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INTRODUCTION 

Solar water heaters were developed some two hundred years ago. The first known flat 
plate collector was made by H.B. de Sausurre, a %ISS, in the second half of the 18th 
century However, little interest was shown in such devices until the world-wide oil crisis of 
1973 This crisis promoted new interest in alternative energy sources. As a result, solar 
energy has, received increased attention and many countries are taking a keen interest in 
new developments. 

It IS understood that achievements in science and technology cannot always simply be 
transferred from one country to another. They must usually be somewhat changed and 
adapted to suit local conditions and constraints on production. It is known, for example, that 
copper has the best c:haracteristics for solar heaters, and that aluminium has considerable 
potential. However, in many countries these materials may be too costly. too difficult to work 
with, or not available in local markets. 

In Nepal, attention was given from the beginning to the use of locally available materials. 
This resulted in simple working techniques and in designs which favoured the modular 
system. The combination of product manufacture and :nstallation by the same enterprise 
proved to be a satlsfactory approach. Nowadays, solar water heaters are manufactured in 
several workshops which, with increasing demand, are graduaily upgrading to real small-scale 
industnes 

Performance Solar water heaters are one of the best known applications for the direct 
use of the sun’s energy. Simple solar water heaters requl e almost no attention: they walk 
autornatlcally and provide hot water without any spe:ial care. 

Design Solar water heaters have been desigred to suit local conditions. “Passive 
Systcrns” were tested first. These systems, which have collecting surfaces connected to a 
separate hot water storage, tank, circulate water by thermosiphon (convection) effect. This 
I)roved to be the most popular design. Another type, the flat tank collector, was also 
developed This simple one-piece unit can be a satisfactory alternative to more complex 
systems. It does not keep water hot overnight, but t?ot water is available from late morning 
until alter sunset. These are the two most commonly used systems in Nepal. The manufacture 
and Installation of pumped systems and systems incorporating anti-freeze protection is as 
yet irntrled, but IS technically feasible 

S/e The size of solar water heaters depends on the daily hot water requirements. In 
gctneral one person may require gpprox. 25 to 40 Mers of hot water at approx. 55” to 60” 
Ccntii]rades per day (for domestic bathing only, without laundry and not in hotels). For a 
small Iarr111y a circulation system with a hot water storage capacity of approx. 120 liters may 
be sufficient A flat tank collector of 60 or 90 liters may be appropriate for a few persons 
where the demand IS limited. Selecticn of size would also depend on availabiiity of standard 
prod(lcls Prizes vary with the heater size and with the installation charges. lnstailation is 
simplest when the system IS incorporated in the initial planning of the construction of a new 
nouse. This allows the architect to incorporate the heater into the plan, botii esthetically and 
economically. 

A. Bachmann H. Waldvogel 



FOREWORD 

The first pilot solar water heater at Balaju Yantra Shala (BYS) Plumbing Di..fision was 
made in autumn 1974. !t was constructed from an old electric hot water tank and a small, 
self-made collector. After considerable experiment, improved solar water heaters were supplied 
to the boarding school at Budhanilkantha. For BYS this was the beginning of a challenging 
development. 

The development of solar water heaters received further support at the newly esteslished 
sanitary section of the Mechanical Training Centre in Balaju. This work, like that of BYS, was 
supported by Helvetas. (Both BYS and MTC were, initiated by agreements between His 
Majesty’s Government of Nepal and HELVETAS, Switzerland.) 

In this manner, through improvements in design, manufacturing and installation and 
through a combination of the efforts of a private company and a technical school, the 
efficiency and performance of solar collectors and hot water storage tanks was much improved. 
Today, these installations are a common sight in Nepal and in neighbouring countries. 

This second edition includes the latest developments made at MTC. The basics of 
“pumped circulation systems” have been added, and has with thanks much valuable information 
from “Soiaranlagen” by Mr. H.R. Schmidli. 

Much information on solar energy technology was generously made available by the late 
Rev. B I? Saubolle, S.J. whose pioneering work in this field began as early as 1968. Thanks 
largly to his efforts, the utilization of solar energy has become a promising reality in Nepal, 
India and Africa. 

We acknowledge with thanks the support given for the production of this book by Mr. 
Laxmi Bahadur Manandhar, Principal of MTC and Mr. Andres Wiederkehr at Helvetas in 
Zuerich. Thanks are also due to Mr. Ram Kumar Thapa, office assistant, Mr. Purna Man 
Shrestha, Head of Printing Section to Mr. Ram Prasad Shah, Draftsman and to Mr. Nick 
Gregory for checking the English language. We gratefully acknowledge the contribution of 
HELVETAS (Swiss Association for Development and Cooperation), whose support made this 
editron possible. 

Ben Dolf i Programme Director 
Helvetas Nepal 

Patrick Leu / Co-Principal 
MTC, Balaju 
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PRINCIPLES 

Par systems with natural circulation (i.e. by convection or thermo-siphon) in non-freezing areas, 
with some basic information on anti-freeze protection and pumped circulation systems. 

Typical solar heating systems collect the sun’s energy with rooftop arrays of piping and flat 
metal sheets, painted black to absorb as much radiation as possible. They are encased in 
glass or plastic and angled towards south to catch maximum sunshine. The collectors act as 
miniature greenhouses, trapping heat under their glass plates. Because solar radiation is SG 

diffuse, the collectors must have a large area. 

Solar water heaters can be made in various sizes depending on requirements. They give 
enough hot water for cooking, showers and washing. They can be used as pre-heaters for 
existing electric water heaters. SWH should be automatic and self-regulating and be designed 
to refill as they are used. 

The hottest water in the heating system is always served automatically, and if a steady water 
supply to the heater is maintained at all times, there is no inconvenience of having to replace 
it manually. 

The SWH is a very economical way to supply hot water. Since the sun does not send a monthly 
bill for services costs are nominal. Compared to fuel charges for firewood, gas, kerosene, etc., 
the SWH is so economical that it will pay for itself within a few years. 

Hot Water Installation 

Basics - the plumbing for hot water is in principle the same as for cold, but there are certain 
additional factors that apply to hot water systems, and these must be taken in account (e.g. 
length and diameter of pipes, insulation, safety devices, etc.). 

Layout of pipelines - connection of hot water storage tank and collectors to be of shortest 
possible distance. 
- Pipes should not be exposed to the weather if possible. (keep pipes inside the house where 

possible). 
- All connections must be of good quality. 
- Adequate spacing must be left for insulation (insulation thickness: 30 to 50 mm). 
- Air valves and drainage valves must be in accessible places. 
- Layout must allow complete drainage of the entire system. 

Diameter - pipe diameter depends on different factors, such as: 
- Consumption/time unit 
- Total quantity/time 
- Length 
- Materials, etc. 

To ensure trouble-free functioning there must be a safety device for the release of over-pressure 
due to the increase of volume by heating, This is normally a safety valve and a non-return 
valve (check), or a non-return valve and a vent pipe. 

Note: In a low pressure system using a separate feed tank (as in installation example No. S), 
over pressure Safety devices are not required. If 100 liters of water are heated from 10 to 70 
Centigrade the volume will increase by 1 08 liters! 

Distribution systems - a choice of different systems i s available. One should choose the system 
best suited to the individual circumstances. For large buildings a central hot water system, 
having well insulated pipes, may be best. 

For smaller installations, the single pipe system (one pipe for one tap) is usually preferable. 
For solar heater water with thermo-siphon circulation this is the best solutron. 
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Note: It is important to have several separate pipes from the heater to the taps to reduce heat 
losses (smaller pipes) and to give a convenient and fast supply of hot water to the user, with 
a maximum delay of about 10 to 20 seconds. Pipes concealed in cement or in brickwork must 
be protected against heat loss with a corrosion-free bandage of at least 5 mm thickness, 

Hot Water Storage Tanks 

All hot water storage tanks must be well insulated to keep the water hot during the night. Heat 
loss depends on many factors (ambient temperature, wind, season, etc.) and will be approximately 
0.5 to 1 Centigrade per hour during the night. Experience shows that a minimum thickness of 
insulation of 100 mm should be maintained. 

There are several different sizes of tanks available. All tanks must have connections for cold 
water inlet and hot water outlet as well as two connections for circulation pipes. These hot 
water storage tanks can easily be fitted to a stand. An electric element can be inserted, even 
after the installation, as there is a flange for this purpose. The flange at the bottom serves also 
for cleaning and maintenance of the tank. 

These hot water storage tanks are made for low pressure use only. They can withstand a 
pressure of approx. 30 meters head. It is important to select correct connections to guarantee 
trouble-free functioning (as shown in the drawings). 

Shape - two important factors influence the shape of a tank: 
- The smaller the diameter the less the tension (because of pressure from the inside) 
- The larger the outer surface of the tank proportion to its volurrre, the greater !he heat losses. 

Suitable proportrons are as follows: 

113 of height 

Types - there are vertical and honzontal types available. For solar hot’water systems with 
thermo-siphon circulation the vertical position is essenttal for proper circulation and hot water 
avallabillty. 

Vertical 

Horizontal Horizontal 

Hot Hot 

ci ci 

Mixed Mixed 

Cold Cold 

Hot water availability: A vertical hot water storage tank will provide more liters of hot water 
(having a smaller volume of mixed water) 
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Cold inlet and hot outlet - these pipes must be welded to the hot water storage tanks by the 
manufacturer so that the incoming cold water will not mix with the hot water inside the storage 
tank (by fitting a baffle plate or by a tee on to the cold inlet). It is important to follow the rules 
for installation of the hot water storage tank (as shown in the tables) so as to guarantee 
satisfactory hot water supply. 

Sizes of hot water storage tanks - must be of adequate size to fulfil maximum requirement of 
hot water per day, or per heating time cycle. 

Because of the intermittent availability of solar energy a large insulated storage tank is required, 
with a lagging of 100 mm. It is poor planning to install and undersized tank, no matter what 
heating medium is used: Sun, gas, oil, electricity. A well insulated storage tank keeps tF,e water 
hot during the night. The storage tank and the circulation pipes must have a weatherproof 
cover when exposed to outside climate. 

If an all-solar system is to be installed. then a tank with a capacity of between two and 
two-and-a-half times the daily consumption is suggested, owing to the intermittent nature of the 
solar energy received. 

To estimate the daily usage, a figure of approximately 25 to 40 liters of hot water per person 
may be used 

Once the decision has been made on the type of energy-system, i, e. all-solar or solar with 
auxiliary boosting circulation of flat lank collector, then the tank capacity and collector area 
must be decided. These are determined by the daily requirement of hot water. Count approximately 
50 liters of hot water per day for one collector surface of l.m* 

Quality and maintenance - corrosion of pipes and tanks is greater with hot water. The water 
should not be heated above 60 to 65 Centigrade. PE or PVC plastic pipes are easily damaged 
by hot water, and theil use should be avoided. Heat, causes pipes to expand, thus increasing 
the length of the pipeline. It IS therefore necessary to take proper precautions to allow for 
constant expansion and contraction due to changes in temperature 

Nowadays solar water heater systems are often made of galvanized M.S. Sheet metal, and are 
theretore protected from rusting. If the galvanized layer is damaged, or after several years of 
service, they may have to be painted with a good paint. The coilectors and the hot water 
storage tanks require cleaning and painting before rust takes hold and causes damage 

Connection of Collectors to Hot Water Storage Tanks 

Hot water storage tanks have to be connected to collectors as follows: 

Capacity of Hot Water 
storage tank 

! 00 Itr 
125 Itr 
150 Itr 
200 Itr 

Number of Collectors 

1 
1 to2 
2 to 3 
2 to 3 

Circulation Pipes 
riser down-comer 
1 .I 1 II 
1 II 1 II 
1 I, 1 II 
1 II 1 II 

Note: 1) Surface of a ‘standard collector IS aoproxlmately 1.4 m2 
2) Per m’ of such a collector count approximately 50 Itr. of hot water at 50 K (say from 

.!O to ,60 Centigrade) 

At each connectlon between the collector and the hot water storage tank there has to be a 
union to aliow the disconnectlon of the collector and also the disconnection of the hot water 
storage tank from the pipelines 

The pipes between the hot water storage tank and the collectors mus! be free of any obstructions, 
‘and it IS advisable to check this by blowing through these pipes before connecting them. 



Collectors and Circulation Pipes 

For proper functioning it is most important to have gradients in pipelines and collector installations. 
The upper edge (upper head) of the collectors have to be slightly inclined to prevent the 
trapping of air bubbles in the 1” circulation pipes. The side of the collector connected to the 
hot water storage tank should be approximately .l to 3 cm higher than the closed end of the 
0 1” end pipe. In case of multiple connections between collectors, where a collector is 
connected on both sides, the upper head should be slightly inclined towards one side to allow 
air bubbles to pass through the collector into the hot water storage tank in thermo-siphon 
systems (or to air valves, in pumped Systems). 

The side of the collector closed with a 0 1” cap can be opened for flushing and cleaning 
the collector. In the lower head sludge, sand and dirt may accumulate, and in the upper head 
air bubbles may accumulate. 

Connection to Drinking Water Mains 

Water heaters may be connected to the drinking water main line only if the following points 
are fulfilled and where sufficient pressure from the supply side is available. (As with any hot 
water tank connection, it is essential to have sufficient water pressure available, either from the 
mains or from a roof tank). 

Diameter - the cold water inlet pipe to a hot water storage tank should never be smaller, in 
diameter than the hot water outlet pipe. In pressure systems a 0 l/2” pipe is in most of the 
cases sufficient, but in systems with less than 10 m head, when measured with a pressure 
gauge, or with greater supply demands, it is better to use a 0 314” or 0 1” pipe. 

Cold water inlet and stop valve - the cold inlet in water heaters, has to be at the bottom of 
the tank. It is essential to have a baflle plate, a tee or elbow fitted inside the tank by the 
manufacturer. This is to avoid direct mixing of cold water with hot water, i.e. to guarantee 
satisfactory hot water supply. 
The branch from the roof tank or from the main cold water supply pipeline should have a stop 
valve, fitted near the hot water storage tank. This is reqllired for any maintenance work, which 
can then be done without disturbance to the cold water supply. 

Hot water pipeline - in cases where the water supply pressure is low, the hot water pipe should 
always be installed with a downward flow. Should piping with a U-bend be unavoidable, install 
at the lowest point of the piping a riser of suitable length with a tap at the top end of the 
riser, so that air can be let out (or install a vent pipe or a air release valve). 

Non-return valve - a non return valve is needed to prevent a back flow of hot water into the 
cold water pIpeline. A good alternative solution for low pressure is a separate line from the 
roof tank to the water heater, not requiring a check valve, but eliminating the possibility of 
back flow into the cold water pipeline. 

Note: When fitted with an electric booster, a safety valve has to be installed between tank and 
none return valve. 

Pressure reduction - if the head is greater than 30 meters or even less, depending on the 
manufacturer’s instructions) a pressure reducing valve, or a pressure reducing feed tank (with 
ball valve) has to be used. 

Safety valve - a safety vaide or vent pipes are required to protect the water heaters and other 
apparatus from over-pressure. A safety valve has to be installed between the non-return valve 
and the water heater. 
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Caution - there must never be any other stop valve between the non-return v&z and the water 
heater, to guarantee the functioning of the safety valve. 

For small heaters one safety valve of 0 l/2” is sufficient up to 7 kWh or 6000 kcal/h. For 
bigger heaters one 0 3/4” or two 0 l/2” safety valves may be used. 

The working pressure of the safety valve must be adjusted to approx. 0.5 to 1 kg/cm2 (5 to 
10 m head) above normal working pressure of the installation. 
Example: the working head is 15 m, the safety valve shall be set at 

25 meters (15 m + 10 m). 

Note: Because of pressure release, a drain from the safety valve is needed. Direct connection 
to the drainage system is not permissible, such drains must pass through a siphon, and the 
inlet funnel must have a spacing of at least 2 cm. The safety fixtures must remain easily accessible. 

Drainage - for ease of maintenance the system must have the facility for complete drainage. 
A tee with a valve and/or plug has to be fitted in the cold water pipeline, b+?tween the non-return 
valve and the water heater. 

Disconnection - water heaters, like all other fixed appliances tc the pipe systems, are to be 
connected with unions, to ensure easy connection and removal. 

