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By William A, Benser and Jason J. Moses

SUMMARY

An investigation has been conducted to determine the nature
and the extent of the reversal of flow, which occurs at the inlet
of centrifugal superchargers over a considerable portion of the
operating range. Qualitative studies of this flow reversal were
made by lampblack patterns taken on a mixed-flow type impeller,
and by tuft studies made on a conventlonal centrifugal supercharger.
Quantitative studies were made on a gupercharger specially designed
to enable surveys of angularity of flow, static and total pressures,
and temperatures to be taken very close to the impeller front face.

The results of this investigation showed that the amount of
reversed flow definitely increasedras the load coefficient of the
supercharger was decreased and that in extreme cases the reversed
flow extended several diameters into the inlet pipe. It was found
that the chief factor affecting this backflow was the value of the
load coefficient at which the supercharger was operating. Evidence
was obtained which showed that the backflow was not confined to the
clearance space between the impeller blade tips and the impeller
front housing but actually extended into the impeller passage., It
was also found that the axial velocity near the center of the impel-
ler inlet pipe was practically independent of the operating value
of load coefficient, Several effects of backflow on the flow of
air at the inlet were observed: a definite increase in inlet-air
temperature; a radial temperature gradient at the impeller inlet;

a high degree of turbulence; and a definite prerotation, which was
particularly large in the outer portion of the impeller inlet
annulus.
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INTRODUCT ION

It has been generally recognized that, when superchargers are
operating at low values of load coefficient, a recirculation of air
occurs in the region of the supercharger iniet. This recirculation
has frequently been evidenced by a definite temperature rise between
the orifice tank and the supercharger-inlet measuring stations, when
standard supercharger tests are run at low volume flows, Such abnor-
mal supercharger characteristics as excessively high values of slip
factor at low values of load coefficient, surge-free operation at
extremely low volume flows, and variations in performance values with
varying inlet pressures have all Dbeen attributed to recirculation,
These asswmptions have been based on the fact that the occurrence of
recirculation would increage the effective value of load coefficient
at which the impeller was operating and alter the velocity distribu-
tion at the impeller entrance as well as increase the inlet temper-
ature, Throughout this report the term "backflow" will be used to
denote recirculation and is defined as any reverse flow along the
impellier front housing or inlet-duct wall,

In order to investigate the nature and the magnitude of the
effects of backflow on the flow at the impeller inlet, three series
of tests were conducted and are reported herein, The first series
of tests was run at the Langley Field laboratory of the NACA on a
mixed~-flow type impeller to study the development and the extent of
backflow with the aid of lampblack patterns, Although these tests
definitely showed the existence of a large amount of backflow at low
values of lcad coefficient, they did not show the complete effect of
thig backflow on the flow distribution at the impeller inlet., Iither
visual studies or surveys were necessary to obtain additional infor-
mation of the effects of backflow on the flow at the inlet, The con-
struction of this test unit, however, was such that major alterations
would have been required to conduct teats of this type.

A conventional centrifugal supercharger was therefore used in
the second series of tests, also run at the Langley laboratory, to
determine the nature and the penetration of the backflow in the Inlet
pipe. For these tests a transparent plastic inlet duct was mounted
on the supercharger in place of the inlet elbow and tults were
mounted in this plastic duct to study the flow characteristics in
the region of thc impeller inlet. Severe backflow was shown to exist
at very low values of load coefficient.

These preliminary investigations wore purely qualitative and
showed only the general trends of backflow. 'In order to obtain quan-
titative information of tho flow at the entrance to the impeller, it
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wasg necessary to take surveys just in front of the impeller face. A
supercharger was specially designed for surveys of this type and con-
gisted of a modified impeller of the type used in the tuft studies,

a vaneless diffuser, and a scroll collector, The third series of
tests, which was made at the Cleveland laboratory, on this experi-
mental supercharger consigted of surveys of temperature, velocity,

and angularity of flow 0.191 inch from the impeller face for various
operating conditions,

