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NEWSLETTER February 2019
FORTHCOMING EVENTS
FEBRUARY
Workshop Morning. Tuesday 19th 10-12 noon
MARCH
Club Meeting: Wednesday 6th ~ To formulate list of models for Doncaster Show and discussion on stewarding.
Club Annual Dinner: Friday 15th ~ 6.30 – 7.00pm
Workshop Morning: Tuesday 19th ~ 10am - 12 noon

CLUB MEETING: Wednesday 6th February.
There was an extraordinary turnout for this meeting (over 70!) both from club members and many from the
engineering and racing fraternity. All seats were occupied with standing room only for members and guests.
The reason was obvious, as Graham Sykes had brought his steam powered ‘“Force of Nature” bike to be displayed
at the RVS.
Before Graham’s talk, our Chairman Colin Bainbridge called the meeting to order, welcomed all members and
guests, and started with the usual housekeeping and other announcements:
• Membership Subscriptions: Whilst a majority of ‘renewal of membership’ cheques had been received, there
were still some outstanding. As of February 2019, they are now “technically overdue”.
David Proctor (Membership Secretary) was still available, however, to receive outstanding monies.
• Membership List: As of this month, copies of the ‘Membership List’ are available for members to take away
and keep safe
• Alne School: PEEMS has been approached by Alne primary school in York, with a view to the club putting on a
similar presentation to that put on for Amotherby School (during ‘Science Week’), last year. The idea was
discussed at the last committee meeting, and it was agreed in principle that we would be happy to take part in
this event. Mike Sayers is our contact. Mike is going to discuss with the school what they are looking for, and
what dates the event is likely to be. Colin will report back on any details at the next club meeting in March.
Colin asked those who were interested in supporting this event to give a “show of hands”. Several members
showed an interest
• Club Dinner: The club dinner this year will be on Friday 15th March, 6.30 – 7.00pm. Thanks to the efforts of
George Gibbs, it is going to be held in ‘The Bistro’ in the Mickle Hill Retirement Village, Pickering. It is a
‘comfortable and excellent facility with a bar’ and is excellent value at £15 per person. To help the caterers, Colin
asked for a ‘show of hands’ from those who would like to attend. Colin had hoped to present the menu on the
evening, but that hadn’t arrived. He was proposing to e-mail the menu, with a ‘print-off’ to indicate the menu
choice and payment for members and guests. As there is a club meeting before the event, Colin proposed
collecting the menu slips and payments then.
• Visit To Ivan Shaw’s Workshop: There is opportunity in March for visiting Ivan Shaw’s workshop in Hutton Le
Hole, where he is building his “Personal Light Aircraft”. Another “show of hands” was asked for to help in
providing refreshments.
• Safety Officer: The ‘Safety Officer’ post is still vacant. Once again Colin asked for a member to take the role
on. It is an important position within the club, and really needs someone to do it. Please contact Colin if you are
interested
• March Club Meeting: This meeting will be to discuss our attendance at the Doncaster Show in May. Between
now and the next club meeting, it is suggested that members think about items and models to put on the stand.
This will be discussed, as well as stewarding arrangements at the next club meeting. The task of organising this
event is split into two parts: a) The administration, b) the management of the stand. Mike has looked after both
sides admirably over several years. This year Mike will not be involved in the administration and David Proctor
will be taking on that side of the event. Next year we will need to find one or two members to administer and
manage our stand at the Doncaster show.

“Force Of Nature”, A Steam Rocket [Thrust] Bike For Speed Record Attempts ~ A Talk By Graham Sykes

Graham started by thanking PEEMS for inviting him. He was going to talk about his latest project “Force Of Nature”,
a steam rocket (or thrust) bike. He doesn’t claim to be a professor of English, a physicist, or an aerodynamicist.
What he is however, like many in the room, is an experienced self taught engineering enthusiast, who is constantly
learning and applying this knowledge to exciting projects.
You may think steam is outdated and an inefficient dirty mode of power, with its heyday in the early part of the 20th
century, but steam is actually quite a clean form of power, the bad reputation coming from the use of dirty coal. In
fact some of the steam locomotives towards the end of the “steam era” were quite efficient, but nowhere near as
efficient as the diesel electrics that replaced them. It should be remembered that the majority of the electricity we
use today is still generated by steam turbines fuelled by bio-fuel, gas or coal. Steam in this day and age must
therefore be quite efficient and clean.
A bit of history….
Steam Cars: So where does steam fit in with land speed records? Up until 1906, all land speed records were
held by electric cars, which is quite remarkable as that is how things are pointing to the future. Whether that is the
right way or not is up for question. In the early 20th century, the electric vehicles were making top speeds until
Fred Marriott turned up. He took a standard steam car, modified it, and took it to Great Ormond Beach (Daytona
Florida). There he achieved 127 mph in 1906, a phenomenal speed in those days. He only held the record for four
years and then internal combustion engines started taking the records and then finally jet engines. Fred however,
held the speed record until 2009, when the steam speed record was broken by “Inspiration”, built by Charles
Burnett III, who was killed last year in a helicopter accident. To break the steam land speed record cost Burnett
$10 million and he broke the record at 148.3 mph. [“Inspiration” was driven by a steam turbine]. It took 103 years
to break the steam speed record by only 21.3 mph. The “Inspiration” steam car gave Graham the inspiration to try
and and break the “steam power” land speed record. The big problem with the cars is the power/weight ratio
(especially including baggage etc.). “Inspiration” weighed just over 2.5 tons, and that has has to be accelerated
up to speed with sufficient power. That means places have to found to achieve this, as it takes so long to get up to
the required speed.
Steam Motorcycles : The steam bike record is held by the American Bill Barnes, who made his own “flash
boilered” steam engine and put it in a bike. He achieved 80.4 mph at Bonneville. That is the fastest steam
powered motor cycle at the moment. There is UK attempt at the land speed record by Chris Wedgewood, and he
claims to have run at 77mph on a Hayabusa based steam powered bike, but has been clocked at Elvington at 74
mph. This bike is also “flash boilered” with a lot of tubing, and it has a twin cylindered compound “Dobell” type
engine. It is a very complicated setup with a number of electronics controlling the “flash boiler”. Chris is trying for
100mph. Paul Windross is trying for around 100 mph too. Graham, though is trying for 200 mph.
Steam Rockets: Up until now, only steam rockets can get up to that kind of speed. Steam rockets are actually
“old technology”. The first recorded steam rocket (Aeolipyle) was built in 10 AD by Hero of Alexandria. He had a
fire below a sphere filled with water and running on a central axle, with two jets sticking out opposed to each other.
That was the first jet rocket. Another ancient Vitruvius had described a steam rocket 100 years before Hero but
there are no pictures of it. One thing about Hero though was he designed a water-powered water bottle dispensing
machine. The water used to drive the mechanism was used to fill the bottle.
Jet Dragster: Graham and his wife Diane were fortunate enough to look after a a jet dragster in Alsace France,
during an exhibition at a “live” French Military base called Mire Court. Graham and Diane were pitched next to
Francois Bouttenet. He had a little scooter called a “Trottinette Du Vapour” (vapour scooter). He lifted the whole
bike onto a barbeque. He put 30 litres of water in the pressure vessel. It got so hot he was pouring water over the
wheel bearings, because grease was coming out of the seals. When he was ready he wheeled it to the line, but it
was so hot he couldn’t sit on it, so he had to stand up during the run.