Electric f3oosting 

In places with electricity available people may wish to have electric boosters incorporated. 
Such arrangements are a convenient upgrading of such a system, providing Ineating of water 
during cloudy days and where a greater amount of hot water is needed. 

When deciding on production of hot water storage tanks there are some questions to be 
answered, such as costs of production (simple or advanced modules, with one or two flanges) 
and requirments for boosting (on a regular basis, o* on a few, exceptional days only). 

Solution 1 (regular basis, electricity always “ON”): 

Side/cross Front 

Fix thermostat and heating element in diagonal alignment 

Thermostat UP 

Heating element 
down 

This system as shown above, will always provide hot water (113 of total content), heated either 
by solar energy or electricity). 
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Solution 2 (exceptional boosting only - by hand switching) 

The above system may be considered, where additional hot water requirements are on exceptional 
occasions only. It is less costly, but also provides less comfort. 

Where solar water heaters are connected to electricity earthing is essential. The electric heating 
element must be connected to the installation according to the regulations. The thermostat 
should be adjusted to switch off at approximately 50 Centigrade. The operation of the thermostat 
should be checked regularly. 

Combination of Solar- and Wood Stove-Heater 

A very satisfactory arrangement in rural areas is to combine solar collectors and the ordinary, 
wood-flred cooking stove, so that they supply the same hot water storage, tank, (see illustration). 
The system automatically adjusts itself, to whichever input is operating at the time. If disired, 
a electric booster can be installed near the top of the hot water storage tank. This avoids 
unnecessary lighting of the stove to provide additional hot water during the summer months. 

To prevent circulation through the collectors when the stove is operating at night, the pipes 
from the save and collectors should be connected to a tee (branch) at the hot water storage 
tank. Separate connections may be used if more convenient. 
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PRINCIPLES OF HOT WATER STORAGE TANK CONNECTIONS 

Note: All water heaters installed must have a pressure release possibility with a safety 
valve or by an air pipe. 

Caution: The max. head for water heaters is given by the factory, indicated on the water 
heaters. (Normally for max 30 m head) 

Low-pressure connection 

Low-pressure connection 
with air-pipe 

Horizontal leg to 
prevent one pipe 
circulation 
(i.e. heat loss) Roof tank 

Pressure connection 
with pressure reducer valve 

Pmssure connection 
with cistern for pressure reducing 
(or via roof tank) 

Highly recommended 

\r r-r-- 

! 

I 

Alternative 4 
vent 
(insulated) 

II 
( 

min. ’ 
1 mtr. 

--T- 5’ 
To cold water 
taps 

1 Feed pipe 
2 Main valve 
3 Non return valve 
4 Safety valve 

5 Drain 
6 Hot water tap 
7 Pressure i,educer valve 
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HOT WATER DSSTRIBUTIQ 

Single supply Group supply 

I 

I 
I 
I 
I 

i I 

4 

P 
Good for short distances only 1 

Single tap system (effective system; hot water is. fastly available) 

4-- 

Here insulatlon is a must 

Circulation pipes of 
solar water heaters 

Central plants 

For large buildings only 

. 
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GUlDlNG PRINCIPLES FOR HOT WATER REQUIREMENTS 

Modest domestic 20-40 

Comfortable standard 40-60 

High standard 60-120 

Children hostel 40-60 

Hospital (town) 70-100 

Hostel (luxury) upto 200 

Medium consumption 

day 
Liter I person 
at60-65°C 

Maximum consumption 

day 
iiter i person 
atGO-65°C 

- 

30-60 

60-90 

90- 180 

60-80 

I&- 150 

upto 300 

Consumption 

Bathtub 

Shower (ca. 5-6 min.) 

Bidet (for 1 filling) 

Washbasin (1 filling) 

Kitchen (1 filling) 

Dish washing machine 

Quantity 

in Itrs. 

150-200 

40-60 

(20 - 30) 

25 

6-8 

25-30 

15-25 

Temperature “C 

40 

40 

40 

40 

50-60 

55 
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GUIDING PRINCIPLES FOR WATER REQUIREMENTS 

Purpose Unit r Requirement 

ConsumwTime Min. Medium Max. 

Domestic Purposes: 
Drinking, cooking, cleaning 
Laundry (washing) 
Bathing, douche 
WC-cistern, flush 
Cleaning of a cai 

Person day 50 80 120 
Person day 10 20 40 
Person day 50 100 180 
Person day 40 50 60 
Car 150 250 400 

Domestic Buildings: 
Modest conditions 
Medium comfort 
Higher standard 

Inhabitant day 100 150 200 
Inhabitant day 150 200 300 
Inhabitant day 250 400 600 

Public: 
Schools 
Hospitals 
Bathing establishment 
Restaurants (for meals) 
Barracks (army) 
Covered market 

Student day 10 12 15 
Patient day 300 450 600 
500-600 bath 500 550 600 
Guest day 60 100 150 
Man day 50 100 150 
m2 day 3 4 5 

Slaughter houses Cattle/big 400 450 500 
Slaughter houses Livestock, small 300 350 400 
Wash institution Kg (dry wash) 50 60 70 
Open yard (grass field) rnz surface 1 1.5 2 
Road sprinklers mz surface 1 1.25 1.5 
Car workshop Employee day 30 40 50 
Bakery (bread) Employee day 120 130 140 
Hair-dresser Employee day 160 170 180 
Photo-studio Employee day 280 300 320 
Admlnistration-building Employee day 30 40 50 

Industries: 
Brewery (without cooling) 

(with cooling) 
Dairy 
Paper factory 

100 Itr. beer 600 70b 800 
100 Itr. beer 1400 1700 2000 
100 Itr. milk 400 500 600 
kg, fine paper 1500 2200 3000 

Farming Purposes: 
Horses 
cows 
Young cattle 
Pig 
Sheep/goats 

1 pc. day 60 70 80 
1 pc. day 60 65 70 
1 pc. day 40 45 50 
1 pc. day 15 20 25 
1 pc. day 5 6 7 

1 

’ According to international standards 
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INSTALLATION OF A SOLAR -WATER HEATER SYSTE- 

For the best performance of a solar water heater system the basic rules of installation should 
be strictly followed. T”le heaters should be installed only when the ruies have been properly 
understood and soluiions determined only after studying the instructions. 

The proper sitclation of collectors L determined by the hours of sunshine avallable. Care must 
be taken that shading of them does na occur at any time of the day during any seasons of the year. 

Having decided on the dimensions of the system, it is necessary to plan the layout of the 
installation. The cold water supply tank (roof tank) has always to be higher than the SWH 
system. If the thermo-siphon system IS chosen, it is necessary to mount the ccllectors below 
the hot water storage tank (because of the functioning of natural circulation). It is recommended 
to keep sufficient spacing between the riser (upper head, of collector) and the bottom of the 
hot water storage, tank (min. 150 mm spacing). 

It is recommended to keep easy access to collectors and the solar system. For example to 
keep a space between groups of collectors for maintenance and repairs. 

Keep space between groups of collectors for maintenance and repair 

Preparation of Collectors for Glazing 

After the collectors have been unpacked, the blackened collector plate has to be cleaned as follows: 

- Clean off dust and dirt with a dry rag. 
- Remove all traces of 011 or dirt with clean, dry rag 
- Clean the glass of dust and dirt. 

If a glass cracks or breaks it must be replaced immediately. The collector front has to be 
covered until the broken glass is replaced. Water or humidity will damage the insulation. Before 
new glass is fitted, clean the plate with a dry rag Glass can easily be replaced on collectors 
already Installed. provided the site IS easily accessible. 
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Installation On The Roof 

Arrangement of collectors as an awning over windows 0: _.I- +tied directly on roofs can be suitable. 

Note: Keep in mind that for thermo-siphon systems the hot water storage tank has to be 
mounted above the collectors, e.g. in the roof space or on the roof itself. 

The roof of any ordinary house will be able to support the weight of a domestic SWH without problem. 

On houses with sloping roofs, it is suggested 
for easy access for cleaning and repairs. 

that a roof window is fitted above the collectors 

Roof window A 

Installation On The Ground 

If the solar system is to be placed near floor level, then the collectors must be mounted on 
the ground. It IS recommended that collectors are placed far enough from the house wall to 
prevent rain water dropping from the roof onto the glas;. In case of mounted rain gutters, a 
suitable distance should be kept so that bird droppings are not deposisted on the glass. It 
should be reakzed that ground mounted collectors are subject to easy breakage from stones, 
and may possrbly be shaded during part of the day. 

Hail Screens / Vandalism 

In parts of Nepal very severe hailstorms sometimes occur. Sometimes glass covers are also 
subfect to vandalism. In such places protection could be provided in the form of galvanized 
wire netting (say approximately 1 mm thick, 13 mm + holes). The net to be fitted on a light 
frame, about 80 mm above the collector surface. Owing to the reduction in solar transmission 
of from 12 to 15 percent, which is caused by the net, a corresponding increase in collector 
area may be necessary. 

Angle and Direction of Collectors 

Direction - the solar collectors have to be exposed with the glass front directly facing south in 
!he northern hemisphere (and due north in the southern hemisphere). Deviation from this direction 
may be up to 15 to 20 degrees to either side. It is preferable to have the deviation, if any, 
slightly towards the west, as the sun shines brighter in the afternoon than in the early morning (fog). 

Angle - the angle of inclination of the collector to the horizontal should be 5 to 10 degrees 
more than the latitude of the location, with a minimum of 17’. 

Example: The latitude of Kathmandu is 27”. 27” + 10” = 37”, so 37” is the recommended. 
angle of installation (measured from the horizontal). 
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Note: The drawings provided correspond nearly to this geographical latitude of Kathmandu. 
Where solar water heaters are fitted, at, a different latitude, necessary adjustments of angle 
and measurements have to be made. 

It is understood that compromises may be required for both angle and direction. Slight changes 
may not have much negative effect. If required, one or more additional collector(s) may be 
fitted, in order to provide the heating requirements. The following tables show the influences 
on changes. 

Angle of collectors 

Horizontal level 

Note: 1) Angle of flat tank colectors should not be abl>ve 40” 
2) Angle of thermosiphon systems should not be below 17” 

Correcting Factors (Angle) 

Angle of 

collectors 

Correcting 

factors 

I 

Horizontal 

0.” 10” 20” 30” 

-- -- 

0.77 0.85 l- 0.92 0.97 

40” 

1 

!yy 

1 

Vertical 

60” ‘70” 80” 90” 

---I__ 

0.98 0.93 0.85 0.75 

- 

1 

(Source of tables: “Solaranlagen”, by H.R. Schmidli, Switzerland) 

Example: At a site, collectors are to be fitted at an angle of 40°, however, the angle of the 
roof is only 20’ Will the system work with the same numbers of collectors? When checking 
on the above table it shows, at 20’ the factor 0.92, i.e. a reduction of OC8, or of 8 percent. 
This system will work very well, despite of a slight change of angle. 
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Direction of collector (Azimuth) 

Correcting Factors (Direction) 
Collectors set at proper angle. 

Deviation from 

south direction 

Correcting 

factor 

W 

90” 

0.75 

\ - 
I 

NSW 

67.5 

0.85 

O’= L (22.5“) 

SSE 1 SE 

22.5 45” 

1 0.9 I 

-- 
ESE 

67.5 

1 0.8 

E 

90” 

0.7 

(Source of tables: “Solaranlagen”, by HR. Schmidli, Switzerland) 

Example 1: The direction measured at a site is 45’ towards the east, but angle is maintained 
at required 40’. Reading in above table - SW, 45’ shows correcting factor of 0.95. This is a 
negligible change and the system will work satisfactorily. 

Example 2: At a site three collectors are to be fitted at an angle of 20°, and at a direction 
west-south-west (67.5’). Reading at charts, correcting factors, shows: 
angle 0.92 =0.08 
direction 0.85 =0.15 

reduced efficiency =0.23 

At the same site the system required a hail screen, which further reduces the solar energy input. 
reduced efficiency (as above) 23% 
hail screen reduction 15% 

total reduction 38% 

In this case one more collector will be required to meet the heating requirement, since the 
reduction exceeds acceptable limits, 
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Installation in Freezing Climate 

Solar water heaters fitted in sub-zero temperature climates have, to be fitted with an “indirect 
svstem”, having a heat exchanger fitted in the hot water storage tank. Collectors exposed to 
cold climate require an anti-freeze mixture of water and glycol. 

Solar collector systems require a liquid for heat transfer equal to the volume of water. This 
liquid would ideally be non-toxic and non-corrosive, would not freeze or boil and still be a 
good heat transfer medium. As there is no product to meet these requirements to the maximal 
extent, a compromise through a combination of the various requirements has to be made. 
GlycoNwater mixtures, with corrosion reducing additions are commercially available. Specific 
data are available from the manufacturers. 

Note: Ordinary rubber and plastics are not resistant against corrosion caused by such mixtures 
(pipes, washers, etc.). 

Water piping in houses - to secure regular water supply and avoid damage, pipelines fitted in 
places with sub-zero temperatures require special attention. Security can be partly achieved 
by proper installation. However, when systems inside the buildings are left without room heating 
they need to be drained. 

The following requirements should be noted 

- Supply line from mains to be underground (1 meter deep) with pipelines placed inside the 
building. 

- Main valve to be inside the house, having a drain valve at the lowest point. The drain valve 
has to be operated before freezing conditions occur, and to be left open until the system is refilled. 

- All pipes to be fitted, with constant slope towards taFs at the lowest point. It is unwise to 
have any U-bend fitted, since, drainage is then not possib!e. Proper ventilation is also 
required to guarantee a thorough drainage (top-most valve or ventilation pipe). 

- Pipelines not be concealed in ouier walls (to reduce cooling effect). 
- Consider whether pipelines could be fitted on walls or in ducts (keeping distance from walls 

by means of clamps) with insulation added where required. 
- Pipelines not to pass through shafts, chimneys, etc., and to remain accessible as much as 

possible. 
- Hot water tanks to be fitted inside the house, with easy drarning facility. 
- Pipelines and valves exposed to outside temperatures (pump line, pipeline in roof, vent pipe) 

probably require good pipe insulation. 
- The use of G. I, pipes in the house is recommended since they can be thawed by flame 

heat. (HDPE pipes have the advantage as they will not crack in normal circumstances, but 
if they freeze they cannot be thawed by flame heat). 
Water storage tanks and pipelines may require lagging to prevent freezing of the water, 
especially when fitted in cold roofs. The insulation has to be of inorganic and anti-corrosive 
materials. 

VENTILATION 

Air locks are the main cause of non-functioning solar water heater installations. Pipes should 
be fitted with a slight gradient towards the vent pipe as this enables air to escape. There 
should be no U-bend in the system. 

The Installation of hot water systems requires attention also to the expansion of heated water 
as weil as ali escape. 



16 

In install,Qions with roof tanks (low pressure) this can be achieved by having a vent pipe. 

Note: That such pipes should preferably have a “horizonta! leg” of min. 500 mm. This to avoid 
a “one pipe circulation”. A vent pipe releases air from the system, and breaks a possible 
vacuum caused in plpelines when water is drawn from a tap. A vent pipe requires careful 
lagging to provide good insuiation against heat losses. 

One pipe circulation 
(i.e. unnecessary heat loss) 

Prevention 

or hot water pipe 

Cooling 

Hot water 
storage tank 

Y3’ 

Horizontal let 
min. 50 cm 

t-- 

-- Insulated 

1 
I 1 

To hot taps 

Air release valve - these are small valves which release air bubbles in a system. They replace 
vent pipes, but make a safety release of heated, expanded water necessary (i.e. fitting of safety 
valves). 

Automatic Air-Release Valve 

Closed Open 



17 

. 
Air release valves or! thermo-siphon circulation systems can be fixed directly on to the hot 
water storage tanks. 

Air valve with insulation 

and raincover 
. 

Hot water storage tank 

INSULATION 

The transformation of one form of energy to another always entails losses. With hot water 
systems this is experienced as a heat loss between the source of energy (e.g. th? sun) and 
the storage tank, and again between the tank and the taps. 

In proper installations these losses are minimized by having short pipelines; adequate insulation, 
etc. Therefore the storage tank and the distribution pipelines have to be well insulated. !t is 
recommended that pipelines are placed, as far as possible, within the building and not on the 
outside. Depending on the quality of the insulation, heat loss through distribution pipelines may 
be from 10 to 15 percent (or more)!. 

