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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol
Unit Symbol Unit Symbol
Length . __: l metersiiic | oo il EaU S By m footfor mile) s, ir o ft. (or mi.)
Fime s i t {20105 0¢0 He ) o i § WO R G 3 s second (or hour)_______ sec. (or hr.)
Force.<---- F weight of one kilogram_____ kg weight of one pound___{ 1b.
Power__-_._. P kg/;n/s _____________________ N mnt h0r7ﬁpower ___________ hp 2
15T o o o TR ARE R E e B St T e Dl L e m. p. h.
Speed- - ----|---ooooo- {m/s ______________________ m, p. S. 70 (o) el O Y VRS Sl Bl f. p. 8.
2. GENERAL SYMBOLS, ETC.
W, Weight, =mg mk?, Moment of inertia (indicate axis of the
g, Standard acceleration of gravity =9.80665 radius of gyration, k, by proper sub-
m/s?=32.1740 ft./sec.? seript).
oA ¥ O W S, Area.
! 7 Sy, Wing area, ete.
p, Density (mass per unit volume). &,  Gap.
Standard density of dry air, 0.12497 (kg-m™* b, Span.

s?) at 15° C and 760 mm=0.002378 (Ib.- ¢, Chord length.

ft, "4 gec?). b/e, Aspect ratio.
Specific weight of “standard” air, 1.2255 f, Distance from C. G. to elevator hinge.
kg/m®=0.07651 1b./ft.? u,  Coefficient of viscosity.
3. AERODYNAMICAL SYMBOLS
V, True air speed. v, Dihedral angle.
q, Dynamic (or impact) pressure=%p172 pE:Reynolds Number, where ! is a linear
I dimension.
L, Lift, absolute coefficient OL=Q—S e. g., for a model airfoil 3 in. chord, 100
D mi./hr. normal pressure, 0° C: 255,000
D, Drag, absolute coefficient Op= 48 and at 15° C., 230,000;

O, Cross-wind force, absolute coefficient or' foria mod.el of 10 cm chord 40 m/s,
o corresponding numbers are 299,000 and

Co= S 270,000.

R, Resultant force. (Note that these coeffi- 0y, Center of pressure coefficient (ratio of
cients are twice as large as the old co- distance of C. P. from leading edge to

efficients Lg, De.) chord length). . -
4., Angle of setting of wings (relative to thrust A, Angle of stabilizer setting with reference
line). to lower wing, = (¢ —%y)-

i, Angle of stabilizer setting with reference to a, Angle of attack.
thrust line. e, Angle of downwash.
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COMPARATIVE FLIGHT PERFORMANCE WITH AN N. A. C. A. ROOTS SUPER-
CHARGER AND A TURBOCENTRIFUGAL SUPERCHARGER

By Oscar W. ScueEy and Avrrep W. Youna

SUMMARY

As there are now several types of superchargers in
service, information on the comparative performance ob-
tained with each type of supercharger would be of value
in the selection of a supercharger to meet definite service
requirements. As a part of the program to obtain this
information, the National Advisory Committee for Aero~
nautics conducted tests, using a modified DH-4M2 air-
plane with a turbocentrifugal and with a Roots type
supercharger. The rate of climb and the high speed in
level flight of the airplane were obtained for each super-
charger from sea level to the ceiling. The unsuper-
charged performance with each supercharger mounted in
place was also determined.

The results of these tests show that the ceiling and rate
of climb obtained were nearly the same for each super-
charger, but that the high speed obtained with the turbo-
centrifugal was better than that obtained with the Roots.
The high-speed performance at 21,000 feet was 122 and
142 miles per hour for the Roots and turbocentrifugal,
respectively.

INTRODUCTION

For several years supercharging has been used as a
means of increasing the engine power for special-pur-
pose airplanes, notably airplanes designed for high
altitude flying or racing. Since the demand for engines
of high power output has increased, the interest in
superchargers has become more widespread and, as a
result, several manufacturers are now offering super-
charged engines as a part of their regular production.

The superchargers used at present for aircraft serv-
ice can be conveniently classified as centrifugal, Roots,
and vane type. The first two types have been used
extensively since the advent of the supercharging of
aircraft engines, while the vane type for this service
is a more recent development. It is reasonable to
expect either that each of these superchargers has a
field in which it is superior to the other types, or that
one type will meet all the service requirements better
than any of the others. To select the ftype of super-
charger best suited for a particular condition of serv-
ice, or for all service conditions, test data must be
obtained to establish the comparative performance
with each type.

Although a large amount of data on supercharging
are now available and considerable information can be
gained from a study of reports on supercharging, it
has been impossible to find data of flight tests in which
two types of superchargers have been tested under
similar conditions. Therefore, as a part of a research
program to obtain comparative test data, the National
Advisory Committee for Aeronautics conducted tests
with a turbocentrifugal supercharger so as to obtain
results for comparison with those previously obtained
using the same airplane with a Roots type super-
charger.

The basis of comparison for these superchargers was
the high speed and rate of climb of the airplane as
determined with each supercharger for altitudes from
sea level to the ceiling. The unsupercharged perform-
ance also was obtained for these conditions with each
supercharger mounted in place.

DESCRIPTION AND METHOD

The tests with the Roots type supercharger in a
modified DH-4M2 airplane have been previously
reported in National Advisory Committee for Aero-
nautics Technical Report No. 327. (Reference 2.)
This report includes the test results obtained with the
turbocentrifugal supercharger, together with a suffi-
cient amount of data from the tests with the Roots
type, so that the performance with the two types of
superchargers can be compared.

Both supercharger installations duplicated previous
service installations as nearly as possible. The Roots
type supercharger installation can be seen in Figure 1
and that of the turbocentrifugal in Figures 2 and 3.
The weight of the airplane fully serviced, including all
instruments and the pilot, was approximately 4,300
pounds when equipped with the Roots type super-
charger and 4,350 pounds with the turbocentrifugal
type. The weight added to the airplane by each super-
charger installation was 150 pounds and 167 pounds for
the Roots and turbocentrifugal types, respectively.
These weights include all air ducts and mounting
brackets. That there was a greater difference in
airplane weights than in supercharger weights was due
to the difference in the instrument installations.
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FIGURE 1.—Roots supercharger installation in modified DH-4M2 airplane
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Two Liberty engines were used in these tests, one
with the Roots type supercharger and the other with
the turbocentrifugal supercharger. A check of the
standing revolutions per minute obtained with each
engine unsupercharged and with the same propeller
showed that there was very little difference in the power
developed by the two engines.

The engines were equipped with inverted Strom-
berg NA-L5A carburetors, having 1%-inch diameter
chokes and No. 42 drill size jets. Domestic aviation
gasoline to which had been added 5 em?® of ethyl fluid
per gallon was used in all these tests. A booster
radiator, shown in Figures 1, 2, and 3, was used to
obtain the additional engine cooling necessary on the
supercharged flichts. This radiator was used also on
the unsupercharged flights.

