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RESEARCH MEMORANDUM

PERFORMANCE OF A MIXED-FLOW IMPELLER IN
COVBI NATI ON WITH A SEMIVANEILESS DIFFUSER
By Eugene B. Laskin and MIton G EKofskey

SUMMARY

Tho performance characteristica of a mxed-flow inpeller and
a sem vanel ess diffuser were experinentally inveetigated. The
i mpel | er hae an annulus diameter of 11.00 inches and a maxi numtin
diameter of 14.74 inches. The semivaneless diffuser has an over-al
diameter of 28.00 inches. The performance characteristica of the
m xed- f| ow impellsr Were al so investigated with a 34.00-inch vane-
| ass diffuser having a transition sectzon of the same geonetry as the
sem vanel ess diffuser. A comparison of the perfornmance curves of the
two conbinations provided a means of determining how well the semi-
vanoless di ffuser was matched with the impeller.

The investigation of the mxed-flow inpeller and the semivane-
less diffuser was nade over a range of equivalent inpeller tip
snweeds of 682 to 1740 feet per second; tests Of the inpeller with
the vaneless diffuser were confined-to a range of equivalent tip
speeds of 682 to 1546 feet per second with anbient inlet air

The maxi mum adi abatic efficiency for the semivanelsss-diffuser
conmbi nation was 0.760 and was obtained at a pressure ratio of 1.34.
The senivanel esa-di ffuser conbinati on showsd good retention of peak
adi abatic efficiency to a pressure ratio of 3.35, where the efficiency
was 0.702. Wthin the stabl e operating range, the maxi numpressurs
ratio was 3.36, at which point the efficiency was 0.697 and the
equi val ent volume flaw was 13,650 cubic feet per mnute.

A critical condition existed in this conbination between
equi val ent tip speeds of 1550 and 1644 feet per second. At 1644 feet
ver second, the stable-air-flow range was extrenely limted andthe
peak adiabatic efficiency dropped sharply to 0.626 and the corre-
sponding pressure ratio to 3.12. M| d surging was encountered at
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all. pressure ratioe above 3.0 for the equival ent tip speecd of 1740 feet
per second; the peak efficiency Was 0.580 and t he corresponding pres-
,sure rati o was 3. 36.

The semivaneless diffuser waa found to be well matched with the
impeller. The peak pressure ratios occurrsd at approxi mately egual
values Of volume flow far both diffuser cofibinations. At lowtip
speeds, t he peak adiabatic efficiencies for both diffuser combinations
occurred at approximately equal values of volume flow At high tip
speeds, t he vol ume flowe at whi ch peak erficiencies were obtai ned
differed for the two diffuser conbinations but the difference in the
values of the peak efficiencies was small.

IIFROINCTICON

A conbi nation of a m xed-flowinpeller and a semivaneless diffusexr
designed primarily for a jet-propulsion engine was investigated at the
NACA Cl evel and leboratory. Tests were conducted to determ ne tho range
of tip speeds overwhi ch adequate eadiabatic efficiency coul d be obtai ned
and to determ ne whether the diffuser was matched with the inpeller.

The impeller 1e suitabl e-for a jet-propulsion engine installation
because the configuration of the impeller iS such that it discharges
the air with an axial velocity conponent. Because of the shape of the
I npel | er passage, the angular acceleration of the air is continuous
al ong a radius; the angul ar velocity of the air, however, is always
| ees than that of the imweller. This type of inpeller develops a
lower pressure ratio at a -given inpeller tip speed and inlet-air tem-
verature but inherently has a larger Stabl e-air-flow operating range
than an inpeller of the conventional redial type.

In the semivaneless dififuser, the larget angential velocity
conponent of impeller discharge air IS reduced to approxi mately
seven-tenths of its original value in the vaneless Secti on beforv
reaching the vaned section -of the diffuser, In comparison Wth a
conventional vaned diffuesr, the soemivancless diffuser pormits t he
use Of higher impeller tip speeds and air flows before shock is
encountered at the entrance to the vanes. The somivancless diffuser
has a smaller dianoter than a vancless diffueor for a given amunt
of diffusion.
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The nerformance characteristics of the m xed-flowinpeller were
al so I nvestigated with a 34,00-inch vaneless di ffuser having a tran-
sition section of the same geonetry as the senfvanel ess dfffuser
Because t he vaneless-diffuser combination has a fl at performance
curve, a conparison of the volume flows at »eak efficiencies and
pressure ratios for both diffuser conbinations would indicate
whet her optinum performance of the sem vanel ess diffuser and the
impeller occurred at the same fl ow rates and t hus show how well t he
sem vanel ess diffuser was matched with the impeller.

