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Project summary

A Latent Power Turbine is a heat engine inside aharical engine.

| Turbine Generator

A B This heat engine is
- inside a constriction
in the pipe

Figure 1. Our proof of concept Latent Power Turbine.

The introduction of an air circulating mechanicagme allows a Latent Power Turbine to deliver a
higher efficiency than the Carnot equation predigthout violating the laws of thermodynamics.

The Internal Heat Engine has a very
low thermal efficiency because it

has to obey the Carnot equation.
Most of the heat is rejected to the

cold reservoir. The Carnot efficiency, n

can be calculated using

n=1-T,
T,
Heat Rejected —
enters heat exits - 1_2233 (;5
engine at engine at '
temperature
p temperature =0.2%

T.~290.0K  T,~289.5K

@ The rejected heat is not wasted
because it is recycled by the
External Mechanical Engine.

Figure 2. The internal heat engine must obey Carnot’s eqoatnd at the intended operating
temperatures has an extremely low thermal effigierRlowever by using an external mechanical
engine to recycle the rejected heat, the extereghanical engine mimics the behaviour of an
extremely efficient heat engine.
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The theory of operation suggests that Latent PGwebines have the potential to:

0] Generate electricity by extracting heat from roemperature air.
(ii) Deliver air cooling in warm environments as a bonus

At the end of the project we concluded that
The Latent Power Turbine concept is valid.
But a bespoke turbine design will be required

to deliver a net output of power.

We made four predictions about how the rig woulbdwe.
Three were met; the fourth, relating to a net ougdypower failed.

Patent protection is listed as references [1-5wel
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Early research

TSB funded project 130037, Lancaster University, 20  09-10. [6]

The turbine
rotor

Figure 3. The test rig for the Lancaster University rese@@89-10. The rig was designed to simulate

the thermodynamic processes inside a hurricane.

Tropical hurricanes act like a series of natural heat
engines at different heights above sea level.

To keep the air moving upwards at high speed,
each engine recycles heat from the

one below and adds some “top-up heat”

created by condensing water vapour.

heat at a lower
temperature than

the atmosphere.

Recycling means that hurricanes are far
. B more efficient at expoliting heat
P than power stations, even though
_they run a lot cooler. ;

Hurricanes can recycle

power station cooling
towers dump it into

Figure 4. Hurricanesappear to be more efficient than a Carnot engine becausgreceive a steady
supply of “top-up heat” produced as the moist loame air cools and latent heat is liberated.

Our aim was to demonstrate that by mimicking hame action it should be possible to harness the

latent heat stored in steam turbine exhaust vapour.
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Air drawn

through
T, (Warm) T, (Cool) by Blower

| 7
—F =

Generator

‘ Lagging

Treatment experiment: Control experiment:
Moist air at about 28°C Dry air at about 28°C

Figure 5. The turbine rotor throttled the air in the manoka Venturi constriction. This meant that the
dynamic air pressure dropped and the air trantlitedurbine blades at a lower temperature thd@ 28
It was impractical to measure the air temperattithealocation of the moving blades. So we estighate
this by using the Bernoulli equation to estimate dinop in pressure and equating the gain in kinetic
energy to a fall in internal energy.
The gases investigated are compressible. Nevest)athanges in pressure can be estimated with a fai
degree of accuracy using Bernoulli's equation. Htides that for an incompressible, non-viscoud flu
undergoing steady flow, the pressp plus the kinetic energy per unit volum&Zx density,p x
velocity, v squared) plus the potential energy per unit vol{demsity,p x acceleration due to gravity,
g x heighth) is constant at all points on a streamline.
Thus,

p + 1/2pv* + pgh = A constant

We argue that this equation requires a correctom for the moist air calculations.

Any tendency to cool on passing through the rotoulel result in the production of small condensation

droplets and the release of latent heat. Conselguehé temperature and pressure drops would be
reduced compared with the flow of dry fluid. Ontexg the rotor, the latent heat processes would be
reversed, with heat being absorbed as the watgtatsoevaporated.