The Roots supercharger used had a displacement
of 0.382 cubic foot per revolution. It was driven

altitude to which the supercharger could maintain
sea level pressure) for an engine of 812 cubic feet
displacement per minute. The maximum rotative
speed of the impeller is given as 23,150 revolutions
per minute. The rotor shaft is mounted in two bear-
ings, a roller bearing between the turbine wheel and
the supercharger impeller, and a deep-groove ball
bearing at the impeller end of the shaft. These
bearings are packed with a light grease, the supply of
which is replenished between flights through pressure
grease gun fittings. Below the critical altitude the
amount of supercharging is controlled by a blast
gate on the turbine nozzle box. An air cooler similar
to those provided on service installations was used.
A metal shield was placed between the supercharger
inlet and the bottom of the cooler to prevent the hot
gases from the turbine and the warm air from the
cooler from entering the supercharger inlet.

FIGURE 3—Turbosupercharger installation in modified DH-4M2 airplane

through a flexible coupling from the rear of the engine
crank shaft. The capacity of this supercharger could
be varied by changing the gear ratio between the
drive shaft and the supercharger impellers. A de-
scription of this type of supercharger and laboratory
test results are given in National Advisory Com-
mittee for Aeronautics Technical Reports Nos. 230
and 284. (References 1 and 2.) The impeller end
clearances used in these tests were somewhat greater
than necessary. They had been increased to 0.015
inch because trouble had previously been experienced
with contacting between the impellers and the ends
of the case. Since the clearances were increased
precision type ball bearings have been obtained, and
the results of tests with these bearings show that
constant impeller end clearances can be successfully
maintained with the clearances reduced to 0.010
inch.

A description of the side type of turbocentrifugal
supercharger is given in Air Corps Technical Report
Serial No. 2365. (Reference 3.) The particular
model used in these tests, known as Form F-1A, is
rated at 20,000 feet critical altitude (the maximum

All the instrument readings were recorded auto-
matically during these tests. The readings of the
indicating instruments were recorded by photograph-
ing the dials of the instruments. For the flight tests
both with the turbocentrifugal and the Roots type
supercharger the following indicating instruments
were used:

(1) Engine tachometer,

(2) Sealed altimeter for measuring carburetor air
pressure.

Electrical resistance thermometers for meas-
uring temperature at:

(3) A point under the lower wing (free air),

(4) Inlet to supercharger,

(5) Outlet from supercharger,

(6) Air inlet to carburetor.

In addition to the above, the following
instruments were installed and a photo-
graphic record of their readings was taken
on the flights using the turbocentrifugal
supercharger:

(7) Tachometer geared to supercharger rotor.

(8) Pressuregauge connected with turbine nozzle box.
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(9) Pyrometer connected in rotation with thermo-
couples in the exhaust stack, the turbine nozzle box,
and just outside the turbine wheel.

Electrical resistance thermometers for meas-
uring temperature at:

(10) Cooler outlet.

(11) Fuel flow meter.

These instruments were mounted on a panel, which
formed one end of a light-tight box, and were photo-
graphed with a motor-driven motion-picture camera
which was mounted at the other end of the box.

For recording the air speeds and atmospheric pres-
sures an instrument was used which gave a continuous
photographic record during the flight. Fuel measure-
ments were obtained on the flights with the turbo-
centrifugal supercharger by the use of a displacement
type flow meter to which had been attached a mecha-
nism which produced a photographic record of fuel
flow. A Venturi type fuel flow meter was used for
measuring the fuel flow on the flights with the Roots
supercharger. Because of mechanical difficulties with
the recording mechanism the results obtained were
not reliable and, therefore, are not included in this
report.

A chronometric timer was provided for measuring
time and for synchronizing the records obtained with
the different instruments.

The supercharger tachometer was driven from a 20
to 1 reduction gear through a standard fitting and
flexible cable. A worm was made which replaced the
nut on the impeller end of the supercharger shaft,
and a 20-tooth gear meshing with this worm was
mounted in a small housing which replaced the cover
plate on the end of the supercharger case.

A propeller designated as Air Service part No.
065323, which was designed for a supercharged Martin
bomber, was used in all these tests. Its diameter was
10.67 feet and its pitch 6.33 feet. This propeller had
previously been calibrated on the same airplane by
means of a hub dynamometer; therefore the engine
power obtained in these tests could be determined
from the propeller characteristics. A description of
the hub dynamometer used for calibrating this pro-
peller and some of the test results will be found in
Natural Advisory Committee for Aeronautics Tech-
nical Reports Nos. 252 and 295. (References 4 and 5.)

All of the instruments were calibrated before and
after the tests with each supercharger. The accuracy
of the measurements is estimated to be as follows:

Engine speed, within + 10 revolutions per minute.

Supercharger speed, within +100 revolutions per
minute.

Carburetor air pressure, within +0.05 inch Hg.

Atmospheric pressure, within +0.05 inch Hg.

Air speed, within +2 miles per hour.

Exhaust gas temperatures, within =+ 15° F.

Temperatures measured with electrical resistance
thermometers, within +2° F.

Fuel flow, within +2 per cent.

Turbine nozzle box pressure, within =+ 0.3 pound per
square inch.

A comparison of the high speed and rate of climb of
the airplane obtained with the two types of super-
chargers was selected as the best method for evaluat-
ing the merits of each supercharger. Before the best
rate of climb was determined, without a rate-of-climb
meter, the rate of climb obtained at several different
air speeds was determined, and from a plot of this, for
each altitude, the air speed giving the best rate of
climb was selected. This was the method used for
the tests with the Roots supercharger. Additional
information on this method and a discussion of the
tests with the Roots supercharger can be found in
National Advisory Committee for Aeronautics Tech-
nical Report No. 327. (Reference 6.) For the first
part of the tests with the turbocentrifugal supercharger
the same method was used. The results obtained were
compared with similar results using a rate-of-climb
meter as a guide for the pilot. As both methods gave
practically the same results, representative flights
could be selected from those obtained with either
method.

During all supercharged flichts the pilot was in-
structed to maintain sea-level pressure at the carbu-
retor to the greatest possible altitude. With the Roots
supercharger the carburetor pressure was regulated by
discharging the excess air through a by-pass valve,
which was gradually closed with increasing altitude
until at the critical altitude it was completely closed.
With the turbosupercharger the carburetor pressure
was regulated by varying the amount of engine exhaust
gases permitted to escape from the nozzle box into the
atmosphere without passing through the turbine rotor.

The unsupercharged flights were made with a super-
charger installed and operating, but with the control
set to give the least possible supercharging effect.

The flight test data were reduced to the conditions
of standard atmosphere according to the Lesley method
given in National Advisory Committee for Aeronautics
Technical Report No. 216. (Reference 7.)

RESULTS AND DISCUSSION OF RESULTS

The results of this investigation are presented in the
form of tables and curves. The test data contained
in the tables have been plotted so that the comparative
performance obtained with the turbocentrifugal and
the Roots type of supercharger can be readily appre-
ciated. Tables I to IIT contain the information ob-
tained in tests with the turbocentrifugal supercharger,
while Tables IV to VI contain similar information
obtained in tests previously conducted with a Roots
type supercharger. The tables and other information
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regarding the tests with the Roots type super-
charger have been taken from National Advisory
Committee for Aeronautics Technical Report No. 327.
(Reference 6.)

