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SUMMARY

This report describes a Roots type aircraft engine supercharger and presents the results of
some tests made with it at the Langley Field laboratories of the National Advisory Committee
for Aeronautics. The supercharger used in these tests was constructed largely of aluminum,
weighed 88 pounds and was arranged to be operatéed from the rear of a standard aireraft engine
at a speed of 14 engine crankshaft speed. The rotors of the supercharger were cycloidal in
form and were 11 inches long and 914 inches in diameter. The displacement of the super-
charger was 0.51 cubic feet of air per revolution of the rotors.

The supercharger was tested in the laboratory, independently and in combination with a
Liberty-12 aircraft engine, under simulated altitude pressure conditions in order to obtain
information on its operation and performance. During an investigation of the influence on the
operation of the engine of various types of air-duct connections between the supercharger and
the engine, the supercharger was subjected to considerable rough treatment, which it endured
very well, so that it seems apparent that the supercharger could well endure service handling.
By the proper proportioning of the air-duct system, the engine would operate at all speeds
as smoothly and free from vibration as the normal engine.

From these tests it seems evident that the Roots blower compares favorably with other
compressor types used as aircraft engine superchargers and that it has several features that
make it particularly attractive for such use.

INTRODUCTION

Since the density of the atmosphere decreases continuously with increase in altitude, the
power developed by the normal aircraft engine decreases as its altitude of operation is increased
to such an extent that the power developed at 20,000 feet is less than 50 per cent of that
developed at seal level. Analyses have shown that this diminution in power can be prevented
or at least reduced materially by supercharging, and applications of superchargers to service
airplanes have resulted in marked increases in airplane performances. For any given service
requirement, the results obtained by supercharging will be influenced by the type of the super-
charger selected. Therefore, in order to permit intelligent selection to be made, the character-
istics of the different types should be known.

Centrifugal air compressors operating at high rotative speeds have been employed as aircraft
engine superchargers both in this country and abroad. Rotor speeds ranging from 6,000 to
about 40,000 revolutions per minute have been employed in the various designs and multi-
staging has been used in some cases. The turbo-compressor supercharger developed by the
Engineering Division of the Air Service is an excellent example of the application of this type
of compressor for supercharging duty in this country. The positive-displacement types of
compressors have not had such extensive trial. A reciprocating compressor and a rotating
vane type have been tried but have mechanical limitations which militate against their utility
for aircraft superchargers. The British made some trials with a supercharger patterned after
the Roots blower, but the results have not been published. The Roots type has attractive
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features and seems to have promise for use as an aircraft engine supercharger as indicated by
tests that have been conducted upon the N. A. C. A. Roots type supercharger described in this
report. Methods for driving these various types of compressorsh ave included direct-connected
exhaust gas turbines, mechanical drives from the engine by belt and gears, and a gasoline engine
having the compressor for its sole load.

DESCRIPTION OF THE N. A. C. A. ROOTS TYPE SUPERCHARGER

The National Advisory Committee for Aeronautics constructed a Roots type supercharger
from designs made by the Clarke Thomson Research at the time the facilities of this research
were placed under the direction of the National Advisory Committee for Aeronautics; G. W.
Lewis, as engineer in charge of the Clarke Thomson Research, directed the making of the de-
signs. The construction of the Roots supercharger is considerably different from that of the
commercial Roots blowers, since for a supercharger having a given capacity it is necessary that
the weight be a minimum compatible with the necessary strength. As a consequence, light
alloy castings and alloy steels form the chief constructional materials for the supercharger.
The speed of rotation of the rotors is increased considerably over that used in commercial
practice in order to obtain greater capacity for a given displacement.

Consideration of the possible synchronization of the pulsating pressure of the air delivered
by the supercharger with the pulsating pressure induced by the engine determined the relation
of rotor speed to engine speed. With a 12-cylinder engine operating on the four-stroke cycle,
there will be six inductions per revolution.. With the Roots supercharger, there are two periods
of delivery per revolution of each rotor, resulting in four pressure impulses per revolution of
the two rotors. Therefore, in order that the frequencies of the pulsations produced by the
supercharger and the engine may be equal, the supercharger rotor speed must be 1.5 times the
engine speed.

