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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS

TECHNICAL MEMORANDUM NO. 839

THE DESIGN OF AIRPLANI-ENGINE SUPZRCHARGERS*

By Werner von der Nﬂll

Suitable superchargers for airplane engines are a
reguisite for successful high-altitude flyinz. The under=
lying »nrincinles for the computation and design of air-
plane-cngine suverchargers must be given further study.
The results obtaincd through tests on the various forms of
rotor venes and counter vanes and on the design of the
casing should prove useful for improvement of design.
Well—known computation methods have shown themselves, with
slight nodifications, to be suitable. The use of single-
stoge centrifugal superchargers for supercharging to one
atmosphere at 8 to 9 zilometers (25,000 to 29,000 fect)
altitude anpears, with suitadble regulation, entirely pos—
sible without supercharger oair cooling.

I. UYDERLYING POSSIBILITIES OF SUPERCHARGING

In its nresent form the airnlane engine is unsuited
for self-charging at the higher altitudes since the air
pumping occurs too slowly, Modern high~altitude engines
are tinerefore provided with devices for charging the en-
gine at high zltitudes, namely, superchargers. Any arrange-
ment that lowers the specific volume of the combustion
air Dbefore entrance to the cngine cylinder is esscontially
sultablec as an airplanc-engine supcrcharger. The most suit-
able arrangement will be that which combines the highest
efficiency with the minimum dulk and weight - that is, which
pumps in the required air at the fastest rate. Installa-
tions of this type that meet the conditions required are the
compressors and the "dynamiec pressure stperchargers;! l.e.,
those utilizing the forward velocity of the airplane.

From the point of view of economy in the utilization
of energy, three types of superchargers are distinguished:
1) those whose driving power is derived from the gross out-

*"Dic Gestaltung von Flugmotorenladern." Luftfahrtforschung,
vol. 14, nos. 4/5, April 20, 1937, pp. 244-253,
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put of the engine; 2) those which utilize a source of en-
ergy that would otherwise be lost (for example, the ex-
haust heat of the engine) and tihus impose no additional
load on the engine; and 3) those that are separately
driven.

High efficiencies of the supercha¥ger installations
should always be aimed for. They are of decided impor-
tance for such power units as give high propulsive outputs
at high altitudes and so, for example, at 8 kilometers al-
titude (25,000 feet) still require an inlet manifold pres-
sure of 1 atmosphere. Figure 1 shows the outputs available
for an unboosted engine at various supercharger efficien-
cics at altitudes up to 12 kilometers (39,000 feet), the
sca~lovel outvyut being taken as 100 percent. The increase
in engine output through the decrease in the exhaust back
pressure has not been taken into account since it depends
partly on the valve timing and is of no significance for
comparison. The output relations of the engine between
zero altitude and the corresponding critical altitude (al-
titude at which 1 atmosphere pressure can still be main-
teined) are not shown since they depend on the design of
the engine, the admissible duration and degree of super-
charging, and the regulation of the supercharger, and these
factors are all very different. The supercharger .effi=-
ciency may also be of great importance for the knock-free
operation of the engine. The superchargzer air temperatures
which, with various supercharger efficiencies, are set up
at the different critical altitudes, are also shown on the
figure to indicate the possibilities of safe engine oper-
ation, If a temperature of 80° C. is considered as the
highest admissible supercharger temperature at which the
engine will still run without knocking, then the admissi-
ble critical altitudes without supercharger air cooling
will be given by the curve of figure 2 as a function of the
adiabatic supercharger efficiency.

0f the three different designs of superchargers, name-
ly, the piston, the Root's, and the centrifugal types - the
_centrifugal type possesses today the greatest importance,
since attempts to develop the piston and Root's types with
satisfactory operating characteristics have so far failed.
It even appears doubtful whether there exists any necessi-
ty for creating other supercharging machines than the cen-
trifugal types. Two types of wheels are used with the cenw-
trifugal superchargers, namely, the radial and the axial
wheels,. The latter have, up to the present time, attained
no marked success since the advantage of good efflciency is
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offset by the disadvantages of small pressure heads per
stage, difficulties in manufacturing and in safe operation
of the very thin blades, the low critical speeds of the
multi-stage arrangements, and the difficulty in mounting
when engine driven., In what follows therefore, only cen-
trifugal superchargers with radial wheels will be consid-
ered. At adiabatic compression without losses the deliv-

ery or pressure heads, pressure ratios, and temperatures

e 3 PARAIN VI VS

for these whecls are shown on figure 3.

