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PRELIMINARY INVESTIGATiON OF DEEP INDUCERS AS
SEPARATE SUPERCHARGER COMPONENTS

By William K. Ritter and Irving A. Johnsen

SUMMARY

A Tamily of three single-stage deep Inducers was designed to
impart solid-body, or wheel, rotation to the entering air at constant
rates along the axial depth of the inducers, The cast inducers
tested were 4-inch axial depth with 24 blades, 4-inch depth with
12 blades, and 2-inch depth with 24 blades, An inducer (bent-bucket)
gection cut from a conventional production impeller was tested in
the same test rig for comparison, Tests of all models as separate
supercharger components determined the efficliencies as compressors
and the angular velocities imparted to the air, The 4-inch, 24-Dblade
inducer was tested with unfinished and with ellliptically rounded
entrance edges. The tests of cast,inducers were limited to tip
speeds equivalent to 800 and 1000 feet per second of the impellers |
for which the inducers were designed because of strength limitations
of the castings, Air flow through the inducers was controlled inde-
pendently of inducer speed.

The 4-inch, 24-blade inducer with rounded entrance edges produced
a near approach to wheel rotation of the discharged air and had a peak
adiabatic efficiency of 80 percent, 7 points above that obtained with
unfinished entrance edges, at a flow quantity near the design load
coefficient, Rotational-velocity characteristics were independent of
speed within the range of the tests and the adiabatic efficiencies of
each inducer showed a marked similarity over the speed range, The
efficiency of the conventional inducer was low in the operating range
of the impeller of which it was a part and continuously increased
with Increaging load coefficient,
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INTRODUCTION

Compresgion in a centrifugal supercharger is accomplished by
increasing the moment of momentum of the alr by means of an increase
in angular velocity and in the radius of rctation of the air as it
flows through the impeller. The supercharger component that imparts
the angular velocity of the impeller to the entering air has been
degignated an inducer by the HACA Subcommitiee on Supercharger
Compressors., The inducer may be designed as an integral part of the
impeller or as a separate component to impart rotational velocity to
the alr before it enters the Impeller proper.

The inducer function of imparting angular velocity to the
entering air may cause large direct losses, and disturbances of flow
in the inducer may affect the functioning of all other supercharger
components, The inducer is believed to be one of the least efficient
components of conventional centrifugal superchargers, but little
information directly relating to the functioning of inducers is
available, The efficiency of a DVL supercharger was increased approx-
imately & points by the use of a separately added impeller (inducer)
according to the tests reported in reference 1. This improvement was
obtained by tests of several inducers but no comparative results for
the several inducers are presented. The development of inducers
having low losses and properly matched to their impellers should
result in direct improvemen’t in supsrcharger performance, Many prob-
lems of supercharger research, including the shape of impeller pas-
sages, cannot be properly investigated until efficient inducers
having large flow capacity are designed.

As part of a program to investigate the requirements and the
design criteria of inducers and the relation between inducers and,
impellers, a family of single-stage inducers was designed and con-
gtructed to permit the testing of each of the inducers with each of
a scries of impellers. The present report covers preliminary tests
of three of the family of single-stage deep inducers and of an inducer
gsection cut from a conventional impeller., The inducers were tested
as separate supercharger components and, in the abscnce of an adeguate
theory cf induccr functioning, ratings woro made on the bases of com-

pressor efficiency and approach to solid-body rotation of the discharge
air

The tests were made at the NACA laboratory at Langley Field from
April to June 1943, The results of the tests werc given limited
publication among the aircraft-cngine industry. Inducers based on
these designs have becn applicd to somc military engine superchargoers
and excellent results reporied.
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CONSTANT -ANGULAR-ACCELERATION INDUCERS
Design

A Tamily of three single-gtage deep inducers was designed for
lower blade loading and more gradual angular acceleration than in
the bent-bucket entrances of conventional centrifugal impellers,

Two entrance-edge formsg were used with one of the three designs.
The sheort~radius circular-arc bending used in conventional impeller-
inducer sectlions cannot be proportionally continued into the hub of
the initially straight blades nor can the blade be set at the opti-
mum angle to the air stream along the entire leading edge., These
short-radius circular-arc curvatures impose a very high initial
tangential acceleration on the entering air and a decreasing tan-
gentlal acceleration on the air passing axially through the inducer,
This high loading at the leading edge has a precedent in some air-
foll designs and the decreasing loading through the inducer might
be expected to inhibit geparation; but the high loadings of the
conventional bent-bucket designs are beyond the expected possibil-
ities for smooth flow.

Because the most graduwal air-flow acceleration possible was
desired, the single-stage deep inducers were designed for constant
angular acceleration over the axial dopth., This design basis gives
an inducer-blade profile which, developed on a plane, is a parabola.
Tach of the inducers wag designed to impart wheel rotation to the
air at the design operating conditions and cach has the same entrance
angle, The acceleration is thus inversely proportional to the axial
depth and the blade loading depends on the axial depth and the number
of blades, This design is based on the simplifying assumptions that
(1) the axial velocity of the alr remains constant and uniform - that
is, compressibility and wall effects are excluded — and (2) that the
air follows the blade surfaces.

Inducers were designed with axial depths of 4 and 2 inches, a
congbant hub diameter of 3 inches, and a constant outside diameter
of 8 inches, The design conditions for these inducers werc an axial
inlet velocity of 300 feet per second and a tip specd of 1200 feet
per second of the 12-inch-dlameter impellors for which the inducers
were designed. These design conditions correspond to a load coef-
ficient of 0.24. A bladc-inlet angle of attack of 5° at the root-
mean-square diameter was used. Tho angle of attack is stated with
reference to the mean camber line of the blades, using the airfoil
convention of signs, Bladc center lings are radial and blade thick-
nesses are proportioncd to make the blade elements stralght lincs.
The entrance edges of the blades are rounded to an elliptical profile
gimilar to that of high-speed airfoils, The hub and the outside
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diameters wers maintained constant in this design in order to adapt
the inducers interchangeably to specific impeller designs, The
4-inch, 24-blade inducer with rounded entrance edges 1s shown in

- figure 1.