In order to produce an equation that allowed fo telease of latent heat an additional term
dQ /dV was added. The term d@lV represents the latent heat lost/gained perwoiitme of static
fluid. Thus the generalised form of Bernoulli's atjon is

p + 1/2pv? + pgh - dQ, /dV = A constant

Volume was used as part of the correction termngure dimensional consistency.
When condensation occurs and latent heat is libérdhe minus sign is retained in front of the ate
heat term. A positive sign is used if evaporatioows and latent heat is absorbed.

The literature search did not find any referenoes Bernoulli equation correction term for
latent heat, but revealed several references toraation term for sensible heat changes, for
example, Segletes and Walters [9].

Prior to the Second World War, research was dotwedondensation inside turbines, but with the view
to eliminating it as a nuisance. In 1937 Binnieatt.[10, 11] investigated the steam pressure drop
convergent-divergent nozzles. They noted that urmetain circumstances condensation occurred
close to the throat of the constriction, with tledease of latent heat and a sharp increase inypeess
Bennie’s experimental results are consistent withomrrection term.

Summary of our Lancaster University experimental re sults

(0 The moist air experiments were expected to delvereasured efficiendyigher than that
calculated by the Carnot equation.
(i) The dry air experiments were expected to delivereasured efficiencyoWer than that

calculated by the Carnot equation.
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In reality, both experiments appeared to deliveigher efficiency than calculated using the Carnot
equation.

Measured
efficiency Measured
17.5x efficiency
predicted 3.2 x
1.4+ maximum 1.4+ predicted
maximum
1.2 1.2
1 LS Maximum
z = efficiency
~ 0.8 ~ 0.8 predicted
é‘ § by Carnot
o Maximum ] equation
& 0.6 efficiency & 0.6 n=1-T,
w predicted u T,
0.4_ by Carnot 0.4—
equation
n=1-T,
0.2_ T, 0.2_
0 0
Moist air experiment Dry air experiment
Temperature drop across Temperature drop across
turbine =0.3 K turbine= 1.5 K

Figure 6. The dry air experiment also created an illusiaat the Carnot equation had been violated.

The diagram below indicates three mechanisms thgtbe responsible for creating this illusion.

T, (Warm) T:(Cool}/
L /
‘ =
\_/ <

Dry air

T
—
7

4

>

1. Heat flows past 2. Heat is 3. Cooler air
the turbine generated is more dense,
through the side by friction maoves slower
walls. as the air and has less
This increases the trasnsits the kinetic energy.
temperature of turbine The Carnot equation
the rejected heat. blades. does not allow for loss

of mechanical energy

Figure M hree possible explanations for the anomalousiimesults.

None of these mechanisms appeared to be of graetiqal use but they were important because they
allowed us to break free from conventional thinkarggas and wind turbine design.

In particular we considered the possible meritsla€ing a small wind/gas turbine inside a throgilin
constriction.

We were inspired by an ancient method for coolinddings in hot climates.
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Air enters \' ‘/ @ air exits
throttle at above
- % % ambient
ambient temperature.

temperature.

%
/
/
/
/
J/

@The air cools so Heat is drawn
that total energy is

®

in through
conserved as the air conducting
speed increases. side walls.

Figure 8. The Venturi heat pump effect.
This throttling concept has been exploited for awpln hot climates for many centuries.

In the laboratory a fan or pump is required to tha air through the constriction.

In hot climates, a low pressure region behind &ng, in the lee of the wind, is used to draw air
through the building.

We decided to take the concept one stage furtheidmyng a turbo-generator type heat engine inside

the constriction region.
Heat

— M —
. - —
— AT

Heat
Figure 9. A heat engine inside a Venturi heat pump.

Turbine

Additional cooling is produced as the turbine daesk generating electricity. But, the addition bét
turbine creates extra drag, so the pump has to thandter.

