1%

LTI

DSIR 23/8651
11022274

|

|

|

|

4
V\/
1904

Return by (25/01/2018 15:26:08)

|:|(Mr Calum Douglas)

Closure status: Open

S 14/12/2017 15:26:08

A



DSIR a}lsl‘;l‘

R. & . No.

The Applicution of Dimensionsl Relutionships
to 4ir Compressors, with specisl reference to
the Variation of Performsnce with Inlet
Conditions.
- By -

R. S. Japon cnd 3. V. Brooke,

Jvne, 1930,

lntmductog. (Reasons for Investigation).

It is freguently required to calculate the
performunce of & compressor ¢t height from tests under
ground level conditions of atmospheric pressure snd
tempersture.

Ranfe of Investigution.

It is shown by considerztion of the dimensicns
of the quantities involved that, if hest flow through the
casinz, distortion of the casing and scale effect are
nezligidle, the compression ratio and the other variables
on which the performance of & compressor depends cen be
expressed as & funetion of two variables only. If the
compression ratios, etec. are plotted azeinst one of these
varisbles with the other &s perameter, the resulting
diagram is applicable to &ll inlet oonditions.

To check the assumption that heut flow
through the casing, distortion of the cesing, und scale
effeot are neglizible, experiments were mcde on & ocentri-
fugul type ocompressor housed in a test chamber in which
the pressure and temperwture of the eir could be veried
at will. The effeot of heuting the ccuwpressor cesing was
wlso exemined, but the inlet conditions were not vuried

during /




during these tests.
Conclusions.

Under normal conditions of operation, that
is to say, without specisl arrangements for heating the
casing of the campressor, the performeroce of the com-
pressor can be represented with sufficient sccursoy in
terms of the two fundamental verisbles suggested by &
consideration of dimensions.

Heating the cas’ng to 100°2. has 1ittle
effect on the compression ratio, but there is an apprec-
iable increase in the rise of temperature through the
compressor, the increase varying from 12°6. at high rates
of rotation, to 28°C. st low rates. The sdiabatic
efficiency appeared to be little affected, but some
uncertainty attaches to this conclusion as it is based on
certain assumptions as to the mechanical efficiency.
Further Developments,

With the aid of the dimensional relation-
ships derived in the present report, an attempt is being
made to reduce the performance of en engine supercharged
by & gear driven centrifugal compressor to the product
of a power factor snalogous to that applicable to a
normglly aspirated engine, and & function of rotation

rate.

Introduction,

A oconsiderstion of the dimensions of the
physical quantities involved in any problem enabdbles us
to reduce the number of variables on which the solution

of the problem depends. If there are N physiosl quantities

whose dimensions in length, mess, and time are knosn, then




by well ¥nown methods the problem mey ususlly be expressed
in terms of N - 3 groups of the original N quantities;
that is to say, the number of guantities we need consider
separately is reduced by three. The solution of certain ‘
problems is given merely by the reduction in the number

of independent quantities obtained in this way; and

smongst these is the problem forming the subject of this
report, namely, the calculation of the performance of &
compressor at one set of intake conditions from tests at
another set.

While the information obtained by reference
to dimensions is limited in range, it is exact provided
that all the quantities which sre influencing the results
are taken into account. In the application to the compress-
or, it will be found convenient in practioe to neglect
scale effect, the effeots of distortion of the casing, and
the heat flow through the casing, and experiments are
required to ascertain the effect of their omission.

In Pert I the required dimensionsl relstion-
ships are derived, and in Part II the experiments to test
their validity are described.

The discussion in Pert I is applicadle to
centrifugal or displacement compressors. The experiments

in Part II were made on & centrifugal compressor only.
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PART I.

To simplify the preblem in the first instanoe,
it will be supposed that the walls of the compressor
8re non-conducting. The effect of removing this

restriction will be examined subsequently.

The dimensional relat ionships when the walls of the
Compressor are non-conducting.

