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IMPELLER WITH CONVENTIONAL INLET BUCKETS

By William K, Ritter, Ambrose Ginsburg
and Alfred C. Redlitz

SUMMARY

An experimental radial-discharge impeller was designed to have,
by comparison with conventional impellers, a long radius of axial-
plane curvature, a large axial depth, and a small inlet-blade root
diameter. The impeller had conventional inlet-bucket bending and
inlet and discharge diameters similar to an existing commercial
impeller, This experimental impeller was tested as part of an
investigation to improve the flow capacity of radial impellers.

The performance effect of impeller passage area was investigated

by tests of a series of three impeller front-shroud profiles., The
impeller passages of profile 1 had constant area along the mean flow
path taken in an axial plane., Profiles 2 and 3 had uniformly con-
verging areas along the mean flow path.

The best performance for the experimental impeller was obtained
with impeller blade profile 1, but the advantages over profiles 2
and 3 was apparently diminishing with increasing impeller tip speed.
A comparison of gpecific flow capacity with that of a conventional
radial-dlscharge impeller of approximately equal inlet and discharge
diameters and with that of a mixed-flow impeller at an impeller tip
speed of 1200 feet per second showed the experimental impeller to
have a specific capacity 47 pcrcent greater than the conventional
radial -discharge impneller and 2 percent greater than the mixed-flow
impeller., Most of the increase in volume flow capacity of this
impeller, as compared with the conventional radial-discharge impel-
ler, may be attributed to the gradual change in direction of the
impeller passage resulting from the rear shroud profile of large
radius of curvature and the large axial depth, A small increase in
volume flow capacity was duc to a slightly larger impeller-inlet
annular area.
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NACA TN No. 1068 2

INTRODUCTION

The volume flow capacity of the radial-discharge centrifugal
impeller must be improved to meet the increasing air-flow require-
ments of aircraft power plants. The volume flow capacity of a
radial-discharge centrifugal impeller would be expected to depend,
for fixed inlet and discharge diamecters, on the entrance angle, the
blade curvature that determines the rate of change of angular veloc-
ity of the air, the curvature of the passage in the axial plane, and
the area and area variation along the passages. Parts of an inves=
tigation to determine the effects of the entrance angle of the blades
and the blade curvature that determines the rate of change of angular
velocity of the air have been reported in references 1 and 2.

The prescnt investigation was made at the NACA Cleveland labo-
ratory to find the effect of grecatly decreasing the rate of turning
the air in the axial plane as compared with conventional impellers,
with consequent increasc in axial depth, and to investigate the effect
of changing the passage-arca variation on this deep impeller. An
cxperimental impceller was designed and constructed to have inlet and
discharge diomectecrs similar to an existing commercial production impel-
ler but a greatly increased axial depth to permit more gentle curvature
in the axial plane., The inlet buckets of the impeller blades conformed
to conventional practice of die bending. Tho performancc effect of
verying the passage areca was investigated by comparative tests of the
experimeontal impcller with three profiles of the bladces.

IMPELLER

The basic experimental impeller was designed and constructed
to have a large axial depth to permit a gentle curvature in the axial
plane with the inlet and discharge diameters approximately equal to
those of an existing commercial production radial-discharge impeller,
Both impellers had similar conventional inlet-blade bending with the
entrance blade angle approximately the same in each case. Dimensions
and details of the two impellers are as follows:

Inlet-|Inlet-{Outlet-|Axial |Blade lumber of
blade |[tip tip depthlheight |impeller
root |diam- |diam- |{(in.)|ot dis-|blades
Impeller |diam- |eter |eter charge
eber |{in.) | (in.) tip
(in.) | (in.)
Basic exper-| 1,32 | 6.80 | 12.00 | 4,88 1,00 14
imental
Conventional| 1.97 6,80 1Z .25 2.44 S 16
radial
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NACA TN No. 1068 3

The small difference in outlet-tip diameters, which resulted
from making the tip diameter of the basic experimental impeller
12.00 inches for convenience of test installation, was assumed to
have negligible effects on the performance comparison of the two
impellers. The reduced inlet-blade root diameter of the basic
experimental impeller was used in conjunction with the increased
axial depth to obtain the more gentle curvature in the axial plane
as well as an increased inlet annular area, The small impeller hub
resulting from the reduced inlet-blade root diameter necessitated
a reduction in the number of impeller blades from 16 to 14.