To achieve meaningful results it was necessargdteaip the design, to reduce work done againgt dra
as a fraction of power output.
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The current Latent Power Turbine project

@Ihu air also cools because @ Energy
it has done external work output
spinning the turbine blades. Electricity is
generated.

= _—— Turbine

Venturi throttling
The air cools so _

that total energy is
conserved as the air

speed increases.
Air at approximatelly ™
ambient temperature

and pressure travels

Energy input

This centrifugal
pump (fan) is used to

(i) overcome friction.

(ii) restore the air to

its original speed

in the wider conduit,

(iii) Replace the expansion
process that prevents
existing heat engine
turbines acting reversibly.

through a 0.5 m diameter /A"G’ECVC'“ reacied heat
thick walled plastic pipe

at 20 m/s.

Fd
@ Energy input through metal walls
in the constriction region.

This is a Refrigeration effect. In the steady
state, heat is drawn in through the metal
walls to balance the net output of electricity.
The cold reserveir is inside the engine, so
rejected heat is not wasted.

Figure 10he Latent Power Turbine concept.
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Our original plan was to drive the air through tider part of the conduit at 20 m/s.
But,

(i) the cannibalised air conditioning fan that weeed as a turbine rotor

and

(i) the segmented bends that were installed t@ keighin budget,

combined to reduce the air speed to well below\thige.
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The Black box equivalent of an LP Turbine

™

The diagram below shows a heat engine black badares mechanical engine black box.

Replacement
heat from the
environment

External

MECHANICAL ENGINE
Net power out =

Internal Totall power generated
HEAT ENGINE - power to run fan

Generator 5

I/P = O/P = Rejected
heat heat
+ work

Rejected heat
is recycled

Figure 11.The internal heat engine must obey the Carnotteuand has a low thermal efficiency.
But the external mechanical engine presentslihgon that it is a 100% thermally efficient heat

engine.

1

Key outcomes from the present project

The rig was used in four different configurationsidg the project.

(i)

(ii)

(i)

(iv)

Open loop

Our aim was to obtain information about the fundataklevel of drag before the turbine
was added and the loop completed.

Closed loop, butwithout the turbo-generator installed

This allowed baseline airspeed measurements toaloe fefore the turbo-generator was
added.

Closed loopwith the turbo-generator installed

This delivered results consistent with theory et turbine rotor produced a lot of drag
and the power output was low.

Closed loop + turbagenerator + stator blades to direct the air on tohe turbine
blades at a more efficient angle.

This did improve turbine efficiency but at the uoaptable cost of significantly
increasing drag. So overall, there was a net r@auat power output.

We made four predictions. Three of them were met.
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1.1 First prediction

The power generated will exceed the power possdgsttk air in the wider conduit due to its kinetic
energy.

The air at The power output
@ the mouth of from the generator
the constriction is predicted to exceed
possesses power ) the power possessed
due to its kinetic /by the moving air at
energy. the mouth.

Figure 12.This prediction was fulfilled. But the turbo-geatar only delivered about 10% of its
theoretical maximum output. We assume that thisdugsto poor turbine design.

Turbine output vs. Power of air before throttling (No static blades)

500 20/11/2014

Key feature of these results
The electric power output from the turbine is greater 50 Hz
thanthe power of the air (kinetic energy/second) before
itis throttled.

For the law of conservation of energy to be respected,
the air must cool asit passes through the turbine.