If the intervals between inductions for the different cylinders of the engine were equal,
this would give an opportunity to realize some benefit from the synchronization of the pressure
impulses produced by the supercharger with the induction periods of the engine. While the
pressure fluctuations produced by the supercharger presumably occur at equal intervals, the
induction periods with the Liberty 12-cylinder engine do not, since the angle between the two
banks of six cylinders is 45°.  Furthermore, the character of pressure waves in the two cases
may be quite different so that the maximum effects of synchronization probably can not be
realized by this particular combination.

The N. A. C. A. Roots supercharger was designed originally to be mounted directly on the
rear of a Liberty engine and to be supported solely by the engine. This mounting was not
used, however, and in all of the tests, the supercharger was supported by the engine bearers
extended, and was driven from the engine through a flexible coupling. With these changes, the
liability of damage due to misalignment was reduced. An idea of the construction of the
supercharger can be obtained from Figure 1.

The housing is made of aluminum castings, all of the castings being ribbed to provide
strength and rigidity with minimum weight, as can be seen from Figure 1. A steel plate separates
the rotor chamber from the gear compartment.

The supercharger rotors are shown in Figures 2 and 3. They are hollow castings, having
a wall thickness of about three-sixteenths inch and are 11 inches long by 954 inches in diameter.
The contour of the rotors is cycloidal, except for a narrow portion of the tips, which is concentric
with the axis of rotation, and a narrow flat portion near the hub; shallow clearance grooves are
cut at the junctions of these surfaces with the cycloidal surfaces. The rotors are fitted with
rectangular steel driving flanges which fit in machined recesses in the ends of the rotors and are
fastened by machine screws. The driving flanges have internally splined hubs which fit on
splines on the rotor shaft.

The rotor was constructed originally of an ordinary aluminum casting alloy. After approxi-
mately 100 hours of operation, they were replaced with rotors made of another aluminum alloy
having a higher specific gravity and a greater tensile strength than that used at first.
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Figure 4 shows the gears that drive the rotors. A gear operated at crankshaft speed meshes
with a pinion forming an integral part of one rotor shaft, the ratio of these gears determining
the rotor speed for a given engine speed. The rotor shafts are connected together by another
pair of gears which serves to maintain proper relation between the rotors as well as to transmit
torque from one rotor shaft to the other.

In the original design contact between the ends of the rotors and the housing was limited
to a narrow ring near the shaft by a slight projection on the rotor ends formed on the flanged
hubs. In most of the work all contact at the ends of the rotors was prevented by locating
the rotors definitely in the housing by distance pieces inserted between the outer races of the
rotor-shaft ball bearings and the bearing cover-plates.

F1G. 1.—N. A. C. A. Roots type supercharger with Liberty-12 engine

It was originally intended that lubrication would be furnished from the main oil-pressure
system of the engine. During the tests of the supercharger alone, however, it was found that
a metering orifice, about No. 70 drill, had to be provided in the oil line to prevent overoiling.
During the tests of the engine-supercharger unit the method of lubricating from the engine
pressure system was discarded in favor of a hand lubricator connected to the supercharger gear
case which gave greater assurance that proper lubrication of the supercharger would be main-
tained.

The air ducts provided with the original machine were made of cast aluminum, and were
intended for use with standard Zenith carbureters. A single casting connected the two car-
bureters together at the bottom. From the rear carbureter a Y-shaped casting divided the duct
system in order to pass around the Delco generator. Two arrangements were provided for
connecting these ducts to the delivery side of the supercharger, one being an aluminum casting
giving a direct connection with little volume and the other a sheet-steel tank of 1.8 cubic feet
capacity. The design of the air connection was changed, however, to that shown in Figure 1,
using inverted Stromberg carbureters with the original steel supercharger tank. The new
parts were built chiefly of welded sheet steel.
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A hand controlled butterfly valve, located in the short pipe shown in Figure 1 on the top
of the supercharger tank, served to by-pass directly to the atmosphere all air not required
by the engine and forms the sole supercharger control.