A gstub shaft with collar fastened to the rear of the impeller
web by locking cap screws was used because the size of the hub pro-
hibited use of a through shaeft. The impeller was machined from an
aluminum forging. The inlet buckets had a circular curvature and
were formed by cold bending after machining. The inlet blade angle
varied from 45° at the tip to 0° at the blade root; the angle was
controlled by an axial taper along the leading edge of the blade.
Figurc 1 shows a photograph of the basic experimental impeller,
designated impeller blade profile 1.

In order to determine the effect of convergence of impeller
passage arca on the performance of the impeller, three impeller
blade profiles werc designed and tested. For each blade profile,
the rate of changec in passage areca was approximately constant along
a mean flow path taken in an axial plane. The ratios of impeller-
discharge passage areca to impeller-inlet passage area (the passage

arcas in each casc Were normal to the mcan flow line) were as follows:

Impeller blade profile Ratio of dischargec passage
arca to inlet passage arca

1 (besic experimental) 1.00
z sl
& +65

The area ratio of impeller blade profile 1 was approximately the
same as that of the commercial production impeller, which was used
for comparative purposes in this report. Dimensions of the exper-
imental impeller, including the three blade profiles, are shown in
figure 2.

APPARATUS AND TEST PROCEDURE

Test setup. - The cxporimental impeller was tested in combina-
tion with a vaneless diffuscr in a variable-component supercharger
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test rig. The vaneless diffuser was 34 inches in diameter and its
design was similar to diffusers that in previous tests had shown
good pressure conversion over a wide range of operating conditions.
The same diffuser was used with each of the three impeller blade
profiles; but in each case the diffuser throat section was changed
to form a smooth contour between the impeller front shroud and the
front diffuser wall. The variable-component supercharger test rig
wag as described in reference 3 except that a flat-plate front
collector cover was used for simplification of instrument installa-
tion. The experimental impeller was driven by a 1000-horsepower
aircraft engine in conjunction with & speed-increaser gear.

Instrumentation, - Temperature and pressure measurements were
mede according to standards in references 3 and 4 wherever applicable.
All air temperatures were mcasured with calibrated iron-constantan
thermocouples and a potentiometer. Total-pressure measurements in
the inlet and discharge ducts were made using total-pressure tubes
of 0.093-inch outside diameter and 0.067-inch bore. Static wall
taps of 0.020-inch bore were used in the inlet and discharge ducts.

ther pressure measurcments taken included static pressures on the
front and rear walls of the vaneless diffuser at a radial distance
of 0.38 inch from the impeller discharge tip.

Air-flow and pressure regulation was provided by throttle
valves of the bubtterfly typc in both the inlet and discharge ducts.
A large orifice tank with a thin-plate orifice at the entrance to
measure the quantity of air flow (reference 5) was attached to the
inlet duct.

The desired constant speced was maintained with a speed strip
and a stroboscopic light operated on 60-cycle currcnt. An eloctric
counter and a stop watch were frequently used to check the speed.

Tests, - Tests were conducted according to the procedure in
references 3 and 4; all tests werce made using inlet air at room
temperature. For each constant tip speed, the volume flow was
varied in a number of steps from wide-opon throttle to pulsation,
except at the flow cut-off point for the higher tip speeds where
the insufficient driving power necessitated a small reduction in
mass flow before the dcsired spced could be obtained. In the flow
cut-off range, the maximum volume flow obtained was not affected by
a small reduction in mass flow. For all throttlc settings except
wide-open throttle, a constant outlet total pressure of 10 inches
of mercury above atmosphcric pressure was maintained. Tests were
madc at impeller tip speeds of 800, 1000, and 1200 feet per second
for each of the thrce impellsr blade profiles.
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COMPUTATTIONS

Performance with vaneless diffuser and variable-component super-
charger. - Computations of over-all adiabatic efficiency for the unit
composed of the impeller, the vaneless diffuser, and the variable-
component supercharger collector were made in accordance with refer-
ence 4. The flow parameters - corrected volume flow Qlt/k/e and

specific capacity Qlt/x/é'Dgz — and the Mach number parameter

U/ /6 were computed according to the method of reference 6, where
Q1+ 1s the volume flow at the total pressure at the impeller inlet,

U 1is the actual impeller tip speed, Dz is the impeller-discharge
tip diameter, and 6 1s the ratio of the absolute inlet-air temper-
ature to NACA standard sea-level air temperature. Two additional
flow parameters calculated were corrected volume flow per unit
impeller-inlet tip diameter squared Q. /~f5'D12 and corrected

volume flow per unit impeller-inlet annular area Qlt /Nfg‘Al.