Tests of the m xed-fl ow imweller i N combination with both dif-
fusers were nade with ambient inlet air over a range of equivalent
impeller tip speeds fromes2 to 1550 feet wer second. The tests
with the sem vanel ess diffuser were extended to equivalent tip
eneeds 0f 1644 and 1740 feet per second with reduced inlet-air
temperature. The results of the tests with the sem vanel ess- snd
vanel ess-di ffuser combinations are presented as curves of veak
adi abatic efficfoncy as a function of pressure ratio. Adiabatic
efficiency and »ressure rati o are al so plotted as a function of
equi val ent volunme flow and the matching of the sem vaneless dif-
fuser with the inpeller is evaluated

IMPELLER AND DIFFUSERS

The m xed-fl ow impeller (fig. 1), which discharges the air
with an axial wvelocity conponent, has 23 blades. Because of the
shene Of the impeller passage, the angular acceleration of the
air is continuous aleong 8radius;, the engular velocity of the air,
however, is always | ess than that of the immeller. Unlike the con-
ventional . centrifugel impeller, the bl ades do not have abruptly
curved sections at the inlet section but are designed With a
gradual curvature over the entire length. The tip diameter of the
I npel | er decreases along the axial length from14.74 to 14.26 inches.
The imweller has an annulus dilemeter of 11.00 inches, an inlet hub
di ameter of 4.26 Inches, and an axial depth of 7.26 Inches.

The sem vanel ess diffuser consists of two sections: a vane-
| eas section foll owed by a vened section having 32 vanes. The
diameter at the |eading edge of the vanes is 20.67 inches; the over-
all dianmeter is 28.00 inches. Figure | showa t he senfvanel ess dif-
fuser and the impeller With the immeller and diffuser front shroud
removed. A few vanes are thicker than the others in order to
Tacilitate mounting i n an engine installation.

The vaneless diffuser has an over-all dianeter of 34.00 inches.
The curvature of the first few inches of the transition section is the
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same for both diffusers as shown by the cross-sectional sketch of the
two di ffusers superimposed (fig. 2). Unliko the semivansless diffusor,
whi ch discharges the air in an axi al directicn, t he vaneless diffuser
discharges the air in a radial direction.

APPARATUS

Test rig. - The inpeller with the semivaneless and the vaneless
diffusers was tested in a varieble-component test rig as described in
reference 1. The camplete test setup for ambient-alr tests is shown
an figure 3. The impeller was driven by a 1000-horsepower dynanoneter
in conjunction with a magnetic coupling and the speed was regul at ed
with an el ectroni c .controlaystem.

The entire inlet pi pe was-lagged with three if-inch layers of hair
felt; between each layer were tar and tar paper with & final covering

o felt, paper, and canvas. The outlet pipes werelagged with a 13- inch

| ayer that was 85 petrcént magnesie and were coveredwith canvasfof a
distance of 3 feet beyond the instrument station. The veriable-

conponent col | ector case was surrounded by an air space and a wooden
box insulated within with three 1/2-inch leyers of canc fibre.