An automatic inlet valve, located in the air duct immediately in back of the rear carbureten,
was introduced to permit the engine to draw air directly from the atmosphere in case the super-

F16. 2.—Aluminum rotor with steel F1G. 3.—Supercharger with rear end plate removed
driving flanges

charger should fail. This was a poppet valve, 5 inches in diameter, which was normally held
closed by its own weight and by the pressure in the air duct; the suction from the engine open-
ing it if the supercharge air supply fails. In back of this valve there were four baffle plates
made of 0.035-inch sheet steel, in each of which are drilled 30 holes, three-fourths inch in di-
ameter. The holes in successive plates were staggered.

The supercharger complete with
rotors made of the heavier aluminum
alloy, coupling, and redesigned air
ducts weighs 151 pounds. The main
component weights are as follows:

Pdlmds
Supercharger Bl R
Gouplingiad wetis o SR (1)
DSupercharger tank_ ___._____~_% @ 24
Airiduetgo L o = 203 e Rl e BP0

In making the alterations to the
original design mentioned, minimum
weight was not given much considera-
tion so that the changes involved an
increase in over-all weight of about 30

])()llllds‘ F1G. 4.—Gear case, gears, and rotor shafts
LABORATORY TESTS OF THE SUPERCHARGER

Tests of the supercharger as an independent unit were made with the supercharger con-
nected to a 50-75 horsepower Sprague electric dynamometer. The inlet to the supercharger
was throttled to simulate service pressure conditions. The air quantities were measured with
thin-plate orifices patterned after those calibrated by R. J. Durley and reported in Volume
27 of Transactions of the American Society of Mechanical Engineers. Provision was made to
use two orifices in parallel, so that sizes no larger than those calibrated by Durley would be
required. Temperatures were observed by means of chemical mercury thermometers, and
pressures by mercury, water and alcohol manometers. A special screw adjustment type alcohol




ATRCRAFT ENGINE SUPERCHARGER 7

manometer was used to measure the drop across the metering orifices, which enabled the head
to be read easily to within 0.005 inch. The scheme of the apparatus set up is shown in Figure
5, manometers and thermometers being indicated at the points of their introduction into the
system.

Orifice Orifice box Orifice

Regqulatingiam, Bypass valve
valve G’l:i‘ L 7hermometer Y—]
L ek =)
Marnometer Receiving €=
—tank Dynamometer
Meanom'tr )
Depression L
tork e
Mariometer |

F16. 5.—Arrangement of apparatus for laboratory test of supercharger

Measurements of power required and weight of air handled were made over a range of ratios
of supercharger discharge to inlet pressures from 1.0 to 2.2 and for speeds up to 1,800 revolutions
per minute. The various pressure ratios were obtained by varying the inlet pressure, the dis-
charge pressure being held nearly constant. The actual runs were made at constant weights of
air handled, the desired pressure ratios being obtained by varying the speed of rotation and the
opening of the inlet gate valve.

The following methods were used in working up the plotted results for weight of air handled.
The absolute pressure of the different parts of the system were obtained from the barometer and
the different manometer obser-

T T | .
\ \ / ) \ \\\ ‘S\OL__ vations. The following formu-
a2z 652 EFF = . g
¢ \ \ L [N = e la, given by Durley, was used
il g \ \ Al \ o & \\\> in determining the weight of
e N 1 9 Y e ™Y air handled:
g5 L9 ! L 70% ‘ = : 2 |77
%E Rl : ] i s 1_0}04?#_ W =0.630 d&*~/T
v /8% _ .
4 St VI X = & \< where
{ - . B
$ad V] \ > | | N W =weight of airin pounds
09 8 T 52.\_ ] 00 =
885 NN \ I~ \ per second.
Q 9L /N/ X \ S I~ (' =coefficient of discharge
éﬁ s Vi 80% I~ \}?7 for the orifice.
1 : SRy
o // N /\§’<0 QIZZ d =diameter of orifice In
S 2% = == M1 inches.
L —1 . e .
f ‘657 ) /" — = 1 =head over orifice 1In
105 700 800 1200 1600 inches of water.
Orive shaft REM. T —absolute temperature
FiG. 6.—Power, efliciency, and air delivery of ilil' lehl'(‘ll h(‘it
, Fahre .