Rocket Bikes: The Evel Knievel Steam Rocket Bike: This was built with a steam rocket motor by Robert Turax
who worked at “The Jet Propulsion Laboratories” at NASA. He specialised in steam water rockets. The idea was
that once in space, condensation could be harvested, and the de-ionised water could be kept. This could then be
heated by solar energy and the steam used as a rocket to go further into space.
Evel Knievel wanted to jump over the Grand Canyon, but Arizona National Parks wouldn’t let him. He managed to
find the Snake River Canyon, Idaho, to jump over. This was a quarter of a mile wide. The idea was that he was
going to launch himself at 30° to the vertical over the Snake River Canyon and land on the other side as a hero.
He hyped up the event by firing the first two test shots, which were half powered and loaded with sandbags. These
ended up in the bottom of the canyon. On the third shot Evel Knievel was on board, but the drogue parachute
prematurely deployed on the launch pad and this dragged the speed down enough for him to fall into the river
which didn’t do his career much good. Thirty years later a Hollywood stuntman Eddie Braun re-enacted Evel
Knievel’s jump, costing him $1.5 million. The rocket motors were built by Ky Michelson, one of the ‘Rocket Boys’,
a famous group of amateur rocketeers. This jump was successful. The rocket travelled at 430 mph in less than 5
seconds, achieving an altitude of 2200 ft. Not only did he clear the quarter of the mile of the canyon, he cleared a
further quarter of a mile. He used 100 litres of water taking it to 200°C.
“Force Of Nature” (FON): Using the same principles that have been proved to work in the past, the technology
has been scaled down in order to build something with less power, in order to fit into a motorcycle. It’s alright
making lots of power from a rocket motor but it can’t be transferred directly into a motorcycle. That would be a
disaster. No one would let you run it anywhere and you could kill yourself.
It is a dangerous profession riding rockets. The “Force Of Nature” steam rocket bike, has to be a complete
package, you can’t just concentrate on the rocket motor alone.
There are two things acting against it. One is rolling resistance and the other is aerodynamics.
There are three classes the bike can be run in: a) Unfaired or “naked” class, b) a partially streamlined vehicle like
“Force Of Nature” where the full silhouette of the rider can be seen c) fully streamlined class as seen at
Bonneville. These are the cigar type streamliners that are fully enclosed. Streamliners come with problems, for
example: i) lots of side wind issues, ii) starting and finishing distances as there is a need for a lot of room because
they cannot accelerate very fast.
The obvious choice for Graham was the category b) type, where acceleration is relatively fast, but aerodynamics
can still be utilised.

Looking at the front of the vehicle:
The Front Fairing/Canopy: The front fairing is very ‘droopy’ over the wheel. For a conventional motorbike, the front
fairing has a gap between the bottom of the fairing and the top of the wheel for a combustion air intake and cooling
air. As FON has no combustion air, or indeed cooling air, (it’s a self contained rocket), the nose can be brought
down. This stops the high pressure area generating lift under the nose of the fairing. Lift is not wanted on a rocket
bike. If it was a wheel driven bike, it would spin its wheels or it could end up as a ‘wheelie’. You don’t want to
‘wheelie’ a rocket bike. The front fairing/canopy is made from carbon fibre reinforced with Kevlar. This was made by
John Hansell, from Hansell Composites Ltd. Graham’s front and rear fairings have been cluttering up John’s
workshop for over a year, on and off. It has been a long project and a labour of love.

