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PERFORMANCE OF MIXED-FLOW IMPEILER, MODEL MFI-1B, WITH DIFFUSER VANES AT
EQUIVALENT IMPELLER SPEEDS FRCM 1100 TO 1700 FEET PER SECOND

By Walter M. Osborm

SUMMARY

An investigation was made of the performance charascteristics of a
mixed-flow lmpeller, model MFI-1B, in combination with a vaned diffuser.
The experimental results indicated that the peak pressure ratio and mexi-
mun efficlency were nol being cbtalned at overdesign speeds because of
premature surge. An increasse in the inlet engle st the leading edge of
the venes from 61° (as designed) to 66° improved the pressure ratio and
efficiency at overdesign speeds with little or no effect at underdesign
speeds. The peak pressure ratio and meximum efficiency at an equlvalent
speed of 1700 feet per second with a vane inlet angle of 66° were 5.39
and 0.733, respectively. An analysis of the data indicates that a
pressure ratio of 6.0 and an efficlency of 0.72 can be obtained at an
equivalent impeller speed of 1800 feet per secornd with = vane inlet

angle of 69°.

INTRODUCTION

Two mixed-flow impellers, models MFI-1 and MFI-2, have been deslgned
and tested at the NACA Iewls lgboratory in order to develop & relisble
serodynamic design procedure for centrifugal compressors (refs. 1 to 4).
The over-all performsnce characteristics of the two impellers, when tested
with a vaneless diffuser, indicated good renge, high efficiency, and high
pressure ratio per stage for this type compressor over a range of equiva-
lent impelier speed from 700 to 1800 feet per second. However, it was
recognized that the over-all performance characteristics of en impeller
in combination with a vaned diffuser would be of more practical value to
the designer. Therefore, the more efficient of the two impellers, the
MFI-1 (configurastion B, ref. 4), was selected for testing with a vaned
diffuser. A vaned diffuser, incorporating 24 vanes, was designed by the
method of reference 5 and is shown in figures 1 and 2. The vanes were
designed for an equivalent impeller speed of 1400 feel 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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Three overdesign speeds, 1500, 1600, snd 1700 feet per second, were

investigated with the vaned diffuser to enable the designer lnterested

in high pressure ratio per stage to extrapolate the performsnce curves to
a pressure ratio of 6.0 with a higher degree of accuracy. At the over-
design speeds, it was indlicated that the maximm efficlency and pesk
pressure retio were not belng obtained because of premature surge. To
alleviate this condition, the inlet engle at the leading edge of the vanes
was increased from 61° to 66°. -

This report presents the performance characteristlcs of the MFI-1B
impeller with a vaned diffuser consisting of 24 vanes having an inlet
angle of 66°. In addition, portioms of the performance curves for the
impeller with the vened diffuser as designed (inlet angle of 61°) are
presented to indicate the change in performance obtalned by increasing
the inlet angle of the venes and to ensble the designer to extrapolate
the results to obtaln the performence at additional settings of the inlet

angle.
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SYMBOLS
The following symbols are used in this report:
U actuasl impeller speed based on 7.00-in. radius, ft/sec
W actual alr welght flow, 1b/sec

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

o] retio of inlet total pressure to NACA stendard sea-level pressure,
29.92 in. Hg =bs

adlsbatic tempersture-rise efficiency

7] ratio of inlet total temperature to NACA standard sea-level tempera-
ture, 518.4° R _

APPARATUS, INSTRUMENTATION, AND PROCEDURE
Apperatus

The impeller used in this investigation was of the mixed-flow type
with 2L complete bhlades and 21 splitter blades and 1s ldentifled as con-
figuration B of model MFI-1 (ref. 4). In order to smooth out seversl .
demeged blades at the inlet, the leading edges of this impeller were
swept backward from the hub to a point on the shroud 0.25 inch in the
axial direction from the original leading edge as shown in figure 1. -
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For the purposes of this investigation, a new diffuser was fabricated
(fig. 1) incorporating & 2.40-inch vaneless section followed by & 3.50-
inch vaned section composed of 24 vanes which were designed by the method
presented in reference 5 for a diverging snnulus. The divergence is con-
tinued for an additionsl 0.5 inch, at which polnt the passage becomes a
constant-area duet for the remaining 6.0 inches. A schematic disgram and
photogreph of the impeller and vened diffuser are shown in figures 1 and
2, respectively. The vanes were cast from & 0.90-0.10 tin-zinc elloy
having a melting point of 390° F and were attached to the lower diffuser
well. A brass strip embedded in the casting for e distance of 2.0 inches
from the leading edge (fig. 2) enabled the inlet section of the vanes to
be bent a small amount Iin order to meske chenges in the inlet angle B.

