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First Law of Thermodynami 

Broadly speaking this my be stated as follow: 

Heat and mechanical energy are mutually convertible, and the 

‘rate of exchange’ is constant ani can be measured. 
‘The rate of exchange is known as 'Joulc's equivalent! 

and is usually denoted by the letter J. The value of J is 
1,400 ft. 1b, That is to say, 1,100 ft. 1b. of tiechanical work 
would be required to raise the temperature of 1 1b. of water through 
one degree centigrade. This equals 1 C.i.U. 

For example, if two rotating surfaces are in contact, 
and are not lubricated, the heat generated ty the friction between 

them will soon raise their temperature by a measurable anount. 

Ths mechanical energy is converted into heat, but although this 
process is quite simple, it is far more difficult to convert heat 

to mechanical energy. The latter indeed, is seldom accomplished 

without considerable loss, as the comparatively poor efficiency of 
the majority of heat engines amply denonstrates. ~ 

Second Law of jamie. 

This my be stated as :~ Heat cannot be conveyed from 
one boay to another which 4s at a higher temperature, without the 

expenditure of energy supplied fron an external source. 
In other words, heat energy always runs dom a tenperature 

gradient, like water down ® hill, and will not clinb up a gradient 
unless ferseh to 6 ao ty thn eqhlication et xargs tice 0 coternal 
source. 

If the 



Boyle's Lew. 

If the temperature remains constant, the volume of a given 

mass of gas varies inversely as the pressure exerted upon it. 

PY = Constant. 

Shales Lex. 

If the pressure remains constant, a given mass of any gas 

expands one two hundred and: seventy-third of its volume at 0°C for 

each degree rise in temperature. 

Another Definition of Charles Lam. 
If the pressure remains constant, the volume of a given mass 

of gas varies directly as the absolute temperature. 

Newton's Lams of Notion 
Tew 4 A body remains in a state of rest, or of uniform motion in a 

straight line unless some external force is applied to it 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 notion in « straight line, unless sone 

outside force be applied to bring about such change. 

Yor example:- if, when travelling at speed in a car, the brakes are 

suddenly applied, the occupants are throm forward, due to the tendency 

of @ body to continue in a straight line ef motion, If a car is driven 

round bend so fast that the force tending to change its direction of 

notion (that is the grip of the wheels on the road) is overcome, the 

car will continue to travel in a straight line or, in other words, 

will skid outwards fron the periphery of the curve. 

The change 



Zan 2 The change of momentum in a body in a given tine when 

acted upon by an external force is proportional to the applied 

force and takes place in the direction of that force. 

An aeroplane travelling in a straight line in still sir 

hes a certain monentum and direction. If a strong gust of wind 

(an outside force) suddenly strikes it from the right, it will 

no longer travel in a straight line but will move sideways to the 

left and the distance it travels in this direction will be in 

direct proportion to the strength of the gust (or magnitude of 

the outside force). 

Law 3 To every action there is an equal and opposite reaction. 

Bernouilli's Theorum 

As velocity increases the pressure decreases. Pressure 

gradient in direction of flow. 

As velocity decreases the pressure incre: Rever: 

flow gradient tends to cau flow in opposite direction. 

Force and Mass 

FORCE may be defined as anything which changes, or tends 

to change the state of rest, or uniform motion of a body. That 

which is capsble of setting bodies in motion, or stopping then 

when they are in motion, or altering the direction or manner of 

their novement, is called force. 

The unit of force which is used generally in English- 

speaking countries is the weight of the standard pound. The 

standard pound is a piece of platinum kept in the Standards 

Depertnent of,



Departaent of the Board of Trade, which if suspended from a spring 

Delance will deflect the spring and its indicator a certain distance 

any other object which will deflect the spring by the same amount 

when suspended from it is said to weigh one pound. Similarly, any 

force exerting a 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 of matter contained in a body". 

‘Any two bodies will have equal masses when they each weigh the sane, 

irrespective of their si: ‘A pound of lead would be comparatively 

small in volume when compared with a pound of aluminium, yet each 

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

they will also be of equal weight (at the same place) and if one 

body contains two, three, four etc. times the mass of another, thet 

body will weigh two, three, four etc, times as mich as the other. 

W = Airflow (1bs/sec) 

u cae 
G 

F = Force = Rate of Change of Momentum 

1 = Thrust = Force Ibs 

1.H.P, = Thrust Horse Power 

V = Velocity at Jet PI/SEC 

g rao vensy 
THRUST (GROSS) = WxV 

é 

‘THRUST (NETT) = W(V - U) = 32.2 ft./sec. 
G 

T.H.P.(PLIGHT) = THRUST x U 
550 

T.H.P.(STATIC) = T 



OLYMPUS GAS PLOW 

The turbo jet develops its thrust as a result of a continuous 

cycle of compression, cosbustion, expansion and exhaust, applied to 

the working medium, This is air or a product of combustion after 

the fuel has been burnt in it. 

