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made of the performance characteristics of a
mixed-flow impe&r, model MFI-1.B,in &dbination with a vsned diffuser.
The ~ntal results indicated that the peak pressure ratio and maxi.-
mum efficiency were not being obtained at overdesign speeds because of
premature surge. An increase in the inlet angle at the leading edge of
the vanes from 610 (as desi~ed) to 66° improved the pressure ratio and
efficiency at overdesign speeds with little or no effect at underdesign
speeds. The pak pressure ratio and ~ efficiency at an equivalent
speed of 1700 feet per second with a vane inlet angle of 66° were 5.39

, snd 0.733, respectively. An analysis of the data indicates that a
4 pressure ratio of 6.0 and an efficiency of 0.72 can be obtsdned at an

●. equivalent impeller speed of 1800 feet yer second with a vane inlet
angle of 69°.

#
INTRODUCTION

Two mixed-flow impellers, models l@’I-land MET-2, have been desi~d
and tested at the NACA Lewis Mboratory in order to develo a kliable
aerodynandc design procedure for centrifugal ccmpressors ?re-fs.1 to 4) .
The over-all performance characteristics of the two impellers, when tested
with a vaneless cliffuser, indicated good range, high efficiency, aad high
pressure ratio per stage for this type compressor over a range of equiva-
lent impeller speed fmm 700 to 1600 feet per second. However, it was
recognized that the over-alL performance charac~ sties of am impeller
in combination with a vaned diffuser would be of more practical value to
the designer. !!i&x’efore,the more efficient of the two impellers, the
MFI-1 (configurationB, ref. 4), was selected for testing @th a varied
diffuser. A vaned diffuser, incorporating 24 vsnes, was designed by the
method of reference 5 and is shown in figures 1 and 2. The vanes wem

. designed for an equivalent impeller speed of 1400 feet per second (design
speed for the impeller) with a resulting inlet angle (fig. 1) at the
leading edge of the vanes of 61°.

.
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feet per second, were .
designer interested

in high pressure ratio per stage to extrapolate the performance curves to
a pressure ratio of 6.0 with a higher degree of accuracy. At the over-
design speeds, it was inticated that the maximum efficiency and peak
pressure ratio were not being obtained because of premature surge. To
elleviate this condition, the inlet angle at the leading edge of the vanes
was increased &ram 61.0to 66°. —

Z5iS report presents the performance characteristics of the MF’I-lB .#
@eller with a vaned diffuser consisting of 24 vanes having an inlet
angle of 660. In addition, portions of the performance curves for the
impeller with the vaned diffuser as designed (inlet angle of 61°) em
presented to indicate the change in perfoxmence obtained by increasing
the inlet engle of the vanes and to enable the designer to extrapolate
the results to obtain the performance at adfkLtionalsettings of the inlet
angle.

sYmoLs —

The following symbols are used in this report:

actusl impeller speed based on 7.00-in. radius, ft/see

actual air weight flow, lb/see
,

angle between csmiberline of vane and a conic element through
leading edge of vane (fig. 1)

●

ratio of inlet total pressure to I&WA stmdard sea-level pressure,
29.92 in. Hg abs

adiabatic teqerature-rise efficiency

ratio of inlet total temperature to N4CA standard sea-level tempera-
ture, 518.4° R

APPARYKJS, IN~oN,

Apparatus

—

AND PROCEDURE

The impeller used in this investigation was of the mixed-fluw type
21 comlete blades and 21 splitter blades and is identified as con-

figuration B of model MFI-1 (ref; 4). fi order to smooth out several
dsmaged blades at the inlet, the leading edges of this impeller were

.

swept backward from the hti to a point on the shroud 0.25 inch in the
sxi-d W&ection from the origina3 leadlng edge as shown in figure 1. .
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For the purposes of this investigation, a new diffuser was fabricated
(fig. 1) incorporating a 2.40-inch vaneless section followed by a 3.50-
inch variedsection cmnposed of 24 vanes which were desi~ed by the mthod
presented in reference 5 for a diverging annul.us. The divergence is con-
tinued for an additional 0.5 inch, at which point the passage becomes a
constant-srea duct for the remaining 6.0 inches. A schematic diagrsm snd
photograph of the impeller and vsned diffuser sre shown in figures 1 and
2, respectively. The vanes were cast from a 0.90-0.10 tin-zinc slloy
having a melting point of 390° F snd were attached to the lower diffuser
walJ. A brass strip -bedded in the casting for a distance of 2.0 inches
from the leading edge (fig. 2} enabled the inlet section of the vanes to
be bent a small amount in order to make changes in the inlet angle P.

