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NB:

It should be noted that this now Completely Revised 2nd. Edition Compendium, has been
revised as a result of great inspiration from the work of the Finnish NGO - TEP [
Technology for Life ]. - Kindly contact them directly for further information or
assistance:

http://www.kaapeli.fi/tep/

Ari Lampinen <ala@jyu.fi>

Hannu Virtanen <hvirtane@cc.jyu.fi>

It should likewise be noted that this Compendium is for the express use of students,
workers, research and production engineers and technicans, and for political decision-
makers at all levels - concerned with the development of production capability.

It does not intend nor imply any infringement of any of the copyrights of any of the
authors quoted.

Indeed, this Compendium is intended and presented in grateful thanks, and to perhaps
bring these authors to a wider public.
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Solar power

Solar drying

For centuries, a wide range of products have been
dried by the sun and wind in the open air. The pur-
posc of drying may be Lo preserve the products for
later use, or it may be an integral part of the produc-
tion process, as in timber drying. In the context of this
book, solar drying refers to technologies that capture
the sun’s energy for drying in a more efficient way
than simple open-air ‘sun-drying’. On the other hand,
solar driers are simpler and cheaper to run than
fuelled driers. The basic principle of a solar drier is
that air is heated by the sun in a collector, and then
passcd over the preduce which is to be dried. The
advantages and disadvantages of using solar driers
compared with other methods of drying are shown in
Table 5.

Table 5. Comparison of drying technelogies

Sun- Solar Fuelied

drying drying drying
Initiat cost None Medium High
Operating cost Low Low Medium
Temperature control None Poor Good
Continuous operation No No Yes
Speed of drying Slow Medium Fast
Protection from pests No Yes Yes

One well-known type of solar drier is shown in Figure
4. This was designed for rice-drying but its principles
of operation apply to all solar driers. Air is drawn
through the drier by natural convection. It is heated as
it passes through the collector and then partially
cooled as it picks up moisture from the rice. The rice is
heated both by the warm air and directly by the sun.
The exhaust air escapes through the chimney at the
top of the drying chamber.

The amount of moisture that the air can absorb
depends both on its temperature and on its moisture
content. Hot air can absorb far more water than
cooler air. Similarly, dry air can absorb more water
than wet air. The moisture content of the air can be
measured as a ‘relative humidity’ (RH) which is the
actual amount of moisture in the air as a percentage of
the total that the air can hold at that lemperature,

Air out
Solar
radiation

Chimney Root ‘/'//

Clear plastic cover

Rice grains ~{ & , .. . Black absorber

Plywood

. a

Ground

/ //%, Tk // 7

Figure 4. Natural convection sofar drier

Air in
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If the air entering the system is quite moist (high
RH), heating is more important to achieve any drying
effect. Also, the hotter the air is, the less of it will be
needed, and the faster the drying will be. The tem-
perature in the rice grains themselves may be an im-
portant factor too, especially in the later stages of
drying when moisture needs to be drawn from the
centres of the grains to the surface. This temperature
will depend mainly on the air temperature, but also on
the sunlight heating the grains directly.

Maximum heating is not always a desirable feature,
as many products can be damaged by excessive tem-
peratures. The most severe constraints are on beans
(35°C), rice (45°C) and all grains that are to be used
for seed (45°C). Some systems may actually shield the
produce from direct sunlight.

A more advanced system is the ‘forced convection’
solar drier. This uses a fan to create the airflow
through the system, instead of natural convection.
Drying time can be reduced by a factor of three using
a fan, and the collector area can be reduced by up to
S0 per cent. Together, these improvements can in-
crease product throughput by a factor of five or six.
Forced convection also has the advantage that the
drying chamber need not be positioned above the col-
lector. However, electricity generated from some
other energy source is necessary to drive the fan.

A more low-tech design is the ‘tent’ drier. This is
one of a number of simple solar driers where the col-
lector and drying chamber are combinred into one.
The sun-facing side is composed of clear polythene,
and the back and floor of black polythene, creating a
‘greenhouse’ effect. This design is low in cost, but dry-
ing times may not be much shorter than for open-air
sun-drying as there is little convective circulation. The
main purpose of the tent is to protect the produce
from the rain, wind and pests. Tents are usually used
for fruit, fish, coffee or other products for which
wastage is otherwise high.

There are numerous other simple driers which work
on a similar principle to the tent drier, such as box,
cabinet and greenhouse driers. Box driers may incorp-
orate thermal insulation to keep the temperature
high. Solar timber kilns may include hot water storage
to enable the necessary control of the drying rate.

In general, solar drying is more appropriate:

O the higher the value per tonne of the products
dried -

QO the higher the proportion of the product currently
spoiled in the open air

O the more often the drier will be used.

Faster and more complete drying reduces the rate of
mould growth and increases the effective storage
time, :

Economic comparisons between solar driers and
sun-drying methods need to take into consideration
savings in produce losses. Where forced drying is re-
quired, solar drying will be most economic where
small quantities need to be dried, and where the need
for drying and the necessary solar energy are present
for most of the year. A simple natural convection so-
lar drier may only cost around US$§20/m? of collector
area and can pay for itself in reduced product losses in

a couple of years. On the other hand, a forced convec-
tion drier, with one-tonne capacity, may cost almost
1US$2000 inclusive of a motorized fan. In this case, the
pay-back time may be more than 10 years. An import-
ant consideration is whether or not waste heat from
generators or industrial processes is available in the
vicinity. It may cost less to use waste heat than to
build a forced convection solar drier.

The main applications of solar driers are in agricul-
ture, for the drying and preservation of fruit and veg-
etables. In addition, in some communities fish driers
have been successfully used. Solar pre-heating of air
for commercial applications such as timber and
pulped paper drying, has also achieved some commer-
cial success.

Solar cookers

In the rural areas of most developing countries, cook-
ing is usually done over fires fuelled by wood. In many
regions, wood-based fuels are becoming increasingly
scarce for a number of reasons. This results in people
walking increasingly long distances to gather firewood
from an ever-dwindling resource. The solar cooker
can provide a solution to this problem in certain situa-
tions, although its use is by no means widespread at
present. Solar cookers also avoid the indoor air pollu-
tion which is associated with indoor wood stoves.

A solar cooker simply uses the energy of the sun to
cook food, and designs vary according to the type of
food preparation that is required. The two principat
destgns are the ‘oven’ type and the ‘stove’ type. The
essential difference is the same as that between con-
ventional ovens and stoves (or open fires): stoves ap-
ply heat directly to the bottom of the cooking pot,
whereas ovens provide a hot space in which the food is
placed. Related to the oven is the solar ‘hot box’
which is less sophisticated and operates at lower tem-
peratures. The suitabilities of the different designs to
the main styles of cooking are shown in Table 6.

Table 6. Suitability of solar cookers to preparation
methods

Method Minimum Time Suitable
temp. taken design
Food cooked in boiling Meat 100°C 1-4h Stove/
water or steam aoven
Rice 70°C Stove/
aven/
hot box
Food is baked 160°C Long Oven
e.g. bread and cakes period
Food is shallow-fried  Very high Short  Stove
in oil temp. period

The essential features of an oven-type solar cooker
are: '

O an airtight enclosure (the oven) with well-insulated
walls

O a transparent window which allows sunlight to en-
ter the oven but does not allow heat to escape.
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Most types have at least one reflective panel that dir-
ects sunlight into the oven from a wider area. Two
common designs are shown in Figure 5. Ovens are
distinguished from hot boxes by having more re-
flective panels, better insulation and a smaller internal
volume, combining to give higher internal
temperatures.

