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Preface

There appearsto be alot of general information about solar collector systems available today,
but when you start to investigate building aDI1Y system, you quickly discover that there are
serious gapsin available information. | purchased plans which showed how to build a solar
collector and while they were helpful, | still had to make several changes and improvements to
improve the efficiency and the longevity of the panel. | was disappointed that the plans did not
explain necessary information concerning how to reconfigure an existing water heater to
support a solar collector or how to build a heat exchanger.

| have worked diligently to assure that your will not be disappointed in these plans or in my
system. Y ou worked hard for your money and | will not just pull information off the web,
throw it together and call it a set of plansin order to cheat someone out of a few bucks.

My goal isto provide aquality set of plans at alow enough cost that any one who isinterest in
building a system will be willing to invest afew dollars to see how much effort isinvolved.
These plans will provide you valuable information concerning the building of a hot water solar
collector and will show you where you can save money using better industrial pumps than the
overpriced pumps available from the on-line Solar Stores. In return, | hope you will
recommend my plans when the opportunity arises and that you will appreciate the laborious
effort that went into these plans and will insist that others purchase their own plans.

| also decided on the use of aheat exchanger where the system would be used without worry of
freezing temperature. | live in the Deep South and have seen it in single digit temperatures and
the last thing that | want to do isto have to watch the weather to seeif | need to drain the
collector. This system should function in any climate which has enough sun to support solar
operations.

| just wanted to share my thought process in the design of this system. Please study these plans

and make sure that it makes sense to you and that you understand the process before you dive
in.
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| ntroduction

Before we get started to the actual building of the system, let me share the what and why’ s of
this project and how it fitsinto my long term approach of saving money and lessen my
dependence of foreign oil and the GRID.

Asthe oil pricesincrease our nation has to make choices and one of which is whether we
continue as normal and use the same amount of electricity as we have donein the past or do we
conserve and invest in self renewing forms of energy, such as solar collectors for heating our
water.

The main users of electricity are the electric water heater, Heating and Air Conditioning
(HVAC), the clothes dryer, and the electric oven.

Currently, it cost on the average, about $50 a month for having the convenience of hot water,
using electricity. | have been notified that my power bill will soon be increased by 28%, so |
should expect that next month my hot water will cost $64 for the month. That is $768 a year for
hot water. Don’t get me wrong, electricity is atremendous value and has made our lives very
comfortable, but if we go back 2 generations our homes consumed very little eectricity. Do we
do without our connivances or do we plan ahead utilizing the available technology, reduce our
commercia energy consumption while maintaining our current comfortable life style? At the
end of thismanual | included some easy steps that | have taken to reduce my eectric hill.
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Chapter 1 - Getting started — System Design Concepts

These plans will provide a clear path for you to meet the objective of the use of free energy to
heat your water. There are five main components necessary for heating your hot water and they
are:

The solar collector
The storage tank

The heat exchanger
The system controller
The circulation system

grwdE

The plans will explain everything that | had to learn in order to build my system and to get it up
and running. | will try pass on every thing necessary for you to be successful. | would like to
see thousands of these systems conserving energy and saving families money on their hot water
expenses. Please read the manual over afew times and hopefully it will answer most of your
guestions before you begin.

[‘j—lj System Fill and

House Connections Air Bleed

Cold IN  Hot Out TACO
Pump

T

Granfos
Pump

Plumbing System Diagram
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Chapter 2 — System Components

These plans will show you how to build this solar collector using supplies that you can buy
locally and some which can be ordered quickly.

The Solar Collector

The Solar Collector shown assembled
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The storage tank

The storagetank shown with the heat exchanger

If you have an existing electric hot water heater it can easily be
adapted for usein asolar collection system. For the next
couple of pictures, | have removed the insulation to order to
help you visualize the head exchanger and how your heat
exchanger is connected to the water heater.

So, when you finish with your system, be sure to wrap the heat
exchanger with the black pipe foam insulation and then use
additional fiberglassinsulation the wrap it again.

After, | completely finished with the picturesin these plans; |
will re-insulate the heat exchanger and the water heater.

|
L

Also, when | built my house | placed the water heater on an
insulated pedestal to prevent loss of heat through the floor.
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The Heat Exchanger

Y ou will then build a heat exchanger, which will transfer the solar generated heat from the
collector to the potable water which isinside the water heater.

The Heat Exchanger (Top
Manifold) -

The system controller isresponsible
for making the decisions of when to
start and stop the transfer of heat
from the collector into the tank. The
controller will turn on the pumps
which will circulate 1) the

collector’ s heated fluid through the
primary side of the heat exchanger
and 2) the water in the water heater
through the secondary side of the
heat exchanger in order to gain heat.
The two fluids remain isolated from
each other. Thisisrequired in order to use an anti-freeze for use during cold weather
operations.

| spent several weeks researching, designing and building a system that performs comparable to
the commercially available systems costing several thousand dollars. | am very pleased with
theresults. If you follow these plans fairly closdly, your system will provide you with many
years of good and faithful service.
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The Electrical Pumps

| want to address why | chose the use of a system controller and pumps to circulate the fluidsin
the system and why | decided to use AC pumps instead of DC pumps powered by a solar PV
panel. PV celsand DC pumps seems like the way to go from thefirst glance. Just hook up a
solar panel and when the sun comes out the pump starts and starts pumping the water through
the collector.

In truth, the pump will be pumping out heat from your tank at the beginning of the day,
at the end of your day and any time during the day that it iscloudy and overcast long
enough for your solar collector to cool down.