Arbi ent air was netered through 8 |arge orifice tank and was
passed through an _inlet throttle into.a plpe leading t0 the impeller
inlet. The air W& discharged through two tangential pipes fromthe
| ar ge veriable-cumponent col | ector case to the atmospheric exhaust
gyeten. -

Refrigerated-air tests required modification of the test rig
(fig. 4). 4An additional speed increaser wa3 Installed to permt
better control by the magnetic coupling at the-high impellex tip
speeds., Alarge air-filter tank was installed between the inl et
throttle ‘and the straight length of inlet pipe entering the test unit
to collect any foreign particles that flaked off the refrigerated-air
pipe during the teats. The filter tank was insulated with 6 inches
of hair felt and covered with canvas.

| nstrunmentation, =~ The quantity of air flow through the unit
for the anpbient-alr tests was nmeasured with a sharp-edged circul ar
flat-plate orifice connected to the orifice tank. The tenperature of
the air entering the orifice tank was measured with four calibrated
i ron-constant-an thernocouples located in front of the tank
Refrigerated-air flow measurements were made with an adj ustabl e sub-
mergedorifice. The air temperatures wer e moasured with two calibrated
ip%n-constantan thermocouples located i n the pipe upstreamof the
orifice.
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The inlet measuring station wae | ocated 2 diameters Of etraight
~ipe from t he Impellier inlet . The outl et measuring Sstations were
sreceded by 12 di anet er8 of astraight pipe. All measurements Were made
_n accordance wita t he procedures described in reference 1.

£11 pressure and temperature measurements were taken in pairs to
elininate erroneous readings. Afr pressures were indicated by mercury
mancreters; pressures f Of air-volume measurements Were indi cated by
water mancmeters. All|l temperatures Were neasured with calibrated Iron-
const ant anthermocouples.

The impeller tip speed was nmeasured with an el ectric chronomstric
tachomet er; the impeller tip speed was based On the maximum tip di ameter
of the i rrpel ler. For visual checks on the inpeller tip speed during
the tests, a stroboscopic tachoneter with a 6Cc-cycie neon |ight was
uged.

Precision. - The precision with which al | measurements were made
ig estimated (0 be witiin the Ffollowing limits:

Tamperature, °F . e )
Pressure, inches of nercury. = 2 0
Volume f| OW, percemt .. . e L I -
Trrpeller tlp speed, percent T A

TEST PRCCEDURE

The tests with boti diffuger carbinations were nade with anbi ent
inl et air over a range of egquivalexnt impeller tip speeds of 682 to
1550 feet per second corrected to a standard HACA inlet-air tempera-
ture of 53° F. Tre inlet-air temperature varied from 74° to 98° ¥
sver the entire renge Of tip speeds made with ambient air. Tests with
t he semivanelesa-diffuser casbination were extended ta equi val ent
fupeller tip speeds of 1€44 and 1740 feet per secand by using refrig-
eratoi inlet e-2 at ‘temperatures of 31.6° and -21.1° F, respectively.
The inlst-alr Semmeracurse at any paruicular speed €14 no'c. vay more
than +2° F.

The tests wore conducted by the method given in reference L
wiensver applicabXs. In all teats the afr fl ow was varieda by the
rniet throtitle,
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IESULTE AND DISCUSSION

Performance calculations were nade by the nethod given in ref-
wvrence 2 and the resulteare presented 2s apccifled in reference 3.
Additionai performance cuxrvos Of peak adiabatic efficiency as a func-
tion of pressure rati 0 are also presented. All impeller tip speed8
ard vol ume flows are oqui val ont values, *aving been corrected to
standierd comditions, as rocoumended in reference 3.

Performance. -~ Tho maxi num adi abatic efficiency for the semi-
venelegs diffuser cambination was C.768C and was obtai ned at a pressure
ratio of 1.34 (fig. 5). Good retention of peak efficiency was
obtai ned to a prossure ratisofiss whore the officiency was 0. 702.

The maxirum pressure ratic of the semivaneless-aiffuser conbi na-
tion was 3.36, at which point the volume flow was 13, 650 cubic foot
per minute (fig. 6(a)). The corresponding adi abati c efficlency wes
0.697. At the lowoer tip speedas, t ho sonivaneless-diffuaar conbi na-
tion had .a wide stable-alr-flow operating range and a flat perform
grice curve gimilar to that of tie vanoloss-diffuser coasbiration
(fiz. 6(b) ). Figure 6(a) showsthatat a tip specd of 1353 feet rzor
secon:, the stable-air-flow operating rango of the sumivansloss-
dif7user cambination abruntly docroased by approximetely 67 percont.
Tro renge of air flows decreased as-tho tip spooiincreascd and a
vertical curve Wt hout any approciablo range was cbtainod at a tip
speod Of 1644 foot nor socond.

