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69 Heat exchanger processes.

A hydrocarbon or synthesis gas type fuel is combusted
with a substoichiometric amount of oxygen to produce a
substantially non-oxidising gaseous mixture having a tempera-
ture of 1400 to 2800°C at a pressure of 1 to 100 bar which is
used to heat a working fluid or chemical process fluid by means
of a heat exchanger 6 in which the heat transfer surface are
made of a refractory metal or alloy such as molybdenum.

The heated working fluid may be used to drive a gas turbine 7
and heat steam via heat exchanger 10 to drive a steam turbine
14 in a combined cycle electrical power generation system.
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Description

HEAT EXCHANGER PROCESSES

The present invention relates to the heating of
working and chemical process fluids and to energy
producing and chemical processes which involve
the heating of such fluids.

In known power stations fuel is burned under
boilers to produce steam at pressure which is then
expanded in a steam turbine which in turn drives an
electrical generator. As with all processes in which
heat converted into work, the thermal efficiency of a
steam turbine is a function of the temperature of the
working or process fluid entering and leaving the
heat engine according to the expression:-

Efficiency = £ (1-ToyT)

(T

Improvements in the thermal efficiency can be
achieved by increasing the value of Tin and/or
reducing the value of Tour.

The use of heated gases to drive gas turbines in
power generation is one way of increasing T, that is
the inlet temperature to the heat engine, and so
increasing the thermal efficiency. However, a higher
outlet temperature from the gas turbine (Tour) of
around 500°C serves to reduce much of the
efficiency gain resulting from the higher inlet
temperature. Constructional material considerations
for known industrial gas turbines mean that the
temperature of the heated gases, such as combus-
tion gases, entering the turbine should not exceed
about 1100°C. Excessively high temperatures are
avoided by using air/fuel ratios of the order of 3 to 4
times the stoichiometric requirement for complete
combustion of the fuel. However, the "back work”
needed to drive an air compressor to provide the
excess air requirement is large and may exceed 50%0
of the total power output.

A combination of gas turbine and steam turbine
cycles (combined cycle power generation) allows
advantage to be taken of the relatively high turbine
entry temperature possible with gas turbines and the
relatively low temperature of steam at the outlet of
the steam turbine. However, there is still the problem
of providing the large excess of air to keep the gas
turbine entry temperature from exceeding about
1100° C. Also, around 20% of the energy input in the
form of fuel to the combined cycle may be lost as
sensible and latent heat in the flue gases.

An object of the present invention is to provide a
process which enables higher temperatures avail-
able from the combustion of fuel to be utilised for the
heating of working fluids.

From one aspect, the present invention com-
prises a process for heating a working fluid or
chemical process fluid wherein a hydrocarbon or
synthesis gas type fuel is combusted with a
substoichiometric amount of oxygen resulting in a
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substantially non-oxidising gaseous mixture of unre-
acted material and combustion products which
indirectly transfers heat to the working fluid or
chemical process fluid in a heat exchanger charac-
terised in that the amount of oxygen employed
sufficient for the combustion of the fuel, for example
in the exchanger, results in the substantially non-oxi-
dising gaseous mixture having a temperature of 1400
to 2800°C at a pressure of 1.0 to 100 bar and
characterized in that the heat transfer surfaces of
the heat exchanger are made of a refractory metal or
refractory metal alloy as hereinafter defined.

From another aspect, an electricity producing
process comprises partially combusting in a reactor
hydrocarbon or synthesis gas type fuel using a
substoichiometric amount of oxygen resulting in a
substantially non-oxidising gaseous mixture of unre-
acted material and combustion products, directing
said gaseous mixture at a temperature of 1400 to
2800°C and at a pressure of 1.0 to 100 bar into a first
indirect heat exchanger in which the heat transfer
surfaces are made of a refractory metal or refractory
metal alloy as hereinafter defined, thereby indirectly
heating to a temperature of 500 to 1600°C a first
working fluid which is operating in a closed-fluid
cycle system, directing the heated working fluid at a
temperature of 500°C to 1600° C and at a pressure of
0.1 to 300 bar to an expansion turbine or turbines
thereby driving the turbine or turbines which in turn
drives an electricity generator.