Figure 4 shows the time-of-climb and the rate-of-
climb curves for the six flights for which performance
data are given in the tables. Although the flight data
shown are the best obtained with either supercharger,
a greater number of satisfactory flights were made with
the Roots type than with the turbocentrifugal;
therefore, the data for the Roots type are on a slightly
more favorable basis. It is evident that the turbo-
supercharged flights correspond more nearly to flight
No. 4, using the Roots supercharger with the 3:1 drive-
gear ratio, than to flight No. 5, using the 2.4:1 drive

rate of climb than flight No. 6, unsupercharged, with
the Roots supercharger installed. This might be
expected, since the turbosupercharger installation
added an appreciable amount of frontal area. The
poor rate of climb at the beginning of flight No. 3
was probably caused by the fact that the air speed for
this part of the flight was higher than it should have
been, as can be seen in Figure 5.

The air speed in climb and the high speed in level
flight are shown in Figure 5. During the tests with the
turbosupeccharger, flichts were made at the air speeds
which were found best with the Roots supercharger,
but these air speeds did not give the best rate of climb,
particularly for the higher altitudes. For the lower
altitudes the difference in air speed shown for flights

ratio. Flight No. 5 shows that when the drive-gear | Nos. 1 and 4 is without any particular significance, as

28000 T T T T T T |

Flight /, furbo oo pal e Flight /, turbo
o 5 % I

Flight 2, turbo \;)9/9; ’ ,o'“‘ y@@sﬁm i \YF//‘ghf 2, turbo
24000 oz 0@ P .
e i Lo e S
/ | Y cAle y RN
4 f’ 0 7 3l ; A1

/ i ; 7 Flight 4, Roots 3./ drive ratio N

20000 : - e N

[=il ] :
Flight 5, Root's 2.4/ drive rat/o

/6000

1
.'://

12000 /

Standard alfifude, feet

S
N \
Q !
N Al
N

Q

8000 ! 4 FEL—Flight 3, unsupércharged furbo installed—y / A
i/ Vi 4 ,L 5|26, o Roots. i S / !
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4000 - A4 e
/ o of N A

/ i | I

g ) l:
00 /0 20 30 40 50 0 200 400 600 80!
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Time of climb, minutes
FIGURE 4.—Climb performance of DH-4M2 airplane with the turbosupercharger and with the Roots type supercharger for two drive-gear ratios. Also

unsupercharged but with a supercharger installed

ratio of the Roots supercharger was reduced the rate
of climb at the lower altitudes was improved slightly,
but only with a loss in performance at higher altitudes.
Flights Nos. 1 and 2, with the turbosupercharger,
are considered to complement each other in showing the
best rate of climb, for the air speed giving the best
rate of climb was not used at all altitudes in either
flight. Although the differences in ceiling and rate
of climb with the two superchargers are no greater
than those between successive flights with either
supercharger, what differences there are indicate
slightly better performance with the turbosupercharger.

Flight No. 3, unsupercharged, with the turbosuper-
charger installed shows slightly lower ceiling and poorer

the air speed giving the best rate of climb is much less
critical for these altitudes. At the higher altitudes
it will be noted that the air speed giving the best
rate of climb with the turbosupercharger increases
rapidly. All turbosupercharged flights showed this
characteristic.

The curves of high speed in level flight, also shown in
Figure 5, were drawn from the best data obtained on
many flights. There were not enough points to locate
the curves exactly, but it was established that the
speed in level flight was greater when using the turbo-
supercharger, and that the difference increased with
increase in altitude. At 21,000 feet the high-speed
performance was 122 and 142 miles per hour, for the
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Roots and turbocentrifugal, respectively. The high-
speed unsupercharged performance was practically the
same with both supercharger installations. The high-
speed performance obtained with the turbocentrifugal
supercharger, even with its increased frontal area, is a
strong argument in favor of this type of supercharger
for airplanes traveling at high altitudes.

The curves of engine speed (fig. 6) follow very closely
the shape of the air-speed curves in Figure 5. The
low engine speeds at the ground were due to the use of
a much larger propeller than is customary for unsuper-
charged work in order to hold down the engine speed to
less than 1,800 revolutions per minute at altitude on
the supercharged flights.

OMMITTEE FOR ARRONAUTICS

Air temperatures are shown in Figure 8 for both
flight No. 2 with the turbocentrifugal supercharger and
flight No. 4 with the 3:1 drive ratio Roots super-
charger. It will be noted that for both superchargers
the temperature at the supercharger inlet was higher
than the atmospheric temperature, although in each
case the inlet was located where it was thought there
would be a minimum heating effect from the engine.
At the completion of the tests with the Roots type
supercharger it was believed that the higher tempera-
tures recorded at the supercharger inlet were incorrect
and were caused by conduction of heat from the super-
charger case to the resistance thermometer. The dif-
ference in temperature was so much greater, however,

Supercharged
28000 A 3
! B I~ R——Leve/ Flight, furbo
! \
Climb, g \‘
0 flight § > \
24000 fturbon 8t nds Level flight, Roots 3:/
éJ \ drive rato
o '.
<5>°/ |
20000 & i
~ ]
: SR,
@ 7 i
@ J Unsupercharged|
Q /6000 i == 1 . }
N g ! X © Leve/
] i / \[>s | Flight
Q é ‘:' / % P \\Q/furbo
N i
§ 72000\ 7T Climb, Flight]] Crimb, FIhTES |
2 W4, Roots 3:/|i 3, furbo TRE | X\
S ¢ ldrive ratioli 2 \
v 4 N\
8000 H i i Level/\
p / g Flight=
o ! / Climb, flig 7_;‘5‘{ Roo’s [\
: ' . \
4000 é ; 6, Roots n i
i ) d
7? A ! / b ‘5' i
i i ! :
1 ’ ‘i
¥ 80 100 /120 140 60 80 100 120

True

FIGURE 5.—Air speed in climb and level flight
type supercharger using a 3:1 drive-gear ratio.
installed

The engine power in climb is shown in Figure 7.
The difference in engine power at altitude was due to
the difference in engine speed as well as to the differ-
ence in the power each supercharger cost the engine.