The front screen is generating downforce. It is pushing through about a metre² of air. The density of air is about
1.29 Kgf/m3, so at 200 mph, that is about 115 Kgf. To withstand this, the screen is ‘Lexan’ which is used in bullet
proof glass. It has been drape moulded, and has a double curvature. It is bonded in like a car windscreen and is
part of the structure adding to the rigidity. The central part of the screen is single curvature, so that when you are
looking through the screen there is no ‘lensing’. As there are no compromising air intakes, the wheel is sunk back
into the fairing. The fairing is angled around the wheel and back to the body so that drag is reduced to a minimum.
The fairing is cut away around the handlebars as part of the regulations, as you still have to see your hands. The
front fairing and screen should be strong enough for birdstrike. When Graham was going for the land speed record
in the three wheeler, he was going over 180mph, when a swallow came flying towards him, and just at the last
minute darted off to one side. He didn’t have a fairing at that time!
The Main Body: The main body is carbon/Kevlar and has a flat bottom. A flat bottom is a luxury for a bike like this,
because on a conventional bike the rider is leaning over. Because FON will be going in a straight line, the flat
bottom helps more down force to be generated in the front area by the ‘Bernoulli Effect’. Formula 1 cars use the
‘Bernoulli Effect’ to create more down force. The fast moving air between the flat bottom of the bike and the ground
creates a low pressure between the two, thus creating the down force. As the air gets towards the rear, the gap at
the rear is greater than the gap at the front, so the low pressure decreases towards the back. The air is dispelled
beside the rear wheel.
There is the shape of the rider in the body’s upper surface into which the rider sits. The process of moulding the
body recess was difficult and messy. Graham wanted to be moulded into the bike, so he could have support during
acceleration and deceleration. He wanted to grip the bike similar to being in the saddle of a horse, so his body
wasn’t thrown forward onto his hands. This would make it difficult to steer well. He decided to fully lower himself in,
so he had still had good support, becoming part of the bike and he could still escape if it all went wrong.
Aerodynamically he isn’t sitting on the bike, he is sitting in it.

A.B. expandable foam was used to create the body shape, and Graham was propped up in the riding position he
wanted to be in. Originally the riding position was further back, but the front and rear brake distribution ratio was
wrong, so the seating went forward. This made it better, because the rear deck area is then clear, which makes for
a better aerodynamic shape. Graham was sitting on the bike with his leathers on to better replicate the shape as the
foam was expanding around him and he got incredibly hot. He had to stay in that position for 15 minutes, and John
was laughing at him!
Once they had the rough shape it was then formed into the required shape. It was imperative each side was
symmetrical, so that was done using gauges and looking from one side to the other. Once it got to that stage and
everyone was happy, it was ready for the creation of the moulding from which the carbon /Kevlar body was taken.
There was a split line down the centre of the mould so the body could be removed from the mould with a moulded
return on it. It was still difficult to get the body out of the mould as it was.
Hub Centre Steering (HCS): There are no forks. Conventional motorcycles have telescopic forks. This is the
traditional method of suspension ~ it works. HCS, however, has been around for a while, in fact since the early
1920’s. It has its advantages. In this application it has more advantages than disadvantages. On a road bike it is
probably the other way around.

The advantage is that the centre of gravity of the bike is just above the centreline of the wheel. It also means that
when there is full braking, full suspension is still maintained. Motorcyclists know that when they are braking hard,
the majority of the suspension is lost. That is when the suspension is needed the most. Telescopic forks are always
a compromise, as is HCS. The other good thing about HCS is that it provides support for the front fairing which is
mounted on the swinging arm. The wheel can then go up and down with the fairing, which means that the close gap
between the top of the wheel and bottom of the fairing can be maintained. With the telescopic system that can’t be
done very well and there has to be a separate mudguard.
One of the disadvantages is that it doesn’t have a great deal of lock. FON has 40° lock to lock (±20° from the
centre). This is barely enough for a road bike, but for a bike designed to go straight this is more than adequate,
because it has an 88” wheel base. The other disadvantage is that it is relatively complicated and is cable steered.
These cables are used for steering the outboard motors of powerboats. They are stainless steel cables with a
PTFE lining ~ they work very well.
When Graham first rode the bike, he was towed and the steering was too positive. Now the steering has a little bit of
play which allows the wheel to move around a bit, so it takes that positivity out and works really well.
The inside of the HCS:

The pivot runs through the axle. To get the offset, the pin doesn’t intersect through the centre of the axle but is offset
by 13mm. The HCS is self-centred by a built in castor in the geometry. The wheel is built around that.
A further advantage of HCS is that large wheel bearings can be used, and these generate less rolling resistance.

Suspension: There are two small suspension dampers. These are telescopic dynamic dampers which are from a
Formula 1 car and which Graham has modified. When ‘active suspension’ was in its early days, Graham managed
to purloin these from BAR Racing. BAR were using ‘active suspension’ for the springs, but they hadn’t worked out
the hydraulic controls so they were running external dampers. Graham revalved these little dynamic dampers and
ran small springs on them. There is 33mm of travel on the front wheel which is sufficient. The suspension is set up
with an awful lot of ‘bump’ and very little ‘rebound’, so that the wheel is pushed into the ground at all times. During
braking, this stops the wheel “pattering” and keeps the wheel on the ground.

