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Foreword

he idea of the gas turbine can be traced back to a

patent filed by the Frenchman Guillaume in the

year 1921, and is therefore quite old. However, it
was many years before it proved possible to purt the prin-
ciple into practice in the form of the jet engine. In the
late nineteen-thirties Hans-Joachim Pabst von Ohain and
Sir Frank Whittle succeeded virtually simultaneously in
applying the principle to construct a working engine.

It has taken us modellers a great deal more time to
bring the idea to fruition. Too complex and too much
trouble - that was always the verdict. Now and then
rumours of successful model-scale gas turbines filtered to
the outside world, but in many cases the engines were
only capable of running when their constructor was
dreaming.

As a result we in the model world were truly aston-
ished to learn that amateurs had actually managed to pro-
duce working jet engines using relatively straightforward
methods. The key to success lay not so much in high-level
precision manufacture, but in simplicity and careful
matching of individual components. As Kurt Schreckling
has shown with his engines. if the design is right. then it
is possible to use a wooden compressor wheel and still
achieve a thrust:weight ratio comparable to that of a full-
size aircraft jet engine.

However how do we go about designing a working jet
engine? What special characteristics have to be consid-
ered? How do these engines work, anyway? This book
attempts to answer these questions and many
others, with the overall aim of helping you to understand
this new type of engine. As such it is really aimed at the
beginner to jets, but don’t give up if you are alrcady famil-
iar with that special kerosene fragrance; you will still find
a few useful ideas here even if you already have some
experience of jet engines.

At this point [ would like to offer my grateful thanks to
my like-minded friends and colleagues for their help and
encouragement. My special thanks must go to Kurt
Schreckling, Bennie van de Goor and Han Jenniskens for
their helpful and useful comments. I would also like to
thank Karl-Heinz Collin and Arno Foerster, who were
very helpful in imparting their specialist knowledge and
information.

Foreword to the second edition

In recent years model jets have become more and
more common at our flying fields. Many engines are avail-
able today. The new power source has been proven
strong and reliable. World Championships have been
held and the winning models were powered by jet
engines. It seems that the ducted fan will be replaced
soon. The growing interest in this small turbo engine is

also reflected in the activities of the GTBA, the Gas
Turbine Builders Association, which has approximately
1,700 members enrolled to date and which facilitates the
exchange of ideas and practicalities.

The thrust figures have increased significantly. High
tech materials are used in the area of the turbine wheels
and bearings. By far, no other engine can give so much
flight power to a model plane as a small gas turbine.
Commercial engines offer thrusts of 100N or more.
Electronic starters and control units become more and
more standard. Therefore I have paid special attention to
the constantly increasing number of production turbines
now on the market and have revised and updated the
description of these power plants.

In my eyes, the rapid development has only been pos-
sible because of an open information exchange by ama-
teurs and home builders. Many commercial engines
include the knowledge of many amateurs and their con-
struction is in many ways very alike to the Microturbine,
KJ-66 or its predecessors. In this second edition I have
also improved the building instructions to achicve an
easier construction with a solid performance.

At this point [ wish to thank very sincerely all those
who have helped me with tips and ideas. and especially
Jesus Artés de Arcos, Otto Bruhn, Alfred Kittelberger, Ridi
Reichstetter, Tom Wilkinson and John G. Wright.

Thomas Kamps, April 2002
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Introduction

How do jet engines work?

Gas turbines have long since claimed a secure place
for themselves in our world. Amongst the most obvious
examples are the innumerable aircraft which day after
day fly above us, trailing their wakes of condensation
across the sky, but that's not all: gas turbines are at work
where you might not know it: nowadays they are used
more and more commonly in power stations, electricity
generators, boat engines and much more.

Suddenly these engines are increasingly being used to
propel models, and that is why we need to understand
how they work. Unfortunately it is much more difficult to
explain how a gas turbine works than to elucidate what is
probably the most important energy machine of our time:
the piston engine. There the immense pressure caused by
explosive combustion moves a piston running inside a
cylinder.

