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A single stage centrifugal compressor and turbine assembly. 

With the age of jet propulsion now 
ha ving secured a solid foothold in the 
world of a\'iation, more and more 
often we hear the use of such expres­
sions as turbine, prop-jet, pounds of 
thrust, and so on. Just about as often 
as any of those terms are apt to be 
heard the words "Axial" and "Centrif­
ugal." Between these two categories 
there is a sharp division, and in each 
division are the champions of one of 
the two types of compressors for gas 
turbines. 

It is true that the designers of jet 
eng ines may know the differences be­
tween the two types of compressors. 
and the relative advantages and dis­
ad vantages of each, but how many 
other people in aviation do actually 
know what an Axial engine is' or 
what a Centrifuga l engine is ? 

In the following paragraphs, which 
were supplied to Aircraft and A irport 
by Avro Canada, it is believed that 
the reader will . be able to find the 
basic advantages and disadvantages of 
each type of compressor. Although the 
material has been written by Arm­
strong Siddeley Motors Ltd., of Eng­
land, a company which has long been 
an exponent of the Axial flow turbine, 
it will be found that an honest com­
parison is made. 

The relative merits of the Axial and 
Centrifugal compressors have been the 
subject of much argument during re­
cent years. At one time some of the 
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leading figures of the British engine 
industry came out strongly against the 
Axial type, but now there is a de­
cided swing towards it, and with one 
exception British firms are developing 
gas turbines with Axial compressors. 
The A vro Chinook, Canada's contri­
bution to jet design is incidentally an 
Axial type. 

In order to present as complete a 
picture as possible, the engine should 
be considered as a whole. Any turbo­
jet or propeller turbine engine can be 
considered to have the following broad 
characteristics: 

( ] ) Diameter 
(2) Performance, i.e. , thrust anJ 

fuel consumption 
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(3) Weight 
( 4) Reliability in Service (incl uding 

ease of de-icing) 

( 5) Ease of Production 

Considerations 

(I) Diameter-For a giYen thrust 
an Axial engine will always have a 
diameter, and consequently a frontal 
area, appreciably less than that of a 
Centrifugal. The corresponding reduc­
tion in drag is becoming more and 
more important as speeds increase. In 
fact , for the high speed bombers and 
fighters now being designed , the re­
duced frontal area of Axial engines is 
absolutely essential in order to obtain 
the desired performance. 

~ ::::~~ ::. --i · 

This a rough cross sectional view of a typical centrifugal type engine. The arrow 
lette red A points to the compressor. The small arrows give some idea of the airflow 
through this ;ype of engine. • Compare proportions of this engine with that an opposite 
page. 
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A ten-stage axial fl ow compressor and turbine assembly. 
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(2) Performance - Although not 
strictl y true at the present time, the 
claim is th:it the Axial engines will 
ha ve a lower spec ific fue l consumption 
than Centrifugals. As an example, the 
Metrovic Beryl I is about the same 
as the best of the Centrifugals, such as 
the Rolls Royce D erwent V or the 
Nene. Howe,·er, se\'eral more yea r·s 
de \'eloprnenr work has been put into 
Centrifugals than into Axial s. and :t 
is onl y no,,· that the Axial is really 
beg inning to come into its own. De­
tails of engines at present under de­
,·elopment c111not yet be released, but 
the imprO\·emenrs ir. performance ob­
tainable wi th Axials wi ll become ap­
parent during the next two yea rs or 

so. 

The marn reason fo r the reduction 
in fuel consurn ptio_n possible with Axi­
al s is that their efficiencv is a ppreciably 
higher-about 6%-than Centrifugal 
compressors. In order to impro,·e the 

fuel consumption. it is necessa ry to 

develop compressors with a higher 
compression ratio. T o do this with 
Centrifugals necess itates ha ving them 
in two ( or more) stages-i.e., in series 
one behinJ the other. This is inco n­
\'enient in practice, making the en­
g ine bulk y and clumsy, besides leart­
ing to a reduction in O\'er-all con~­
pressor efficiency thus offsetting the 
possible improvement Ill fuel con­

sumption. 

