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(54) CLOSED CYCLE GAS TURBINE PLANT CONTROL SYSTEM 

(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it 
is to be performed, to be particularly 
described in and by the following state-
ment : — 

This invention relates to power plant in-
10 corporating closed cycle gas turbines and 

mainly concerns control systems for those 
cycles which include a nuclear reactor as a 
heat source. However the invention is 
capable of wider application. The aim of 

15 the invention is to provide a closed cycle 
gas turbine plant in which the control of 
the plant is simplified especially during the 
period immediately following a change in 
load. 

20 According to the invention a closed cycle 
gas turbine power plant comprises as com-
ponents gas compressor means, a heat 
source, gas turbine means, a recuperator 
and a heat rejection gas cooler, a high 

25 pressure flowpath for gas serially in-
terconnecting the compressor means outlet, 
the heat receiving side of the recuperator, 
the heat source and the gas turbine means 
inlet, a low pressure flowpath for gas 

30 serially interconnecting the gas turbine 
means outlet, the heat yielding side of the 
recuperator, the gas cooler and the com-
pressor means inlet, the high pressure side 
of the flow path having two bypass ducts 

35 each arranged to bypass a controlled frac-
tion of the total gas flow around one or 
more components in said flowpath with the 
effect of lowering the gas temperature at 
the heat source inlet and at the gas turbine 

40 means inlet. 
By co-ordinated operation of the gas 

fractions passed by the two bypass ducts 
•the temperature of the gas leaving the heat 
source may be maintained constant during 

45 load reductions of the gas turbine means. 

Preferably one of the bypass ducts is 
available to divert a proportion of the gas 
flow at the entry to the heat receiving side 
of the recuperator so that this portion 
mixes directly with the heated gas issuing 50 
from the recuperator, having the effect of 
lowering the temperature of the gas en-
tering the heat source. The second bypass 
duct may either be arranged so that a frac-
tion of the gas at the Met of the heat 55 
source may be diverted directly to mix 
with the heat source outlet gas or alter-
natively, the second bypass duct may lead 
a fraction of the gas at the inlet of the 
heat receiving side of the recuperator to 60 
the heat source outlet. Each of the second 
bypass ducts are operable to reduce the 
inlet temperature of working fluid entering 
the turbine means. This is particularly ad-
vantageous where the heat source is a gas 65 
cooled nuclear reactor in which rapid 
changes in outlet temperature of the cool-
ant are difficult to put into effect. As is 
known, the gas cooled nuclear reactor, as a 
heat source, possesses considerable thermal 70 
inertia and some time is required before 
the heat input from the fuel into the cool-
ant can be reduced to match a reduced 
load. In this context, therefore, the 
manipulation of bypass valves can be per- 75 
formed to reduce load almost in-
stantaneously whilst the reactor controls 
mechanisms may be left undisturbed dur-
ing the early part of the transient and need 
suffer no rapid movement. This is of par- 80 
ticular advantage when fast action to re-
duce load is called for. Moreover, during 
the power reduction, the temperature of 
the gas issuing from the nuclear reactor 
may be kept constant in cases where the 85 
bypass ducts bypass a suitable fraction of 
the total flow. Hence no temperature in-
duced effects on the reactor's behaviour 
are incurred in the early part of the trans-
ient. 90 
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In order that the invention may be bet-
ter understood, embodiments thereof will 
now be described with reference to the 
drawings accompanying the provisional 

5 specification, wherein:— 
Figures 1 and 2 show respectively, tem-

perature entropy diagrams correspinding to 
alternative cycles of closed cycle gas tur-
bine power plant, 

10 and to the accompanying drawings, 
wherein:— 

Figures 3 and 4 are diagrammatic il-
lustrations of closed cycle gas-turbine 
power plants employing the alternative 

15 cycles of Figures 1 and 2. 
For the demonstration of the invention 

the closed cycle gas turbine power plant, 
which has been selected, employs as gas-
turbine means a separate compressor-driv-

20 ing turbine and a power turbine, through 
which gas heated in a gas cooled nuclear 
reactor is passed serially. The hot gas from 
the power turbine is passed along a low 
pressure path through the heat yielding 

25 side of a recuperator to heat gas entering 
the nuclear reactor, before being passed 
through a precooler and then through the 
first compression stage of a low pressure 
compressor. In the diagrams of Figures 1 