APPARATUS

The lampblack studies (series 1) were made on an NACA variable-
component test rig (reference 1) using a mixed-flow type impeller
in combination with a vaneless diffuser of 20-inch outside diameter,
A tube of 1/4-inch outside diameter located 7 diameters upstream
from the impeller inlet was used for the injection of lampblack; the
tube extended across the inlet pipe of the test rig. Three small
holes were drilled in the downgtream side of this tube to facilitate
the distribution of the lampblack solution, which consisted of
12 gramg of lampblack in 4 ounces of SAE 10 oil, For these tests
all instruments were removed from the inlet and the outlet pipes
with the exception of one outlet total-pressure tube, which was used
in adjusting the outlet pressure.

The tuft studies (series 2) were made on a conventional centrif-
ugal supercharger unit which was driven through a 10:1 speed increaser
by an aircraft engine. There were 20 diameters of straight pipe
between an 8-inch graduated gate valve used as the inlet throttle and
the Impeller inlet, The last 3 diameters before the impeller were
made of transparent plastic to enable visual studies of the flow near
the impeller inlet to be made, Wollen tufts were mounted on the walls
of this plastic duct as well as on strings across the diameter, The
supercharger unit exhausted through an outlet pipe to the atmosphere.
No instruments were installed on this rig,

The surveys (seriss 3) at the impeller entrance were taken on
the experimental supercharger (fig. 1) specially designed for work
of this type. The impeller was the same type as used in the tuft
gtudies and was modified by reducing the inlet diameter to
6.250 inches and the outlet blade height to 0.437 inch. A vaneless
diffuser and a scroll collector, which were so constructed that
surveys could be taken very close to the impeller inlet, were used.
This supercharger unit was driven by an aircraft engine through a
15:1 speed increaser. (Sec fig. 2.) This rig was set up and
instruments were installed according to the standard specifications
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glven in reference 2. A Strobotac and a calibrated speed strip were
uged for speed determirnation, and a calibrated orifice plate was
uged for the welight~flow determination.

Surveys of angwlarity of flow, static pressure, and total pres-
sure at the impeller entrance were made with a 3/16-inch outside
diameter Fechheimer tube (fig. 3). Pressure readings were obtained
from two holes, which were located 78? apart and 3/16 inch from the

end of the tube. A turntable graduated in degrees was mounted at
the top of the Fechheimer tube and was used to measure the angle at
vhich the tube was set. Temperature measurements were obtained from
iron~congtantan thermocouples by means of a self-balancing potenti-
ometer. Barometric pressure corrected to 32° F was read from a
nicrobarograph.

METHOD OF TESTS AND CALCULATIONS

The load coefficient Q/n of the supercharger for the lamp-
black patterns {series 1) was adjusted to the desired value by using
the micromanometer reading across the crifice plate and the outlet
total-pressure measurement as the indexes, After the unit was run
at this condition until complete equilibrium had been obtained, the
lampblack solution was injected into the inlet pipe as rapidly as
possible. The test unit was then run for an additional 20 minutes
to bake the pattern. Before the next’ run, the pertinent parts of
the supercharger unit were thoroughly cleaned so that esach succeeding
pattern would represent only the conditiong for that run. All pat~
ternsg were made at an impeller tip speed of 1200 feet per second
and at values of Q/n varying from the maximum obtainable to that
Just above violent surge. The inlet-air temperature for all runs
was the ambient room temperature. The outlet total pressure was
maintained at 10 inches of mercury above atmospheric, except at
very high values of Q/n, in which case the limited capacity of
the outlet system produced such a throttling effect that the mini-
mum outlet total pressure obtainabls was well over 10 inches of
mexrcury,

For the tuft studies (series 2) the inlet throttle was first
86t in the wide-open position and the supercharger was run until
equilibriwn had been attained, The tufts were then photographed
using a photoflood light source and an exposure of approximately
0.1 second. This length of exposure was greater than the period of
oscillation of the tufts and gave an indicaticn of the degree of
turbulence and alsc showed the direction of the mean flow. .Begause
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no means of air measurement was provided in these tests, it was
impossible to determine the exact value of Q/nJ but an approxi-
mation could be made by comparing the position of the inlet throttls
with that of previous calibration tests Two successive runs were
made at values of Q/n that Wcre approx1maLely equally spaced
between the maximum valne of @Q/n and the value of @Q/n at surge.
The final run was made at a value of Q/n that was just above the
suvrge point.

