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PERFORMARCEOFAMIXED-FLX)WmLRRm

COMBINATION WiTHA SXMIVAEKESS DLFFUSER

By Eugene B. La&in and Milton G. Kofskey

Tho performance characteristica of a mixed-flow impeller and
a semivaneless diffuser were experimentally inveetigated. The
impeller hae an annulue diamter of 11.00 inches and a maximum ti?
diameter of 14.74 inches. The semivaneleea  diffuser has an over-all
diameter of 28.00 inches. The performance characteristica of the
mixed-flow imyeller were also investigated with a 34.00-inch  vane-
lass diffuser having a transition sectron of the same geometry as the
semivaneless diffuser. A compariadn of the performance curve8 of the
two combinations provided a means of determining how well the semi-
vaneless diffuser was matched with the impller.

The investigation of the mixed-flow impeller and the semivane-
less diffuser wa8 made over a range of equivalent impeller tip
e-weds of 682 to 1740 feet per eecond; test8 of the impeller with
the vaneless diffuser were confined-to a range of equivalent tip
speeds of 682 to 1546 feet per second with ambient inlet air.

The maximum adiabatic efficiency for the semivanelosa-diffuser
combination was 0.760 and was obtained at a pressure ratio of 1.34.
The semivanelesa-diffuser combination ehowed good r&ntion of peak
adiabatic efficiency to a pressure ratio of 3.35, where the efficiency
was 0.702. Within the stable opcrating range, the maximum preseu?X
ratio was 3.36, at which pint the efficiency was 0.697 and the
equivalent volume flaw was 13,650 cubic feet per minute.

A critical condition existed in this combination between
equivalent tip speeds of 1550 and 1644 feet per second. At 1644 feet
yr second, the stable-air-flow range wae extremely limited and the
peak adiabatic efficiency dropped sharply to 0.626 and the corre-
eponding pressure ratio to 3.12. Mild surgingwas encountered at
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all. pressure ratioe above 3.0 for the equivalent tig speud of 1740 feet
per second; the Faak.effiqiency was 0.580 and the cOmBgOnding pree-
.~ure ratio wa8 3.36.

The semivanelose diffuser #a found to be ~11 matched with the
impcllt3r. The peak pressure ratioe occ;lrred at approximately equal
value8 of volume flow far both diffuser cotibinatim. At low tip
epeeds, the peak adiabatic-efficiencioe for both diffuser combinations
occurred at approximately equal values of volume flow. At high tip
epecde, the volume flows at which peak sfficienciee  were obtained
differed for the two diffuser combinations but the difference in the
valuea of the peak efficiencies W&B small.

A combination of a mixed-flow impeller and a semivanelesa diffurser
designed primarily for a Jet-pmpuleion  engine was inveetigated  at the
NACA Cleveland laboyatory. Tests were conducted to determine tho rang0
of tip speeds aver which adequate cdiabatic efficiency could be obtained
and to determine whether the diffuser was matched with the impeller.

The impollor ill suitable-for a jet-propleion  engine installation
because the configuration of the impeller is euch that it discharges
the air with an axial velocity component. Becauss of the shape of the
impeller passage, the angula,r  acceleration of the air is continuoue
along a radi:le; the angular velocity of the air, however, ie alwaye
lees than that of the impeller. Thie type of impeller devclope a
lOWOr preseure ratio at a -given impeller tip speed and ifi&-air teIU-
ysrature but inherently hae a largcrr stable-air-flow operating rango
than an impeller of the conventional  raditil~type.

In the semivanel&se difl%ser, the large tangential velocity
component of impeller discharge air is reduced to approximately
seven-tenths of it6 original value in the vaneleeB section beforu
reaching the vaned section -of the diffuser, In comparieon  with a
conventional vaned diffuesr, the aomivanoless dfffuBcr pormite the
use of highwr impullcr tip speede and air flows before shock is
encountered at the entrance to the vanea. The somivaneless diffutllor
has a smaller diamoter than a vanolese diffueor for a given amount
of diffusion.
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The ~rformance characterietics  of the mixed-flow impeller were
also Investigated with a 34.W-inch vaneless diffuser having a tran-
sition section of the same geometry as the semfvaneless dfffuser.
Because the vaneless-diffuser combf=tion has a flat ErfoMzrance
curve, a comparison of the volume flows at yak efficiencies and
pressure ratios for both diffuser combinations would indicate
whether optimum performance of the semivaneless diffuser and the
im;&ler occurred at the same flow rates a& thus show how well the
semivaneless diffuser was matched with the Speller.