30 and 2, point. 1 represents conditions of the 
gas at entry to the compressor-driving tur-
bine, whence the gas is expanded firstly to 
point 2 at the turbine exit and then 
through the power turbine from point 2 to 

35 point 3. At point 3 the exhaust turbine gas 
enters the low pressure flowpath at the 
heat yielding side of the recuperator 
where, from points 3 to 4, it gives up heat 

' to cooler gas about to enter the nuclear 
40 reactor along line 8 to 9. At point 4, the 

gas is cooled in a precooler along line 4, 5, 
from whence it is compressed firstly in a 
low pressure compressor 5 to 6 and, after 
inter-cooling along line 6 to 7, is further 

45 compressed in a high pressure compressor 
along 1'ne 7 to 8. The compressed gas at 8 
enters the high pressure flowpath and is 
heated in -the recuperator to raise its tem-
perature to point 9 at the nuclear reactor 

50 coolant inlet. From the reactor outlet the 
gas passes to the turbine inlet and the 
cycle is then repeated. Valved bypass ducts 
are incorporated in the high pressure flow-
path to bypass a fraction, say up to 40%, 

55 of the total gas flow around one or more 
of the components with the effect of re-
ducing the gas temperatures at both the re-
actor Met and the turbine inlet. Thus a 
fraction of the total gas flow is extracted 

60 at point 8 and diverted around the re-
cuperator so that this fraction is not 
preheated but is mixed with reactor inlet 
gas at 9 so reducing its temperature at that 
point. This facility, indicated by bypass 

65 arrows 10 is provided in both the diagrams 

of Figure 1 and of Figure 2. Additionally 
in the diagram of Figure 1, provision is 
made for a second bypass indicated by 
arrow 11 by which a fraction selected by 
valves of this cooler reactor inlet gas is 70 
diverted around the nuclear reactor and 
mixed in with the reactor oulet gas so 
lowering its temperature. In Figure 2 the 
cycle depicted has an alternative second 
bypass duct indicated at arrow 12 which 75 
similarly acts to reduce the temperature of 
the reactor outlet gas. This second bypass 
gives the facility for diverting a fraction of 
the gas entering the recuperator and direct-
ing it to mix with the gas leaving the nu- 80 
clear reactor. 

These bypass arrangements are easily in-
corporated in turbine cycles operating at 
conventional temperatures and pressures 
and are effected at parts of the cycle 85 
where the bypass flow would be normally 
sub-sonic. It is also expected that the tem-
perature rise at the reactor outlet, com-
pressor-driving turbine inlet point 1 which 
is the likely result of employing a single 90 
bypass i.e., bypassing the heat source, will 
be avoided. Provided they are correctly 
proportioned, the combination of the two 
bypasses can hold the temperature of the 
gas leaving the heat source substantially 95 
constant. This can render the rapid 
changes in heat input into the coolant at 
the heat source unnecessary, a feature of 
some significance in the case where the 
heat source is a nuclear reactor controlled ioo 
by movable control absorbers. In such 
systems it may be expected that most ab-
sorber rod control loops will aim to main-
tain the reactor gas outlet temperature con-
stant. 105 

Figures 3 and 4 illustrate, dia-
grammatically, gas-turbine power plants 
operating with the closed cycles depicted 
by Figures 1 and 2 respectively and points 
1 to 12 of those cycles appear on Figures 3 n o 
and 4. Both plants Use helium as a work-
ing fluid. 

Referring first to Figure 3, a "split-
shaft" gas-turbine power plant 20 com-
prises as components gas-compressor 115 
means provided by L.P. and H.P. gas com-
pressors 21, 22, a gas-cooled nuclear re-
adier heat source 23, gas-turbine means 
provided by separate compressor-driving 
and power gas-turbines 24, 25, a re- 120 
cuperator 26 and a heat rejection gas 
cooler (pre-cooler) 27. The power turbine 
25 drives an alternator 28. Gas flowing 
from the L.P. compressor 21 to the H.P. 
compressor 22 is cooled by an intercooler 125 
29. The reactor 23 is controlled by a neut-
ron-absorber control rod system 30. 