The money invested in captured solar energy should be carefully handled by providing adequate 
insulation. Even more important than a little more or less lagging applied to ljipes is the 
comprehensiveness of insulation: 

- No heat bridges (heat transfers at clamps) 
- Pipes passing through walls, ceilings, etc., are also to be properly insulated 
- All parts are to be insulated, such as unipns, valve,s, etc. . . .’ ’ 

. . 
The insulation has to be water tight and ultra violet resistant! 

Note: A wet insulation has reduced efficiency and may even accelerate heat losses. 

Weatherproof protection of insulation material can be made with sheet metal pipes of sufficient 
diameter. 

Example of pipe Insulation with aluminium cover 

Hardcover out of 
aluminiun sheet 

Pipe 

Insulation 
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A main difficulty exists in making bends, and probably a square pipe is easier to arrange for 
change in direction. 

cover 

Pipe frxatlon with rnsulation 

Bad / Better Good 

L Insulation lining (e.g. cork strip) 

Two types are available: 

Thermo-siphon Circulation System 

The complete SWH thermo-siphon circulation system may be divided into three separate sections: 

- The flat plate collector (absorber). 
- The circulation piping. 
- The hot water storage tank (boiler) 

Such installations involve more labour and require more materials, however, they provide more 
comfort, as the water remains hot throughout the night. The circulation pipes from and to the 
hot water storage tank and collectors have to be insulated and, where exposed to weather, 
protected with weatherproof covering, (e.g. aluminium or galv. sheets). 
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Flat Tank Collector (Solar absorber) - is a simple flat plate heat exchanger, which absorbs 
radiant energy from the sun and transfers the energy to the water within it. 

The Circulating Piping 

In this section the natural circulation (thermo-siphon) is mentioned. Natural circulation is suitable 
for domestic application, because of its simplicity and reduced requirements for maintenance. ’ 

It has the advantage that it functions only when the solar energy input is sufficient to heat the 
water in the collector to a temperature above that of the water in the bottom of the hot water 
storage tank. 

This thermo-siphon circulation occurs because of the variation of water density with its temperature. 
With the heating of the water in the collector, the warm water rises, and since it is connected 
in a riser pipe to the hot water storage tank and a down-comer pipe again to the collector, it 
is replaced by the cooler, heavier cold water from the bottom of the hot water storage tank. 
It is therefore necessary to place the collectors below the hot water storage tank and to insulate 
both connecting circulation pipes. 

Filling and Bleeding of a Solar Heater Unit 

After all connections between the collector and the hot water storage tank are correctly made, 
the tank itself has to be connected to the main cold water supply, and the hot water circuit 
connected to the house. 

When this has been done, one oi more hot water taps should be opened, and then the main 
stop valve to the hot water storage tank completely opened. The hot water storage tank will 
slowly fill with water and air will be ariven out of the piped system. 

Bleeding of Collectors 

To bleed the upper head of the collector proceed as follows: 

- Close main co!d inlet valve to the hot water storage tank, 
- Open upper 1” cap on collector. 
- Open main valve and flush. 
- Open hot water tap completely. 
- Close matn valve till water is flowing slowly. 
- Close 1” cap while water is flowing through the hot water storage tank. This prevents the 

forming of an air pocket in the collector. 
- Open main valve completely, tighten 1” cap. 
- Close hot water tap and check under pressure for leaks, 

Checking of Operation 

After thirty minutes on a sunny day, the riser (circulation pipe from collector to hot water storage 
tank) should be hot. This shows that the collectors are working. The riser should not be hotter 
than 50 (or maximum 65 Centigrade). If the riser stays warm but does not get hot, this is a 
sign that the flow of the thermo-siphon is too fast. In this case a regulator-tee (circulation flow 
regulator) or valve in the circulation pope may be required to slow the flow down. 

If the riser is too hot, Ihe flow IS too slow Check for obstructions in all pipes of the collector circuit 

If the riser and down-comer are hot, this mrght be for two reasons: Either the hot water storage 
lank IS completely filled with hot water and the circulation has almost stopped - as might be 
the case after several hours of sunshine, or the flow in the collectors has completely stopped 
because of an obstruction in the pipes. The flow in the collectors’ circuit is very sensitive, even 
a small air bubble IS sufficrent to stop it! 
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Each m2 of collector area, should heat approximately 8 liters of cold water (starting with cold 
water of approximately 15 to 20 Centigrade) to a temperature of 50 to 65 Centigrade during 
one hour’s full sunshine. 

The temperature depends on many factors: Time of the day, season, wind, ambient temperature, 
temperature of cold water, angle and direction of the collector, etc. Generally speaking, the 
pipes in the collector circuit should be of the maximum recommended diameter. They can 
easily be throttled, if necessary as follows: 

- Close ihe regulator tee or vaive siightly 

If there is no such possibility of regulation: 

- Close the main inlet valve, open union in hot pipe (circulation pipe between collector and 
storage tank) insert into union recess a washer (preferably of brass) with a hole of smaller 
diameter than that of the inside pipe diameter. 

The washer will work as a speed flow regulator and reduce the velocity of flow in the collector/hot 
water storage rank circuit, The correct diameter of the hole must be found by trial and error; 
but it should not be smaller than 0,8 mm (Smaller holes or smaller pipes will become clogged 
by lime deposits). After this is done, the main stop valve can be opened, the union tightened 
and checks be made for possible leaks. 

Regulating Device in Circulation Pipes 

Regulatrng devices are often fitted to thermo-srphon circulation systems. These reduce the 
speed of flow through the system, water remain ionger in the collector and is therefore heated 
to a higher temperature. The disadvantages of this system are reduced efficiency of the collector 
due to hrgh collector temperature (heat loss lo surrounding colder air). 

To achieve such regulation a gate valve can be fitted, however, experience shows that someone 
will open the valve at some time and the regulation is then gone. A metal washer, preferably 
made of brass, inserted in a union might be a better solution. 

Regulating device (gate valve or 
union with washer having a 
reduced diameter of e.g. 8 mm 0, 
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SOLAR WATER HEATER / THERMOSIPHON SYSTEM 

Cold water - 

supply pipe 

Stop vlave 

T Side view 

i 
I 
r- Vent pipe 

I 
! 
L. Air release valve (or vent pipe) 

Electric booster + thermostat 

- Hot water storage tank 

Downcomer (circ. pipe) 

t- 
t-lot water supply pipe (distribution pipeline) 

Top View 

Riser (circ. pipe) 

Hot outlet 7 

,- Upper head ,--- Closed with cap 

insulated 

c- Collector 

- Union 

South 

(Direction) 

I- Upper head L- Downcomer 
(circ. pipe) 
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CONNECTION OF COLLECTORS / THERMOSIPHON SYSTEhA 

Recommended 

One 

Three 

Two 

Four 

Not recommended 

4 
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THERMOSIPHON SYSTEM 

Installation example No. 1 

- Roof tank with separate cold water pipeline to the SWH - system this does not require 
any special valve. 

Hot water distribution through separate pipelines 

El 

1 Coldwater storage tank 
2 tiotwater storage tank 
3 Collector 
4 Coldwater pipeline 
5 Coldwater to hot tank 

6 Hotwater to the taps 
7 Circulation pipe to collector 
8 Circulation pipe to hot tank 
9 Vent pipe 
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THERMOSIPHON SYSTEM 

Installation example No. 2 

- Roof tank with branch in main, cold water pipeline to the SWH-system 
- Requires one non return valve 

Circulation System 
(with heat storage) 

- Insulated 

South 
a- 

l Coldwater storage tank 
2 Hotwater storage tank 
3 Collector 
4 Coldwater pipeline 
5 Coldwater to hot tank 

6 Hotwater to the taps 
7 Circulation pipe to collector 
8 Circulation pipe to hot tank 
9 Vent pipe insulated - 

10 Check valve (non return valve) 



THERMOSIPHON SYSTEM 

Installation example No. 3 

- Town supply (24 hours/day) with low-pressure conditions 
- Requires one none return and safety valve 

Circulation system 

with heat storage 

25 

South 
fe 

1 Coldwater townsupply 
2 Hotwater storage tank 
3 Collector 
4 Coldwater to hot tank 
5 Check valve (non return valve) 

6 Safety valve 
7 Hotwater to the taps 
8 Circulation pipe to collector 
9 Circulation pipe to hot tank 

10 Air valve 



Head in town supply over 20 m 

South 
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THERMOSIPHON SYSTEM THERMOSIPHON SYSTEM 

Installation example No. 4 Installation example No. 4 

- Town supply (24 hours-day) with pressure over 2 kg/cm’ (20 m. head) - Town supply (24 hours-day) with pressure over 2 kg/cm’ (20 m. head) 
- Requires one feed tank with ball valve - Requires one feed tank with ball valve 

1 Coldwater townsupply 
3 Hotwater storage tank 
* ! :ollector 

*I i- -?ed cistern (pressure reduced) 
5 Coldwater supply to boiler 

head more than 20 m. 

6 Hotwater to the taps 
7 Circulation pipe to collector 
8 Circulation pipe to boiler 
9 Vent pipe 

10 Coldwater to Loiler 
(of reduced pro%ure) 
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THERMOSIPHON SYSTEM 

Installation example No. 5 

- Open hotwater storage tank (cover not welded) 
- Adaption of existing container 
- Requires one feed tank with ball valve 

South 

Effective overflow! 

Tee or cross-tee for hot outlet 

1 Coldwater supply from roof 5 Coldwater to the boiler 

tank or town 6 Hotwater to the taps 

2 Hotwater storage tank open 7 Circulation pipe to collector 

container (oil drum) 8 Circulation pipe to boiler 

3 Collector 9 Vent-pipe 

4 Coldwater line 10 Feed-cistern, with ball-valve 

Note: Lcvels from ho~lcr and feed-cistern (top most) have to Be the same 
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THERMOSIPHON SYSTEM 

Installation example No. 6 

- Combination of solar and stove heater 

South 
b 

1 Coldwater storage tank 

2 Hotwater storage tank 
3 Collector 
4 Coldwater line 
5 Coldwater to the boiler 
6 Hotwater to the taps 

7 Circulation pipe to collector 
8 Circulation pipe to boiler 
9 Vent-pipe 

10 Circulation pipe to the combution cooker 
11 Circulation pipe to boiler 
12 Slow combustion heater 



. 
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OSIPHON SYSTE 

Installation example No. 7 

- System with anti-freeze mixture 
- Special hotwater tank with heat exchanger 

South 

1 Coldwater storage tank 
2 Hotwater storage tank 
3 Collector 
4 Coldwater pipeline 
5 Coldwater to hot tank 
6 Hotwater to the taps 
7 Circulation pipe to collector 

8 Circulation pipe to hot tank 
9 Vent pipes, insulated 

‘I 0 Heat exchanger 
11 Cistern, for top-up and 

expansion, containing 
anti-freeze and anti-corrosion 
fluid 
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Flat Tank Collector Systems 

The flat tank collector (FTC) is a high performance solar water heater, which produces hot 
water efficiently with solar energy. It combines the principle cf a heating box using the greenhouse 
effect with a heat absorbing flat tank collector and it is a single unit for installation at the site. 

The fiat tank collector system is a one-piece unit. It gives cheaper water during most hours of 
the day. The installation is quite simple: the pipes have not to be insulated, there are no 
circulation pipes and no separate hot water storage tank. Possible types of installation are 
shown in the tables. 

The FTC gives hot water for warm bathing, washing and for the kitchen or anything el::e that 
requires hot water. It should be noted however, that when using a FTC for bathing, or for a 
hot water supply round the clock, it has to be connected to a electric hot water storage tank 
or to another suitable means of heating to provide additional warmth. 

One can expect hot water from an FTC from around 11 O’clock in the morning till 7 O’clock 
in the evening (in summer till 10 O’clock). That depends mainly on the hours of sunshine and 
the outside temperature after sunset. 

This one-piece unit serves very well where hot water is not required in the early morning. This 
cheaper, yet efficient solar water heater provides enough water for a small family. 

Solar preheater - the solar preheater can be connected to an existing hot water storage tank 
to which it is impractical or inconvenient to attach collectors directly. This may occur when the 
existing system is fixed in such a way that it is difficult to install collectors below it. The existing 
system can be converted in the manner shown in the examples in the tables. 



31 

EXAMPLE OF FLAT TANK COLLECTORS 

Max. permitted head = 10 m 

Flat tank collector 60 Itr. 

Side view 

- Coldwater inlet 314” 0 

/ Top view 

Hotwater inlet 314” 0 
(left or right side) 

- Coldwater inlet, 3/4,, 0 

Flat tank collector 90 Itr. 

Side view 

c- Coldwater inlet 314” 0 

- Hotwater outlet 314” 0 

,/ Top view 

m-v Coldwater inlet 3/4” 0 
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FLAT TANK COLLECTOR 

installation example No. 8 

Roof tank with separate cold water pipeline to the flat tank collector Thts does not require 
SDecial valves. 

South 

i Coldwater storage tank 
2 Collector 
3 Coldwater line 
4 Coldwater to flat tank collector 

5 Hotwater to the taps 
6 Vent pipes 
7 Drain plug 
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FLAT TANK COLLECTOR 

Installation example No. 9 

- Roof tank with branch in the main cold water pipeline to the flat tank collector 
- Requires one non-return valve 

South 

1 Coldwater storage tank 
2 Flat tank collector 
3 Coldwater line 
4 Coldwater to flat tank 

5 Hotwater to the taps 
6 Vent pipes 
7 Check (non return valve) 
8 Drain plug 
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FLAT TANK COLLECTOR 

Installation example No. 10 

- Town supply (24 hours/day) with high or low pressure 
- Requires one feed tank with ball valve 

South 
m 

------ Town supply (24 hours/day) 

1 Coldwatcr town supply 4 Coldwater to flat tank collector 
2 Flat tank collector 5 Hotwater to taps 
3 Feed cistern 6 Vent pipe 

(with ball valves) 7 Drain plug 
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FLAT TANK COLLECTOR 

Installation example No. 11 

- Fixing of flat tank collector without raising of existing roof tank 

South 

1 Coldwater supply 
2 Coldwater storage tank 

(existing) 
3 Flat tank collector 
4 Cold water storage tank 

(Additional, capacity 
CA. 80 Itr) 

5 Coldwater to flat tank collector 

6 Hotwater to the taps 
7 Vent pipes 
8 Tank filling line (disconnected) 
9 Extended tank filling line 

10 Overflow too main coldwater tank 
11 Drain plug 



36 

FLAT TANK COLLECTOR 

Installation example No. 12 

- Preheater before electric water heater. This increases the hot water capacity, reduces the 
electricity consumption. 

South 
Btb 

1 Cold water storage tank 
2 Electra or gas boiler 
3 Flat tank collector 
4 Cold water line 
5 Cold water line tc flat tank 

collector (and electro or gas 
boiler) 

6 Hotwater to the taps 
7 By-passes 

(for electro boiler use only) 
8 Vent pipes 
9 Drain plug 



PUMPED CIRCULATION SYSTEMS 

Wherever possible, thermo-siphon (natural) circulation is recommended. Good reasons for this 
are lower costs and reliable operation. This is especially valid for smaller sizes and where site 
situations are favorable. 

The information provided herewith is made to outline basic principles. However, when making 
such systems a thorough design planning and reading of other re!evant tables (friction loss) 
is required, and a list of suppliers should be consulted (valves, pumps, anti-freeze mixtures, etc.). 
Pumped circulation systems might be required: 

- When ccllectors are above hot water storage tank (incl. swimming pools) 
- For larger plants 
- For heat exchanger (in freezing areas) 

Such systems require more attention in many respects, since they are more demanding in 
design pianning and material utilizatron. 

Several Important factors are to be considered: 

- Collector arrangements 
- Aeration system 
- Pump i Bypass 
- Temperature control 
- Valves, drainage 

EXAMPLE: Scheme of functioning of a pumped system for domestic solar water heating 

i Thermometer 
2 Pressure gauge 
3 Stop valve 
4 Air valve 
5 Filling and drainage 
6 Expansion vessel 

7 Circulation pump 
8 Non return valve 
9 Flow control 

10 Safety valve 
11 Satety vessel 
12 Air vessei and airation 
13 Drain plug 



Direct Circuits 

Principle of direct connection (or by means of a heat exchanger) 

Y Air release Valve 

& sensing device 

water 

Thermostat 

Heating element 

Cold water 

Advantages: 
- Simple, economical 

Disadvantages: 
- At “switch-On” of pump, cold water, is flowing into the hot water storage tank (or through 
the heat exchanger). 