450

400

350 E
-
3
300 a-
3 .
3
40Hz
250 %
o
.
Q
45 . . .
200 L This trend line would be followed if
2 . if the kinetic energy of the airin the
g’n 0.5m diameter pipe was converted
150 S into electricity with 100% efficiency.
a *
5
wo 4 F 30Hz
%0 20H2 ) R R
- Power of air (w) = 1/2 x air density x area of 0.5 m pipe x air speed?
0
o 50 100 150 200 250 300

Power of air (kinetinergy/second) (W)

Figure 13.The four data points show the measured power tufirey are consistently above the
100% trend line. This enables us to claim that,

The power generated exceeds the power possessid aiy due to its
kinetic energy before throttling.
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Air at mouth y
has power
due to its

‘ Typical experimental results:

» (i) Generator power output =
2.0 x air power at mouth

(ii) Temperature drop across
turbine = 0.6°C

Figure 14.The first prediction was fulfilled in all of theogver generating experiments that we carried
out.

1.2 Second prediction

The LP Turbine will simultaneously generate powsat produce a refrigeration effect, cooling its
environment.

This prediction was fulfilled.

In order to obtain the results shown in Figure &, an environment chamber was built around the
metal walled throttling section of the loop andeater used to raise the temperature to well above
room temperature.

Environment chamber

i T

19 kW Dented]

Figure 15.
0] The heater was switched on and the excess temperaside the chamber stabilised at
+34°C (K) after twenty minutes.
(ii) The excess temperature fell by@& to +30°C when the fan was running at 45 Hz and the

turbo-generator was running to generate 307 Waeaftatity.
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1 o—Temperaturechangesrounddoop @4

The chamber was heated for this experiment.
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Figure 16.The Latent Power Turbine generated electricity emaled the heated air inside the

chamber.
\

Figure 17 below shows the same data as Figure ti@ithuadditional notes about the cooling

processes.

21

20

3 h AL LI Dt Fn L) § I )
emperature unanges-rotmd-l'oop—@ do HzZ Aotatingr+static piaaes
The chamber was heated for this experiment.
0.2°C cooling accounted  0.2°C cooling due to
for by throttling of aditional throtttling

tapered exter!

al pipe. by turbine no:

e.

Air temperature increase:

as fan does work
on air

Aexoeriences

-+

0.2°C cooling required
to ofset

P

anetincrease

307 W / in temperature
power emp ]
output 0.4° Ccooling due during its transit|
to throttling by of the chamber
genertor body
Fan nlet Pre Chamber PreTurbine

Post Turbine

Post Chamber

Figure 17.The expected thermal energy lost was calculatedyuslues for the specific heat capacity
of the air at constant pressure and the rate of ifhas.

1.3

Third prediction

A common concern for engineers we have talked ®tvat the temperature differences across the
conduit walls were so small, that the heat flowsildde negligible.

To counter this scepticism we predicted that,

Even when the temperature gradients are smalicairff heat will flow through the
constriction side walls to allow the system to @elicombined power generation and air

cooling
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We tested this prediction by removing the environthamber and heater so that the temperature
difference between the inside and outside of tmstriwtion walls was as small as we could make it.

22
Temperature changes round loop|@ 45 Hz Rotaﬁn&] + static blades

Comparison: (i) No environment chamber
(ii) Heated environment chamber

20

18 Results for eXperiment using an envir | ber to raise the external air temperature
around the throttling sectionto 30 °C above room temperature.

16

Room temperature 14°C

14

No envirnnmentchambel’/l\

B e —— e

Post Chamber
Faninlet Pre Chamber Pre Turbine Post Turbine

10

Figure 18. Even when the temperature gradient across theuttondlls was small, combined power
generation and air cooling was still exhibited.
Below, we examine the subtle differences in tenfpeegprofiles in detail.

22

The dashed line reproduces the temperature changes
before the heated environment chamber was added
A

20

F

1. The air loses heat 2, The drop in /

e travelling from the temperature during 3. The rise in temperature
fan to the throat throttling is reduced as the air slgws down is
of the constriction. because heat flows less because the air has
Consequently the in from [the warmer already pickedup excess

1 measured increase environment heat during throttling
in temperature is chamber. Envitonment chamber
less.