The principle is clear and comprchensible. Alas, it is
just impossible to explain in so few words how a gas tur-
bine works. Here we find spinning rotors and wheels, gas
flow and energy conversion, but don't let that worry you
- once we have made a little headway in explaining the

basic principles, the jet engine will soon give up its mys-
terious secrets.

The open gas turbine process

Regardiess of whether we are considering a shaft
power turbine (designed to produce mechanical power)
or a jet engine. we find the same working process at the
core: it is termed the open gas turbine process. Air is
sucked into the engine and compressed. The compressed
air then flows through a combustion chamber in which it
is heated to a high temperature.

In their hot state the gases are capable of performing
more work than was put into them during the compres-
sion stage. Finally the air expands again as it is released
into a turbine, to which it imparts a proportion of its
power. This process scts the turbine spinning, which in
turn drives the compressor to which it is connected by a
shaft. The residual energy in the exhaust gas can now be
exploited to serve the purpose of the engine. If the
exhaust stream of the basic gas turbine is further acceler-
ated by an exhaust cone the machine becomes a jet
engine.

The resultant flow of hot gas produces a forwards-

Compressor

Combustion chamber

Turbine

Exhaust cone

al b/ c d e

Diagram of a jet engine.
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a) Air intake, b) Compressor blades, c) Ring of diffuser blades, d) Compressor rotor,
e) Front bearing, f) Fuel injector nozzle, g) Combustion chamber, b) Shaft, i) Nozzle guide vanes,
j) Turbine rotor blades. k) Turbine rotor. 1) Tail cone.
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a

Types of turbine compressor.

a) Axial compressor. b) Radial compressor. c) Diagonal compressor.

directed force, i.e. there is an equal and opposite reaction
according to the familiar laws of physics.

The gas turbine is classcd as a heat engine as is the pis-
ton engine familiar to model flyers, so it will be no sur-
prise 1o find that both engines share certain basic
features. The working medium is first compressed and
then heated in a combustion chamber. In the piston
engine the heating occurs by the combustion of a fuel -
air mixture, the combustion occurring in an explosive
form. The result is a tremendous rise in pressure inside
the cylinder. In contrast, the analogous process inside the
gas turbine is isobaric in nature, i.e. the pressure remains
constant when the working gases flow through the com-
bustion chamber. Thus in the case of the gas turbine the
increase in usable power is not due to a rise in pressure
in the combustion chamber. Quite the opposite: in prac-
tice we have to accept a loss of pressure of a few per

Single stage axial turbine.
a) Nozzle guide vanes, b) Rotating blades.

12

cent in order to achieve stable combustion. The sole pur-
pose of the combustion chamber in a gas turbine is to
heat air. As a result the gas turbine is not bound strictly to
a specific fuel. In principle the engine could be made to
work if an electric heating element were used instead of
burning kerosene.

The crucial difference between the gas turbine and the
piston engine is in the sequence of the processes within
the engine. The piston engine completes the stages of its
power cycle in sequence, one by one, whereas the gas
turbine does everything at the same time. Air is constant-
ly sucked in and compressed, heated and expanded
again. [t is this very constancy which constitutes the great
advantage of the gas turbine. The individual processes
run continuously and in separate spaces or areas of the
engine.

Every gas turbine possesses a compressor and a tur-
bine. These components are designed in the form of a
continuous flow machine. In comparison with piston
engines they offer the important advantage that they are
able to produce great power in the smallest possible
space. For example, a model engine’s single turbine
wheel, just 65 mm in diameter, can drive a compressor
with a power absorption of more than 20 kW at full
throttle. In full-size jet engines the power levels are
astronomic - to the point where they are difficult to
comprehend.

The compressor of a gas turbine is always some form
of turbine machine; usually either an axial or a radial com-
pressor. In the case of the axial type the gas flows parallel
to the drive shaft, while the radial type hurls the gas out-
wards perpendicular to the shaft. A third type - the diago-
nal compressor - is used rarely, but it is still worthy of
mention. As is easy to see, this represents a hybrid of the
two other types. The air arrives in the axial direction and
is pushed on in a broadly axial direction. the diameter
of the flow increasing steadily. The axial compressor
is broadly similar to the fan of an impeller (ducted
fan). A compressor may consist of several
stages, cach stage consisting of a rotating compressor
wheel and a fixed diffuser wheel. also known as the sta-
tor. The rotor and stator are always fitted with a particu-
lar number of vanes or blades. The air is initially
accelerated as it flows through the stages, then slowed

Model Jet Engines



down again slightly. As a result of this process a propor-
tion of the air’s kinetic energy is converted into pressure
energy in each stage. Multi-stage axial compressors are
standard for full-size gas turbines. Modern jet engines
have extremely complex compressors consisting of up to
17 stages and even more. The result is an increase in pres-
sure of up to 30 times.