The backflow surveys (series 3) were made on the experimental
supercharger at various values of Q/n and at an outlet pressure
of 10 inches of mercury above atmcspheric and an impeller Tip speed
of 1200 feet per second. In addition, surveys were made at impeller
tip speeds of 960 and 1080 feet per suuon&.

For each supercharger oper¢t1ng condition surveys of angularity
of flow, static and total pressure, and temperature were taken at
1/8-inch intervale on a radial traverse from a boss that was located
0.191 inch upstrean from the impeller face on the tcp of the inlet
pipe as sghown in figure 4.

The zero angle of the Fechheimer tube was det ined by insert-
ing the tube in the inlet pipe until the two holes weve approximately
halfway between the spinner nut and the inside wall of the inlot
duct. The tube was then alined so that a line bisecting the angle
between the two holes was parallel with the center line of the inlet
pipe. In crder to check the zero setting, the assumptlon was mzde
that at very high values of Q/n the induced rotation of the incoming
air was negligible. With the supercharger operating at a very lhigh
value of Q/n and the cutlet throttle full open, the tube was rotated
until the pressvres from the two pressure taps were equal. Inasmuch
a3 the angle observed at this condition was 0°, the original zero
setiing was shown to be correct.

In the pressure and angle surveys with the Fechheimer tube, the
tube was adjusted to the proper radiusg for the point to be taken
and then rotated until the pressures from the two pressure taps were
equal. Inasmuch as the tube was then pointing directly into the air
stream, the angle of flow could be measured. The static pressure of
the air stream at that point was also obtained when the pressures
from the two pressure taps were equal. In order to cbtain total-
pressure measvrements, the tube was rotated until a maximum absolute
pressure was obtained on onc of the taps, This maximum pressure vas
the total pressure at that point. The temperature surveys wers made
by adjusting an iron-constantan thermoccuple tc the desired radius
and reading the temperature directly from a self-balancing
potentiometor.
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Before each survey the inlet and outlet throttles were adjusted
to give the desired values of Q/n and outlet total pressure. The
Q/n value was set using the micromanometer reading across the ori-
fice plate as the index, After the temperatures and operating con~
ditions had become stable, the flow angle, the static pressure, the
wotal pressure, and the temperature surveys were taken at either
1/4~inch or l/Suinch intervals beginning near the spinner nut and
ending close to the wall of the inlet pipe. During the surveys the
speed was kept ccnstant and the throttles were left in position.
Standard superchargsr data were recorded at the beginning of each
survey and again a®t the completion of the survey as a check on the
stability of the opsrating conditions.

The air density was determined from the thermodynamic relation

Ps
-
where
o) densgity, slugs per cubic foct
g ratio cof welght to mass
R gas constant for air, 53,5 foot-pounds per pound per op
T gtatic temperature, °Rr )

Py gtatic pressure, pounds per sgquare foot

The stagnation temperature rise due to compressibility was
neglected because the effect of this correction on the density would

be small,

Velocity was calculated from the dynamic pressure ¢ by the
eguation
[
V = ;/_2.9‘.
N @

where
v velocity, feet per second

q dynamic pressure, pounds per sgquare foot
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Axial and tangential velocity components were calculated by
multiplying the cosine and the sine of the angle of flow, respec=
3

tively, by the total velccity.

PRECISION

The precision of the angle determinations made with a Fechheimer
tube is dependent on the turbulence of the flow, the sensitivity of
the pressure-measuring devices, and the zero setting of the tube.