An efficient system requiresacontroller for it towork correctly and with out a
controller, the system could waste lots of energy and perform poorly.

| chose to go with commercial quality AC pumps because:
1) AC pumps have along life and
2) AC pumps are very affordable if you know which models to choose ($60-$75 ea.)
3) AC pumps consume very little power.
The two AC pumps together use about 1 amp @ 115 VAC total which
equates to about $2.00 a month (A pair of DC pumps are about $450
and then you need 12 VDC power (whether it's a supply or PV Cdll)
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The System Controller

The controller monitors and displays the temperature of the collector, the top tank TEMP and
the bottom tank TEMP. For safety, the controller will shut down the pumps if the water heater
exceeds the maximum temperature to protect the tank which could also prevent associated
damages due to a ruptured tank or plumbing line or component. Besides how will you know if
the system is working correctly without having access to these TEMPSs? Using a system
controller isthe smart way to proceed if you wish to build afirst rate system.

Display
graphic display, animated, for operating and setting
the system settings of the controller

Operating buttons
- - Arrow up

- far scrolling up through the
menus

@<«
ESC button

Escape key

—— Arrow down
far scrolling down through the
menus

+ Connections
Pump, mains grid, temperature sensor

The System Controller —Figure4
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Chapter 3- The Solar Collector Plans

In these plans, | will tell you about the mistakesthat | made which will prevent you from
doing so, and will also save you time and money.

Building the collector

Two mistakesthat | made: (Don’'t make my mistakes)
1) The2 x 8treated lumber wasin fact 96.75" and 96.50” long and not an even 96", so my
panel was not square. Measure you lumber and cut to the desired length.

2) The Lexan sheet was longer and wider than the specified size of 8'x4".
So, my Lexan overhangs my panel. (Not a problem, but something else to dea with).

The solar collector is comprised of abox made of pressure treated 2 x 8's. Construct the box
approximately 8' x 4'. Thisdimension may change due to the size of the glazing that you use.
| recommend that you use Lexan (Plexiglas will melt!!) and that you buy it first and measure
it's dimensions prior to constructing your box. What | discovered was that the sheet of Lexan
that | bought was about 1 inch longer and 1 inch wider that the 8' x 4’ specification. So, buy
the Lexan sheet first, and measureit prior to building the frame of your collector!!

STEPSfor building the Box:

1. Measureyour Lexan — Thiswill beyou solar collector dimension

2. Cut your 2 x 8to build your box

Also, whenyou buy a8 2 x 8, it generally is not exactly 8', so measure it and cut it to length.
For example, if your Lexan were 81", you would want to measure your lumber to try to get two
of your 2 x 8' s at least that length, or you would buy 2 x 10’ s and cut them down.

If you needed the width of your box to be 48”, you would cut a2 x 8 into 2 45” lengths, but
again this width should be determined by the width of the Lexan sheet.

Copyright © 2010 Little Products, Inc
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3. Use atotal of 8lag bolts (2 bolts at each corner) and pre-drill your holes which will prevent
splitting the treated lumber and make bolting it together easier. Put the bolts 1 inch from the top
and 1 inch from the bottom. We will be later drilling linch holes for the ports going into and
out of the collector box, so you do not want to have the bolts in the way.

4. Seal theinsidejointswith a good quality caulk. Thisisfor weather proofing and to keep
Insects out.

Take your time and do it right the first time.

| 8.00 Feet |

4.00

Step 1 -build abox - | will use the dimensions of 8° x 4’
but make the dimensions to fit your sheet of Lexan.

Use "2 inch lag balts, pre drill the holes and countersink the heads using a linch wiz bit.
Center the hole withthe 2 x8 that you are diling into and go 1inch down from the top and 1 inch
above the bottom.

5. Placea 2 x 2 perimeter inside the box. Measure and cut the 2x2’sto fit theinside
perimeter. Use scrap pieces of 2x2 blocks under the 2 x 2s which will place the upper surface
of the 2x2 perimeter at approximately 3 inches up from the bottom of the 2x8. Pre-drill holes
through the 2x8 and use 3 inch coated deck screwsto secure the 2x2’s. This 2x2 ledge will
serve to mount the 1 thick piece of foam board and your sheet metal.
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Top view

TN

/\

2 X 2 inside supports

Step 5 build a support made of a 2X2 and attach 1o the inside perimeter of the 4X8 box,
use two 2x2 blocks on the bottom for the correct height of the support

&/ 2x2 blocks used for setting the correct height
Use 3 inch coated decking screws (predrill the holes)

Side view

6. Nail the sheet of 4'x8 OSB to the bottom of thebox. OSB is commonly use as roof
decking and is generally 15/16 thick and also is very weather resistant. Use the OSB to square
up the box. (Assuming the sheet of OSB is square) Remove the temporary blocks.
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13

Aftach the 4x8 sheet of OSB (roofing decking) to the bottom of the box

Side view
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Just aword about OSB roofing decking. This material iswill be on the bottom of your
collector and the collector (if you build it like me) is comprised of treated lumber and is
resistant to weather, but | aso liketo give it alittle extra protection. | wrapped mine with a
vinyl 8 inch soffet materia which istucked under galvanized 2" drip edge. Asalicensed
builder, | have seen the OSB directly exposed to the sun and rain (without roofing felt) for 4 to
5 weeks during Katrinawhen al commercial work halted. So, after all the storms and some 4
to 5 weeks later, this OSB still looked fresh. | prefer it over plywood after seeing this. So, you
do not need to coat it, it will be ok. It isalso on the bottom and protected by the 8 inch vinyl
soffet which functions as a drip edge.

6. Placethe 52 thick inch fiberglassinsulation in the bottom of the box
(paper side up)

Stuff Insulation under the inside ledge /\

Stuff insulation batts - 5 2 inch batts inside the box

Stuff insulatfion batts - 51/2 inch batts inside the box

Insert roll insulation

Desired is for the insulation batting to stick out (or pouch out), so when the rigid insulation
board is placed on top and fastened to the ledge, it will also be bowed out, so when the metal is
placed on top of the rigid insulation board, the copper heat collector will press against the sheet
metal and make good contact with the metal sheeting which is required for good thermal
conduction. It isthrough the direct contact of the copper collector and the flat black painted
metal that heat transfer will occur. So, we are using the insulation as a spring mechanism to
provide tension to enhance the direct contact of the metal sheeting to the copper collector.
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7. Placethe 1” ridgesfoam insulation board in the box on the ledge above the fiberglass

insulation and use the plastic capped nails (button capped nails) to fasten the rigid foam
insulation in place.