I1, CHARACTERISTICS AND PERFORMANCE OF VARIOUS

CENTRIFUGAL SUPERCHARGERS

The wheel with buckets or blades open at both sides
(fige 42) is probadbly the oldest form of impeller. The
radial blade type with 90° exit angle has not been de—
parted from in supercharger design because of the necessi-
ty of high peripheral velocities and pressure rise per
stage, although this form of blade compared to the back-
ward curved blades has disadventages in operating condi=~
tions and efficiency. An advantage of the blade open at
both sideg is the elimination of axial stresses on the
bearings. An improved wheel form has also been applied in
Germany, whereby the blades recelve short radial ribs on
their rear sides. In DVL tests on a steel impeller of this
type, the peripheral velocity could be raised for short-
time interva is¢ to 605 meters per second (120,000 feet per
minute) without the setting up of a permanent expansion.

The half-open impeller (fig. 4b) is the type applied
in by far the greatest number of new engine superchargers.
The construction materials are high quality aluminum alloys.

1f\'On the question of the effect of an exit angle of 90° on
the efficiencX, the reader is refcrred to the paper "Un-
tersuchungen uber den Einflugs des endlichen Schaufelab-
standeg in radialen Kreiselradern," by O. Hansen, Braun-
schweig 1936, who shows that in spite of the increase of
the delivery pressure with increasing exit angle, the effi-
ciency need fall off only an insignificant amount.

\ ,
'EﬁLonger operation was impossible on account of the too
high sliding velocities in the bearings.
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The wheels may be milled for peripheral velocities up to
25C meters per second (50,000 feet ver minute), while for
greater velocities they may be stamped, using snmecial dies.
The wheel disks are generzally provided with cut-outs be~
tween the blsdes. he regson for this is generally given
as a lovering of axial thrust and advantages in regard to
strength. No extensive investigation on the alleged use-
fulne s of these cut-outs, which in many cases have been
the starting points for failures, is available. A DVL in-
pcller shich showed un well in a test beyond & neripherzl
velocity of 400 meters ver second (80,000 foet ner minute)
dees not have the cut-outs since theoretical investigations
do not show any advantage in regsard to the stress distri-
bution.

Inpeliers having side walls cn both sides (fig. 4c)
have up to the pleuent been applied to airnlane~engine su-
perchargers only in isolated cascs. Wheels that are pro-
duced by riveting or welding offer particular difficulties
in the matiter of accurnte nrediction of stresses and defor-
nations, raise greater difficultics ot hizh neripheral ve-—
locities, and mostly hrve the disadvantage of rough flow
vassasese A special Torm of closed i-wmeller is that of
Junkers (fig. 5)s WNo test data are available on the parts
lyiag between the individunl flow vascages - that is, on
the outflow - wiich deecs not fill out the entire circum-
ference and is thus ncscciaicd with cxchazge losces (ref-
ercnce 1). Tac DVL impeller shown oa figure 6 sceks to re-
nove the uechenicel difficulties of the closcd impeller
for very high wneriphernl oneceds through o special construc—
tions Thne outflow cun take pnlace all clong the entire cir-
cumferences The axinl width of the flow passageg may vary
in ou crbitrory mannere In over 100 operating hours of the
test supercharger (fig. 6) nt neripheral speeds upr to 400
meters mner second, no failures or pernanent deformations
of the closed immeller occurred.

2

Compnrison tests have brought out the cdvantage of

50
this design as comparcd with thc half-ovnen imneller. Fig-
ure 7 chowq part of the reswvlts obtaired. The half-open
wheol w *h its required cover clearnnce a = 1 mn (;1g.
8a) has a S-vpercent-less efficiercy then the DVL vheal

Atte“ulon is bronght to a particular advantoge of the im-
peller closed at both sides, which advantage will some day
lecad to the genorsl npplication of this type of imveller.