Physical changes taking place are inportdnt as an indication 

of the way the cycle works; as with a piston engine we should be 

interested in Pressures, Volumes, and Temperatures at critical 

points in the 4 stroke cycle. In the gas turbine, we are 

interested in conditions at entry and delivery from the compressor, ~ 

before and after combustion, at entry and discharge from the 

‘turbines and finally at discharge from the exhaust nozzle. 

The Compressor 

Whenever a compressor does work on the air flowing through it 

we should expect to see a rise in the pressure, or increase in the 

velocity of the flow or both. As it is the rise in pressure that 

we are interested in, the increase in velocity should be small and 

most of the work done on the air will produce a pressure ri: 

‘The accompanying rise in temperature is a measure of the amount of 

work done. Incidentally, if this rise is compared with the rise 

we ought theoretically to obtain for that pressure, we should be 

measuring the compressor efficiency, 

‘The Combustion Chamber 

If we prevent the pressure rising at all, in the combustion 

proce Guring the addition of fuel. or heat energy to the air, 

all the heat energy added will go toward an increase in temperature 

‘and consequent increase in velocity. 

These two, 



These two, added together constitute the increase in the totel head of 

energy thet the stream now possesses, 

The pressure in the combustion process can be prevented from 

rising by allowing for an unrestricted flow expansion along the 

combustion chamber. 

The Turbine Assembly 
In a way, this is the reverse of the compressor, for the turbine 

extracts and nakes use of the head of energy and converts a 

proportion of it into mechanical power to érive the compressor, The 

anount of work cone by exhaust g in going through the turbines is 

measured by the drop in total temperature, The gas may be thought of 

as giving up some of its stock of internal energy when expanding through 

the turbine, so doing work on it and maintaining its own continuous flow. 

The Jet 

Finally, in the propelling nozzle, a further drop in pressure 

occurs the expansion through the nozzle increases the velocity to its 

final value. 

The above sequence is a broad ané brief picture of flow conditions. 

If we go into greater detail, to examine what changes occur in these 

parts of the engine where the flow is being directed from passages of 

larger to smaller cross-section end vice versa, we shall find the 

velocity and pressure changes governed by: 

41 Sxpansion in which flow from larger to smaller passages produces an 

increase in velocity and fall in static pressure (with corresponding 

Gecrease in static temperature). 

2 Diffusion. 



2 Diffusion in which flow from smaller to larger passages produces 

@ decrease in velocity and increase in static pressure (with 

corresponding static temperature increase). 

If these changes occur without any change in the total 

heat they are called adiabatic or isentropic, and the flow 

proceeds without any loss due to friction. 

The Olympus has two stages of axial compressor, the low 

Pressure stage and the high pressure stage, which are driven by 

separate turbines. 

The low pressure compressor is a seven stage axial unit end 

air entering the compressor is accelerated at each rotor stage 

and diffused at the stator stages, with the result that the 

pressure is raised through the system with an attendant 

temperature increase. 

The flow continues via the exit guide blades to the 

intermediate casing, and from here it now enters the eight 

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 raised still further. 

On entering the compressor delivery casing the cir is 

diffused, so that its velocity is reduced before entering the 

combustion chambers. 

‘As a result of combustion, in the flame tubes, expansion 

takes place at constant pressure, so that the velocity of the 

gas moving towards the turbine is considerably increased, the 

greater portion of the air delivered to the flame tubes enters 

after the primary zone, so that the gas temperature is reduced 

before entering the turbine region.



By flowing through the stator, the components of velocity and 

pressure are controlled before entering the H.P. turbine rotor, the 

work done on this rotor drives the H.P. compressor to which it is 

connected, and is accompanied by a reduction in temperature and 

pressure. 

The gas is then caused to flow through the second turbine unit, 

where a further temperature and pressure drop ocour and work is done 

to drive the low pressure compressor. 

On leaving the turbine the gas is slightly diffused before 

reaching the jet orifice. Sxpansion across the jet pipe causes sonic 

velocity to be achieved at the nozzle and the reaction to the high 

velocity jet of gas gives a large thrust in a forward direction.



GAS FLOW DIAGRAM 
OLYMPUS TURBOJET MK. IOIO! E.C.U. 
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