Don’t use Styrofoam rigid foam, use the higher temperaturerigid foam insulation which is

available at your building supply store.

15

1 inch Rigid Insulafion board
(Non STYROFOAM)

4x8 sheet - cut 1o fit

Reflective side up

Use button cap nails to attact the ridig foam board to the inside 2x2 supports

1 inch rigid foam insulation board (high tfemerature noft styrofoam) ———

s -

51/2 inch insulation batts

4x8 sheet 15/32 inch OSB \/
Side - cut away View
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Chapter 4 - Building the Copper Collector

The copper collector is comprised of a bottom and top horizontal headers with vertical copper
pipes connecting them. Cold water enters the bottom header and is heated as it goes through the
vertical pipes and then exits the collector through the top header pipe. The headers pipes are %
inch and the vertical pipes are %2 inch copper. The water will enter and exit on the opposite side
of the collector which assures for maximum heat transfer. % x Y2 x % copper Teeswill be used
to combine the headers and the vertical pipes. If you decideto use 28 vertical pipes then you
will use 28 Tees on the top and 28 tees on the bottom and you will cut 27 short pieces of ¥ inch
copper pipe (2 3/8 inches) for the top header and 27 short pieces for the bottom. The best was
to cut copper pipe isto use atubing cutter which will taper the cut and allow the end to dide
into the Tee.

Cut the length of your vertical pipeto fit inside of your box with atee on top and on the bottom.
| hesitate to specify alength (mine was 42 Y2 inches) because the overall dimension of the box
Is dependant on the size of your Lexan. Use silver Solder when sweating your pipes together
and use agood cleaning flux to insure good joints. The bottom left end of the header pipe
will be capped off. After fabricating the copper, block off two of the open linesand
pressur e test for leaks using a water hose. Find any leaks befor e proceeding!!

Do not use lead solder, it istoxic and may not stand the potential higher temperaturesand
pr essur es.

" Proper cleaning and generous use
~ of solder paste will assure leak
|| proof joints. | place the paste on
* both surfaces prior to mating the

¥ . copper piecesto assure agood
- | joint. 1just tried the Lennox brand
. paste and was really impress when
it immediately remover the tarnish
from oxidized copper. | usually
| usethewire brush on all fitting,
| but ! did not when using the
~ Lennox solder paste.

Make sure you pressure test your
collector with awater hose.
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%4 inch copper pipe header

2 inch copper pipes
use af least 28, but the more
I that you use the more heat

I you wil collect

%4 x % x 2 inch copper tees
2 required foreach 2 inch
copper pipe

17

Copper Collector

| use asmall wooden stool the right and set the propane torch on it
and right under the joint to sweat. It takes alittle longer to sweat
using silver solder that it did using the lead bases solder. So by

' using the stool, you will be less fatigued. It you notice the already

painted black copper, this was due to adding additional branchesto

| the copper collector. | had originally built the collector with 10

branches and was not happy with the performance, so | added and

| | additional 18 branchesfor atotal of 28.
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8 Thisisagood picture showing where
the heat should applied to the fitting
to draw the solder into the joint. |
once went through a hole role of
solder trying to weld ajoint by
placing the heat on the joint instead of
placing the heat as shown here and
drawing the solder into the joint.
With the propane flame shown here, it
. takesat |least 1to 1% minutesto heat
. the %4inch joint to where it will accept
the solder and sweat the joint.

Build this length 4 inch less the dimension of your box

%, inch copper pipe header 12"

Build this length 10 inches less than the inside dimension of your box

Copyright © 2010 Little Products, Inc
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Y ou want to build you copper collector to length where you can insert the right side through
two holes (which you drill into your box) and extend through the holes far enough where you
can drop in the left end down (with about ¥4 inch clearance between the end of the left upper
pipe and the inside edge of the box) and align with the hole and then the collector assemble can
dideto the left and extend through hole until the assemble is centered in your box.

% inch copper pipe header

\

il
( 2 iInch copper pipes

3, End Plu use af least 28, but the more
that you use the more heat
you will collect

Y4 X ¥4 X 2 InCh copper tees
2 required for each 2 inch

copper pipe

Pars List for a 28 riser fube Collector Note: The length of the ¥ pipes need

to e cut to fit the inside of you box when

2/4 X V2Xx%aTee - 56 ea. the two Tees are on each end of the pipe.
/2 end cap (plug) 1 ea | would recommend leaving ' inch space
Copyper Tubes (approx. 43 IN) -56 ea between the top and bottom.

Copper Tube % Inch - 20 ft

PartsList For the Copper Collector for a 12 %2inch Pipe System
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Chapter 5 - Preparing the box

Aftach metal coil stock (width are available in 12, 16, 20 & 24 inch - cut to fot
Use either roofing nails or button cap nails to attach

Predrill holes in the metal to prevent bending then paint

the metal flat black high temperature paint
Placing the sheet metal in your box

There are a couple of options. One would be to find copper sheeting and actually solder it to the
copper collector that you just built. Thisisthe most efficient design that is available and if you
have, or can afford it, it isa good option. The other isto use some thin sheet metal or coil stock
and cut and placeit in the box. Fasten one of the ends to the ledge by pre-drilling the holesto
prevent bending the metal. Then | placed 3 ¥z inch thick by 15 inch wide fiberglass insulation
under the 3 sheets of 14 inch wide metal coil stock. This pushes the sheet metal against the
copper collector. The metal will be painted with High Temperature flat black paint prior to the
copper being inserted into the box. Giveit acouple of good coats.
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Use a high temperature Flat Black paint. Flat Black hasthe highest
absor ption propertiesfor absorbing heat.