Wheels: The front and rear wheels have split rims, and Graham made the centres himself so it will run the HCS.
They are machined from a large billet of aluminium, which is a ‘bar billet’ rather than a ‘plate billet’. This means
that the granular flow runs axially through them so problems such as balance and fracture are not generated. It
works nicely. The tyres are from a ‘Top Fuel’ dragster with 2.5” front and 4” rear tyres. They are hand made by
Goodyear. Each tyre is signed inside ~ a nice touch! They are quite expensive, but are guaranteed by Goodyear
to go up to 350 mph.
Brakes: There are two discs at the front and one at the rear. They are 320mm diameter discs made from
spheroidal graphite iron, which has a very good coefficient of friction at low temperatures. When the brakes come
in, they will work from “clock cold”, whereas with stainless steel, it takes a while to come into the brakes. The
brakes run a very narrow pad track, so they achieve maximum torque around the outside. A normal disc is a bit
deeper, around 32mm or 45mm deep, that is because the disc is designed for the road and the depth stops the
pad wearing out quickly.
One of the advantages of a narrow pad track is with the six piston calliper. Because the calliper is long, its geometry
means the calliper is in line with the pressure point, and it doesn’t ‘clam’. A smaller calliper, which is shorter and
more compact, isn’t as rigid and can ‘clam’. This can generate ‘wedging of the pads’ which causes problems familiar
to motorcycle racers.
Parachute: The parachute is another form of braking. The parachute used is a ‘shroud’ type. They were originally
designed by Jim Deist for snowmobiles. In America and Canada they drag race snowmobiles across frozen lakes.
They get up to 200mph and need some method of stopping. Not only are they running through “sprag” drives
(centrifugal clutch drives), there is no engine braking whatsoever. They can’t use ice rakes because that cuts up
the ice for those following, so their only form of braking are parachutes. It is a tiny chute with 5ft in canopy and is
almost a ribbon chute. That allows it to be very stable. The lanyards are very long at 12 metres. They are also
very elastic, so when the parachute is deployed, there is no ‘snatch’.

John Hansell decided to arrange the chute at a 45° angle in the body. In doing that, it can be angled back so that it
deploys behind the bike into the low pressure area behind the bike. Inside the body is a large deployment
mechanism, and there is a large spring which is wound up with a small crank. A pin is pushed into the mechanism
to hold it while the parachute is packed on the bike. The pin is then removed and the parachute is primed. When
the button is pushed, and the parachute is deployed, a little drogue chute is deployed which pulls the main chute
out. There are two anchor points so there is stability across the back.
On drag bikes, they have the chutes on the ‘wheelie’ bars at the back, but because FON has no wheelie bars, there
isn’t that facility.
The other reason for the parachute is safety. Graham has a lanyard attached to himself so in the unlikely event he
comes off, the lanyard breaks free from the bike, shuts the rocket motor off and deploys the parachute. This stops
the bike i) running Graham over ii) running off.
What lies beneath?
Pressure Vessel Insulation
Aft Pressure Vessel
Mounts To Frame

Fwd Pressure
Vessel Mounts
To Frame

The Pressure Vessel: The body is held on with four Camloc fasteners. What is underneath is a big pressure
vessel, basically a bomb!
It is made from 316 stainless steel and is a 50 litre, 10” diameter pressure vessel with 5mm thick walls. The
pressure vessel was manufactured by the company CPE Pressure Vessels Ltd. Graham designed the pressure
vessel and CPE built it. CPE did all the calculations, and were happy for it to be built. A really nice job. Here is a
video of the work that CPE did for Graham:
https://www.youtube.com/watch?v=ZhtwrpqgLDM
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The only part of the pressure vessel seen when the body is removed is the insulation surrounding it. The first layer
consists of 50mm of “Rockwool” or “Earth Wool”. Then there is a barrier layer of a kind of aluminiumised ‘bubble
wrap, which provides a surrounding air pocket. There is a foil tape around that and finally a jacket made from
aluminiumised glass fibre. Diane, Graham’s wife made this on their kitchen table with a sewing machine which
she’s had for 45 years and complained bitterly because it ruined it!
It is very efficient, after all this is a pressure vessel with contained water at 250°C and an outside temperature of
30°C. This means the water temperature can be maintained for fifteen to twenty minutes before more heat has to
be applied. Unlike the “Trottinette Du Vapour”, which was so hot the rider couldn’t sit on it, the pressure vessel is
thermally isolated from the rest of the bike. PTFE bushes in the fore and aft vessel mounts further maintain this
isolation. When the bike is up to the required pressure and temperature for running, the only indicators are the
cylinder gauges showing pressure.
The Burner Tube: There is a single burner tube through the centre of the pressure vessel. The tube could have
been more complicated with a multiple burner tube to get more efficiency from the burner, but it would have been
very heavy and that is why Graham went for a single burner tube. Inside the burner tube is a flame holder and that
allows the flame to generate vortices down the flame tube and out the other end through an exhaust. It takes 40
minutes to heat the pressure vessel up to the desired temperature.
The Burner: There is nowhere for the burner to fit, so the front of the bike pivots up on the swinging arm and a
60KW burner installs under the front wheel. This can be run on bio-fuel and biofuel has the same calorific value as
kerosene. It takes just under two litres of kerosene to heat the water to 250°C, costing just £1!
Inside the pressure vessel is an embedded thermocouple, and at the front of the bike is a pressure transducer.
These go through an Amphenol connector to a computer controlled PLC (Programmable Logic Controller) which
controls the burner. Currently the PLC is set to “Pressure” so that when the pressure in the pressure vessel
reaches 40 bar the burner switches off. Maybe later when Graham has got used to the bike, the PLC will be set to
“Temperature” and the pressure relief valve will be used to relieve the pressure.