The flow encountered in these tests was very turbulent, especially
at low values of Q/n, and there was a possibility of swall errors
in balancing the two pregsures while making an angle measurement.
Congideration of the characteristics of a Fechheimer tube and an
examination of the reproducibility of the data indicated that the
error in angle measurement induced by these factors is of the order
of ii/zo. Because of the method used in obtaining the zero setting

of the tube, however, there may be an error in angle reading of
o

iL% but, since the relative values of angle obtained were con-

sidered to be of greater importance than the absolute values, this
error in zero setting was not important.

The precision of the measurement of static pressure by means
of the Fechheimer tube is dependent on the pressure distribution
around a cylinder located normal,to the direction of air flow,
There is, consequently, a possibility of small errors in measurement
because the angle at which true free-stream static pressure exists
on the surface of the cylinder wvaries slightly with Reynolds number.
This variation ig small, however, and the maximm error for the
pressure-tap spacing used has been evaluated (see reference 3) as
10 percent of the dynamic pressure, Because the dynamic pressure
was taken as the difference between the static and the total pres-
sures, this error in static pressure would result in a maximum error
of 5 percent in the velocity determination,

o Temperature measurements with the system used are accurate to
+1-,
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RESULTS
Lampblack Patterns

The adiabatic-efficiency curve at a tip speed of 1200 feet per
second for the mixed-flow type supercharger unit on which the lamp-
black patterns were made is shown in figure 5. The values of Q/n
at which these patterns were made are indicated on the curve.

Run 1 was made at the maximum value of Q/n obtainable. Runs 2
and 3 were made at Q/n values of 0.225 and 0.220, respectively,
because this particular supsrcharger had a small :r'angfa of light
surge between these values,

Figure 6 is a photograph of the lampblack pattern made on the
jmpeller front housing at a Q/n value of 0.305 (run 1) and shows
that there is a limited backflow near the impeller blade tips.
Since the alr must at all times rotate in the direction of impeller
rotation, backflow is evidenced by a reversal of the component of
flow that is normal to the tangential component, and backflow is
determined from the photographs by a study of the direction of the
flow lines.

The pattern made in run 2 at a Q/n of 0.225 (fig. 7) shows
that at this operating condition a backflow existed from the impel~
ler blade tips to the impeller inlet but did not extend back into
the inlet pipe. Differcnt degrees of backflow occur at four dis-
tinct regions. The results of run 3 (fig. 8) also show backflow
from the impeller blade tips to the impeller inlet, but the flow
lines are continucus. This change in backflow characteristics is
probably caused by the change in flow through the supercharger,
Although the change in Q/n between these two runs was small, the
occurrence of the light surge indicated that a considerable change
in flow characterigtics through the supsrcharger must have taken
place.

Figures 9 and 10 show the patterns obtained on the impeller
front housing and the impeller, respectively, in run 4, which was
made at a Q/n value of 0.132. At this operating condition, the
backflow starts in the region of the impeller blade tips and extends
approximately & inches back into the inlet pipe. The pattern
obtained on the impeller shows a very light deposit of lampblack
near the blade roots. Approximately two-thirds of the distance out
from the blade roots there is a heavy lampblack deposit, which 1s
terminated very abruptly. On the outer third of the blades there
is a deposit slightly heavier than that near the blade roots. The
sharp demarcation between thesc two regions denotes a cleavage
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plane in the flow indicating that air may actually be flowing back-
wards in the outer portion of the impeller passage. Conslderabls
difficulty was experienced in obtaining the necessary lighting to
bring out the desired points without having high lights appear on
the photographs, Consequently, the outer third of the blades of the
impeller on the left side of figure 10 appears to be nearly free of
lampblack deposits because of direct ligh® reflection from this por-
tion of the impeller. The right side of the photograph gives a
clearer picture of the true relatiocn of the lampblack deposits,

Photographs of the pattern obtained on the impeller front hous-
ing and on the inlet-pipe wall at a Q/n value of 0.100 (run 5) are
shown in figures 11 and 12, At this very low value of Q/n, the
backflow started at the impeller blade tip and extended several diam-
eters up the inlet pipe, The pattern obtained on the impeller in
this run was very indlstinct due to the high degree of turbulence
that existed at the impeller inlet and is not reproduced herein,

This series of lampblack patterns shows that even at maximum
Q/n a small amownt of backflow exists near the blade tips on the
impeller front housing, As the value of Q/n is decreased the
extent of this backflow increases until, near the final surge point,
the backflow penetrates several diamebers into the inlet pipe.
There is also indication that this backflow extends intc the impel-
ler passage proper and is not confined to the clearance space
between the impeller and the impeller front housing., These lamp-
black patterns gave an indication of the effect of backflow only
on the boundary layer and not on the main bedy of the flow near
the impeller inlet.