- Heduced heat efficiency of collectors 
- Risk of blockrng-up through calcifying 

Applications: 
- For domestic, smaller hot wa!er requirements, 

Simple anti-freeze system wit!; circulation pipe 

ODen overflow Y \ 

and vent 

Expansion and top-up 
cistern containing 

anti-freeze and 
anti-corrosion fluid 

Hot water storage tank- 

internal heat exchanger 
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External Heat Exchanger 

Hot water 
storage tank 

L External heat exchanger 

(Principle, showing system, but not complete requirements, e.g. electricity, etc.) 

Advantages: -No heat losses, when pump is switched on 
- Variable sizes, of heat exchangers 
- High output of heat exchanger 
- Adaptable to all types of hot water storage tanks (e.g. existing boiler, 

with improved insulation and incorporating baffle plates). 

Disadvantages: -Larger investment 
- Requires two pumps 
- Larger heat losses in pipes 

Applications: -Medium and larger hot water requirements 

(such systems might be available from McMaster Carr. Supply Company, P.O. Box 4355, 
Chtcagoilllinois). 

Collector Circuit Connection for Swimming Pool Heating 

For swimming pool solar heating systems, a simple circuit system can be made. The thermostat 
fitted. on the collector is to have the reading of the required water temperature in the swimmlng 
pool. Such switches are not recommended for other solar heated systems. Additional precautions 
are requtred against corrosion in collectors, since the water is quite aggressive (use of low 
temperature collectors, possibly made of plastics). 

,- Thermostat at collector, to be sensitive and accurate 
switching at 1 to 2°C diff. 

Pump 

Principle, showing system without details 
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Adequate swimming pool heating can be achieved by having low temperature collectors directly 
connected to the filter circulation. The full volume flow will be pumped through the collectors, 
whenever sufficient solar radiation is available. Note that such systems require higher corrosion 
resistance of collectors and nioe works. 

h P Wlectors 

Swimming pool 

Refined circuit 

Collector Arrangements - pumped circulation systems can have a variety of connecting arrange- 
ments, as the water will be forced through the collectors by a pump. 

Parallel Circuit 

Advantages: - Less friction loss in plant 

Disadvantages: - More pipelines 
- Collector circuits have to be flow regulated 

Serial Circuit: 

Advantages: - Less pipelines 
- No problems with flow regulations 

Disadvantages: - Higher friction losses 
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Parallel and Serial Circuit (for larger installations) 

The advantages and disadvantages must to be balanced by consideration of site specifications 
in order to achieve optimized solutions. 

Note: System requires numerous air release points, easier access is provided when collectors 
are installed on flat roofs. 

Aeration Systems 

It IS essential that collector circuits are fitted with air valves wherever necessary. The major 
problem in solar systems is the blockage of water circulation by air bubbles. Therefore all 
U-bends (for example highest points at collectors) require an air valve. 

1 Automatic air valve 
2 Drain (valve or plug) 
3 Hand-operated air valve 
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Examples of properly placed air valves 

Airation valve 
(handoperated) 

Nipple W4” 100 

------ I!‘--- --- II 4 1.1 ill ! /I/ L i-. 
r ij I.1 \ I + I 

Tee 314”-l/2”-l/2” 

Wrong insiallation of air release valves 

d Airation valve 

(automatic) 

Nipple 314” 

valve 

Pipe 

Pumps 

When buying or installing a pump, consider the following: Pumps have to be of good quality. 
They have to withstand hot water temperatures (up to 130°C) and to be resistant against 
corrosion from anti-freeze mixlures. 

The temperature dilference of inlet and outlet of collector should be approximately 10-15’ C. 
Having 4 m2 collector surface, for example, requires a circulation of 160 to 200 liters per hour. 

A pump of 15 to 20 Watts is normally sufficient. However, available pumps are often too 
powerful, and need a regulating device. Thermometers should be fitted for easy readings and 
adjustment. 

- From 

<Pump 
storage tank 
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Pumps have to be regulated by thermo-switches. They have to run when the temperature. in 
collectors is higher (10 K) than the temperature in the hot water storage tank. 

Note: When using a circulation pump run from batteries (charged by solar panels) it is 
recommended to use differential thermostats working on El-metal principles, and therefore not 
using electricity for functioning. Manufactured by Danfoss 

Temperature Control 

The pump needs to run when the temperature in the collector is higher than that in the hot 
water storage tank. The difference should be 10 K. 

Differential thermostat - most of these require a little electricity to operate, which is acceptable 
when the pump is run by electricity from the mains. However, in cases where pumps run from 
solar panels (direct or from batteries) it is important not to consume more electricity. There are 
differential thermostats available which work on Bi-metal principles, not consuming electricity 
(Danfoss, Type RT). 

Control panels - manufacturers of pumps often also provide control panels for temperature 
regulation, pump switching including gauges, etc. they may be fitted in larger plants and also 
where multiple switches are required. 

Placement of Temperature Sensing Devices 

The sensing devices for temperature regulation (for pump switching) have to be placed properly. 

Collector - to be fitted at the highest place and -!t the exit of the collector. The best systems 
are dip-sensing devices, which project into the collector exit. 

Upper edge of collector 

Return to hot water 

storage tank 

Hot Water Storage Tank - dip sensing devices are best for sensing of the temperature in hot 
water storage tanks preferably alternatively, a clip-sensing device can be fitted to the outside 
of the metal container, but are not very accurate. 

Correct placement of sensing device 

Hot water 
Wrong 

Downcomer pipe 

correct 

^ . . -I__ -I Riser pipe 
C;olawarer Wrong 

It is important to have the sensing device fitted at the height of the heat exchanger 
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Collector circuit connection with differential thermostatic switching, connected to circulation pump: 

1 Collector 4 Differential thermostatic switch 
2 Hot water storage tank/heat @XChenger 5 Collector sensing device 
3 Circulation pump 6 Hot water storage tank sensing device 

VALVES 

The efficient functioning of a solar water heater system depends greatly on proper installation 
and the use of appropriate vaives. 

The following functions must be possible: 

- Complete fillrng and draining of a system (valves, drain plugs) 
- Ventrlation to release air, by means of vent pipes or air release valves (manual or automatic 

!ypes), to completely remove any air blockages. 
- Release of over pressure by means of a safety valve. 
- Maintain required volume of liquid for circulation. 

Non-return valves in solar systems 

Valve, with weak spring Check (prelerable) 

Gate valve 

For free-flow performance 

Valves must be of “free flow” type and be heat resistant. Valves, air valves, drain plugs, vent 
pipes must remain operational in freezing clrmates and have adequate insulation. 



L-... 



SOLAR WATER HEATERS 

HOT WATER STORAGE TANK 100 LTR. (SE 100) 
SOLAR COLLECTOR (SE-85) 
SUPPORT FOR TWO COLLECTORS 
WELDING JIG FOR PIPE GRID 
ARBOR-PRESS TOOL FOR ABSORBER SHEET 

paw 
47 
78 
90 

101 
102 
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HOTWATER STORAGE, TANK 100 LTR (SE 100) 

Side view 

0 600 

Top view 

Circ. pipe 0 1” 
riser (to boiler) \ 

Hot water 
outlet 314” 

Cold water 
inlet 314” 0 

-40 - 

- 
III I 

Circ. pipe 0 l”+ 
downcomes 
(to collector) 

ry 2300 
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HOTWATER STORAGE TANK 100 LTR (SE 100) 

Cross section 

5 I 
! 3 

0 
0 
v- 
r 

Coldwater 

Top view 

600 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Pos.11 Pos.2.3~ 

POS. 3.3 

-- _ 1-r - ------.-- 
-~- .- ..-- .____ . .._ -- - ~-__ _-. 

1 Flange pipe 471~115,3mm. 3.3 MS Sheet 1.43 S E 100 200 All Mod. - 
-. --. -~ - ..~__~ 

1 Flange 47 1 x 90 ,3 m.m. pipe 2 3 MS Sheet 1 12 SE 100 200 All Mod. - 
--+~ ----_____ 

2 Disk up/down 400, 3 m m 0 1.2 MS Sheet 6.00 SE 100 
__.._ -. -- ---.-- 

1 Cylinder 1277x800, 3 m.m 1 1 MS Sheet 24 5 SE 100 

vo of pc. Objective Pos. Material Weight Model Remarks 

mII I Alterations Replaced by 

Replacement for 

Scale drawn by Shah R P 21.3.9C -- 
CUTTING LAYOUT MS TANK (INSIUE) checked ,q,?zdr'~n ,??J -70 ----- 
OUT OF 3'x8' SHEET,3MM THICK none bpproved /$$ K/J? $2 

Mechanlcol Training Centre Ret 

Balaju / Kathmandu , Nepol No. S-SE-01 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 

UP Down 

-7---j-- 

---~!- I -- 
I 2 Olsk up I down 0 400, 3 mm 

1 Cyltnder 1277 x 000, 3 mm 

lo of pc Objecttve 

II’II I 

--t-.---- 
Alterattons 

1 2 MS Sheet 6.0 SE 100 

11 MS Sheet 24 5 SE 100 

Pos Material Weight Model Remarks 

Replaced by 

Replacement for 

Scale drawn by Shah R P 21.3.90 
.-~. _-__ 

CUTTING SIZE MS TANK 
checked 

none - 
~uur& 213 Yz 

approved &1-e A?& 

MechanIcal Tratnlng Centre 

Balalu / Kathmandu , Nepal NO. 
Re’ 

S-SE-02 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Side view 

Top view 

1 Socket l/2" 

2 Hexagon nut l/2" ~- 

I- 
1 Pipe l/2" IOOmm 

2 Disk up/down 0 400, 3mm 

1 Cylinder 1277 x800, 3mm 

lo. of pc. Object 

Iln I AIteratIons 

1.5 M.S. SE IOO-X0 All Mod. 
_---- ~~__ 

14 GI SE 100-200 All Mod. 

13 GI SE 100-200 All Mod. 

1.2 M S Sheet 6.0 SE 100 

1.1 M S Sheet 24.5- SE 100 

Pos. Material Weight Model Remarks 

Replaced by : 

Replacement for : 

Scale drawn by Shah R.P 21.3 .go 

MS TANK (INSIDE 1 

Mechanical Tratning Centre 

Balaju / Kathmandu , Nepal. 

checked ~!,~J&~,?~ ‘;3.9c 
none - ------ 

approved 3--- &JR 

Re\ 

NO. S-SE -03 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

--I- ,f 1 

\io of pc 

II,2 I 

3 

I 
I , 

/ 

Pos. 2.3 

Cutting size 

\\li 
I- 471 

I 

- .--- - ----. ---. - .-- -.- _- --.. -_-~-- ..-- 

Flange pipe 471 x 90. 3 mm 2 3 MS Sheet 1.12 

Objective POS Material Weight 

AIteratIons 

Scale 

FLANGE PIPE FOR WATER AND SOLAR nOne 
CONNECTION 

Mechonlcal Tralnlng Centre 

Baloju / Kathmandu , Nepal 

--1 
_.----._ -_ . .-.-~ -.___ A- 

1E lOO- 200 1 All Mod 

Modei I Remarks 

Replaced by 

Replacement for 

Rek 

S-SE-04 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Bolt MB fixed 
by spot weldmg 

exagone nut MB -_ ~-.--.-- __-- __- ._ .__. 

-. _.-.---. 

--~----- 

Alterotlons 

FLANGE WITH WATER AND SOLAR 
CONNECTIONS 

Mechonlcol 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 

- ---.- 

- 

1 G. I, Pipe 3/4”xlOO mm 
~. .--- 

1 Baffel plate 70 x 60, 189 

uo. of pc. Object 

mjn I AIteratIons 
I ---- 

-- 

--_ 

2 6 G. I pipe 

2 9 G I sheet 

Pos Moterloi Weight Model Remarks 

Replaced by 

Replacement for 

COLD WATER CONNECTIONS 
WITH BAFFEL PLATE 

Scale drawn by Shah R P 21.3.4 

Mechanical Trolnlng Centre 

Bolo]u / Kothmondu , Nepal 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

End of pipe cut 45’ angle 

-Baffel plate see detail Pos. 2.9 

---Pos. 2.14 

G I Socket 314’: 

FLANGE,HOT AND COLD WATER 
CONNECTIONS 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Pos. 2.22 --_ 

G I Pipe l", IOOmm 

2 11 G I. 
__- 

2.7 G I. Class A 

2.8 G I Class A 
-- 

2 13 

S E 10n-125 
~__ 

2 15 G I CLass A 

Threaded rod w nut M8x 100 mm 2.22 Golv. --.---I-. -- 5 F 10’) 125 -- .._._ --__ .____ 

Pos Material Welghr Model Remark 

Replaced by 

Rep&t emert for 

.._~______ _ 

Scale drawn by bhoh R.P 21.3.91 

FLANGE,SOLAR WATER CONNECTIONS 
chechecl .$%4$!!~2z3~l 

none ~~ ~z/(J." 

Tralntng Centre Rev 

BalaluIKathmandu, Nepal NO. S-SE-08 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Pos. 3.3 -------- 

Pas. 3.3 

FLANGE PIPE FOR THERMOSTAT & ELECTR 
HEATING ELEMENT 
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HOTWATER STORAGE TANK 100 LTH. (SE 1OC) 

, 1 

1 
_-a-..--- 

v ot pc. 

Ii II I 

__ POS.3.3 

Flange pipe 471 x 115 , 3 m.m. 
-- 

Object 
- __--_ 

Alterations 

-._ __~_ --___ __- ._.- ---.. .---.-_----. - 
r-- 

9. ale 

SIDE FLANGE PIPE CUTTING SlZE FOR 
THERMOSTAT & ELECTRO HEATING ELEMENT none 
(DEVELOPMENT) I.-.__-.- --_---.--- _--- __--.- I 

Mechnnlcat h!,lmJ Centre 

Balntu:Knthi~r,~r~tlu, hepdl / No. 

I ------- 
5 E 100 -ZV All Mod 

-t 

---_-- 

Model Remaf k 

Replaced by 

Replacenlent fw 

S-SE-10 

-.-- 
2 7. 3.9[ _ 
2732-c 

a 2.4 - 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Note: 
Bolt M8 fired 
by spot welding 

e washer 0 180, 
_-.-. 

.___ 

SIDE FLANGE FOR THERMOSTAT AND 
HEATING ELEMENT 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

M4 

-- 

M4 

Let tro element hoider 58 x IO,2 
-_-____ 

---.- _-- 

B 48 mm, thick 3 mm 

SIDE FLANGE FOR THERMOSTAT AND 
ELECTRO HEATING ELEMENT 
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HOTWATER STORAGE TANK 108 LTR. (SE 100) 

Pos. 4.1 

PCS. 4.2 

Pos. 4.3 

---~- ~__ 
4.1 Fibre glass -SE 100 1 12m2 

Insulation 190dx~BOOx50 

--- 

42 ,, SE 100 1 44m2 

4 Insulation disks 600’~ 50 43 II SE loo-125 1 44m2 

SE 10.0 
-. 

