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HEMORANDUM REPORT 

PERFORHANCE CHARACTERISTICS OF MIXED-FIDv' 

IMPELLER AND VANED Dr FFOSER 

WITH SEVERAL MODIFICATIONS 

By J . .Austin King and Edward Glodeck 

SUMMARY 

The performance of a mixed- flow impeller and vaned diffuser 
unit with several modifications was investigated in an KACA 
vari[1ble-component supercharger test rigo The investiga tion 
covered impeller tip speeds from 800 to 1200 feet per second 
over the range of nir flows from wide-open throttle to incipient 
surge 0 Several di':'ferent frontal clearances VJere tried, surveys 
were taken to detelmine the losses in the various components , 
and, finally, two 7aneless extensions of different diameter were 
added to the diffuser. 

The results showed the supercharger to have a peak 
efficiency of 0~ 77 ~ld a peak pressure coefficient of 0.61 with 
the impeller frontal clearance at 0 .. 035 inch , The supercherger 
"'as fairly sensi ti ve to clearance! the peak efficiency fal ling 
off about two points at a mean clearance of 0,070 inch. The 
use of the vaneless extension to the stpr,dC1.rd diffuser 
increased the efficiency to 0. 80. 

INTRODUCTION 

A centrifugal supercru~rger has been constructed having an 
impeller incorporating flow passages that chan,ge from the inlet 
to the exit of the impeller more gradually than the conventional 
centrifugal impeller c Performance investi ga tions conducted by 
the .nanufactux'er ,n t!1i s superL.:narger sholved an effici pncy of 
over 80 percent, which is appreci ably higher than that of any 
supercharge£ current:y ~n use with reciprocating engines. 
Fur'thermore. thi s hi gh efficier:cy was obtained a t a very high 
load coeffici8nt , In order to verif;)' the results of these tests 
and to obtain more complete inforrwtion on the impe:~ler and 
di ffuser used 'in thi s supercharger, the NACA lni tia ted a study 
of the supercharger to determine its original o'gera ting 
characteristics along with the performance resul t i :)g from 
several design changes. The supercharger modifications include 
changes in impeller frontal clearancA And the addi tion of vana.. 
less extensions of different dia~eter to the standard vaned 
diffuser. 
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SUPERCRLlRGER 

The supercharger impeller used in this investigation is 
shown in figure 1. It is a single shrouded impeller having an 
inlet diameter of 8i inches and a tip diameter varying along 
the axial length from 11.015 to 11.241 inches . There are 23 
blades wi th scallops on the periphery between the blades. The 
blades are so designed t hat their curva ture is gradual and 
extends over the entire length. They are so constructed that 
the centrifugal forces are taken in tension and introduce no 
bending moments . The passage is so shaped tha.t the flow has 
both a backward and an axial component of velocity along the 
radius . For this reason the impeller is usually referred to 
as a "mixed-flow" impeller. Unlike the conventional centrifugal 
impeller, the blades do not ~ve curved sections at the inlet 
usually referred to as inducers. 

The diffuser used in conjunction with the impeller is shown 
in figure 2. It has an inner diameter of 11~8 inches, an outer 
diameter of 17 inches, and has 14 equally-spaced vanes. An 
assembly dr ewing of the impeller-diffuser combination with the 
overwall dimensions is shown in figure 3. 

TEST SETUP .AND PROCEDURE 

The impeller and diffuser were tested in the ACA variable
component supercharger test rig , a descrip tion and photographs 
of which are given in reference 1. A photograph of the setup 
is shovn in figure 4. 

The supercha!'gGr was origina~ly se t up wi th a mean frontal 
clearance (running clearance) of 0.070 inch and run at tip 
speeds of 800, 900, 1000, 1100,. , and 1200 fe-et p~r second over the 
range of air flows from wide·-open thro t tle to surge point with 
the outlet pressure held constant at 40 inches of mercury 
absolute. The impeller for these first t ests ran out of true 
at the bla.de tips thus resulting in a minimum frontal clearance 
of 0.056 inch and a maximum of 0.08'4- inch, giving a mean 
clearance of 0 ,070 inch. All the meastrrements recommended in 
reference 2 were taken. Survey tubes were then installed at the 
impeller tip, in the diffuser outlet. and at a point 2 inches 
from the diffuser exit. Runs were made at 800 and 1100 feet 
per second during which both the surveys and the over-all data 
were 'taken. 