In order to determine the effect of the entrance edge, a
4-inch, 24-blade inducer was also tested with uniinished entrance
edges, that is, sharp edged as formed by lathe turning and having
a flat surface perpendicular to the axis of the inducer,

On the assumption that rotation was induced by the 1ift forces
of the blades as airfoils, the required 1ift coefficients were
computed, Although the numerical values of the 1ift coefficlents
of the inducer blades have doubtful significance, they do permit a
comparison with those of the conventional bent-bucket entrances.
The required 1ift coerfficients of the inducer blades at design flow
conditions are shown in figure 2. The bent-bucket inlet section
tegted for comparison had a 1ift coefficient of 3.0, calculated at
the root-mean~square diameter for the design flow conditions of the
impeller,

The variation in passage arez along a mean flow-path line at
the root-mean~-gquare diameter for the three deep-inducer designs is
shown in figurs 3. The passage-area variations in these designs
are functions of the axial depth, the blade angle, and the nuwuber
of blades, The uniform hub diametcr and ocutside diameter did not
permit pasgsage-area control by changing passage boundaries.

Construction

_ The test inducers were aluminum-alloy castings made at the NACA
Langley Field laboratory. Casting was chosen as the quickest method
of producing a sufficient number of inducers for these particular
tests, The only objectives were good dimensional accuracy and suffi-
cient strength for tests at reasonable tip speeds. A technique using
cast~aluminum core boxes in which the dry-sand cores were formed and
baked proved satisfactory, Considerable experimentation in core
agssembly and pouring technique was required.

For comparative tests a production-type inducer was obtained by
removing the inlet section from a conventional impeller, which had
bent inlet buckets with a circular-arc profile bent to an angle of
360 with the front face at the 8~inch diameter., The curvature of
the bending was not proportional to the radius and did not cxtond
to the hub., The section was cut to give an axial depth of

lf% inches, which made the axial depth of the inducer approximately

i
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1/16 inch more than the maximum depth of bending at the 8-inch
dismeter, Thig 22-blade inducer was reworked to a congtant out-
gide diameter of 8.0 inches and a constant hub diameter of

3.5 inches to adapt it to the inducer test rig.

A design ccmparison of the cast deep inducers and the inducer
cubt from the impelle: ig as follows:

Type Axial {Number, Blads Hub Blade Blade 1ift
depthiof entrance [diam~| form coefficient
(in.)blades! edge eter (at rms diam.)
(in.)
Cast desep 4 24 |Unfinished] 3 |Constant 0.43
inducers 4 24 |Rounded 3 tangential .43
4 12 (-w=do-s~=- 3 accclera~ .86
2 24 |-~~Q0~-w~=- 3 tion .86
Inducer from 5
conventional lIé 22 {Production; 3.5| Bent 3.0
impeller finish buckes
APPARATUS

The inducer test rig. - A photograph of the test installation,
an adaptation of the variable-component supercharger test rig
described in reference 2, is shown in figure 4, The inducer was
driven by an elsctric dynamometer through a gtep-up gear box. A
schematic layout showing the mounting of the inducer and instruments
is given in figure 5. A separately driven exhauster was connected
to the collector discharge and a throttle valve was placed in the
discharge duct, This arrangement permitted independent regulation
of air flow and induvcer aspeecd.

Instrumentation. - Measurements of temperatures and pressures
were made in accordance with the recommendations of references 2 and
3 whore applicable., The ingtrument locations ares shown in figure 5.
Temperatures were moasured with calibrated iron-constantan thermo-
couples, which had a common cold Junction in melting ice; the poben-
tials werec measurcd by a calibrated potentiometer equipped with an
external spotlight galvanometer, Static and total pressures were
measured with either tetrabromoethane or mercury manomebters according
to the magnitudes of the pressures.

The speed of the inducer was maintaincd at the desired constant
value with a speed strip and a 60-cycle stroboscopic light. Frequent
checks were made with a rovolution counter and a stop watbch.
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A two-hole cylindrical directional tube was mounted 1/2 inch
ahead. of the inducer tec make radial surveys of the direction of
flow into the inducer, Static and total pressures were taken in
the inlet pipe 2 diameters ahead of the test section., A series of
static taps 0.020 inch in diameter were located in the test-section
wall at approximately l-inch intervals along the inducer axial
depth. The state of the air discharged from the inducer was deter-
mined by measurements made in a plane 1/2 inch behind the inducer,
A two-prong piltot-tube yaw head with a third pitot tube bisecting
the angle was used %o measure direction of flow and total pressure
in the direction of flow at the inducer discharge. (In later tests
a Two-hole cylindrical directional tubs was added to obtain meag-
urements at the wall of the tesgt chamber.) A static tube having a
thin disk plerced at the center and a bars thermocouple were used
together with the cther instruments at the inducer discharge for
taking radial surveys.

The weight of alr entering the inducer was detormined from
velocity and sbtatic pressures measured by a pitot-static tube located
in the inlet pipe 2 diameters ahead of the test section. The tube
was located at the point of average velocity determined by calibra-
tion tests made over a range of air flows., Constant alr flow was
maintainced by regulating the exhauster speed or by throttling to
kecp constant pressure on an NACA micromanometer commected to the
throat of an uncalibrated entrance nozzle., This nethod of air-
quantity measurement was used because+space restriction did not per-
mit a satisfactory installation of an inlebt-orifice tank, No mcas-
urements of the state of the alr were made in the annular area of
the test section immediately ahead of the inducer; instead the ailr
state on entering the test section from the inlet pipe was computed
on the assumption of isentropic change. The losscs through the
inlet ducting were too small to be a source of appreciable error.