The coeficient used was that given by Durley, but modified as indicated by a series of ex-
periments made to determine the effect on the orifice coefficient of causing the flow to take place
in the reverse direction from that for which the orifice was originally calibrated. The effect of
such reversal was insignificant for the purpose of these tests. The volume of air handled in unit
time was determined from the density of the air at the supercharger inlet and the weight measured
by the orifice meter. From this and the geometrical displacement, the volumetric efficiency of
the blower was obtained.

Brake horsepower during the test was determined from the dynamometer torque scale and
revolution counter readings. While the runs were so made that very nearly constant air weights
were obtained, still there were small differences in air weights between the runs, so that the
speed, power, and air volumes were reduced to the same mean weight basis by straight propor-
tion. The amount of such reduction was at all times quite small. The horsepower theoretically




8 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

required to adiabatically compress and deliver 1 pound of air per second is given by the follow-
ing formula:
RN el

HP.=eeo g TF

~1)=.336 T (r*-1)

This power divided by the observed brake horsepower was designated the overall efficiency.
Figure 6 is a plot of the results, the curves having been faired by successive cross-plotting.

In Figure 7 constant speed curves of efficiency plotted against pressure ratio are shown for four

interesting speeds. The power

e ] required to operate the blower
it | with free inlet and discharge is
5 o
N Wl T & Lt ki about 3 horsepower at 1,800
] ,ggg,,_::ji\ L i 051 O revolutions per minute. Fig-
Sl e e e ) 408 i i
o 7 s & e — ure 8 gives .the volumetric effi
360 — ciency obtained.

& J Ratios of the absolute tem-
< ‘ perature of the discharge air
0 o0 the abs . teraperature
4055 i e, e i =5 553 = 3 1o th_e abgoll}te ternperature of

Pressure rotio (Discharge pressure 14.7/b/sg.in,) the inlet air, computed for

various test conditions, are plot-
ted on Figure 9, and a curve is
drawn to represent the test results. This curve is closely approximated by another which is

F1G. 7.—Theoretical and test efficiencies

g . i Bzt !
determined by the equation, 7+ =( 3" )» with “n” taken as 1.53. A curve showing the rela-
3 | T P, g

tions of these quantities for adiabatic compression, “n”” taken as 1.4, is given also on this figure.

Slip speeds were obtained by blocking off entirely the inlet to the supercharger and,
observing the speed required to maintain specified pressure ratios up to 2.2 with no discharge,
the pressure on the discharge side being atmospheric. The slip speed will be affected considerably
by the lubrication conditions and by the clearances between the two rotors and between each
rotor and the housing. The slip speeds obtained in these tests are given in Figure 10. A greater
amount of lubricant was

g 100
used during these tests o P T
. : A e B
than was found desirable 3 B W P
. * . 1 —
later in actual use of the .§ g e L. |EE5
A .0 /0
machine. No tests were &
. o
made to determine the
effect of differences in < so
. . 0)
lubrication and clear- §
~N
ances upon these perfor- 8
mance characteristics, 45 200 800 1200 1600

but the effect may be Orive shoft REM.
appreciablo. FiG. 8.—~Volumetric efficiency