The remainder of the experimental setup
cribed in reference 2.

Instrumentation

The instrumentation is the same as that

is the same as that des-

in reference 2 with the
exception that unshielded-type totsl-pressure probes were used for the
outlet instrumentalion. The outlet measuring station is located at a
13.O-inch radius (0.882 in. upstresm from the end of the passage). The
outlet instrumentation consisted of eight static-pressure taps, 12 total-
presmre rakes, four thermocouple rakesj and eight thermocouple probes
distributed throughout the 24 passages in such a mimer as to @ve a
tinimum blockage effect.* The outlet instrumentation gave the equivalent
of four passages instrumented as shown in figure 1.

a
Procedure

Tkd.sinvestigation was carried out at a constant inlet air pressure
of 14 inches of mercury absolute. Ambient air at 75° F was used at an
equivalent impeller speed of 1100 feet per second. For speeds from 1300
to 1700 feet per second, an inlet air temperature of -60°3’ was used be-
cause of the low melting point of the tin-zinc slloy used in the con-
struction of the vanes and because of impeller stress considerations at
speeds above 14W

The test and
reference 2.

*
The over-all

feet per second.

computation procedures are the same as those used in

~ RFsuLTs

performance characteristics for the MFI-lB impeller
with a vaned diff&er with the vane inlet single ~ set at 66° sre

.

-



4

presented in figure 3 for a range of speed from
second. The over-all pressure ratio is plotted
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1100 to 17W feet per
agslnst weight flow for

~

the rsnge of speed, with contours of constsnt efficiency superimposed in
figure 3(a). The adiabatic temperature-rise efficiency andltach number
at the outlet xueasur!.ngstation sre plotted agsinst weight flow for the
rsnge of speedin figure 3(b). The peak pressure ratio sndmaximum
adiabatic efficiency at the design equivalent speed (1400 ft/see) were
3.71 and O.771, respectively. At an overdesign speed of 1700 feet per
second,
0.733.

7

0.30 as

In

the peak pressure ratio was 5.39 and the maximum efficiency was
The average Mach number at the outlet measuring station for the
efficiency points for the range of speed was between 0.27 snd
shown in figure 3(b).

figures 4 snd 5, the performance of the ~ller with vaned
diffuser iS compared at-two s~ttings of ~, 61° (~ designed) snd 66°.
The peak totsll--pressureratio, madmm adiabatic efficiency, and maximum
and minimum weight flow are plotted agsinst equivalent speed in figures - -
4(a)~ (b)j ~d (c), respectively. It is indicatedin figure 4(a) that
the increase in ~ to 66° caused no appreciable effect upon the pressure
ratio at speeds of 1300, 1400, end 1500 feet per second. However, at
speeds af 1600 snd 1700 feet per second, there are substantial gains in
pressure.ratio with a 7-percent increase at 1700 feet per second.
Figure 4(b) indicates a similar trend in the msximum efficiency with an
increase of approxinmtely 3 points in efficiency at 1700 feet per second.
The weight-flow range shown in figure 4(c) indicates a gain in range at
all speeds except 1300 feet per second as @ is increased from 61° to
660, Figure 5 shows a cmparison of the over-all.p@ozmance charac-
teristics at the two settings of f3 for the overdesign speeds and

,.

summarizes the curves presentedin figures 4(a) and (c).
8

Figure 6 gives sn indication of the losses that mi@rk be exyected
from dumping the air at the end of the diffuser vanes into a collector

.

by comparing the pressure ratio sad effici”&ncybased on mesmrements
taken at the outlet measuring station with the pressure ratio and ef-
ficiency based on static-pressuremesmreme nts taken in the collector.
Figure 6(a) indicates a 5- to 6-percent decrease in pressure ratio over
the speed range, while figure 6(b) indicates losses of 3 to 4.5 points
in efficiency~th the greater losses occurring

DISCUSSION OF RESULTS

The experimental results obtained with the

at the lower speeds. — .—

diffuser vanes as de-
signed indicated that the peek tots.1-pressureratio snd the maxhnum
adiabatic efficiency at speeds above design speed (1400 ft/see) were
not being obtained because of pr~ture surge, as shown by the surge
line for f3= 61° in figure 5. Therefore, the lead3.ngedges of the
vanes were bent slightly to increase p to 66°. This change in ~
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caused little or no 10Ss in maximum flow but
ing the surge Mne, as shown in figure 5 for

. ..-— ——-

increased
P = 66°,

5

the range by shift-
thus producing a

peaK pressure ratio of 5.39 and a maximum efficiency of 0.733 at a speed
of 1700 feet per second.