Prccision., - The measurements made in the dischargc plane of
the inducer were generally not so rcliable for establishing truc
performance as measuremcnts obtainable in standard superchargor
tests (reference 2). The measurcments were of necessity made in
regions of disturbed flow and small changss in temporatures and
pressures were involved, The consistoncy and reproducibility of
results, however, show that the mcasurements gave a good ropresen-
tation of the performance,

The precision of all mecasurcments, exclusive of turbulenco
offocts on static and total pressurcs at the inducer discharge, is
estimatcd to be within the following limits:
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Temperatures, “F o v v o o o o o o o o o o o o o o o o o o » F0.5
Pressures, inch Of MEYCUTY . & « o v « o o o o » o s o o » » F0,02
Inducer speeds, PETCENt . & 4 o o o o s s o o o o » o o o o T05
Air quantity, percent . . . . . . . . .. 00 . e 0. . . . 22

TESTS

The cast deep inducers were tesbted over a range of air flows
from exhauster capacit: to the point of flow breakdown at several
speeds, Because the speeds of the cast inducers were limited by
the strength of the castings, each of the cast inducers was Tirst
spin-tested at a speed glightly greater than the maximum test speed.
Tegts of the inducer cubt from the conventional impeller were btermi-
nated by blade failure at an impeller tip speed of 1100 feet per
gecond. '

The test conditions are given in the following table:

Tip speed, ft/sec
Inducer Inducer {Equivalent for
12-inch diemeter

‘ impeller
4-inch, 24-~blade, unfinished edgy 267 400
400 600
533 800
4-inch, 24-blade, rounded edge 267 400
400 600
533 800
4-inch, l2-blade, rounded edge 267 400
400 600
533 800
2-inch, 24-blade, rounded edge 267 400
400 800
533 800
667 1000
From conventional impeller 400 600
533 800
667 - 1000
L 733 1100
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COMPUTATTIONS

The discharge-velocity components and the pressure and the
~temperature digtributions can be determined by the use of measure-
ments obtained at the inducer exit., The entrance conditions also
being known, & method of rating the inducsr as a compressor is
available, No exact method of rating an inducer according to tan-
gential velocities can be Tornulated until the true effects of
velocity variations on performence are established., The tangential
velocities in these tests are shown for direct comparison with
wheel rotation, and a slip-factor expression is used as an index
of the total pressurs-energy increase for the inducer considered
as a compressor.

The performance calculations for standard supercharger tests
(reference 3) could not be directly applied to data obtained at each
radial station of the inducers because the alir flow through an
inducer is not necessarily steady at constant radius. A method of
obtaining a weight-flow average was therefore necessary. Continuity
could not be satisfied by taking the area of the discharge duct as
the flow area at the discharge instrrment station because mixing
from the separate inducer passages was incomplete. If the flow area
at the instrument station (1/2 in. from the inducer) is taken as the
area at the inducer discharge, the calculated discharge weight flow
checks the inlet measurement within 4 percent over most of the flow
range. At the smallest and the greatest air flows, the error in
this weight-flow calculation was as much as 10 percent, owing to
disturbed flow at the extreme operating conditions. The following
performance characteristics of the inducers are based on integrated
averages of weight~flow finctions calculated from measurements at
the inducer discharge:

(1) Adiabatic efficlency ngq:

fm v\
e 7).,
1 - T
* (F2, - Tlt)

in which
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T  temperature, °R

air density, pounds per -cubic foot .

v air veloclity, feet per second

r radiuvs, inches

b total thicknose -of blades-at radius. r, inches
P pressure, inches of mercury absolute

¥ ratic of specific heats for normal air (1.3947)

L

Subscripts:
1 conditions in inlect pipe
2 conditions at discharge of “inducer at radius

t total or stagnation. value
A axial component

ad adiabatlc

av  average

(2) Slip factor gyt
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where W 18 the angular velocity of the inducer in radians per
gecond and the subscript T denotes the tangential component,

(3) Excess temperature rise (temperature rise above that
required for isentropic compression):

T, -T,\ =-/T, ¥
(T2, M) ()
cav av

The integrations required in these computations wers accomplished
by the mechanical integration of curves plotted from values obtained
in the radial surveys at the inducer discharge.

The integrated average adiabatic efficiency permits a direct
rating of the inducer as a compressor., The statement of excess tem-
perature rise is a mesasure of the direct loss in the inducer and is
an index of an additional direct loss that must occur in the impeller
owing to the excess temperature rise in the inducer., The integrated
averaze slip factor is not entirely satisfactory as a measure of
wheel rotation inasmuch as velocities excesding wheel rotation tend
to balance low velocities., Pressure coefficients are not given
because the slip factor fg  was near unity and the pressure coeffi-
clent may be defined as fs Nad- The inducer performance is plotted
with reference tc the load ccefficient &, /n in cubic feet per
revolution, where Ql ig inlet-air volame 1n cubic feet per second
and n is inducer speed in revolutions per second,

RESULTS AND DISCUSSION
Cast Inducers of the Constant-Angular-Acceleration Family

The 4-inch, 24-blade inducer, unfinished entrance edges. - The
tangential discharge velocities produced by the 4-inch, 24-blade
inducer with unfinished entrance edges are shown in figure 6 for
equivalcnt tip speeds of 400, 600, and 800 feet per second. The
load coefficient Ql/n. and the bladc angle of attack «a is shown
for each test condition; the tangential velocity required for wheel
rotation ig represented by a sgolid line, The inducer produced tan-
gential velocitics approaching those of wheel rotation as design
flow conditions werc approached, Velocitles definitely lower than
those regquired for wheel rotation were cvident ncar the wall, espe-
cilally at high flows., This characteristic was common to all the
inducers of the constant-angular-accesleration family. Thce nature
of the flow in the clearance at the inducor tip partly cxplaing this
change. The surveys at the inducer entrance showed no evidence of
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prerotation at any point along the inducer radius until the tip was
reached, At the tip the air had rotation in the direction of inducer
rotation, probably as a result of backflow through the inducer
clearance, The apparent decrease in rotation at the outer radii

may also include a frictional loss of tangential velocity in the
1/2-inch distance from the inducer to the instrument station.

