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(57) Claim

1, A method of operating a gas turbine unit
including a combustion chamber, a high pressure 
turbine driven by gas from the combustion chamber, and 
a low pressure turbine driven by gas from the high 
pressure turbine, means for controlling the gas supply 
from the high pressure turbine to the low pressure 
turbine, and a low pressure compressor driven by the low 
pressure turbine, and a high pressure compressor 
connected in series with the low pressure compressor 
and driven by the high pressure turbine for supplying 
pressurized air to the combustion chamber, the useful 
power of the gas turbine Unit being adjustable by 
controlling the gas condition upstream of the low 
pressure turbine by said means, wherein substantially 
all the air delivered to the combustion chamber from 
the compressors is utilized for the combustion in the 
combustion chamber while cooling the generated gas with 
water and/or steam to a temperature which corresponds 
to the maximum 'operating temperature of the high 
pressure turbine, and making use of the power obtained 
by said cooling from the combustion chamber and



-2-(11) AU-B-80074/87 
(10) 593395

recovuring the useful power of the gas turbine unit 

from the high pressure turbine at substantially constant 

rotational speed thereof, and wherein the temperature 

of the gas supplied to the high pressure turbine is 

maintained substantially constant independently of the 

useful power recovered from the gas turbine unit.
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1 A

METHOD OF OPERATING A GAS TURBINE UNIT
i

The invention relates to a method of operating a 

gas turbine unit comprising a combustion chamber, a high
5 pressure turbine driven by gas from the combustion

chamber and a low pressure turbine driven by the exhaust 
gas from the high pressure turbine, means for

controlling the gas supply from the high pressure 

turbine to the low pressure turbine, and a low pressure
10 compressor driven by the low pressure turbine, and a 

high pressure compressor connected in series with the 

low pressure compressor and driven by the high pressure 
turbine for supplying pressurized air to the combustion 
chamber, the useful power of the gas turbine unit being

15 adjustable by controlling the gas condition upstream of 
the low pressure turbine by said means.

CH-A-210,657 describes a gas turbine unit of the 

type referred to above. This prior aft unit moreover 

includes an intermediate pressure turbine between the
20 high pressure turbine and the low pressure turbine, the 

total power delivered from the combustion chamber being 
supplied to the turbine unit for recovering the useful 
power from the shaft of the intermediate pressure 
turbine, the only purpose of the high pressure turbine

25 being the operation of the high pressure compressor.

There are no particulars in the Swiss patent

specification as to the operating temperature of the gas 

turbine Unit; the only existing indication of the 

temperature refers to the means, comprising rotatable

30 vanes, for controlling the supply of gas to the low
pressure turbine, said means being said to operate in a 
lower temperature range, e.g. 2Q0°C. Moreover, the 

efficiency of the unit is not mentioned in the patent 

specification. However, it may be presupposed that the
35 efficiency is low, because at the time when the prior
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art gas turbine unit was invented at the end of the 

1930s the efficiencies applied were less than 30% also 

when an intermediate cooler and a recuperator were used.

However, it is well known that the efficiency of 
5 more modern gas turbine units usually is of the order of

30 to 35% (if neglecting the increase of the efficiency 
which can be obtained by using an intermediate cooler, a 

recuperator, etc.). The reason for the efficiency not 

being higher is that the exhaust gas from the unit,
10 which is al) )wed to escape to the surroundings through a 

chimney or the like, is at a relatively high temperature 
(of the order of 500°C), This exhaust gas besides 

contains a large amount of air which has been supplied 

by the compressors ’-'at has not been utilized for the
15 combustion.

In order to increase the useful power from a gas 
turbine unit comprising a turbine and a compressor 
driven by the turbine, it has previously been proposed 

to utilize all air from the compressor for the

20 combustion of the fuel supplied to the combustion

chamber and to cool the gas from the combustion chamber 
to a temperature of about 450°C by generating steam in 

tubes in the combustion chamber. The steam drives a 
steam turbine. In this prior art system, the so-called

25 Velox system, the total useful power is taken from the 

steam-driven turbine, while gas is supplied to the gas 
turbine from the combustion chamber at a considerably 
reduced temperature and does not produce more power than 

that required for the operation of the compressor. There
30 is obtained an increase of the efficiency to about 38%, 

but there is also required a considerably larger 

combustion chamber, which means an increased plant 
investment.