A new front shroud was installed with a uniform frontal 
clearance of 0.035 inch, which was the smallest permissible 
for safe operation in the unit being studied. (The impeller 
was designed for a clearance of 0.025 inch.) 
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During some additional t ests a blade fail~e occurr ed in 
the impeller. .A new impeller was ootained and machined to t .10 
exact size of the original impeller, which"i t replaced. After 
mac~~ning7 the impeller had the same shape passage as the fi Tst. 
Tests were then made to see if the characteristics of the 
original and replacement impellers agreed, 

Finally, tests were made with an extension on the diffuser, 
This extension consisted of two parallel, fl at, annular p l a t es, 
so mOlUlted that their axial depth was the same as the diffuser 
,exit depth. The effect was a vaneless diffuser extension of 
the s t andard' diffuser. Runs were made with different extensions~ 
one of 27 inches outside diameter and the other of 35 inches, 
at 900 and 1100 feet per second u 

Figure 5 is a ske tch showing the loca tion of the points 
a t which pressure and temperature measurements were made. in the 
investiga tion of the over-'a1.l. perfoI'tIlPJlce of the uni to Stc?~tic 
pressures and total pressures were measured wi th mercury 
manometers and temper atures ",ere measured wi th iron-constantan 
thermocouples. 

The location of the survey tubes in the second t es t is 
shown in figure 6. These tuDes were arranged for axial traverse 
and for variable angle with tho r adial and were 'divided into 
two groups. One group A was locatnd at a diffuser passage 
that discharged directly toward a discharge ducts and the ot her 
group B was located apprOXimately 900 a\t~ayo A survey with a 
given tuDe consisted of reading the maximum total head a t five 
points across the passage. The average total pressure was 
then ootained oy a planimeter integration of a curve drawn 
through these points " The total tempera ture throughout the 
entire outlet system was a.ssumed to De the same and was taken 
as the total temperature in the discharge pipes. 

Measurements in the final t ests were the same as in the 
first test. 

COMPUTATIONS 

The method used in finding the characteristics of the 
superclwrger is given in reference 2. The tempera ture 
recovery coefficient for the thermocouples was taken as 0,83. 
The l argest diameter of the impeller was used for finding the 
pressure coefficient o 
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The angle at which the air entered the diffuser was found 
by the use of the following equations: 

v = gH 
g TT tl v 

(1) 

where 

V the tangential velocity of air leaving impeller, feet 
gtl per second 

g the acceleration of gravity: taken as 32.174 feet per 
second per second 

V the impeller tip speed, feet per second 

H the increase in total enthalpy per unit mass~ foot-

where 

r 

where 

Q 

A 

pound per pound 

(2) 

the tangential velocity of air entering diff~ser, feet 
per second 

the radius of diffuser entrance , feet 

the radius of impeller, feet 

Q,=AV g 

the volume of air entering diffuser, cubic feet per 
second 

the area perpendicular to the direction of flow, square 
feet 

the absolute veloci ty of air entering diffuser, feet 
per second 



sin 

where 

A e=--
Al 

cos 
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e the angle at which the air enters the c.iffuser, degrees 

~ the area perpendicular to tho radius , square f ee t 

\vhere 

'Y 

R 

""There 

the total temperature of tho air l of absolute 

the sti:.l tic temperature of the air, of absolute 

the ratio of specific heats, taken as 103947 

the gas constant ~ tru{en as 53 .50 

(6) 

Pt the total pressure of t~e air, pounds por square foot 

P s the static pressure of tho air) pounds per square foot 

where 

w the weight of air flowing, pounds per second 

Computations of the cmgle involve a trial and error 
solution. 
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RESULTS AND DISCUSSION 

The per formance 'of the mixed-flow impeller and v~ed 
diffuser unit wi~h a mean impeller frontal clearance of 0.070 
inch is presented in figures 7 and 8 where adiabatic efficiency 
arid pressure coefficient , respectively, are plotted against 
load coefficient. The maximum over-all efficiency was about 0,75 
at impeller tip speeds of 900, 1000, end 1200 feet per socond. 
At tip speeds of 800 and 1100 feet per second the peak efficiency 
was very little lower. As with the efficiency, the pressure 
coefficient was nearly the same at all tip speeds. The maximum 
pressure coefficient was 0 0 59 from tip speeds of 800 to 1000 
feet per second. At tip speeds of 1100 and 1200 feet per second 
the peak pressure coefficients were only about one point lower . 

