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Sumary

%k
R. _ In R.A.B.Report No.U.3. (I.C.B.No.650)
relationships based on dimensional theory were derived
by which the performance of a com¥ressor at one set of
intake conditions may be deduced from tests at other
conditions. It was shewn that inclusion of the Kinematic
viscosity of the air among the variables affecting the
. performance of the compressor introduced a scale effect
= variable, the influence of which, however, was assumed to
o be nogligible.
Tests on a uentrifugal sugerchdrger have
. been carried out to check the validity o this assumption
it and to ascertain whether distortion of the coapressor
I casing or any other fuctor requires to be taken into |
account. These tests have been Eerformag under conditions
of reduced intake pressure but a approximately constant
intake temperature.

i The results obtained show that, within the

1 1imitations of the test plant, no important error is

b introduced by the omission of the scale effect variabls,
and there is no evidence of anﬂ definite influence from

any other factor whose effect hus been neglected.
The /

* Nots on Dimensional Relutionships for Air Compressors.
By: R.S5.Capon.
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The dimensional relationships derived in Report U.3 appear,
thorefore, to be sufficient to define the perforuance of

a centrifugal compressor under all conditions of inlet
pressure.

lo reliable infortation has been obtzined
regarding the effects of low inlet temperatures, oving
to choking of the superchareer air intake with snow.
This work will be continued.
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In R.4.E.Report No.U.3. the following
non-dimensional variables associated with the performance

of an air compressor are derived :-

s 0 e aa
Po== o To Wne &1 e co J Po v
\f
where S aand -2 are the absolute pressure

Yorog fo temersture and dgnsity of air
at inlet to compressor,
p,» T, and B s the absolute pressure

teuperature and density of air
at delivery from compressor,
@ = rate of (mass) flow through the coapressor
- rotational rate of the rotor
= a linear dimension of the compressor
= the power absorbed by the conpressor, exclusive
of friction in driving gears and bearings.

Y = the Kinematic viscosity of the air.

It is shewn that, if the effect of the

2
vuriable %%— is negligible, curves of Li, £ EL .

Po =Po Ao
adiabatic temperuture efficiency, and E » plotted
W.nS D
against BE___HQ+_m_- for constunt values of nD [£o
J Po Po e

should /
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ta

éhbuld be applicable to all inlst conditionms.

To verify this, tests were carried out on
a Lion supercharger at normal intake temperatures and at
intake gauge pressures of 0, -9, -10, and ~-15 inches of
mercury, the rates of rotatien being adjusted to provide
data at four different values of the variuble nD

Po
at each of the four conditioms of inlet pressure.

The supercharger was mounted within a closed
motal box, from the interior of which its air supply was
dravm. The air inlet to the box was fitted with a valvo
for control of the internal pressure, and the supercharger
delivery system was connected to an exhauster pump,
enabling the delivery pressure at constant intake
conditions to be varied ever a wide range. The pressures
and temperatures of the air at the supercharger inlet and
delivery were observed, «md the rate of air discharge was
determined by means of a calibrated parabolic nozzle fitted
in the delivery pine-line.

From thess quantities the values of the
geveral non-dimensional varizbles have been calculated,
and are plotted on Figs. 1 and 2. As all the tests were

carried out on one compressor, the value of the linear

) dimension D has been considered as unity. Also, as
1 Fe - P = L, the density ratio has not been
‘ fo Po 0

plotted separately, and the variable nD V(Z;E has been
o

replaced by _ﬁ}_ .
0

On /
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On Fig.1, the ratios 2r and Lo at
Po 0

sach of the conditions of intuke pressure are plotted

&

for constant values of _n. , the units adopted being
{11
Ve

n : revolutions of the impeller per ninute

as follow :-

T, : degrecs C. absolute
W : 1b. of air delivered per minute
Po : 1b. per sq.inch absolute

‘90 : lb.per cubic foot.