Tests of the mixed-flow iin-ller in combinatfon tith both dif-
fusers were made with ambient inlet air over a range of equivalent
impeller tip qeeds from 692 to 1550 feet 1:er second. The tests
with the semivaneless diffuser were extended to equivalent tip
s:)eeds of 1644 and 1740 feet per second with reduced inlet-air
temlyerature. The results of the tests with the semivaneless- snd
vaneless-diffuser combinatfons  are presented as curves of sak
adiabatic efficfoncy as a function of pressure ratdo. Adiabatic
efficiency and ~,resm ratio are also plotted as a functfon of
equivalent volume flow and the matching of the semivaneless dif-
fuser with the impeller is evaluated.

The mixed-flow Im_ueller (fz. l), which discharges the air
with an axial velocity component, has 23 blades. Because of the
shah of the Zm-pellerpassage, the angular acceleration of the
air is continuous alow 8 radius; the ang~~lar velocity of the air,
however, is always less than that of the rbnpeller. Unlike the con-
ventional. centr%fugal meller, the blades do not have abruptly
curved sections at the In'Let section but are &signed with a
gradual curvature over the entire length. The tip dieter of the
impeller docreases along the axial length from 14.74 to 14.26 inches.
The impeller has an annulus dmter of 11.00 inches, an inlet hub
diameter of 4.26 Inches, and an axial depth of 7.26 Inches.

The semivaneless diffuser consists of two sections: s vane-
leas se&Ion followed by a vaned section having 32 vsnes. The
diameter at the leading edge of the vanes is 20.67 inches; the over-
all diameter is 28.00 inches. Ffgure I chows the semfvaneless dif-
fuser and the im~ller with the Weller and diffuser front shroud
removed. A few vanes are thicker than the others in order to
i'acilitate mountiing in an engine installation.

The vaneless diffuser has an over-all diameter of 34.00 inches.
The curvature of the first few inches of the transition section 1% the
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S~XIG for both diffusers as shown by the cross-secttonal  sketch of the
two diffusers supcrIrnposed  (fig. 2). IFnlfko the somfvanoloss diffuser,
which d&schargos the air in an axial dlrecticn, the vaneloss diffuser
discharges the air in a radial direction.

Test rfq. - The impeller with the sem~vaneless  and the vaneles8
diffusers was tested in a variable-comionent  test rig as described in
reference 1. The c-late test setup for ambient-air  tests is shown
m figure 3. The Impeller was driven by a 1009-horsapower  dynamometer
-in conjunction with a magnetic ooupling and thf~ speed w+s regulated
with an electronic .control aptmu.

The entire inlet pipe was:lagged  Mth three if-inch layers of hair
felt; between each layer wore.tar and tar paper with a f.inal covering
ol felt, paper, and c+v+. The outlet piLpes yere lagged with a &Inch
layer that was 85 percentmqnesla  and were coven33  withmcanvae  fo+ a
dfstance of 3 feet beyond the instrument station. The variable-
component collector case was surrounded by an afr space and a wooden
box insulated within with t&roe l/2-inch leyers of cane fibrs.

Ambient air was metered through 8 large orifice tank  aid was
passed through an-m-e-t, t&rottle into--$ pi~e_le-&d+g  to the fmpeller
inlet. The air w&s discharg&-through two tangential pisee from the
large variable-cqonent  collector case to the atmospheric exhaust
syetan. -.

Refrigerated-air tests required mcdifLcatfon of the test rig
(fig. 4). An additional speed incraaser wa3 Installed to permit
better control by th.a magnetic coupling at the-high -eller tip
spceas. A large air-filter tank was fnstalled~between  the inlet
throttle -and the straight length of inlet pile enter- the test unit
to collect any foreic& particles that flaked off the refrigerated-air
pipe during the teats. The filter tank was 'mulated with 6 inches
of hair felt 'and comed with canvas.

Instrumentation, - The quantity of air flow through the unit
for the ambient-air tests was measured with Q shaq-edged  circular
flat-plate orifice connected to the orifice tank. The temperature of
the air entering the ,orifico tank was measured tith fqur calibrated
iron-constant-an thermocouples located in front of the tank.
Refrigerated-air flow measurements were made tith an adjustable sub-
nergd orifice. The afr taperatures  were noasurod wi%~ two calibratti
iron-constantan thermocounlos  locat& in the pipe upstream of the
orifice.
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The inl9t mea8urin.g et&Man wae located 2 diameter6  of etrsfght
l"i.pC fro33 the itlirpoller i?iLot . The outlet meae-urix3g  stations were
-pxeded by 12 diameter8 of straight -pfpe. All m9asuranenta were made
in accordance w%th the procedures deacribod in reference 1.