The physical quantities with which we are

concerned, assoociated with the working fluid, mey be taken

to be density, pressure, the kinematio viscosity, and the
ratio of the speocific heats. The quantities in which we

are interested are therefore:

W, the mess of fluid inspired in unit time, i.e, the
mass flow.

P, &nd pr, the pressures at intake end delivery.

f’o and P,, " densities " n n "

u, and u,, " velocities " n " "

) » the kinemstic viscosity.

)’ s the ratio of the specific heats.

n, the rate of rotation of the rotor of the com-
pressor.

», & linesr dimension of the compressor.

P, the power.

We will suppose in the first instance thst' the
compressor 18 inspfring from a large reservoir in which
the pressure is Py &nd delivering to another reservoir

i/




in vhich the pressure is p,, so that u, and uj mey be
teken to te gero. 0f the remaining ten quantities, seven
only are independent. It is evident, for example, that
if pye £, D1, 0, D, ), &nd ) are given, the flow through
the com’pressor 1s completely defined; and it must there-
fore be possible to derive the values of the remainder in
terms of these. We mey choose eny seven of the quan-
tities as independent, with the proviso only that they
are truly independent; that is to say, that the velue of
each may be varied without necessarily affecting the

values of the others. It is oconvenient to choose
Wy g0 P Ys Yo Dy ns
&s independent, leaving
Dy ,'ﬁ- ' By

a8 dependent.

By the customary procedure for deriving

dimensional relat 1onsh1ps,'we find that any non-dimension-
al variable assooleted with the perfcrmance of the com-
pressor may be expressed as a funotion of the non-

dimensional variables

and /

S The rule for the derivation of such relstionships
may be expressed thus:=-

If there are N quantities, of whioh M are
independent, build up the M quantities into M~3 non- ;
dimensional quentities, taking care that each enters at
least once. The N-M dependent quantities may then be
converted to non-dimensional form and each expressed as &
funotion of the M-3 independent non-dimensicnal variables.




and therefore

P I w  mp np?
-ll/i'-‘:l 2 ""7" f/ = ’v-—o'lvv >’
25 A L Ch \;2; WA

where f denotes functionsl relationship.

The temperature ratio Ty/T,, and 7, the adiabatic
effiolenay, both of which aré of coursc non-dimensional,
have been included on the left hand side.

If the working fluid 1s specified, we do nct
require to mclude,\ axplicitly, and we may replace
Po//?, by To' Further, if the size of the compressor is
not varied, D may be omitted. Finally, if scale effect
mey be supposed small, we shell not require the variable
nd%/y) The veriables on the right hand side of the

equations moy under these conditions be replaced by

—
w ¥ /T n
or NTeE

= —
i
,/ pofé Pe Y %o

From the results of tests of & ocompressor

at any given intake pressure and tempersture, we may plet
the oompression ratio and the other variables on the left
hand side of the equations against W/ Po% in sets of
curves with parsmeter n/\‘/ '1'0. and the va.’l.;ms of the com=
pression ratio end the other dependent variables for any
other conditions at the intake may be derived at once.
In Figs. 1 and 2 fanilies of ourves of this type are showm,
derived from tests of & ocentrifugal compressor. They will
be more fully desoribed in Purt II.

1%/
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If the stmosphere from which the compressor
inspires is moving relative to the compressor with velooity
V, & new independont varisble is, of course, introduced,
snd we might include it by adding & third non-dimensional
varisble, VJ/:/;\{,- 1f we may essume that the air enters
the intake of the compressor without asppreciable dissipatien
of energy, then we may svoid including the new variable
explicitly by defining P, &nd /'(; as the pressure and density
of the eir when brought to rest sdiabatioally relative to
the compressor; that is to say, Py is teken to be the
pi%ot pressure, and to a sufficient approximstion for all
speeds likely to be encountered, f; mey be considered to
be unchanged. It may assist in understanding this if we
suppose the air to be brought to rest adiadbatically in
the reservoir supplying the compressor and use the pressure
&nd density in that reservoir as P, and/% in the dimen=-
sional relationships. It is, of course, not necessery
that the air should actuslly be brought to rest before
entering the compressor.