In this specification a metal or metal alloy which
exhibits refractory properties at a temperature of
500 to 1600°C and is able to contain pressures of 0.1
to 300 bar in a substantially non-oxidising atmos-
phere is referred to as a refractory metal or a
refractory metal alloy and include ones which have a
low oxide stability. Examples of such refractory
metals are those on which substantially protective
oxides form under substoichiometric air to fuel
burning conditions, for example, molybdenum, iron,
nickei and colbalt or alloys of the same. Examples of
such refractory metal alloys are nickel-molybdenum
alloy or dispersion hardened alloys which require
substoichiometric air to fuel burning conditions to
prevent significant oxidation.

Conveniently, the first working fluid exiting from
the first heat exchanger is passed to a second
indirect heat exchanger thereby indirectly to heat a
second inert working fluid which operates in a
second closed-fluid cycle. The heated second
working fluid is then directed intc a second
expansion turbine to drive the turbine which in turn
drives a second electricity generator. The second
working fluid which exits from the second expansion
turbine is returned to the second heat exchanger.

The or the first working fluid may be helium, argon
or hydrogen or a stable gas mixture or a chemical
process fluid, for example a mixture of hydrogen and
methane which may subsequently be used in a
chemical process. Such fiuid is substantially non
oxidising to refractory metals and alloys as herebe-
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fore defined. The second working fluid may be steam
which drives a steam turbine. It will be appreciated
that the working fluids should be substantially
chemically inert with respect to the associated
turbine materials as well as the heat exchanger
materials.

Furthermore, partiaily reacted fuel in the combus-
tion gas mixture exiting from the first heat exchanger
may be subjected substantially to full combustion,
the product gases being directed at a temperature
of 400 to 1500°C and at a pressure of 1.5 to 100 bar
o a further expansion turbine thereby to drive said
turbine which in turn drives a further electricity
generator.

Gases exiting from the further expansion turbine
may be employed to heat fluid indirectly in the
second closed-fluid cycle. Prior to the substantially
full combusting stage, the unreacted fuel which has
exited from the first heat exchanger may be further
partially combusted at least once with a substoi-
chiometric amount of oxygen.

The fuel used may be natural gas, or synthesis gas
having as its major components, hydrogen, carbon
monoxide and carbon dioxide, whilst the oxygen
may be provided in the form of air. When the fuel is
natural gas the preferred amount of oxygen em-
ployed for the initial partial combustion of fuel is 20
1o 85 % by weight of the stoichiometric requirement.

Prior to the substantially non-oxidising gaseous
mixture reaching the or the first heat exchanger, the
unreacted fuel may be further partially combusted at
least once with a further substoichiometric amount
of oxygen.

The present invention will now be described, by
way of example, with reference to the accompanying
drawing which shows in schematic form one em-
bodiment of combined gas turbine/steam turbine
plant operating a process according to the invention.

The plant comprises a reducing gas generator 1in
which natural gas or light hydrocarbon gas or
synthesis gas, supplied for example from a coal
gasifier (not shown), is partially combusted with less
than the stoichiometric air requirement to achieve
full combustion. The air for the partial combustion is
supplied from an air compressor 2 which may be
driven by an electric motor 3 or via a shaft 4 from a
gas turbine 5 (to be described below).

Where natural gas is the fuel the quantity of air
would be, for example, 70%0 of stoichiometric
requirement so that the resulting non-oxidising
gaseous mixture of unreacted fuel and combustion
product gases would be about 1700°C. Since the
major components of the product gases, apart from
nitrogen and steam, are hydrogen and carbon
monoxide the atmosphere generated is strongly
reducing.

