My attempt at the DHW 1K system.

My interest in solar started around 3 years ago whemwere looking to move to a
larger house. My intention being to incorporate solar to reduce the DHW costs in the
new house

We finally moved in the summer of 2008 into a house that was only 12 years old but
had been wrecked by it previous owners, to my delight | had the opportunity to
completely renovate the house to our liking. however in a desperate panic to move in |
replacel the existing conventional boiler system with a new Combi (instant heat
system) as the boiler was mounted in the utility room that was being wholly replaced
along with the kitchen.

Twelve months later (and a whole lot of renovation) | was ready to tetaking

about solar again, so with plenty of time to research what | should be doing | began
trawling the internet looking for further information and realized that the most
common method of integration in the UK was to use a twin coil hot water cylinder
however | had removed my cylinder system in preference of the Combi boiler.

My initial though was to reinstall the old cylinder, using it as a preheat for the combi,
but this system is gravity fed and would not produce the required pressures for the
combi to function correctly.

| tested the cylinder in reverse i.e. using it as a thermal store for the solar heat and
passing mains cold water through the heater coil and onto the boiler and as | suspected
the coil was of insufficient length to effectivelyawn flowing a water to any degree.,

it does however do a good job heating the water when static.

Then | stumbled on BIS and the 1k system that Gary had produced, realizing that this
type of construction would be ideal to integrate with the Combi.

Thermal storage tank

Unfortunately in the England land comes at a premium and so do construction costs
and as a consequence we donét wusually get
floor, so my option in terms of the storage tank was to install it eithéérei garage or

in a purpose built enclosure at the side of the house, the later being preferable due to

the distance of the garage form the house

The ther mal store is constructed in a si mi
to build it taller wih a slimmer cross section, initially due to space but also to aid the
stratification temperatures.

I looked around for a suitable liner material but had difficulty so | chose to waterproof
it with fiberglass, as | thought this would be relatively easylangd lasting.
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The tank was designed to use 18mm WBP ply with a 63 x 38mm external frame, to be
internally lined with 25mm thick PIR and 150mm plus polystyrene to its exterior.
The internal finished dimensions are at 1700mm high, 550mm deep aBcthh06
wide.

In order to be able to lay up the fiberglass | constructed the front panel in three pieces
approximately 2 feet high, the idea being that | could lean into the tank to lay the GRP
then attach the front section as | proceeded upwards.
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The sides were glued and screwed, with a rail covering the joints on the front panel.
The PIR was cut tight and simply wedged in position with a little silicone sealant for
good measure.

Polystyrene 50mm thick was cut and fitted betwélee external bracing. The lid
which is just visible has two layers of PIR to its under side.
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The picture shows the front of the tank, with the two upper pieces of the front
missing. A second layer of polystyrene covers the sides and lid. The Pt on
inside of the lid has enough space around its sides to allow for the fiberglass.

Fiberglasstank lining
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| initially laid two layers of 300gsm chopped strand matt with a temp and chemical
resistant resin. The photo shows the inside of thedfiek the application.

| inspected the GRP when cured and realized that there appeared to be some slight
pinholes in its formation | therefore elected to overlay it again with a further two coats
of 300gsm matt and finish with a white gel coat. This wase after all of the
connection pipes were installed effectively forming a water tight seal around them.

NaV2 i

0 SR S iy

o Oty

TR -

.

The water test looked good enough for a swim albeit a bit cold.
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Tank Connections

| used a tank cutter to drill an 85mm diameter hole throbgtply and PIR in order to
install the tank connections; this gave sufficient room to tighten the nuts with a duck
foot spanner. | had added tree more layers of fiberglass matt at the location of the
connections for extra strength.

| installed an extra 8mm connection that you can see in this photo to allow for
operating the tank at 450 litres, the overflow connection now covered in white grp, as
seen at the top water line, the 15 mm pipe protruding into the tank is mains cold for
filling.

Adjacent to tiis is a M12 stainless steel coach bolt, now covered white that is used to
suspend the heat exchanger.
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The tank connections provide a 22mm outlet to the pumps, approx 100mm up from
the base. This also serves as a drain off for emptying the tank. | have installed two
more 15mm connections, to top most being the vent and overflow which sets the
maximum watetevel at 850 litres, a third connection allows me to drain and operate
the tank at 600 litres.
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The photo is of the narrow end of the tank, showing the two central heating pumps
and wiring box.

The 15mm vertical pipe emanates from the overflow commeend connects to the

pump inlet pipe at the bottom of the tank, a ball valve allows for draining the tank.

The two 22mm connections that are shown enable the tank to be drained as described
above.

The pipe / cylinder stat that is shown will be coupledhe pump inlet pipe when
finished and will govern the maximum tank temp (around 70 °C)

Two pumps

The solar collectors will be roof mounted, and the tank will at ground level at the side
of the house, this gives a static head of around 8m from tatgptof collector, the
domestic circulating pumps are designed for a 6m head therefore | have places two in
line to give sufficient flow through the collectors.

It is important to mount these types of pumps vertically and below the normal water
level of the tank, this prevents cavitations (air bubble forming in the pumps)

Sealing the lid
The lid pictured below is constructed from the 18mm ply with two layers of 25mm
PIR that are stepped to fit on and inside

had some difficulty forming an air tight seal to his tank, my solution was to use two
thick beads of silicone applied directly to the lid. | covered the lid with mold release
wax to prevent the silicone from adhering to it. | simply fitted the lid tdahk and
screwed it down, thereby compressing the silicone between the lid and the tank.

