Convector Generator- Efficient Conversion of Natural Gas into Electricity

Using Convection Currents

Natur al gas currently provides 20% of the
the International Energy Agencyforecasts that glai electricity demand will grow by 85%

from 2000 to 2030. The contribution made by oil and nuclear power will not increase;
electricity from renewable sources will double or treble from a low base. Nearly all of the
extra demand will come from an 80% liease in the use of coal andrebling in the use of
natural gas. The conversion of natural gas into electricity is the most rapid growth
market in the fossil fuel industry.

Natural gas is used with high efficiency in domestic and industrial heatiraglei boilers

can achieve over 90% efficiency. But its conversion into electricity is much less efficient.
The most modern gas power station built by GEC at Baglan, South YMzsesy combined
cycle technology has a peak thermal efficiency of 60%. vallit natural gas so clean, easy to
handle and controllableit is an ideal fuel surely higher conversion efficiencies should be
possible.
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| t i s the authoros belief t hat i f air i s hea

can drive aurbine converting heat into electricity with high efficiency. The thermodynamic
background i s el aborated in the document
Appendix (on Page 8) See also earlier entries dhis website. In a suitable geometric
configuration, the source of heat warms air which rises; the warm air can be channelled to
drive a turbinei such cased or ducted turbines have very high efficiency. The turbine
absorbs the excekinetic energy of the air current, cooling the air which then descends. It is
gravitation that drives this flow pattern. Since the macroscopic volume is constant there is no
nett loss of energy from the expansion of air or rejected gases. Thenegsdtor an energy

sink. There is no energy loss other than through the walls of the vessel into the environment.

Heat is converted into mechanical or electrical energy with a theoretical efficiency of up to
100%.

The proposals outlined in this paperveamany similarities to the condensing gas boiler
(Figure 1). The latter achieves an efficiency of over 90% by incorporating a second large
heat exchanger to cool flue gases to belonC60The main difference is that whereas the
condensing gas boiler hsavate in a closed circuit, the combustor here waransin a
closed circuit which includes a turbine for the export of energy. The convector generator is
illustrated in Figure 2.

C><# Induced draught fan
Aluminiutm—{ Castiron
secondary primary heat
heat ‘ l ‘ exchanger
exchanger 1
C”"“Q 000000000000
drain —Burner

Figure 1

)



L DI ERED R S UK M FS RO (PR NN IS WS RS NI ENG RS S f

1
" v

{ P e

1111111111 4 e GO B0ra WM N TP L L YR TSV S SO PURMEL S (e g, S SO e Gy SR T

Condensing Combustion Turbine
heat exchanger chamber
incoming air ﬂ fuel burners

exit gases 3 .
T  jnsulation

—
———4

+—  cool air from turbine
P condensed water

warm air into turbine

Figure 2

Combustion takes place in the central chamber. This warms ale ittee heat exchanger
which rises drawing cooler air from beneath. A convection current is established where
warm air in the upper heat exchanger drives the turbine. It loses its excess kinetic energy,
cools and descends in the turbine chamber themreguto the lower heat exchanger.

The combustion products rise and pass into the second heat exchanger but also drawing in
fresh air to maintain combustion. The exit gases travel through the countercurrent heat
exchanger transferring their residual egyeto incoming air. As the latter cools the exit
gases, water vapour will be condensed and can itself be used to preheat incoming air.

The turbine air circuit will convert heat into electricity with high efficiency. If the entire
outer structure is rigously well insulated, the only major energy loss is in the flue gases.
The configuration should then have an efficiency of conversion of heat into electricity almost
equivalent to that of the condensing gas boiler.

There are no fans or pumps in the sgstdescribed. The entire structure depends only on
convection currents; hence its description asibevector Generator.

Turbine Circuit Gas Pressure

This paper is written, assuming for illustrative purposes that the gas in the turbine circuit is
air at atmospheric pressure. But since it is a closed circuit the gas could be nitrogen, carbon
dioxide or an inert gas to minimise corrosion. Perhaps the gas should be at
10-100 atmospheres pressure to provide large heat capacéffident transfer of the heat of
combustion. Alternatively, it may be better to have very low pressure, 0.1 atmosphere or less
and rapid circulation through the turbine air circuit. These are matters for theoretical
calculation and experimental inviggttion.



Choice of Turbine

The turbine must convert the kinetic energy of air flow in a ducted channel into electricity
with high efficiency. Wi nd turbines, hydro
provide possi bl e dace wogull e a Wellshtgbinea developed fors ¢ h
harnessing wave energy by periodic displacement of a column of air. This has an efficiency

of up to 909%".

Balanced Flue

In the configurations described it is assumed that incoming air would enter at gevehd |

and that exit air would leave above the highest level. This need not be so. Incoming and exit
air can be at the same vertical l evel in a
combustion for exhaust gases to rise.

Heat Transfer - Combustion Chamber to Turbine Air Circuit

It is critically important that heat transfer takes place from the combustion chamber to the
turbine air circuit with very high efficiency. This is achieved in water heat exchangers in the
condensing gas boiler aimdpower station boilers. In this case however we have a gas to gas
heat exchanger driven only by convection currents. The author is insufficiently well read in
these disciplines to make cleaut suggestions but will instead highlight some of the facto

to consider.
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Figure 3

Figures 2 and 3 illustrate air from the turbine chamber flowing through the heat exchanger.
This parallels domestic boilers where water flows through the heat exchanger and power
station boilers where water tubes take heat from theat@. In Figure 3 the heat exchanger

is designed so that cool air from the turbine equilibrates with incoming air for combustion;
the turbine air then passes to the top of the combustion chamber and is then brought down to
immediately above the flames dbat it leaves the combustion chamber at the highest
available temperature to drive the turbine.
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Figure 4

Figure 4 describes an alternative configuration where the incoming air for combustion and
the exhaust gases are in a combustion chamber which also sethesheat exchanger. This

has the advantage of providing a faster route for the turbine air to carry kinetic energy to the
adjacent chamber. The heat exchanger would be of elaborate bends and finning so that it
increases the residence time of exhauskegan the combustion chamber to enhance heat
transfer.

It is assumed that combustion takes place under natural draft with no pumps or fans. As the
hot combustion products rise they draw in replacement air. For highest efficiency there needs
to be the éast possible excess air and the lowest possible flue gas temperature. For these
reasons low temperature combustion is preferred where heat transfer will take place from the
burners mainly by convection.

Energy Recovery/Condensing Heat Exchanger
Efficient heat recovery from the flue gases is of critical importance including condensation of

the water vapour present. This can be achieved by using exit gases to prewarm incoming air
in a countercurrent heat exchanger as in Figure 5.