Paint both the copper collector and the sheet metal with two or three good
coats. The paint will prevent corrosion which occurswhen dissimilar metal
ar e touching, so make surethat both are coated well.

Copyright © 2010 Little Products, Inc
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Chapter 6 - Installing the Copper Collector

At this point the copper collector and the sheet metal are painted black and the metal isin the
box. Drill three holesin the box with a 1&1/8 paddle bit to allow the 3 ends of the copper
collector to extend from the box.

These 3 holes should be positioned wher e the copper collector ispressed tightly against the
sheet metal which will result in good physical contact to achieve the highest heat transfer
from the sheet metal to the copper collector.

Todrill thesethree holes, usethe copper collector asa pattern to assurethat the holesare
wherethey need to be.
Measure and mark the holesand then verify it asleast 3times!! Don’t forget you want the

copper pressed firmly against the black painted sheet metal.
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Chapter 7 — Collector Connections

High Pressure Valve
Collector oufput '

12"

Used also
to bleed
Air from
system

Drain valve

Collector Input

Drill 3 holes (11/8 inch) to insert the collector plumbing
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Connect awater heater pop-off valve as shown in the above figure and the below picture. It
will protect the system from over pressurization and will alow a point to bleed out air.

An elbow is soldered to the pipe extending through the collector and afemale % inch fitting is
soldered onto the elbow. Do al of your soldering prior to installing the vinyl 8 inch soffit.
Also shown isthe drain plug out of the water heater. | used this here just to keep dirt dobbers
from messing up the pop off valve. Thedrain valve is open to alow pressure rel ease.
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On the lower inlet pipe connect a % inch tee and afemale 4 fitting and ahose bib. At this point
| used PEX plastic % pipe for plumbing into my house. PEX pipes use crimp type barb
connectors and a special crimping tool. PEX lines are very inexpensive when compared to
copper and easy to work with.

On the upper outlet of the collector, | sweated on an elbow and a short section of % pipe and
another %1 elbow. Thiswill be unique to the individua installation. But also seenisthe
collector temperature sensor which uses awater hose clamp to hold it to the out put of the solar
collector.(which will be covered in more detail when we address the system controller).
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Chapter 8 — Lexan Installation

Note the 2x2 installed midway in the collector to support the 4x8 L exan sheet

| installed a2X2 midway across the collector to support the lexan in the middle and predrilled
for the coated decking screws to attach it to the 2x8s. The Lexan is not attached to the mid
support. With some ones help and preferable on awork surface drill holes every four inches
around the perimeter of the Lexan. | would recommend drilling an oversized hole and using a
for an example a2 inch washer with a#8 hole with a1 inch #8 stainless steel screw. If you
look at the below picture you will see stress cracks when too close afitting hole/screw
combination resulted in the cracks when the screw was not screwed in exactly perpendicular to
thelexan. | may have to replace the lexan in the future ($100 mistake).
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1/ \‘\\ By L'y

If possible, install the lexan after the panel is mounted. If not, take care not to
torque the panel while mounting it to avoid stressing the lexan.

So, after you marked and drilled the perimeter holes, use ¥2 adhesive weather strip on each side
of the holes, as shown. | choseto stick the weather stripping to the Lexan. Then pick a center
hole on the top and using a sharp punch center punch the hole. Y ou can use a cordless drill to
start the screw into the hole, but snug it up with a screw driver. Just work your way around the
box.
If you look carefully, you can see the washers under the screws. | would use alarger

washer than | used, and hand tighten the screws after they are dl started. Y ou can also seethe
over hang because the box was not built to the size of thelexan. Learn from my mistakes.
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Chapter 9 - Building the Heat Exchanger

| found one site which detailed building a pipein a pipe heat exchanger.

So, basically a%zinch pipeisplaced in a%inch pipe and this creates a water jacket in which
hot water heats the water in the %2 pipe. In the space between the %2 and %2 inch pipe hot water
from the solar collector is circulated and the water from the water heater is circulated through
the %2 inch pipe, thereby the heat is transferred from the collector and into the tank without the
two fluids coming in contact. This allowsthe use of propylene glycol as antifreeze. Never use
ethylene glycol asit isvery toxic.

@ ¥ fo . adapter

3 3 3
Vs pipe h Va X Yax ¥a Tee

¥ inch pipe

F YaX ¥a X ¥ Tee

W ¥4t0 V2 adapter

This shows how one heat exchanger pipeisassembled. The heat exchanger that | am using is
made of three of these units.

| mportant Note: Inside the ¥4’ to %2 adaptors there is a small dimple which isthere to allow
a2 inch pipeto only go in approximately ¥ of ainch. We need the ¥z pipe to go all the way
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through the adaptor so, take a2 inch bit and drill the small dimple out. It isrecommended to
use adrill press and hold the adapter firmly, but be careful not to bend it.

The following diagrams further explain the design and how to assemble the heat exchanger, for
my exchanger | used three tubes and cut the %2 inch pipe 40 inches (this gave me 3 pieces out of
a 10 foot length (120 inches) and this was the right length for my 50 Gallon tank), but you will
have to measure the height of your tank and determine the appropriate length for your heat
exchanger.

TTO Top of water heater

Collector Hot Side

<
(From collector Top))

Collector Cold Side

>

(To Collector Bottom)

T From botftom of
water heater

Heat Exchanger

Thisdiagram (left) showsthe three pipe heat exchanger and the (right) other
diagram shows how it is connected into the system.
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Heat Exchanger PartsLists

Tees ¥ x V2 x ¥a 4eq
Eloow % x 2 2ea
adaopter ¥a x 2 6bea
Tees ¥4 X %1 X ¥a 4 ea
Eloow % X ¥ 2 ed

Copper¥. pipe 40" 3 ea

Copper 2 length 3ea
Determined by height of fank

Note: the plumbing info and out of the tank will
e different according to the brand and maoke
of the tank.