The rotation tended 10 break down near the .inducer hub at
throttled flows (see fig. 8), starting at the hub and continuing
outward as the flow was throttled, The final breakdown of flow wasg
influenced by the balancing of a uniform back pressure in the test-
rig collector against the radially distributed pressure gradient of
the inducer discharge. Ihen an inducer operates on an impeller,
the radial pressure gradient will not be subjected to this artifi-
clally imposed. change in pressure distribution. The breakdown of

flow obgerved in these tests is not indicative of the actual inducer.«
impeller combination.

The tangemtial-wvelocity characteristics at the three speeds
shown for this inducer have a marked similarity, Because the
rotational-velocity patterns of each of the inducers were generally
independent cof speed, the tangential-velocity curves for the other
inducers are shown for only one speed.

The adiabatic efficiency, the excess temperature rise, and the
slip factor at equivalent tip speeds of €00 and 800 feet psr second
are shown in figure 7. The adiabatic-efiiclency curves are very
similar at the two speeds; .each reaches a maximum of 73 percent at
approximately the design load coefficient of 0,24, For each of the
inducers, in fact, the adiabatic-efficiency curves showed a marked
similarity at all tip speeds with a practically constant peak effi.
ciency, The slip factor approached unity for all conditions and
showed a tendency to drop slightly as the flow deviated from the
deslign load coefficient.

The 4-inch, 24-blade inducer, rounded entrance edges. -
Tangential-velocity curves wore similar at all test gpecds for the
4-inch, 24-blade, rounded-edge inducer; the curves for 800 fest
per second equivalent tip specd (fig. 8) are shown as representative,
A comparison with the corresponding curves for the 4-inch, 24-blade,
unfinished-edge imducer (fig. 6(c)) shows that the rotational char-
acterigtics are very similar and that the rounded entrance cdges of
the blades had no effect on the tangential velocities.

Axial dimscharge velocities for the rounded-edge inducer at an
equivalent tip speed of 800 feet per second are prosented in fig-
ure 9, These curves show that the breakdown of air flow necar the_
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blade tips and the blade roots was more marked in axial velocity
than in tangential velocity. The boundary layer in the inlet duct
probably had an effect on the axial discharge velocity, but the
variation in axial-velocity distribution through the range of load

coefficients indicates the changing flow conditions through the
inducer,

The performence characteristics for the 4-inch, rounded-edge
inducer are shown for 600 and 800 feet per second equivalent tip
gpeed in figure 10, The efficiency curves are similar and each
reaches a peak value of approximately 80 percent near the design
load coefficient., Rounding of the entrance edges of the blades
resulted in an increase of 7 points in peak efficiency. Slip-
factor curves are similar at both speeds and reach unity at the
design load coefficient, as in the case of the inducer with
unfinished edges. The effect of the blade rounding, therefore,
was to increase the efficiency without changing the rotational
characteristics,

Radial static-pressure distributions are shown in figure 11,
These curves approach the parabolic form denoting wheel rotation
but are medified by variations from wheel rotation, The ideal
pregsure gradlent for wheel rotation is shown for a flow near the
design point, with the ideal curve based on the measured pressure
at the root-mean-square radius. Radisl total-pressure distribu~
tion for selected weight flows arc shown in figure 12. These
pressure curves, shown only for this test, are representative of
all the inducers.

The 4-inch, 1l2-blade inducer. - The characteristic tangential
velocities of the 12-blade inducer were higher than whesl rotation
at the hub and lower than wheel rotation at the outer radil (fig, 13).
Near the design flow the velocity profiles approached wheel rotation
but did not compare favorably with those of the 4-inch, 24~-blade
inducer., A%t throttled flows, the tangential velocities dropped
below the values for wheel rotation, although the marked flow restric-
tion near the hub was not present. '

he adiabatic efficiency for the 4-inch, 1l2-blade inducer
(fig. 14) was approximately 83 percent near a load coefficient of
0.28, dropping off to €0 percent in the range of a load coefficient
of 0.20, The efficiency at 600 feet per second equivalent tip
gpeed is shown to reach a maximum of about 92 percent at a load
coefficient of 0.35 although the efficiency over most of the range
checked the 800-foot curve. This marked difference, which did not
occur with any other inducer, is possibly due to faully test data.
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Flow breakdown and an accompanying drop in efficiency occurred in
The range of audible surge is

the design range for this inducer,
indicated on the curves,

approximately 0.22 load coefficient. :

The
velocity
shown in

The average slip factor reached unity at

2-inch, 24~blade inducer. - A representative tangential-
plot for an eguivalent tip speed of 800 feet per second is

figure 15 Tfor the 2-inch, 24-blade inducer. At high flows

the tangential velocities were similar to those of the 4-inch,
12-blade inducer, but at load coefficients near the design value
the velocities over mogt of the blade length were higher than

thoge required for wheel rotation.

he performance characteristice of the 2-inch inducer at
equivalent tip speeds of 600, 800, and 1000 feebt per second are

showvn in figure 16,

The adiabatic-efficiency curveg are similar

at all speeds, with a peak value of approximately 78 percent near
3 3

a leoad cosfficient of 0.28.

At each spead the inducer surged atb

a point slightly above the design load coefficient, with an accom-

panying drop in efficiency.

high flows and above unity for low flovs.

