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1.1. THERMODYNAMIGS
ocnsiderable loss, as the comparatively low

efficiency of the majority of heat engines amply

Eirst Lew of Thermodynaudios

Broadly speaking this may be stated as follows:-

Heat and mechanical energy are mutually convertible,
and the 'rate of exehange' is constant and can be
measured,

The rate of exchange is known as 'Joule's
equivalent' and is usually denoted by the letter J.
The value of J is 1,400 £t. 1b. That is to say
1,400 £t. 1b. of mechanical work would be required to
raise the temperature of 1 1b, of water through one
degree centigrade, This equals 1 C.H.U.

For example, if two rotating surfaces are in
contact, and are not lubricated, the heat generated
by the friotion between them will soon raise their
temperature by a measurable amount. Thus
mechanical energy is converted into heat, but /
although this process is quite simple, it is far
mhdﬁﬂinulttﬂmmrthutmwm.
The latter indeed, is seldom mocomplished without

demcnstrs te.
The Second Law of Thermodynamios

This may be stated as :- Heat cannot be
conveyed from one body to another which is at a
higher temperature, without the expenditure of
energy supplied from an external source.

In other words, heat energy always runs
down a temperature gradient, like water down
e hill, and will not climb up & gradient unless
foroed to do so by the application of energy
from an externmal source,
Boyle's law

If the tempersture remeins constant, the
volume af 2 given mass of gas varies inversely
as the pressure exerted upon it. PV = Constant.

Lharles Law ...



8 : P
If the pressure remains mmtﬁ, a given mass
of any gas expands one two hundred and seventy third
of its volume at O°C for each degree rise in
tenperature, =
Ancther Definition of Charles Law
If' the pressure remains constant, the volume
of a given mass of gas varies directly as the
‘absolute temperature,

Newton's Lev of Motion
Law 1. A body remains in a state of rest, or of

uriform motion in a straight line unless some
external force is applied to change that condition.

This law states a principle sometimes known
as "the Principle of Inertia®, viz that a body has
no tendency of itself to change its state of rest,
or of uniform motion in a si:raj.éht line, unless
some outside force be applied to bring sbout such
charnge.

x.

For example: if , when trawlliug at speed in a car,
the brakes are m.lﬂdmﬂg,r' ;ﬁpliadq_m,- the o ocmma are
thrown forward, due to the tendency of a body to

contimue in a straight line of motion. If a car

-ia driven sourd a bend so fast that the force

tending to change its ﬂimtimormgim (thai-. is
tﬁegﬂpnfth&w&mhmthumad}ism,
the car will contimue to travel in a straight line,
or, in other words, will skid outwords from the

periphery of the curve.
Leow 2. The change of momentum in a body in a given
timuﬂg:;;ntaﬂupunhymubarnalfnmin
proportional to the applied force.
mmmplmtrmuinginastm;htm
instillairhmamrt&inmtmanﬂdhwtion.
Ifastrunggutd‘m(mmtnﬂefm]aum
strikes it from the right, it will no longer travel
inastraigztlimhatwﬂ_lmm nimhthelaf‘t

and the ﬂintm 1t ‘I:rimala inthis dimctinnﬂ.ll
i hﬂmdjmtﬁ-----
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be in direct preportion te the strength of the gust
(or magnitude-ef the cutside force).
law 3. To every action there is an egual and
epposite reaction.

0 'S

This states that when air is flowing in a
ccnvergent duct the velocity inereases at the

expense of the statio pressure. When flowing through

a4 divergent duet velocity decreases with a consequent
rise in static pressure. In each case the change
in pressure will be followed by a change in

temperature,

Force and Mass

FORCE may be defined as anything which r~hanges,
or tends to change the state of rest, or uniform
motion of a bedy. That which is oapable uf' setting
bodies in motion, or stopping them when they aré in
xctizn, or altering the directi-n or manner of thedr

movement is called ferce.

The unit if foroe which is used generally
in English-speaking countries is the weight of
the standard peund. The standard pound is a
piece of platinum kept in the Standards
Department of the Board of Trade, which if
suspended from a spring balance will defleot
the spring and its indicator a certain distanoce,
any other object which will defleot the spring
the same amount when suspended from it is said
to weigh one pound. Similarly, any force
exerting & pull which will deflect the spring by
this same amount is said to be the force of one
pound.,

MASS is defined as "the quantity ou' matter
contained in a body". Any two bodies will have
equal masses when they each weigh the same,
irrespective of their sige. A pownd of lead
would be comparantively small in volume when
compared with a pound of aluminium, yet each

would be of ...



would be of equal mass, If, therefore, two bodies are

of equal mass they will also be of equal weight (at the

umplm)mﬂmbo@mmmm,tm,rm
‘ v L]

ete; times the mass of the other, that body will weigh

two, three, four, etc; times as much as the other,

Adrflow lbs/sec

¥ = Mass 1b/sec.