Pe bag 1900x 1000 4.4 Pe 

vo of DC Object PO5 Material Weight Model Remarks 

AIteratIons from 1400 to 1550, from 1800 to 1900 Replaced by 

Replacement for 

/ I &c drawn bySkayastha27.3.9@ 

INSULATION MAT SIZES 
checked ,$/&&n--:.-L”? 39f 

none / 
apdroved ,&&, ii 3.90 

I ’ 
Mechanlcai Tralnlnq Centre Rev 

t3alatu / Kathmandu , Nepal NO. S-SE-13 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

LPOS. 5.1 

Top View 

1 Alu cover b 600 mm, up 5.1 Al SE 190-125 

do of pc Object Pos Materlal Weight Model Remarks 

[II III1 Alterations from 25 to 22 

- -- -tv- 

Replaced by 

Replacement for : 

ALU. COVER UP (PREFABRICATED PART) none approvedA. 
2&? Bc 

0 0 
MechanIcal Centre Rev 

at 
Tralnlng 

6ala)u / Kathmandu , Nepal No. S-SE-14 

Detail A_ 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 

- 

- 

40 

m 
- 

Front Cross Detail A 

1 1 
of pc 

ii- i 

L Pos. 5.2 

Top View 

600 

1 
LSingle bead 

- -. ----.---. -- - _~ .- ~_-- . -- 

-~ 
Alu. cover p 600mm , down 

Object 

-~__ 
5.2 Alu. SE l&125 

Pos Material Weight Model Remarks 

Alterations from 250 to 230 Replaced by 

Replacement for 

ALU. COVER DOWN(PREFABRICATE0 PART) 

Mechanical Training Centre 

Bala]u / Kathmandu , Nepal. No. 
Reb 

S-SE-15 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

dPos.5.4 

rim 

2 Hexagone nut M 8 --- - _ __--___ .--. -.--_ .~_______ 

---+ t 2 Washer M 8 

/ ; 1 Cover 0 230, thick 0 75 

-- -t ii---- Cover 0 250, thtck--0.75 

vo of pc Object 

III IIll Alterations 
--- 

5.6 Steel galv S E 100-200 All Mod. 
__ _ ___- __._,. --..-.-.-. - 
55 Steel galv. 5 E IOO- ZOO Ail- Mod. 

54 Atu. 5 E lbo- 200 ALI Mcd 

5.3 Alu. s E loo- 200 All Mod. 

Pos Matertal Weight Model Remarks 

Replaced by 

Replacement for 

I Scale drawn byS.kayastha 21. 3.90 
I 
I ? 
! I ALU. COVER FOR SIDE AND BIlTTOM checked fl$&w. 2 13. yo 

I / 
FLANGE (PREFABRICATED PART) 

Mechanical Training Centre 

Balaju / Kathmandu , Nepal No. s-SE-16 i 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Note: 
- Conical cutting 
- Openmg for side flange according 

to situation 
-0ptlons ieft, middle, right side 

1885 C 

0 
2 

-Pas. 5.7 <L 
7 

6 6 

1903 (conical) 

6 

-I/- 

+ron+ cross Detail A 

-. -- _--- - 

1 Outstde cuttmg lgO3~780, 24 g. 5.7 G I Sheet 6.66 SE 1CO 

Jo of pc Object Pos Material Weight Model Remarks 

nIlI Alterations Replaced by 
--_._- .- 

Replacement for 

Scale drawn by Shah R. I? 21.3.9 
----- 

G.I. SHEET CYLINDER 
checked 3 &~<~~~~ rt.3.1 

none -- 

- 

, 0 
0 

MechanIcal Tralnlng Centre Re 
*7E 

Bolalu / Kathmandu , Nepal No. S-SE-17 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

Pos. 5.9 

--B---v--- 

--___- -----. --- 

COVER BELTS,SCREW PLATES 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

TC -THERM-SE 

VoLts 220 AC only 

Lind rivets-pop C 3.2x5.8 

NAME PLATE 

MechanIcal 
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HOTWATER STORAGE 100 LTR. (SE 100) 

Stretching of sheet angle rPos. 5.16 

7 -~~ --- .- --~~- ----- 

I 
7 Blind rivets-pop @ 3 2x5.8 5.15 ALU. SE 100-200 ALI Mod 

I 1 Sheet angle 400 x 40 , 20 gauge 516 GI Sheet S E TO-2C0 ALI Mod - 

vo of pc Ob,sct PO5 Material Wetight Model Remarks 
! 

Alterations Replaced by 

Repiocenlent for 

l 
/ 
I WATER SHILD FOR SIDE FLANGE none 

i j 

I 

Mechanical Trotnlng Cenire 
No. 

H t’v 
I 
/ Bolo~u / KathmandJ , Nepal S-SE-20 / 

I 

hole 8 3 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

1 13 Slotted pen nead screw M4aZOmm 6.1 Gill”. 

T 
1 1 

_ - - ---. --~~- 
F. Cable s!oes--. - 

66 _ ._. _------- - -___- ~.~. 

..I-- ’ 

1 

W’re .1.5!Y.zwL-~ 6.5 Cu Heat proof 
~ ___. .._ _~ ~_~_. _-.-__-.-- -. -.-. 

t -_ :. __ G!irollamp 
6.4 

--_-__----___ I _... -__ .-.- -- -- -__ 

Connector b 3 
t . 

1 Thermostat, L= 280mm, 0 Elmm b2 23OV, 20A 
. ; ., 

1 Heatmg element, L= 280, 0 37 6.1 lOOOW/23OV. 

83 of pc Object POS Moterlol Weigh? Model Remarks 

l! II’1 Alterations Replaced by 
-i---L- 

Replacement for 
~ 

I 1 Scale drown byskayasthc 26. 3 90 
i I 

, 
Electric heating/ thermostat connection 

checked &, &%I37 % 
none - ------. 

/ I 
approved h_ ~~- 26.J.fc - .--.- -_ 

MechanIcal Training Cenlre Reh 

Balaju / Kathmandu , Nepal No. S-SE-21 
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HOTWATEF? STORAGE TANK 100 LTR. (SE 100) 

r Pos.7.5 

Pos.7.2 

k-4 

0 

-t 

I” Pipe 

39 1” Socket 
C 

Pos.7.4 

D J 
-lziI 

2 

1 100 1 o 

pos.7.4- m 
=I -Pos.7.3 

- r 0 10 5 hole 
rPos.7.1 

‘i I 

Washer M 10 

Hexagonal nut M 10 __-- - 

Hexagonal screw M lOw50mm ___--- 
Sockets I q 45mm, 0 1” _-___-.-.- -..-. --.- 
Base piate 100x lOOx5mm 

..- _- 

I ’ 1 
1305 ,~ 4 

78 SE 100-200 ALI Mod. 

1.7 SE 100-200 (8 I, 

- .-- 
7.6 Steel galv. 

-l---- 
SE 100-200 ,I I# 

15 SE 100-200 II ,, 

7.4 SE lOO- 200 ,, II 

73 SE ;OO-200 ,I ,I 

-. 

7.2 SE 100-200 0 ,d 

7.1 MS Sheet SE loo-125 

I Pos Material Weight Model Remarks 

Alterations Pos 7.2 from 1000 to 940 
I 
Replaced by 

Support nipples I- 250mm , 0 1” 

Support leg 1=940mm, 0 1” 

Belt l305~115x3mm 

Object 

2 

2 

2 

if 

3 
-.- 

3 

3 

3 ’ 
-i-L 1 
\I0 of PC 

III II 

7 1 

! I 

BOILER STAND 

Replacement for 

Su drawn byskayastha 21. 3. go 
checked -&&~rz 2+33b 

I 
none approved h zw 4’L, 

i 

MechanIcal Tralnlng Centre 

Nepal I 

IRev 

Balaiu / Kathmandu , No. S-SE -22 j 
I 



HOTWATER STQRAGE TANK 100 LTR. (SE 100) 

--- _ --. --.- - .-_- 
5 Washer M IO 8.7 Steel galv SE 100-125 

4 Hexagonal nut M 10 8.6 Steel galv. SE loo-125 ----__- 
4 Hexagonnl screw M 10xSOmm 0 5 Steel galv. SE 100-125 .~... ..-.___ __ ---.- .--. ~.....~. __~ ..- _... --__- -.- .__. -__- 

2 Reinforcement down 95x55~ 3 mm 8.4 M S-Sheet SE 100-125 

2 Reinforcement up 95 x 55 x 3mm 8.3 M. S.- Sheet SE loo-125 
--___ _. - -__~ 

1 lnsulatrng strrp 1265xl15mm 8.2 Tar-felt SE 109-125 Fix up only 
-_- --.--.-.. .___. ~~ 

2 Belt 1305x115x3mm 8 1 M.S -Sheet SE loo-125 

uo. of pc. Object Pos Material Weight Model Remarks 

mn 1 Alteratrons Replaced by 

Replacement for 

WALL HANGER 
OPTIONAL TO BOILER STAND 

&&e drawn byS.kayastha21.3.: 

checked ~&~~*~ ,073.: 
none -.-. .-.. -. ._--- 

Mechanical Training Centre RI 

Balaju / Kathmandu , Nepal. NO. S-SE-23 
L 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

_ _ 

2 Spacing sheet 22Ox19Sx3mm 8.8 MS -Sheet SE loo-125 

do of pc Object Pos Material Weight Model Remarks 

IIrl I Alterot~ons Replaced by 

j (~ Replacement for 

I 

~ ) 

Scale drawn byskayastha 27.3.9 

WALL HANGER checked g&w,'ZZJ.Jc 
none 

OPTIONAL TO BOILER STAND approved ,&$ 2dlY. 
I 

/ i 1 
MechanIcal Tralnlng Centre 

No. S-SE-24 
1 Reb 

Balatu / Kathmandu , Nepal 
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HOTWATER STORAGE TANK 100 LTR. (SE 100) 

L Pos.8.9 

’ 4 1 Square bend wood screw 100x10 8.11 Steel galv. 
c~--- --.- ____ 

4 Wall plugs 512 
: ' 
/ 8 2 M.S. FLnt 410xSOx5mm 

Jo of pc Objecl 

uI,II I Alterations 

8.10 Nyton SE lCTr-125 (Dowel) 
- 

08 - t 
___. __ _.--- -_____ 

8.9 M.S SE 190-125 

Pos Matertill Welyht Model --j demarks 

Replaced by 

Replacerrent for 

WALL SUPPORT, HANGER 
OPTIONAL TO BOILER STAND 

&a&e drawn byS.kayastha 21.3.9 

. heihed ;Jl++~; .7fJ -71 
none --_-- .- 

;pro\ed &. )/3.$ 

Mechanlccll Tralntng Centre IRej 

Balolu / Kathmandu , Nepal NO. S-SE-251 



HOTWATER STORAGE TANK 100 LTR. ( 
MS-tank, flanges w. water, solar and electro connections 

t&a- Pas. 1.4 

F-- 
~Ppos 1.4 

1.2 

1.1 

+ Pos. 3.3 

Pas. 

Pos. 

Pos 

Pos 

Pos 

Pos 

I I r- Pos. 3.1 

-- Pos. 3.12 

r- Pos. 3.10 

Pos. 3.6 
Pos. 3.4 

r- -. Pos 32 
r- Pos. 3.11 

.-.-..- pas 

~~- Pos. 

- --- Pos 

- Pas. 

--- Pos. 
--- Pos 

-- Pos. 

~.- Pos. 

2.3 

2.1 

2.19 

2.9 

2.8 
2.6 

2.2 

2 22 

Pos 2.21 -~ -c$ Pos 5.5 

...- Pos 5.6 

L ’ Pos. 3.5 

-- Pos 1.2 

Pos 5.6 -A 
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HOlVVATER STORAGE TANK 100 LTR. (SE 100) 
Outside sheet cylinder 

I 

Pos. 

Pos. 

Pos. 

Pos. 

Pos. 

PO s. 

Pos. 

Pos. 

Pos. 

Pos 

5.7 -- - -~-~- 

Pos. 5.9 

Pos. 5.10 

e----- Pos. 5.16 b+- ‘:IjgJ 
1‘ 

/YJ--Pos. 5.3 
v *fJ) FPOS. 5.5 

p()s 5, 2 - .-~~--.-. 

pas, 5, r, -.-. ..-- - ~. --- 

Pos. 5.5 

Pos. 5.6 -- ~- .- 
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HOTWATER STORAGE TANK 100 LTR. (SE 
st8md 

~- Pos. 7.7 
r&::::.-- pas, 7.8 

Pos. : 1. 6 

- Pos. 7.1 

-.. -___ Pos. 7. 3 

8- 
--- - - ~-- Pos. 7.5 

Pos 7.2 

Pos. 7.4 



HOTWATER STORAGE TANK 100 LTR. (SE 100) 
Wall SUPPOfi 

---- - Pos E! 4 

pas: 0.10 

8.9 
0.1 

0.11 

I ’ 
i-Pas 8 5 i Pos 8.1 
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SOLAR COLLECTOR SC-85 

-Glass frame right 
--Hexagon tapng 

Collector box 

bottom 
lnsulatw~ Alufln Pipe grid 

Detail A 

Solar collector, MTC-SC-85 
Dates : 

Collector effective area 
Weight 
Contain of water 
Test pressure 
Working pressure 
Overall size 
Absorber 
Absorber surface 
Collector box/frame 

1.22 m2 
47 kg 
3.9 Itr. 
10 bar 
5 bar 
782x 1800x 
36 alu. fins 0.5 

110mm 

black clour paint 
galvanized steel sheet 24 gauge. 0.56 

Collector box inside/outside 1 coat red oxyde. 1 coat dark brown 

Cover single glass 4 mm 

Insulation 50 mm fibreglass 
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SOLAR COLLECTOR SC:85 

Pos. 10.1 

Detail A 

Alferations 

COLLECTOR BOX 
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SOLAR COLLECTOR 

Pos. 10.2 
345 

?ffkT 

Profile 

O0 

--__ -__- 
3o” 

-___-- P- 

5 
Pos. 10.3 

j/YjLl~ q!!j 

eplacement for : 

I I 
GLASS FRAME LEFT/RIGHT SIDE none 

approved &, 22 #52 

Mechanical Training Cenf re 
NO. 

Rev 

Balaju / Kathmandu , Nepal. S-SC-02 
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SOLAR COLLECTOR SC-85 

+ 

3 116 - _ 

782 

detail A 

GLASS FRAME TOP 

Mechanical 
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SOLAR COLLECTOR SC-85 

locetneni for : 

GLASS FRAME BOTTOM 
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SOLAR COLLECTOR SC-85 

10 Hexagon head tapping screw 6.5x16 10.6 Steel galv. Ejot 

1 Frame bottom 781xl30mm, 24g. 10.5 G.I. Sheet -__ 

1 Frame top 782xlOOmm, 249. 10.4 G.I. Sheet ..__- 

1 Frame right 1824x100mm, 249. 10.3 G.I. Sheet 

1 Frame left 1829xlOOmm,24g. 10.2 G.I. Sheet 

Jo of pc Object Pos Material Weight Model Remarks 

r@lI Alterations 

TT 

Replaced by : 

Replacement for 

Scale drawn by -&+.-- z_~.+,?G ___ 
I I I -- 

GLASS FRAME (ASSEMBLY) Ron@ 
checked 2,&/c&.? d?. $ p 
-- ..-- -- d- - ‘.. 
approved ,+&, 2?24?% --. -_- --. --___ 

MechanIcal Training Centre 

Bala]u / Kathmandu , Nepal No. 
Rev 

S-SC-05 
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SOLAR COLLECTOR SC-85 

Thread Length = 27mm 

Cross -section 

G. I. pipe I$ 112” 

Detail A 

Alterations 

COLLECTOR PIPE GRID 
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SOLAR COLLECTOR SC-85 

Pos. 10.9 

412 

Front view 

66 -4 

~--- -_ 

12 Crescent rings 27.7~21 7 

36 Alu. fins 412 x120 mm, 269 

lo of pc. Object 

nn I AIteratIons 

10.10 Spring steel Shaft B 24 
_- --. 

10. 9 Alu 

Pos Materlal Weight Model Remarks 

Replaced by 

F :placement for 

Scale drawn by shah R.t? yg4-9, 

ALU. FIN 
nOne checked m&k’ 1~~9 

approved A. fiRA 

MechanIcal Tralnlng Centre 
Re 

Eala~u / Kathmandu , Nepal 
No. S-SC-07 



SOLAR COLLECTOR SC-85 

Pos. 10.9 

Cross -sect ion 

47 80 80 47 -+~..--#---.+,~.+-(;-,+-c- 

734 

Alterations Replaced by : 

FINS ASSEMBLECJ TO AN ABSORBER 

Mechanical Training Centre 

Balaju / Kalhmandu , Nepal. 

checked 
none . 

approved 2e&‘R 

Rev 
No. S-SC-08 
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SOLAR COLLECTOR SC-85 

lacement for : 

FIN FIXING TO l/2” GI - PIPE 

-Pas. 10.9 

I-Pos. 10.10 

5 =1.2 mm 
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SOLAR COLLECTOR SC-85 

I 
f- -------_ 

1 

I I 
I 

P0s.10.11- I * 

INSULATION MAT SIZE 

Mechanical Training Centre 

Balaju / Kathmandu , Nepal. No. 
Rev. 