Tuft Studies

In the tuft studies made at the inlet of a conventional cen-
trifugal supercharger, the tufts were placed along the inside wall
of the duct to cobtain information on the penetration and the rota-
tion of the backflow for various values of @Q/n. Photographs of
the attitude of the tufts taken while the supsercharger was operated
at high, medium, low, and very low values of Q/n are shown in
figure 13. At very high valves of &/n (fig. 13(a)) there is no
evidence of backflow in the inlet pipe. Figure 13(b), which was
obtained for a medium value of Q/n, shows that, although the tur-
bulence of the boundary layer has increased, there is still no
backflow. Figure 13(c), which is for a low Q/n, shovs a definite
backflow, which extends approximately 1 diameter up the inlet pipe.
This backflow is indicated by the change in dirsction of the tufts
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near the impeller inlet, At very low values of Q/n (fig. 13(d))
the backflow is much more severe and extends at lesast 2 dilameters
up the inlet pipe.

An indication of the effect on the main body of the flow was
obtained by mounting tufts on two strings passed through the center
of the duct, Photographs were made of the atbtitude of these tufts
while the supercharger was operated at approximately the same values
of Q/n as before. The vesults (fig. 14) show that, as the value
of G/n 1is decreased, the turbulence existing near the center of
the duct increases continuously., At very low values of @/n there
ig a slight indication of prerotation but the random turbulence was
80 great that no definite trend could be noted.

Backflow Surveys

In the third series of tests, the three values of Q/n at
which svrveys were taken are indicated on the adiabatic-efficiency
curve (fig. 15). Because it had been previously determined that no
backflow existed at the impeller entrance at extremely high values
of Q/n, the first survey was taken near the point of maximum
efficiency, (0.0926 Q/n), The second survey was made at the point
(0.0824 Q/n) where definite evidence of bakcflow was first noted,
and the third survey was taken just above the surge point
(0.0517 @/n).

The angle of flow, measured by the Fechheimer tube, was the
angle between the axlal direction and the direction of flow and was
meagured in a plane normal to the survey. In figure 16 the flow
angles 9 obtained from these surveys are plotted against Z/L
vhere 1/L is the ratio of the radial distance of a partlcu]ar
point from the center line of the inlet pipe to the total radius
of the inlet pipe at the survey station. TFor the Q/n value of
0.0926 the angle 6 1is slightly negative. This negative angle
indicates a rotation of the incoming air in a direction opposite to
that of the impeller and may be caused by an induced rotation from
circulation around the impeller blades. At the Q/n value of
0.0824 the angle obtained is negative near the center of the inlet,
zero at a radius ratio of 0.62, ard then increasges rapidly to a
positive value of appiox1mately 97° at the duct wall., It is to be
noted that for an angle of 90° the axial component of velocity is
zero, whereas for values of 9 greater than 90° the axial component
of velocity is negative and represents backflow., At the Q/n value
of 0,0517 the angle of flow at the ingide of the passage is positive
and increases to a value of 111° near the duct wall. Backflow is
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shown betwveen the radius ratios of 0.84 and 1,00. If the backflow
in the supercharger were confined to the clearance space between the
impeller and the front housing, this flow would have to expand
through an included angle of 68° to obtain these results at the sur-
vey station, which was only 0,191 inch from the impeller face. Inas-
much as the angle of expansion of free Jjets is in the order of 140,
the backflow must actually extend into the impeller passage. The
fact that backflow is not limited to the clearance space is in agree-
ment with the results of run 4 of the lampblack tests. (See fig. 10.)
The positive angle near the spinner nut is due to a prercotation
cauged by the mixing of the backflow, which has a high degree of
rotation, with the incoming air. From these surveys it can be seen
that at high values of Q/n the flow is nearly axial. As the value
of Q/n is decreased, however, the axial component of velocity
becomes very small near the wall and a further decrease in Q/n
causes a backflow and a relatively high degree of prerotation, The
angle of flow represents only the ratio of tangential to axial
velocity, and the resultant velocity must also be considered in
determining the degree of prerotation and backflow.