Slight discrepunciocs exist in the families
of pressure ratio curves, and, as in general the
observations obtained during each separate test are
consistent, it anpears improbable that the discrepancies
are entirely accounted for by experimental errors. The
maximum difference in the value of the pressure ratios in
any of the groups of curves, however, does not exceed 37
The temperature ratio curves at the various intake
pressures are in almost exact agreement, and have been
combined in a single curve for each value of L.

v

As the temperature ratio curves coincide

aluost exactly, it necessarily follows thet there is no

importent disagresment in the values of the variable

___Ez at the different intake pressures. For, if Kp
Hanl
is the specific heat of air at constant pressure,

P .u'.K]; (T,-T;)
Weld den
Jr’
I
\

I
=

203
Mo

' S is

And /
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in ]
ind %1. is a constant for constant values of and
0 \;%o
':[
po iljo

Therefore ”ELZ' is ulso constant for constant vulues
ilen

of B __ and _i__ , und values of this variable
V LO \_J' po {OO

have not been included in the diagrams.

On rig.2, curves of adiabatic teuperature
efficiency are plotted for sach of the four constant
values of _n_ . The efficiencies have been calculated
directly JFTE' froia the pressure ratio und temperature
ratio curves of fig.l, and the discrepancies in the
pressure ratio curves produce corresponding divergencies

in the efficiency curves.

The intake temperutures during the several
tests varied from 6 to 18°C. Attempts to determine the
performance at low inlet teuperutures provided no useful
results, as, owing to the humidity of the atmosphere at
the time of the tests, the sunercharger air intake becane
choked with snow. ilethods have beocn adopted to avoid this
troublc as far as possible, und the tests at low
temperutures will be coipleted when suitable atmospheric
conditions prevail.

It is proposed subseguently to carry out

similar tests on a Roots type of displacement suvercharger.

Investigution /

B
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lmesti;mtion of the effact on the
‘dimensional relationships of heating the compressor casing,
as proposed in Rid.Z. Report U.3, will be undertaken when
means for supplying the necessary externul heat are
available.

Attached:- Prints (0.3943 PFig.l.
3-3907 ."].F:.So
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Report No. E.2872.A.

—

Tests on the Apnlication of Dimensional Rolationships
to a Centrifugal Air Compressor.

e Lo Paylor, G« V. Broocke, and J. F. Bargmin.
y

P

weii. Reforonce:  Nil. 4pril, 1930.,
sk | R.A.E, Reference: T.C.1301.
A Iten lo: 2b. :
‘4 Surmary .
~4
‘“3 1Rt

The work which forms the subject of this report
3 completos the tosts to confirm the application to a centri-
B fugal air compressor of the dimensjonal relationships
derivod in R.A.E. Report No. U.3. iI.G.E. No. 650). The
results of tests at reduceld intaks pressures and apyprox-

e imatoly constant intake temperature have been described
B in ReA.E. Interim Report No. E.2872. The purposc of the

B further investigations is tn extend the experimonts to:

E i (1) The effect nf a reduction in intake temperature.

| (2) The effect of heating the compressor casing.

The rasults obtainoed show that the dimonsional

i rolationships derived in Report No. U.3, with the omission

, of tho scalc effoct variabls 1nvolv1n§ the kinematic
viscosity of the air, aro sufficiont to defino the perform-
- ance of a centrifngai compressor without any important error
g at intake temperatures covering a range equivalent to tho
conditions botween ground level and 15,000 feet.

Heating the compressor casing to a tempcrature

i of tho ordor of that probably attained by a gear—driven
; supercharger built as an integral gart of an engino crank-

case produced no apgrociable e1fect upon the performance
charactoristies of tho compressor, with the exception of the

inevitable increase in the temperature of the air at delivar
from the compressor.

In view of the small effect, tests of the valiad

ity of the dimensional reluction under conditions whers tha [
casing is heated were abandoned. It was considored that

it would be sufficient in practice to dsrive the compressin ‘
' rativ

et : G |
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ratio, etce frmtho non-dimensional diagram prepared from
the results of experiments undor normal test bench conditions;
correcting the de iverg tenperature subsequently to allow

for the effect of tho heating of the casing which might occur
undor working conditions in an enginc. :

{1) .Tests on the effect of reduced intake temperature.