The lengths of the % and 2 inch pipe will also change
according the length ond size of the water heater,

SO measure your tank and plan where you willmake
connections then size you pipes accordingly.

After fabricating the copper, block off the open linefor both pathsthrough the heat
exchanger and pressuretest for leaksusing a water hose. Find any leaks before
proceeding!!

Do not use lead solder, it istoxic and may not stand the potential higher temperaturesand
pr essur es.
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Chapter 10 - Electric water heater safety

A DANGER

| Time Temperature Relationship in Scalds

|
| I.' —
_ Temperature Time To Proguce 8 Serous Bum
F
e '-.,'_-.r'--u*_' - ey
| Lo i 8z & ==yuLey
'.'F. T | G S e
i ":—.'.'. b
= - il TraE Y il ==
il 5l Tra= N
- i gl Ty el reae
.-r.: l Rpigt | poma
- = ™ § = For =gy hap
-'!' SEEFT ARCw NP ' P Jsad 5 & .},AJ!
Water temperature over 125°F can im determening Lhe F'”-:.;]E.r LA TEM OErEaTL 3
cause severe burns instantly or SIS
death from scaids. YOuUr Rome
Children, disabled and elderly are MOTE: Housaholds with smadl children, disabled,
at highest risk of being scalded. “m"mmm.llmww
See Instruction manual before thermas i SETNg 10 pievent contact with “HOT"
setting temperature at waler walnr
heater.
Feal water before bathing or
showaring.

Temparature limiting valves are
available, see manual

When setting up your temperature requirement take into account the potential dangers of hot
water. Instead of trying to super heat water above the safe limits, you may wish to heat alarger
guantity of water.
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If adjustment is necessary...

Type 4T thermosiet and
PrOWECiE Coee.

Caution:

Any timeyou are adjusting thether mostat or have the access cover s off the
water heater, turn the breaker off to the water heater, because 220 VAC can

belethal!
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Chapter 11 - Anatomy of Electric water heater with Heat Exchanger

Let’stake alook at the water heater and how it will be connected to support the solar collector
system. The ultimate goal isto heat the water in this tank.

Hot Out Cold IN Hot Out  ColdIN PumMp

\¥///
Hot
. ¢
Dip Tube From Collector
A
Dip Tube
Heat Exchaonger

e —

Back to collector

O

)/ \_/,,

The water heater on the left is your typical electric water heater. Water enters through the “cold
In” and goes through a DIP tube which directs the cold water to the bottom of the heater. This
assures that the cold water does not mix with the hot water and that the hottest water is supplied
throughout the house.

The diagram on theright isour configuration and we will supply the cold water directly into
the bottom of the water heater. A pump on the top of the water heater will pump water from the
bottom of the tank (which isthe coldest water in the tank) and will pump it through the heat
exchanger and into the tank through the DIP tube.
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The above picture shows the top of the heat exchanger, which is pretty much identical to bottom
of the heat exchanger. The line coming from the right isthe “Hot” output of the Solar
Collector. Thetop of the heat exchanger is plumbed into pump which circulates water from the
bottom of the water heater through the heat exchanger (whereit picks up heat) through the
pump and into the top of the water heater tank.

Another picture of the top of the heat exchanger and the pump
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The pump is plumbed into the “Normal Water In” inlet of the water heater. Notice the blue
“cold water lin€’, it now is connected to the bottom of the water heater.

Here isthe bottom of the heat exchanger. First, the red line goes through the red pump which
pumps the collector water back to the lower input of the solar collector.

The blue lineis the cold water input which is going into the bottom of the water heater.

Y ou will unscrew the drain valve (most likely white plastic) out of the bottom of the water
heater. Itisa¥ainch pipethreat and it will be replaced with agavanized 3 inch length of
threaded pipe which then connects into a galvanized tee, a short 2 inch treaded pipe, then
another tee and finally aquality drain valve. (Use the plastic drain valve to keep dirt dobbers
out of the pop off valve of the collector).
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Here is another view of the lower connection,
so asthe “ Green Pump” on thetop of the tank
turns on it will pump water from the bottom of
+ the water tank through tee closes to the tank,
through the copper heat exchanger and through
the pump into the top of the water heater.

Note that the heat exchanger and all
of thelineswill be recovered with
insulation after thisinstallation guide
iscompleted. This heat exchanger
has reached 160 deg F and I’ ve been
burned afew times by accidentally
touching it, so do be careful.

The Taco and Grundfos pumps
Use the same flange kits. | like this
system and removing pumpsis a
breeze. For example, | needed to
tighten the flange because of aleak,
S0 just remove the bolts and tighten
the fange another revolution and the
leak was fixed and insert the 2 bolts
and the job was done. So order the pumps with the flanges.
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Chapter 12 - Setting the Thermostat for Solar Operations

The Cemperatyre of The nater = Lhg heater @
regulated Py the adjustsrie s face mouried
tharmaetats) ‘Ceatad benng the acket arleas
panel(s) Dual glement heatere R Tac
thermodtate. To comply with aafesy reaulations
the thermostat(s) sere st 4t 120°F Before the
aEser Repter mpp Woipoed from SThe faciony

The iluptration ot The oft
shows the Lemperatune
adjuatment du| uoed
for Brtt=g ke apter
LermEErETLTE

Reler 2 the Operatiey
lnatructione in this
marual for dete led

MR LrLLTonE = Fow To
adj-ol the Tthrioetalie

dh DANGER: There i & Mot Water SCALD Polential i
the !ermosiat is 581 100 high.