T2,
/=]

14

No environment chamher/\

e sl ——m
B o T e e 3 e e B R s e e e —
i Post Chamber
an Inlet Pre Chamber Pre Turbine Post Turbine

Figure 19.The small differences in temperature profiles amaststent with LP Turbine theory.
1.4 Fourth prediction
The power output from the generator will exceedpbeer input to the fan.

This prediction was clearly not met because thegvalemand made by the fan was approximately ten
times higher than the power generated.

Innovate UK (TSB) Project. File number 131512



LP Turbines Ltd, Capenhurst project 2014 - 15 Page 12/19

The failure to meet this prediction was put dowhi® low turbine efficiency combined with the large
amount of drag.

Here is a clue that suggests why our design wakemnzate.

Our canibalised Singapore University ,
air conditioning bespoke turbine for
fan for ~ 30 m/s ., ~ 5m/s m/s

air speeds. air speeds.

Blades present a Blades present a
large angle to small angle to
the incident air. the incident air.

Figure 20.As for our work, the Singapore turbine was housedimsi parallel sided pipe.

We have written to the corresponding author ofS8heyapore University research paper [8] twice
requesting comments on our turbine design But pty feas been received.

2 Additional outcomes from the project
2.1 Open loop results — No turbine
0] Velocity profile across pipe
Velocity profile at 50Hz
. L J
- L]
500 mm “Top” of fan °

T Airin B4 o

Figure 21.The profile indicated that when the fan was usgulish the air through the constriction
region, the flow rate was higher towards the totheffan.

() The practical outcome was that we decided to réipoghe fan so that jtulled the air
through the constriction.
(i) In a patent application filed the following mon8] ve revealed (among many other

novel features) how this asymmetrical air flow @eo€ould be countered without the
need for a long air flow stabilising pipes by enyihg an equal and opposite
asymmetrical taper in the throttling region.
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(iii) Average velocity for different fan speeds

Velocity inm/s

Fan Speed
Position 41Hz 50Hz 60Hz
0.968d 14.9 18.2 22
0.865d 21 25.8 29.7
0.675d 21.1 26.5 30

Average 16.3 20.1 234

For comparison, the average wide pipe velocityGalti2 fell to 7.7 m/s when the loop was completed
and the turbine added. It then fell further to /3 when the static deflector blades were added.
This figure is slightly misleading in favour of tieosed loop values because in the open loop
experiments, the fan has to do extra work ejedatioging air from the pipe against the oppositioraof
static atmosphere.

To a first approximation, the power possessed byathdue to its kinetic energy x dm/dt x V2.
Wheredm/dt is the rate of mass flow ands the average air speed.

dm/dt = cross section area of the pipe x air density x
This means that the power due to kinetic energiesawithv®.

Consequently the approximate 50% reduction ined caused by closing the loop and adding the
turbine reduced the power possessed by theyairfactor of 8

[A more precise calculation would require the agerapeed to be replaced by the root mean cubed
speed.]

2.2 What form of energy transfer should the turbine employ -
momentum transfer or aerodynamic lift?

Momentum transfer implies that the moving air impacting on the fréate of the turbine blades
pushes the blades around.

If the blades have aerodynamic profile so that air travels round the back of the bladstef than
the front, then the lower air pressure behind thddspullsthe blades around.

Funded by a £5,000 innovation voucher, Sheffieldvensity [7] modelled aerodynamic lift for us.

P

Figure 22.lllustrations from the Sheffield University rep§rf.
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The Sheffield design called for the blades to teava@erodynamic profile so that the air travelledrov
the two faces of the blades at different speedsohtrast, momentum transfer did not require
aerodynamic profiling.

Experimental momentum transfer results (no static blades)

e vs. computer modelled aerodynamic lift results

" Computer modelling of lift 02/05/2014

N S50 H;
Momentum transfer experiment 20/11/2014 ‘

500

Experimental results

400 momentum transfer

300

200

Computer

Turbo-generator power output (W)

modeling results

aerodynamic lift
100

0 50 100 150 200 250 300
Power of air (kinetinergy/second) (W)

Figure 23. Momentum transfer delivered superior performancaerodynamic lift.

