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Dimensional relationships are derived by which the
performanco of a compressor may be deduced at ons set of
intake conditions from tests at another. It is shown that
the dimensional relationships are unaltered by heat trans-
fors across the walls of the compressor provided that the
external cooling (or heating) arrangements ere not varied,
8 condition met with for example in cooling by an airstream
of fixed speed, density, and temperature.

Assuming the scale effect variable to have a negligible
effect, it is shovn that the compression ratio, temperaturs
ratio, and efficiency are unaltered if:-

(8) the mass flow varies as the geometric mean of the
pressure and density of the air at the intake,

(b) the tip speed varies as the square root of the
ratio of the intaoke pressure md density,

For constant intake conditions and constant ti speed
of the rotor, the output varies as the square of the 1inear
dimensions.

Tests are suggested to check the assumption that scale
effect may be n;glec ed and to discover the effect of heating
the casing in order to escertain if the high temperatures
vhich occur in the casings of exheust driven centrifugel com-
pressors have a detrimental effoct on performance.
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1. Dimensional relati

s_of compressor ars

The physical quantities associated with the perfor-

mance of a compressor, vhether of the centrifugsl or dieplace-
ment type, are

P, #nd p), the pressures at intake and delivery,

Po emd Py, the densities “ " 2
To and Ty, the temperatures s = b
P P the pover required to operate the compressor.

W the mass of air dealt with in unit time, i.e. the mass
¥ the kinematic viscosity. s
D a linear dimension.

n the rate of rotation of the rotor.
The frictional losses in the bearings vill be neglected
(or alternatively P may be assumed to be the pover required
less such losses), and it will further be supposed in the
first instance, that there are no hest transferences across
e the walls.

Only six of the cbove variables are independent: for
example, if n, D, p,, fo’ W and 4/ are given, P, P e Fl,
may be derived. Alternatively P] may be considered to be an
independent variable, W then becoming dependent.

By the customary procedure for deriving relationships

based on a consideration of the dimensions of the quantities




involved we find that any non~-dimensional quantity associated

¥ith the performance of the compressor I be expressed as a

function of three non-dimensional varisbles built up fram the
six veriables choson as independent. In this way we find
that

2t b on

™ P and the adiabatic efficiency
Po o’ Win ‘;‘

are functlons of

The forn of the functional relationships will be the
same for compressors vhich are geometrit ally simiiar, 1If,
therefore, the efect of the variable :‘,—‘?j- is small, it
follows thet for given intake conditim.: and for a given nD
(i.e. for a given impeller tip speed in a centrifugal com
pressor) the efficiency, compression ratio, temperature rise
through the compressor, and the ratio of pover required to
mass flow will be the same for mass flovs propoertional to
the square of the linear dimensions, in compressors of
similar geometrical form,

The way in which the performance of the compressor
varies with atmospheric conditions is at once evident. In the
standard atmosphere, po/(cn variss only to & small extent,

hence for & given impeller speed and given compre ssion ratio,’
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efficiency, etc. the mass flov varies approximately as

/Do PO' By plotting compression ratio, sfficiencLstc,
against W/Dz/pn F" for constant velues of nD %;2 s set
of curves would be obtained which would be applicable to all

intake conditions, provided the effect of the varisble nDZ//V

were small.
2. The effect of including heat trensfersnces through the
walls of ihe compressor casing.

1t will be shown that no new non-dimensional
verisbles are required if the cooling (or heating) conditions
ere inverient. This is most conveniently illustrated by an
example. Let us suppose the compressor casing to be cooled
(or heated) by a stream of air vhose speed, pressure, snd
density at infinity are V, Pg, and F“ respectively. Then if
% is the rate of cooling per unit aree at the point x, y, ¢
of the casing vhere the temperature is 9/

*
g% 21V 2y P ¥, D, 8, %y 9

The rate of commnication of heat to the case by the
vorking fluid at x, y, & is given by

% = 2(p) P D W,y 8,138

Note: It is customary in discussing dimensional problems
associeted with the pfvlysical chnnsu in & gas, where the
temperature is explicitly referre. to, to nelude non-
dimensional quantities depending on the conductivity k, the
vllcollty!u., and the specific heats, 0.g. such qunnuhu as

C /k. 1 such quantilies havo a constant value: when
heréfore functional relationshipa betveen variables o are
required, as in the present case, they need not be included
oxpllcitiy.




If the conditions sre steady %+§—}: = O, glving
an squation connecting O, X, ¥, 2, the 'cooling condi tions'
¥y oo pa' and the six variables taken as independent in
pare.l. If therefore the 'cooling conditions’ are constant,
9 mey be replaced by the siz independent variables, and
no new variable is introduced, though the form of dependence
of the dependent on the independent variables is, of course,
altered. The performance of the compressor may therefore be
plotted in a diagram of form similar to that suggested at
the end pf para.l, and the laws of variation of performance
with intake conditions are unaltered.

It is easily seen that the above conclusions are nmot
dependent on the form of cooling (or heating) provided that it
may be reduced to dependence on quantities which do not vary.

If the quantities on which the cooling depends vary,
then it may be shown that if 9:: is the temperature at a
point on the compressor casing, the variation may be taken
into account under certain circumstances by the introduction
of a variable such as o No practical use for such e
veriable appears to nlaef gcvever.

3. Supggestions for test.
Bench tests of compressors appear to be required:-
(a) to verify that the compression ratio, efficiency,

and temperature ratio, whon plotted againet W/Dzd Ps (Do'




igs

give unique families of curves with parameter pp po

for
renges of nD, Por annd"o Such as occur in practiee, %o
(b) to ascertain the effect op such a set of curves

of heating (or cooling) the coup

or cas ing.




PLEASE REMEMBER
TO RETURN THIS SLIP
WITH YOUR DOCUMENT
| TO THE DOCUMENT
RETURNS AREA



	DSIR-23-8539_001
	DSIR-23-8539_002
	DSIR-23-8539_003
	DSIR-23-8539_004
	DSIR-23-8539_005
	DSIR-23-8539_006
	DSIR-23-8539_007
	DSIR-23-8539_008