Y our typica eectric hot water heater has two thermostats, one on the top 1/3 of the tank and the
other around the bottom third of thetank. Set the top thermostat to 115 Deg F and the bottom
thermostat to the lowest setting (this should be around 90 Deg F). What thisis doing isinsuring
that you will have 115 degree F water even on non solar friendly days. So what you really have
Isasolar/electric hybrid system.
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Hot
—

From Collector

Upper Thermostat

(Setto 115 deg F) \

Heat Exchanger

Lower Thermostat
(Set to 90 Deg F)

—

Bock to collector

By setting your thermostats this way, there will be atemperature gradient in the bottom of the
tank when the collector and tank pumps are turned on and the did tube assures that the bottom
water (the coldest) will continue to be the water that is heated.
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Chapter 13- Solar Collector Controller
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Temperature sensor symbols @ Salar circuit symbols
Displays the temperature values and /a4 Displays message "Maximum storage
faults, e. g. short circuit, interruption "= tank temperature has been reached”
isee p. 27) or 5¥5 = system error (see
p. 28) 10y Warning display if faults occur, e. g.
— short circuit, interruption (see p. 27)
Holiday function (see p. 21) or 5YS = system error (see p. 28)
Anti-freeze function (see p. 21) @ Displays message for evaporation of

Selecting the temperature unit °C/ °F
Tube collector function (see p. 20)

Setting the maximum storage tank
temperature

®

the collectar fluid

Displays message for sufficient heat
supply

Thisisthe Controller’s Front Panel Display
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Controller

| chose adigital Sun Earth Steca TR0301U digital controller from Sun Earth ($115) (800) 515-
1671 and order the 3" Temp Probe ($15). The controller is configured from the factory to
monitor and compare the temperature of the output of the collector to the temperature at the
bottom of the tank and when thereis a difference of 16 deg F, the pumps start and continue until
the differential temperature is 8 deg F, when the pumps stop.

Temp Probe \ Hat

Temp Probe UpperTank From Collector

Coallector
Output

Heat Exchanger

@< TempProbeN___~
a
p— ‘_L Lower Tank U

—

Backto collector

The upper tank temperature probe is used only to display the tank temperature optional
equipment and is ordered separately. The controller comes with the other two sensors.

TR 0301 U

hl W
‘é-:. | | I
|
I l |
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Cords— Pump PWR, AC PWR IN, Col. TEMP, Bot Tank TEMP, Top Tank TEMP

4.4.3 Terminal plan 120 V version Sensor wiring Class 2
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Thereisaline cord attached to the controller, so you just plug it into a wall socket and the
output power to the pump is actually an outlet socket so you just plug right into it.

The tan cord is a power strip (the PWR to Pumps) and plugs the pumps into it. So the controller
supplies the power for the pumps through my power strip.

Cdb S g _..ots, Inc
41



Chapter 14 - Thetemperature probes

The probes are mounted above the upper and lower thermostats directly against the tanks, using
a couple foam blocks which hold them in place. Make sure the power isoff. | got bit once by
the 220 VAC, and won’t make that mistake twice (learn from my mistake)!!
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Probe mounting

Look carefully and you can see the foam cube which is pressing and holding the temperature
probe against the tank. Turn off the breaker to the water heater. The same method is used on
the top and bottom tank sensors. Thisfoam was used in the packaging of some electronic
appliance and was handy. The insulation was reinstalled.
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Then the cover’s upper left corner was flattened out as to not damage the probe cord
and reattached to the tank. The same was done for the lower probe.
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As mentioned earlier, the probe for the top tank temp was purchased separately and
cost about $15, but it is nice to be able to monitor this temp. This is a nice
controller and | am impressed with it. | will include a PDF manual on the CD with
these plans and also a file which shows how to change the factory settings. Be
aware there are cautions concerning changing the factory settings, so wait until you
are very familiar with your system and the controller.
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Chapter 15— Plumbing system diagram

House Connections
Cod N Hot Out TACO

Granfos
Pump

Taco M odel 005 cartage Circulator
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| bought the Taco Model 005 cartage Circulator to circulate the water in the tank through the
heat exchanger. Itisa 120 VAC pump and pulls about .53 AMPS. It was purchased from PEX
supply ((pexsupply.com) (888) 757-4774) for $62.45. Itisan industrial pump with athree year

warranty.

TOTAL HEAD-FEET

FLOW-MYH
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35 I} I I I __'_._ _I_ __.'_.. ..I. _‘_. _1.

=
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L ] il } }
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=SS NN

Sy o T ‘\v\ -
5 P ‘:ﬁ:"‘\ g\x; h{jm‘ﬁ:r}:":?__
o L0030 008 005[007 001N | 8010/

4] 3 19 15 200 25 30 35 40 43
FLOW-GPM

TACO 005 Pump Specifications

Thisisthe flow diagram for the TACO 005 pump, it may look alittle confusing because this
diagramisfor 11 different Taco pumps. Just look for the line that goesto “005”. So, basically
this pump can handle 9 feet of head and it has about 5 foot of pressurized lift.

Electrical Data

Model | Voles | Hz | Ph | Amps [ RPM | HP
Q03-F2 [15 &l | 23 3230 /35
003-BF2 115 &l | 4 3130 1735
Motor | Permanent Split Capacitor

Type Impedance Protected

Motor

DPEiGI‘lS 2005001, 20060v1, 23006001, 10071 1 0/S0060/ 1

a7
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This pump uses very little electricity. 0.53 Amps which equates to 61 Watts. When | went to
connect the power cord to the pump, | found only 2 wires, awhite one and ayellow. Connect
the white to the white (neutral) on the line cord and connect the yellow to the Black (hot) on the
line cord. Theinstruction sheet said the wires would be white and yellow or blue.