Impeller performance. - Adiabatic efficiency Naq Was calcu-

lated at & point in the diffuser passage 0.38 inch from the impeller
discharge for each test using calculated total pressures. The total
pressure at this point in the diffuser (6.38-in. radius) was deter-
mined from the computed dynamic pressurc and the measured static
Pressure. The calculations were made on the assumptions that there
was no change in total temperature of the air from the impeller tip
through the insulated system to the measuring station in the dis-
charge duct, that the friction loss between the impeller discharge
and the measuring point was negligible, and that the velocity was
constant across the diffuser passage. The velocity and the density
of the alr wesre found from the measured static pressure, the conti-
nuity of flow, and the foregoing stated assumptions.

RESULTS AND DISCUSSION
Comparative Volume-Flow Characteristics of
Bagic Experimental Impeller

Impeller volume-flow characteristics were analyzed on a volume-
flow-capacity basis for the given impeller size; these characteristics
are shown by spccific capacities and volume flows per unit impeller-
inlet tip diameter squared. The flow-capacity effects of impeller-
inlect annular arca and impecller axial-planc curvature are shown by
comparative volume flows on a basls of specific capacity and flow per
unit impeller-inlct annular areca,
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Comparison with conventional radial-discharge impeller of
approximately equal inlet and discharge diameters. - A comparison
of the performance of the basic experimental impeller (profile 1)
with that of the conventional radial-discharge impeller on a
specific-capacity basis is shown in figure 3. Both impellers were
tested with the same type of vaneless diffuser under similar test
conditions. The performance data for the conventicnal radial-
discharge impeller were taken from unpublished NACA tests. The
basic experimental impeller at a tip speed of 800 feet per second
had a 59-percent advantage in gpecific capacity over the conven-
tional radial-discharge impeller and a 5-point higher peak adia-
batic efficiency. At a tip speed of 1200 feet per second, the
bagic experimental impeller had a 47-percent advantage in specific
capacity over the conventional radial-discharge impeller and a
l-point lower peak adiabatic efficiency. The basic experimental
impeller and the conventional radial-discharge impeller were com-
pared on a basis of corrected volume flow per unit impeller-inlet
tip diameter squared (fig. 4). For the given inlet tip diameter,
the seame for both impellors, the basic experimental impeller had
a 54-porcent advantage in flow capacity at a tip speed of 800 feet
per second and a 4l-percent adventage at a tip speecd of 1200 feet
per second. The specific-capacity comparison and the comparison
on a basis of corrected volume flow per unit inlet tip diameter
squarcd showed tho superiority in volume flow capacity of the
basgic cxperimental impeller.

In order to differentiate between the effect of the reduced
inlet-blade root diameter, and the rear shroud of large radius of
curvature and the large axial depth, the basic experimental impeller
and the conventional radial discharge impeller were compared on a
basis of corrected volume flow per unit of impeller-inlet annular
area (fig. 5). As shown in figure 5, the basic experimental impeller
had a greatly increased volume flow per unit of impeller-inlet annu-
lar area over the speed range, thus indicating that a large percentage
of the increase in volume flow capacity experienced with the basic
experimental impeller may be attributed to the gradual change in
direction of the impeller passagec resulting from the rear shroud
profile of large radius of curvature and the large axial depth and
that only a small part of the increase in volume flow capacity was
due to a slightly larger impeller-inlet annular area.

Comparison with a mixed-flow impeller. - The flow capacity of
the basic experimental impecller was also compared with that of a
mixecd-flow impeller, which was tested with the same type of vaneless
diffuser under similar test conditions. The performaence data for
the mixed-flow impeller were taken from unpublished NACA test data.
The comparison was on a basis of specific capacity, corrected volume
flow per unit impeller-inlet tip diameter squared, and corrected




e
IS

T N

At
i ‘mj 4

g

% g

1
s

sATSILap

L




NACA TN No. 1068 7

volume flow per unit of impeller-inlet annular arsa at an impeller
tip speed of 1200 feet per second. (See figs. 3, 4, and 5, respcc-
tively.) The basic experimental impeller had a 2-vercent advantage
in specific cepacity, a 7l-percent advantagec on a hasls of corrected
volume flow per unit impeller-inlet tip diamcter squared, and a
43-percent advantagc on a basis of corrected volume flow por unit

of iumpcller-inlct annular area. The mixcd-flow impellcr had highcr
adiabatic efficicncics.

