. momentum
considerations: : :

Vel W

550 x 3600 * g

SHP =

where |

Vi impeller tip speed, ft/sec

We weight oharée flow, 1lb/hr

g accelersation of gravity, ft/sec/sec

Supercharger power computed in this manner agrees well
with test data furnished by Packard for a similar i
supercharger., There will naturally be some slip present'
which will cause the power absorbed by the supercharger
to be overestimated by a few percent. This difference is,
however, largely nullified by losses in the gearing.

In this case the supercharger power may be' overestimated
by about § percent. This means that the values of brake
horsepower may be 1 peroent too low,

 The friction horsepower was calculated from the’
following relation which is derived 1n detail in
reference 9z e v
FHP = 15 x 10'1O’nc (Z x N x d)2
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where

ne  number of cylinders

l stroke, in,

N engine speed, rpm

d cylinder diameter, in.

or for this engine

N \2
FHP = 18.9(1555

The pumping power is approximated by the difference
in the work done on the piston face by the charge at
manifold pressure and the work done by the piston on the
exhaust gases at engine back pressure. For these tests
the brake horsepower was adJusted for departures from
60 inches of mercury manifold pressure and 30 inches
of mercury back pressure. The back pressure was assumed
to be eqgual to the altitude pressure.

(0.7

PHP =
3%, 000

(Pman - Pg - 3d)§\vd

where
Pman-fmanifold Dressure, Ins Hg

Pg ,;:altitude bressure, 1n. Hg :

30 ,'reference manifold,pressure (60 in. Hg) -
reference -altitude preéssure (30 in. Hg)ﬂ

N  engine speed:'rpm

Va engine dlsplacement cu ft

This relationship is at best an approximatlon and may
give rise .to appreciable inaccuracy in the power estimates
where the magnitude and the change in pumping power is
large. In these tests, both the manifold pressures and
altitude pressures varied over a wide range, and a

closer estimate of the pumping power may be necessary for
consistent and reasonable results.
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The brake horsepower may be calculated from
equation (1) by using the results of equations (2), ¢4),
and (5)-

Tne indicated specific a ‘ o
expected to vary slightly from low power to high power,
because of changes in fuel-sir ratio. The fuel-air
ratio as determined from the compensated air-metering . °
pressures and the charge~air flow varied between a
minimum of 0.075 at the lower powers and & maximum

of 0.095 at high powers. This variation would make the
"estimate of power as much as 2 percent too high in the
high-power range and as much as 2 percenx too low in the
lownpower range. : 7o O

A composite power chart is glven in figure 21
with IHP, BHP, and SHP plotted against weight air flow.
. It is not absolutely correct to plot SHP against :
weight air flow for this airplene $ince carburetion is
accomplished before the supercharger. The SHP on this
chart has been calculated on the basis ‘of alr flow and
increased in the ratio of 1.085 to account for the
weight of the fuel. The fuel-air ratio varies
from 0,075 to 0.095 so that the maximum discrepancy in ~
the chart value of SHP will probably not exceed ¥l percent
in SHP or approximately *0.3 percent in BHP. ‘

It is not inferred that brake horsepower calculated
by the weight air-flow method is more accurate, as far
as general level is concerned, than that obtained from
the power ‘charts; the fact that both estimates of power
give rise to abnormally 'low drag coefficients in the
low-speed range indicates that neither i1s acdcurate. Both
estimates are used in the analysis because; in general,*
the same effects are shown, the difference is prin01pally
one of magnitude.
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TABLE I

COMPARISON OF ENGINE PERFORMANCE BEFORE AND AFTER FLIGHT TESTS

50 hours and I;5 minutes of flight time.

Original Run-In Tests
Mey 31, 1943
Super- | Bngine
| charger | speed, 'Pma%" Man.o;emp., F/A 12?%? Ob:;;ved
gear ratiol rpm ine 58
Low 2700 L6 168 0.0832 6890 993
High 2700 L6 210 .080L 6805 837
Low 3000 61 192 .0891 | 10190 1367
Check Run
October 2, 1944
Super- | Baglas) - p Man. tem W, Observed BEp
charger | speed,|,K ™o%s .OF P4 p/a 1b?%r o corrected
gear ratio| rpm | 7 HE P for F/A
Low 2700 | L6 165  |0,0769| 7156 | 990 "985
High 2700 L6 210 07661 67771 831 821
Low %000 61 192 0828110302 | 1381 - 136l
Note: Before removal from airplane, this engine had accumulated

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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‘Figure l,~ Front view of P-51B airplaneg;
Figure 2,~ Tﬁree—quafter.front view of éLSlB;eirplane.
Figure 3,- Side view. of P-51B alrplane.f”
Figure .¥ Three~quavter rear view of P- 515 alrplane.
Figure 5.~ Rear view of P- 518 alrplane.:?

Figure 6.—>yree air r381stance bulb thermometer 1nstal-
lation and seals over wing gun ports and W1ng flttlngs.

Figure 7.- Soeclal short-boom airspeed head

Flgure .- Flight calibration of free air temperature
installetion. .

Flgure 9e~ Position error of static pressure of short
boom. sirspeed head. -

Figure .10.- Yarlatian af weight air flow with indicated
horsepower at 3000 rpm based on Wright Field power’:
charts and carburetor air temperature.

Figure 1ll.- Effect of density on performance near high
blower critical altitude. Brake horsepower from
measured charge air flow,

Figure 12.~- Effect of density on performance near high
blower critical altitude. Brake horsepower from
power charts,

Figure 13.- Variation of free air temperature with

altitude for initial high speed flights near high
blower critical altitude.

Figure 1li.- Airplane polars at a series of altitudes.
Brake horsepower from measured charge air flow, -

Figure 1lj.- Concluded.

Figure 15.- Airplene polars at a series of altitudes.
Brake horsepower from power charts.




FIGURE LEGENDS' - Concluded

Figure 16.- Effe¢t -of reducing propeller
21,000 feet pressure altitude. Brake
.measured charge :a2ir flow, - . § b i

Figure 17.- Effect of reduclng. propeller
31,000 feet oressure altltude. Brake
power charts.. . A " e

Figure 18.- Effect of reducing propeller
31,000 feet pressure altitude. Brake
; measurad charge alr flow. g

Figure 18 - Concluded
Figure 19, -~ mffect of reduc1ng ﬁrooellur

21,000 -fest pressure eltitude: ' Brake:
power charts. ST Bl o T

KR No. TLT18

tip speed at
horsepower from

tip- spged at .-
horsepower from

¥

tip speed at

horsepower from

tip speed at
‘horsepower from

Figure 20,- Calibration of Bendix-Stromberg PDLOAL -

“carburetor serial.number.llj220k.-

Figure 21.- Power chart basgd on:the measured weight

charge air flow.
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Figure 15.- Airplane polars at a series of altitudes.
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Figure 16.- Effect of reducing propeller tip speed at 31,000 feet
charge air flow.
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Figure 20.- Celibration of Bendix-Stromberg PD18Al carburetor
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