Up to the present it has been supposed that
there is no transference of heat through the compresser
ocasing. The effect of removing this restriotion will now

be examined.

The effect of inoluding heat transferences through the
wslls of the compressor.

In generul cooling or heating the compressor
casing will give rise to additional independent variables.
1f, for example, the oesing is cooled by & stream of air
of constant velocity V, and of prossure and density Py
and ,/;, i1t will be necessary to inoclude three new non-

dimensional /



dimensional quantities under the functionsl sign in the
dimensional relationships. The additionsl quantities may
be fomed in several ways; they may, for example, be

/Oa Ta

[o Po nD

These must thereforc be added to our independent varisbles

-

w/J'pO'g and n/ \;/T:: and 1t is evident that, except in the
artifioial ocnditiox':'}sl‘?xf;"‘a, Pys V, are respectively pro-
portional to 1”%’ P nD, one or more of these quantities
will vary. An increase in the number of independent
variables would be inconvenient, for it weuld lead to more
than one parameter in our families of curves representing
the performance of the compressor on a non-dimensional
basis. 4 strictly sccurate representation of the compress-
or performance, in terms of two variables, fails, therefore,
in this instance; and it may be shown in & similar menner
thet 1t will elso fail if there is cooling of the
compressor casing by conveoticn.

In Purt II tests of & ocentrifugal compressor
ere described in which the compressor is

(a) 4in the atmosphere from which the compressor
inspires.
(b) in an atmosphere of steam.

In (&) the casing is Probably cooled partly
by conveotion and partly by en eir stream, while in (b)
the casing is hested to & tomperuture of 10000. The
offcot on the compressor performence of the vory different
conditions of heat flow through the oasing which must

exist /
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exist in (a) end (b) 1s found to be smell, showing itself
meinly in & change in the tempersture ratio T /T {iihie
effeot of a large change in tho heat flow through the
casing eppears, therefore, to be small, and since the
veriables which sccomt for the heat flow probably only
vary in practice in narrow limits, 1t would be expected
that only very snall errors would result if they were
2ssumed to have constent values,

If, therefore, we carry out the tests on
which the disgrams representing the compressor performanoce
are based under heating or cooling conditions similar to
those obtaining under the cohditions of operation in the
aireraft, it seems probablc that suffiociently accurate
estimates of compressor performence may be obtained from
them under all conditions of flight. By this procedure
i1t will be understood that we do not neglect the effect of
heat flow entirely. We merely assume that over the
conditions of operation it is sufficient to take constant
velues of the variables whioch take account of the flow,
the constent values lying within their range of variation.

As an slternative to testing the compressor
under the appropriate heating or cooling conditions, we
mey perhaps correct the results Obtained under normal
compressor test bench conditions to allow for the change
of heat flow when the compressor is in the sircraft, If,
for example, we may assume that the compressor is heated
to approximately 100°C. by proximity to the engine, an
adjustment of the T, /T. ourves in accordence with the
results of the tests desoribed in Part I1I would be
suffioclent.

Conclusions /
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Conolusions of Purt I,

It has been shown that the performance of &
oompressor may be expressed in terms of & number <£
variables, of which the most important are I/Jfrzl/; and
n/ ﬁ; The variables omitted take account of soale
effect and heat flow through the cesing. Distortion of
the casing and rotor may introduce others. The additional
variebles are not usually taken into aocount in discussions
of compressor rerformance, and their effect is probebly
small over the ranges of rotation rates, pressures, ete.,
required in prectice. It will be assumed, therefore,
thet the compressor performance mey be formally represented

by the equations

Py /O. Ty r Tl n
T
P50 le %6 i \v A VA
nd in Fart IT experiments on & centrifugsl compressor
designed to show the socuracy obtainadble by this
representation in a specific instance will be desoribed.
In these equations p, and P: may be either static or
pitot pressures measured at any two points in the com-
Pressor, or in the atmospheres from which the air is
inspired, and to which it delivered Tespectively, with
the proviso that if the compressor Xa moving relative to
the former atmosphere and the intake is faoing into the
relative wind, the pitot pressure must be used for Poe
In the experiments desoribed in Part 1I,