In order to obtain an indication of the mechanical limitations of the type, tests were made
to determine the speed at which the rotor would burst when rotating by itself in free air. An
aluminum alloy rotor failed at 9,600 R. P. M., while a magnesium alloy rotor made subsequently
to these performance tests but similar in design to the aluminum rotor failed at 13,500 R. P. M.
The speed of rotation of the supercharger rotors depends upon the speed of the engine and the
gear ratio selected. The tests described in this report were made with a gear ratio of 1.5:1 so
that with an engine speed of 1,700 R. P. M. the rotor speed is 2,550 R. P. M. During flight tests
that were made later than the tests reported here, the gear ratio was increased to 1.95:1 giving
arotor speed of over 3,200 R. P. M. for an engine speed of 1,700 R. P. M. The machine was used
considerably with this higher drive ratio and there was no evidence that such high rotor speeds
imposed any important limitations.
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It is interesting to note that commercial Roots blowers having the same displacement as
the N. A. C. A. Roots supercharger, namely, one-half cubic foot per revolution of the rotor, have
normal operating speeds of about 500 R. P. M. as against the supercharger speed of 3,200 R. P. M.
with the higher gear ratio.

14
THEORETICAL EFFICIENCY

OF ROOTS BLOWER n=.53

Figure 7 shows a curve el =
‘ 3 - nsl.40
marked “Type efficiency.” Tesf\y/ Sl

This efficiency is the ratio of =

the area for the theoretical i 2 -~ il
adiabatic card for a reciprocat- oy
ing compressor to the area of |
a rectangular card using the Ll Z
same pressures and inlet vol-

umes. The rectangular card
represents a.ppro‘\unately the 10/ e 14 /6 Lo éc 2.4
power required by a Roots P,

blower. P,

Referring to the diagram-
matic outline of a Roots blower
in Figure 11, it will be seen that the action of the impeller is to transfer a fixed volume of air
“A” from the inlet side and at the inlet pressure to the delivery side, ignoring all losses due to
leakage, and that this volume of air ““A’" is subjected to the full delivery pressure at “B’’ when
a sufficient area has been opened at point “C” by the rotation of the impeller. At this moment

F16. 9.—Temperature-pressure relations of air handled by supercharger

g
3

1S
L I
< Lo
s L1
/00 -
< >
8 ,/
s
) //
D 50 %
o v
v | A
B
5 19
2, 1.2 1.4 1.6 7.8 2.0
Pressure ratio
Fi16. 10.—Slip speed Fi1Gg. 11.—Diagrammatic cross section of

Roots compresser

the air at “A” is suddenly compressed to the full delivery pressure, and the rotor then works
against the delivery pressure during practically the whole movement required to displace the
volume “A.”

The pressure-volume relation for this condition of operation

0 s S gt o 19 is shown in Figure 12, where the area 1-2-3-4-5 represents the
N i work required to compress adiabatically and deliver 1 pound of
e

et L SRR B G 1g air from the pressure P; to the pressure P,, a form of indicator
PG =/ card which is given approximately by piston compressors. The
o ;

v area 1-6-4-5 represents the work required to compress and
bl LAl Rl deliver the same unit weight by the method of operation of the

Roots blower The area between the line of instantaneous pres-
sure rise along 1-6 and the adiabatic pressure rise along 1-2-3 represents the extra work done
in the Roots type blower. It is apparent that this extra work is small as compared to the
total work at low compression ratios but becomes a greater proportion of the total work as
the compression ratio increases.
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Numerical values of type efficiency can be obtained from simple mathematical treatment
of the case. The work required to compress adiabatically and to deliver 1 pound of air, as
shown by the area 1-2-3-4-5 in Figure 11 is

k k-1
W=+ PVi44(r* —1
a k, 0 1 1

The work of compression and delivery of 1 pound of air, according to the hydraulic card

area 1-6-4-5 in Figure 11, is
1‘;\: 1'7 (1)2'1)‘) 144

where
P, and P,=initial and final pressures in lb./sq. in.
P, ; :
r:[,; = the ratio of compression.
E=theoretical efficiency of Roots blower.
k=ratio of specific heats.
V= the volume of 1 pound of air at initial pressure and temperature conditions.
but
Linan g =B (rll)
so that

Wh=VP;, (r—1) 144

The theoretical type efficiency is evidently the ratio between these work areas, or:
AT I/ ke
7 -y B T vk
E W, k—l(' l>

134630 (ni288 i)
E= , -
=l

For air K=1.406, so that

Computed values of E for pressure ratios up to 3.0 determine the curve marked “Type effi-
ciency’’ given in Figure 7.