The slip fachors were below unity at

Blade loading and acceleration, - Comparative dcsign data and

performance data at an equivalent tip speed of 800 feet per second
for the three inducers with rounded entrance edges are:

Design conditions Performance characterigtics
Load :Lift Accsl- Adiabatic | Approach
icoeffi- coeffi~|ecra~ efficiency |Slip factoﬂ to wheel
Inducer |cient |cient [tion 7 f rotation®
, . s ad 8
(cu ft/i (at of air :
~ ; 5 1 AL At .
revolu~! rms (radians/ . )
tion) |diam.) |sec?) designiMax, |designMax.
Ql/ n Ql / n
4-Iinch, C.24 G.4% |2.16x10° | 0.78 10.80{ 1.00 |1.0( 1
24~-bladg
4~inch, .24 .86 12.16 .80 .82 .99 .99 2
12-vlade
2-inch, .24 .86 14,32 .67 L7810 1,04 (1.0€ 3
24-bladel § |

AComparative order in which tangential discharge velocities from the
inducers approached wheel rotation..
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The blade loading of inducers, which is a function of axial
pressure gradient and flow per channel, has been shown by these
linited tests to have an important influence on inducer performance.
The 4-inch, 24-blade inducer had the lowest blade loading of the
group and had the best air-rotational characteristics. At the design
load coefficient the rotation of the discharged air was almost true
wheel rotation. The 4-inch, l2-blade and the 2-inch, 24-blade
inducers each had blade loadings twice as great as the 4-inch,
24~blade inducer. The rotational characteristics of these two
inducers were guite similar, although the 4-inch, 12-blade inducer
was slightly better, and their adiabatic efficiencies were very
nearly alike over the entire test range. Bach of tiegse two inducers
nad a surge range at the design load coefficient and its highestb
efficiency at larger flows, They each had peak efficiences about
the same as ‘that of the 4-inch, 24-blade inducer but with inferior
rotational characteristics,

The glightly better rotational characteristics produced by the
4-inch, 12-blade inducer than by the 2-inch, 24-blade inducer indi-~
cates that there may be an effect of the magnitude of acceleration,
which iz distinct from its direct functlon in blade loading. The
angular acceleration of alr for the Z2-inch inducers is twice that

for the 4-inch inducers. Conformity to wheel rotation decreased

in the order of increasing passage area divergence along the mean
flow path, .
Tampblack flow patterns, - Lampblack flow patterns of the three
rounded-edge inducers were made for air flows near the design load
coefficient, The patterns showed the same general characteristics
although the absolute dimensions varied slightly. A pattern on the
pressure face of the 4-inch, 24-blade inducer was obtained at an
equivalent tip speed of 800 feet per second at a load cosfficient
of 0.24 (fig. 17). This pattern showed a well-defincd stagnation
line that started at the blade tip at the entrance edge and con-
stantly decreased in radius to 3.25 inches at the discharge cnd of
the inducer blade. This stagnation line is probably the result of
gecondary flow existing in the inducer pagsage. The rotational-
velocity curves for this inducer (fig. 8) show that at the 3,25-inch
radius the tangential discharge velocity begine to decrease from
that of wheel rotation.

The convex, or low-pressure, sides of the inducer blades had
no pattern as definite as that on the pressure sides but triangular
stagnation arcas at the discharge blade tips were indicated on all
the induccrs. This pattern for the 2-inch, 24-blade inducer is
shown in figure 18.
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Inducer losges. - In an attempt to analyze the losses occurring
in these inducers, calculations were made to determine approximate
values for gkin-friction losses and for mixing losses at the inducer
discharge. These calculations, taking into account the varying
hydraulic radius, the flow-path length, and the relative velocity
through the inducer, were made for the 4-inch, 24-blade inducer at
an equivalent tip speed of 800 feelt per second. The mixing-loss
calculation agsumed a 100-percent logs of the kinetic-energy decre-
ment in the enlargement from the inducer-passage discharge to the
meagurement station. The sum of these two calculated losses accounts
for a loss of only l% points in efficiency at peak efficiency and
4 points at a load coefficient of 0.34.

A more probable source of inducer losses is the entrance loss,
Although no absolute method has been devised to determine the mag-
nitude of this loss, figure 19 indicates the approximate entrance
effect for the 4-inch rounded-edge inducer, The pressures shown
were obtained from static-pressure wall taps and do not therefore

. represent. the true conditions within the inducer, _At the highest

flow (high negative angle of attack); a static-pressure drop to a
value of approximately 4 inches of mercury below the test-section
pressure occurred in the first 3/4~inch axial depth of the 4-inch
inducer., The pressure drop was nearly 1 inch of mercury at the
design load coefficient even for the inducer with the rounded-edge
entrance, At low flow, no pressure drop was apparent from the
static-tap measurements, The marked increase in peak efficiency
due to rounding the entrance edges of the blades (7 points in
inducer efficiency) confirmed the importance of the entrance
condition.

Additional losses in inducer performance probably result from
secondary flow, turbulence, and separation, The extent of these
losses was not determined, however, because of inadequate knowledge
of the nature of inducer flow.

Inducer Section from Conventional Impeller

The tests of the inducer section cut from the conventional
impeller were made under the same conditions as the tests of the
cast inducers of the constant-angular-acceleration family. The
tangential-velocity curves for an equivalent tip speed of 800 feet
per second (fig. 20) show an excess rotation characteristic similar
to that of the 2-inch induccr of the constant-angular-acceleration
family. The tangential velocities were greater than required for
wheal rotation over mhst of the range but approached wheel rotation
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at very lcw flow, The departures from wvheel robation are slightly
greater than for the 2-inch inducer. Ag shown in figure 21, the
glip factor for this inducer section was greater than unity over
mogt of the flow range.

The adiabatic-efficiency curves at equivalent tip speeds of
800, 1000, and 1100 feet per second (fig. 21) are quite similar,

e tegts at equivalent tip speeds of 1100 feet per second are
incomplete because of failure of the indvcer, The efficiency
increesed witn increasing flov guantity; the flow limit of the test
sguipment was reached without reaching a peak of Inducer eificiency.
Tais characteristic was logical for this bent-blade type of inducer
because there is very little blade bending, particularly at the
imner vradii., The efficiency of this inducer was low over the entire
operating range of the impeller of which it was a part. The elffTi-
clency of this inducer ranged from approximately 42 to 68 percent
over its noymal operating range; the efficiency of the 4-inch,
24-blade inducer over the seme flow range was above 70 percent.