Computations based on experimental data show that
the Roots type supercharger with 3:1 drive-gear ratio
required 24 per cent of the brake horsepower developed
by the engine at an altitude of 22,000 feet. From the
experimental data available on the effect of back
pressure on engine power and from back pressures
obtained with the turbosupercharger in these tests,
computations show that the turbosupercharger did
not reduce engine brake horsepower more than 14
per cent at an altitude of 22,000 feet. Similar com-
putations for an altitude of 10,000 feet show a reduction
of 12 and 6 per cent for Roots and turbocentrifugal,
respectively.

air speed m.p.h.

with the turbosupercharger and with the Roots
Also unsupercharged but with a supercharger

in the tests with the turbosupercharger, where the
thermometer had been carefully insulated from near-
by parts, that it is now believed that both super-
chargers were receiving air which had been heated by
the engine and radiator. The rise in temperature in
passing through the supercharger does not appear to
have been any greater with the turbosupercharger than
with the Roots, but the inlet temperatures of the tur-
bosupercharger were much higher, and consequently
the final temperatures. It seems probable that if the
inlet pipe could be placed where it would receive air
at atmospheric temperature, the temperature after
compression might be low enough to make the use of
an air cooler unnecessary. The air cooler used with
the turbosupercharger had a much greater cooling
effect than the carburetor inlet duct used with the
Roots supercharger, and as a result the air tempera-




COMPARATIVE FLIGHT PERFORMANCE 9

tures at the carburetor, in spite of the higher tempera-
tures at the supercharger outlet, were somewhat lower
with the turbosupercharger. The cooling obtained in
the air duct from the cooler to the carburetor was
negligible in tests with the turbosupercharger.

-:S\uperchc]w“geld
28000 3 ~.{\ A %
fl —Level Flight, turbo
% o
240001 Climb, Flights |
|4, Roots 3/ i
drive ratiol$ {<——Level/ flight, Roots 3./
Nd ! drijve ratio
20000 oIk il ET T I
S o f——Climb, flight /, furbo
A ) fdi]
[hg '
9
3 | Unsupercharged
o 4 | \ 5
X /6000 i . \Level flight
3N~ ¢ 1 \ ¢
5 ] ; \ |furbo [
‘l\\ A\ |
N H f : 1y
o qJ j :
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E 7 t | 3, furbo |8 X\ | ftight,
S TAETR / Climb, flightl_43 \<—-/?oofs
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8000 1 | op \\
4|/ ¢ 1
4000 ;gf{ / e
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#, /:x '[@ :
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Engine speed, r.p.m.

Fi1GUurRe 6.—Engine speed in climb and level flight with the turbosupercharger
and with the Roots type supercharger using a 3:1 drive-gear ratio. Also un-
supercharged but with a supercharger installed

The atmospheric and carburetor air pressures for
flights with the two types of superchargers, both super-
charged and unsupercharged, are shown in Figure 9.
The uniform difference in atmospheric pressures for
flights Nos. 1 and 4, for corresponding standard alti-
tudes is due to the fact that flicht No. 1 was made on
a warmer day than flight No. 4. The critical altitude
is not as sharply defined for the turbosupercharger as
for the Roots, for a change in air speed changed the
critical altitude, and the pilot was increasing the air
speed constantly through this range of altitude in order
to maintain the best rate of climb.

On flights Nos. 3 and 6 (fig. 9), both unsupercharged,
the carburetor air pressures were slightly higher than
atmospheric pressures, although the supercharger con-
trols were set to give the least possible supercharging
effect. The maximum differences between atmos-
pheric pressure and carburetor pressure were 0.2 and
1.0 inch of Hg for the Roots and turbocentrifugal,
respectively.

Figure 10 shows the speed of the supercharger rotor
for two flights. As the supercharger tachometer did
not register at the lower range of altitudes in flight
No. 1, data obtained on another flicht are also shown
in Figure 10. During these full-throttle climbs the

speed reached approximately 28,000 revolutions per
minute, which is 5,000 revolutions per minute more
than the rated speed for this rotor.

In Figure 11 are shown fuel consumption data for
unsupercharged flicht No. 3 and supercharged flicht
No. 1, both full-throttle climbs. That the fuel con-
sumption per brake horsepower per hour should in-
crease with altitude could be expected, because the
ratio of friction to brake horsepower increases with
altitude. The total fuel consumed per hour increased
from 220 pounds at sea level to 265 pounds at the
critical altitude.

As the data obtained for fuel consumption in level
flight were not satisfactory, an estimate of this con-
sumption was made on the basis that the specific
fuel consumption at any altitude would be the same
in climb as in level flicht, and that the power varied
directly as the engine speed. On the basis of these
assumptions the total fuel consumed per mile in-
creased for both the supercharged and the unsuper-
charged condition for altitudes from sea level to 8,000
feet; above 8,000 feet, however, the fuel consumption
for the unsupercharged engine increased, while that of
the supercharged remained practically the same.
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F1GUurRe 7.—Power delivered to the propeller in climb, with the
turbosupercharger and with the Roots type supercharger
using a 3:1 drive-gear ratio. Also unsupercharged but with a
supercharger installed
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These tests showed that the acceleration of the
engine equipped with a turbosupercharger was slug-
gish. This was due to the time necessary for the
turbosupercharger to reach an effective speed because
of the inertia of its rotating parts.

It may be well to mention that the airplane when
equipped with the turbosupercharger was operating
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under the disadvantage of increased frontal area, and
when equipped with the Roots supercharger under the
disadvantage of large supercharger impeller end clear-

the difficulty could be remedied by the use of less
rigid duects. Similar trouble had previously been
experienced with the carburetor air ducts in tests with
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FIGURE 8,—Air temperatures during supercharged climbs, with the turbosupercharger and with the Roots type supercharger using a 3:1 drive-gear ratio
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FIGURE 9.—Atmospheric and carburetor air pressures in climb with the turbosupercharger and with the Roots
type supercharger using a 3:1 drive-gear ratio. Also unsupercharged but with a supercharger installed

ances, which resulted in high slip speeds and conse-
quently high discharge air temperatures.

Some trouble was experienced with cracking of the
exhaust gas ducts in the tests with the turbosuper-
charger. As this was caused by excessive vibration

a Roots supercharger. The use of flexible metal hose
for carburetor air ducts, as shown in Figure 1, elimi-
nated this difficulty.

During the tests with the turbosupercharger the
engine exhaust valves would stick frequently, which
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resulted in decreased performance. This trouble was
most pronounced when the engine had been standing
idle for several weeks. An inspection of these valves
showed they were badly pitted and corroded. Tests
recently completed by the Air Corps showed that
ethyl fluid, as used in gasoline to reduce detonation,
causes exhaust valves and valve guides to corrode
after an engine has been left in storage for some time.
(Reference 8.) Whether the sticking of valves when
using the turbosupercharger was due to the effect of
the ethyl fluid used in the gasoline or to the exhaust
valves being constantly surrounded by the hot ex-
haust gases, or to both of these, is difficult to say.
This trouble, however, was not experienced in tests
with the Roots supercharger using the same fuel.

CONCLUSIONS

The results of these tests show that for the two
supercharger installations tested the rate of climb and
ceiling obtained were practically the same.
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FI1GURE 10.—Turbosupercharger rotor speed in climb

The sea level high speed showed no appreciable
difference. However, as the altitude of operation was
increased the turbocentrifugal supercharger gave the
higher speed. The difference in speed between the
two types of superchargers increased gradually,
reaching 20 miles per hour at an altitude of 21,000 feet.

The high-speed performance of airplanes flying long
distances could be greatly improved by supercharging
and flying at higher altitudes.