Ag the critical altitudes increase, resort to multi-
staze centrifues superchargers Lecones necessaly. There

o
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will then be difficulties with several heolf-open inmpellers
on o rather long shaft in a singlec housing and at the vari-
ous amounts of heating, in kceping the clearance a (fig.
8a) between the blade edge and the casing wall within Ta-
vorable limits, a factor which has an important effcct on
the efficiency. This clearance o may have the greatest

roryr FraAd ~nA iopcf ("F1D‘Q. 8-}), 8(‘,),

3 a
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This effect vanighed only at a cer
which as yet cannot be predicted by
M=KX. figs. 8b, 8c).

oporatlng condition
omputations (linec

0f groat significance for the delivery pressure and
efficiency of an impeller is the entrance form of the
bledese Wheels with radial blades without curving at the
inlect give snaller efficiencies and pressures than blades
having good entrance curvatures. Filgure 9 gives an idea
of the order of mzgnitude of this effect as found from a
series of tests. It may be assumed, as known, that the
forms obtained by bending the entrance edges of the blades
are in most cases conditioned more by the nroperties of
the material than by the requirenents from the point of
view of flow theory. This unfavorable condition nay bve
renedied by separating the curved blades from the wheel
itself, using a special outside impeller (fig. 6). The
blades on this separate impeller nay be produced by curving
or milling by the special Xopicer nrocess or the impeller
nay be built up out of individual blades as in the case of
steam-turbine blades. By exchanging the outside impellers
the n~mount of air delivered by the supercharger may within
certoin limits be suited to the engine.

One method of maintaining straight radial blade lcad-
ing cdges is by imparting the necessary spiral motion to
the flow before eutrance into the impeller. Without count-
ing the drop in the vressurc head per stage introduced by
this method, there are no test data available on the advan-
tageous design of inlet guide or diffuser arrangements of
this type. Fully satisfactory operation is not attained
with an inlet sniral,

In the majority of in-line engines an exit spiral with
or without a guide-vane ring finds application while in the
case of radial eangines the superchargers have only exit
guide vones and a connccted vortex space. From the results
of nunerous tests it may be concluded that to obtain great
delivery pressures and efficiencies, guide vanes and o spi-
ral should be provided. TFlat characteristics, particularly
in the case of too narrow snirals, may sometimes by attained
by dropping the guide vanes (fig. 10).
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The forms of exit gulde vanes, their construction,
and the dimensioning of the spirals differ very greatly
and soitetimes so unsultably that low efficiencies are not
to be wondered at. The suverchargers investigated by the
DVL of foreign airplane engines had efficlencies of 0.26
to 0485 for delivery hends between 600 and 3,700 neters
(1 meter 2ir column = 1.2-1,25 mm Hg). From the test re-
sults it was seen that the energy conversion in the guide
vanes vas only slight and that the inlet housing was too
narrow and provided with too sharp deflections.

ITI. REQUIREHMENTS AND TRENDS OF SUPERCHARGER DEVELOPMENT

An urgent problem requiring solution is that of in-
creasing the delivery pressure attained with a single im-
veller stage. For the solution of this problem two ways
lie open: Tfirst, incresnsing the delivery pressure of o
wheel with given peripheral speed, and second, increasing
the ottoinable perivheral speed. For the case of flow
entrance without rotation and a 90° blade exit angle, the
first »ossibility may be judged from the equation (see
refercnce 1):

1 u®
Hag = dna Htng, = My 2 g
1+ = A
z S
vhere WV 1s 2 coefficient empiricnlly determined, =z the
number of Dlades, and S = J r dx is the static moment of

the mean gstreamline. The decrease in VY and the increase
in T cdepend largely on suitable inlet and exit arraonge-
ments vhich will be further considered below. An increase
in the number of blades 3z (see fig. 1lla) is only vossi-
ble to a limited extent since a large number of blades run-
ning up to the hub strongly decreases the inlet cross sec—.
tion ~nd nmay raise the inlet lossese The method of in-
serting shorter intermediate radial blades raises difficul-
ties os reagrds strength requirements and proper design,.
Tests hove shown, however, that an increase in the deliv-
ery ncad may be obtained as the number of intermediate
blades is increased (fig. 11b), although at the cost of =
lowered efficiency.