Effcct of Passagec-Area Variation on Porformance
of the Basic Experimeontal Impcller

A comparison of over-all adiabatic efficicncy and gpecific
capacity (equivalent in this case to corrccted volume flow) for the
basic experimontal impellor (profile 1) and profilcs 2 and 3 is
gshown in figurc 6. Profile 1 attained a highcr ciTiciconcy and a
greoater volume flow at spoeds of 800 and 1000 fect por soccond. At
1200 feot per second, profiles 1 and 2 had about the same volume
flow capacities with profilc 3 having a slightly lowor volumo flow
capacity. At this spced, profiles 2 and 3 had a Z-point advantage
in pcak over-all efficicncy over profilc 1.

An impeller-performance comparison of the throc profilcs based
on adiabatic efficiencics at the impeller discharge is shown in
figurc 7. Profilc 1 maintained higher adicbatic effilciencles over
the flow rangc for impeller tip speceds of 800 and 1000 fect por
sccond. At tho highest spced, 1200 feet por sccond, profilos 1 and 2
had about the same porformence curves with profilc 3 having decreased
adiabatic efficiencies over the flow rangc. The comparison of impol-
lor efficiencics for the threc impeller blade profiles showed the
basic experimental impeller (profile 1) to have a larger volume flow
capacity and a highor adiabatic officiency over thc rangc of specds
tosted, although the advanteges woro apparently diminishing with
increasing impcller tip spocd. The offect of the passage-orsoe changes
on flow capacity, however, was slight as comparcd with tho flow-
capacity increase that was apparently duec to decrcased rate of turning
in the axial planec.

For all throc impoller blade profiles, peak adiabatic offi-
cicnciecs occurrcd in tho lower part of the flow range for tho speeds
tosted, A comparison of the over-all and impeller cfficioncics shows
that the diffuscr losscs docreasge for the same volume flow with
smaller discharge passagc arca of tho impeller. This condition may be
attributed to mixing lossecs in the diffuscr passage at the impcller
discherge, which appear to be inverscly related to the ratio of tho
impeller relative dynomic pressurc to the impcller static pressurc.
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An examination of diffuser lampblack flow patterns and static pres-
gure gradients along the diffuser walls indicated that no flow
separation occurred in the diffuser.

Over-all Performance Characteristics of the
Bagic Experimental Impeller

In order to give more complete information as to the performance
characteristics of the basic experimental impeller, figure 8 shows
the over-all total-pressure ratios for the corrected impeller tip
speeds of 792, 880, and 1181 feet per second plotted against corrected
volume flow and specific capacity with curves of over-all adiabatic
efficiencies superimposed.

SUMMARY OF RESULTS

Tests of an experimental impeller with three passage-area varia-
tions and comparison of performance of the basic experimental impeller
with that of a conventional radial-discharge impeller of approximately
equal diameters and with a mixed-flow impeller established the follow-
ing results:

1. The basic experimental impeller has a greatly increased volume
flow capacity as compared with the conventional radial-discharge
impeller.

2. Most of the increase in volume flow capacity of the basic
experimental impeller, as compared with the conventional radial-
discharge impeller, may be attributed to the gradual change in direc-
tion of the impeller passage resulting from the rear shroud profile
of large radius of curvature and the large axial depth. A small
increase in volume flow capecity was due to a slightly larger impeller-
inlet annular areca.

3. The spocific capacity of the basic experimental impeller was
equivalent to that of the mixed-flow impeller.

4. The best performance for this experimental impecller was
obtained with the impeller passage having constant area along the
mean flow path taken in an axial planc. The advantages as compared
with the impeller passagcs having incrcased passage convergence,
however, was apparcntly diminishing with increasing impeller tip
speed..
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CONCLUSION
The volume flow capacity of a conventional-type radial-discharge
impeller may be greatly increased by utilizing a rear shroud profile

of large radius of curvature and a large impeller axial depth to
give a greduval change in direction through the impeller passage.

Aircraft Enginc Research Laboratory,
National Advisory Committee for Aecronauvtics,
Cleveland, Ohio, Janvary 7, 1946.
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Fig. 2 NACA TN No. 1068
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Figure 2, - Design details of experimental radial-discharge
impeller showing a comparison of passage variation for
three impeller blade profiles.
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