The high pressure flowpath extends from 
the outlet of the compressor 22 to the inlet 
of the turbine 24. The low pressure flow- 130 
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path extends from the outlet of the gas 
turbine 25 to the inlet of the compressor 
21. The high pressure flowpath has two 
valve-controlled bypass ducts, namely ducts 

5 31, 32, which bypass controlled fractions of 
the gas flow around the recuperator 26 and 
reactor 23 respectively. Bypass duct 31 
allows the temperature of the gas en-
tering the reactor 23 to be lowered. Bypass 

10 duct 32 allows gas at the inlet of the re-
actor 23 to mix with gas leaving the re-
actor and so operates to reduce the inlet 
temperature of working fluid entering the 
turbine 24. 

The "single-shaft" gas-turbine power 
plant 40 of Figure 4 is very similar to the 
plant 20 of Figure 3 and like components 
have like reference numerals. Additionally 

20 however, there is an I.P. gas compressor 41 
and an inter-coolers 29a, 29b are provided 
between the compressors 21/41 and 41/22. 

In this example, as an alternative to the 
bypass duct 32 of Figure 3, a valved 

;25 bypass duct 42 is provided which leads a 
fraction of the gas at the inlet of the heat 
receiving side of the recuperator 26 to the 
outlet of the reactor 23. Like the afore-
mentioned duct 32, the duct 42 operates to 

30 reduce the inlet temperature of working 
fluid entering the turbine 24. 

The maximum and minimum cycle tem-
peratures of the plants 20 and 40 are 
1240 °K and 310°K. 

35 The maximum gas pressure in both 
plants is 60 atmospheres. 

WHAT WE CLAIM IS:— 
1. A closed cycle gas turbine power 

40 plant comprising as components gas-com-
pressor means, a beat source, gas turbine 
means, a recuperator and a heat rejection 
gas cooler, a high pressure flowpath for 
gas serially interconnecting the compressor 

45 means outlet, the heat receiving side of the 
recuperator, the heat source and the gas 
turbine means inlet, a low pressure flow-
path for gas serially interconnecting the gas 
turbine means outlet, the heat yielding side 

50 of the recuperator, the gas cooler and the 
compressor means inlet, the high pressure 
side of tiie flowpath having two bypass 
ducts each arranged to bypass a controlled 
fraction of the total gas flow around one 

55 or more components in said flowpath with 
the effect of lowering the gas temperature 

at the heat source inlet and at the gas tur-
bine means inlet. 

2. A power plant as claimed in Claim 1 
wherein one of the bypass ducts allows a 60 
flow of gas to bypass die heat receiving 
side of the recuperator. 

3. A power plant as claimed in Claim 1 
or 2 wherein one of the bypass ducts 
allows a flow of gas to bypass the heat 65 
source. 

4. A power plant as claimed in Claim 1 
or 2 wherein one of the bypass ducts 
allows a flow of gas to bypass both the 
heat-receiving side of the recuperator and 70 
the heat source by direct interconnection of 
the outlet of the gas-compressor means and 
the inlet of the gas-turbine means, and the 
other of the bypass ducts allows a flow of 
gas to bypass the heat receiving side of the 75 
recuperator. 

5. A power plant as claimed in any of 
Claims 1 to 4 wherein the gas-turbine 
means comprise a first turbine driving the 
gas-compressor means and a second tur- 80 
bine driving an electrical generator. 

6. A power plant as claimed in any of 
Claims 1 to 5 wherein the gas-compressor 
means comprise at least two gas com-
pressors connected in series, and cooling 85 
means are provided for cooling gas flowing 
from the outlet of one gas-compressor to 
the inlet of the other gas-compressor. 

7. A power plant as claimed in any of 
Claims 1 to 6 wherein the heat source 90 
comprises a nuclear reactor. 

8. A closed cycle gas-turbine power 
plant substantially as hereinbefore de-
scribed with reference to Figure 1 of the 
drawings accompanying the provisional 95 
specification. 

9. A closed cycle gas-turbine power 
plant substantially as hereinbefore de-
scribed with reference to Figure 2 of the 
drawings accompanying the provisional iQO 
specification. 

10. A closed cycle gas-turbine power 
plant substantially as hereinbefore de-
scribed with reference to Figure 3 of the 
accompanying drawings. 105 

11. A closed cycle gas-turbine power 
plant substantially as hereinbefore de-
scribed with reference to Figure 4 of the 
accompanying drawings. 

J. A. BOUTLAND, 
Chartered Patent Agent, 
Agent for the Applicants. 
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