The hot box can cook rice and dhal in 2—4 hours on
a hot sunny day in India. The oven would take 1-2
hours. The oven would need frequent re-orientation
to face the sun, whereas the hot box is less sensitive to
adjustment. The main disadvantages of hot boxes are
their inability to reach the high temperatures required
for boiling and the long length of time they take to
cook. On the other hand, there s little risk of burning
food and so little attention is required. Hot boxes are
particularly suited to dishes which benefit from
longer, slower cooking, such as curries and soups.

Although successful cooking depends on the
weather, the combined heat capacity of food, pot and
oven is enough to maintain temperatures over brief
cloudy periods. Likewise, food will be kept hot for a
while after the sun goes down, making evening meals
possible.

Tens of thousands of single-reflector hot boxes have
been sold in India, partly as a result of state and gov-
ernment subsidies amounting to up to 60 per cent of
the price.

Stove-type solar cookers are known as con-
centrating cookers. Their essential feature is that they
focus the sun’s light from a wide area directly onto the
bottom of the cooking vessel by using a reflector of a

Figure 5. Two types of solar cooker using reflector
paneis >

Figure 6. Concentrating sofar cooker

Reflector

Glass window

{b) Solar oven

suitable shape. The ideal shape is a parabolic dish,
However, this is difficult to produce, so most designs
approximate to it wusing simple construction
techniques.

Figure 6 shows a concentrating solar cooker. Most
designs are just over 1m in diameter, and can-deliver
about 700W to the cooking pot. This would bring
about 3 litres of rice and water to the boil in 1 hour,
and would also allow high temperature shallow frying.
These cookers are, however, vulnerable to cloudy
periods, especiaily when used for frying. They also
require intervention to keep them facing the sun
which may interfere with other activities the cook
might wish to carry out. Cooking outdoors in the heat
under the sun can also be uncomfortable.

The cook needs to attend to the cooker fairly fre-
quently, stirring the food, and swivelling the whole
assembly to keep it pointed at the sun. These devices
are very sensitive to orientation. Some care needs to
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be exercised when adjusting the cooker, as tempera-
tures as high as 850°C are possible at the focus.

Concentrating solar cookers have only found wide-
spread user acceptance in China, where there are tens
of thousands in use in the provinces of Gansu, Tibet
and Inner Mongolia. The Chinese cookers are com-
posed of a mosaic of tiny mirrors on a moulded con-
crete dish, all mounted on a swivel. A lighter design
uses a smaller number of larger mirrors mounted in a
metal framework.

So far, dissemination of the technology in other
countries has been unsuccessful for non-technical rea-
sons such as cooking and eating traditions. Solar
cookers will be better accepted if current cooking and
eating habits are weil matched to the cooker’s charac-
teristics (for example, if the main meal is eaten at
midday). Some change in habits will always be
needed, and readiness to change will depend largely
on necessity.

When selecting a solar cooker the following factors
should be taken into account:

O Can meals be produced reliably at the desired time
of day?

O Does the design of cooker match the type of cook-
ing required?

O How long does cooking take?
O Where does cooking normally take place?
O Does the cook sit, stand or squat?

O Does the cooker fulfil any other functions beside
cooking? For example, open fires may be used to
provide warmth and light, drive away insects, or
have cultural significance.

O Does the use of the cooker interfere with other
activities the cook would normally undertake?

The cost of a solar cooker is likely to depend on its
design, locally available skills and materials, numbers
being produced, and whether there is any state sub-
sidy, Concentrating cookers may cost as little as
US$30 but robust designs are unlikely to cost less than
UUS$50. Analysis of the economics of using solar
cookers is not straightforward. Most benefits result
from reduced deforestation (from fuelwood saved)
and time saved collecting fuelwood which are not
easily quantified and are very site-specific. While an
economic case can be made for the use of solar
cookers they are rarely chosen for economic reasons.

Solar distillation

In many areas, pure drinking water is in short supply.
Often water sources are brackish (i.e. contain dis-
solved salts) and are unfit for consumption. Distilla-
tion is a simple process which can produce potable
water from any source, however saline. Water is evap-
orated by a heat source, leaving behind the salts and
impurities, and then the vapour is condensed and col-
lected as pure water. With solar stills, the heat source
is the sun’s energy.

The water to be distilled sits in a basin in an
enclosure with an inclined glass cover. The suniight

enters through the glass cover and heats the floor of
the basin. This passes its heat to the water and causes
it to evaporate into water vapour. The glass cover is in
contact with the air, and so is cooler than the vapour
in the stifl. This causes the vapour to condense and the
water runs down the cover into a gutter,

Good solar stills need the following features:

C Low absorption glass cover. This maximizes the
radiation reaching the water, increasing evapora-
tion. It also keeps the temperature of the glass
itself low, so maximizing condensation. Plastic can
be used but is less effective.

O A good absorber surface for the basin floor. This is
to capture as much of the incident radiation as
possible and maximize evaporation.

O Good wall and floor insulation to keep heat in the
still.

(O A shallow basin, so that there is not so much water
to heat.

(O The condensing surface should dissipate heat
quickly. This can be enhanced by cooling it with a
second flow of water or air.

Solar still in Las Salinas village, Dominican Republic
{IT Power)

The most common design is the single-basin still. Eff-
iciency is abouf 25 per cent and greatest output is in
the early evening when the feed water is still hot but
outside temperatures are falling. Basins can be made
from sand concrete or waterproofed concrete or, if
factory manufactured, ferroconcrete.

Multiple-effect basin stills have two or more com-
partments, where the condensing surface of one level
is the floor of the upper compartment. Thus the heat is
transferred to the upper compartment and efficiencies
are higher (typically 35 per cent). However, cost and
complexity also increase.

A third option is a ‘wick’ still. Feedwater flows
slowly through a porous, radiation-absorbing pad (the
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wick). This has two advantages, first that the pad can
be tilted to give a better sun angle, and second that
there is less water in the still at any time and water is
heated to a higher temperature more quickly.
Despite the proliferation of novel types, the single-

Table 7. Distillation methods and their applications

Daily Appropriate Comments

output method

Few litres to Solar (if appropriate Cost proportional to
im? insolation) capacity

im3 or more Reverse osmosis/ Requires electrical

electrodialysis power source
More than  Vapour Flash evaporators
200m= compression/ can be part heated
flash evaporation by solar water
heaters.

basin still is the only design proven both techni-
cally and economically in the field. The cost of a
simple solar still is about US$100/m2 and in a tropical
location the output is approximately 2-3 litres/
day/m?2.

Although the normal requirement for a person in a
developing country might be 20 litres of water per
day, only about 5 litres of this need be potable (drink-
ing and cooking). Hence a still of about 2m?2 area
could supply one person. Table 7 shows the suitability
of different distillation methods in various water sup-
ply situations. In general, solar stills are more eco-
nomically attractive the smaller the required output.
This is because costs scale upwards with capacity,
whereas other technologies have significant econo-
mies of scale.

Anthony Derrick and Roy Barlow,
IT Power, UK

Solar photovoltaic references and
further reading

Barlow, R. et al., Solar Pumping: An introduction and

update on the technology, performance, costs and
economics, IT Publications, London, 1993.
Both a survey of the current technology and mar-
ket, and a practical guide on system sizing, selec-
tion and procurement. Includes data on systems
from all known manufacturers at time of writing.

Darkazalli, G. and Hogan, S., Photovoltaic Manufac-
turing of Photovoltaics in Developing Countries,
Proceedings of the 10th European Photovoltaic
Conference, Lisbon, 1991,

Paper examining the PV industry in those develop-
ing countries known to have PV manufacturing
facilities.