An important fagtor to be considered is a sufficiently
large ratio between cxit and inlet diameter, which ratio
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should lic between 1,6 and 2.2, This requirement raises
difficulties at large critical altitudes if, in order to
attain smaller dimensions - ise., higher rotational
specds - the exit diameter is not toc be excessively in-
creaseds Figure 12 shows the necessary imgeller cross
sections of the first wheel of a supercharger for altitudes
between 6 and 20 kilometers (2.73 and 12.43 mileg) for
equal inlet and exit velocities. ZFrom about 16 kilometers
(994 miles) on, unsatisfactory wheel forms are obtained
houeh th inle velocity is 0.5 of the value of the Ve

2lthough the inle . is 0.5 of the value he
locity of sound a . Any increase in the exit diameter

of the wheel with decrease in angular velocity is opposed
by considerations of keeping small the wheel friction load
(fig. 13), the size, the weight, and the gyroscopic forces.

Increasing the delivery head per stage by raising the
peripheral velocity is possible only within restricted lim-
its. There are difficulties in gsecuring good efficienciles,
Raising the peripheral velocities brings about & simultane-
ous increase in the absolute velocity of the air at the im-
peller exit. This absolute velocity may attain the veloci-
ty of sound, giving rise when using exit guide vanes, to
well-known difficulties. Figure 14 shows for various oper=
ating conditions the computed relations between the abso=
lute velocities at the impeller exit, the peripheral veloc-
ity, and the velocity of sound.

o

Special difficulties may arise on the application of
wheels of light metal alloys with hub bore on account of
the expansions of the hub bore due to the low modulus of
elasticity - these exvansions, as shown by computation,
anounting to about 045 to 0.8 millimeter at a peripheral
velocity of 350 meters per second and usual rotor wheel di-
nmensionss In the case of steel wheels there is the ponsi-
bility of making the wheel and shaft of one piece or shrink-
ing the wheecls with great initial stress on to the shaft.
Whether shrinking is vossible and suitadble in the case of
light-netal construction, has not yet been investigated.
With a gultublc design the hub bore, also in the case of
light-metal whecls, may be digspvensed with 1f the wheel disk
and shaft are of one piece and steel strengthening bushes
are fitted about the shaft, Wheels of this type developed
by the DVL gave no difficulties in test operation,

Hond in hand with the increase in the delivery head
of 2 gsinglec-stage supercharger, there must be an improve~
mext in the operating characteristics, an increase in the
cfficiecncy, and an improvement in the regulation possibili-
tics of the engine~driven supercharger.
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Onerating characteristice and efficiency may be im-
oroved by simple means in the design. In many designed
superchargers the inlet casing is so formed that there is
either no rotation-free flow (fig. 15a) or no uniform ad-

ission to the wheel {fig. 13b). The most suitable inlet
is under 211 conditions the straight radial one (fig. 15¢)
which also had the advantaze over the other forms in te stse
Where this inlet is not possible on account of mounting
difficulties, a similar action may be obtained by means of
an inlect housing illustrated in figure 15d. Investigo=-.
tions on engine installations showed tiaat the galight in-
crecasc in the length of the structure lcads to no diffi-

"orn of the delivery heal curves as well as the

erfic curves may be affected by the exit guide or
diffucer arrrngements, In the investigations so far con-

ducted, steon charscteristics were always the resualt. of
too narrow ~ulde nrrangemnents and housing. Figure 162
shows “he H.g ~mdé TN.g curves s affected only by the
form of the guide vanes (fig. 16b). The flattest form of
the H,q oand TMN,q curves wns odtained in later tests
with smootn suide ring of relatively large radinl exten-
sicn with connected concentric annuler spacc. Figure 17
showsg thoat with oroper 01mehu_oning 0f o suncrcharger, de-
livery Licads cof 8,200 neters ot adiabatic cfficiencies of
0,70 wry de attainced with o single stage. The size of the
cxverimental superchargcr for n svark-ignition engine of
~about 1,100 horgcnower is compared in figure 18 with a
rodern American supercharcer for 3,700 nmeters delivery
head a2t T.a1 = 0.5 and smaller onglao outnut.