tcritical condition existed in the combinatlcn between a tip
spead of 1550 and 1644 feet per second. The peak adiabatic effic-
zency dropped to 5.626 and t he correspondinsg nressure ratio to 3. 12
(figs. 5 and s(a)). At atip speed of 1740 feet per seccnd, the peak
adiabatic afficiency decreased to 0.5£0 and the corresponding vressure
ratio was 3,36, vhich vas the same as that for the tin aneed of
1550 feet per second. The critical comdition s%ill existed in the
combination, however, and nild audible surging occurr=3d at all pres-
sure ratios above 3.u. At the Lower vslues Of wolume fluw for the
tip speed Of 1740 feet per gocczd, t he efficiency IS not a urique
function Of mressure rati o and vol une £low. Test pointe for this
tip speed are therefcre cuitted in the region where two val ue8 of
efficiency for a ziven pressure rati o and volume fl ow were shtaired.
The trend of the :erformance CUrve in this rogion s indicated by
the broken line in figuoe 6{a) and the carplete cuirves for the tip
spaed of 1740 feet per seconi are giver. in figure 7.

Matching. - A coamparison of figures 6(a) and 6(b) shcws t hat
t he peak pressure rati o8 for both diffuser combinations occurred at
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approximetely odual values of wolume flow, which indicates that, as
far a3 obtaining peak presaure ratios | S concerned, t he sexalvaneless
diffuser was Wel | matched With the impelier. A revresentative com-
parison Of the adi abati c efficiencies for bot h diffuser combinations
was obtained by plotting adiabatic efficiency &s a function Of wvolume
flow for several tip -speeds (fig. 6). In gemeral, the peak efficien-
cies f Or the semivaneless-diffuser cowbination were slightly lower
than for the vaneless-diffuser combination. (See also fig. 5.) At
the | ow tip speeds, t he semivaneless diffuser was apparently wel |
matched with t he imneiler. At the high tip speeds, the volmme flows
at which pesk efficiencies were obtained differed for the two diffuser
combinatiorns but the difference in the wvalues of the peak adi abatic
efficiencies WAS emall. With regard t 0 afficiencles; t he matching
of the mixed~flow impeller W t h the semivansless diffuser t herefore
anpears t 0 be very satisfactory.

SIMARY COF RESULTS

From an investigetian of the performance of 8 wixed-flow | npeller
and 8 semivansless diffuser and from an evaluation (f the matching O
t he semivaneless diffuser W th t he impeller (by a conparison with s
vaneless~diffuser combination}), the following result8 were obtai ned:

1. Good retention of hi gh adiebatic efficiencies was obtained
to a pressure ratia of 335where the correspondi ng cfficiency was
0.732. The maximm efficiency 0f 0. 760 was obtained at a prossure
ratio of 1.34.

2. Within t he stabl e operating rangs, s maximm prossure ratio
of 3.36was obtained at which woint t he corogponding efficlency was
0.697and the wolume flow was 13,650 cubic feot per minute.

3Acritical condition exiated in the Unit betwoen stip speed
of 1550 and 1644 feet per second. At a tip speed Of 1644feet per
gsecond, t he air-flow range wae extremely limited and 8 peak officiency
of 0626 was obtaired at a pressure rastio o 332, Mild surging of
the unit was oncountered at all pressurec ratios above 30for the
eQuivalent tip speed of 1740 feet per second; the neaX efficiency was
0. 580 and thoe corrvosponding vressure ratio was 3. 36.
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4.The semivaneless di ffuser appeared to be well matched with
t he mixed-flow impeller. The peak pressure ratios occurred at
approximately equal val ues of volune flow for the semivaneless-
and the vanel ess-diffuser combinations. At low tip speeds, the
peakefficiencies-for both diffuser conbinati ons occurred at aprrox-
imately equal val ues of volume flow. At high tip speeds, the volumo
flows at which peak efficiencies were obtained differed for the two
di ffuser conbinations but the difference in the val ues of poak
officiencies waa snal | .

Aircraft Engine Research Laboratory,
National 'Advisory Committee for Aeronautics,
C evel and, ohio.
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