Derrick, A. et al, Solar Photovoltaic Products: A

guide for development workers, IT Publications,
London, 1991.
A practical introduction to PV systems for various
developing country applications, including chapters
on procurement, installation and economics. In-
cludes a buyers’ guide of products for each
application.

Hankins, M., Small Solar Electric Systems for Africa,
Commonwealth Science Council, London, 1991.

A planning guide towards installation of small PV
systems for those with no previous experience.

Roberts, 8., Solar Electricity, Prentice Hall, 1991,

A practical reference book for PV systems design
and installation. Features a comprehensive section
on building electronic control units, including
charge regulators and voltage adapters.

Sandia  National  Laboratories,  Stand-alone

Photovoltaic Systems: A handbook of recom-
mended design practices, 1988.
A basic manual for system sizing, procurement and
instaliation of PV systems for various applications.
Includes detailed pro-forma worksheets on all as-
pects of systemn design.

University of Massachusetts Lowell photovoltaic pro-

gramme, International solar irradiation database
V1.0, 1991.
A computer database of radiation data from
around the world in spreadsheet format, suitable
for use on IBM compatible PCs. Available from
Univ. of Mass., 1 University Avenue, Lowell, MA
01854, USA.

Solar thermal references and further
reading

Alward, R., Solar Cooker Manual, BBrace Research

Institute, 1982,
Results of a comprehensive worldwide survey of
solar cookers and food warmers. Aims to enable
field workers to make an appropriate and informed
choice.

Bokalders, V. and Kristofersen, L., Renewable Energy

Technologies: Their applications in developing
countries, IT Publications, London, 1991 (first pub-
lished Pergamon, Oxford, 1987).
A basic but wide-ranging overview of the energy
technology options for various applications in de-
veloping countries. Aimed at development work-
ers, administrators and planners.

Duffie, J. A. and Beckman, W. A_, Solar Engineering
of Thermal Processes, John Wiley & Sons, 1980.
For the more advanced student, the definitive engi-
neering text in solar thermal processes.

Dunn, P. D., Renewable Energies: Sources, conversions
and applications, Peregrinus Ltd, London, 1986,
Gives a sound background to the physical princi-
ples behind renewable energy technologies at small
scales, and how these can be applied in the design
of equipment.

Hislop, D., ed. Energy Options: An introduction to
small-scale renewable energy technologies, IT Pub-
lications, London, 1992,

A brief look at the basics of the various renewable
energy technologies.
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"We had a kilo of goar meat in the small solar box and many
of owr Kamba people retumed at intervals to look

unbelicvingly at the sizzling meat. The thermometer showed

115°C and the meat was perfectly cooked in two howrs.”

Sister Mary of Lourdes, Kitui, Kenya.

Koker som i praksis kan muliggjgre ac det kokes innenders.
Solreflektoren ma da plasseres pd utsiden av veggen.
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Solboks-koker. Sri Lanka.

Solkaking ved refleksjon og konsentrering.
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Different models of solar cookers

A number of different designs exists. Here we will confine ourselves to a dis-
cussion of the three main types: the box, the parabolic (reflective) and the panel
designs. Box cookers are the most common type, and there are over 500,000 box
cookers in India alone. Parabolic cookers are especially popular in China, where at
least 200,000 are in use. Panel cookers have recently been introduced and mostly
used in refugee camps in Africa. (There are very effective and more expensive

industrially-made Chinese, German {SK-14] and Swiss [ULOG] models.)

Box cooker Parabolic cooker | Panel cooker
_Characteristics @
v-3 | v-4
Pot number x volume 1 3x24 1x2-3 1x2
Max temperature C 150 200 125
Boiling time for 1 litre, if
radiation 800w/m2, hours 13/4 3/4 2 1/4
Possibility for stirring poor good poor
Aiming time necessary
at every hours 1-2 1/3 1-2
Reflector area m2 0.4 0.4 0.3
Manufacture
-requires craft skills some some no
-suitable for "do-it-yourself good good excellent
-suitable for industrial
and small-scale production good “excellent excellent
Lifetime, years 5 10 20 1
Cost of materials in USD 35 10 14 5-10
Weight, kg 11 4 2.5 1.2
Measures, meter 0.5x0.6x0.4 0.7x0.2x1.0 0.5x0.5x0.2
Comimon features slow, fast, slowest,
easy to use, need time easy to use,
possibility for for watching, modest
several pots, very durable, capacity,
moderate price cheap cheapest




COMPARISONS BETWEEN DIFFERENT SOLAR COOKERS

oC - -~
100 — ) -
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SATTTN% ,
%Q. 4
60 \OJ
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40
20 v —_
11.00 12.00 13.00 14.00
- TIME
0 = Air temperature in box cooker '
1-5 = Water temperature in the pot
= — '
Type of cooker |Refl.area m2|Amount of water 1. Pot
1. Parabolic 0.4 1 Metallie 2 1.
2. Parabolic 0.8 2 Metallic 3.5 1.
3. Parabolic 0.8 2 Ceramic 3.5 1.
4. Parabolic 0.4 2 Metallic 3.5 1.
5. Box 0.4 1 Metallic 2 1,

Weather: Bright sunshine
Ambient temperature: 21 oC
Helsinki 27.6 98
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Using the Sun

We can use the sun's heat, called
solar energy, for cocking, heating
water, and drying crops. Cooking and
heating with the sun takes longer

than a fire, and it can only work when

the sun is shining. But the sun's energy

is free.

Solar cookers _

The most common kind of solar cooker
looks like a big dish which is shiny
like a mirror inside. The cooking pot
hangs in the middle of the dish. When
the sun shines, the shape of the dish
makes all the heat shine onto the pot,
and it becomes hot encugh for the food
inside to get coocked.

In summer, the cooker takes 45 minutes
to boil 3 litres of water, and in-
winter 1% hours. It has to be moved
every 20 minutes to face the sun other-
wise it does not cook properly.

This coocker costs about R40 to make,
Half of the cost is for the shiny
plastic. You can make a cheaper solar
cooker using aluminium foil, but it
does not work so well.

Shimj plastfc.

solar cooker

Solar ovens

The sclar oven is a different kind

of solar cooker. It is a box with
thick walls so that heat can not get
out easily. The box is painted black
inside and the sloping side is glass,
which faces the sun., It works because
glass lets heat in one way, but does
not let it ocut the other way. This is
why a car becomes hot inside if it is
parked in the sun with the windows

Closed,

Heat from the sun is trapped inside
the oven, so that it becomes hot
enough inside to coock. You can make
the oven hotter by adding mirrors or
shiny metal sheets on the front to
catch more of the sun's heat.

This solar oven costs about R20 to
make, It does not get as hot as the
other solar cocker, but it gets hot
enough inside to cook food slowly.

If you make it well, it is hot enough
to bake bread. It only has to be
moved once every hour, not every 20
minutes like the other cooker.

Write to EDA for plans for solar

cookers, solar ovens, and solar water

heaters (see Making a solar crop drier

p 454), :
Envirormental and Development Agency
Box 62054 Marshalltown

2107 Johannesburg, South Africa

sloping side
ofglogs

7

Shigﬁ :tteta!
e

solar oven
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SOLAR COOKING

Cooking by the use of solar heat is a very old art. The first solar cooker
was probably that built in Bombay in 1880, and several other ingenious
ovens, including that shown in Fig. 19, have originated in India.