The above mentioned resulting gaseous mixture
from the reducing gas generator 1 is directed into a
heat exchanger 6, in which the components forming
the heat exchange surfaces made of molybdenum,
to heat indirectly a substantially non oxidising
working fluid, which in this embodiment is helium,
operating in a first closed-fluid cycle system which
will now be described. The heat exchange process
raises the temperature of the helium to about
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1100°C, the pressure being in the range 15-300 bar.

" The heated helium is directed into a gas expan-
sion turbine 7 to operate the turbine which drives an
electricity generator 8 via a shaft 9. Helium exits from
the turbine 7 in an expanded state at a temperature
of about 600°C and at a pressure of about 1-30 bars.
Thereafter the expanded helium is passed to a
second indirect heat exchanger 10 to heat a second
inert working fluid, which in this embodiment is
steam, operating in a second closed-fluid cycle to be
described below.

Helium exits from the second heat exchanger 10
at a temperature of about 150°C and passes through
a boiler feedwater heater 11, also to be described
below. Helium emerges from the boiler feedwater
heater 11 at a temperature of about 50° C whereafter
it is compressed by a compressor 12 driven for
example via a shaft 13 from the gas turbine 7. The
compressed helium at a temperature of 300°C then
passes to the molybdenum heat exchanger 6 to
continue the first closed fluid cycle as before.

In the second closed fluid cycle, water/steam
working fluid from the boiler feedwater heater 11
passes to the second heat exchanger 10 which
functions as a steam generator by heating the
water/steam to produce steam at a temperature of
about 565°C. This heated steam is directed into and
drives a steam iurbine 14 which in turn drives an
electricity generator 15 via a shaft 16. Expanded
steam exiting form the steam turbine is condensed
in a steam condenser 17 from which condensed
water at a temperature of about 35°C is pumped by
pump 18 back to the boiler feedwater heater 11 to
continue the second closed fluid cycle as before.

Partially combusted fuel gas exits from the
molybdenum heat exchanger 6 at a temperature of
about 350°C and passes to a second reducing gas
generator or combustion chamber 19 where partially
reacted fuel is fully combusted with the required
quantity of air, supplied from the air compressor 2 to
bring the oxygen up to the stoichiometric amount.
The combustion product gases exit from the
combustion chamber 19 at a temperature of about
1100°C and pass direcily to the gas turbine 5.
Expanded low pressure gases emerge from the gas
turbine 5 at a temperature of about 600°C and these
are led away to a heat recovery steam generator 20
in which water supplied at about 35°C via the pump
18 is heated indirectly by the hot gases to produce
steam at about 565° C which in turn is passed to the
steam turbine 14. Thus the heat recovery resulting
from the steam generator 20 is integrated with the
heat recovery obtained via the heat exchanger 10.
Gases which exit from the heat recovery generator
20 are led away as stack gases. If the heat content of
the partially combusted gaseous mixture leaving the
gas generator 1 is such that the complete combus-
tion which would occur in combustion chamber 19
would result in product gas temperatures above
those acceptable by the gas turbine 5, in this
instance say above 1100°C, then prior to the
gaseous mixture reaching the combustion chamber
19 the unreacted fuel is further partially combusted
in one or more stages (not shown) with a substoi-
chiometric amount of oxygen. Heat from such one or
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more further partial combustion stages may then be
exchanged with a respective further working fluid
operating in an associated closed-fluid cycle sys-
tem(s) (not shown) similar to the first such closed-
fluid cycle system described above. The subsequent
partial combustion stages would be carried out until
the complete combustion stage provides product
gases at a temperature acceptable to the gas
turbine 5.

Air for the final combustion stage in this embodi-
ment represenis less than about one third of the
stoichiometric requirement and would correspond
to about 10%o of the normal air requirements in some
known combined cycle power generating plants.

Whilst a particular embodiment of the invention
has been described above, it will be understood that
various modifications may be made without depart-
ing from the scope of the invention.