The performance at 1700 feet per second gave indications that a
pressure ratic of 6.0 with an efficiency of 0.70 or more could be obtained
by increasing the eqtivslent impeller speed. With the asswnption that the

w
w

pressure ratio will increase as the square of the speed, a speed of 18CXl
W feet per second is necess~ to obtain a pressure ratio of 6.0. However,
m figure 4(a) shows that a pressure ratio of 6.0 could not be obtained with

vane inlet sngles of either 61° or 66° for a speed of 1800 feet per second.
In figure 4(c), zero range of weight flow is indicated for ~ = 61° and
a very small range for ~ = 66° at 1800 feet per second, In figure 4(b),
efficiencies below 0.70 sre indicated for both angle settings.

A comparison of the over-all performance characteristics at 1600
feet per second (fig. 3(a)) with those of the impeller with a vmeless
diffuser (ref. 4) indicated that, with the vsned diffuser, surge was
caused by the vanes. Thus, it ~“ be assumed that the vanes could be
bent m additional 5° from ~ = 66° to ~ = 71° tith ~ ~crease fi
performance resulting at overdesi~ speeds. ~thetic~ perfo~ce
curves, obttined by extrapolating the performance curves of figures 4
and 5 by direct proportion, were determined for the minimum vsd.ueof p
required to obtain a pressure ratio of 6.0. Only the minim reqtired
angle is considered here in order to minimize any detrimental effects
upon the cmnpressor performance which msy result at lower speeds. The
inlet vane angle reqtired was 69°, and the hypothetical curves of figures
4 and 5 for this angle indicate that a pressure ratio of 6.0 and an
efficiency of 0.72 can be obtained at an equivalent impdler s~ed of
1800 feet per second.

SUMMARY m R3SU13S

An investigation was made of the performance
mixed-flow impeller, model MFI-lB, in canbination

chsractetisties of a
tith a vmed diffuser.

In order to improve the performance characteristics at speeds above
design speed, the inlet angle of the vanes was increased from 61° (as
designed) to 66°. The experimental data were analyzed to see if a pressure
ratio of 6.0 could be obtained at a higher speed. The following results
were obttined:

1. At a.vane inlet singleof 66°, the pesk pressure ratio and maximum
adiabatic efficiency at a desi~ equivalent speed of 1400 feet per second

* were 3.71 and 0.771, respectiwly. At an overdesig speed of 1700 feet
per second, the peak pressure ratio was 5.39 and the maximum
0.733.

efficiency was

.
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2. ticreasing the vane inlet angle from 61° to 66° had no appreciable
effect upon the pressure ratio and efficiency at a design speed of 1400
feet per second and at lower speeds.

●

However, there were gains of 7 per-
cent in pressure ratio and 3 points in efficiency at 17CKlfeet per second.
There were gains in weight-flow range at nesrly all speeds.

3. Losses of 5 to 6 percent in pressure ratio and 3 to 4.5 points in
efficiency may be +ected by dwaping the air into a collector at the
end of the diffuser vanes.

4. An analysis of the experimental
and 66° indicated that a pressure ratio
can be obtained at a speed of 1800 feet
angle of 69°.

-.

data for vane inlet angles of 61°
of 6.0 ad sn efficiency of 0.72
per second with a vane inlet
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Figure 3. - Over-all performance characteristicsof MFI-lB iqpellerwith
v~ed diffuser. Angleat inlet to vines, 66°; inlet-airpressure, 14
inches of mercury absolute.
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edges of vanes. (CW’VeS are extended for impeller speeds
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Figure 6. - Ccmpariscm of performance of MFI-3B iqeller with
varieddiffuser (vane inlet angle, 66°) based on measurements
taken at the outlet measuring station and on static-pressure
measurements taken in the collector.
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Figure 6. - Concluded. Comparison of performance of MFI-I.B
impeller with mned diffuser (vane inlet amgle, 66°) based
on measurements taken at the outlet measuring station @
on static-pressure measurements taken in the collector.
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