Solar Ovens

One of the best solar ovens, little known in this country, was developed
by Dr. M. K. Ghosh of Jamshedpur. Shown in Fig. 19, the Ghosh heater
consists of a simple wooden box, about 24 inches square and 12 inches
deep. 1t is lined with 2 inches of insulation {(glass wool would be very satis-
factory here) and it contains a blackened metal liner in which the cooking
is done. The interior insulation and the hinged top are lined with shiny
aluminum foil, the former to reduce radiation from the oven to the sides
and bottom of the box, and the latter to reflect the sun’s rays into the
oven through the double cover glasses. Since much of India lies near the
equator and the sun is nearly overhead at midday, the Ghosh oven does
an excellent job of cooking the noon meal.

Lid Lined With Isometric View
Aluminum Foil with Lid Removed
Two '
Box Lined with Cover '
Glasses Hinges

Aluminum Foil

3

L2

18" f
e 24n
FIG. 19 GHOSH-TYPE SOLAR OVEN
(Top is hinged with two glass panes

spaced 3/4°'" apart, sides and bottom
of 3/8" plywood]).

Another type of oven, originated by Dr. Telkes, uses a metal box with
double glazing over its open end and a hinged, insulated door at the other
end. It is contained in a casing which may be made of meta! or plywood,
and the whole affair is arranged so that it can turn and tilt to follow the
sun. Reflecting wings made of shiny aluminum {Alzak® is the best brand)
are attached at an angle of 60 degrees to the plane of the cover glasses.
These nearly double the amount of solar radiation which can enter the
oven. On abright sunny day, the Telkes ovens can get to 400°F from about
9:00 a.m. to 3:00 p.m.

A simplified version of the Telkes oven is described by Dan Halacy on
pp. 51-62 of his excellent do-it-yourself handbook, Solar Science Projects
{App. 1V, No. 6). His oven uses the Telkes principle, but it sets the cover

e e

12"
=10




glasses at an angle of 45 degrees to the oven so that it does not need to
be tilted.

The basic principle of operation of a reflector-type solar cooker is shown
in Fig. 20, where a simple parabolic reflector, arranged on a sun-following
mount, concentrates the sun's rays on a grill which can support a pbt ora
frying pan. This type of cooker will becorne hot just as soon as it is ad-
justed to face the sun and, according to Dr. Farrington Daniels, a 4 foot
diameter reflector-type cooker will deliver the equivalent of a 400 watt
electric hot plate under bright sunshine. He gives detailed instructions for
the construction of a plastic shell of the proper shape which can be lined
with aluminized Mylar. App. !V, No. 5, Chapter 5, pp. 893-103 covers the
topic of solar cooking; pp. 102-103 gives an excellent bibliography on

the subject. + f * i * 111

Blackened Pot \

Sun’s Rays
A\

FIG, 20 REFLECTOR COCKER FIG. 21 SOLAR CONCENTRATORS
(Must be adjustabie to
follow the sun).

\v/ \ 4

(A} Plano-Convex Lens or (B] Fresnel Lens
“"Magnifying Glass”

Dan Halacy shows how to make an even simpler reflective cooker out of
corrugated cardboard and kitchen-type aluminum foil on pp. 14-27 of
Solar Science Projects (App. 1V, No. B). He advises the use of sun glasses
when you are cooking with his aluminized broiler because the reflectance
can be dazzling. The reflecting surface does not get hot, but the grill area
does, so be careful when you put on the pots and pans. Also, Brace Re-
search Institute, in How to Make a Solar Steam Cooker, Do-1t-Yourself
Leaffet L-2 {$1.00}, describes a steam cooker which uses the simplest of
materials for making a brotler. See App. 1V, No. 2 for ordering information.
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How does a parabolic (reflective, mirror) cooker work?

A well-designed and well-made parabolic cooker used in good solar conditions
will have a high level of performance, better than that of an open fire. The most
advanced models can be used for every kind of cooking, including baking and frying.

The main feature of a parabolic cooker 1s a parabolic mirror that concentrates
the solar radiation which falls on it into a small area called the focus, where the
cooking pot is situated. The focus area should be about the same size as the pot to
make most efficient use of the mirror and so the reflective radiation will be absorbed
by the pot.

Mirrors with a sharp focus (like satellite dishes) focus the radiation that falls on
them into a very small area. Such mirrors can be dangerous, especially for the
eyes, which may be damaged if the user's head enters the area of the focus.

FAR FOCUS MIRROR DEEP FOCUS MIRROR
POTENTIALLY DANGERQUS IS SAFER

Cookers with a deep focus, i.c. a focal point inside the area ‘enclosed’ by the
rim curve of the mirror - as in, for example, the German-made Eg-Solar cooker - are
safer than those with a distant focal point (as many Chinese cookers have) because a
close focus makes it much less likely that the user will accidentally put his or her
head into the focal area.

If you make the mirror from several sections with bended straight surfaces
instead of with a parabolic curvature, the radiation has no sharp focal point at all and
the radiation beam goes into the whole pot area.

In this way you may get the same performance as with curved mirrors
without the danger of a sharp focal point!

The parabolic (reflective) cooker doesn't work if a cloudy period continues
more than several minutes. It is more sensitive to cloudy weather than the box
cooker.

It is very helpful to continue cooking in a box cooker or in a "haybox-cooker”,
which 1s a well-insulated box or basket.



SOLAR COOKER http://www.geocities.com/ResearchTriangle/Lab/1135/cooker.htm

The umbrella forms a focal point that can boil stew.fry and bake food almost as quick as a normal
gas cooker.

check out solar barbeque for more details



How to use the solar parabolic cooker

With a parabolic cooker as with an open fire or electric oven, you can overcook
or bum food. But, in order to prevent burning, you may stir the food while it is
cooking.

In general you can follow the same instructions as with box cookers (pp. 9-10).
The biggest difference is that you are now operating with a higher temperature and
need shorter aiming periods.

IGNMENT PIN

Don't put your head or
facewhere the pot goes
andavoid stirring and
mixing your food
longer than necessary! SR )
For additional safety ' Y A LOCKING
wear sun glasses! -

TURN AFTER

Find a sunny place for SUN DIRECTION

your solar cooker. Place the

cooker on even ground. If LIFT UP O |
possible, place some plywood AFTER SUI? }II‘IIEG'EI'il‘)OWN @

or a metal plate under the
cooker.

Aiming the cooker is very easy. You adjust it so that the shadow of the pin in
the bottom disappears. You will soon learn to pre-set it a little, and after that you will
only need to aim the cooker every half an hour.

If you have the V-1 cooker (whose receiver is made of cardboard), it is
sensitive to rain and you must carry the cooker to a dry place after use. It is
important to keep the reflecting surfaces clean.

Always use potholders!

The cooking times are about half those given for the box cooker (p.11). If you
have one cooker, you can only cook one dish at a time. But, if you are satisfied with
your cooker and want to prepare two dishes at once, why not make another one! Or
make a simple "haybox-cooker" for meals that require long simmering. In this way
meals will also be kept hot so you can consume them after the sun has set.

With a parabolic cooker, you can use water as you would in ordinary (open
fire) cooking. It can sterilize water even faster.

Black pots are necessary here, too. But the bottom of the pot must not be
completely flat.



How to build a parabolic cooker

Structure of a parabolic (reflective) cooker

MIRROR
SECTION

STRUT

- POT SUPPORTERS
RECEIVER SUPPORTERS LOCKING SPIKE

ﬁh\ LOWER CLAMP

The 2 versions presented here are:
V-1: The cooker with cardboard reflector sections.
V-2: The cooker with metallic reflector sections.