Egtimate of Inducer Effect

Calcvlations were madeée to estimste the possible effect of
subgtituting one of the desp inducers in place of a bent-bucket
section on an jmpeller. The bent-bucket section of the conven~
sional impeller, vhich (remachined to constant diemeters) bad boen
tesved, was assumed tc be replaced by a deep inducer on: the geme
impeller, These calculations are considered to indicate possible
orders of magnitude and not absolvte values because the necessary
agsgunptions are not entirely valid and do nobt reflect actual con-
ditions. The agsumptions are that the performance of the inducers
with an impeller would remain the same as their performance as
separate components and that the impeller proper would function
the game for any inducer., This comparative calculation is based
on unpublished test data of a supercharger incorporating the con-
ventional impellsr, The peak efficiency of this supercharger atb
a tip speed of GO0 feet per second occurred nesr the load coeffi-
clent for maximum efficiency of the 4~inch, 24-blade inducer as a
geparate component; but the efficlency of the bent-bucket section
of the impeller, tested separately, was quite low at this load
coefficient., Under these stated assumptions, substitution of the
4-inch, 24-blade inducer indicated a gain of 10 points in effi-
ciency at an impeller tip speed of 800 feet per second and substi-
tution of the 2-inch, 24-blade inducer indicated an increage of
6 points in maximum efficiency.



NACA ARR No. E5IZS 17

SUMMARY OF RESULTS

Tests of three cast deep inducers (one with two entrance-edge
forms) and a bent-bucket inlet section cut from a conventional
impeller established the following results:

1. Large differences in efficiency of inducers as separate
componsnts are shown to exist,

2. 4 4-inch, rounded-edge inducer with 24 blades produced a
near apnroack to whsel rotation with a peak adlabatic efficiency of

4.

80 percert at a flow quantity near the design load coefficlent,

3, The peak inducer efficiency was raised 7 points above that
obtained with nfinlshed entrancs edges by rounding the entrance
edges of the bhlades of a 4-inch, 24-blade inducer,

4, A 2-inch inducer, a 4-inch, 12-Dblade inducer, and a bent-
bucket inlet section all p”od“ced further departure from wheel
rotation than a 4-inch, 24-blade inducer,

5, The ediabatic sfficiency of the Inducer section from the
conventional impeller was low in the rangs of peak performance of
the cast inducers and of the impeller of which it was a part. The
adiabatic effiziency of this bent-bucket inlet section increased
with increasing flow over the entirs range of tests.

Alvcraft Bngine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio
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Figure %, - variable-component test rig adapted for inducer
tests.



Direction and .
total-pressure tubes Instrument mountings;
variable position

and angle

777
W

{/// ’:— "Spline for
»y Zj// //;;;j:;/ !gp = “W_; gr:ving
/;//// W i /f;én o @ . »; 4
.
4;§§y talng - 7
e flow iorre s ”///)TA V77T W{% W 77777, 77

A .

1]
ot *I
Minimum, ID

27 7 N

AN

N 1
s
7 Inducer

4_3” static-pressure tube

instruments Streamline-strut
supports

e &

N
N\
N

Figure 5. - Inducer test section showing location of pressure-measuring and temperature-
measuring instruments, o .

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

PPN

82163 *oN ¥V VIVN

s e lea Bnsa

g *b14

C



5

NACA ARR No. E5I28 Fig. 6a
Q/n « Q/n «
(cu fi/rev) _ (cu ft/rev)
300 0356  -5° . o286 7°22
e e
L~ _ 4
200 : . Y
Y
(/1 Z
100 '
] e
L~ L~ WNATIONAL ADVISORY -
0 COMMITTEE FOR AERONAUTICS
(3]
8300 300 -0°20] ‘ : 179 1°g
i = ]
= L~ (
Q .
< 200 ¥ o
>
P o
2 7 2
=
d V.. ¥
g 100 (@] . A5
A~
= ] /] [}
L L~
0 : a/ —2 3

Inducer radius, in.

30 248 420

(a) Egquivalent tip speed, 400 feet.

’ Ve per second.

" )/ Figure 6.— Tangential discharge velocities

for 4-inch, 24-blade unfinished-edge

inducer.

100

o} 1 2 3 4
Inducer radius, in.



NACA ARR No. E5I28

Tangentiol velocity, ft/sec

24

Fig. 6b
400 Qi/n Qi/n
(cu ft/rev) {cu fi/rev)
0.390 -7°36 0.217 7013 b
'y
300 Xe
200
o
{00
NAT IONAL ADVISORY
. COMMI TTEE FOR AERONAUTICS
o} :
400
.296 0°5' 198 8°34' 79
300 o1
W
200
100 F
Q
0
0 2 3 4
400 Inducer radius, in.
240 5°0
300 (b) Equivalent tip speed, 600 feet
per second.
(0) Figure 6.— Continued.
200
- 100
o]
[¢] i 2 3

Inducer radius, in.



NACA ARR No. EB]28
Qi/n a
(cu ft/rev)
5001 .o o //
/]
400 o
4
300 Pad
200
74
00 //
/£
o
500 298 -0°20 //
1 Vs
400 °¢?
@
s ¢
> 300 /
%
S /
®
T 200
S oo A
v
o]
500 245 4°32] //
/
[+
400 °
300 /$(
200
"
100 //
/
06 7

Inducer radius,in.

Q/m a
{cuft/rev)

Q223 6°3%

25~

Figo 6¢c

/

/

NATIONAL ADVIS
COMMITTEE FOR AERO

ORY
NAUTICS

207 8°4'

0 !

2 3

Inducer radius,in.

(c) Equivalent tip speed, 800 feet
per second.

Figure 6.— Concluded.