Several methods have been considered for counteracting this characteristic reduction in
compressing efficiency with increase of pressure ratio. For instance, the slow-speed commercial
Roots blower has been provided with a Venturi restriction at the outlet of the blower for use
with pressure differences somewhat above five pounds per square inch, which is intended to
give higher efficiencies than would be obtained with the ordinary blower under these conditions.
Brief trials were made with a Venturi discharge fixture and with well-rounded orifices, having
orifice discharge coefficients for the two directions of flow of approximately 0.95 and 0.60, but
no improvement was obtained. The installation of valves above the rotors would tend to
reduce the back flow of air, so that the cycle would then approach more nearly that of the
piston compressor. Several such valve mechanisms were studied briefly in the laboratory,
but all of them imposed so great a pressure drop in passing the air through the valve that no
benefit could be expected by their use. '

LABORATORY TESTS OF ENGINE-SUPERCHARGER UNIT

After the tests of the supercharger as an independent machine were completed, it was
connected to a 12-cylinder Liberty engine and subjected to further tests with a 300-400 horse-
power Sprague electric dynamometer, in order to study the action of the unit under simulated
altitude pressure conditions for the supercharger and to obtain some performance data under
these conditions. The same arrangement of orifice box and depression tank was used as in
the previous tests, but the delivery side of the supercharger was connected to the engine
carbureters.

When using the original air-duct system and standard Zenith carbureters, very rough
running was encountered over a wide range of speeds. Between 600 and 1,400 R. P. M., this
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rough running was accompanied by violent back-firing in the carbureter and momentary
cutting out of the entire engine. At 1,600 R. P. M., however, the operation was satisfactory.
The rough operation noted was definitely attributed to the air-duct system.

A number of radically different systems of air ducts were tried, using Stromberg inverted
and standard Zenith carbureters. These systems involved the use of various sizes and arrange-
ments of receivers and pipes and various restrictions and baffles. With these different arrange-
ments, improved operation took the form of narrowing the speed range over which the rough
running was encountered. Satisfactory operation throughout the complete speed range was
obtained by imposing considerable restriction in direct pipe connections, by using large receiv-
ers, or by giving careful attention to the proportions and forms of the various parts of the
duct system.

The system adopted for flight test, shown in Figure 1, involved the use of the original
receiver, having a volume of 1.8 cubic feet, at the discharge of the supercharger. When using
the air-duct system over the carbureter, as shown in this figure, no attempt was made to reduce
the size of the supercharger receiver. Recent tests made with another engine, however, have
indicated that considerable reduction in size may be possible.

With the Stromberg inverted carbureters mixture adjustment is effected by means of an
air leak from the atmosphere to the carbureter float chambers controlled by a valve located
outside of the carbureter and connected to the float chambers by a tube. In the supercharger
installation this tube can not be left open to the atmosphere, but must be connected to the
supercharger air duct system in order to have the fuel flow through the carbureter jets. With
the present installation this was accomplished by inserting a short tube and a control valve
for mixture adjustment between each carbureter float chamber and the air duct over the
carbureters.

The conditions of operation in these tests were different from flight conditions in several
respects. Of these conditions two were radically different; first, in the laboratory tests the
engine exhausted into air at approximately sea-level pressure for all supercharger inlet air
pressures, and second, the temperature of the air entering the supercharger remained prac-
tically constant with changes in pressure instead of decreasing with pressure as in flight. The
results were reduced to flight conditions by the use of rational reduction factors. The error
introduced by the method of taking into account the differences in engine exhaust pressure has
been shown to be relatively unimportant by tests that have been made since at the Bureau of
Standards and reported in N. A. C. A. Technical Note No. 210. The method of taking into
account the differences in temperature, however, has not been substantiated by test. Since
the errors involved in the methods of making the reduction are quite uncertain the estimated
power of the unit for flight conditions as obtained from these laboratory tests are not given.