Receiver
Following the drawing,
cut 16 pieces for the mirror

sections. 1 (V-1) corrucati
V-1: Use strong 7-8 mm thick (1);\\7-2) - ations (V-1) _
cardboard (1), mark the folds (
exactly on the smooth side of ™/ —-I'”’*— ~ AL T e
the cardboard, score them L2 iy | ® 1_3 T3
lightly and bend up a little bit \kﬂj\ *
. . ——
as shown in the diagram. 57 ;L 83 L s | — 3
V-2: Use an aluminium sheet (16) - 330 h
of about 1 mm thickness, cut -

and bend it as in the drawing. %f
For bending (if you have no \mL - |
filing vice), use some suitable 7 S = )
slit. \i

27




V-2: Drll six 5 mm holes
along the sides of each mirror
section.Cut the space for
supporters in the lowest
section.

Make 48 connecting pieces:

V-1: Cut from cardboard 60x60
mm and bend slightly.

V-2: Cut of 1.0 mm aluminium
(7) 40x40 mm. Dnll two 5
mm holes to match the holes
on the reflector sections and
bend according to the
drawing.

12

e

| e — ]

=21

100
O

ka3
v-1: :
1 10
S
7

152

For the three struts, take a 3 x 20 mm steel bar, and cut (or saw) it to 826 mm
lengths. Drill the 5 mm and 10 mm holes in the horizontal strut (8a) as shown in the
diagram (the two 10 holes are the second ones from the ends); in the two vertical
struts (8b) drill 5 mm holes as shown in the diagram.

Bend exactly as in the drawing.

41 166
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1 1 |
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One horizontal strut: . 8a
: 10
. . | . —1]-7‘
- _-i‘ — - — - - - -%- -; — . —— - — h - 3
2545 | 70 140 | 118 30| 118 140 70 |45 25
1 - —t—— T - — e
Two vertical struts: ] 8/:
.____,;-_-...—. - . — p— gy p— — - p— JE— [P—— — ;,—- p— e -y —
-
_2 | 1 . 140 193 | 183 140 | us 250




Next construct a jig, for use in
assembly work. For the base plate
and 16 supporters use:

V-1: the same cardboard (1).

V-2: 5-10 mm plywood (4) ( or a 2-5
mm steel plate if you have the
possibility of welding).

Mark the location of the
supporters on the base plate, and
glue them to the plate. Next cut 16
inner end support strips (A):

V-1: 25x190 mm cardboard strips

V-2: 25x190 mm plywood strips and
glue them vertically between the
supporters in the jig's inner circle.
Cut 16 outer support strips (B), 25 x
135mm, and glue these on the outer
sides.

Once the jig is complete, install
the mirror sections against it:

V-1: Taping them lightly together or
clamping them. Glue the joints and
the connecting pieces, using tape to
hold the pieces together.

V-2: Screw the mirror sections together
using the connecting pieces and 4
mm screws, first lightly and then
tightening them on the jig.

Fasten the vertical strut to the
two horizontal struts in the middle
using 4 mm screws. Then put this
assembly over the receiver on the
jig, drill 5 mm holes (through the
holes in the struts) into the receiver
sections and screw the struts to the
receiver.For the reflecting surface
you need aluminium foil (2). Cut
these pieces to the dimensions given
for the mirror sections and glue on
with whiteglue.

Use a spatula for spreading the
glue.

_Ba\
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corrucations (V-1)

750
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For aiming the cooker, an
adjusting pin is necessary. Its
base plate can be made of:

V-1: plywood, glued or screwed
in place

V-2: sheet metal, fastened with
SCTeWS.

The pin can be of 6 mm
thick bar (6). The base plate
should be painted white.
Fasten it to the top of the

receiver. 88 2488 100, 220

Stand o 1 8’ I

J .l ]

The stand for the receiver , o

and for the pot is made of 1+2 6a / i & /
- 6b
supporters (6a + 6b) made of 1 o
i

6 mm thick round steel bars.If
you have no filing vice, use a
suitable hole or slit for

@9 . the other one
bended to left,
the other one

bending. For assembly, make to right
6 fastening clamps (9) of a 3 620 \‘!
x 20 mm steel bar. - — oY
:2 1 .S _# s ]‘{_‘ 300 -
18 l
38
Assembly work

It is easiest to assemble the parts with the receiver facing upwards. First put
the middle supporter (6a) in place and then the side supporters (6b). Then fasten the
first clamps with 6 mm bolts, turn the cooker over and then fasten the other clamps.

Necessary tools

You will need more or less the same tools as for building the box cooker.
Some special tools are necessary for cutting sheet metal and fastenings, and it would
be good if you can find some small metal workshop near your home where you can
get help. If you are working at home, a filing vice helps a lot.

For serial production you can naturally build more tools and jigs, which save a
lot of working time.

In using the cooker, one important tool is a normal spike (17). When you
put it between the strut and stay-supporter the receiver stays in the desired
position.

30



Materials for the cooker

Material V-1 V-2

Amount | Price*)| Amount Price*)
1. Carboard 0.8 m2 1.50 - -

for the jig 20m2; (3.00)

2. Aluminium foil 0.7 m2 1.50 0.7 m2 1.50
3. Glue, whiteglue 031 1.50 031 1.50
4. Plywood, for the jig 20m2 | (10.00)
5. Wooden batten, 25x25 jig 25m (2.00)
6. Steel bar, 6 mm round 55m 2.00 55m 2.00
7. Connecting pieces 1x30x30 48 0.50
8. Steel bar 3x20x826 3 2.00 3 2.00
9. Steel pieces 3x20x38 6 0.20 6 0.20
10.Screws 4 x 8 mm 100 2.00
11.Screws 4 x 12 mm 22 0.50 22 0.50
12.Bolt 6 mm x 20 mm 6 0.50 6 0.50
13.Washers 4 mm 22 0.10
14 Tape some - some -
15 Paint for the outside 0.11 1.00 - -
16. Aluminium sheet 1 mm 0.6 m2 7.00
17.Spike 1.0 1.00
Total 11.80 18.70**)

*) Prices are estimates given in US dollars.

*+) If 1 mm bright aluminium sheet (like ANOFOL) is used instead, 0.6 m2 costs 14
dollars. In this case items 2, 3 and 16 are not needed, and the total material cost is $
22.

The cost of the one-time jig is not included in the total price.

THERE ARE HUNDREDS OF WAYS OF BUILDING SOLAR
COOKERS; FEEL FREE TO IMPROVE UPON OUR DESIGNS!

And you can build the cooker for a bigger pot and higher
capacity. You can easily multiply all dimensions by 20%,
resulting in a 40% higher capacity!




APPENDIX TO MANUAL TFL-2
HOW TO BUILD A STILL BETTER PARABOLIC SOLAR COOKER

The idea for a new parabolic cooker based on the possibility
to use a thinner reflector material and bend the reflector sections.
The expected life time with bright aluminium reflector is very long,
(V-4), the weight only 2.5 kg and the assembly work will be very
easy.

The 2 versions presented here are:
V-3: The cooker with glued foil reflector sections
V-4: The cocker with bright aluminium reflector sections.
Recommended, if the material is available.
(Recycled material, as used in mirrors of fluorescent lamps,

is highly recommended!)

Receiver |

Following e 1
the drawing cut J - - o

el J ] — - — . 00, AW R
16 pieces for the ™ . b~ S = 1=
mirror sections.
Drill 4 mm. ""‘-&___ 1

holes according ' '\i 1
to the drawing. _J439 120 - 88 1. 102 18—
Use template! _. 338
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Mark the bending lines as shown in the drawing.
Then make cuts 5 mm in from the edge on the long sides along
every bending line (B).

A simple hand machine for bending is necessary.

First bend the long sides up (about 15 0_ , see A-A).

Second, bend the outher side down 90° . (C-0).