The radial compressor is much simpler in construc-
tion and therefore much more suitable for model
engines. The air flows into the wheel in the axial direc-
tion and is then flung outward by centrifugal force. On its
own this device is known as a centrifugal compressor.
Once again a single stage consists of a rotor and a stator,
although the pressure increase per stage is much higher
than with an axial compressor stage. As a result gas tur-
bines with radial compressors can often manage with
only one stage.

Additional advantages of the radial compressor are its
robust nature and its inherent reliability. The disadvan-
tage is the large frontal area of the machine. Gas turbines
with a radial compressor are therefore always somewhat
bulky.

The second continuous flow machine in the gas tur-
bine is the actual turbine. This can be visualised as a com-
pressor “in reverse”. The turbine converts pressure
energy into the shaft power which is required to drive
the compressor. Since the hot gases contain much more
energy than the compressor absorbs, the system is self-
sustaining. If the final temperature after the combustion
chamber - what is known as the combustion gas temper-
ature - is high enough, additional power can be extracted
from it.

Like the compressor, the turbine itself may consist of
one or more stages. When the air reaches the turbine
stage it first flows through the stator which converts part
of the pressure energy into kinetic energy. As the gases
pass through the fixed
stator they are accelerat-
ed in the direction of
rotation of the rotor.
The gas is accelerated
once more within the
vanes of the rotor, but
this time in the opposite
direction. The net result
is a powerful peripheral
force acting on all the
rotor blades, and taking
the form of a propulsive
torque. This peripheral
force arises from the
recoil which the rotor
blades experience. As
the exhaust gases flow
through at high speed
they are accelerated in
the direction opposite to
that of rotation. On the
other hand the twisting
motion produced by the
nozzle guide vane sys-
tem produces an im-
pulse force in the rotor
blades, varying accord-
ing to the design of the
turbine stage.

Model Jet Engines

Like the compressor, the power turbine can be con-
structed in axial or radial form. The first successful gas
wturbine designed by Pabst von Ohain (1937) was fitted
with a radial turbine. In the course of time the radial tur-
bine has been superseded almost entirely by the axial
type. Even by the 50s the radial turbine only survived
occasionally in low-power shaft power engines. However,
for model jet engines this type of turbine could still be of
interest.

The question of efficiency

We will now consider the processes inside the gas tur-
bine somewhat more closely. If we adopt the process
described here, the engine can only function if the tur-
bine produces sufficient power to drive the compressor.

Unfortunately turbines and compressors are not zero-
loss machines. In each stage friction and turbulence
absorb part of the energy and waste it as heat. To mini-
mise friction losses there must be a gap between the
rotor blades and the housing to avoid any danger of foul-
ing. This clearance then allows a proportion of the gas
simply to slip past the rotor.

To counter this problem and still keep the engine run-
ning it is essential to keep the temperature of the gas -
and therefore its power capacity - high enough to com-
pensate for the losses. However. the permissible gas tem-
perature is not infinitely high. The maximum temperature
is limited by the strength of the materials used in the
engine, especially where the modeller does not have
access to heatresistant steels. The only way out of this
dilemma is to strive for maximum possible efficiency of
the compressor and turbine. This is one of the most diffi-
cult problems for the modeller to tackle, since the laws
of physics have been drawn up to thwart the experi-
menter. The smaller we make the compressor and tur-
bine, the less efficient, in general terms. they become.

Already recognisably a model jet engine, this design produced 5 Newtons of
thrust at a maximum speed of 35,000 rpm. The fuel —pure diesel —was
vaporised in a copper tube and burned in a reverse flow combustion chamber.