P, and p, ere statio pressures.
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PART II.
—_——

In Part 1 dimensional relationships epplicable
to air compressors 8re derived. On pructical considerations
it 15 couvenient to assumc scale effect heat flow through
the casing, ang distortion of the cusing to be negligible.
The velidity of this ussumption in the case of the
centrifugal compressor has been checked by tests on & Lion
supercharger housed in & test chamber in which the pressure
tnd temperature of the gir could be varied at will. The
observed vuluss of the compression ratio and the other
dependent variables were plotted sgainst W/ ‘poﬁ for
several selected values of n/ /,'.E‘o, for a range of inlet
conditions, and the velidity of the adoptead relationships
is indicated by the closeness with which the plottsd roints
lie on a single curve for each value of n/\/ Toe The
effect of Vurying the intake Pressure at approximately
constant temperature was first examined, and subsequen tly
the intake tempers ture was also varied. At a later
stage in the experiments the offoot of heatinz the com-
bressor ocasinz was investigated. 1In these last experiments
i1t was not possible to arrange for variation of the
pressure and temperature of the inspired air, and they
do not therefore oheck the validity of the dimensional
relationships,

The superchurger, as initially constructed,
was of the exhuust-driven type. For the Purposes of
these tests the exhaust turbine was detucheq from the

compressor /




=
oecmpressor unit, which wys Titted to o geurbox designed
for cxporimentel voTk.  The impoller wus driven by an
electric motor throwgh & tradn of Feers previding o
veloeity rutic of 10 5 1, Thy chier foutures ¢f the
interncl sonstruotion of the 0Lmpressor cre showm on

Fig, 8.

Tests cn the affcot of & ruduction in intake pressure.

These tests were verformmed ot grcund

&tmcsphere intake tompers ture, which veried from 6° to
18°2, during the oourse of the experiments, Four series
of tests wore eurried out, st intuke Ruu¥e pressurea of
0, =5, -10 und -15 inghes of meroury. The rotsticn reto
°f the impeller Was edjusted te provide results st four
different vulucs of the variutle n/“’T_,). &t euch of the
four conditions of inlet pressure.

The superchurger wes mounted within &
olosed test chamber, from the interior ¢f whiach its wir
supply was drawn. Fig. 9 shews the test chumber with
the end=-ocover romoved; the gencrul érrwnzement of the
supercharger ocunting und purt of the delivery system
&re visidble. During the tests cir wus wdmitted to the
chumber from the surrcunding ttmosphere through u pipe
A fitted with o velve for control of the internal

pressure, and tho superohurger delivery system was

ocnncoted to an oxheuster pump through & pipe B, enadling

the delivory pressure ut constunt intoke conditions to
be varied over & vige runge,

The pressure und temperuture of the uir at
the superchurgor inlot were motsured rospeotively by @

meroury /
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mereury gauge connected to an open-ended tube in the side
of the test chamber Temote from the inlet pipe 4 and by
8 nitrogen transmitting thermometer.  The spiral bulb
of the thermometer is clearly visible in front of the
wire gauze covering the air intake in Fig. 9. The
delivery pressure and temperature were measured at the
Junoction of the two delivery branches by a "station

tube and mercury gauge end a mercury-invar transmitting
thermometer.  Both thermometers were calibreted before
the commencement of the tests.

The rate of air discharge was determined by
mesns of a calidrated parabolic nozzle fitted in the
delivery pipe-line about 10 feet from the compressor.