The acceleration at high altitudes of the engine
equipped with the turbosupercharger was very slug-
gish. However, the turbocentrifugal supercharger
gave a greater improvement in all-around performance
than did the Roots.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NatioNAL Apvisory COMMITTEE FOR AERO-
NAUTICS,
Lanerey FieLp, Va., February 25, 1930.
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TABLE I.—FULL-THROTTLE CLIMB WITH TURBOCENTRIFUGAL SUPERCHARGER (FLIGHT NO. 1)

Atmos- . Tempera- Super-
4 . Engine : Tempera- Tempera-| Pressure
Read-| Corrected A%‘nenr«;z Atgggz dgﬁgféc Standard | speed, 'I;r %Zg" Brake | tureat tsllllme?f ture at |at carbu- csl:’aelé%er
li\?g tiim%, teI:npera- pFessure pound);' a]tritutde, tx_-evolu~ ol Bar |« VAL Ehorsos o chall)-ger tcarpulrei- _r:ltotr revolu- ‘-
0. | minutes 3 A ! H ee ions per ower | charger or inlet, | inlet, : ]
ture,° F.| in. Hg pell-_ :&bxc inute hour D inlet, g . mgt%gt, o R, in. Hg L;g?guxigr |
‘,€
1 2.45 81 29. 65 0. 0727 1,725 1, 385 2.5 0. 432 310 83 l
2 3.87 79.5 28.72 . 0706 2,725 1,405 73.5 .431 315 83 '
3 4. 98 76 27.85 . 0690 3,475 1,420 4.5 .432 318.5 82 |
4 6.19 71.56 26.97 . 0673 4,325 1,435 75 .431 320 80 !
5 7.35 68. 5 26.15 . 0657 5, 100 1, 450 76 .432 322 79 [
6 8. 65 65. 5 25. 30 . 0639 6, 025 1, 465 77 . 433 323 77 !
i 9.99 64 24, 50 . 0621 6, 950 1, 480 78.5 . 437 322 76 {
8 11.32 61 23. 65 . 0602 7,950 1, 495 79.5 . 438 322 74 88 ‘
9 12. 54 58 22.82 . 0585 8,875 1, 510 80. 5 . 439 322 73 88 )
10 13. 85 55 ® 2197 . 0566 9, 925 1, 525 82 . 443 320 72 78 \
11 15. 04 51 21.17 . 0550 10, 850 1, 540 83 . 444 318 72 78
12 16. 35 48 20.37 . 0532 11, 900 1, 555 84.5 . 448 317 70 78
13 17. 53 43.5 19. 67 . 0518 12, 750 1, 570 86 . 452 315 69 78 :
14 18. 80 41 19. 00 . 0503 13, 650 1, 585 87 . 453 315 67 . 88 |
15 20. 04 38 18.32 . 0488 14, 575 1, 605 88.5 . 454 319 66 . 88 l‘
‘ 16 21.33 35.5 17. 65 . 0473 15, 550 1, 625 89. 5 . 454 320 66 78 ‘
| 17 22. 58 32 17. 03 . 0459 16, 450 1, 630 91 . 460 311 67 78 :
A 18 23.75 28.5 16. 46 . 0447 17, 250 1, 630 92.5 . 468 299 69 67 ;
19 24. 95 26 15. 95 . 0436 18, 000 1, 630 94 . 476 291 69 67 |
20 26. 18 23 15. 42 . 0424 18,825 1, 640 95 .478 289 66 . 67 |
21 27.45 20. 5 14. 95 . 0413 19, 600 1, 650 95. § . 477 288 63 . 67 |
22 28. 53 18 14. 60 . 0406 20, 100 1, 670 96 . 474 293 54 67 |
23 29. 84 15 14.15° . 0395 20, 900 1, 680 97 . 476 289 49 . 57 ]
24 31.08 12.5 13.70 . 0385 21, 675 1, 690 98 . 478 288 48 . 57 |
25 32.31 10 13. 40 . 0378 22, 200 1, 690 99 . 483 280 48 . 37 |
26 33.35 8.5 13. 10 . 0371 22, 650 1, 700 102 . 495 276 48 . 07 )
27 34, 84 7.5 12. 85 0365 23, 200 1,710 105 507 278 46 . 80
28 36. 22 6 12. 62 0359 23, 675 1,720 108 518 269 43 25, 800 |
29 37.42 4.5 12. 40 0354 24, 075 1, 730 109 520 269 48 28.20 25, 900 |
30 38. 65 3.5 12.15 0348 24, 550 1,730 110 . 524 364 53 g; gg 26, i% !
31 39. 96 2 11. 98 0344 24,900 1, 740 110. 524 65 56 26,
32 41. 36 2 11.80 0339 25, 300 1, 680 110. 5 542 230 50 26. 60 26, 100 )
33 42. 64 b 11. 63 0335 25, 650 1,750 111 523 263 48 27.25 26, 100
34 43.35 = 11. 50 0333 25, 800 1,710 111 535 240 47 26. 50 26, 000
35 44,47 —3.5 11. 35 0330 26, 075 1,700 111, 5 541 233 44 26. 05 25, 900
36 45.78 —4.5 11.20 0326 26, 400 1, 690 109. 5 534 228 43 25. 63 25, 600
37 47. 03 =45 11. 08 0323 26, 650 1, 680 106. 5 523 224 41 25. 28 25, 400
38 48. 52 —6 11 0321 26, 850 1, 680 106. 5 523 223 41 24. 68 25, 300
39 49. 55 =7 10. 90 0319 27, 025 1, 680 107 525 221 41 24.17 25, 000
40 50. 10 —8.5 10. 82 . 0318 27,100 1, 680 107 525 220 41 23.92 24, 900
41 50. 73 -~10 10. 75 . 0317 27,175 1, 680 105. 5 . 518 222 41 ¥ 23.43 24, 800 |

TABLE II.—FULL-THROTTLE CLIMB WITH TURBOCENTRIFUGAL SUPERCHARGER (FLIGHT NO. 2)

Nozzle- ]

- . box pres- |

Atmos- : o e | rem= Temper-| SUre ‘:

_ |Atmos- o : Engine : perature|perature| Pressure (Temper-|Temper- above |

. Read- rgc?:g 4 | pheric Afl’fggz d%ﬁg{éc Standard| speed, ’I‘Srueeé ém Brake | at su- | at su- p:{ at;n:e at carbu- | ature in | ature in oﬁi“{g atmos- |
' ing | ¢ |temper- ?essure ound};' altitude, | revolu- mi‘l)es or| V/nD | horse- | per- | per- |B% ctr retor | exhaust | turbine | { g.ne pheric 1
| No. | U |ature, | P > | P . feet | tions per D power |charger|charger| "1 1e%0T| inlet, | stack, | nozzle | YUrPIDe | ,recsure, |
| minutes | “op in. Hg | per cubic minute | DoUr inlet, | outlet, | 1016 | i Hg ° box, °F. | Wheel, | “hoinds 1
: foot op.’ oF. oF. 4 i RS per |

square )

inch |

1 1. 36 63 29. 20 0.0741 1,100 1,375 75.5 0.452 303 70 86 76 30.10 1, 250 1,170 1,110 2.2 !