X 9

=
AI'Hn.ilui,r_..,F on- "

- V-

Grundfos UPS15-58FC 3 Speed SuperBrute Circulator Pump

The Grundfos UPS15-58FC 3 Speed SuperBrute Circulator Pump was chosen to pump the
water through the outside collector and through the primary side of the heat exchanger. This
pump is actually a 3 speed pump and is capable of replacing several different industrial pumps.
| also bought it from PEXsupply and it cost $79.95. It does have a check valve (whichis
removable) which will eliminate thermal pumping, so it is quite a bargain and will be able to
meet the demands if your are not sure of how much head pressure your system may have.
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Here is the characteristic flow diagram of the Grandos UPS15-58 pump for each of its 3 speeds.
So this pump can handle up to about 18 feet of head pressure which makes this pump a safe buy
because it can handle a large range of pumping requirements.

Product Data:

MODEL AMPS  WATTS  CAPACITOR
UPS15-58F spd.3 75 89 10mF/180V
(115V)  spd2 .66 80
1/25HP  spd1 55 60

Grandos UPS15-58 Electrical Specifications

Thispump isvery efficient and when your system is up and running, just aflip of a switch will
change speeds. Use the lowest speed that circulates the hot water.
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Chapter 16 - Using PEX Plastic Plumbing Products

With the expense of copper, you may want to use PEX for the long runs of water plumbing to
and from the solar collector. | have seen PEX used over yearsand | think it's a good alternative
to expensive copper. So, | wanted to put asmall section in the manual about it.

Here's a good picture of the PEX tubing, the blue line has a barbed fitting that is a male
threaded %4 fitting to thread into the galvanized % inch Tee. The red line has a barbed sweat on
fitting that is sweated on % inch copper line. Y ou can see the black ring clamps that has been
crimped into position.
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s s

Shu fiem DEsCriptian Unll Price
FLO40250 174" AQUAPEX - (100 f. il 529.89
F1090175 /8™ AQUAPEX - (400 fr. call) §12%.20
FL120375 3/8" AQUAPEX - {1000 f. coll) $308.00
FLOAGS00 L7237 AQUAPEX - (100 . coil]) 3245
F040500 1/2" AQUAFEX Raxd - {100 f. call] 43148
FI040500 13" AQUAPEX Blua « [ 00 FE. Dodl) #3145
F1060500 1737 AQUAPEX - [ 300 L. oall} 557.55
FIDERS00 1#rmﬂm-[mmuﬂ} 4758
FIOGES00 1/3" AQUAPEX Biua - (300 f. cdl ) 40755
Fi120500 IWﬂw-tlmﬁ.mH] §327.95
F2120500 177" AQUAPEX Red = (1000 i, coil) 304,00
FI1Z0800 1/3" AJUAPER Blus = | 2008 fr. cail) 364,00
FlDaa750 374" BQUAPEX - {1040 ft. cail) E55.A58
FIO40750 /4" AQUAPEX Red - {100 L eail) 5005
FI0A0TED /4" MOUAPEX Blus - [ LDO M. [=-111] +59.65
FIDBOTSE 374~ AQUAPEX - (300 fr. call) 16725
F10&0750 34" AQUAPEX Red « (300 fi. gall} 16738
FIDBOTED 374" NQUAREX Biue - (300 T cail} 516735
Flo41000 1™ AQUAPEX - (1040 L call) 5104.95
F2O041000 1* AQUAPEX - { 100 M. coil] $104.95 ”~
FI041000 17 MQUAPEX - [ 100 . coll) $104.95 Abso Asallakle:

# Zurm PEX, Watts PEX, Viegn PEX

The%iinch sizeiswhat | used to go to and from the collector.
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PEX Tubing - Cutters
Tube Cutters are used for cutting PEX Tubing. We sell three types of cutters: the plastic cutter,
the ratchet style cutter, and a meatal pex cutter. -

— — d

Sk Btem Description Unit Prica .~
E6081128 Tube Cutter, {plastic) up to 1° PEX $16.45 ‘“‘\.
E6OB1500 Ratchet-style Tube Cutter, up to 1% PEX $20.75 .

Thetubing is cut with the above cutters, spend a few dollars and get oneif you
are going to use PEX pipe

s Bescriplien Bas Prics

G B0 172" PEXN § 172" PEX Brass ElBOw 058 #33.35 (258053

HESE 758 34" PEX u 3/4" PEX Bress ElDow #1332 S0 B8 [ 15=8l. 18]

HOLOS00 1/ PEN w 1/3° PEX Bress Coupling #0597 BELED (20780 54]

HOLATSO 174" PEN » 3/8" PEX Bross Coupling $0.68 §16.50 (I5°30.66)

HO20800 i/3" PEX = 172" Copper Pips Brass Adapies #oas S20, 2% | 28*80.081) -
MOZOTS0 444" PEX & 374" Coppar Bips Brass Agapter $1.08 830,00 ( 25~51.39) “b_"
MO FIS00 1/2° PEX x 1/1" NPT Brass Male Adsptar 148 34,08 (25°31.36) —
HAIGTED 3/4° PEX & 3/4" WFT Brass Hale Adspter Vi.aD 42,00 {2581 74)

EEE T LE ] 159 BEX w 173 WPT Braw Pemals Adapter BLET £39.75 (157 61.59)

HOSO 7S /4" PEX w 3/&% NPT Brass Female Adspier §2.30 B4 78 [15°83.19)

R =] %] 1/3° PEEw 1/2° PEN ® 1/1° PIX Braws Tos #i.1@ 2615 (1575 1.05]

3/a® PEX ® 3/4~ PEX x 3/4° PIX Brass Tas $1.80 #4275 (I5°80L.TE}
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Once the PEX tubing is cut, then these fitting which have a barbed fitting on
one end is placed into the Pex tubing with a metal clamp ring over the tubing.

Then a ring clamp crimper tool, as shown below, crimps the fitting on. It'sa
simple process.