The test plant was similar to that uscd
during the tests at reduced intake prossures, & Lion supor-
charger being mounted within a clnsed metal chamber, through
which cold air from a refrigerating plant was circulatod.
Both the chamber and the supercharger delivery system werc
connocted to separate exhaustor pumps, as the production of
2 low tempcrature within the test chomber necessitated a
simultanoous reduction of the internal prossurce

Tests wore carried out at intake tomperaturecs
of —15°G. and ~25°C., (corresponding to the standard atmos-
pheric temperature at altitudes of 15,000 and 20,000 foet
respectively) the intake prossures being regulated as ro- ‘
quired to obtain the desiro? temperatures. The spoed of the
impeller was adjusted to provide rosults at each of the four

values of the variable "g— at which the tests at low intake
0
pressures werc performed and the same quantitios were measurod

as during those tests.

During all the oxporiments at low temper—
aturos, but more particularly at an intake temperature of
-25%3., sudden fluctuations of the pressuro-measuring gauges
were noticel, and, in view of the possibility of depositien
of snow or ice at the supercharger air inlet, arrangements
wore mado in somc of the tests to measure the pressure baefors
snd after the guide vanes at the air intake. The ratio of

these /
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these prossures has boen plotted on Fig. 3 and tho con-
trast between the wiiformity of the results at normal tompor-
ature and the irregularities at the reduced tamperatures is
signifioant. It was Accided to Aiscard the results obtaino?
at -25°C. inlot temperaturc, as tho majority of thesc wore
inconsistent, Aue eithor to rostrietion of the passage through
tho inlet guide vanes by the deposition of ice or to the
Aifficulty of maintaining stoady oporation of the cold air
plant when working at its full capacity.

The non-dimensional variables, calculated from
the tests at normal temperature {(Interim Report 2.2872) and
at ;1500., are plotted on Figs. 1 and 2, tho units adopted
being the sams as utilised for Figs. 1 and 2 of Interim
Report £.2872. The pressure ratio curves show slight dis-
crepancios, similar to those rosulting from the tests at
reduce? intake pressures. There appears to be a small dis-
agreement in the temperature ratio curves at the two higher

values of the variabli/—$* , the maximun differeucc in the
0

values of tho temperature ratios being cquivalent to an crror
of 4°G. in the Aelivery temperaturs in thc tests at —1503.
intake tomporaturc. Tho efficiency curves refloct the dis-
crepancies in the pressure ratio and temperature ratio curves,

from which they are deduced.

L2kl osts on tho effect of heating the compressar easings
Arrangenents werc mado Auring these tasts for

the superchargor to take its air supply Airectly from the

atmospheras, a pipe leading through a prussure-tight gland in

one ond of the closcd tost chamber being connected to tho

superchargor inloct. The chamber was Aisconnectod from tha

cold air plant, and was fittcd with a pipo through which steam

could be admitted, an exhaustor pump serving to extract the

condcnsate /
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condensato and naintein a continuous flow of steam through
the interior of the chambor.
Two sorics of tests were carried out at
igd f the variab
each of the four original valnes of the vari lo/ﬁg-.

stean boing passcd through the chamber Auring tﬁz fgrst sor-
ios only. In the sccond, tho exhanstor pump was allowed to
draw a small quantity of air through thc chamber from the
surrouniing atmosphere, in order to prevent any appreciable
riso in the temperature of {he air within the chember.

During the tests with steam~heating, the
internal temperature of the tost chamber, mcasured at a
point near the top, was maintaine? at 10003., and the
temperature of the extcrnal surface of the supcrcharger
casing in ths region of the delivery volute, measured by
mcans of a washer-typo thermo§couple, was founi to be
practically the sane as that of the chamber. The increass
in the temperaturs rise of the air Auring its passage through
the suporchargor, Ause to heating of the casing, varied
from 13°3. at the high rates of rotation to 28°C. at the low
rates.

The pressurc ratios and tomperature ratios
obtained from the two serics of tests arc shown on Fig. 4.

The temperaturc ratio at Aefinito values of the variables

-
/F=i£;= and f“lL‘ is necossarily increased considerably by
Y poQO [ TO

the sxternal hcating of the compressor, and thers appears to
bo a tondency for the prossurc ratio to bo decrcased, but
the latter effoct is evidently negligibly small.