The following extract from these data serves to illustrate the character of the test conditions:

Supercharger inlet pressure=16.5 in. Hg. absolute.

Supercharger inlet temperature=80° F.

Carbureter pressure=29.8 in. Hg. absolute.

Carbureter temperature=175° F.

Crankshaft speed=1,600 R. P. M.

Brake power of unit=2326 HP.

By taking into account the differences between test and flight temperatures and pressures as
referred to in the preceding paragraph, much greater power of the unit is obtained.

A brief study was made of the effects of varying the timing of the pressure pulsations
produced by the supercharger with the pressure pulsations induced by the engine. With a
large air-duct system that gave smooth operation of the engine no differences in engine operation
or power were noted. With the smallest air-duct system used, rough operation was obtained
with all adjustments and fair power comparisons could not be made. This study was not
extended further, since it was evident that but little could be gained with this combination.
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CONTROL METHODS

By supercharging aircraft engines it is intended to prevent or at least to reduce materially
the diminution in power suffered by the normal aircraft engine as its altitude of operation is
increased. It is necessary, therefore, that the rate of air delivery to the engine when super-
charging at considerable altitude above the ground, be roughly the same as the consumption
of the normal engine when operating at ground level. At a fixed speed, the Roots supercharger
delivers air at a constantly decreasing rate as the altitude of operation is increased, since for
this type of machine, the rate of air delivery with 100 per cent volumetric efficiency varies
directly with the density of the air at the inlet to the machine and its speed of rotation. Some
control means must be provided, therefore, in order to obtain the desired end.’

The necessary control may be secured in several ways; first, by operating the supercharger
at a fixed engine-supercharger speed ratio, with the inlet side of the supercharger open to take
air at the density of the operating altitude and returning to the atmosphere all air in excess
of that required by the engine; second, by operating the supercharger at a fixed engine-super-
charger speed ratio but with the inlet of the supercharger throttled at low altitudes, so that
the density of the air handled by the supercharger will be practically constant; third, by con-
tinuously changing the engine-supercharger speed ratio, so that the supercharger will deliver
air at just the rate required by the engine. The power
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at lower altitudes and always delivers air having an

absolute temperature at a nearly constant ratio to the
absolute temperature of the inlet air, due to the fact that the supercharger itself is operating
with nearly the same pressure ratio all the time. With this method, then, the supercharger
discharge air temperatures will be excessive near the ground and some method of cooling the
air delivered to the engine probably would be necessary.

The first method of control was used in the tests of this supercharger. With this method
the temperature rise through the supercharger is a minimum. The power required approaches
very close to the minimum as obtained by the variable speed ratio method and does not entail
the complication of control, and probably results in quicker response to the control than the
latter method. The weight of the fixtures for the first method also is favorable to its selection.

F16. 13.—Effect of method of control on power required

POSSIBILITIES OF THE ROOTS TYPE SUPERCHARGER

These tests indicate that the Roots blower as a type has several features that make its use as
an aircraft engine supercharger attractive, although they can not show either the extent or the
degree of its value. The machine used in these tests was the first to be built from this design
and endured over 100 hours of operation without requiring the replacement of any important
parts. Since during a large part of the time the supercharger was subjected to abnormally
rough treatment and since the design embodies many features that are a radical departure from
commercial practice for this type of machine, this performance indicates that the type is well
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adapted for aircraft engine supercharging from a durability viewpoint. While the reciprocating
compressor is attractive when the power for the actual compression and delivery of the air alone
is considered, mechanical friction losses, together with mechanical limitations, make it unsuitable
for very broad application to aircraft engine supercharging. For many applications in this
field the Roots type supercharger has power requirement characteristics that are the equal if
not the superior of other common types.