S-SC-IO 
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SOLAR COLLECTOR SC-85 

Pos.ll.12 

1 

172 t 

eplaced by : 



90 

SOLAR COLLECTOR SC-85 

Profile 

--------a 

------ 

-------- 

-____ 

------ _------- 

--------- 

_-_---------- 

--- 

-- 

Replacement for : 

SUPPORT FOR TWO COLLECTORS 
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SOLAR COLLECTOR SC-85 

.~~ _.~~~ _~~~~-.--.-.. - ~-.~~~~-~~~ ----- -. ---~ --- ~~ _-.-- --..-.~I---- 

..--- ---- ___----_-- ----- ~--.-.-. 

Top hat rail 152x - , 209 11 G I. Sheet SC - 86 

Jo of pc Object Pos Materlal Weight Model Remarks 

IIn I Aiteratlans Replaced by 

Replacement for 

Scale drawn by ShahR.P 22.4.9 

HAT - RAIL checked @&$Y 22.+? 
.~~ ~. -.. _ _ 

none approved b .&?ffA 

Mechanlcol 1 raining Centre 
Re 

Bala~u / Karhmandu , Nepal 
NO. S-SC-13 



SOLAR COLLECTOR SC-85 

Re~dacement for : 

CONNECTOR PLATES 
SUPPORT FOR TWO COLLECTORS 



----- 

__--. 

---.- 

.-- -__ 

Alterations Replaced 

ADJUSTABLE SUPPORT SHEET 
FOR TWO COLLECTORS 



SOLAR COLLECTOR SC-85 

Pressed wl th 

Socket 3/G’-~--- 

---____-__ - --- 

__- -__ 

SUPPORT PIPES 
FOR TWO COLLECTORS 
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SOLAR COLLECTOR SC-85 
. 

----- Pos. 11.13 

-.- -- Pos. 11.15 

P0s.11.14 

_-__-- 
exagonal nuts MB 

Alferatlons Replaced by 

SUPPC'RT PIPES 
FOR TWO COLLECTORS 
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SOLAR COLLECTOR SC-85 

Pos. 12.1 

Pos. 12.2 

Pos. 12. 3 Pos.12.4 

- 

Pos.12.5 Pos. 12.6 Pos.12.7 Pos.12.0 

Replacement for : 

CIRCULATION GI -PIPES 
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SOLAR COLLECTOR SC-85 

Profile 

5 

I ““1 

c 

=+ 
10° 

a J 
-sic 10° 

MIDDLE PANEL FOR 
TWO AND MORE COLLECTORS 

Kathmandu 
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SOLAR COLLECTOR SC-85 

AIteratIons 

SIDE AND TOP PANELS FOR 
MULTIPLE COLLECTORS 

Mechanical Training Contra 

Balaju 1 Kathm,idu , Nepal. 

Replaced by : 

SEpLp drawn by!Lkayastha 22 $ ,$-c 

checked W-W’, ‘22.47% 
none 

approved 4. 22??4% 

Rev. 

NO. S-SC-20 
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SOLAR COLLECTOR SC-85 
Assembly of collector 

---POS. 10.6 

.POS. 10.7 

POS. 10.0 

(7 
,F’ * 

-_.__. Qo s 
/:’ , 

10.1 
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SOLAR COLLECTOR SC-85 
Support, pipes and panels 

I 
Pm 111 ' Posll 2 I 

-r- , I 
A.’ 

I 
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SOLAR COLLECTOR SC-85 
Welding jig for pipe grid 

m 
:: a 
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SOLAR COLLECTOR SC-85 
Arbor press tool 

‘1, 

46 

SECTION A-A sszmw 8-. 

- PO- 
I 

: 

I 
c 

1 

, - 
_ II _ 1, _ ,,“,,“,6,P4 

Component Profile 

<$’ 

i] -yj--- ,‘-. 
UN,, 

!!4 

i 2 ', 

:' 4 

5 

9 

2 

:’ 

I 
:. 

I I 1 

I 

I 
:. 
1 I 

a’ ilO” 
‘Q’ a.. . . . . 

? .I,.. .,~. 
1 em... 

: ...“*P b,.. 
/ -..e..- ./... 
. wn 

. 3.. or.. 

~ 

1: y.*s-. 

’ *“- .-.. 

F_. >M, 

b.. *e. 
* umlu. .._., 

:.b.*. 
I ..-. 
: I- 

.-_. 

4 



anufacture & Installation 

PART 3 
SOLAR 
QTHER 

HEATER APF’LI 
S 



SOLAR WATER HEATER APPLIANCES/OTHER DESIGNS 

STAND FOR HOT WATER STORAGE TANK 
SOLAR HOT WATER STORAGE TANK 
SOLAR WATER STORAGE TANK WITH HEAT EXCHANGER 
FLAT TANK COLLECTOR, 60 LTR. BOX 

paw 
105 
106 
110 
112 
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STAND FOR HOT WATER STORAGE TANK 

Frontlcross 

- Roof cap welded with socket for vent pipe exit (314” 0) 
to be covered with insulation 

1” 0 pipes witn threads welded to boiler 

!jb--- 1” G: socket 

-- 1” 0 pipe-stand 

!-look for collector fixed to 1 ,, 0 stand with clamp 
position according to appropriate measurements 

l/2” (2~ cross, fixed to 1” 0 stand, with clamps 

Top view 
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SOLAR HOT WATER STORAGE TANK 

100 Hr. Capacity (for simple make) 

Veldec! 

~To be welded 
tank top 

~314” 0 G.I. pipe 

Cross section 

Cover reinforced sheet 
M.S. or galv. 
2-3 mm thick 

3/4” G.I. pipe hotwater 
outlet 3/4” 0 pipe with tee 

Thermostat in combination 
solar + electricity only hole 
in casing 80 mm 

M.S. or galv. sheet 
approx. 0.75 mm 

M.S. sheet 2.5 mm 

Elbow or tee to be fixed 
before welding 

Bottom reinforced sheet 
MS. 5-7 mm 

- Bottom cap 

- G.I. pipe 4” 0 

1” G.I. pipes for stand (A) 

Holes 26 mm 0 for 3/4”- 
pipe, as shown above 
hotwater outlet 

Holes 26 mm 0 for 3/4” 
pipe, length 14O mm 
coldwater inlet 

Hole 34 mm d for 1” 
pipe, length 680 mm 
circ-pipe from collector 

Holes 34 mm @ for 1” 
pipe,length 140 mm 
circ. pipe to collector 

Note: To further reduce heat losses the thickness of insulation can be increased 
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SOLAR HOT WATER STORAGE TANK 

120 Itr. Capacity (for simple make) 

Cross section 

To be welded to 
tank iop 

1” G.I. pipes for stand (A) 

-m 
- - 

- 

- - - 
L 
s - 

Cover reinforced sheet 
M.S. or gab. 
2-3 mm thick 

3/4” G.I. pipe hotwater 
outlet 3/4” 0 pipe with tee 

Thermostat in combination 
solar + electricity only hole 
in casing 80 mm 

M.S. or galv. sheet 
approx. 0.75 mm 

M.S. sheet 2.5 mm 

Elbow or tee to be fixed 
before welding 

Bottom reinforced sheet 
MS. 5-7 mm 

Bottom cap 

Flange 

L G.I. pipe 4” 0 

Holes 26 mm 0 for 3/4” 
pipe, as shown above 
hotwater outlet 

Holes 26 mm 0 for 3/4” 
pipe,length 140 mm 
coldwater inlet 

Holes 34 mm @ for 1” 
pipe, length 140 mm 

Hole 34 mm (7! for 1” - circ. pipe to collector 

pipe,length 680 mm 
clrc-pipe from collector 

Note: To furlher reduce heat losses the lhlckness of insulation can be increased 
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SOLAR HOT WATER STORAGE TANK 

200 Itr. Capacity (for simple make) 

Cross section 

q-- Cover reinforced sheet 
MS. or gab. 
2-3 mm thick 

3/4” G.I. pipe hotwater 
outlet 3/4” .0 pipe with tee 

Thermostat in combination 
solar + electricity only hole 
in casing 80 mm 

MS. or galv. sheet 
approx. 0.75 mm 

M.S. sheet 2.5 mm 

Elbow or tee to be fixed 
before welding 

Bottom reinforced sheet 
M.S. 5-7 mm 

wbL- Bottom cap 

Flange 

G.I. pipe 4” 0 

1” G.I. pipes for stand (A) 

hotwater outlet 

Hole 34 mm 0 for 1” 
piperlength 680 mm 
circ-pipe from collector tA 

165 1 165 

Holes 26 mm 0 for 3/d” 
pipe, length 14G mm 
coldwater inlet 

Holes 34 mm 0 for 1” 
pipe,length 140 mm 
circ. pipe to collector 

Note: To further reduce heat losses the thickness of insulation can be increased 
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FLANGES FOR SOLAR HOT WATER STORAGE TANKS 

Flange cap 

= 10mm 

Flange 

0 holes 
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HOT WATER STORAGE TANK WITH HEAT EXCHANGER 

Circulation to work with thermosiphon system 

can also be connected to a wood stove heat exchanger 

Front-cross 

- 3/4” M.S. socket hotwater outlet 

. 

. . 
:’ 

. * 
‘.. 
; :’ 

_’ 
:. ._ 
I.1 . . 
1 
: 
I’ 

1 ‘. 

l! 

f 

I 

I 

d 
I 

I 

I 

I. 

Top-cross 

Pieces of 1” 0 pipes 

for the fixing of leg st 

Hole 34 mm L? for 1” 13 - 
pipe, length 700 mm 
riser from heat source 
(solar or wood stove) 

- Cover, M.S. sheet 0.8 mm 

- Insulation 

- Heat exchanger (see separate 

drawing) for installations in 
freezing climate 

- Elbow or tee 314” 
to be fixed before 
welding (cold inlet) 

- Bottom sheet reinforced 
MS. sheet, 5-7 mm 

- 1” for the fixing of legs 

Hole 26 mm 0 for 3/4” 
pipe, length ‘140 mm 
cold water inlet 

Hole 34 mm 0 for 1” 0 pipe 
length 140 mm downcomer to 
heat source (solar or wood stove) 
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HEAT EXCHANGER FOR HOT WATER STORAGE TANK 

TCI 111 inside special hot water storage tank 

A- 

Bends 180” connected to the top 

of hollow cylinder 

open 

Hollow cylinder, M.S. sheet --+ 

4 to 5 mm thick 

Open 

G.I. pipe 3/4” CJ I 

M.S. pipe, 10 mm 0 with - 

valves below 

+= 

For overflow of mixture -. 

Downcomer 

L For filling of anti-freeze mixture 

Riser from coll6ctor 

mm 0 

to collector -----.A 

Surface approx. 0.052 m2 

Volume approx. 9.8 Itr. 
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FLAT TANK COLLECTOR, 60 Itr. BOX 

Materials: GI-sheet 22 gauge (0.759, corner double seam or riveted and soldered 

painting one coat red oxyde and one coat enamel paint. 

I I 
I I I 
L-A&---_: 

't7 

c w 

k- 

I 
40 

- 
700 

Front/cross 

40 
C 

-OS 

- Drain holes 7 mm 0, to be made 

before painting 

Wood supports 
Flat tank collector 



FLAT TANK COLLECTOR, 60 Itr. COVER FRA 

Materials: GI-sheet 22 gauge (0.75). corner double seam or riveted and soldered, painting 
one coat red oxyde and one coat enamel pain!. 

. 

I 
Approx. 710, to fit easily 

over box 
c 

Front/cross 

op .xolddy 

-I- 

L- Small U-profile 

7{k Covers in front (only) 4oJ[-7 



FLAT TANK COLLECTOR, 60 Itr. 

Materials: MS. sheet, 3 mm welded 
Inside: Non-toxic paintings 
&Aside: Painting 

80 

-t 

C 

D 

--I+ 

+I+ 

-+I- 

+- 

--“A 

600 I 

Front/cross 

--8 

C 

+- 

+- 

+I+- 

3 t- 

1 

Nipples 3/4”0 to be welded 
before fixing of bottom plate 

I- Socket 3/4”0 



Add. 
(even 

SIMPLE MAKING OF PROFILES (ABSORBER PLATES) 
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HARD COVER OVER WELL I SUMTED PIPES 

1 Marking of lines for bending 

2 Bending by turning to pipe 

3 Fix insulation material on pipe 

fix hardcover over it 

Do not close the seam perfectly 

SO it can be removed easily 

4 End cap for the lower pipe end to 

be fitted in side 



anufatiun i Installation 

ES OF COST G 



EXAMPLES OF COST CALCULATION 

SOLAR SYSTEM 
HOT WATER STORAGE TANK 100 LTR. 
HOT WATER STORAGE TANK 100 LTR., SUMMARY 
SOLAR COLLECTOR SC-85 
SOLAR COLLECTOR SC-85, SUMMARY 

page 
119 
120 
128 
129 
134 
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EXAMPLES OF COST CALCULATION 

SOLAR SYSTEM 

One hotwater storage tank 100 Itr. 
Two solar collectors SC-85 

‘OS. 
- 

l-8 

IO-1 

1-8 

lo-’ 

l-l 

- - 

3 

13 

3 

4rticle 
.- 

summary material 

vlateriai cost for hotwater 
storage tank 100 Ilr. net 

vlaterial cost for two solar 
;ollectors SC-85 and accessories, net 

Sub rotal 

Summary working hrs., labour 
:harge 

Hotwater storage tank 100 Itr. 
tiorklng hrs.. and labour cost 

Two solar collector SC-85and 
accessories 
Working hrs , and labour cost 

Sub total 

Overhead on material . . . . . . % 

Overhead on labour charge . . . . . . . % 

Transportation charge 

.,, .., . . . . . 

Total cost of one solar system 
one hotwater storage tank 100 Itr. 
two solar collectros SC-85 

3ty. 

1 

2 

163 hrs. 

173 hrs 

Rate Amount 



EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

Pos. Article 

1 

1.1 

MS-tank 100 Hr. (inside) 

Cylinder MS-sheet 3 mm 
1277 x 800 mm 
1.021 m* + lo%* 1.23 m* 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

Disk up/down MS-sheet 3 mm 
400 x 400 mm 
0.16m2+10%=1.76m2x2 

G.I. pipe (vent) 

G.I. hexagon nuts 

G.I. socket 

G.I. cap 

Red. socket 

Welding rods 0 3 mm 

Tar-paint (2-coats) 

Cement (inside lining, corrosion 
production) 

Electric charge 

Tool and machine charge 

112” 

l/2” 

l/2” 

l/2” 

l/2” - 318” 

0.352 m* 

0.1 m 

2 PCS. 

1 pc. 

1 pc. 

1 pc. 

40 PCS. 

1 .2 Itr. 

5 kg 

1.11 

1.12 

1 

1 

Material cost for MS-tank 100 Itr. net 

Working hrs. and Labour charge for 
cutting, rolling, welding, pressure 
testing, painting and cement coating 24 hrs. 

2 Flange with water and solar 
connection 

2.1 Flangering MS 
outside 0 220. inside 0 155 

10mm 

2.2 

23 

Flange MS 10 mm 0 220 mm 

4.25 kg 

4.25 kg 

Flange pipe MS-sheet 3 mm 
471 x 90 mm = 0.042 m’ + 10% 0.046 rn’ 

24 G.I. pipe (hot water) 314” 0.2 m 

Rate Amount 

l 10% additonal charge for sheet wastage 
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EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Rr. 