Water: The 50 litres of water is not normal tap water. The water used is low electrolytic de-ionised water. It is
bought in 1000 litre IBCs (Intermediate Bulk Containers). Graham buys this in at the industry standard’s cleanliness
rating of 50 microseimens. The purity of water is measured in microseimens. Two electrodes are put in the water
and they measure the resistance between the two electrodes. The purer the water, the higher the resistance. The
problem with water is that when it is pressurised, and the temperature is taken above 200°C, it starts to become
very corrosive. Graham wants water cleaner than 50 microseimens, because of the corrosive effect of the free
radicals present. Free radicals are oxygen atoms with ‘un paired’ electrons, which means they become oxidative at
high pressures and temperatures. If they attach to the walls of the cylinder valves they become very corrosive to the
metal.
Graham’s ‘Reverse Osmosis’ plant was on display.
The low electrolytic de-ionised water passes through the vertical ‘prefilter’
tube. This is a filter which is down to 50 microns. The water then passes
through a high pressure pump and then through the long horizontal cylinder.
There is high pressure on one side and the water is pushed through a very
fine membrane.
Graham has tried to get the water down to 1 microseimens purity and has
achieved 0.5 microseimens purity.

Heating Process: The heater is on for forty minutes, the time required to bring the water to the required pressure
and temperature. This is a pressure of 40 bar (580 psi) and a temperature of 250°C. There is an initial venting
process because 20% of the volume consists of trapped air. When the water is heated up the trapped air is vented.
Once it is just water in the vessel, the steam pressure table relationships come into effect. In a fixed volume the
pressure and temperature are related when further heat is applied. As stated above, it takes forty minutes to get up
to the required temperature and pressure. Once the required temperature and pressure are reached, the burner is
kept on to give a ‘temperature soak’. This soak allows the thermosyphon systems to start within the boiler. This
means the hot water at the top is forced out by the cold water at the bottom, and it mixes by circulating around. The
temperature differential between the top of the vessel and the bottom is about 10°C when the process is complete.
From cold this takes around an hour.
The blue touch paper is then lit ……
Operations: To operate the system, two buttons are used. This is done for safety. This is the safety method used
for operating hydraulic presses where two buttons are required to be pushed at the same time for it to work. There
is a pressure modulator which controls the system, to get one signal out, two signals have to be put in, but they
have to be within half a second of each other, so it’s a conscious effort to push both buttons.

Preheater Valve
Main Actuators
Main Valves

Titanium Pressure
Vessels

Everything is powered by compressed air. Currently, nitrogen is being used because it is clean and dry. At the back
of the bike are titanium pressure vessels. They can go up to 30 bar in pressure but are regulated down at room
temperature to 12 bar. These are also from a Formula 1 car (Williams FW 14) and were used for air valves.
The main valves are at the back of the bike. There is a preheater valve, also at the back of the bike which can inject
superheated water into the thruster tubes to warm everything up to get better laminar flow. The jury is out on whether
that is actually needed and it may go as it is more complicated than what is needed.
The two main valves are ball valves. On the rig it has been proved that these valves are not reliable. They hold the
pressure, they open, but sometimes don’t close. Sometimes they partially close and sometimes don’t close at all.
New valves need to be made to alleviate this problem. The design of the valve is very simple. It a large ‘poppet’
valve, inclined at 45°. And it uses the superheated water to assist the opening and closing of the valve.
The passive state of the valve is ‘closed’, so it is fail-safe.
There is one ton pressure per valve, this means two tons total held by these valves. To be able to open these valves
as fast as possible, four tons of pressure needs to be applied which is done by large actuators. The same will apply
with the new valves when they are installed.

When the valves are open, the superheated water is transferred to the de Laval nozzles. The de Laval nozzle is a
simple principle. If there was just an open pipe at the end, the bike would be pushed forward in accordance with
Newton’s Law, but it would not push the bike forward efficiently or effectively. To get the maximum efficiency out of
the superheated water as it flashes to steam, a converging/diverging nozzle is required (the de Laval principle).
The aspect ratio of the choke of the nozzle means 60 bar pressure is developed at the choke, and this means the
speed of the flow increases to around 1500 ft/sec (1.1 Mach ~ 843 mph at sea level). Which is ridiculous. There is
no ‘sonic boom’ as it is in water not air, so it is damped. It is not actually water, it’s starting to boil, it is coming out at
80% water and 20% gas. As it expands into the cone, the water expands to vapour. The nozzles therefore
maximise the power harnessed from the expanding water.
Dynamic Testing: Before riding the bike at full power, testing is required. This means ‘tow testing’. Graham has
made a towing hitch onto the front of the bike similar to those used on gliders. He also made a tow bar. This was
taken to Elvington and pre-trialled on the ‘peri-track’ leading to the main runway. It felt OK. Once on the main
runway, the bike was towed and released at just under 100mph, and it coasted down over one and a half miles
which was testament to the aerodynamics and rolling resistance of the vehicle.
Rig Testing: This was very exciting. The thrust force was logged in Kgf, the temperature was logged in °C and the
pressure was logged in bar. All the parameters were recorded against time.
Here is a clip of the test:
https://www.facebook.com/158182478193917/videos/165371200808378/
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When the steam settled it had lifted the wheelie bins into next door’s garden and broken the van’s wing mirrors.
It also tore the gutter off the shed opposite which landed in next door but one’s tree. It also moved an oak water
barrel.
Some statistics:

2019 ~ What will happen?
•
•
•

We have the new valves, which will be tested on the test rig.
Santa Pod have shown an interest in running the bike there, but Graham doesn’t want to go there until he is
ready.
Graham has been approached by the BBC for a programme to be aired for three nights in succession on
land speed record breaking in 2020.