-4

Above 6 kilometers the neccssary adiabatic delivery
: ad for charging to 1 atmosphere, is greator than the al-
t*tudo of Illght -~ becoming, in flight at 20 kilomecters
~ltitude, 1.65 tincs the flight nltitude. The nunber cf
stages to be coansidored for charging to 760 mm Hg for the
varlous sltitudes should lie within the regiorn indicated
on figure 19.

Tith tho multi-gstage compressors recquired beyond about
8 kilonmcters, difficultics arise which do not occur with
the single—stnge design. In addition to the difficultiecs
of kocping the rotational speed below the critical spced
of the impeller, therce is nlso thc problem of axial thrust,
particularly with the usua 1 desirng (fig. 20a), and the
meagures to be taken for controlling it or removing ite
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The sinplest method that lics oven of the countcr-
flow arrongenent of the wbco*s{-s ed on figurcs
20b ~ad 20c for the casc of o two—s 8 porchargcr. The
application of the ladbyrinth niston faniliar in the design
of stationary comnressors many meet with space and weight

difficulticss The light construction of thc casing and
the resulting size of the labyrinth clearances rnise the
dnnsor of too great leakage losses. For taking up toe ox—
inl thrust uechanically, roller bearings of the high shoul-
der type of construction, and spccial journal bearings,
nay within certain limits find apvlication. The necessity
of bringing up and cooling large quantities of oil, is a
disadvantage of the journal bearing since the prodblem of
0il cooling, os every ccoling problem at high~altitude op=-
eration, is o difficult one and noreover, any entrance of
0il carried nlong with the supcrcharged air into the inter—
coolcr, would in ~» short tinme reduce the effectivcness of
the latter.

Studies nadc on suitable designs indicate that the

arrangenent of opposed flow stnges is the most suiteble
for nulti-stnge compressors, particularly if the compres-
sicn nrocess nust be interruptecd for the purpose of inter-
coolings, A sufficiently high critical r.p.m. in below-
critical operation noy be attained by using poverful shafts,
internecdiate bearings, ~nd low opercting speeds. Obvious-
ly, thcese mersures are nt the expense of increased weighte.
The guegtion as to vhether below~critical operation is
necessary or whether snfe flight operatlon may be attainecd
ot ompreciably above the first ~nd sufficiently below the
sccond criticnl r.rems of the wheel, depends cssentinlly
on the very wide rcgulation renge of the supercharger ot
high altitude opcration. 4s long ~ns the superchargers are
driven by the ecangine, the questions of gearing and regula-
tion give rise to difficulties at the high delivery heads
of the gsupcrchargers. At constant ratio between the supcr—
charger ond ongine r.pmem., cven with good supcrcharger cof-
ficiencics, thc supcrcharger temmoraturces nttain excessive

valucs ot low altitudces, and on nccount of the strong throt-
tling rcqguired, mrke a sufficicntly high takc-off power
difficult or cven engine ovweration itself, impossible.

The multisvecd gear offers some romcdy for the time being.
The stogeless or infinitely variable rcgulation of the su-~
vercharger spced has beoen investizated by the DVL and may
no longor be considercd as an unsolved problem. An experi-
nental arrangement which quite apnproached the stageless
zero—logss regulation, gave satisfactory results.
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Further possibilities of regulation in the case of
gear~driven superchargers that show vromise are, for ox-
arple, the regulation of the admigsion of multistage su-
perchargers. The installations required are simply cut-
off devices at the entrance and exit of onc or more in-
pellers and additional inlet openings in the housing as
the case moy require. If the cut-off members are so de-
signed that they give a sufficiently tight cut-off, and if
their action takes place in suitable sequence, thcn by
connecting and disconnecting cntire wheeclg and using par
tial throttling, an almost stageless regulation of the
supercharger pressure tg correspond to the altitude of
flight may be attained.” ?) A¢thougn this method of regula-
tion hcos not yet been investigated in operation the diffi-
cultics assoclated with it avpear capable of solution
since the parts to be controlled may be situated at the
fixed housing and thus have an advantage over gears that
Lave to be thrown in and out at high speeds. With exhaust
turbine-driven superchargers, the difficulties in the
reveils regulation deseribed, do noit appear.