The test conditions were identical with those under which
the nozzle had previously been cel ibrated by orifice
plates, using Watsan®s coefficients for sharp-edged
orifices. The nozzle discharge eoefficient obteined at
the lowest value of the range of Reynold's number
covered by the oalibration tests was 2%. below that
resulting from German experiments on similar nozzles; ¥
eud 8t the higher 1imit of the range the coefficient was
#%. higher then that of the German tests.

From the measured quentities the velues of
p,‘)o, ’1‘-/’1‘0, W/J;.;,’g; n/,rT:, have been calculated, una
ere plotted in Fig., 1. The units sdopted are as

follows/

* Verein Deutsoher Ingenieure, No, 27, 1929,
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follows:=-

N, revolutions of the impeller per minute.
T0 and T,, degrees C. absolute.

W, 1b, of air delivered per minute.

Pp @nd p,, 1b. per 8g. ini: absolute,

/; end /3, 1v. Per cubic foot.

On Figi 1 the ratios P /p, and T, /T, 8t each
of the conditions of i.m:ake ptessu.re are plotted for
constant values of n/ oc As zt- :— T: + the density
ratio haes not been included 1n the diagram.

Slight discrepancies exist in the families
of pressure ratio curves, and, &s in general the ob=-
servations obtained during each separate test are
consistent, it appears improbable that the discrepancies
are entirely accounted for by experimental errors. The
maximum difference in the value of the Pressure ratios
in eny of the groups of curves, however, does not exceed
3% The tempersture ratio curves &% the verious intake
Pressures are in almost exsaot sgreement, and have been
combined in a single ocurve for each value of n/'ﬁi':.

To check the egreement of the ourves
representing values of the variable P/(#n2) and the
adiebstioc efficlency at oonstent values of n/‘/"lf;, the
values of the power, P, ure required. They may be
obtuined either

(1) vy deducting the meohenicel losses from
the meesured power

(1) from the temperuture rise through the
compressor with the eid of the well-known
formula

B
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P:wx{!J (r, =) ,%(“'z-%Z)'Q

where xp 1s the Specific heat at constant
Pressure, ung Q 1is the rete of loss of heat

Trem the compressoy casing, ¢

The electrio notor driving the supercharger

was of thg swinging fjielq type, und was provided with
newns for meéssuring the Power output, The measured power
required to be ¢orrected for the Geochanicsl losses,
Unfortunutely, the losses 1n the gecrbox wers Probebly
varying 1rregular1y for the fnllnwi.ng reason, The gear-
box wes t€reocted as an integral Part of the eompressor,
ond was therefore subjected to the Pressure within the
test chamber, At low prossures the extractor Pump
Provided to maintain & steady oil level on the geerbox
Was unudle to deliver 8guinst the aiffer noe of pressure
from the test ahamber to the atmesphere, ang the verying
01l levol led tc a vartaticn in the mechanical efﬁaienw
which cculd not thereforc be determined with sufficient
accuraoy, G;.nsequantly, the first method was w«bendened,
The second method of ohtuining the power
P ovidently only rechecks ths eonsistoncy of the temper-
ature rutios, Fopr negleoting the small term
(v/2g) (u,2 - uoz) «nd sssuming the hoat Tlow, Q, to be
nezligible, the zbove expressicn feyr p nay be written

P T \‘
—_— KT’ o Y W § i
'nz n? \ 'I'C

end et omstunt vulues of n/, To» the variution of P/(in?2)
depondent /

1s
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dependent on the variation of - Ty

For g similer reagen the agreement of the
ediadatio tempersture efficiency ourves et constant
values of the Phrameter n/ T, does not convey any
infomat fon additional to whgt is contained in the ogrec-
ment of the ourves of Pressure ratio and temperature ratio.
It was thought, however, thgt the magnitude of the
Tesulting discrepancies in the adiabatio efficiency
might be of interest, ang tho curves havs, therefore, been

Plotted and are shown in Fig. 2:

Tests_on the offect of a redustion in intake temporeture,

The test rlant was similar to that used
during the tests at reduced intake Pressure, but the
inlet Pipe to the test ohamber was gonnected to a refrig-
eruting plant by which a continuous oiroulation of eold
&ir through the chamber was maintained. The temperature
within the test chamber was dependent upon the internsl
Prossure, &and, as the tests roguired the maintenance of
definite temperstures throughout & considerabdbles range of
air flow through the compressor, it was necessary to have
&n independent omtrol of the pressure within the chamber,
other then that provided by the compressor 1tself. Both
the chamber and the supercharger delivery system wore
therefore oconneated to separate exhauster bumps, the
former through the ripe 0. (Fig. 9).