We then retired for a cup of tea and biscuits before the question and answer session

Questions And Answers
Q

Is there provision for running a ‘half power’ setting or pressurising the boiler to part pressure for initial
runs?

Graham

Yes. Pressure is not where the power is made, pressure is a biproduct of the temperature. The
temperature dominates the amount of power you can achieve. The temperature can be lowered to
105°C instead of 250°C, or smaller nozzles could be fitted and choked so the same amount of power
isn’t generated. It can run for longer on less power. We will be starting slow and steady and logging all
the data.

Q

Where are you testing it?

Graham

We have done a deal with the RAF. We will be testing at a local “live” air base, behind closed doors
and in privacy. We don’t need a long runway as the acceleration rates are so great.

Q

As the duration is so short, do you run the burner during the run?

Graham

Once the temperature and pressure are at the right levels the burner is removed, and the front of the
bike is lowered. It is extra weight we don’t need to carry. Unlike an IC engine, or even a steam
locomotive, we don’t carry any fuel on board with us.

Q

So the burner is run from external sources?

Graham

Yes.

Q

Regarding the two nozzles, are they balanced dynamically to prevent asymmetric thrust?

Graham

It’s a big problem with a motorcycle. You can run a small rear wheel and have a single nozzle or you
could bring it over the top of the wheel. That disrupts the laminar flow into the nozzle, so you don’t get
the same efficiency out of the nozzle. The idea is to have two parallel thruster tubes with the nozzles
very close together, so asymmetry is minimised. What happens is that both generated cones merge
and produce a ‘super’ cone (this can be seen on the Orion rocket which has five nozzles and generates
a large cone). The design of FON means that the rear wheel size is correct, so you get good handling
within the gyroscopics of the wheel, and the nozzles are in the right positions. The nozzles are angled
down at 1° so the thrust is pushing into the ground

Q

Do you adjust the flow anywhere to make sure each nozzle produces the same flow?

Graham

The nozzles are made from aluminium but at the high pressure side there is a stainless steel insert.
The size of the insert can be adjusted by putting different sizes in.

Q

A static adjustment then?

Graham

Yes

Q

What are the nozzles called again?

Graham

They are de Laval nozzles designed by Gustaf de Laval. In proper engineering terms they are CD or
converging/diverging nozzles. The CD nozzle is used in all gas turbine engines and power stations,
and is used to accelerate the steam onto the turbine blades. FON is utilising this in rocket
technology.

Q

Thinking about asymmetric thrust, would there be an advantage in just having a single valve with a
split pipe or is that a problem?

Graham

That is a real problem, because you get bifurcation. People who have built supercharged bikes like
Paul Windross have found that if you use a wide valve, you always get bias but it is not necessarily
on the same side every time. You get a much better split with a 90° valve, but you still an imbalance
in the split. The only way to do it is to have two separate valves. The other advantage in having two
separate outlet tubes is that it reduces the shock waves going back into the boiler. When all that
energy is released, there is a shock wave in reverse going back, so this is reduced to two smaller
ones by using two tubes.

Q

Thrust comes through the nozzle so the forces must go down the pipe to the boiler. Where is the
boiler attached to the frame?

Graham

Inside the pressure vessel there are four bars that run through and across the vessel. An upper and
lower at the front and an upper and lower at the back. The framework on both sides of the boiler
puts the attachments into double shear so you don’t get flexing in the mounting arms. When the
boiler heats up it expands and the triangulation of the framework allows it to expand and contract.

Q

How does the safety valve discharge, presumably that would have enough force to send you
skyward?

Graham

The safety valve is slow release. It sets off at 40 bar. It is not a sudden pressure relief valve. It is a
safety control valve and the pressure release is gradual. It releases into the thruster tubes.

Q

Do you get vibration down the tubes?

Graham

Yes. The way to get the nozzles to work more efficiently is by having laminar flow, so the longer the
tube feeding the nozzle, the less vibration there is and the more efficiently the de Laval nozzle will
work. A motorcycle has to be a limited length. The whole bike can vibrate. On the test rig it was
violent.

Q

What records are you going for?

Graham

At the moment there is no actual record for a steam thrust motorcycle. There is an outright steam
record held by “Inspiration” at 148.3 mph (“Inspiration” is steam turbine driven). Then there is the
steam powered motor cycle record which is 80mph by Bill Barnes. I am hoping to go over 200mph.
There are three disciplines that can be used. We can go through:
i) the UK Timing Association,
ii) the ACU (AutoCycle Union) and
iii) the FIA (Federation Internationale de l’Automobile).
We would like to establish a record for thrust vehicles and for steam powered vehicles in the UK
Timing Association.
There are also classes in the ACU for thrust vehicles (not steam) and the record is 213mph average
at Elvington. They have class but no regulations.
The FIA which is a world governing body has a class for thrust vehicles (not steam) and that record
is 300mph which is incredibly fast. For a steam vehicle they are prepared to put a class up for that,
but again no rules or regulations. Looking at the regulations we have to work with, FON doesn’t
apply due to various small requirements.
New regulations have been brought in in 2019 which exclude almost 80% of all motorcycles! We
can therefore establish lots of records and go for the outright British land speed record for a thrust
vehicle.

Q

For a record attempt what sort of turnaround will you have. Is it one mile and then you come back?