IV, SONE PRINCIPLES FCR THE COMPUTATION OF SUPERCHARGERS

The supercharger investigations so far conducted by

the DVL, have shown that the familiar computation methods
cpplied in the case of centrifugal compressors yield, with-
out any anpreciable modifications, good results also in

the case of tae unusunl conditions of airplane-engine su-
percharger design. The inlet velociZies at the impeller
may ossume hizh valucs. A limit is set by the considera-
tion that too clo an apnroach to the velocity of sound

leads to the appearance of separation phenomena of the air
flowe The ratio of the inlet velocity to the velocity of
sound lies in most cases within the range 0.2 to 0.3 but
may be further increased.

Since the wheel blades at the wheel inlet have the
form of axial blades ncar the hub the entrance deflection,
ieee, the necessary setting of the blades should not be
left out of account in the computation of the angle at the

blade entrance on account of the relatively great bdlade

5% closer investigation of the cconomy of this method which
depends essentially on the proper dimensioning of the cut—
of f dcvices and on the ndditienal guantities required for
cooling would lead us too fop ofileld.
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separation, particularly at the maximum inlet diameter.

The test data avallable justify the assertion that with
proper application of familiar computation processes (see
reference 1) satisfactory results may be obtained. The
investigations have furthermore shown, with relatively good
agreement, that with sufficiently large outlet guide ar-
rangements the quantity delivered with shock-free entrance
Vst ~ that is, that which would be delivered if the direc—
tion of the relative flow coincided with that of the first

blaode element - stands in approximately constant relation

v cbes L +ii QpPpa?l QI
i

to that corresponding to the maximum efficiency Vﬂ .
max

Although the value is only an approximation, it is not un-
important to know in the case of new designs that with the
diameter ratios and number of blades usual in present-day
design the quantity vnmax is 1.2 to 1.7 times as large
as Vst' Tests on this effect are lengthy since every
change 1in the wheel entrance also requires a change in the

whecel exit diffuser. The tests have nevertheless been
partially carried out using the impellers shown on figure b.

An essential difficulty in the design of a new impel-
ler for a required pressure lies in the computation of the
effect of the finite number of blades. The number of
blades fluctuates in the-case of the straight radial buck-
et arrangement between 10 and 20. The figure of merit
dgg Wwhich is the ratio between the delivery head EHghg

(which would be obtained with frictionless flow with an in-
finite number of blades) and the delivery head actually
obtained (which is to be computed at compression without
cooling from the measured initial and final values of the
pressures, temperatures, and quantity delivered):

k-1

Tk 2 2

c - C
_k g |(P2r) - 1] . e11® - c1®
_Hag _ k-1 L® pg 2g
Qg = Hip - uga
(o] A — P
g

and for which, with different sunerchargers, the values
shown on figures 2la and 21b were found, is not sufficient
for the computations since it includes to a great extent
the offect of the exit guide arrangements and the housing.
With the values Hyp_ = m Hyy and Hgp = 1/Mp Heq there

is obtained gq 4 = nh/m. From extensive measurements and

computati ons values were found for T Dbetween 0.82 and
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0.86 so that it appears vossible to give figures also for e
n. If m is split up according to the vreviously given
equation, values of y are found between 2.0 and 2.4.