(3) Weight-In the past, Axia!s 
ha\'e been hea,·ier tha n Centrifugals. 
but present-day Axials are no heavier. 
and in some cases lighter. An interes­
ting comparison can be drawn be­
tween the Rolls Rovce Dart and the 
.\rmstrong Siddeley :v!amba. Both 
these propeller turbines were des igned 
to produce 1,00:J hp. fo r take-off. th e: 
Darr ha,·ing a two-stage Centrifug1l 
and th e Mamba an .-\ xial com pressor . 
The Mamba has turned out to be 

This is the cross section of an axial flo w engi ne with a nin e stage compressor. The arrow 
lettered A poi nts lo th e com;:,ressor a;sembly; the actual compressor b1ades are the 
black squares at the outer edges of the assembly. Note the diameter / length ratio . 
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lighter than the Dart and has only 

50 % of its frontal area . 

The general trend of both Cen tri f. 
ugal and A xial engmes is to ge t 
he:ivie r, being u nfort unately an un­
:ivoidable penalty to be paid for im­
provement in fuel co nsumption. 

Concerning fuel consumption, the 
difference between established and 
" up and com ing" Centrifugals is not 
very great. but the difference between 
corresponding Axials will be much 
more impressi\'e, justifyi ng the claims 
made earl ier in this article. 

Concerning diameter, the Beryl dc­
\'elops 50 % more thrust per square 
foot of front area th:111 the best es­
tablished Centri fugals. The " next 
gener:itio n ., Axials w ill develop two 
or three times the thrust per unit or 
frontal area of present Centrifugals, 
:ind w ill therefore ha,·e rough ly th ·.n 
much less drag. 

(4) Reliability m Service-With 
regard to the ordinary overh au l main­
tenance pe riod . there is no reason whv 
there should be any difference betwee;1 
.\xials :ind Centrifugals . There is, how­
e,·cr. 110 c.buht that an Axial is more 
nilnerablc to d:1ma~e from ire or de­
bri s entering th.". , com presso r. If a 
for ei:~11 bod y enters a Ce ntri fugal com­
pressor it wi ll µrobahly on ly damage 

a small part of it. with little effect on 
the whole comp res~or. fn the case of 
the Axial, a bl:ide fai lure near the 
entry might remove all the blades be-
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hind it, causmg a complete engine 
failure . 

The a nswer is of course to prevent 
debris or ice from entering an Axial 
compressor. lt is no more difficult Lo 

stop stones, etc., reaching an Axial 
than a Centrifugal, :l!Kl it is quite 
untrue to say that an Axi;il compressor 
c:1nnot be protected from ice. 

The conseque nces of debr is entering 
:m Axial compressor are by no mean s 
as serious as has often been predicted , 
and in this connection three obser­
vat ions c:rn be made. 

(a) If a foreign body persists in 
its course through the ennine it mav 
·well do serious damarre ir~es11~ctive o,[ 

b t 

the type of compressor. 

(b) Although th e opinion has been 
widely felt that a blade fa ilure in the 
early stages of an Axial compressor 
is almost certain to cause total fa ilure, 
experience has shown that this is by 
no means true. In fact in many cases 
the individual blade: failure causes verv 
little further damage. This has hap­
pened several times during Mamba 
testing, and on occasions the mishap 
was not detected till the engine was 
stripped for in spection . 

( c) Even if a blade fa ilure in an 
Axial causes the sudden re·mO\·al oi 
all remaining blades this will not cause 
the engine to explode or in any wav 
endanger the structure of the a ircraft. 

Some time ago a Python on test 
suffered a similar mishap , all the 
compressor blades being sheared off 
from the roots. The engine came to 
a stop but no one knew what had 
h:ippened until it was stripped. 

Icing 

flecause of the dangers res ulting 
from ice being allowed to form inside 
an engine, whether th e eng ine be a 
Centrifugal or an Axial gas turhin<c, 
( or fo r that matter a piston engine), 
requirements ha ve heen laid down 
that complete ant1-1c1ng protection 
must be pro vided. De-icin g, incident­
ally, means remov ing ice wh ich hJ s 
already formed in side th e eng ine ; ami­
icing mean s never allowin g any ice 
to build up. This is perfectl y poss ibl e 
and anti-icing rig-tests ha ve been done 

on the Mamba with prom ising re­
sults. There are no grounds for saying 
that J\ xial s can not he protected fro!ll 
ice, and the development work now 
in hand will ensure that the protec tin g 

"--•www:w ff ,,....,,,.,,.,_,W_RW'fllWl1iln'Silli'illi1[f1ffi'lifil@'l'E'Fla!i'fii'3W":1il1'1ti!iWftWftjj~ 

arrangements are efficient. 