Surveys were made at the impeller outlet, diffuser outlet, 
and 2 inches from the diffuser exit to obtain an indication of 
the performance of the components of the unit and what results 
might be expected from various modifications. Over-all measure
ments vere taken at the same time as a check. The results of 
these surveys are shown in figure 9. The surveys were divided 
into two groups, one located at a diffuser passage that discharged 
directly toward a discharge duct, the other located appr~ximately 
900 away. The data from each of these groups were separately 
calculated, and both sets are plotted in figure 9 with the same 
symbols. As might be expected, the points are somewhat scattered, 
and the data cannot be considered too accura te because of the 
difficul ty of taking measurements in the highly turbulent air 
in the diffuser. The data, in particular 9 taken in the diffuser 
exi t were scattered and the two groups gave separate curves at 
high load coefficients . The curves do, however, give an 
indication of tho losses in the various components. 

The results plotted in figure 9 show that the impeller 
efficiency is very high, reaching a peak of about 0.92 at 
800 feet per second and 0.88 at 1100 feet por second. The 
largest loss in the unit is apparently between the diffuser 
exit and 2 inches beyond the exit . This loss is probably due 
to several reasons. ll'irst , the diffuser has a small expansion 
ratio. the ratio of the exit area to the inlet area being less 
than 2:1, and is desi [ned for use in conjunction with a scroll
type outlet" Second, the area of the collector is very large, 
causing a considerable loss due to sudden expansion" 

As there is also a large loss in the diffuser and as the 
curves for the impeller efficiency and over-all efficiency do 
not peak at the same load coefficient p it was suspected tha t 
the angle at which the diffuser was set did not coincide with 

- -----



the angle at which the air entered at the highest impeller 
efficiency. The angle was therefore calculated from the 
datQ and is also plotted against the load coefficient in 
f i guro 9. The fact that the maximum over- all efficiency 
occurs at an angle of 200

1 the angle for which the diffuser 
was d.e signed~ indicates that the data are f airly reliable and 
that the correct angle of design should be about 240 as the 
i mpeller efficiency peaks at this point. 
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As there i "s certainly a loss in the diffuser passages it 
is difficult to estimate the gain that might be obtained by 
changing the entrance angle. This increases being only a 
fraction of the difference shown: would probably be small and 
may only tend to shift the opera ting point without increasing 
the peak, although the efficiencies a t the higher load cooffi
cients should show a substantial increase. 

The results of the tests with the frontal clear ance reduced 
to 0.035 inch are plotted in figures 10 and ll~ and a comparison 
is made with the original tests in figures 12 and 13, From these 
curves it can be seen that the efficiency is incroased over the 
original by two or three points, the maAlillUffi effici ency being 
0.77 a t 900 fe et per second, 

The peak effici ency falls off very litt l e with speed, 
decreasing from 0, 77 a t 900 fe et per second to 0.76 at 1200 foe t 
per second. The curves show t hat the frontal clearance h..as E'tIl 

appreciable effect on the supercharger performance a lthough tho 
effect is not so great a t 1200 fee t per second as a t lower 
speeds . 

The curve of adiabatic head against the load coeffici ent 
at all speeds for the 0-035-inch clearance test is shown in 
figure 140 On this curve the effici encies are plotted as 
contours, and the point of maximum efficiency is seen to be 
a t 900 feet per second at a load coeff icient of about 0 , 225. 

The pressure ratio a t 600 F is plotted against the load 
cooffi cient in figur e 15. The maximum r .:- tio obtained was 2.35 
at 1200 feet per second at a load coef fi ci en t of 0025 . The 
results of the tests run to compare the characteristics of tho 
original and r eplacement impellers are shown in figure 16. 
The curves show that the performance of the two i mpellers is 
identical. 