AIlL pressure and tezqerature measure~ente were taken in paire to
elk3inate orrciaeow read-as. Afr preesllree  were indicated by mercur;g
manometers; preseuree for a'i-r-volume  meaeuremente were indicated by
irater 3ancmet0lW. All temperat*uree  were measured tith calibrated Iron-
constantan thermocouplee.

The iqeller tip speed was measured with an electric chronomatric
tachometer; t2e 3mpelbr tip epeed was beee3 on tie ~liaxiraum  tip diameter
3f the impeller. For visual checks on the impeller tip speed during
the tests, a stroboscopic  tachometer with a GO-cycle neon light was
?rsed.

Et33CfEd~. - 55e ~ecf~ion tith which all meaauremante were made
ie eetimated to be wit311 the follow%3g ItiLts:

Teqerature,  ?F . . . . . . . . . . . . . . . . . . . . . . .&0.5
Pressure, inches of nercury . . . . . . . . . . . . . . . . &0.02
VcQme flow, percent. . . . . . . . . . . . . . 6 . . . . . .*O.S
IrqellertFp apeed, percent . . . , ..- . . . . . . . . . . .*O.S

The tests with botl d"ffl-zer corzfb-inationa were made with ambient
inlet a-lr over a range of equivalent  fmpeller ti;? epeede of 682 to
1550 feet >er eecmd corrected to a s'tandard  FICA Met-a:r tempra-
tme of 59O F. Tke inlet-air tmerature varied friHn 74O to 98O P
w-er the entire gmg9 of tip speeds made wLth ambient afr. Test8 tith
the semivaneleos-d:ffuser ctio~~tion  were extended ta equivalent
5qpalls-r tip- apeds 09 I644~and 1740 feet peg sec& by ueing refrig-
cratti inlet e-2 at teqeratrrres of 31.6O and -2l.lo F, respectively.
T2e met-air t9zyra5xre at eny pr%lcclar sFeed tiid mt va-g more
t,hanGi'" F.

T5e tests wore conducted by the method given in rcforencc L
whenever  ap?licabZe. IFI all teats the afr flow was mried by the
Inlet -throttle.
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I'ZSULTS AYD DISCUSSIOIP

T~rfomz?nce  calmlationa were made by the method given in ref-
a*e:;ce 2 and the iWBLlit6 are pesented as apccified in reference 3.
Additional  performance curvo8 of peak adiabatic efficiency a8 a func-
t3.3n OP preseure ratio are aleo gre8ented. Ali msller tip speed8
aG volume f!.owe are oquivalont valuers,  ?av?_ng been corrected to
St-ra2.G~~ condit-ionB, at3 robormended  Inreference 3.

Perf cn-aance .
~n3.nQlos8  LE.ffLlzL-

- Tho maximum adiabatic efficiency for the aemi-
comb-'.nation W&B (?.?6C and wan obtained at a pre88ure

ratio of 1.34 (fig. 5). GoOn_ rctentfan of ;ea?: efficiency wae
obtained to a prossure r&f.:, of 3.35, whore the o?ficFency  wa8 0.702.

The maxti~~a pressure ratfo of the eomivanele~s~dfffuger  combina-
tion was 3.36, at which point the volume flow was 13,650 cubic foot
par mirzte (fig. 6(a)). The corresponding  adiabatic efflcioncg  wa8
0.697. At the lowor tip 3?eede, tho somivaneless-diffuaar  combina-
tion had.a ~&to stab&-ai:*-f'ow  operating range and a flat perform-
a5cc curve sir;;-Llar t3 that of th vano?.ose-diffwmr  c=5iLation

(fQ.s 6(b ) > l
F-IgWo 6(a) siwtrs that at a tfy epsod of 13s feet :or

secoti, the etable-eir-flow  oDerat!- rango of the sc.mlvanelas8-
GlfPueer cti*kM,fon abru@I.y docroaned by a;;roatoly 67 porcont.
Tbmo range of air flows decreased as-t& tip epoo3 fncreasod & a
vertical cc-e without w approciablo  range was obtained at a tip
s$eod of 1644 fswt par socomi.

I-
*.