Tests were oarried out &% intuke tompore
atures of =15°C. anq -25%., the Intake Pressure being
reguleted aus Toquired to obtain the dosired temrox-&tures.
The speed of the impoller wus adjusted to Provide
Tosults ot each of the foupr values of the variable n/‘,T:'

at /
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&t which the tests at low intake Pressures were performed
&nd the same quantities were measured as during those
tosts,

During all the experimonts at low temper-
atures, but more particularly at an intake temperature
of -2500., sudden fluctuations of the Pressure-measuring
Zauges werc noticed, and the formation and breaking away
of ice suggested itself as the most Probeble ocsuse of
this unsteadiness. It was thought that &ny deposition
of ice would be most likely to ocour &t the entrance to
the compressor, before the rise of temperature due to
compression, and arrangements were mede in scme of the
tests to measure the pressure before end ufter the
guide vanes at the gir intake. The ratio of thess
Pressures has been Plotted on Fig. 3, and the contrast
between the unifomity of the results &% normal temper-
ature and the irregulerities at the reduced temperatures
is significant, The resul ts obtained at -2500. inlet
temperature have not been included in the non-dimensional
diagrems as the majority of them were inconsistent, due
probably to restriotion of the bassege through the inlet
guide vanes by the deposition of ice.

The pressure retios, tempercturs ratios, and
adisbatic efficiencies celeulated from the tests at
normal tempersture and pressure wnd at -1500. » &Te
plotted on Figs. 4 and 5, the units adopted being the
same &8 in Figs. 1 und 2, The Pressure ratio curves
show slight disorepancies, similar to those resulting
from the tests et reduced inteke pressures, There appears
to be o smell disegreement in the tempersture ratio ourves
at the two higher values of the variable n/J;;; the

maximun /
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max imum difference in the vulues of the temperature
Tatios is equivalent to an error of 4%, in the

delivery temperature in the tests at -1500. intake
tempers ture, The efficiency ocurves reflect the dis-

orepancies in the Pressure ratio and temperature ratio

curves from which they are deduced.

Tosts on the effoot of heating the compressor casing,

Arrengemen ts were made during these tests
for the supercharger to take its air supply directly
from the atmosphere by leading & pipe through a
Pressure-tight gland in the end-cover of the test
chamber to the supercharger inlet. The portion of the
pipe inside the chamber was legged with layers of
asbestos, felt, aeroplene fabric and rubber, @md the
inteke temperuture was determined by means of a trans-
mitting thermometer fixed in the ripe & few inches from
the superchurger inlet, the capillary tube passing down
the centre of the Pipe to the outside atmosphere. The
barometriec height was regarded as the initigl Iressure
condition, The delivery pressure wnd temperature and
the air quentity were determined &s in the previous
tests, The chamber was disconnected from tho cold gir
plent, and was fittea with & pipe tarough which steam
could be admitted, en exhauster pump serving to extraot
tho condensate and maintain o continuous flow of stoam
through the intorior of the chamber,

™o sories of tests wero curried out &t each
of the four originud values of the variadl e n/,,"E;. ‘Steam
was passed through the ohambor during the first series only:
in tho second, the exhouster pump was allowed to draw a
small /
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small quantity of eir through the chember from the
surrounding utmnaphare, in order to Prevent any appreciable
rise in the tempers ture of the air within the chumber,