I left this undisturbed for 2 weeks for the silicone to cure. It takes a while when not
exposed to the atmosphere. | had some difficulty removing the lid initiadljhad to
resort to a crow bar, but once the initial seal with the wax had broken, the lid and
sealing methods works perfectly with the silicone fully adhered to the tank but not the
lid.
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The heat exchanger (HE)

| followed the same principals abe other 1k systems by using a simple pipe
immersed in the tank as a heat exchanger. | looked around for suitable PEX pipe in
22mm diameter but | could only find 25m coils that were relatively expensive. So |
chose to use 22mm hard copper pipe in 3m lengs a shorter overall length would

be possible given its thermal conductivity in comparison to the PEX.

| produced a simple spreadsheet in an attempt to calculate the length of the heat
exchanger based upon a simple power translation resulting in &68npipe. This
should provide sufficient surface area to lift the incoming water temp to the max tank
temp without any reduction in the normal flow rates.

The HE is to be suspended in the tank, on two nylon ropes from the two coach bolts,
thereby allowilg me to alter its position in relation to the water levels. My intention
was to be able to increase or decrease to volume in the thermal store in relation to the
seasons and the available solar gain, hence the additional tank connections | made.

To reducdfriction losses in the HE, | chose to form all of the bends in stead of using
elbows with unions to join the tubes together. | produced a sample radius pipe to
determine the start positions of the bends, this helped tremendously in positioning the
pipes n the bender.

The white tape marks the start point of the bends.

The HE is designed as a single pass with the cold entering the bottom, the hot exiting
the top and was designed to be an irregular pattern with the intention of dissipating the
coils a much as possible in the area that | had.
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The vertical pipe in the forefront is the cold inlet to the HE. The pipe in the
background is only as a support and is not connected hydraulically to the HE.
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| used small cut off pieces of the copperspace the pipes, with cable ties to clamp
each run to the previous. | tried to solder these spaces but failed as the heat produced
released the previous soldered joints.
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The finished HE, | have used flexible connectors 500mm long to join it ttatike
connections, the nylon ropes are visible that will suspend this inside the tank, | had
simply tied a couple knots in the rope at the desired positions.

Make sure you pressure the exchanger before fitting, | am experienced at soldering
and had no leak except for one union that | had completely negated to solder.
Pressure testing this prior to fitting in the tank is wise. One thing to note is this weight
of this HE, there is a lot of copper here and it is fairly heavy.

Taken before finishing the itk GI§P

| did a dry run of this installation to set the positions of the knots in the suspension
ropes, for this | had the tank on its side so as to take the weight of HE off the ropes,
the photo also shows the two flexible pipes connected between thadthe inlet /
outlets cast into the tank.
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Taken before finishing the white GRP

The pipe on the right is the flow return from the solar collectors, the middle pipe is the
cold feed for filling the tank, the overflow / vent connection on the left.
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Sighting the tank

The has to live outside, the intention is to enlarge the shed to house the tank in the
future , but | have plenty of plastic sheeting available (for free) so | opted to build an
temporary enclosure.

The base waproduced form the spare ply (same cross sectional size of the tank) and
insulated between the support timbers (photo shows it upside down)

A MDF sheet was used to cover the whole of this forming the bottom, this was
fibreglassed over to make a wateo@ir base, the sides were made from the plastic
mounted on a simple frame, this overlapped the sides of the base by around 50mm to
prevent water ingress.
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The tank is designed to fit centrally in the enclosure, with the space being filled with
polystyene and rockwall bats.

I constructed a simple 6dooré6é in the end
access, using two 30mm plastic angles down each side to prevent water ingress. The
door simply screws in place with SS screws.

Moving the tank ito the enclosure was difficult due to its weight.
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This shows the tank in place, the pipes on the left are the solar flow and return, 1 fitted
a gate valve on the return to control the flows if required.

The cold inlet and hot outlet from the HE.

The enclosure lid was formed from a 12mm piece of ply, with 100 deep sides and
ends, this was again fibreglassed over to make water tight, this simple fits over the
sides and is held in place with a couple of screws.

| have installed a small air vent ihet top of the one side to relieve any condensation
the may occur.

Solar panels

| decided to build four large panels to maximize the year round gain, although these
will be oversized in the summer. They are to roof mounted on the house which is
slightly south west facing with the sun hitting the panels around 10.30 am

| followed Garybés design principals in usi
and footers and began sizing my panels to the materials available.

As with the other examplesused 25mm PIR as insulation, these came in standard
sheets 2400mm long by 1200mm wide, so | based the collector size around this.

Using the PIR as a base (this is a machined board that is cut square) | cut further
pieces of PIR to form the side insulatjdhese were 55mm high and sit on top of the
PIR base.
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The collector sides are formed with 6mm WBP ply wood, 90mm high, a 20 x 45 mm
timber support was placed in each corner to screw the ply together, this was notched
out of the base PIR. The ply protegipast the PIR side insulation by 10mm, such that

the polycarbonate glazing sits inside the ply frame and rests on top of the PIR side
insulation.
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