B

Force = [Rate of Change of Momentum

Thrust = ' Force 1lbs
Thrust Horse Power
Velocity at Jet Ft/Sec:
Adroraft velocity Ft/Sec:
32.2 £t seq/sec.

THRUST

T.H.P,

(NeT)
(FLIGHT)
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1.2 OLYMPUS GAS FLOW

The tuxrdbo jet dewelopa its thrust as 2 result of a
eontimious oycle of ocmpression, combustizn, expansion
and exheust, applied to the working medium; this is air
or o product of combustion af'ter the fuel hos been
burnt in it.

Physical changes taking place are important as an
indiontion cf the wny the cyole works. With a piston
engine we should bo interested in Pressures, Volumes
end Temperatures at eritioal points in the 4 stroke
oycle. Imn the gas turbine, we are interested in
conditicns at entry and delivery from the compressor,
before eand af‘tor oombustion, nt entry end discharge
from the turbines ond finally =t discharge from the
exhaust noszszle.

The Olympus has two stages of axlal compressor,
the low pressure stage and the high pressure stage,
which are driven by separate turbines.

The low pressure compreasor ia s five stage axial

unit and air emtering the compressor is
accelerated st each rotor stege and diffused at
the stator stages, with the result that the
pressure is raised through the system with an
attendant temperature inorease.

The flow continues via the exit guide
bladuinthniutm.atauuhg,mdnum;
it now enters thc sevon stage high pressure
compressor, where a similar action to that of the
low pressure compressor takes place with the
result that pressure and temperature is reised
still furthar.

On entering the compressor delivery casing
the air is diffused, so that its velocity is
reduced before entering the combustion chambers,

As a result of combustion, in the flame
tubes, expansion tokes place at constant pressur.,

80 that the «svese



50 that the velooity of the gas moving towards the
turbines is oonsidersbly inorcased, the greater
portion of the air delivervd to the flame tubes enters
efter the primary sone, so that the gas temperature is
reduced before entering the turbine regionm.

By flowing through the stator, the oomponents of
veloocity and pressure are controlled before entering
thuH.P.tuﬂﬂnurntcw,thamkdmuﬁthismtor
&rives the H.P. compressor to which it is conneoted,
end is scoompanicd by a reduction in temperature and
prossure,

The gns is then caused to flow through the
second turbine unit, where a further temperature and
pressure drop cecur and work is done to drive the low
pressure compresscr.

On leaving the turbine the gas is slightly
diffused before reashing the jet orifice. Expansion
across the jJet pipe causes sonic welocity to be

achieved at the nozzle and the reastion to the
Mﬂm&hiut#mﬁ.ﬂlawwm?
forvard direotion.
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1,3 ADVANTAGES OF THE TWO SPOOL COMPRESSOR

A jet propulsion engine employing compound axial b.
compressors individually driven by separate single stage
turbines in conjunction with an annular combustion
chamber with eight separate flame tubes,.

van of & two Spool C 8 Ce
High Pres Ratin

For pressure ratio sbove 5:41 blow off valves are
required for single spool engines to avoid stalling of
the early compressor stages at around 70% max. r.p.m. 2»

For pressure ratios of 7:1 on single spool engines,
blow off valves and variable intake vanes are necessary.

With two spools the compressor speeds adjust their
relative values at off - design conditions so that no
blow off valves are required and the compressor is less
sensitive to intake velocity patterns.

The higher pressure ratio cbtainable with a two 3.
spool engine, results in the following advantages:-

a. Lower specific fuel oonsumption,

The pressure in the combustion chambers is
higher so that efficient burning is possible
to higher altitudes., The altitude limit for
combustion blow out is also higher,
Smaller frontal area for the same thrust since
for pressure ratios above 8:1 the combustion
chambers can ve accommodated in a diameter
smaller than that of the compreassor entry.
Isproved Aoceleration

Owing to the better part load component
efficiencies (compressor and turbine) which
results frem the ability of the two spools
to adjust their relative speeds automatically,
the acceleration of the engine is markedly
improved.
Basier Starting

Only the high pressure system has to be

rotated for starting, so that a smaller
starter motorssssss



starter motor can be used. 6. Base of Nounting Accesseries

b Weight Saving Accessories can be driven conveniently
a« The low pressure compressor can be made of from the end of the low pressure compressor
light alloy, and the high pressure compressor in a region where the temperature is not teo
of steel, A single spool engine of comparable high, so that heat passed to oil in the casing
pressure ratio would be entirely of steel. is kept to a low temperature, The positioning
b. Since the high pressure compressor can rotate of the accessories makes for ease of
at a higher r.p.m. fower stages are required maintenance,

for a given pressurc ratio (N.B. the high
pressure compressor can rotate faster because
the higher temperatures result in lower mach
numbers) .
5e ved titude e
The -ability of the two compressors to adjust
their relative speeds to give high efficiencies,
and better combustion efficiency, results in
improved performance at very high altitudes, by
comparisen with a single spool engine.
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