2 2. 90 57 27.80 L0714 2, 350 1, 385 79 . 468 296 70 93 76 29. 40 1, 265 1, 245 1,125 2.7 j

3 4. 50 52 26. 60 0690 3, 500 1,405 78.5 .461 298 70 98 76 290. 40 1, 295 1,275 1,200 3.3 |

4 6.11 48 25.45 0666 4, 650 1,435 79.5 . 455 311 68 102 73 29. 40 1, 295 1,275 1, 200 3.8 J

5 7.72 41 24.15 0640 6, 000 1,435 80.5 . 462 296 63 107 73 29. 60 1, 285 1,270 1,190 4.4 |

6 9. 27 34 22.78 0612 7,425 1,465 81 . 456 304 60 118 71 29. 60 1, 280 1, 280 1, 185 5.0 ]

7 10. 84 29 21. 67 0589 8, 650 1, 485 82 . 456 304 58 120 71 29. 50 1, 295 1, 280 1, 180 5.5 §

8 12. 61 23 20. 60 0566 9, 950 1,495 83 L4590 297 55 128 fi L 29. 40 1,290 1, 280 1,175 6.0 “

9 14. 26 18 19. 56 0543 11, 250 1, 495 81.5 . 448 287 50 137 76 29. 40 1,310 1,285 1,170 6.5 i

10 15. 98 14 18. 57 0520 12, 600 1, 535 83 . 446 297 50 151 81 29. 40 1,325 1, 280 1, 165 7.0 )

11 17. 61 10 17.75 0502 13, 700 1, 635 84.5 . 455 285 48 159 86 29. 60 1,320 1, 275 1,135 7.6 |

12 19. 23 5 16. 97 0485 14,775 1, 575 86 . 450 298 48 177 92 29. 60 1,315 1, 295 1,130 8.5 {

13 20. 90 0 16. 11 0465 16, 050 1, 585 88 . 457 288 48 184 95 29.70 1,310 1, 265 1, 065 9.0 I

14 22.33 = 15.35 0450 17, 050 1, 595 89.5 . 462 204 45 190 97 29. 00 1,320 1, 285 , 080 9.0 1

15 23.94 =11 14. 65 0434 18, 125 1, 585 87.5 . 456 270 43 190 92 27.70 1, 280 1,235 1,075 9.0 {

16 25.73 —14 14,17 0422 18, 975 1,615 g8. 5 . 502 267 40 190 97 28. 00 15 1, 225 1,045 9.0 i

17 27. 26 —18 13. 62 0410 19, 825 1, 635 102. 5 . 518 263 38 193 99 27.20 1, 290 1,215 1, 025 9.0 ‘r

18 29. 04 —21 13.07 0396 20, 850 1, 685 103 . 504 284 38 193 112 28. 00 1, 290 1, 225 1,025 9.4 |

19 30.47 —25 12. 68 0388 21, 450 1, 645 103. 5 . 518 254 38 197 107 26. 20 1, 265 1, 240 1, 000 9.0 4

20 32. 26 —27 12.35 0379 22,100 1, 635 104 . 524 238 34 197 105 26. 30 1, 240 1, 200 1,020 9.0 )

21 33. 85 —30 12. 00 0371 22,725 1, 645 106. 5 . 533 238 30 197 112 26.70 1, 260 1, 235 995 9.4 \‘

22 35. 47 —34 11. 65 0363 23, 375 1, 665 107.5 . 533 241 28 197 110 26. 40 1,275 1, 210 990 9.4 )

23 36. 87 —38 11.27 0355 5 1,615 108. 5 . 555 209 21 197 117 26. 50 1,210 1, 205 965 9.9 |

24 38. 60 —41 10. 92 . 0346 24,725 1, 685 110 . 540 235 21 197 114 26. 20 1, 225 1, 205 985 9.9 |

25 40. 55 —42 10. 68 . 0339 25, 300 1, 535 111.5 . 598 160 24 197 112 25. 80 1, 250 1, 205 965 10. 4 i

26 41.77 —47 10. 40 . 0334 25, 725 1, 685 112 . 549 228 15 197 117 25.30 1, 220 1, 200 960 10. 4 ¢

}
\
)

L e e o SR
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TABLE III.—FULL-THROTTLE UNSUPERCHARGED CLIMB WITH TURBOSUPERCHARGER MOUNTED IN
PLACE (FLIGHT NO. 3)

| |
Atmos- : True Temper- | Temper-
Cor- | AMmOS- | Amos | ‘pheric | Stand- | Engine air : atuse. | ature | Pressure
Read- pheric d : ard speed, Brake at car-
A rected t _ | pheric | density, g speed, at super- | at car-

1’\?5 time, ‘;Tlfre: pressure, | pounds f&g e t{ggg]&;r miles VinD gg‘ffg; charger | buretor bi‘:l‘igttor
s i > i i s i 1
mimptes | S fap® | in Hg. |perouble) oo’ | ‘mingte | BT outlet, | inlet, | 4o Hg

T I

1 2.97 76.5 29. 20 0. 0722 1, 950 1,395 79 0. 467 306 112 96 29. 68
2 4,19 73 28.32 . 0705 2, 750 1,405 79 . 464 306 112 93 29.00
3 5.59 715 27.55 . 0688 3,575 1,415 80 466 305 103 88 28. 20
4 6.95 70 26. 82 . 0672 4,350 1,425 79.5 460 306 103 85.5 27.43
5 8.34 68.5 26. 08 . 0655 5,175 1,425 80 463 297 103 85.5 26. 70
6 9.78 67 25. 36 . 0639 6, 025 1, 405 81 476 273 103 83 25. 98
7 11.12 65.5 24. 85 . 0628 6, 600 1, 405 80.5 473 269 100 8 25. 45
8 12. 50 64 24,32 . 0616 7,225 1, 405 81.5 475 265 97 78 24.85
9 13. 80 62.5 23. 90 . 0607 7,700 1, 405 82 482 258 94 78 24.42
10 15.08 61 23. 48 . 0698 8,175 1, 405 82.5 485 254 91 75 24.10
11 16. 04 58 23.10 . 0592 , O 1,405 82.5 L485 251 91 73 23.75
12 17. 42 56. 5 22.70 0583 9, 1,405 83 . 488 246 91 70 23. 42
13 18.28 53.5 22.35 0578 9,275 1,405 83.5 491 243 89 7 23.03
14 19. 45 52 22. 05 0572 9, 600 1,405 488 241 89 67.5 22. 80
15 20. 41 49 21. 80 0568 9, 825 1,395 83.5 494 234 89 67.5 22.46
16 21. 92 49 21.45 0559 10, 325 1, 395 84 497 229 85 65 22.15
17 23. 46 49 21.28 . 0555 10, 575 1,395 84.5 . 500 226 83 65 21. 82
18 24. 94 49 21. 00 . 0548 10, 975 1, 395 503 222 83 62 21.70
19 26. 61 49 20. 80 0542 11, 300 1, 395 85.5 . 506 219 80 62 21. 54
20 28.13 49 20. 60 0537 11, 600 1,405 . 499 226 77 62 21.38
21 29. 30 48 20. 45 0534 11,775 1,405 85 499 223 7 62 21.38
22 30. 56 48 20. 35 . 0532 11, 900 1, 385 84.5 503 211 80 62 21.24
23 31. 06 46.5 20. 25 0531 11, 950 1, 385 84.5 503 211 80 62 21.10
24 32.63 46.5 20. 06 0526 12, 250 1,385 85 506 209 80 59.5 21.00

TABLE IV..—OPTIMUM ROOTS SUPERCHARGED CLIMB USING

Read-
ing
No.