During the tests with stonm—henting, the
internel tompersture of the test chamber, measured at a
point near the top, was baintained at 100°0., ana the
temperoture of the externsl surface of the Supercharger
cesing in the region of the delivery volute, measured
by means of a washer-type thermo-couple, was found to
ba bracticelly the same as that of the chamber,

The pressure retios end tempercture ratios
obtained from the two series of tests are shown on Fig.
6. The tampersture ratio at definite velues of the
varisbles w//l_):’c’; and n/;"!: is inereased from 13°¢, at
the high rutes of rotstion to 28°0, &t the low rates by
the external hesting of the compressor, and there appears
to be & tendency for the Pressure ratio to be decreased,
but the latter effeot 1s evidently negligibdble,

It will be observed tha t, el though the
full-line curves on Figs. 1, 3 ang 6 revresent the
Tesults of tests at approximately the same intaks tempor-
ature and Pressure, the curves on Fiz. 6 daiffer & prec-
1adbly from those on Figs, 1 and 3. This difference is
Probably due to tho alteration in the geonetry of the
supercharger by the fitting of the long inlet pipe for
the tests to which Fig. 6 relstes,

To enable the adizdutie efficiency to ba
obtained, the Power P ubsorbed in compressing the aip is
required, The second of the wethods of obtaining it
reforred to ubove, vig: by referance to the temparuture

rise /
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rise through the Sompressor, cannot bo unsed in this
instinoce beocsuse it cannot be asswned thet the rate of
heat flow through the casing, Q, is neglizible. The
difficulty whioh arose in the first method through the
irregular variation of the mechanical cfiiociency due to
variation of the o4l level in the gearbox wus not present
in these tests beccuse the pressurs in the test chamber
was approximately atmospheric, cnd it Was possible to
compare the adiabetio efficiencies with and without heating
of the oasing on the following basis.

Let~p be the mechanical efficiency. Then
1f % 13 the adiedatic effioiency, and f?' is the efficiency

based on the total power input,

In Fiz. 7 velues ot?’ are plotted against
W/J;;’g for the four selected values of n/‘Ar'i‘o; with angd
without heating of thg casing, It will de noted that
the velues of %' at the same values of the two variables
are not very different., Now ot the same valuss of
W/‘/;;‘/g and n/ﬁ;; W and n will have approximetely the same
velues since the inlet condi tions varieq little, ang the
torque and rotation rete will therefore be ncarly the
same. It would be expeoted, therefore, thet m 4t corres-
ronding points on the curves under the two donditions of
operation would be approximately the sume, and 1t ig
indicated thut the velues of the adiabatie effiolency 4]
wore not very different, Some uncertainty arises, howevnr,
beouuse tho temporsture of the 0il in the Searbox would bo
highor when the oesing was heated, and the con sequen t

chango/
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chunge of mechanionl effiotency, is unknown. It is
thought that it would be small,

Sonclusions of Port II,

The results of the tests show thet the
prerfomance of a centrifugal compressor may be
represented with sufficient acouracy as a function of

the two variubles

w n
e atn: 4 e
¥l
J Pojo v To

and the performence of a centrifugal compressor at
height may therefore be readily obtained from diagrams
besed n tests ut 8round level intake o~nditi ns in the
manner indicated.

The effect ¢n the cumpressor performence
~f heating the casing to 1000, was nct large, sh wing
itself mainly us an increase in the temperuture rise
through the o wpresscr, The applicability f the
dimensirnal relaticnships was n-t tested under these
eonditions, but f:r the reas-ns given in Part I eny dis-
orepancies w.uld cnly be cxpected t- be a small fraoticn
of the totel effeot on the pericrmenge f heating the
ousing, &nd would theref-re be very mall,

It is suggested, theref re, thet the
porformance of a compresscr in Tlight may be obtained
with sufficient acouracy from benoh tests under grouna
lovel oonditi:ns if the results ere plctted in diagrems
~f the type shuwn, wnd the tempersture rutic ourves
cre oorreoted by sime estimuted sm-unt based on the
temperature of the cusing whon 4in Proxioity to the

hected engine perts,
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