Claims

1. A process for heating a working or
chemical process fluid at a pressure of 0.1 - 300
bar and between 500 and 1600°C wherein a
hydrocarbon or synthesis gas type fuel is
combusted with a substoichiometric amount of
oxygen resulting in a substantially non-oxidising
gaseous mixiure of unreacted material and
combustion products which indirectly transfers
heat to the working fluid or chemical process
fluid in a heat exchanger, characterized in that
the amount of oxygen employed is sufficient for
the combustion of the fuel to result in the
substantially non-oxidising gaseous mixiure
having a temperature of 1400 to 2800°C at a
pressure of 1 to 100 bar and in that the heat
transfer surfaces of the heat exchanger are
made of a refractory metal or refractory metal
alloy with low oxide stability as hereinbefore
defined.

2. An electricity producing process compris-
ing :-

- partially combusting in a reactor hydrocarbon
or synthesis gas type fuel using a substoi-
chiometric amount of oxygen resulting in a
substantially non-oxidising gaseous mixture of
unreacted material and combustion products,

- directing said gaseous mixture at a tempera-
ture of 1400 to 2800°C and at a pressure of 1.5
to 100 bar into a first indirect heat exchanger in
which the heat transfer surfaces are made of a
refractory metal or refractory metal alloy as
hereinbefore defined, thereby indirectly heating
to a temperature of 500 to 1600°C a first
working fluid which is operating in a closed-fluid
cycle system,

- directing the heated working fluid at a
temperature of 500 to 1600° C and at a pressure
of 0.1 to 300 bar to a first expansion turbine
thereby driving the turbine which in turn drives
an electricity generator, and

- returning the working fluid which exits from
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6

the turbine back to the heat exchanger.

3. A process as claimed in claim 2, in which
first working fluid exiting from the first heat
exchanger is passed to a second indirect heat
exchanger thereby indirectly to heat a second
working fluid which operates in a second
closed-fluid cycle, directing the heated second
working fluid into a second turbine to drive the
turbine which in turn drives a second electricity
generator, and returning the second working
fluid which exits from the second expansion
turbine back to the second heat exchanger.

4. A process as claimed in claim 3, in which
the second working fluid is steam.

5. A process as claimed in claim 2, 3 or 4 in
which unreacted fuel exiting in the gaseous
mixture from the first heat exchanger is sub-
jected substantially to full combustion and
directing the product gases at a temperature of
400 to 1500°C and at a pressure of 1.5 to 100
bar to a further expansion turbine thereby
driving said turbine which in turn drives a further
electricity generator.

6. A process as claimed in claim 5, as
dependent on claim 3 or claim 4, in which gases
exiting from the further expansion turbine are
employed to heat fluid indirectly in said second
closed-fluid cycle.

7. A process as claimed in claim 5 or 6, in
which prior to the substantially full combusting
stage, the unreacted fuel which has exited from
the first heat exchanger is further partially
combusted at least once with a substoichiome-
tric amount of oxygen.

8. A process as claimed in any of the
preceding claims, in which prior to the substan-
tially non-oxidising gaseous mixture reaching
the or the first heat exchanger, the unreacted
fuel is further partially combusted at least once
with a substoichiometric amount of oxygen.

9. A process as claimed in any of the
preceding claims, in which the heat transfer
surface of the or the first heat exchanger are
made of molybdenum.

10. A process as claimed in any of the
preceding claims, in which the fuel is natural
gas, light hydrocarbon gas, or synthesis gas.

11. A process as claimed in claim 10, in which
the fuel is natural gas and the amount of oxygen
employed is 2090 to 85%0 of the stoichiometric
amount.

12. A process as claimed in any of the
preceding claims, in which the or the first
working fluid is helium, argon or hydrogen or a
stable mixture of such gases which is non
oxidising to refractory metals.

13. A process as claimed in any of the
preceding claims, in which the fuel is com-
busted with air.

14, A process substantially as hereinbefore
described with reference to the accompanying
drawing.
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