THE 3 :1 DRIVE RATIO (FLIGHT

‘ grake
Atmos- Observed Temper- i aIse,
Corrected| Oagffl:):?d Oﬁﬁx{‘)‘:d d}éhe;gc Standard eng(l;ge ‘zgi Brake a;:grzra-t ’gﬁﬂg ?11; zﬁr(e:;ilgﬁ C()I:‘gg:%gd
time, pheric pheric III_IS’; dy;. altitude, rsepv ShL msill)es or VinD horse- chaIz)'g on carbure- | reter |to stand-
minutes tempeorrg- pressgre, plt)a(r) cubic feet tions per | per hg)ur power outlet, }%r (inll)ets _mlelti, ard presl-
ure, S| B ° . (abs. in. Hg | sure and
Y g, foot minute F. tempera-
ture
|
1.22 ‘ 45 28. 40 0. 0748 800 1, 400 79.5 0. 469 319 67 519 29. 50 323
3.04 41 27.00 . 0716 2, 200 1,430 81 . 467 326 70 519 29. 50 329
5.23 39 25. 80 . 0687 3, 700 1, 440 81.5 467 320 80 522 29. 60 322
7.12 36 24. 35 . 0652 5,350 1, 450 83.5 475 317 88 527 29. 60 319
9. 19 34 23. 30 . 0626 6, 700 1,470 83.5 469 309 93 530 29. 60 310
1111 30 22.10 . 0598 8, 200 1, 500 B84 462 314 101 536 29. 60 316
12. 90 26 20. 95 . 0572 9, 600 1, 500 85 . 468 301 109 541 29. 50 304
14. 67 21 19. 80 . 0547 11,050 ° 1, 520 85.5 464 301 117 544 29.40 304
16. 50 17 18.70 . 0521 12, 550 1, 530 87.5 . 472 290 125 549 29. 50 292
18. 45 14 17.75 . 0497 14, 000 1, 550 88 . 469 288 133 557 29. 50 290
20. 08 9 17. 00 . 0482 15, 000 1, 560 89 285 141 560 29. 40 287
21. 90 4 16. 15 . 0461 16, 300 1, 570 91 . 478 276 147 566 29. 50 278
23. 57 0 15. 50 . 0447 17,250 1, 580 92 481 272 155 571 29.70 272
25. 41 -3 14.75 . 0429 18, 500 1, 600 94. 5 488 268 163 577 29.70 267
27.16 —7 14. 20 . 0416 19, 400 1, 600 94. 5 488 260 174 585 29.70 260
28. 54 =11 13.75 . 0407 20, 000 1, 600 94. 5 488 264 183 587 29.70 254
30. 11 =10 13. 30 . 0398 20, 700 1,610 95. 5 490 253 188 593 29.70 254
31. 89 =19 12. 80 . 0386 21, 600 1, 620 96. 5 251 193 601 29.70 252
33.33 —23 12. 40 . 0378 22, 200 1,620 96 489 244 199 607 29.70 244
35. 41 —26 11. 95 . 0365 , 200 1, 620 96 489 236 204 610 29. 40 230
36. 63 =31 11. 65 . 0360 23, 600 1,620 96 489 233 207 612 28. 90 228
38.17 —33 11. 30 . 0352 24, 200 1, 610 97 . 497 223 207 612 28. 20 219
40. 93 —36 11. 05 . 0346 24, 700 1,610 97 . 497 219 207 612 27. 65 215
42. 66 —38 10. 80 . 0340 25, 200 1,610 97 . 497 215 210 612 27. 05 213
44. 92 —39 10. 65 . 0335 25, 600 1, 600 98 . 505 204 210 612 26. 60 202
45. 60 —41 10. 50 . 0332 25, 900 1, 600 98.5 . 508 203 210 610 26. 25 201
46. 43 —43 10. 40 . 0331 26, 000 1, 590 93.5 . 485 204 207 607 25. 90 204
438. 63 —43 10. 25 . 0326 26, 400 1,570 93 . 489 192 204 604 25.60 190

1Table XIIT, National Advisory Committee for Aeronautics Technical Report No. 327!

NO. 4)
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TABLE V.—OPTIMUM ROOTS SUPERCHARGED CLIMB USING THE 2.4:1 DRIVE RATIO (FLIGHT NO. 5)

Observed| Observed| Atmos- Observed
Read-|Corrected atmos- | atmos- dpheg'tlc Standard engu&e
ing | time, pheric | pheric | 9€ns! dy' altitude, fg’:ld_
No. | minutes | tempera- | pressure, p%?(lbﬂbisc foetl i
ture, °Fv| in. Hg oot minute
1 3.40 82 28. 95 0. 0708 2, 600 1,405
2 4.83 77 27. 60 . 0683 3, 800 1,425
3 6. 30 71 26. 35 . 0659 5, 000 1,435
4 7. 60 64 25.20 10639 6, 000 1,455
5 9.12 60 24.20 . 0619 7, 050 1, 465
6 10.79 56 23. 20 . 0597 8, 250 1,475
U 12.27 52 22.20 . 0576 9, 350 1, 495
8 13.89 48 21. 20 . 0554 10, 600 1, 515
9 15. 48 44 20. 25 . 0533 11, 800 1, 525
10 17. 00 40 19. 30 . 0513 13, 000 1, 545
11 18. 62 36 18. 50 . 0496 14, 100 1, 565
12 20. 32 33 17.70 L0477 15, 300 1, 575
13 21. 90 30 17.00 . 0461 16, 300 1, 585
14 23. 58 27 16. 30 . 0445 17, 400 1, 595
15 25. 05 23 15. 60 . 0430 18, 400 1, 605
16 26. 65 20 15.10 L0418 19, 250 1, 605
17 28. 32 18 14. 55 . 0405 20, 200 1, 615
18 30. 08 16 14. 05 . 0392 21, 150 1, 615
19 31. 65 15 13. 70 . 0384 21, 750 1, 615
20 33.29 14 13. 40 . 0376 22, 300 1, 605
21 35. 05 12 13. 10 . 0369 22, 900 1, 605
22 36. 77 11 12. 85 . 0362 23, 400 1, 595
23 38.47 10 12. 60 . 0356 23, 900 1, 595
24 39. 51 7 12,40 10353 | 24,150 1,595
25 41.16 7 12. 20 . 0348 24, 550 1, 595
26 43. 06 5 12. 05 . 0344 24, 900 1, 595
27 44, 28 4 11. 95 . 0342 25, 050 1, 595
28 45. 50 3 11. 85 . 0340 25, 200 1, 595
29 47.10 1 11. 70 . 0337 25, 500 1, 595
30 49. 46 1 11. 65 . 0335 25, 650 1, 585
31 50. 64 0 11. 60 . 0334 25, 725 1, 585