*

@ critical ccndZtion existed In the oombinaticn  betic-een a tip__
spead of 1550 and 1644 feet per second. The peak adiabatic effic-
ieno:: dropped to 5.626 and the corre8pondz%g  qreaeure ratio to 3.12
(figs. 5 and s(a)). At a tip s3sed of 1740 feet per second, the peak
adiabatfc efi'icienqy  decreased to 0.ZO and thf7 corra8~3nLfn6:  yeesuro
ratio 1~~3.36, which.waa  the 8am ae that for the tin, 8?eed of
1550 feet yar Eecoti. The crttiel condition sfill exief;ed in the
somblnation, however, and mild audgble eurg;f~ occurred at ali pree-
mre ratfos above 3.0. At the Lower values of vo7,uze f&w for the
tlg speed of 174.3 feet ~0; BQCC~, the cffi,c$.Gcy  is not a miqce
function of nreseure ratio nnd volume flsw. Test pokte for thie
tip speed are thcrei'cre om-rttad in the regln Vhere two value8 of
efficiency for a riven preseuro ratio and vokme flow were zbtained.
The trend of the :erfozance curve tnthI.8 rogi% '.a "Indicated  by
the broken line in fwlre 6(a) and the ccrr;:Tlete  cu~ve8 for the tis
spud of 1740 feet par f3econI are gFverL in figure 7.

Ettching.  - A ccqari8on af" figures 6(a) and 6(b) skws that
the peak proesure ratio8 for both dqffuaer oombinatiane occurred at t.
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8p-proximEtely eQual.values  of volme flow, which indicates that, 8s
fez aa obtafnfw pe??& p~?sanre ratfoe is concer~eci, the seziv-azelese
dL%fuser wae well mdched with the impeller. A reyresentatim com-
-jg8rimn of me adiabatic efficienc-p_es for both dIffueer cmbillationS
W8S Obt8iIled b,v #Ott?- adfab8tiC effiCi-UlCy  8s a fU.IICtiOIl Of T-OlUDB
flow for ae*ral.tip-qeeds (fig, 6). In gexmrsl, the pe8k efficien-
de8 for tlmsmxLv8ne7,ees4Iffuffer cmbiraation were sl&htl.y llower
than for the 7aneless~d'9fuser ccmbinatfon. (see also fig. 5 . )  At
the low tip spsede, the sezuivaneless  d-iffuser was apparentlg well
mtched tith the LTellei*. At the hI@ tip speeds, the volme flows
at wh%ch peak efficGmcles we??6 obtained differed for the two diffuser
combtitfors but the difference in the mluoe of the Beak adiabatic
efflcienciss  was -1. With reg8rd to efficiencies, the matChi%
C-Z the tixed-flow impeller with the eenf-~aneless.dfffuser  therefore
a?Jpoars to be very aatiafactory.

E'rm 8n investfg8tiar: of the per?orm8nce of 8 rA2ed-fkw Impeller
8lti 8 SeniV8lU3h3BS  diffU80r aI?d fETl?l ti eT81U8tfOU Of the JllatChi~ Of
the aemimmelees diffuser with the iqeller (by a comparison tith 8
mneless-ddffuser  cc&hinatton),.the  folloxing result8 were obtained:

1. Good ret5ntlOn & high 8di8batfC effiC:',c?nCies  wae 0bk~ined
to a pressure ratio of 3.35, where the corresponding off-lciencg  KBB
0 . 7 3 2 . The m efficieqy of 0.760 w8fl obt8ir-d 8t a P-rOSEUro
ratio of 1.34.

2. WithIn the stable OpeIF8ta rango, 8 lIn8xim proasure ratio
~,f 3.36 w88 obtain& 8t which SOIgt the cOI‘=G~O~~.~~  efficiency was
0.697 and the mime flow was 13,650 cubic feot per Mnute.

3, A critical condftion exist& in the Unit between 8 tip speed
of 1550 8nd  J-644 feet per second. At a tip apeed of 1644 feet per
oecond, the ati-flow rawa was etirexelx l-kited and 8 peak efficiency
of 0.626 was obtaked at a pressure raklo Of 3.32. MI.13. eurgiw of
the unit wan oncountered  at all pressure ratios abore 3.0 for the
equivalent  tip speod of 1740 feet per second; the pek efficiency w8s
0.580 8nd the corrospordiing yzessu-"o rat%0 ma 3.36.

-.
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4. Tb som5vaneless diffuser 8ppf38md to be well matched with
the m-ad-flow Impel&r. The peak pressure ratios occurred at
approximtoly equal values of volume flow for the semivaneless-
and the vaneless-diffuser combinations. At 3.&r tip speeds, the
peak efficiencies-for both diffuser combinations occurred at ap?rox-
imately equal values of volume flow. At high tip speeds, the volume
flows at which peak efficiencies were obtained dIffered for the two
diffuser combinations but the difference in.the values of poak
efficfencies waa small.

Aircraft Engine Research Laboratory,
National 'Advisory Coxnittee for Aeronautics,

Cleveland, Ohio.
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F i g u r e  I. - M i x e d - f l o w  i m p e l l e r  a n d  semivaneless d i f f u s e r
w i t h  i m p e l l e r  a n d  d i f f u s e r f r o n t  s h r o u d  r e m o v e d .

J
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