Graham

For the British Land Speed Record we have one hour for a turnaround. The only things that can be
changed is adding fuel and changing tyre pressures. No major components that can give an
advantage can be changed.
For a World record there is two hours, because the vehicles that are going for World records are so
complicated. The FIA has brought it to two hours and the governing body FIM (Federation
Internationale de Motocyclisme) have adopted the two hours.

Q

How far into a measured mile does the bike continue to run?

Graham

We are probably not going to do a measured mile. We will probably do over one kilometre for a
World record, or a quarter of a mile for a British Land Speed Record. The Europeans don’t recognise
a quarter of a mile. The shortest distance we can go is a quarter of a mile, but that is up in air at the
moment, because of braking distances which rule out a lot of the venues which are used for World
Speed records. It brings it down to three in the whole World. There is Bonneville, Hakskeen Pan,
Northern Cape South Africa, and Lake Eyre salt pans in Australia. Two of the three are outside the
‘Golden Hour Circle” which means you can’t go in and out by helicopter within an hour. This means
that if you have a critical accident you have to bring in your own support which makes it very
expensive. Bonneville is really the only option, but that venue has problems with the salt, because
they are extracting potash and the salt is becoming very unstable. What used to be a twelve miles
course is down to eight miles if it’s a good year. FON is a very fast accelerating bike, unlike a
‘streamliner’, so that means it should be easier making record attempts over small distances such as
Pendine sands for example, which can be used for a British Land Speed Record.

Q

If you are going into a flying quarter mile, you are not going to have any power left when you come
out the other side are you?

Graham

Very true. With 50 litres. But with another pressure vessel at 100 litres and with the same nozzle
technology, that gives around 12 seconds which gives enough distance for a quarter mile roll out
margin

Q

Do you have any problem at the back of the bike with lateral instability?

Graham

Its very good actually. It has a 88” wheel base. Some drag bikes are up to 110”, and they are wheel
driven. Because we are not wheel driven we can use a very narrow rear tyre. This means that with
the centre of gravity low, it’s nice to handle and it steers well.

Q

You mentioned the limited venues you can go to, are you considering going to Bonneville?

Graham

Bonneville comes with its problems. First there’s no classification for it yet in FIM. They’re also not
too happy with thrust vehicles there anyway. Pendine is the nearest we’ll get.

Q

Is Pendine smooth?

Graham

It depends on the day, the weather and the tide. If it’s been a high tide, and a good day, and it’s not
been rough, there’s every chance that it’s going to be compacted with the weight of the water. You
only get two chances a day. We’ll do our testing at the RAF base then take it to Elvington.
Elvington is by far the safest place for it. Noise is generally a problem (but not for “Force Of Nature”)
for land speed records.

We thank Graham Sykes Performance Engineering Ltd, Phil Evans, and CPE Pressure Vessels Ltd for giving
permission to use their photographs and videos in this article.
PARKOL MARINE ~ The Method Of Welding An Aluminium Superstructure To A Steel Hull To Prevent
Corrosion Due To The Contact Of Dissimilar Metals.
PEEMS members enjoyed their visit to the Parkol Marine Engineering Shipyard at Whitby last September.
There we saw a trawler being prepared for the welding of the aluminium superstructure to the steel hull.
The question that was asked was ‘how do you prevent corrosion between two dissimilar metals, especially in a
marine environment?’.

The project Manager, Sally Atkinson has now written to us giving an explanation:
Happy New Year and apologies for the very belated reply.
The later end of last year was a very busy time for our company and I was certainly glad to have some time off
over Christmas. The New Year presents many exciting opportunities and I am looking forward to the new
projects we have coming up.
I’m glad that everyone enjoyed their visit.
Regarding the welding of the steel/ aluminium, we buy in a product called kelocouple or triclad which is the fused
bar that you talked about. The bar is inserted at the joint of the steel/ aluminium and the respective metals
welded on either side.
Apologies once again for the late reply and you are more than welcome to visit us another time.
Best Regards,

Sally Atkinson BEng CEng MICE
Project Manager

The full explanation of the welding techniques is at this website:
https://triclad.com/
This is a precis:
Aluminium and steel welding is required in shipbuilding.

• Aluminium and steel cannot be joined by conventional welding processes.
• Aluminium is quite expensive and therefore not used for the complete hull. The hull is mainly steel.
Aluminium superstructures and steel hulls also keep the centre of mass of the boat low for stability.
• Structural Transition Joints (STJs) are used to allow aluminium superstructures to be welded to steel decks
or to joint aluminium decks to steel hulls.
• The use of STJs results in a permanent, maintenance free joint between aluminium and steel in a marine
environment.
• When mechanical joining techniques (rivets, bolts) are used for aluminium to steel joints, corrosion sets in,
after a relatively short service life.
Structural Transition Joints (STJs) and explosion welding
There is a major problem when connecting aluminium to steel: the big difference in material properties. When
aluminium and steel are connected, a brittle Al-rich layer is formed. A STJ, such as Triclad is the only way to build a
reliable ship. In other words, STJ’s can make a shipbuilders’ life a lot easier.
Fusion welding was the most widely used technique for connecting aluminium to steel. However, the intensive heat
dissipation during this process resulted in the dissimilar joints being susceptible to porosity. The result: poor
mechanical performance.
Explosion welding is used to obtain a good, solid weld. This method of welding is very popular when it comes to
bringing together two dissimilar metals. This method is not only fast, but also very efficient.
For this reason, the Triclad (STJ) interface is manufactured by fusing three plates of steel and alumium together in
an explosion in the open air.
Triclad® is a structural transition joint patented by Merrem & la Porte.