Brake
horse-
Air Temper- | Temper- | Pressure | power
speed Brake | ature at | ature at | at carbu- | corrected
miles p'er VinD horse- super- carlguro- retor in- | to stand-
RoBE power | charger |torinlet, | let, in. |ard pres-
outlet,°F.| °F.(abs.) Hg sure and
tempera-
ture
4.5 0.437 316 332
74.5 . 431 315 | 329
74 . 425 314 326
75 . 425 317 330
75.5 . 425 314 326
14 . 430 309 320
7 . 430 312 322
79 . 430 310 320
80 .433 304 315
8L. 5 . 435 303 314 |
82.5 . 435 302 312 ‘
84 . 440 208 307
84.5 . 440 204 303
86 . 445 289 205 |
87.5 . 450 288 285 |
89 .457 272 269 |
89.5 . 457 269 267 ‘
91 . 465 258 257
92 . 470 252 251
92.5 . 475 242 242
93 . 478 236 235
93. 5 . 483 227 226
94. 5 . 489 222 221
895 . 491 219 217
95.5 . 494 214 212
95 . 491 213 210
95 . 491 213 210
95. 5 . 494 210 208
96 . 496 206 203
96 494 207 204
96 . 494 207 205

! Table X, National Advisory Committee for Aeronautics Technical Report No. 327.

TABLE VI.—OPTIMUM FULL-THROTTLE UNSUPERCHARGED CLIMB WITH ROOTS SUPERCHARGER
MOUNTED IN PLACE (FLIGHT NO. 6)

.‘ g Erake
\ orse-
| Observed| Observed A%}ggi’ O‘Ee{::d Ai | Temper- | Temper- | Pressure | power ‘
Read-|Corrected| atmos- | atmos- dp it Standard g d L | Brake | ature at | ature at |at carbu- | corrected
ing | time, | pheric | pheric %llljs;lds;’ altitude, fg"?&u’_ msill)gsed'er V/nD | horse- | super- | carbure- | retor in- | to stand-
No. | minutes | temp%ra- pressure, pper GHbiG feet tions per hou? | power | charger |torinlet, | let, in. [ard pres-
| ture, °F. | in. Hg foot minute [ outlet,°F.| °F.(abs.) Hg | sure and |
| | tempera- |
| . ture
‘ 1 1
‘ |
1 1. 85 ‘ 71 29. 35 0.0733 1, 500 1,415 7 0.432 | 319 82 539 29. 50 314 |
2 2.11 64 28. 16 L0713 2, 400 1,405 75.5 . 441 318 78 534 28.20 317
3 4. 68 60 26. 90 . 0687 3, 600 1, 400 76.5 . 451 298 75 531 27.20 295
4 6. 06 55 26.10 . 0673 4,300 1,395 77 . 456 287 71 526 26. 30 285 |
5 7.60 50 25.10 . 0654 5,300 1, 395 7.5 . 459 279 65 520 25. 40 276 |
6 9.11 46 24. 40 . 0640 6, 000 1,395 8 . 462 271 63 515 24. 50 269 |
1 10. 77 44 23. 60 . 0622 6, 900 1, 385 8 . 465 259 60 512 23. 85 256
8 12. 80 44 23.00 . 0606 7,750 1, 385 79 471 250 60 511 23. 20 ‘ 247 |
| .9 15. 46 46 22. 50 . 0590 8,600 1, 385 80,5 480 242 60 512 22.70 237
[0 17.35 46 22. 00 0577 9, 300 1,375 81 486 230 60 512 22:16 | 226
11 19. 13 45 21.70 0571 9, 700 1,375 81 486 227 60 512 21.80 | 223
12 20. 88 44 21. 25 0560 10, 300 1,375 82 492 221 60 512 21.50 | 215
| 13 22.18 41 20. 90 0553 10, 650 1,375 81 . 486 220 60 511 21. 10 215
}4 gg 398 28 30. b5 8543 173 lgg 1,376 285(1) . 486 217 60 509 20. 80 211
5 25 0. 35 153! 11,4 1,375 . 5 483 216 60 508 20. 50 211
Ll 27.53 38 20. 05 0533 11, 850 1, 365 80.5 . 487 208 60 508 20. 20 203
17 29. 11 37 19.70 0526 12, 300 1,365 80 L484 206 59 508 19. 90 201
[=18 29. 92 36 19. 65 0523 12, 400 1,365 80 . 484 204 59 508 19.75 200 |
19 31.13 34 19.35 . 0520 12, 600 1,365 79.5 . 478 204 58 506 19. 50 202 |
20 32.33 33 19.15 L0517 12, 800 : 1, 365 79 .478 203 55 506 19. 40 200

1 Table I, National Advisory Committee for Aeronautics Technical Report No. 327.
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
({’ aral}e)l Linear
: . Syt 19 St Designa- | Sym- Positive Designa- | Sym- | (compo-
Desfgnation bol |5 Tahol tion bol direction tion bol |nent z_ll)ong Angular
axis

Longitudinal .__[ X X rolling_ ... _ L Y—— 7 | roll____ P u P
Lateral < = Ael ) Y pitching____| M Z——— X' | pitehiz 2" (] ) q
Normal. 2. ¥t Z Z yawing_____ N X——Y | yaw__.__ ¥ w r
Absolute coefficients of moment Angle of set of control surface (relative to neu-
oli ol Ol M Heid i tral position), 8. (Indicate surface by proper
L gbS M= geS B GTS subscript.)
4. PROPELLER SYMBOLS
D, Diameter. T, Thrust.
p., Effective pitch. Q, Torque.
Pgy  Mean geometric pitch. P, Power.
ps, . Standard pitch. (If “coefficients” are introduced all
Do, Zero thrust. units used must be consistent.)
Pay Zero torque. n, Efficiency=7" V/P.
p/D, Pitch ratio. n, Revolutions per sec., . p. s.
V’, Inflow velocity. N, Revolutions per minute, r. p. m.
Vs, Slip stream velocity. ®, Effective helix angle=tan™" (———2 5 )
T
5. NUMERICAL RELATIONS
1 hp=76.04 kg/m/s =550 1b./ft./sec. 1 1b.=0.4535924277 kg
1 ke/m/s=0.01315 hp 1 kg =2.2046224 1b.
1 mi./hr.=0.44704 m/s 1 mi.=1609.35 m = 5280 ft.

1 m/s=2.23693 mi./hr. 1 m=3.2808333 ft.