The remainder of the experimental setup is the same as that des-
cribed in reference 2.

Instrumenta.tioﬁ

The instrumentetion is the same as that in reference 2 with the
exception that unshielded-type total-pressure probes were used for the
outlet instrumentetion. The outlet measuring station is located at a
13.0-inch radius (0.882 in. upstream from the end of the passage). The
outlet instrumentstion consisted of eight static-pressure taps, 12 total-
pressure rekes, four thermocouple rakes, and elight thermocouple probes
distributed throughout the 24 passages in such a manner as to glve a
minimm blockage effect. The outlet instrumentetion gave the equivalent
of four passages instrumented as shown in figure 1.

Procedure

This investigation was carried out at a constant inlet air pressure
of 14 inches of mercury ebsolule. Awbient 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° F was used be-
cause of the low melting point of the tin-zinc slloy used in the con-
struction of the vanes and becasuse of impeller stress considerations at
speeds sbove 1400 feet per second.

The test and computation procedures are the same as those used in
reference 2.
EXPERTMENTAT. RESULTS

The over-all performence characteristics for the MFI-1B impeller
with a vened diffuser with the vane inlet sngle P set at 66° are
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presented in flgure 3 for a range of speed from 1100 to 1700 feet per
second. The over-all pressure rgtio 1s plotted against welght flow for
the renge of speed, wlth contours of constent efficiency superimposed in
figure 3(a). The adisbatic temperature-rise efficlency snd Mach number
at the ocutlet measuring station are plotted ageinst welght flow for the
range of speed in figure 3(b). The peak pressure ratioc and maximum
adisbatic efficiency at the design equivalent speed (1400 ft/sec) were
3.71 and 0.771, respectively. At an overdesign speed of 1700 feet per
second, the peak pressure ratio was 5.39 and the maximum efficiency was
0.733. The average Mach number at the outlet measuring station for the
meximm efficlency points for the range of speed was between 0.27 and
0.30 as shown in figure 3(b).

In figures 4 and 5, the performance of the impeller with vaned
diffuser is compsred at two settings of B, 61° (as designed) and 66°.
The peak total-pressure ratio, meximm adisbatic efficiency, and maximum
and minimm weight flow are plotted agelinst equivalent speed in figures
4(a), (b), and (c), respectively. It is indicated in figure 4(a) that
the incresse in B to 68° caused no gppreclable effect upon the pressure
ratio at speeds of 1300, 1400, and 1500 feet per second. However, at
speeds of 1600 and 1700 feet per second, there are substentiel gains in
pressure. ratio with a 7-percent lncreese at 1700 feet per second.

Figure 4(b) indicates a simlilar trend in the meximm efficiency with an
inccrease of epproximately 3 points in efficiency at 1700 feet per second.
The weight-flow range shown in figure 4(c) indicates a galn in range at
8ll speeds except 1300 feet per second as B i1s increased from 61° to
66°. Figure 5 shows a compsarison of the over-all performsnce charac-
teristics abt the two settings of B for the overdesign speeds and
summerizes the curves presented in figures 4(a) and (c).

Figure 6 glves an indication of the losses that might be expected
from dumping the air at the end of the diffuser vanes into a collector
by comparing the pressure ratio and efficlency based on measurements
teken at the outlet measuring station with the pressure ratio and ef-
ficiency based on static-pressure meassurements taken in the collector.
Flgure 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 efficlency with the greater losses occurring at the lower speeds.

DISCUSSION OF RESULTS

The experimental results obtained wlth the dliffuser vanes as de-
signed indicated that the pesgk total-pressure ratio and the maximum
sdiabatic efficiency at speeds above design speed (1400 ft/sec) were
not being obtained because of premature surge, as shown by the surge
line for P = 61° in figure 5. Therefore, the leading edges of the
venes were bent slightly to increase B to 66°. This chenge in B

3336



9¢ee

NACA RM E54D23 ﬁ 5

caused little or no loss in maximum flow but increased the range by shift-
ing the surge line, as shown in figure 5 for B = 66° s thus producing a
peek pressure ratio of 5.39 and a maximm efficiency of 0.733 at a speed
of 1700 feet per second.