5083 Aluminium Flyer Plate
1050 Commercial Purity Aluminium Interlayer
ASTM A 516 Steel Backer Plate

The STJ can then be cut in strips from the resulting plate.

Aluminium superstructure
welded to the Triclad STJ

Triclad STJ

Steel hull or deck welded to
the Triclad STJ

A Visit To The British Horological Institute (BHI) At Upton Hall ~ 10th December 2018

Twenty five members and guests gathered at Mike Sayers’ yard for our visit to BHI ‘Museum of Timekeeping’.
The departure of the coach was scheduled for 8.45 but the Filey contingent delayed our start to 8.55 (not their
fault), and David our organiser was beginning to look worried. After a brisk run down the A1 (nearly to Newark),
it looked as though we would arrive on time, but within 15 mins of our destination, a hold up of about 45 mins
set all our timings awry. Our ‘Tour Liaison’ Trevor Goodall phoned ahead, and all was well on our arrival.
We were ushered into the function room of Upton Hall and greeted by Dawn Barnes the museum director and
John Hope chief development officer.
We were then addressed by Viscount Alan Midleton FBHI who gave us an introduction to the BHI and a short
account of its history.
BHI was founded in London in 1858, to promote and train watch and clockmakers, in order to meet the
competition from imports of timepieces from America and other countries.

After the introduction we were split into two groups and given a conducted tour of the museum. This started for
Group 1 in the main hall where Alan Midleton, who is standing beneath the hands from the original St Pancras
clock, described some of the oldest and choicest exhibits.

An interesting exhibit was the clock supported on three tapered poles and with three pendulums, which was
designed and built by members in 2008 to celebrate 150 years of the institute.

We then passed on into a room which contains the old Post Office ‘Speaking Clocks’. The oldest (from 1936 until
1963) weighs just short of a ton, and was time controlled by a pendulum to 1/10 of a second. The ‘voice over’ was
recorded on glass discs by Ethel Jane Cain who had been chosen for having the best voice from hundreds of
telephonist employees. There were two further improved models which ran until the post Office abandoned the
speaking clock service.

Speaking Clock 1936

Speaking Clock 1963

The groups then changed places, and Group 1 moved into the watch exhibition room to be conducted by John and
Dawn. The first exhibit was of Captain Scott’s Antarctic alarm watch, which was recovered from his body and gifted
to the museum. Scott used this watch to ensure his men exercised every two hours to prevent frostbite.

There is an interesting YouTube interview with Alan Midleton relating to the watch and display at:
https://www.youtube.com/watch?v=g3qgzmCNjjI (please press back key at the top left to return to newsletter)
There was also a watch which was on an Everest Expedition:
In 1953 Sir Edmund Hillary conquered Everest, wearing
an entirely British made watch. He later wrote ‘I wore
your watch to the summit, it worked perfectly’.
Robina and Richard Loomes (FHBI) prepared a batch of
all-British watches for the 2017 Royal Gurkha Regiment
expedition to Everest.
After 6 weeks in Nepal experiencing temperatures of
between -35°C and +40°C, the team arrived at base
camp. On May 15th the team were the first in 2017 to
reach the top with nine Gurkha soldiers and four British
officers making it to the top.
On display is a replica of Hillary's watch by the same
English manufacturer.

There was also a display of navigation
chronometers and deck watches.
Dawn gave us a history of the invention
and the resulting perfection of the Marine
Chronometer by the famous watchmaker
John Harrison in the 18th Century and his
quest for the government sponsored
‘Longitude Prize’ of £20,000.

We were then free to tour the museum under
our own steam and to venture into the Clock
Workshop.
The training workshop has eight workstations
which take students who are on the many varied
three or five day courses.
There are several small lathes, from typical
Myfords down to the Watchmaking Lathe which
would fit in your lunch box. A milling machine,
several specialist machine tools such as wheel
(gear) and pinion cutters were also present.
There is also a comprehensive chemical
cleaning station for large and small components.
The workshop included a soldering and brazing
station, and an extensive selection of hand
tools.
Here are some of the exhibits with some under close scrutiny!

Early Long Case Clocks

Sundial

Three Old Clocks

Wooden Clock

Our time was up, and we felt that there was so much more to see.
Perhaps another visit in the future is in order, now we know where it is, and what it offers.
A late carvery lunch was taken at ‘The Lord Ted’ in Newark, and very good value it was too.
The coach left for home at 3.30, a quick uneventful run, arriving about 2 hours later at Pickering.
A grand day out, much appreciated, and many thanks to the organisers.
Richard Gretton

A Note From Brian Rees About The PEEMS Axminster Lathe.
I hope you all had great Christmas, and best wishes to you for the New Year.
I have some photos of the attachments made to make working with the lathe easier for me.
1. Carriage dead stop, which also allows for fixing a plunger type DRO.
2. Adaptor for my Sherline tool post, which means I can use all my tipped tooling.
3. Carriage lever lock, in place of socket headed grub screw.
4. A handwheel extension to the leadscrew, which has not yet been calibrated. This does not work as well as
expected against the leadscrew gearing.
5. Mike has also made me a 3 Morse taper adaptor to fit my Sherline chucks.
6. I have also extended the base with a lip to catch the M6 chuck nuts and other objects from dropping into
oblivion!!
As you can see, I am getting used to using the Axminster Lathe which you have kindly loaned me.
All my very best wishes to you and your families and look forward to seeing everybody at Doncaster.
Brian Rees

Contact:
If you would like to contribute to the Newsletter, the contact is:
Nevile Foster Tel 01751 474137 or e-mail nevf123@outlook.com

