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Turbomachinery by Dennis G. Shephent. Copyright 1956)
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Gas turbines have been frequently known as the
power generators of relatively low yield. The
numerical value of the yield is about 15%.
Nevertheless, gas turbines offer many
advantages far outweighing their drawbacks.
They are neither spacious nor too much heavy,
along with the tact that the installation can be
carried out very quickly. On the other hand their
usage can be faced with several restraints of
which the input gas temperature is markedly
important.

Nowadays, with the adventage of modern
cooling systems and also the technical advances
in the field of fin metallurgy, reaching to much
higher temperatures of input gas has become
possible. The yield also can be improved by
careful control of the energy consumption and
reduction of heat losses to an acceptable level.
More recently the given value of 12000
BTU/KWH has been presented for energy
consumption in gas turbines. When compared
with the early figures of 18000-20000
BTU/KWH, the significant role of the heat
recovery systems can be clearly distinguished.

It should be noted that such recovery systems
can be encountered with many limitations when
trying to reduce the energy consumption yet
more. Thus new approaches have to be
developed. Combination of gas turbine cycle
with that of steam turbine is one of. those
advances which has successfully reduced the
energy consumption values to 8000 BTU/KWH.
Such values are also hoped to be decreased vyet
more, using the auspicious

technical advances.

In case of gas turbines the investment and repair
expenses are relatively low. Also the
accomplishment of the plant to its fully
operational level can be rendered very fast.
Nevertheless the heat losses are fairly high.
Although with combination of various cycles
the problem can be effectively overcome.

The design of any gas turbine, must meet
essential criteria based on operational
considerations. Chiefamong these criteria are:

[1 High yield
|2 High level of reliability

An Introduction to
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11 Ease of service.

|2 Easy installation, start up and testing

|3 Compatible with a broad range of operational
conditions

|4 Combination of supplementary and control
systems

|5 Compatible with a wide variety of service and
fuel types

From the purely technical stand point,
temperature and pressure ratios can strongly
affect the yield. In this regard, the effect of the
former is much higher This can be clearly
identified if we know for each 1000F
temperature build up, the output work value
faces with an increase of approx. 10%, while the
yield alsorises by 1.5%.

With the modern technology being introduced, a
very high gas temperature of 2300°F (1260°C)
has been attained.

Pressure ratios as high as 30/ now is no more
considered to be beyond the reach.

In fact that's because of such figures that the high
values of yield (42- 45%) can be insured.

Technically, gas turbines fall within the two
known categories:

Large industrial gas turbines used in power
stations, petroleum industry and ... Aerial gas
turbines.

Such turbines were introduced shortly after
world war 2, during the early 1950's. when
installing as they are to be put directly on the
ground surface, the manufacturers will face no
restraints in terms of weight and dimensions.
Generally, they are equipped with heavy casing,
capacious combustion chambers and thick
airfoils.

As it was previously mentioned, we readily use
pressure ratios as high as 30/1 while the input
gas temperature exceeds 12609C. These
culminate in an acceptable level of gas turbine
yield.

An Introduction to
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Such turbines are equipped with a jet engine,
hence is the name. In other words they produce
huge amounts of gaseous products under
considerably high temperatures and pressures.
With the gas being passed through a turbine, the
mechanical energy is suitably supplied. Here the
jet engine is merely used to generate hot gases,
soit can be properly called a gas-generaior.

The jet engines of the type used in aircraft have
several stages immediately followed after the
compressor. These stages have a vital role in
providing high pressures in this case. The gas
generators can be effectively used to rise the
output gas pressure to 45-75 Psi. under such
conditions the gas temperature may reach 900-
1200°F. Gas generators are not so heavy, they
commonly have thin-walled chambers, fins of
aspect ratios (the ratio of the fim length to its
diameter), roller bearings and circular
combustion chambers. In this type of turbines
the gas generator is linked to power turbine viaa

gas duct. So the power generator is not directly
coupled with the gas generator.

Typically gas turbines are composed of three
major parts:

Compressors

Compressors are mainly used to pressurize the
air. Of the two widely known types of the
compressors one is axial low compressor and the
other is referred to as centrifugal compressor.

Combustion Chamber
In the Combustion Chamber air is heated up
under constant pressure.