The purpose of the invention is to implement the

35 use of a compact combined plant, i.e. a turbine plant
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having gas turbine as well as steam turbine as in the 

Velox system, while obtaining a higher efficiency and 

utilizing all the compressor air for the combustion, and 

for this purpose the method of the kind referred to
5 above is proposed having the characterizing features 

appearing from claim 1. Then, the useful power is thus 

taken not from an intermediate pressure turbine as in 
cage of the plant according to the Swiss patent 

specification, but partly from the high pressure turbine
10 at a substantially constant rotational speed and partly 

from the steam turbine. Due to the fact that the high 

pressure turbine and accordingly the high pressure 
compressor connected therewith are driven at a 

substantially constant rotational speed, the risk of
15 pumping in the low pressure compressor is reduced.

By the method of the invention there is obtained an
increase of the total efficiency to about 41% and 
moreover this efficiency can be maintained substantially 
constant over the major portion of the load range due ho

20 the fact that the temperature of the gas supplied to the 

high pressure turbine is kept substantially constant.
For a more detailed explanation of the invention 

reference is made to the accompanying drawings wherein

FIG. 1 is a diagram of a turbine plant for working

25 the method of the invention, and

FIG. 2 is a fragmentary axial sectional view of the 

turbine portion of the turbine unit.
Referring to FIG. 1, the turbine plant shown 

therein comprises a turbine unit including a high

30 pressure turbine 10 connected to a high pressure 
compressor 11 and an electric generator 12 for 

delivering useful power from the unit, and a low 
pressure turbine 13 connected to a low pressure 
comprtessor 14. An adjustable connection is provided

35 between the high pressure turbine and th*s low pressure
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turbine, said connection in this case being constructed 

as a vane ring having adjustable (rotatable) vanes 15, 

FIG. 2, each connected at an arm 16 to a ring 17 which 

can be rotated by means of a control member 18

5 constituting the power control member of the turbine 
unit.

By means of the rotatable vanes the relationship 

between the expansion in the high pressure turbine and 
the expansion in the low pressure turbine is controlled.

10 This control takes place at low flow losses and
therefore provides an efficiency which is improved over 

other types of control, e.g. shunt or choke valve 
control.

A combustion chamber 19 (furnace) is connected at
15 the gas outlet thereof to the high pressure turbine for 

supplying gas to this turbine and the low pressure 

turbine connected in series therewith. The low pressure 
turbine is connected to a chimney as indicated by an 
arrow 20. The air inlet of the combustion chamber is

20 connected to the high pressure compressor for the supply 

of combustion air. The high pressure compressor is 
connected in series with the low pressure compressor 
which takes air from the surroundings as indicated by an 
arrow 21.

25 The combustion chamber is provided with tubes
and/or a tube jacket as has been indicated by a coil 22, 

Which is included in a steam circuit including also a 
steam turbine 23 which is connected to an electric 
generator for the delivery of useful power, and a

30 condenser 25.

In the basic system thus described, there are

provided devices which can be optionally included
therein. Thus, an external intermediate cooler 26 is

provided in the connection between the low pressure
35 compressor and the high pressure compressor where also
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an internal intermediate cooler 27 is providid for heat 
exchange between the air in the compressor circuit and 

the condensate from the condenser (feed water). The 
temperature of the air to the high pressure compressor

5 is reduced by the intermediate cooling, the feed water 

to the furnace at the same time being preheated in the 
internal intermediate cooler 27.

Also an economizer 28 is provided as a heat 
exchanger between the feed Water and the exhaust gas to

10 the chimney for preheating the feed water to the 
combustion chamber.

A recuperator 29 is provided between the exhaust 
gas conduit of the low pressure turbine and the air 

inlet conduit of the combustion chamber from the high

15 pressure compressor for heating the compressor air by 
heat exchange with the exhaust gas, which is 
advantageous when the turbine unit is driven at part 
load when the temperature of the air from the high 
pressure compressor can be too low.

20 A reheat circuit 30 is provided between the steam

turbine and the combustion chamber so as to increase the 
efficiency of the steam process.