Finally bend the three lines (B-B) exactly
along the lines. It happens easiest to hammer
down 1-2 mm thick steel plate over a piece
of rubber carpet.

For assembly work use 4 x 8 mm screws. If you have done
accurate work, the receiver will surely be fine!

For the V-3 receiver cut the foils exactly as the mirror sections
and glue with whitegiue.

For aiming an adjusting pin
is necessary.

The base plate 3 can be made
of plywood.

The pin (2) can be made of
a nail or a round 3-5 mm bar.

The base plate schould be
painted white.

Fasten in the top with screws.




Stands

Cut the parts
of 3 x 20 mm steel
(or aluminium) bar.

Drill the holes
5 mm according to
the drawing.
Then bend the ends
in filing vice.

Make the fastenings (9)
of 1 mm steel or aluminium sheet.

Drill four 5 mm holes on the recei- / \

ver as shown in the drawing. / \ P
- Fasten the long supporters (4) ; \
together with end supporters (6). ™~ / 7
Then fasten them together with '
the receiver fastenings (9).

Screw the pot suppor- l
ters (5) and (7) together and
then these with 5 mm screws
together with the bars (8)
with the long supporters (4).

Put a spring washer (18) between
the bars and tighten the wing nuts
(17) on both ends.




Prepare the upper supporter bar
with 3 x 60 x 60 mm rubber plate (10).
Drill two 5 mm and one § mm
hole and screw it together with
the upper supporter bar (6) with
5 mm screws.

Least make the supporting
tube (11) (or use a  wooden stick)
at the rear of the receiver.

Drill the hole in the middle of
25%25 x 500 mm wooden batten (12)
and glue the tube or stick together
with the batten.

. V-3 V-4

Materials for the cooker Amount | Price Amount | Price
1. Reflector sections m2

Bright alum.0.7mm (as ANOFOL) - - 0.6 8.40

or steel sheet, 0.5 mm 6.8 1.80 - -
2. Nail 60 mm 1 - 1 -
3. Plywood 8-10 mm 1 - 1 -
4. Steel bar 3x20 x 740 mm 2 0.70 2 0.70
5. -"- X 335 mm 1 0.20 1 0.20
6 - x 310 mm 2 0.30 2 0.30
7 == x 240 mm 1 0.10 1 0.10.
8. -~ X 85 mm 4 0.20 4 0.20
9, Steel fastenings 1x20x20x50 mm 4 0.20 4 0.20
10. Rubber plate 3-4x%60 x60 mm 1 0.10 1 0.10
11. Steel tube 8-10x700 mm 1 0.40 1 0.40
12. Wooden batten 25x25x500 mm 1 0.20 1 0.20
13. Aluminium foil m2 0.7 1.50 - -
14. Whiteglue 1. 0.2 1.50 - -
15. Screws 4 X 8 mm 80 1.60 80 1.60
16. -"- 5 x 15 mm 15 0.50 8 0.50
17. Wing nuts 5 mm 2 0.50 2 0.50
18. Spring washer 2 0.10 2 0.10
19. Washer 5 mm 4 - 4 -

Total 9.90 13.50

Prices are estimates given in US-dollars.
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HOW TO BUILD A STILL BETTER PARABOLIC SOLAR COOKER
TEL [ p-1000

The idea for a new parabolic cooker based on the possibility
to use a thinner reflector material and bend the reflector sections.
The expected life time with bright aluminium reflector is very long,
(V-4), the weight only 4.5 kg and the assembly work will be very
easy. You can cook 2 litres in 45 minutes!

The 2 versions presented here are:

V-3: The cooker with glued foil reflector sections

V-4: The cooker with bright aluminium reflector sections.
Recommended, if the material is available.
(Recycled material, as used in mirrors of fluorescent lamps,
is highly recommended!)

Receiver 1 /-:;g*—n

Following : -+ -—t
the drawing cut _.:_’_-_-:’// { o @l o
e vecaons. B[ |8 T TR TP
. ) . S 1!
D . ’
rill 4 mm —
holes according T ——— u
to the drawing. : 10 i ] :
: . : o 120 98 117 [ 132 18
Make first e L - —e —
a template ! - N 439 - -—




Mark the bending lines B-B as shown in the drawing.

Then make cuts 6§ mm in from the edge on the long sides along
every bending line B-B.

A simple hand machine for bending is necessary.

First bend the long sides up (about 12° , see A-A).

Second, bend the outher side down 90° . (C-C).

Finally bend the three lines (B-B) exactly
along the lines. It happens easiest to hammer
down 1-2 mm thick steel plate over a piece
of rubber carpet. '

accurate work, the receiver will surely be fine!

For the V-3 receiver cut the foils exactly as the mirror sections
and glue with whiteglue. '

For aiming an adjusting pin

is necessary.

The base plate 3 can be made
of plywood.

The pin (2) can be made of
a the nail or a round 3-5 mm bar.

The base plate schould be

painted white.
Fasten in the top with screws.




Cut the parts
of 3 x 20 mm steel
(or aluminium) bar.

Drill the holes
6 mm according to
the drawing.

The bend the ends
in filing vice.

Make  the fastenings (9)
of 1 mm steel or aluminium sheet.

Drill four 6 mm holes on the recei-
ver as shown in the drawing.
Fasten the long supporters (4)
together with end supporters (8).
Then fasten them together with
the receiver fastenings (9).

Screw the pot suppor-
ters (5) and (7) together and ,
then these with 6 mm screws ' ) 17
together with the bars (8)
with the long supporters (4).

Put a spring washer (18) between
the bars and tighten the wing nuts
" (17) on both ends.




Prepare the upper supporter bar

with 3 x 60 x 60 mm rubber plate (10). .

Drill two6 mm and one 8 mm
hole and screw it together with
the upper supporter bar (6) with
6 mm SCrews.

Least make the supporting
tube (11) (or use a a wooden stick)
at the rear of the receiver.

Drill the hole in the middle of
25x25 x 1000 mm wooden batten (12)
and glue the tube or stick together
with the batten.

the cooker

[~ Matoriatas for

for V-3 V-4
Amount!| Price Amount] Price
1. Reclector sections m2
Bright alum.l.0mm {(as ANOFOL) - - 1.2 1 21.0
or alum/steel sheet, 1.0/0.75 mm 1.2 | 4.20 - -
2. Nail 60 mm 1 - 1 ~
3. Plywood 8-10 mm 1 - 1 -
4. Steel bar 3x20 x 1055 mm 2 1.00 2 1.00
5. -"- X 445 mm 1 0.30 1 0.30
6 -"- X 400 mm 2 0.40 2 0.40
7 =M= X 310 mm 1 0.10 1 0.10,
8. =M= x 110 mm 4 0.30 4 0.30
9. Steel fastenings 1x20x20x70 mm 4 0.20 4 0.20
10. Rubber plate 3-4x80 x60 mm 1 0.10 1 0.10
11. Steel tube 8-10x1000 mm 1 0.60 1 0.60
12. Wooden batten 25x25x1000 mm. 1 0.30 1 0.30
13. Aluminium foil m?2 1.4 3.00 - -
14. Whiteglue 1. 0.4 3.00 - -
15. Screws 4 x 8§ mm 100 2.20 100 2.20
16. -"- 6 x 15 mm 15 0.70 15 0.70
17. Wing nuts 6 mm 2 0.70 2 0.70
18. Spring washer 6 mm 2 0.20 2 0.20
19. Washer 6 mm 4 0.10 4 0.10
Total 17.40 28.20

Prices are estimates given in US-dollars.
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COMPARISIONS BETWEEN DIFFERENT REFLECTOR MATERIALS

IN TFL-PARABOLIC COQOKERS

"TANOFOL'
V-4

WATER TEMPERATURE
IN THE POT

B
\

el

A

"TRANSOMET'
V-3

Reflector area:
0.8 m2

Amount of water:
2 liter

Ambient temperature:
23 oC

Weather:
Bright sunshine,

mild wind.