With the benefit of hindsight, the reason for tlw®pperformance of the aerodynamic lift design
became clear. Throttling the air increased its dpmereasing the lift per unit area of blade. Bus
was largely offset by the reduction in blade size.

It is likely that the turbine rotor used for theopact did in fact benefit from lift, but not in aamner that
relied on the blades having an aerodynamic profile.

This is how we think that lift was generated:

® @ ® ®

Air possesses Air possesses The air must still The fan only
momentum dm/dt x v momentum possesses needs to restore
before constriction nxdm/dt xv momentum momentum to
after constriction nxdm/dtx v dm/dt x v
Where dm/dt is the after transiting in the wider pipe
rate of air mass flow Where n is the the turbine. to prevent the
and v is the air speed constriction ratio Otherwise the air piling up.

\ . - air would pile up

\ \ / behind the turbine. Pid
\ s
\ \ P

Figure 24. Strictly speaking, based on our Lancaster rese#irehe is a slight drop in momentum after
transiting the turbine because the air has coatedta density has increased.

If we consider this argument in energy terms, then:
0] The kinetic energy on exiting the turbine has ta atabout %2 x dm/dt x (nv).
[We insert the wordbout, because the air density has increased.]
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(ii) But the fan only has to restore the kinetic enéngre full width section of the pipe to
Yo x dm/dt x V2.

(iii) The difference in kinetic energies is{1) x dm/dt x .

(iv) The extra kinetic energy appears at the expentieeddir cooling while transiting the
turbine. [It is this acceleration of the air acrdss turbine that causes the temperature
drop across the turbine. If the rotor had actetthénmanner of an outdoor wind turbine
that obeyed Betz law, the air would have slowedmddesing kinetic energy, but
maintaining its temperature.]

v) The cooling produces a pressure drop behind tiénteyrwhich in turn generates lift.

Pressure changes round loop @ 45 Hz Rotating + static blades

#The environment chamber was omitted
# The experiment was performed twice, with and without the throat lagged
There was no significant difference between the results.

Fan out Pre chamber

Pressure drops
as air accelerates and cools
200 in constriction
Pressure
increases
0 across fan
/ ﬁlurbine
-200
Pressure drops Post chamber  ©
across turbine
-400 7
X POWER QUTPUT:
Fanin Throat lagged, 312 W

Throat unlagged, 317 W

-600 /
Pressure
increases as
air slows down
-800

and warms up

1000 Post turbine

-1200 5y O

Figure 25. All of the closed loop experiments produced simieessure changes around the loop.

The influence of stator and rotor blades on drag
In an attempt to increase turbine efficiency, ao$etator blades was placed in front of the rilades.

Figure 26. A second set of cannibalised air conditioning ftades was used as stator blades.
Their addition allowed the air to approach the rdtiades at an improved angle of attack.

The graphs below show that this had mixed consexggen
Improved turbine efficiency was delivered. Butla tinacceptable cost of increasing drag so that the
kinetic energy of the air entering the mouth of ¢bastriction was reduced.
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(a) Average air speed (b) Power of air before throttling
before throttling due to its kinetic energy
+ rotor + stator blades D( rotor + stator blades
+ turbine rotor blades + turbine rotor blades
Turbo-genertor removed Turbo-genertor removed
Speed (m/s) Power (W)
59 97 8 13.2 25 111 275
(¢) Turbo-generator (d) Power generated
power output Power at mouth
+ rotor + stator blades + rotor + stator blades
- + turbine rotor
+ turbine rotor blades blades

Power (W) 2£7 288 x2.6 x9.1

Figure 27.The environment chamber was removed and a fardsifet) Hz used for the above
experiments.

Observations:

(i) The gain in turbine efficiency resulting from théd&ion of the stator blades was outweighed
by the reduction in air speed.