Turbine

Turbines is one of the major components of a gas
turbine. Within the turbine, the pressurized high
temperature air bears a rapid expansion, thus
providing enough power for the operation of

An introduction to
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compressor and other moving parts.

It should be noted that in case of gas turbine the
power used by a compressor for the pressurizing
the air is about 40 - 60% of the total power
provided by the turbine.

More than 95% of the compressors being used in
gas turbines are of the axial flow type. The gas
flow in such a compressor is axial both in input
and output stages. Initially the air accelerates,
this stage is promptly followed by diffusion
which ultimately leads in sudden rise in gas
pressure.

The gas acceleration is performed by a row
rotating airfoils or series of movies fins (rotors).
Fixed fins( rotors are used for diffusion
purposes, as a matter of fact the kinetic energy of
high velocity gas appears as a sudden pressure

build up, when the gas bears diffusion. Worthy
to know in each stage of a compressor, rotors and
stator s are amongst the most vital parts. The
number of the stages in a compressor varies
between 10-17.

To insure the continuous air flow through the
first row of fins there is series of stators properly
angled at the input. Moreover at the output a
diffuser is used to control the air velocity when
entering combustion chamber. In axial flow

,surge line

head

Fig. 2: An axial flow compressor
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compressors the air pressure rises a little when
passing through each stage.

It should be noted here that in case of such
compressors, when fairly low pressure ratios is
needed (11/1-14/1 ) a high value of yield (85-
90%) canbe achieved.

Nowadays with the aid of multi stage
compressors high pressure ratios of about 30/1
has become more tangible. Axial flow
compressors remain operationally dependable
within extremes which are already known as
choke and surge. Surge occurs when flow
direction changes but in case of choke air flow
Debby reaches its maximum. Both of them are
equally undesirable, because of their
detrimental effect on gas turbines.

Combustion chambers act the same in all gas
turbine types. It is used for heating up the gas
under constant pressure. In combustion process
which takes place within the chamber only 15%
of the input air is consumed and the rest is used
for cooling purposes. The pressurized air from
the compressor when entering the combustion

Fig. 3:A centrifugal impeller ‘

chamber, initially diffuses, so the high velocity
air 400-500 ft/sec (130-140m/sec), enters the
combustion chamber while the velocity does not
exceed 10-30 ft/sec. In case of combustion
chamber the most care should be taken the flame
not to find way to lower part of the flow. To reach
this goal a baffle is used. Such a baffle produces
vortexes in gas flow, thus stabilizes the flame.

Main Fue| Manifold

Engjne Fireseal
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Moreover, it insures the continuity of
combustion process.

From the geometrical point of view, the turbines
can be divided into two distinct type:

[1 Axial flow turbine

|2 Radial flow turbine

The first type has found more extensive usage.
In such a turbine the flow remains axial in the
whole process. They use compressed fluid and
depict higher yields when compared with radial
flow types. The given values for the yield vary
between 88 - 92%.

Axial flow turbines can be found in three types:
11 impulse type turbine

|2 Reaction type turbine

3 A combination of the aforementioned two
types thermodynamically, in impulse type the
overall enthalpy drop of each stage occurs in the
nozzle So the gas in contact with rotors is in high
velocity Surprisingly the velocity of gas in this
stage is two times greater than the wheel
velocity.

In reaction type the enthalpy drop occurs both in
nozzles and rotors. In fact impulse type turbines

| Fig. 5: A high-pressure turbine
stage of a turbofan

can be considered as a 0% reaction type turbine.
In fig 6, the effect of wheel velocity (U) - input
gas velocity ratio on yield values is depicted.

In impulse type turbine yield rises when U/V
increases From 0 to (U/V)= 0.47. At this point
the yield finds its max value, then it decreases
when u/v increases yet further.

In reaction type turbines, the yield again rises
when U/V increases from 0 to (U/V)=0.94. Then
the yield decreases and in (U/V)=1.9, yield is
equalto 0.

40 & max & max
ozzle
— ,,___\ Angle =20
.8
6
/ R=D R=0.5
4
u U,
/ V17047 Vi =0-94 \
2
0 V
0 2 4 -6 8 100 120 14 1§ X8 20

Variation of Utilization factor with U/V for R=0 and R=0.5 (From Principles of
Turbomachinery by Dennis G. Shephent. Copyright 1956)
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