A comparison of the axial components of velocity for thege sur-
veys is given in figure 17. TFor a Q/n of 0.0926 the velocity pro-
file 18 comparatively flat., Decreasing the value of Q/n to 00,0824
cauges very little change in the magnitude of the velocity near the
center of the inlet., Near the duct wall, however, the velocity is
very much lower and an actual reverse flow of air is indicated by
the negative values beyond the radius ratio of 0.97. At the @/n
value of 0,0517, the axial velocity near the center of the inlet
pipe is the same as in the two previous surveys, but the velocity
is much lower in the outer portion of the inlet pipe and backflow
ig evidenced between the radius ratios of 0.84 and 1.0C.

For any impeller tip speed, the angle of attack of the blades
is a function of the axial component of velocity and the angularity
of the flow, Near the center of the inlet pipe the axial component
of velocity and the angularity of the flow are practically independ-
ent of the value of Q/n at which the impeller is operating and,
therefore, the angle of attack of this portion of the blades is
relatively constant regardless of the value of @Q/n. The angle of
attack of the blades in the outer portion of the inlet pipe will
vary considerably with Q/n because the axial component of velocity
and the angularity of flow change radically with changing values of
Q/n. For high degrees of prerotation near the outer portion of the
blades, however, the angle of attack may decrease.
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Figure 18 is a comparison of the tangential components of veloci-
ty for these surveys., The velocities are plotted as the ratio of
the tangential velocity of the air Vfana at a given radius to the

tangential veloclty of the impeller V., . at the same radius, thus
i

indicating the variation from a wheel-type rotation. This figure -
shows that for high values of Q/n the prerotation is negligible.

As the value of Q/n is decreased, however, the prerotation near the
duct wall approaches the rotatwongl ve1ovltv of the impeller, becom=
ing approximately 0.95 of the impeller velocity for a Q/n of 0.0517.
Negative values at a Q/n of 0.0926 indicate that the rotation of
the air is opposite to the rotation of the impeller.

The results of the temperature surveys, which were taken under
the same ccnditions as the angle and veloclty surveys, are presented
in figure 19, These curves show the temperature rise between the
orifice tank and the survey station plotted against radius ratio at
the survey station, BEven at the relatively high value of /n of
0.0926 where no backflow occurred a definite temperature gradient was
obgserved at the impeller inlet., This increase in temperature near
the wall is probably a result of heat transfer from the supercharger
housing through the inlet-pipe wall., At the lower values of Q/n
the increase in the temperature gradient is due to the presence of
backflow and its mixing with the incoming air. ZProbably some heat
transfer always existsg at the pipe wall, TFor this reason the tem-
perature near the wall cannot be used as a measure of the intensity
of the backflow. Near the spinner nut, negative values of temper-
ature rise are cbitained for the two nlgh values of Q/n, Although
these negative values are less than the limits of accuracy of the
temperature~meas“ring device, the fact that they occur at both
values of Q n indicates thab there is a temperature drop resulting
from a veloc:ny increase bYetween the orifice tank and the survey
station, At the lowest valus of Q/n, the positive values of the
tomperature rise near the inside of, the pipe can be due only to
backflow. This conclusion is in ag"eement with the data for the
tangential component of the velocity presented in figure 18 and
shows that as the Q/n decreases the increase in the amount of
backflow results in a mixing action with a consequent increase in
temperature ani prerctation of the incoming air.