@
5 30
; NATIONAL ADVISORY
b COMMITTEE FOR AERONAUTICS
g 20
Q
-
[]
2 e 10 )
@ "] .
= Of—ot-0—g¢—T2 O]
w
0
120
t
[}
g (00 '
a o —0 o—1-ay,
U‘—
°5 80
s O+
K 60 \\\\
o o
® 5.40 \\
2 8 N\
o -
2 \
g 220
< ¢ \3 Nad
o) s s 3 L i i i : Y i o

Load coefficient, Q;/n, cu fit/revolution

1
J2 16 .20 .24 .28 .32 .36 40

T T T T T ¥ T T T T

¥
16 12 8 4 o - -4
Angle of attack at root-mean-square diameter, @ , deg

{a) FEquivalent tip speed, 600 feet per second

Figure 7.— Performonce choracteristics of 4.inch, 24-blode, unfinished-edge inducer,

*ON ¥YY¥V VOIVN

87153

‘614

el



30
o NAT1ONAL ADVISORY
5 COMMITTEE FOR AERONAUTICS
2 20
@
e
s ° /O
T - 10 1008
2 o o—do-®-109 O
g =
w o

120
s
o 100 3
5 00
5 o9 o—do—1| o %
8t 80
&3 o—o-o-d)—-ckob
F- —~O—vq—O-0
=
@ .~ 60
o o o
s <40 \0
o 5 Mad
- O
[=] -
Fa)
2 o 20
©w =
a »

o) A 1 i A ) i 1 1 A A N L 1 1
12 16 .20 - .24 .28 .32 .36 40 44
Load coefficient, Q/n, cu ft/revolution
T T T 1] T T T T T T T T v T
16 12 8 4 0 -4 -8

(b} Equivalent tip

Figure 7.— Concluded.

Angle of attack at root-mean- square diameter, @, deg

speed, BOO feet per second.

*ON HY¥V VIVN

82I§3

qL *614

NG



NACA ARR "No.

Tangential velocity, ft/sec

50

400

30

kcu ft/rev)

Q/n @

E5128

o L

0355 -5 4

D O

200

100

500

0.298 -0°24

400

300

200

100

500

0242 4°45

400

300

100

2

3

Inducer radius, in

Fig. 8
Qi/n a
cu ft/rev)
0227 6 10 /
b
/“5’ -
q
.//
o]

NATIONAL ADViSORY
COMMITTEE FOR AERONAUTICS

T T
L 1omwe 10"} /
/
(o]
°
(0]
/
L4
&
V b ©®
0 3 3 Z

Inducer radius,in.

Figure 8— Tangential discharge velocities
for 4-inch, 24-blade, rounded-edge inducer

at equivalent tip speed of 800 feet per second.



NACA ARR No. E5]28

500

400

—

Q|/n
(cu fi/rev)
0.355 v

300

200

500

i

H
O
O

.298

n
o
(o]

Axial veiocity, ft/sec
(23]
o
o

242

400

300

200

100

2
Inducer radius, in.

3

5 Q,/n
—-—](cu Ift/rev)l

0.227

/
/

NAT IONAL ADV1ISORY
COMMITTEE FOR AERONAUTICS

189

/
o U/ | -

0 | 2 3 4
Inducer radius, in.

Figure 9.— Axial discharge Qelociﬁes for
4-inch, 24-blade, rounded-edge inducer
at equivalent tip speed of 800 feet

per second



Excess temperature

30

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

20

rise, °F

10 .
_o______,’c

120

<)
o
0
by
~J
]

|
%
i

/

factor, fg , percent

/

Nad

N

Adiabatic efficiency, 754 , percent

Slip

o 1 . i A ] A H 1 1 i Al i A ) 1
J2 . J6 .20 4 .28 .32 .36 .40 44
Load coefficient, Q;/n, cu ft/revolution

¥ t i L] ] 1 1 13 LA L] v ] ¥
16 I2 8 4 ) .4 -8
Angle of attack at root- mean-square diameter, a, deg

{a) Equivalent tip speed, 600 feet per second,

Figure 10.— Performance choracteristics of 4-inch, 24-.blade, rounded-edge inducer,

*ON ¥Y¥V VOVN

82163

.5!3

e0i



Excess temperature

30
NAT IONAL ADY i SORY
_ COMMITTEE FOR AERONAUTICS
20
[T
°
Y 1o —“/0
[
e %4
0
120
€
& 100 o
b /—l’
-4 ,u/ O O——0 | fs
° = s PR R
g + 80
(4
(34 c S ——
<5 - a—a_
(3] \
c © 60 O]
. ~\\°
é’ - Aad
S . 40 ,
(=]
2 3
a2 v 20
S a
© =
a »
0.!2 ‘ 'lb ) ‘.20 t ‘.24 .28 - .36 40 44
Load coefficient, Qi/n, cu ft/revolution )
13 T 1 Y
6 12 ! 8 ' 4 ' o .4 -8

(b) E qulvalent tip

Figure 10.— Concluded.

Angle .of attack at root-mean-square diometer, a, deg

speed, 800 feet per second.

*ON H¥¥VY VOVM

82163

614

01



. Hg absolute

pressure, in

Static

34
NAT IONAL ADYV1SORY
COMMITTEE FOR AERONAUTICS Qy/n
{cu ft/rev)
0.189
32 =
r'd
/?/c’/‘ J'/ ) -247
I S /
N —— P et P~ -
© -~ D 298
30 X /
1 / ) .332
ISR (| =
O -
) ” —/M/
e =" ;,/‘ D .347
28 O M /
o —— L~
o______,_,—C
"]
06 Q___‘________—-(D""'
Measured
— — — — |deal at Q;/n = 0,247
24
2 3 4
Inducer radius, in. '
Figure 11— Static pressure at discharge of 4-inch, 24-blade, rounded-edge inducer at equivalen!

tip speed of 800 feet per second.