The method of doing this will al­
most certa inl y he to bleed off some 
hot gases from the exhaust system, 
lead them round to the front of the 
rngine and mix th em ,vith the in­
coming air, thus raising its temper;1-
ture above freezing point. The amount 
of hot gases can be varied according 
to the severity of the icing conditions. 
l t will be possible to prevent ice for­
ming in an Axi:d engine even if the 
incoming air 1s -+0 ° below Centigrade. 

This is a very extreme case, and 
will be encou nrered very rarely 111 

:1ctual practice, but the requirement 
is laid down to meet world-wide oper­
ating conditions. The consequent loss 
of thrust when this extreme anti-icing 
is being clone will be appreciable, per­
haps around 15 %, but under any nor­
m:d icing conditions when the outsid:: 
air is only a few degrees, perhaps up 
to 10 or 15 below zero, the loss will 
he ,·ery m.uch less . 

One can't ha"e something for noth­
ing and if it is necessary to meet these 
conditions a price must be paid for 
it. The penalty wou ld be the same 
fo r a Centrifugal as for an Axial. If 
it is decided not to use gases from 
th e engine for de-icing in order to 
ii I oid loss of eng1 ne po 11·er, some 
comprehensi"e alternative source of 
heat would ha ve to be carried in the 
aircraft. 

Prese nt-day Axials arc: made with 
light alloy blades because they are 
light, easy to manufacture and able to 

withstand the temperature rise in the 
compressor. Future develcpments will 
be the use of stronger materials­
phos phor bronze or more probably 
steel blades for reasons of performance 
:rnd st rength at high temperatures. 
This will automatically appreciabl y re­
duce the vuln erabi lity of th e compres­
sor. 

An interesti ng point is tha t th e re­
,use- no w layout of the Python makes 
the de-icing uf hy fa r th e greater part 
of the intake ( and the compressor) 
;wtomatic , bec::i use of th e he::it from 
the combu stion chambers. The on!y 
part w hich will need external heat 
for de- icing is the k:1d i ng edge of the 
annula r intak e (and of course the 
propeller) . 

Because th e temperature ri ses with 
the i11crc:1 s1ng pressu re along the 
le ng th of :1n Axial compressor, once 

the temperature of the incoming air 
is raised abO\e 0°C., the rest of the 
compressor is automatica lly freed from 
•icing concl itions. 

Other Trouble Sources 

Ax ial compressors are more liable 
to deteriorate in rcrformance because 
of dirt or sand entering the compres­
sor, but although the effect is notice­
able with the Mamba or the Python 
on the test bed, there bas been no 
trouble in flight tests , and it is not 
anticipated that in actu:il operational 
use dirt will cause am appreciabl e 
nuisance. It 1s only long run s at 

ground level in a dirtY atmosphere 
which cause the trouble: during flight 
in the upper air it docs not occur. 
Built-in compressor cleaning jets will 
z,lmost certainly be a permanent fea­
ture of Ax ial eng:nes. 

As yet no experience has been had 
with large quantit ies of sand entering 
the compressor of an Axial compressor 
hut preparations for such tests are 
being made. It is considered that the 
corn pressor blades should be capable 
of standing up to the passage of an 
appreciable amount of sand through 
the compressor. ln fact, such condi­
tions may well hel p to clear off dirt 
clinging to the blades . Should the 
blades nevertheless prove incapable of 
withstanding the erosion , steps w:11 
have to be taken either to increase 
the su rface hardness of the blades, or 
to replace them entire! y with steel 
blades. 

In thi s connection, it is perhaps of 
rnterest to point out that e,·en with 
full tropi calization equi pment and air 
f ilters , the overhaul period of the pis­
to n engines used in military aircraft 
m the Middle East during \Vorld Viar 
] I was redu ced to only about l 01~ 
of the normal time. 

(5) Production and Costs-Hither­
to Axial compressors have been more 
expens ive to m ake than Centrifugals, 
hut much less experience has been 
obta ined on the production technique 
of Axial th an on Centrifugal com­
pressors. With improved production 
methods, the d ifference will be greatly 
reduced. No Axial engine has yet 
been put in to production on any large 
sca le :it a ll - in fac t every Axial engine 
yet has been hand built. Such cost 
figures tha t are av:1ilahle do not there­
fore pro vide a fair basis of compa ri­
so n at al l. 
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