Pos. Article 

2.5 

26 

2.7 

G.I. pipe (hot water) 

G.I. pipe (cold water) 

G.I. pipe (solar inlet warm) 

28 G.I. pipe (solar outlet cold) 

29 Baffle plate G I. sheet 18 gauge 
60 x 70 mm 

210 

2.11 

2 12 

2 13 

2 14 

2.15 

2 16 

217 

G.I elbows 

G I elbows 

G I unions 

G.l unions 

N~ppk 2 x 120 mm 

Nipple 2 x 100 mm 

G.I socket 

Steam packing washers for 
union 

218 Steam packing washers for 
urllon 

2 19 Steam packtng washer 3 mm 
VJ 180 outside, 0 145 inside 
$0 180 mm” = 0.032 m” + 10% 

220 

2.21 

222 

2 23 

2 24 

2 25 

2 26 

Hexagon screws, galv 

Hexagon nuts, galv 

Threaded rod, galv. L= 100 mm 

Washers, galv 

Red oxyde paint 

Welding rods 0 3 mm 5 pcs 

Electric charge 

314” 

314” 

1 II 

1 II 

314” 

1 II 

314” 

1 II 

3!4” 

1 11 

314” 

314” 

1 II 

M8 x 40 

M8 

M8 

M8 

Qw. 

0.712 m 

0.1 m 

0.53 m 

0.1 m 

0.0046 rn’ 

2 PCS. 

2 PCS. 

2 PCS. 

2 PCS. 

0.24 m 

0.2 m 

1 pc. 

2 PCS. 

2 PCS. 

0.035 m2 

12 PCS. 

12 PCS. 

1 pc. 

12 PCS. 

0.1 Itr. 

, 

Amount 



PLES OF COST CALCULATIO 

Hotwater storage tank 100 Itr. 

3s. 
- 

.27 

.28 

3.1 

32 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3 I( 

3.1. 

3.1; 

3.1: 

jrticle 

rool and machine charge 

3xygen and gas 

Material cost for flange with 
water and solar connection, net 

Working hrs. and labour charge for 
gas cutting, filing, drilling, 
preparation of pipes, welding 
and assembling 

Side flange for thermostat and 
electro heating element 

Flangering MS 10 mm 
G? 220 outside, 0 155 mm inside 

Flange, MS 10 mm 0 220 mm 

Flange pipe, MS-sheet 3 mm 
Q 150 mm, length 90 mm 
471 x 115mm 
0.054 m’ + 10% 

G.I. pipe 

Disk MS-sheet 3 mm 
48x48mm 

MS-pipe 

Connector sheet 2 mm 
60 x 40 mm 

Electra element holder 2 mm 
58 x 10mm 

Slotted pan head screw 

Steam packing washer 3 mm 
0 180 outside, 0 145 inside 
0 180 mm2 = 0.034 m2 + 10% 

Threaded rod + nut 

Hexagon screws, galv. 

Hexagon nuts, galv. 

1 ‘I,” 

114” 

M6 x 5 

M8 x 100 

M8 x 40 

M8 

ty- ?ate Amount 

‘2 hrs. 

1.25 kg 

I 25 kg 

1.059 m’ 

2.42 m 

I.002 m” 

I.42 m 

3.0024 rn’ 

3.0006 m 

1 pc. 

0.038 m2 

1 

12 PCS. 

12 PCS. 
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EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

‘OS. 

i.14 

I.15 

1.16 

1.17 

1.18 

!.I9 

I 

3 

1 

11 

1.2 

4.3 

4.4 

4 

4 

5 

5.1 

52 

1 

.- 
4rticle 

Washers, galv. 

Welding rod 0 3 mm 

M8 I2 PCS. 

5 PCS. 

Electric charge 

Tool and machine charge 

Oxygen and gas 

Red oxyde paint 3.1 Itr. 

Material cost for one side flange 
for thermostat and electro 
heating element, net 

Working hrs. and labour charge for 
gas cutting, filing, drilling, 
preparatron of pipes, welding and 
assembling 24 hrs. 

Insulation 100 mm (for tank 100 Itr.) 

Fibreglass insulation 50 mm 
First layer 
1550 x 800 

Second layer 
1900 x 800 

Top and bottom 
600 x 600 = 0.36 m” x 4 

Pe-bag 1900 x 1000 mm 

Material cost for insulation 
100 mm thick for one 100 Itr. 
hotwater storage tank, net 

Working hrs. and labour charge for 
cuttrng. fixing of the insulation 

Outside cover, (for tank 100 Itr.) 

Alu. cover up prefabncated 
0 600 mm 

Alu cover down, prefabricated 
1;1600 mm 

C 
- 

1.24 m’ 

1.52 m2 

1.44 m’ 

1 

8 hrs. 

1 PC 

1 pc. 

Rate Amount 



EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

DS. 

.3 Vu. cover for side flange 
250 mm), prefabricated Q, 10” 

.4 

.5 

.6 

I.7 

E 
- 

/ 
( 

I 
I 

\ 

I 

, 

Ilu. cover for bottom flange 
:230 mm), prefabricated 8 9” 

Nashers, galv. M8 

Hexagon nuts M8 

G.I. sheet, cylinder 24 gauge 
1903 x 780 mm 
1.48 m’ + 10% 

1.8 Cover belts, G.I. sheet 24 gauge 
(2 pieces) 
50 x 19lOmm 
0.095 m3 + 10% = 0.1 x 2 

i9 

j 10 

5 11 

5 1: 

5 1: 

5 14 

5 I! 

5.11 

Screw plates, 4 pieces 
we: 50 x 20 x 3 mm 
MS-flat 0 08 m (1.8 kg/m) 

Hexagon screws, galv M8 x 25 

Hexagon nuts, galv. M8 

f 
Washers, galv. M8 

Nameplate alu. 190 x 70 mm 

Soldenng mat. tin 40160 

Pop rivets alu 03 

G.I. sheet watershlld 20 gauge 
400 x 40 mm 
0.016 -e 10% 

51 7 Red oxide paint 

5 1’ 8 White paint, enamel 

51 9 Blue paint, enamel 

52 0 Thiner 

52 1 Tool and machine charge 

irticte NY. 

PC 

PC. 

! PCS. 

! PCS. 

l.59m2 

3.2 m? 

1094 kg 

4 PCS. 

4 PCS. 

4 PCS. 

1 pc. 

0.05 kg 

30 PCS. 

0.017 m2 

1.5 Itr. 

I .O Itr 

0.2 Itr. 

1 .O Itr. 

Rate Amount 



EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

OS. 

.22 Electric charge/gas 

Material cost for G.I. outside 
:over for one hotwater storage 
ank 100 Itr., net 

Yorking hrs. and labour charge for 
:utting, of alu. covers and G.I. 
;heets, folding, bending, 
assembling and painting 

1 

i.1 

Electric heating/thermostat 

ieating element removable 
_ = 280 mm, 0 37 mm, 230 V 

i,2 Thermostat, L = 280 mm, 0 8 mm 
230 V, 20 A 
range 30 - 80°C 

33 

3.4 

3.5 

Connector 

Control lamp 

Winng 

6.6 

6.7 

Cable shoes 

Slotted pan head screws M4 x 20 

6 Material cost for electro 
heating/thermostat, net 

6 Working hrs. and labour charge for 
fixing of heating element, thermostat, 
wiring and testing 

7 

71 

Boiler stand SE 100 Itr. 

FJelt for boiler stand, MS 3 mm 
1305 x 115mm 
0.15 m” + 10% 

72 G.I. pope. support legs (3 pcs.) 
length 1000 mm x 3 

- 

1 ,, 

5 hrs. 

PC. 

I pc. 

I pc. 

I pc. 

I 

3 PCS. 

3 PCS. 

5 hrs. 

0.165 m’ 

3m 

- 
Amount 
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EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

Pos. 

74 

75 

76 

77 

78 

79 

7 10 

7 11 

7 12 

7 

7 

8 

81 

82 

a3 

a4 

Article 

G.I. pipe, support nipples 
(3 PCS.) 1” 
length 250 mm x 3 

Baseplate MS-sheet 
100 x 100mm 
0 01 m“ + 10% 

GI-sockets 

Hexagon screws, galv. 

Hexagon nuts, galv 

Washers, galv 

Welding rods 8 3 mm 

Hcd oxyde paint 

Electnc charge 

Tool and machine charge 

Material cost for one boiler 
sldr~~. net 

5mm 

1 1 

Ml0 x 50mm 

Ml0 

Ml0 

Working hrs. and labour charge for 
cutllng. drllllng. rollrng, thread 
cutting. weldq painting, and assembling 

Wall-hangers 100 Itr. 

Belt for holler wall-hangers 
MS 3 mm (2 PCS.) 
1305 x 115mm 
0 15m” i- 10% x 2 

Insulattng strip, tarfelt 
1265 x 115 mm (up only) 

Hclnforcement up, MS-sheet 3 mm 
95 x 55 mm (2 pcs ) 
0 0052 m.’ + 10% x 2 

nelnforcement down, MS-sheet 3 mm 
95 x 55 mm (2 PCS.) 
00052m”+ 10% x 2 

Qty. 

0.75 m 

0.011 m2 

3 PCS. 

2 pcs 

2 PCS. 

2 PCS. 

3 PCS. 

0.3 Itr 

14 hrs. 

0.33 m” 

0.145 m’ 

0.002 m’ 

0.002 m’ 

Amount 
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EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

F 
- 

E 

E 

E 

‘OS. 

3.5 

3.6 

3.7 

3.8 

39 

3.10 

8.1 1 

8.12 

8.1: 

8.1L 

8.1: 

b-tide 

Hexagon screws, galv. Ml0 x 50 mm 

Hexagon nuts, gab. Ml0 

Washers, galv. Ml0 

Spacing sheets, MS 3 mm 
220 x 195 mm (2 PCS.) 
0.043 + 10% x 2 

Hangers, MS-flat 
410 x 50 x 5mm(2pcs. 
L = 0.41 m (1.96 kg/m) 

Wall plugs, Mod. Fischer 
(plastic dowel 0 12 mm) 

s12 

Square head wood screws, galv. 
100 x 10 mm, (4” x 3/8”) 

Welding rods 0 3 mm 

Red oxyde paint 

Electric charge 

Tool and machine charge 

Material cost for two wall hangers 
net 

Working hrs. and labour charge for 
cutting, drilling, rolling, welding, 
painting and assembling 

I PCS. 

I PCS. 

3 PCS. 

3.094 m* 

3.8 kg 

1 PCS. 

4 PCS. 

3 PCS. 

0.3 Itr. 

21 hrs. 

- 
Rate Amount 
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EXAMPLES OF COST CALCULATION 

Hotwater storage tank 100 Itr. 

PC 
- 

IS. 
- 

1. 

2. 

3. 

-8 

3 

8 

1-8 

,rticle 

iummary Material 

AS-tank 100 Itr. (inside) 

Ilange with water and solar connection 

side flange for thermostat and 
:lectro heating element 

nsulation. 100 mm (tank 100 IV.) 

Jutside cover (tank 100 Itr.) 

ilectro heating/thermostat 

3oiler stand 

$/all hangers (optional to boiler stand) 

Material cost for hotwater storage tank 100 Hr. 
iet 

working hrs., labour charge 

MS-tank 100 Itr. (inside) 

Flange with water and solar connection 

Side flange for thermostat and 
electro heating element 

Insulation 100 mm (tank 100 Itr.) 

Outside cover (tank 100 Itr.) 

Electra heatlngithermostat 

Boiler stand 

Wall hangers (optional to boiler stand) 

Working hrs., labour charge total 

Overhead on materials, . . . . . . % 

Overhead on labour charge, . . . . . . % 

Transportation charge 

. . . . . . . . 

Totai cost of one hotwater 
storage tank 100 Itr. 

‘4 hrs 

I2 hrs. 

?4 hrs. 

3 hrs. 

35 hrs. 

5 hrs. 

14 hrs. 

21 hrs. 

Amount 

. 



EXAMPLES OF COST CALCULATION 

Solar collector SC-65 

3.1 

3.2 

03 

0.4 

0.5 

0.6 

IO.7 

I08 

10s 

10 A 

10 

10.’ 

10. 

10: 

Micle 

solar collector SC-85 
;ize: 1810 x 790 x 110 mm, 
:ffective area 1.2 m2 
aeight: 47 kg 

Collector box 24 gauge G. I. sheet 
I000 x 2000 mm 
?m2 + lo%* 

?ame left 24 gauge G. I. sheet 
1829 x 100 mm 
3.182 m2 + 10% 

?ame right 24 gauge G. I. sheet 
1829 x 100 mm 
3.182 m2 + 10% 

Frame top 24 gauge G.. I. sheet 
782 x 100mm 
0.078 m2 + 10% 

Frame bottom 24 gauge G. I. sheet 
782 x 150mm 
1 17rn’ + 10% 

Hexagon head tapping 
screws w. metal and rubber 
washer 6.5 x 16 

G.I pipes l/2” 
length = 1668 mm, 9 PCS. 

G.I. pipes l/2” 
length = 830 mm, 2 PCS. 

Alu fins 26 gauge Alu. sheet 
412 x 120mm 36 PCS. 
1 78m2 + 10% 

Cresent rings 27.7 x 21.7 mm 

Insulation fibreglass 50 mm 
1950 x 1000 mm 
1.95 m* 

Glass 4 mm thick 
1800 x 772 mm 

Rubberseal. U-channel 

Pop-rivets copper 0 3.2 

.2 m2 

1.2 m 2 

I.2 m2 

).086m2 

I 3m2 

IO PCS. 

15.012 m 

1.66 m 

1.95 m2 

72 PCS. 

2m2 

1.39 m2 

5.3 m 

8 PCS. 

3ate Amount 

l 10% additional charge for sheet wastage 
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EXAMPLES OF COST CALCULATIO 

Solar ( 

Pos. 

zollector SC-85 

Article 

1 0 1 5 

10 16 

10 17 

10 18 

Soldering rr~al tlr1 40.60 

Black board paint 

Red oxyde 

Brown No 403 or dark green No 212 
(fl~lLlllW p3111t 

10 19 

10 2c 

1021 

10 

10 

Thinner 0.5 Itr. 

Tool ~ntl machine charge 

Electric charge 

Mat. cost for one collector 
type SC-85, net 

Working hrs.. AI 1c1 labour charge 
for <jlle collector type SC-85 
m;.rklr\g, cutting. folding, 
ori‘: diig wcldng. soldering. 
:. ‘>!I! palritirlg and assembllrig 

11 

11 :) 

11 :3 

1 1 -2 

1 1 5 

1 1 f; 

11 I 

Support for two collectors SC-95 

t ial rails. G I sheets 20 gauge 
1926 x 152 rnrri (3 pcs ) 
0 292 m” t- 10% 0 32 Y 3 

I I<11 r,lll!~. G I !>~K!~!lS 20 gail!]u 
1 G:{H x i 52 111111 (2 [KS ) 

0 24H rri” t 10% 0 273 * 2 

Distance p~pcs (6 pcs ) 
C-i I pipe 3!4,’ 
L-6Gmmx6 

Hexagon screws, galv MR Y 70 

Hexagon nuts. galv M8 

Waxhcr:;. gnlv MR 

1: lat iron (2 I)CS ) 
‘;vf! 50 x~ 150 * 5 rnrr 
MY; llat 0 3 III (1 !Kj k<l/rn) 

0.05 kg 

0.5 Itr. 

1 0 Itr. 

1 .O Itr. 

53 hrs 

1 Om’ 

0 55 rn.’ 

036m 

6 PCS. 

6 pcs 

12 pcs. 

0.6 kg 

Amount 
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EXAMPLES OF COST CALCULATION 

Solar collector SC-85 

OS. 

1.8 

1.9 

l.lC 

1.11 

1.1; 

1.1: 

1 .ld 

l.l! 

1.11 

1.1 

1.1 

1.1 

12 

Il.2 

Il.2 

I1 

I1 

12 

12. 

Article 

Support sheets 3mm 
100 x 170mm (2 PCS.) 
0.017 m2 + 10% 

Reinforcement triangle sheet, 3 mm 
5Ox50mm (2 PCS.1 
0.0025 m2 + 10% 

Hexagon screws, gaiv. 

Hexagon nuts, galv. 

Washers, galv. 

G.I. pipes (2 PCS.1 
‘.=600mm 314” 

2.1. pipes (2 PCS.1 
_ = 170mm 314” 

;.I. sockets 314” 

iexagon screws, galv. 

iexagon nuts, galv. 

Nashers, galv. 

qed oxyde paint 

lark brown paint 

Tool and machine charge 

Electric charge 

Mat. cost support for two 
collectors SC-85 

M8 x 20 

M8 

M8 

M8 x 20 

M8 

M8 

Working hrs., and labour charge 
support for two collectors SC-85 
marking, cutting, punchtng, 
folding, thread cutting, painting 
and assembling 

Circulation G.I. pipes for two 
collectors SC-85 

G.I. pipe 1742 mm 1” 

- Qof- 

019m2 

0027m* 

PCS. 