(i) The kinetic energy of the air entering the moutlhef constriction is approximately
proportional to the cube of the average air sp€edsequently relatively small reductions in
air speed equate to large reductions in kineticggne

(iii) Overall these results support the assumption keaturbine has an avoidably low efficiency
that can be corrected by using a bespoke turborgemealesign.

2.4 Surface treatments we have investigated  (Literature search only)

0] Bio-mimicking surface treatments inspired by shaikiss, gecko foot pads and lotus flowers
only offer a modest reduction of about 2-3% in daaturbine transit speeds.
(i) The Amazonian pitcher plant inspired SLIPS treatincenld provide an effective anti-icing

coating for the outer mechanical engine walls. Tasild allow the extraction of thermal
energy from damp atmospheric air in the UK in winte

3 What do we want to do next?

Our existing rig is a very useful asset for usthimnext stage of LP Turbine design.

3.1 Some costs for rig improvement work

Improved turbine design
Companies supplying this service include NEL, Eaktride and Nuaire, Caerphilly.

One man-year of computer modelling commissionechfaospecialist turbine design company is
estimated to cost £230,000. [But the job may beedoriar less time.]

3D printing of the turbine blades and manufactuotiter parts will cost extra.

Project managers cost £900/day, Design engine®&day and Technicians £600/day.

The official number of working days a year is 219.
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Smoother bends
Our current rig incorporates segmented bends t&tB00 per 90 degree bend
Smoother fibreglass reinforced plastic bends cbelgurchased for abou? £00 per 90 degree bend.

3.2 Moving towards a commercial product

DESIGN CHOICES

Use axial Employ parrallel Change the constriction
flow fans? sided constrictions? ratio?

\ \ e\
E—H—> CJ]_‘_) w4 > :\’_]]:‘

SOME OPTIONS
FOR EFFICIENCY

IMPROVEMENT
Improve the Link multiple Scale up the
turbine turbines in a cross section
design. daisy chain. dimensions.

Figure 28. There is plenty of scope for improving the LP Bine design.

Axial flow and centrifugal fans will deliver diffent flow patterns to the turbine rotor becauséef t
angular momentum imparted by an axial flow fan. @hgular momentum presented to the rotor will
also vary, depending on whether a tapered condpitiallel sided conduit and large nose in front of
the rotor are used to throttle the air flow. Thagbility of reverse flow in the manner of a vorteke

will also have to be investigated.

3.3 The difference between large and small scale LP  Turbine power units
0] Megawatt scale power stationgre likely to employ several daisy chain loops of
turbines.

Figure 29. An LPTurbine daisy chain.

(i) Kilowatt size power generators will have a plenum chamber design.

2.5m
approx.

1.0m
approx.

Turbine rotor with generator /

mounted internally Circulation

fan

Figure 30. A plenum chamber LP Turbine
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APPENDIX

Getting our current rate of progress into perspective.

Power from nuclear Power from LP
fusion Turbines
The prospect of virtually | The prospect of virtually
unlimited low carbon unlimited low carbon
The offer power, using deuterium | power, using low grade
extracted from sea water | heat from the environment
as fuel.
Contain hot plasma at a
The engineering temperature of Improve the turbine design
challenge 100 million°C under and reduce the drag forces.
fusion conditions.
The cost of a Building the International | £250 k to build a plenum
prototype Thermonuclear Energy | chamber version with an
delivering a net Reactor (ITER) will cost | efficient low drag turbine.
power output 13 billion Euros. [0.2% of the cost of
building the ITER.]
Delivery A national grid + highly | A local micro-grid +
requirements skilled engineers. moderately skilled
engineers.
Years in Sixty Five
development to
date
Delivery time Ten — twenty years Two-three years
from now
Radioactive waste
Waste product produced by high energy | A cooler environment.
neutrons hitting reactor
walls.
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