™

N

Helsinki, 16.6.1999.

11.00 11.20 11.40

12.00 12.20

Low-cost “ANOFOQL” - reflector foil can be obtained from:

Akerlund and Ramsing Ltd.

Post Box 100
27501 Kantria, Finland



Using Parabolas to

Design a Solar
Hotdog Cooker

Iinergy and Scicnce Projects for Students  Solar 1ot Dog Cooker  hitn/iwww.eecs.umich.eduscoalit...cet/lessonsienergy/solardogs.htm]

Download from Internet. Infoseek => Solar Cookers.

Energy and Science Projects
For Students

Solar Hot Dog Cooker

This project is for older students or {or younger students with adult

ek

I.

I3

SUpETVIs1On.

A retlective hot dog cooker can be built from a cardboard box. tin foil,
and posterboard. Sunlight bits the rellective surface and focuses on the
hot dog held in the center. Students can work in pairs or individually if
there are enough materials.

Secleet a long narrow box: the longer the box the more heat
collection is possible. Choosc a {ocal length between 5" and 10"
and design a parabolic curve as scen in the picture. Onc template
could be used for all the cookers. Trace the curve on the open end
of the box so that it is centered and straight.

Cut out the curve with a utility knife. Stress the importance of
being exacl. Measure and cut a picce of posterboard that will {ix
flush against the opening to the box. Atlach this with tape
beginning at the center and working toward to edges.

. Cover the curve with white glue and apply aluminum [oil shiny

side out. Start in the middle and smooth toward the edges. Try
not to wrinkle or fold the foil: you want it as smooth as possible.

Use two scraps of cardboard taped to each side as supports. Using
the sun or a projector light. test the focal point. There should be a
bright spot where light s concentrated: mark this spot and punch
a hole for the skewer. Use a scetion of a coat hanger from which
the paint has been removed for a skewer.

. Enjoy your hot dog!
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40c¢m by 60cm
foil-covered poster
board with tabs

Paoster Board
Cowvered with Foil

“.‘R\\
Ak LAY
2 3&-“&{&

Metal Brad for
Swivel Base

1/8” Thick Wooden Stick
Through the Focus

hutp:/ferww.math tam, ¢du/~jmorgan/Right_Angle Nov_96/Solar htr

Here are the basic design instructions. You
will need some poster board, some
aluminum foil, a skewer (get a 1/8" diameter
wooden stick from a craft store), some glue,
a handful of metal brads and a sheet of
corrugated cardboard (we used a cardboard
T-shirt pattern from a craft store). The total
cost of the materials should not exceed
$2.00. The corrugated cardboard is used to
make 2 ends which are shaped like
parabolas, and a swivel base. We used the

1 2
= —1
equation 20" to create the parabola.
(If you are wondering how you can make an
accurate sketch of this parabola on the
cardboard, then read the article below. )
Units were measured in centimeters and a
sketch was made for —20=x<20_we
then cut out the region determined by
1 . <
20" 52 208X €20, These
ends were attached to a 40cm by 60cm sheet
of poster board which was covered with
alumimum foil. The foil can be fixed to the
poster board by spreading a very thin layer
of wood glue over the poster board and then
attaching the foil. Try to keep the foil as
smooth as possible. The cardboard ends can
be attached to the poster board in a variety
of ways. The casiest of these is to cut the
poster board a litfle wider than 40cm, and
then cut tabs in the ends which can be
folded over the cardboard sides and attached
with glue and metal brads. Of course, it is
the iong sides of the poster board which
attach to the cardboard ends. You might also
find that the 40cm lengths of the poster
board will be more sturdy if a 40cm stick is
attached along each end with masking tape
(try a 1/8" diameter wooden stick).

Once the poster board is attached to the cardboard ends, the only remaining work is placing 2 wooden rod
through the focus at each end (5cm above the veriex) and attaching the structure to a swivel base (as

indicated in the picture).

Cooking is fairly simple. Simply back the stick out of one focus and skewer a hotdog. Then place the stick
back in the hole. Put your cooker in the sunlight and use the swivel to point the foil-lined parabolic
cylinder directly towards the sun. If the cooker is properly aligned then the lower portion of the hotdog
will be brightly illuminated. Your cooking time may vary. We recommend that you try this in hot weather.

We tested 30 cookers in August during a summer math/science summer camp, and the average cooking
time was 20 minutes. The students were amazed that the cookers actually worked!

- Download from Internet. Infoseek => Solar Cookers.
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Konstruktion af en parabolkurve til et solkogeapparat. En ret linie tegnes pd et stvkke spinplade
(2), og et som (1) slds i spanpladen i en afstand, som svarer til breendpunktsicengden. (Afstanden
1-2, som skal veere 40-50 cm). Derncest tager man en tegnetrekant (eller et breet) og flvtier dens
ene hjorne langs stregen, idet man tegner en linie, som vist pa tegningen hver gang man har flvttet
den et lille stykke. Linierne vil tilsammen danne en parabolkurve med den pnskede breendpunkts-
lcengde. Kurven tegnes op og skceres ud med en lovsav.
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Algebra. P.Abbott. English University Press. Loadon UK. 1942/1963.

{08. Graph of a function of second degree.

The simplest form of a function of the second degree is
that whicﬁ is expressed by ]! = x%, This is called a
uadratic function, from the Latin quadratus (squared).
q‘he area of a circle, 4 = =%, isa Vs‘})ecla.l form of this.
To plot the curve of y = x2.  We first assign values to
%, calculate the corresponding values of 4%, or y, and tabulate

them as follows: :

s | —8|—26|—2{—15{ ~1} 01|15 2 1225(3

y | 9625 4/225| 1|01 |22 4 |6258

As wide a range of values is taken as the size of the paper
will allow to be plotted. Since the values of y increase
more rapidly than those of x, more room is needed on the
- axis, but as the square of a number is always positive,
no negative values of y are necessary. The x axis is
therefore drawn near the bottom of the paper, as shown in
Fig.

It will be seen that these points apparently lie on a
smooth regular curve. This must be drawn by the student.
It is a reasonable inference from the formm of the curve

v,

e

ok S5k

F 3
u

[ e ]

u
.

Ihi e T ohi

Pary
Il
L

hard
Il

1

Y 1 2;

Jisqiit
H N
]
N
[}
==
1

Parabola
FiG. 112,

that all points on it, besides those plotted, will satisfy the

G 14,

condition y = 2. This can be checked by taking points
on tﬁ, finding the corresponding values of x and y and seeing
if they do satisfy the condition. Further, it will be clear
that there are no points on the plane, not lying on the curve,
which satisfy the condition y = 2%,

a:‘(;)r convenience, different units are employed for x
. y‘
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Focal point

Fig 14. Half parabola template

Make copies of this template at
100% or larger, and stick them
together in mirrored pairs to
complete the entire parabola,
making sure to align the focal

points \\




iy dEARE A B 2 -

More or less this same as one pdf-file made by linux-programs..

Designing and Building Home Made Focusing
Solar Cookers

Copyleft:
Anyone may use this material as she/he wishes.

I would appreciate, if this web-address, my name and my e-mail address would be mentioned as
references:

hitp://www.jyu.fi/~hvirtane/cooker/
Hannu Virtanen
hvirtane@cc.jyu.fi

Note: comments would be especially appreciated to the above e-mail address!