New designs that were compuated with these values for vari-
-oug supcrchargers led to results that gave good agreemont
~ith the precomputations. The form of the flow passages
was so designed that the meridian component of the abso-
lute velocity, on the assunption of completely filled
blade nassages between inlet and outlet of the wheel, re-
nained approxinately constant or decreased slightly. The
naximun values of  were found when the exit guide pas-—
sage was o0f small radial extent. TWith a supercharger size
such as appears necessary and a2lso admissible from the
point of view of space and weight saving, the values of.
the peripheral velocitiecs wu, at the critical altitudes
shown in figure 22 should be attainable.

For the correct computation of the guide vancs and
spiral behind the wheel exit assumptions must be made rc=
garding the compression thot took place up to the rotor
wheel cxite For the above-mentioned case of ¢y = Cgp

and for a frictionless proccss with infinite number of
blades, we have:

2. 2 2. 2 2
He - 7 - F _ C277Co” _ C2" "Cam _ Cau -
kin th stqtoc 2g 2g 2g
’ . o) . _ 3
and for & = 907, i.e., uz; = cgy _
uy2

Axing = 34

The degree of conmpression with infinite number of blades
would then be

On account of the exit deflection the theoretical absolute
velocity is greater than the actual (cy, > cz) and corre-

spondingly ¢ Trkirg account of & finite nunber

] 2u = Cau’
of blades and writing

Hip = Hidpn th

[2¢]
]
ot
o
c+
ot
=y

i
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. J2_C3u
where ch = z
and
'y 2 3u
Hxin th = 2g (C3° = can” ) = ~5g
we find
o =1 Cau
th 2ugy
With Ethe = M Htn, leee, cpy = W Cay = Uz
we find Py = 1 - éL
m

For various assumptions the values obtained by computation
are those given in figure 23, which give good agreement
with measured values although certain approximations have
been made in computing them. Setting the computed value

P egnal t the actual value p corresponds to the as-
suiption of an equal hydraulic efficiency M) in the rotor
and guide wheels.

Exit guide vanes that were computed by familiar meth-
ods (see reference 1) gave satisfactory results provided
the divecrgence angle € of the guide passage was designed
considerebly smaller than whot is considered admissible in
the literaturc on the subject. With the guide vane forms
so far investigated by the DVL, best conversion ratios
ere obtained at € T 40, The effecct of the exit guide
vanes on tae form of the characteristic and the magnitude
of the supercharger efficiency is very great. Figure 16
shows one example taken from numerous investigations and
from which the forms of the guide passages and the results
obtained may be seen, The exit spirals of the supercharger
have un to the present always been determined by the DVL
by the condition of coanstant rv (where r 1is the radius,
and v he velocity) with the wall friction taken into
account. An accurate analytical and experimental investi-
gation on a given spiral gave good agreement betwcen theo-
ry and experiment (fig. 24). The values of the constant
k  dctermined from the cross sections of the spirals agree
quite well with the mecasured valucs of the static and to-
tal pressurcs along the outer boundary of the spiral and
with the velocity for the same values of the quantity de—~
livered ver second.
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SUMMARY

Summerizing, it may be snid that with the forms of su-
vorchargers and underlying principles of computation with
vhich we are familier today, and with proper utilization
of the construction material available, delivery heads per
stage of 7,000 to 8,500 meters (air column) at an effective
efficiency, based on the adiabatic process, of 0.7 may be
ettained, the space and weight requirements being kept
within resosonable limits. The view held of ~ supercharger
as on inconvenient auxiliary device, is no longer justified
at oltitudes above 2 kilometers (10,000 feet), since satis-
foctory operation of the engine is no longer possible with-
out it. It should be the problem of the engine designer
to see that with given high pressures and efficiencies the
size nnd weight of the supercharger are kept as snall as

Tant a bad mounting arrangenent of an engine 1s
s to be attributed to too large a supercharger
1y be scen from the examnle of the Rolls-Royce
Kestrel cngine which, in soite of a large supercharger,
mny be mounted in an efficient mnnner. The question as to
vhether the common present arrangenent of the sunercharger
on the enginc side, away from the propeller, should be
naintained cannot as yet be definitely answered. o~

Translation by S. Reiss, 4
National Advisory Committee
for Aeronautics.
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