The tomperature rise of the air whon ox-
ternal heat is suppliecd through the comprossor casing has no

significance /

Sl
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sienificanco as a measure of the work Aone on the air by
tho impollur, and values of adisbatic efficiency basod upon
the tomperaturo rise unler thesc conditions are meaninglass.
During all the tosts, the supercharger was driven by &
swinging-field clectric motor, the power output of which
was Actormined by mecasurcmont of torque rcaction. The
losses in the impeller spced-increasing gear and boarings
are included in this power, and it is not permissible to
troat the aiiabatic efficiency based upon it as one of thc
dependent variables in tho systonm of Aimensional relation—
sLips unless tho mechanical efficiency of the Ariving gear
is uonstant, the adiabatic efficiencies based respoctively
upon the tetal power input to the compressor and upon the
work done on the air by the impeller being then Adirectly pro-
portional to each other. The powor transmittod through the
gearing at any Aefinite values of the variablaif=;ﬁ==

o{0

an%f"ﬁg“'was observed to be epproximately the name in each

series of tests, and the oil level in the gearbox was kept
constant by means of an cxtraction pump. The changs in
viscosity of the oil at tho higher temperaturos cxisting
Auring the experiments with stcem-heatIng remains tho only
factor liable to ceuso any appreciablc difference in tho
power loss in tho Ariving gears in ocach of the two seriss
of tests. The possiblo slight alteration in the mechan-

: — - . It}

jecal efficiency at given valuos of the varlablegdf?ijif

and “%L” , due to hcating of the o0il by the steam-jacket,
0

has been neglocted, and on Fige 5 tho aiiabatic officiency,
basod upon the total powor input to the supercharger, has

boen plottel for both series of tests. The curves at

cach /
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g o T
%} TESTS AT VALUES OF T, EQUAL TO 828, 944, 1066 AND 1188

. AT DIFFERENT INTAKE TEMPERATURES AND PRESSURES.

INTAKE PRESSURE AND TEMPERATLRE % - 2
14 LB. PER SQ. IN.ABS. AND+I13C. APPROX. i
INTAKE PRESSURE AND TEMPERATURE e o e
10'5LB. PER SQ. IN. ABS. AND - 15°C. APPROX.
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DIRECTORATE
OF TECHNICAL TESTS AT VARIOUS INTAKE TEMPERATURES /- /> B 254-30) o
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To ACCOMPANY REPORT N2E.2872 A.

TesTs AT _VALUES OF YTo EQUAL TO 828, 944 1066 AND | |88,

AT D\FFERENT INTAKE TEMPERATURES AND PRESSURES.

TNTAKE PRESSURE AND TEMPERATURE

LB PER SQ.IN. ABS. AND + 13°C. APPROX,

INTAKE PRESSURE AND TEMPERATURE

105 LB.PER SQ.IN. ABS. AND —|

I

5° C . APPROX. j R e D T
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To AccoMPANY REPORT E.2872 A

Q/_ INDICATION OF RESTRICTION OF PASSAGE THROUGH INLET GUIDE

.me_s DUE TO DEPOSITION OF Snow OR IcE DURING Llow TEMPERATURE

JesTs SHOWN BY IRREGULARITY IN PRESSURE DIFFERENCE ACROSS

y GuUIDE VANES. TESTS AT VALUES or-"ﬁ—:"e.rqu».x_ TO 944 1066 AND

{188 AT VARIOUS INTAKE TEMPERATURES.

INTAKE TEMPERATURE OF APPROXIMATELY +13°C:
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%_  Tests AT _VALUES OF :7"'1; EQUAL TO 828, 944, 1066 AND 1188;
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»

) SUPERCHARGER CASING SURROUNDEL gy ATMOSPHERIC AIR AT
ATEMPERATURE OF APPROXIMATELY 15°C.

(B) SUPERCHARGER CASING SURROUNDED BY STEAM AT APPROX, 100°C.

TESTS UNDER CONDITIONS A :

-
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