In order t o reduce the l arge loss due to sudden expansion 
at the diffuser exit , a vaneless extension was added to the 
diffuser. Two sizes were tried, one 27 inches in diamet er and 
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the other 35 inches in diameter . The test results with these 
extensions are pl otted in figure 17 and compared wi th the 
previous tests . The use of the 27- inch- diameter extension 
increa sed the peak efficiency at 900 fe et per second from 0,77 
to 0. 80 and at 1100 feet per second, from 0 . 76 to 0.79. The 
peak pres~ure coefficient was increased about two points in 
both cc_ses . No additional incr ease in efficiency was obtained 
by using the larger extensi on. As the manufacturer used a 
scroll- type outlet that eliminated the sudden expansion, the 
resul ts ar e compcrable and the value of 80 percent obtained by 
the NACA approaches the value obtained in his tests . 

In general , it mi.ght be sai d that the supercharger was a 
very smooth- running machine and that pulsation was so g0 ntle 
tb_<.'3,t at the lower speeds it \rlas difficult to detect . Even at 
the high speeds it was not violent and should not cause undue 
stresses or Hopreciably affect the o,eration of an engine. 

The characteristic curves are fai r ly flat over most of the 
range , al though at 1200 fee t per second they oecome s te0per . 

The pressure coefficient is about eight points lower than 
the conventional supercharger \ hich means that to obta.in the 
same pr essure r 2,tio the impeller must turn about 1.06 times as 
fast . 

cm CLUSIONS 

1. Tho mixed- f l ow impeller and vaned diffuser unit showed 
a peak efficiency of 0 . 77 and a peak pressure coefficient of 
0. 61 at a tip speed of 900 feet per second wi th the impeller 
frontal clearance set at 0 035 inch. The efficiency at l2CO 
feet per second fell O!1~y one point to 0.76 . _ 

2. The sup8rcharger shoved itself to be fairly sensitive 
to clea r ance , the peak efficiency being about two points lower 
at a mean frontal clearance of 0 .070 inch. 

3. Surveys in the impeller and diffuser showed that the 
impeller efficiency was veIJT high , being about 0 .92 . The 
SlITVeys also showed that there was a large loss in the test 
rig collector case caused by the sudden expansi on as the air 
left the diffuser and a large l oss in the diffuser itself . 

4. The use of a vaneless extension on the original 
diffuser incr eased the peak efficiency to 0 . 80 and substantiated 
the expansion l oss i ndic -ted by the surveys. As the manufactur
erl s tests wer e run with a scroll- type outlet which 2_lso 
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eliminates the sudden expansion, the tests are compcrrable and 
check as to efficiencies of 80 percent, 

Langley Femorial i'l.8ronauticaL laboratory 1 

National Advisory Co~nittee for Aeronaut ics, 
Langley Fi eld 9 Va " July 11, 1942, 

1. Ellerbrock, Herman H. \ Jr .) and Goldstein, Arthur W.: 

9 

Principles and Methods of Rating and Testing Centrifug~ll 
Superchargers . NACA ARR P'eb. 1942. 

2 . NACA Subcommittee on Supercharger Compressors: Standard 
Procedures f or Rating and Testing Centrifugal COlIlDr essors . 
NACA ARR No. E5F13, 1945, 
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Fig u rei. - Mix e d- flo w imp e I I e r. 
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Fig u r e 2. - Van e d d iff u s e r . 
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Figure 16. - Comparison of characteri stics of supercharger witn original Impel! er and 

wi t h rep I acement i m'p el I er. 
~ repl Ilcement Impeller " II original Impeller 
imp e I I e r' f to n t a I c I e Ii r an c e '" O. 0 35 " i n bot h cas e 5 
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F igure 17. Performance characterist cs of supercharger with vaneless diffUser extension~ 

---- diffuser with 27" 0.0. va n eless extension 

-(r----(r di ffuser with 35" O. O. vanel ess extension 

i mpeller frontal clearance = 0.035" in all cases 