As a specific refinement, steam is tapped from the 
steam turbine at the same pressure as that existing in

25 the combustion chamber and is injected into the

combustion chamber as indicated at 31 so as to reduce 
the NOX content in the gas delivered from the combustion 
chamber. Water is supplied to the condenser from an 

external source as indicated at 32 so as to compensate
30 for steam being tapped.

The turbine plant described operates principally as

follows. The combustion gas generated in the combustion 
chamber is cooled by means of the steam circuit to the 

maximum operating temperature of the high pressure
35 turbine, e.g. 950°C, and is supplied to the high
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pressure turbine for the operation thereof at a 

predetermined gas condition (pressure and temperature) 

at the input side of the high pressure turbine and at a 
substantially constant rotational speed. Exhaust gas

5 from the high pressure turbine is supplied to the low 
pressure turbine via the rotatable vanes which are 
adjusted so as to match the exhaust gas flow to the 
existing load. The two compressors deliver pressurized 

combustion air to the combustion chamber. The useful

10 power is delivered partly from the generator 12 driven

directly by the high pressure turbine, and partly by the 
generator 24 driven by the steam circuit which takes 

care of the heat recovered from the generated gas so as 
to lower the temperature thereof.

15 By controlling the gas condition upstream of the

high pressure turbine and by recovering the useful power 
directly from the high pressure turbine at a
substantially constant rotational speed there is 

obtained a higher total efficiency of the turbine plant

20 than could be obtained previously, viz. about 41%, and 
this figure can be further improved by the optional 

arrangement of an intermediate cooler, a recuperator, an 

economizer, etc.
At a load drop, e.g. if the generator 12 falls out

26 of step with the net, the rotational speed of the high 
pressure turbine 10 must be controlled so as to avoid a 

too high overspeeding Of the turbine shaft. This is 
effected by adjusting the vanes 12, as is necessary in 

order to stall the rotor of the low pressure turbine,

30 which provides a pressure increase upstream of the low 
pressure turbine 13 and a decrease of the pressure and 

heat drop over the high pressure turbine 10, the power 
output therefrom also decreasing. At the same time the 
pressure and heat drop over the low pressure turbine 13

35 will increase, but due to the reduction of the
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efficiency of the low pressure turbine as a consequence 
of stalling the rotor thereof, the power delivery from 

the low pressure turbine will be substantially 

unchanged. In this manner unallowable overspeeding can 
be avoided and the generator can again be synchronized 

with the net after some seconds, which is effected by 
adjusting the rotational speed of the high pressure 

turbine 10 to the desired value by means of the vanes.

10
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The claims defining the invention are as follows:
1. A method of operating a gas turbine unit 
including a combustion chamber, a high pressure 
turbine driven by gas from the combustion chamber, and 
a low pressure turbine driven by gas from the high 
pressure turbine, means for controlling the gas supply 
from the high pressure turbine to the low pressure 
turbine, and a low pressure compressor driven by the low 
pressure turbine, and a high pressure compressor 
connected in series with the low pressure compressor 
and driven by the high pressure turbine for supplying 
pressurized air to the combustion chamber, the useful 
power of the gas turbine unit being adjustable by 
controlling the gas condition upstream of the low 
pressure turbine by said means, wherein substantially 
all the air delivered to the combustion chamber from 
the compressors is utilized for the combustion in the 

combustion chamber while cooling the generated gas with 
water and/or steam to a temperature which corresponds

to the maximum operating temperature of the high 
pressure turbine, and making use of the power obtained 
by said cooling from the combustion chamber and 
recovering the useful power of the gas turbine unit 
from the high pressure turbine at substantially constant 
rotational speed thereof, and wherein the temperature 
of the gas supplied to the high pressure turbine is 
maintained substantially constant independently of the 
useful power recovered from the gas turbine unit,
2. The method as claimed in Claim 1, wherein there 
is provided at load drop by said means for controlling 

the gas supply from the high pressure turbine to the low 
pressure turbine stalling of the rotor of the low 

pressure turbine.
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3. A method of operating a gas turbine unit,
as claimed in Claim 1, substantially as described 
herein with reference to the accompanying drawings. 
DATED this 23rd day of October, 1987

ASEA STAL AB
By its Patent Attorneys 
CALLINAN AND ASSOCIATES
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