While speeds of rotor operation much in excess of those employed in commercial service were
involved in these tests, the tests have shown that this condition is no handicap to thé use of
this machine and indicate, moreover, that still higher speeds could be used as far as structural
characteristics are concerned. The use of higher speeds for a given capacity would permit a
direct reduction in the weight of the supercharger and by virtue of the increase in the frequency
and the reduction of the amplitude of the pressure pulsations, would permit smaller air ducts
with further economies in weight of the complete unit. Actual experience is necessary to deter-
mine what could be realized in this respect. While it may be thought that inertia stresses may
impose the most serious limitation, there have been no indications from work done on this
machine that this condition has been even approached. While the pressure pulsation conditions
were stated to be improved with increase in speed of operation, experiences encountered in these
tests show that the pulsation conditions existing in the present tests could be readily handled so
that engine operation would not be affected adversely.

The centrifugal compressor has received far more attention to date than any other type for
use as an aircraft engine supercharger. This type of compressor has had considerable use as an
exhaust gas driven supercharger. In this case both turbine and compressor are essentially
very high speed machines, and their combination forms an admirable unit for certain purposes.
The position of the centrifugal compressor is not as favorable, however, when it is used as a
mechanically driven machine.

If a centrifugal compressor is driven at a speed bearing a fixed ratio to the engine speed, the
ratio of absolute temperatures at the inlet and discharge of the supercharger will not change
much with change in altitude at all altitudes up to that at which the supercharger capacity
is just sufficient to maintain ground-level pressure at the carbureters. Then, the carbureter
temperature at ground level will exceed considerably the atmospheric temperature which is
already sufficiently high under most conditions. If the equipment were designed to maintain
ground-level pressure at any but very moderate altitudes, the carbureter temperature at the
eround level would surely be prohibitive unless elaborate cooling means are provided. In con-
trast to this condition the Roots type as utilized in these tests compresses the air almost imper-
ceptibly at the ground, and the carbureter temperature is but little in excess of the ambient
atmospheric temperature.

Because of the characteristics of the centrifugal compressor, the power required to drive it at
ground level at a speed having a fixed relation to the engine speed will differ but little from the
power required at the altitude at which the supercharger has just sufficient capacity to main-
tain ground-level pressure. In contrast to this condition the Roots type, even though it handles
a large quantity of air, requires comparatively very little power at ground level since the amount
of compression of the air is practically imperceptible.

The exhaust gas turbine driven supercharger will not respond instantaneously to the super-
charger control, while, on the other hand, any mechanically driven supercharger can be arranged
readily to give instantaneous response to the control. The Roots type, in addition, has more
favorable power and air temperature conditions than any other compressor that has yet been
seriously considered. Maintenance of mechanical clearances which would seem to be a handi-
cap of the Roots type have not proved troublesome in these or later tests.

CONCLUSIONS

The tests reported herein serve to indicate that the Roots type blower is well adapted for use
as an aireraft engine supercharger. From considerations of durability, low power requirements,
control, and heating of the air handled, it appears especially well suited for many service require-
ments.
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4. PROPELLER SYMBOLS
D, Diameter. I’ Thrust:.
) ’ ?
., Effective pitch ©, Torque.
Pe; PR ; q
Ps;;, Mean geometric pitch. P, Power.
s, Standard pitch. (If “coefficients” are introduced all
p : p . .
Py, Zero thrust. A units used must be consistent.)
Pa, Zero torque. 7,  Efficiency= T V/P.
p/D, Pitch ratio. n, Revolutions per sec., r. p. s.
V’, Inflow velocity. N, Revolutions per minute., R. P. M.

Ty direnn. vologicy ®, Effective helix angle=tan~ <2~:—m>

5. NUMERICAL RELATIONS

1 HP =76.04 kg/m/sec. =550 1b./ft./sec. 1 1b. =0.4535924277 kg.

1 kg/m/sec. =0.01315 HP. 1 kg =2.2046224 1b.

1 mi./hr. =0.44704 m/sec. 1 mi.=1609.35 m = 5280 ft.
1 m/sec. =2.23693 mi./hr. 1 m =3.2808333 ft.