The performsnce 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 increassing the equivalent impeller speed. With the assumption that the
pressure ratio will increase as the square of the speed, a speed of 1800
feet per second is necessary to obtain a pressure ratio of 6.0. However,
figure 4(a) shows that e pressure ratio of 6.0 could not be obtained with
vane inlet angles of either 61° or 66° for a speed of 1800 feet per second.
In figure 4_-(0) s zero range of weight flow is indicated for B = 61° and
a very small range for B = 66° at 1800 feet per second. In figure 4(b),
efficiencles below 0.70 are 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 & vaneless
diffuser (ref. 4) indicated that, with the vened diffuser, surge was
ceused by the vanes. Thus, it mey be assumed thet the vanes could be
bent an additional 5° from B = 66° to B = 71° with an increase in
performence resulting at overdesign speeds. Hypothetical performsnce
curves, obtained by extrapolating the performence curves of figures 4
and 5 by direct proportion, were determined for the minimm value of B
required to obtain a pressure ratio of 6.0. Only the minimm required
angle is considered here in order to minimize any detrimentel effects
upon the compressor performance which mey result at lower speeds. The
inlet vane angle required was 69°, and the hypothetical curves of figures
4 and 5 for this angle indicate that a pressure ratio of 6.0 and an
efficlency of 0.72 can be obtained at an equivalent impeller speed of
1800 feet pexr second.

SUMMARY OF RESULTS

An investigetion was made of the performance characteristics of a
mixed-flow impeller, model MFI-1B, in combination with a vaned diffuser.
In order to improve the performence characteristics at speeds sbove
design speed, the inlet angle of the vanes was increased from 61° (as
designed) to 66°. 'The experimental date were analyzed to see if a pressure
ratio of 6.0 could be obtained at & higher speed. The followling results
were obtained:

1. At a vane inlet angle of 66° s the pesk pressure retio and maximum
adigbatic efficlency at a design equivalent speed of 1400 feet per second
were 3.71 and 0.771, respectively. At an overdesign speed of 1700 feet
per second, the pesk pressure ratlo was 5.39 and the maximum efficiency was

0.733.
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2. Increasing the vane inlet angle from 61° to 66° had no eppreclable
effect upon the pressure ratio end efficlency at a design speed of 1400
feet per second and st lower speeds. However, there were gains of 7 per-
cent in pressure ratio and 3 points in efficiency at 1700 feet per second.
There were galns in weight-flow range at nearly all speeds. :

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

4. An analysis of the experimental date for vane inlet angles of 61°
and 66° indicated thst & pressure ratio of 6.0 and asn efficlency of 0.72
can be obtained at a speed of 1800 feet per second with a& vane inlet
angle of 69°.

National Advisory Committee for Aeronautics
Lewls Flight Propulsion Laboratory
Cleveland, Ohio, April 22, 1954
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(a) Performance characteristics.

Figure 3. - Over-all performance characteristics of MFI-1B lmpeller with
vaned diffuser. Angle at inlet to vanes, 66° ; inlet-air pressure, 14
inches of mercury ebsolute.
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(a) Over-all pressure ratio.

Figure 4. - Comparison of performance of MFI-1B impeller with
vaned dlffuser wilth two settlngs of inlet angle at leadling
edges of vanes. (Curves are extenied for impeller speeds
greater than 1700 ft/sec.)
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Figure 4. - Concluded. Comparison of performance of MFI-1B

impeller with vaned diffuser with two settings of inlet
engle at leading edges of vanes. (Curves are extended for
impeller speeds grester than 1700 ft/sec.)
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Flgure 6. - Comparlison of performence of MFI-1B lmpeller with
vaned diffuser (vane Inlet angle, 66°) based on measuremsnts
taken at the outlet msasuring statlon and on statlc-~pressure
measurements taken in the collector.
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Filgure 6. - Concluded. Comparison of performesnce of MFI-1B
impeller with vaned diffuser (vane Inlet angle, 66°) based
on measurements taken at the outlet meassuring station and
on static-pressure measurements taken in the collector.
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