~ HydroPEX Tools & Fittings
Watts PEX Crimp Tool Kit e :

The Crimpall tool by Watts crimps four sizes of PEX pipe. This versatila tool crimps 3/8", 1/2 °, [
5/8°, and 3/4" HydroPEX fittings. The compiete PEX Tool Kit Includes the CrimpAll tool with |
four jaw set sizes, rugged tool case, adjustment tools, and a "ga/no-go® gauge. This tool uses
Black Copper rings in combination with HydroPEX fittings to make connectians.

Sk Tiems Dimire] prian Linit Price

WPCATH- § /8" = 3/4" PEX Crirmp &1 Taal B8 [FEL N .
BrCFimpRIng 3/4" PEX Crimp Ring 030
DELrimpRing 1/ 3" PEX Crimp Rimg SO.F5

PEXN CinehClamp Ratchet Tool
The CinchClamp Tool makes connections for PEX Tubing with PEX clamps of different sizes,

This PEX Tool is gaining in popularity due to its ease of use, When used with the propar clamps,
the CinchClamp Tool can make 3/8%,1/2", 5/87, 374", and 17 PEX Tubing connections.

Shr Tiem Description Unit Price
WPRCCT-1 CinchClamp PEX Toal [ T2 8 1)
HWELGFED J/4" Siwinless Seel Clamg [50/beg) L34 R
HCLIFs00 172" Steinless Stesl Clamp {100/ bag ) 19,50

Here area couple of examples. | bought my PEX suppliesat L owes.
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Chapter 17 — System Fill and Bleed

House Connections System Fill and

Cod IN Hot Out TACO Alr Bleed
Pump

T

Granfos
Pump

TheFilling and Bleed Port

The last component for your system is thefilling port. |
used a 2 foot long piece of 2 Inch Schedule 40 PV C pipe
and placed it in the highest point of the hot line before it
entersinto my house and mounted onto a treated 4x4 post
which isset in concrete. Thisallowsfor easy filling of the
system and also areservoir to hold fluid asit expands. |
wanted to place this outside of my home.
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2" cleanout plug
. T\

2" cleanout I;

2"5ch 40x 2 ft

2" X ¥4 inch -
— threaded adaptor ©

System Fill and Air Bleed Canaster
Y ou will need to paint the fill and bleed canister, PV C does not hold up very long exposed to

the suns UV light and will tend to become chaky in ayear or so. | have used Krylon Fusion
paint with great success, so | recommend picking alight color and painting it.

| found avery easy way to fill and bleed air from the system. Only do this
procedureif the system fill canister islocated outside.

1. Connect a garden hose to the drain valve (hose bib) on the lower input port of the collector.
2. Remove the top (clean out plug) of the filling port.

3. Turn the hose on to a medium flow and open the collector hose bib and allow the water to
purge the system of air.

4. Allow the water to run a couple of minutes and run out of the system fill canister.
5. Close the hose bib on the bottom of the collector while the garden hose is till turned on.

6. Test the system and repeat if necessary.

Note: Use a washing machine hose to couple the garden hoseto the collector
bib.
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rgj Systern FAill and
Air Bleed

House Connections
Cod IN Hot Cut TACO

Granfos
Pump

Typical System Diagram

Typically, asolar collector hot water system will require the use of 2 solar collectors or about
64 sgquare feet of surface area.  The output of one collector feeds the input of the next. You can
start with one unit and will most like need to add a second. Thisis dependant on your hot water
needs. Only one pressure release valve is necessary on the solar panels, but, you have one on
each panel which would protect the panel in case one fails. Make sure that the input and the
output of the solar panels are diagonally from each other (if the input is on the lower left, then
the output is on the upper right.

Check Valve

The check valve will prevent reverse flow through the system which would cause
heat to be lost by being pumped out to the solar collector at night and could in fact
start pumping the heat out of your water storage tank. The Granfos pump has a
build in check valve, so you need not buy a check valve. Thisjust saved you $20
and well paid for your plans.
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Winter Time—Filling with Propylene Glycol

1. Take abucket of water and place the washing machine hose or a small hose in the bucket of
water and get the air out of the hose.

2. With the hose submerged in the bucket of water, place and position the bucket where the
solar collector hose bib is actually in the water and screw the hose on the bib.

3. Remove the cap from the filling station and crack open the hose bib and |et the system water
drain out until it is barely till in the bottom of the filling station.

4. Close the valve and fill the filing station to the top.

5. Repeat the process until you have added the proper amount of anti freeze.

Note: The hosein thewater will prevent air from entering into the system. Air
In the system seemsto always find the pump and will stop circulation.
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Helpful Hintsto Start Saving Energy Costs Now

Asfor me, my current research and planning is to lessen my dependence on the grid
(Commercia Electrical Power) without sacrificing any comfort. So far | have replaced the
incandescent light bulbsin my house with the energy efficient bulbs. This not only saves about
78% electricity that is used for lighting, it also reduces the heat that the older bulbs generate and
Isaso directly reflected in my cooling bill. How much does this save me? In my household,
three people are home pretty much all day long so, | figure in my house 20 bulbs burn 8 hours a
day which equatesto ( 20 x 8 x 60 watts (.060 kwatts) x 30 days/month ) = 288 Kwatts @
0.10/Kwatt= $28.80 a month (Current cost of lighting in my house). Now | burn mainly the 13
watt replacement bulbs, which replace the 60 watt incandescent bulbs which isaratio of 13/60
=.216%, so my current cost associated with lighting is $28.80 x .216% = $6.22, which isa
savings of $22.58/month or $271/year. It dl adds up.

| recently bought a small countertop electric oven which can be used for cooking or heating
foods such as frozen pizzas, TV dinners, biscuits, brownies, and chicken pot pies that would
normally be placesin the full sized oven (which would draw 30 AMPS of 220 and really spin
your power meter).

Thank you for your purchase, | hope these plans start you in the right direction, and
| sincerely hope that you find value in my plans and recommend them to your
friends.
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