PCS. 

PCS. 

.2m 

.34 m 

PCS. 

PCS. 

PCS. 

PCS. 

1.2 Itr. 

I.2 Itr. 

42 hrs. 

1.742 m 

Rate Amount 
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EXAMPLES OF COST CALCULATION 

Solar collector SC-85 

‘OS. Article 

12.2 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

12.1( 

12.1’ 

I2 

I2 

13 

13 1 

132 

13: 

134 

G.I. pipes. (2 PCS.) 
L=787mml” 

G.l.pipes (2 PCS.) 
L= 150mml” 

G.I. pipes 58 mm 1” 

G.I. elbows 1” 

G.I. unions 1” 

Steam packing washers for 
union 1” 

G.I. caps 1 ” 

Fibreglass insulation 50 mm 

Red oxyde paint 

Tool and machlne charge 

Mat. cost circulation pipes for 
two collectors SC-85 

Working hrs.. and labour charge, 
circulation pipes for two 
collectors SC-85 
marking, cutting, thread cutting, 
painting and assembling ’ 

Panels for two collectors SC-85 

Middle panel 24 gauge 
1840 x 200 mm 
0.368 m2 + 10% 

Side panel 24 gauge 
1950 x 265 mm (2 PCS.) 
0.516m2 + 10% x 2 

Top panel 24 gauge 
2018 x 265 mm 
0534m’+ 10% 

Pan head tapping screws, galv 
3.5 x 95 

1.574 m 

3.3 m 

I.058 m 

5 PCS. 

? PCS. 

! PCS. 

! PCS. 

l.0m2 

I.3 IV. 

14 hrs. 

0.4 m* 

1.14 m2 

0 59 m” 

8 pcs 

Rate Amount 
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EXAMPLES OF COST CALCULATION 

Solar collector SC-85 

x3. 
- 

.5 

8.6 

87 

Article 

Red oxyde paint 

Dark brown paint 

Tool and nlachine charge 

Mat. cost panels for two 
collectors SC-85 

Working hrs., and labour 
charge panels for two collectors 
SC-85 
marking, cutting, folding, drilling 
painting. assembling 

QW. 

0 Itr 

0 Itr. 

1 hrs 

?ate Amount 
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EXAMPLES OF COST CALCULATION 

Solar collector SC-85 

PI - 

II 

1 

1: 

1: 

11 

11 

1 

1 

1 

1 

Micle 

summary material 

vlaterial cost for two collectors SC-85 set 

support for two collectors SC-85 

Circulation G.l.pipes for two 
:ollectors SC-85 

‘anels for two collectors SC-85 

Material cost for two solar 
:ollectors SC-85 and accessories, net 

Norking hrs., labour charge 

solar collector SC-85 
two pieces (2 x 53 hrs ) 

Support for two collcclors SC-85 

106 hrs. 

42 hrs 

Circulation G.I pipes for two 
colleclors SC-85 14 hrs. 

Panels for two collectors SC-85 11 hrs. 

Working hrs., lahour charge total 173 hrs. 

Overhead on materials, . . . . . % 

Overhead on labour charge . . . . % 

Transportation charge 

. . . . . . . 

Total cost for two solor collectors SC-85 
and accessories 

C - w- I - 3ate Amount 
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CHECKLIST FOR SOLAR WATER INSTALLATIONS 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

Careful site selection. Check for full sunshine throughout the year. 

Structure to h.old weight of system. 

Water supply: Sufficient quantity and pressure (head). 

Continued accessibility of installation (collectors, tank) for maintenance and repairs. 

Cold connection to supply pipeline to prevent return of hot water into cold water 
pipeline, (e.g. non-return valve or separate pipeline from feed or roof tank). 

Safety valve or vent pipe for over pressure release (due to expansion of hot water), 

Ventilation of system: Requires gradient in circulation pipes and an air release valve 
or a vent pipe on top of the hot water storage tank. 

Slopes in pipellnes, to avoid blockages of flow through air bubbles. Avoid U-bond 
installations (especially in low-pressure supply systems), 

Insulation requirements for hot water storage tank, circulation pipes and for hot water 
pIpelInes 

Dralnage facllrty (tap, cap) for drainage of entire system, 

Four common installation mistakes 

Correct 

Rooftank 

( I----:-: 
8 ccl, 

1st 

2nd 

Wrong 

-J+ I 

@2+s -I - 

mistake. Drstance between storage lank and collector 1s too 
small - crrculalron can reverse durrng the nrght. 
whrch means great heal lossr 

mistake: Colds and l-101 waler pope conneclrons are mixed up 
- cold- and hot waler iayer are drslurbed which 
results In low waler temperature’ 

3rd mistake: U-tent 111 collector crrcult --L arr accumulates 
and interrupts the crrculatton. whrch means no 
healrng at all’ 

4th mistake: Distance between rooflank and storage lank IS too 
small -a below a certain level In the rooftank 
the storage lank IS not refilled. whrch means hot 
waler does’nt flow! 
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LEAFLET SOLAR SYSTEM 

The natural circulation system is driven by one 
fundamental principle: hot water is lighter than cold 
water and tends therefore to rise. 

The figures to the side show, how the system cleverly 
uses this principle to avoid any moving parts except 
the water. 

The sun heats the water in the collector, which starts 
to rise and accumulate at the top of the storage 
tank. It is replaced by cold water from the bottom 
of the tank. 

As long as the collector water is hotter than the storage tank water, it keeps circulating. Hot 
and cold water in the storage tank will not mix. Always the hottest water is the top layer. 
Therefore during night, when the collector is cold, the circulation will not reverse. Never the 
hot water can sink down to the cold collector. 

If hot water is consumed it is always the hottest water in the storage tank, as the hot outlet 
is at the very top. The consumption is replaced by cold water from the rooftank. This water 
has to enter at the bottom of the storage tank so it will not disturb the hot and cold water layers. 

Essentials 

- Storage tank has to be higher up than the collectors, the roof tank has to be higher up 
than the storage tank. 

- Heating circuit: Cold water leaves the storage tank at ths bottom and enters Ihe collector 
at the bottom. Hot water leaves the collector at the top and enters the storage tank at 
about 2/3 in hight. 

- Consumer circuit: Hot water leaves the storage tank at the top and is replaced by cold 
water from the roof tank entering at the bottom 

Solar collector, MTC-SC-85 
Datas: 

Vertical pipe type and overall size 1810 x 110 mm 
Collector effective area 1.22m’ 
Weight 47 kg (empty) 
Contarn of water 3.9 Itr. 
Test pressure IO bar 
Working pressure 5 bar 
Absorber 36 fins alu. sheet 0.5 
Absorber surface Black colour paint 
Collector box / frame Galvanized steel sheet 0.55 
Collector box Inside / outside 1 coat painted 
Cover Single glass 4 mm 
Insulation back/side 50 mm fibreglass 
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THREADS AND FORMULAS 

Drill diameter for 

For metric threads 

Thread Through Threaded Thread Through 
size hole hole size hole 

M3 3.6 2.5 1 i4” 7.4 5.0 
M4 4.8 3.3 5/l 6” 9.5 6.4 
M5 5.8 4.2 318” 11.5 7.7 
M6 7.0 50 7i16” 13.0 9.25 
Ma 9.5 6.7 112” 15.0 10.25 
Ml0 11.5 a.4 518” la.0 13.25 
Ml2 14 0 10.0 314” 22.0 16.25 

Circle and cylinder 

For whitworth threads 

A ; + D” Area = $ x Diameter x Diameter 

; 0 785 D,’ 

Circumference = IT x Diameter 
= 3.142 D 
=27rr 

Threaded 
hole 

Circle 

Cylinder 
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STEEL DIMENSIONS AND WEIGHT 

MS-fiat 

Width Thickness mm 
mm I3 4 5 

10 
12 
15 
16 

18 
20 
22 
24 

0,236 0.314 0,393 
0,283 0.377 0,471 
0,353 0,471 0,589 
0.377 0,502 0,628 

0.424 0.565 0.707 
0:471 01628 01785 
0,518+ 0,691 0,864 
0,565+ 0.754t 0,942 + 

25 0,589 0,785 0,981 
27 0,636 + 0,848t 1.06 
28 0.659 + 0.879 + 1,10+ 
30 0,707 0,942 1.18 

32 0,754t 1 ,oo + 1.26 + 
35 0,824 1.10 1.37 
40 0,942 1.26 1.57 
45 1.06 1.41 1.77 

50 1.18 1.57 1.96 
55 1.30 1.73 2.16 
60 1.41 1.88 2.36 
65 1.53 2.04 2.55 

Round bar 

C3d 

5 + 
5.5 
6 
6.5 + 

7 
7.5 + 
8 
8.5 + 

cm’ kg/m 

0,196 0,154 
0,238 0,187 
0,283 0,222 
0,332 0.260 

0,385 0,302 
0,442 0.347 
0.503 0,395 
0.568 0,445 

Angle iron 

Size a x b Thickness cm2 

15 15 3 0.82 

20 20 3 
20 20 4 

25 25 3 
25 25 4 
25 25 5+ 

30 30 3 
30 30 4 
30 30 5 
30 30 6 

35 35 3+ 
35 35 3.5 4 
35 35 4 
35 35 4.5 

1.12 
1.45 

1.42 
1.85 
2,26 

1.74 
2.27 
2.78 
3.27 

2.04 
2.33 
2.67 
2.93 

6 7 6 10 12 14 

~~-. ----- 

0.471 + 0.550+ 0.628t 
01565 0)659 + 0:754 0,942 + 
0,707 0,824t 0.942 1.18 
0,754 0.879 + 1.00 1.26 

0.848 0.989 + 1.13 1.41 
1.26 1.57 0;942 1;10 

1.04 1.21 
1.13t 1,32t 

1,18 1.37 
1,27t 1,48t 
1.32 t 1,54t 
1.41 1.65 

1.51 f 1.76t 
1.65 1.92 
1,88 2.20 
2.12 2.47 

2,36 2.75 
2.59 3.02 
2.83 3.30 
3,06 3.57 

1.38 1.73 
1.51 t 1.88 t 

1.57 1.96 
1.70+ 2.12t 
1,76+ 2.2ot 
1.88 2.36 

2.01 + 2.51 + 
2.20 
2.51 
2.83 

2,i5 
3.14 
3.53 

3.14 
3.45 
3.77 
4.08 

3.93 
4.32 
4.71 
5.10 

ad 
9 
9.5 + 

10 
10,5 t 

cm2 kg/m 

0.636 
0,709 
0,785 
0,866 

0,499 
0.556 
0,617 
0,680 

11 
11.5 t 
12 
12.5 + 

0,950 
1.04 
1,13 
1.23 

0,746 
0,815 
0.888 
0.963 

kg/m Size a x b 

0.640 40 40 3+ 2.35 
40 40 4 3.08 

0,880 
1,14 

1.12 
1.45 
1.77 

40 40 5 3.79 
40 40 6 4.48 
40 40 7+ 5.13 
40 40 8 5.80 

45 45 3+ 2.66 
45 45 4 3.49 

1.36 
1,78 
2.18 
2.57 

45 45 5 4130 
45 45 6 5.09 

1.60 
1.87 
2.10 
2.30 
2.57 35 35 5 3.28 

35 35 6 3.87 3.04 

45 45 7 5186 

50 50 4+ 3.89 
50 50 5 4.80 
50 50 6 5,69 
50 50 7 6.56 
50 50 8 7.41 
50 50 9 a.24 

1.41 t 
1.51t 

1.70 + 1,98t 
1.88 2.20 
2.07 2,42+ 
2.26t 2.64 + 

2.36 2.75 
2.54 + 2.97 + 
2.64 + 3.08t 
2.83 3,30+ 

3.01 + 3.52 f 
3.30 3.85t 
3.77 4.4ot 
4.24 4.95 + 

4.71 5.50 + 
5.18 6.04 + 
5.65 6.59 + 
6.12 7.14 

a 

IL t 

L-4 
b 

Thickness cm2 kg/m 

1.84 
2.42 
2197 
3.52 
4,03 
4.55 

2.09 
2.74 
3,38 
4.00 
4.60 

3.06 
3.77 
4.47 
5.15 
5.82 
6.47 
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SHEET-METAL 

Convertion table for sheet thickness 

Thickness 
in ISWG 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

Steel sheet 

Plate 
thickness 
in mm 

05 
062 
075 
0 a7 
1 
125 
15 
1 75 
2 
25 
3 
35 
3 
5 
6 
7 
a 
9 

10 

Alu. sheet 

Plate 
thickness 
in mm 

05 
0 75 
0 a0 

Copper sheei 

05 
055 
06 
07 

Thickness 
in mm 

0.314 
0.345 
0.376 
0.416 
0.457 
0.507 
0.558 
0.609 
0.711 
0.812 
0.914 

Weighi 
kg/m* 

4 
5 
6 
7 
a 
10 
12 
14 
16 
20 
24 
28 
32 
40 
48 
56 
64 
72 
80 

Weight 
kg/m2 

1 35 
1.62 
2 ia 

Thickness 
in ISWG 

19 
ia 
17 
16 
15 
14 
13 
12 
11 
10 

Thickness 
in mm 

1.015 
1.218 
1.422 
1.625 
1 .a28 
2.040 
2.337 
2.641 
2.946 
3.250 

/ 

size of plate 
100 x 2000 mm 1250 x 2500 mm 

weight in kg 

a 
10 
12 
14 
16 
20 
24 
28 
32 
40 
48 
56+ 
64 
80 
96 

112 
128 
144+ 
160 

12.5 
16 
19 
22 
25 
31 
38 
44 
50 
63 
75 
aa+ 

100 
125 
150 
175 
200 
225+ 
250 

Size of plate 
1000 x 2000 mm 
weight in kg 

54 

445 
4.90 
5.35 
625 

a9 
9.8 

10.70 
125 
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ADDRESSES OF SUPPLIERS 

1) Air vent valve “TACO” 
(also heat exchangers, 
solar modules, etc.) 

2) Dlfferentlal-Thermostat W. Kuster AG 
type “RT” (Blmetal- Parkstrasse 6 
switching) DANFOSS) 4402 Frenkendorf/Switzerland 

3) 12 V/DC circulation 
pump ARWA vortex 
(and other solar 
appllan‘ces) 

TACO Armaturen AG 
Buckhauserstrasse 40 
Postfach 1381 
CH-8048 Ztirich/Switzerland) 

R. Brun 
Alternative Energy Technologies 
95 Ruefa 
CH-7015 Tamins, Switzerland 

SOLAR WATER HEATERS FURTHER READINGS: 

1) 

a 

3) 

4) 

5) 

Guidelines for the cost-effective design of solar water heating collectors 

by A W K McGregor, Senior Lecturer 
Dq)l 01 Mecl~a~~~cal Engineering 
Napier College, Collnton Road 
Edinburgh Et-110 5DT Scotland, UK 

Solaranlagen 

VOII H R Schrlllcill, Berlrfssehullehrer. 
t:r~r,lelllic~l SSIV, PostlaFti, Ch-8023 Zuench, Switzerland 

Le chauffe-eau solaire 

de Thlerry Cablrol et al 
EDISUD, L.a Caldde, F-13090 Aix-en Provence. France 

Agua caliente solar (OrIgIna! practical solar heating) 
1978 Kcw McCartney -Prism Press, Chalmington. Dorchester 
19HO H F3luinc? tdlclones, Rosarlo, 17, Madrid -5, SpaIn 

Plumbing, hot water supply and heating systems 

I,y F H;rll (l%(i) 
LO~I~[II;~II Scicrltlllc & Tectlnlcal. Longman House, 
Burr11 MIII Harlow. Essex CM20 2JE. England, UK. 

‘3) Plumbing and heating 

by F H;jII ( 1980) 
Tt1c Macrnlllan Press, Ltd LLondon and Basingstoke 

7) Drinking water installations and drainage requirements in Nepal 

by A. Bachmann and H. Waldvogel 
a publication by MTC-Nepal and Skat-Switzerland 
SKAT. Varnbuelstrasse 14, CH-9000 St Gallen. Swltzrland 