Effect of Tmpeller Ti p Speed on Backflow
In order to determine the effect of impeller tip speed on the

backflow characheristics, surveys similar to those previougly pré-
gsented were made for impeller tlp speeds of 9680 and 1080 feet per
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second, Cross plots of the data thus cbtained are presented in
figures 20 and 21, Figure 20 shows the variation of the angle of
flow with tip speed for several constant values of Q/n. and for
values of radius ratio of 0.60 and 0.90. Corresponding curves for
the sffect of tip speed on temperature rige are shown in figure 21,
Inasmuch as the variation shown does not follow a definite trend,
no appreciable effect of tip speed on the characteristics of back-
flow is indicated in the range of tip speeds tested.

DISCUSSION

Becauge all flow must be instigated by a pressure gradient, the
occurrence of backflow must be the result of a pressure gradient
exceeding that which can be overcome by the momentum of the forward
flow., It should be noted that at zll times there will be an advsrse
pressure gradient from the impeller entrance to the blade tips,

This gradient will act on the relatively slow moving air in the
clearance space and tend to cause a backflow within the clearance
space. Although this tendency may have an appreciatle effect on
the backflow, it does not account for the roverse flow of air from
the impeller passages.

In order to dstermine the pressure gradient along the flow path
near the impeller front housing, the summation of the components of
three pressure gradients must be considered. These pressure gradi-
ents are the result of centrifuggl force, curvature of the impeller
front housing, and changes in flow area of the impeller passages.
Although, in the case of an ideal fluid, the centrifugal force
would have no effect on the velocities, the compressible and vis-
cous properties of air render it necessary to consider the effects
of this forcs.

The principal components of the pressure gradients resulting
from centrifugal force can be divided into two parts: (1) those
resulting from an increase in the radius of rotation of the air,
which are independent of any changes in the relative velocity of
the flow for equilibrium and, except for the increase in the den-
sity of the air with the pressure may be disregarded in this dis-
cussion; (2) those resulting from an increase in the angular veloc-
ity of the air, which are depcndent upon a change in relative
velocity of the air with respect to the impeller. The pressure
gradient must be held in eguilibrium by the reduction of the rela-
tive tangential componcnt of the velocity of the air, This com-
ponent of velocity will be Jjust sufficicat to maintain equilibrium,
and any losses that occur must be at the expense of the momentum
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of the axial component of velocity. In the conventional-type
impeiler, this pressure gradient resulting from rotational acceler-
ation will be confined to a region near the impeller inlet and will
increase in magnitude with decreasing values of Q/n.

The sscond pressure gradient to be considered is caused by the
curvature of the flow path, In the region where the convex curva-
ture is increasing, this pressure gradient will be favorable, whereas
in the region where the curvature is decreasing, this presgure gra-
dient will be adverse.

The third consideration is the rate of change of the effective
flow area., If this flow arvea does not decrease rapidly enough as
the density increases, the product of the density and the flow area
pA will increage and the wvelocity must decreage to maintain cone-
tinuity. This reduction of velooity will create an adverse pres-
sure gradient along the flow path.

Becavss these three factors are complexly interrelated, no
mathematical solutions can be found Tor determining the magnitude
of the resultant pressure near the impsller front housing. The
problem is further complicated by the 2ifficulty encountered in
determining the true flow patih and flow area throughout the impel-
ler. From a study of the extreme cases of very high and very low -
values of Q/n, however, it is possible to predict the trend of
the expected backflow, ,

For conventional-type impellers operating at high values of
G/n, +the rotational acceleration will cause a continually increas-
ing pressure gradient near the inlet. On the other hand, the
increasing curvature of the front housing will produce a pressure
gradient that will oppose the gradient caused by rotational accel-
erstion. A congideration of the flow area indicates that it will
not contribute to the production of a favorable pressure gradi-
ent, It appears likely that at high values of Q/n the momentum
of the tangential component of relative velocity will be sufficient
to overcome any resulting adverse pressure gradisnt and, if it is
not, the added momentum of the axial componsnt of velocity may con-
tribute to the inhibition of backflow in the region of the impeller
inlet.