*ON ¥Y¥V VYIVN

82163

*614

|

~<<



NACA ARR No. ES5I28 Fig.
NATIONAL ADVISORY Q|/n
COMMITTEE FOR AERONAUTICS
1.20 {cu ft/rev)
g/ﬁ 0.247
i
|
/ /{ o S
1.10

Pressure ratio, "2,"’!,

7

2

3

-

Inducer radius, in

35

12

Figure 12.— Total-pressure distribution in 4-inch, 24-blade, rounded-edge inducer

at equivalent tip speed of 800 feet per second.



NACA ARR No. ES5J28.

Tangehfiol velocity, ft/sec

Q/n
|(cufi/rev) /
500 0380 -7°/
A [
40
0.9
30 3 /
*p; V.
200 /
//
100
|4
o)
50 344 ~4°14' /
Vi
[
40 o B
(0]
300 5 /
A
200}
100
)4
o)
500 285 0°44' //0
Vi
400 3
¢ °
4
300 ¢
/
200 /
//
100
)4
OO | 2 3 4

Inducer radius, in.

Fige
Qi/n s
(cu ft/rev) /
0.236 5°7 /

/] >

(]

()
/{
) 4
D
//
) 4

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

/|

18! i
J 2
]

(e}
D
A
/c/
. o)
/
/
Wi
0 | 2 3 4

Inducer radius, in.

Figure 13,— Tangential discharge velocities
for 4-inch, 12- blade inducer at
equivaient tip speed of BOO feet

per second.

e

I3



Excess temperature

*ON ¥YYV VOVN

82143

Adiabatic efficiency, Mad, Percent

30
NAT|ONAL ADVISORY
COMMITTEE FOR AERONAUTICS
20
¢ 1o
3‘ O' a_o_._\
= o} Wol — ]
120
100 /,-D/r -3 - { -
m,
/o-_“-o/_o/ -—c\
80
b 60 ERma R
o /O
- (o) ) ®
n ° 5
- 40 @ 8
E;
(5]
2 20
2
»
o A ' i 1 Il 1 1 1 1 A 1 2 1
12 16 .20 .24 .28 32 .36 .40
Load coefticient, Q,/n, cu ft/revolution
T T T T T T T T T T T T T
6 12 8 4 0 -4 -8

Angle of attack at root- mean-squore diameter, @ , deg

(a) Equivalent tip speed, 600 feet per second.

Figure 14,— Performance characteristics of 4-inch, 12-blade inducer

*614

ehi



Excess temperature

Adiabatic efficiency, Tad , Percent

a4

30
NAT{ONAL ADVISORY
COMMITTEE FOR AERONAUTICS
20
w
0. i0 ae—0 O L\ \
@
2 N~ O——t—— o] 0
0
120
100 - F===i=5
D//n* —0—
0
- L1
¢ 80 7 =
2
- —————'—'\‘J’ 45 ~
n o’//o’
. 40 gg
[ -c
5 as
&
a 20
73]
O i [ i 1 : 1 1 i [ A i 1
A2 16 .20 .24 .28 .32 .36 40
l.oad coefficient, Q/n, cu ft/revoiution
* T T T T T T T T T T T T T
16 . 12 8 4 (4] -4 -8

Angle of attack at root-mean-square diometer, @ , deg

(b) Equivalent tip speed, 800 feet per second.

Figure 14,— Conciuded.

*ON Y¥Y¥V VIVN

82 1S3

ahi

53¢



NACA ARR No. E5128 : ‘ Fig., 15

Q,/n « ) Q:/n a
(cu fi/rev) / (cuft/rev) . /
500 0384 —7°56',_ / 0209 7°5 - /
J
Q,
400 ¢ ¢ 9
[0}
0 £ /
0 A4
0% v
200
/ /A
100 / : / =
/ | A
g NATIONAL ADVISORY
0 ) / COMMIYTEE FOR AERONAUTICS
500 .300-0°33' // 162 12°56' //
/
[} o ¢
o)
o 40 O
&
:. /‘7 b4
)
= 300
0
2 s // //
> 1
s o,
= 200
s
g - 7
R /|
100 / /
Y.
0 0 | 2 3 2
Inducer radius, in.
500 241 4°50 //
0
q [0]
400 .
Figure 15,— Tangential discharge velocities
21
/r/ for 2- inch, 24-blade inducer ot equivalent
300 h/ tip speed of 800 feet per second.
O A :
200 /
//
100
)4
06 i 2 3 4

Inducer radius, in.



< 30
= NATIONAL ADVISORY
s COMMI TTEE FOR AERONAUTICS
o 0
£ 2
2

uw
w o 10 ;
s - o

/
s a o—t+—O0+—( O p P T
w o 0 O
120

- /3- E 4
g 100 4 . —
s fs
® !
-
58 8 — ————0—]
o / -
£ e o197
5 - 60 N
g < k3 o,
2 - 40 5 ad
® 5 «@
e 8 ’
28" 2
g o
© —

br s
< O 1 [} '] L A L 1 i L i L 1 1

42 16 .20 24 .28 .32 .36 .40 .44

Load coefficient, Qi/n, cu ft/revolution

1 v 1) T 1 ! ' 1 1

16 12 8 4 0 -4

Angle of attack at root— mean~ square diameter Q@ , deg

(a) Equfvolenf tip speed, 600 feet per second.

Fiiqure 16.~ Performance characteristics of 2-inch, 24- blade inducer.

-8

‘ON Y¥V VIVN

82143

e9j

£e



Angle of attack af root-mean-square diameter, a, deg

(b) Equivalent tip speed, 800 feet per second.

Figure 16.— Continued.
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Figure 21.— Performance characteristics of inducer from a conventional impeller,
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Load coefficient, Q,/n, cu ft / revolution

(b) Equivalent vtip speed,

Figure 21— Continued.

1000 feet per second.
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Load coefficient, Qi /M, cu ft / revolution

{c) Equivalent tip speed, 1100 feet per second,

Figure 21.— Concluded.
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