A consideration of the flow near the impeller tip at high valuves
of Q/n shows that an adverse pressure gradient may exist dues to
decreasing curvature of the front housing. Furthermore, the increas-
ing density in this region together with a practically constant flow
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area causes a considerable adverse pressure gradient in addition to
that created by the centrifugal force. This additional gradient
nmust be balanced by the momentum of the air and, if this momentum
is insufficient, a backflow will occur in the region of the blade
tips.

At low values of Q/n, if the incoming flow is purely axial,
the rate of the rotational acceleration near the impeller inlet will
tend to be much greater than for high values of Q/n Dbecause of the
higher angle of attack of the blades with respect to the air and the
resulting higher blade loading at the leading edges of the blades.
As a result a much more severe adverse pressure gradient will be
developed because the rate cof rotatiomnal acceleration in a given
axial distance will be increased. In addition, the opposing effect
due to increasing curvature will be less and the effect of area will
still be adverse, Furthermore, the momentum resulting from the
axial component of velocity will be much smaller for low than for
high values of §/n. These factors indicate that the tendency
toward backflow in the region of the impeller inlet will be much
greater for low than for high values of Q/n; thig trend is in
agreement with the test results obtained. At low values of @Q/n
the effects of the decreasing curvature of the front housing and
the increaging density in the region of the blade tips will be
approximately the same as for high valuss of Q/n. The magnitude
of the backflow, however, is greater due to the reduced momentum
~of the incoming air. This conclusion is in agreement with the test
results, since backflow in the refion of the blade tips was obtained
at all values of Q/n.

At a zero value of Q/n the centrifugal pressure gradient
would cause the preegsure near the hub of the impeller inlet to be
less than that in the inlet pipe, vhereas that nsar the tip of the
blades would be greater than that in the inlet pipe. This pres-
sure distribution causes a circulating flow, which enters the impel-
ler near the hub and is discharged into the inlet pipe from the
outer porticns of the impeller annulus. The axial velocity dis-
tribution observed at low values of Q/n may be regarded as an
extension of this trend.

SUMMARY COF RESULTS

Frem tests made on superchargers with axial inlets the follow-
ing results were obtained., The addition of a supercharger inlet
elbow and carburetor to the system will definitely alter the flow
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characterigtics at the impeller entrance. Caution must therefore
be exercised in applying the results of these tests to actuwal super-
charger installations,

1. At high values of load coefficient, any backflow that may
exigt 1s confined to a region near the impeller blade tips. As the
value of load coefficient is decreased, however, this region cf back-
flow extends backward along the impeller front housing until, at
very low values of load coefficient, the backflow penetrates several
diamseters into the inlet pipe.

2. The value of load coefficient is the determining factor of
the backflow characteristics; the effect of impellesr tip speed is
negligible,

3. At very low values of load ccefficient, the backflow actually
extends into the impeller passage and is not confined to the clear-
ance space between the impeller blades and the impeller front housing.

4. The axial component of velocity mear the center of the impel-
ler inlet pipe does not appreciably change with load coefficient.

S, The mixing of the heated backflow air causes a definite
increagse in the inlet-air temperature and a very large radial tem~
perature gradient at the impeller inlet annulus.

6. The backflow results in a high degree of turbtulence and a
definite prerotation in the inlet pipe at the impeller entrance.
Although the degree of prerotation near the center of the pipe 1s not
appreciable, that near the inlet-duct wall has approximately the
same magnitude as the impeller rotation.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohioc.
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Figure 7. - Lampblack pattern on mixed-flow type impeller front housing for a Q/n of
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Figure 17, - The effect of various values of Q/n on the axial-
velocity components at the inlet of the experimental super-
charger for an impeller tip speed of 1200 feet per second and
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gential-velocity components at the inlet of the experimental
supercharger for an impelier tip speed of 1200 feet per second
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Figure 19, - The effect of various values of an on the temperature
gradient at the inlet of the experimental supercharger for an
impeller tip speed of 1200 feet per second and an outlet pressure
of 10 inches of mercury above atmospheric.
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