1. General Remarks

Due to the advance of knowledge gained by various independent designers it is basically easy to build

Parabolic Solar Cookers, which can boil water, cook soup, make fried foods or even bake bread. What is

needed is general workman's skills like

some carpenter's skills

and/or some construction worker's skills,

about 10-50 USD/ED money to buy matenials,

(and possibly some elementary knowledge of mathematics and physics, )
but mainly a lot of common sense!

2. The General Principle: How Does it Work?

A focusing solar cooker works by reflecting solar radiation to a small area, where your cooking or baking

pot is located.

The principle is shown in the next picture:



Under cloudless bright sky during day time the power of sun radiation is about 1 kW/square m(!). If all
that energy could be reflected and transformed into heat in a kettle holding 1 liter cold water, the water
would boil in 5-10 minutes depending on the starting temperature of the water.

NOTE:

IF A GOOD REFLECTIVE SURFACE IS USED FOR THE CONCENTRATOR AND IT WILL
BE WELL MADE, THE FOCUS POINT WILL BE VERY HOT AND MORE DANGEROUS
THAN A FIRE ESPECIALLY FOR EYES. SO THESE INSTRUCTIONS ARE MADE FOR
EXPERIENCED AND CAUTIOUS PERSONS ONLY. AS A DESIGN PRINCIPLE IT IS BEST
TO KEEP THE FOCUS POINT INSIDE 'THE MIRROR CUP' TO AVOID THE DANGER OF
ANYTHING ELSE BESIDES YOUR COOKING POT OF GETTING IN TOUCH WITH THE
HOT SPOT.

In practice not all of the sun radiation is reflected from our REFLECTIVE SURFACE' and not all of the
reflected energy is absorbed by our kettle or baked bread and transformed into heat and so the efficiency
of our cooker is not 100% and we need in general more power and thus area for our mirror.

In general good focusing solar cookers have got about 1,5- 2 square m reflective area.



3. The Basic Parts and Materials of the Cooker

To build a cooker we need something to build:

the mirror base for the reflective material,

the reflective material itself,

the adjusting and holding construction for the mirror,
the pot holder and the cooking pot.

In the next picture the parts are shown for a model cooker.

The mirror base can be made of various materials including
paper mass,

concrete,

plywood,

bamboo-clay,

metal.

For the reflective surface
small mirror pieces,
aluminium foil,
polished metal plates
can be used.

The mirror holding and the potholding systems can be made of
metal,
wood,

plywood
bamboo.



4. The Parts in Detail
4.1. The Mirror Base
4.1.1 The Shape of the mirror

Basically the perfect shape for our mirror is a parabolic shape.
The mathematical formula for a parabola is

= (X*X)*(1/4F)
where F is the distance of the focus point from the bottom.
If in the formula F = 50 cm calculations become very easy and our mirror base will have quite satisfactory
shape. We can count first points for each 10 cm distance from the centre and then some points in
between. It will be quite easy to get a satisfying curve drawn using a bent metallic or plastic ruler to
interpolate all points in between. And the curve will look as follows and the points calculated are in the
table.

1) The following picture and the table will show the curve for a parabola with F=50.

X 1Y ‘Here is a picture of the parabola needed. .
ad- 0} " The-table on the' leftis correct, hut the line-
'2[: 1= “itself isnot really accurately drawn because
1 -of limitations of the computer prograr, which -
0 14p ‘was uszni
aq.- 1 8 “You can first calculate and drawpomts after each -
59 | 145 | teneim, andthen some pomts inbetween
sd. | 18 ' “You rmght vse & flexible ylasnc or metal
' "? > 5 "_'mler to dxaw the. lme
ICH E N
EHES ANy
1 100} 5G. S A
. I
. IR
~N -
\'\*-w..,“_ | T X

2) The shape for F=30 is as in the following graph:

For most constructions it is better to use F=30 ¢cm



BECAUSE IT IS IMPORTANT TO GET THE FOCUS POINT INSIDE 'THE MIRROR-CUP'
TO AVOID GETTING DANGEROUS REFLECTIONS ON YOUR EYES!
T've used a computer program 'Gnuploth' to draw the following curve:

:Tkismc-rémmhpumbof with the focus point F = 3. R
 Using this drawing it is possible to scale up for o tewplate 2m-long,
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3) How to draw a parabolic curve without any knowledge of Mathematics:

You can use other methods besides calculations to draw parabolic curves.
Here is an easy method, which will make perfect curves:






4.1.2 Mirror base materials and construction ideas:

It is best to use materials, which are cheapest or easiest locally available. The local traditional
handicraft skills should be taken into the construction consideration as well!

a) Paper mass, clay or concrete construction:

al) Making the mold inside the ground

If you will use paper mass, clay or concrete, it is best to make first a mold. That can be then used to
make as many mirror bases as you want. The concrete mold can be made by casting inside the ground,
if the ground is easy to dig and to make smooth. Using this method you will first make a steel mold as
follows. The steel mold can be made of cheap steel. For construction you can use welding or bolts to join
the parts

The Steel Mold

' The parebolic curve will be beat -
“according to you! dmmng, which
you made on poper glued on cardboerd -
i The supporting rods will help

ito bend the pm'abohc curve into

‘the tight shape

You'cen weld or bolt the parts .
jgtogether

‘TheCeatet Rod
Cheap round steel 8 mm 15 muni

e Supporting rods
A cheapsteelem-Sm

The Parabolic Curve.
3 ,'he.ap steel
B~ SmmxBOmm -50 mm

I {jAs the flrst step wuh the shaplng mold (, whlch could be cut tof

e of wood under the pole and relilmt the turmng and smoothmg ”
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en You'll make your thin




,_As the result You’ll have a negatlve hoIlow concrete mold as shown;
. -The small posslble 1mperfect10ns on t.he surface are easy to flx usmg-
o -_{'COI‘ICI'B('B R ~ : o



HE fPut old newspapers on your mold and plaster 4 S cm tl'uck surface.of
© - paper mass onthe top. Inside that paper massa put, similar iron net
i aswasput inside the concrete mold. Let it dry some 3-5 days urml
SRS dry Llft the shell off _Here you haveit, Glue shmmg surface
. ms1de S e Sl

Y ou can use an exactly similar mold to make your mirror base of clay as well (put inside a net made
of bamboo for example) or of concrete (put inside an iron net)

a2) Making the mold on the ground

You can often make the mold easier by building the mold on the ground.



- 'Ihemoldmgshapemndzof R L
J steel oxplywnod Canhe‘cumedround_,. ‘ ) ', _ Liftth:emolding-shape-wiﬂt a-suit_a_h_

i Ve / THE EASIEST WAY TO MAKE THE :

i The'most-of mold can be filled / MIRROR BASE OF CONCRETE ORCLAY]

 with earth or with just any /. o ISTOBULDTHEMOLDONTHE. |

| avsilable matenal ‘The centre rod made of steel or wood || EARTH LIKE THIS.

Hir Ltfmnly inside the ground. I ONLY THE. LASTSURFACB OFTHE

needed, , sppor fmmmtop MOLDHAS TOBE OFCLAYOR.
CONCRETE TO SAVE MATERIAL,




b) other methods how to make the mirror base:

The first construction below is for a blacksmith, the second for a carpenter. The second plan can be used
to make the mirror base of cardboard as well:

How to makea parabolond
1)- First raake two: X—ban

© beat o thet the seotrors laid Sector
| “onRings will be bent on parabohc S
i shape as desired. .

_'2) Make thengs

For X-baxs nse smtable mm For nngs (they mnstbe'p'”. ,ecdy'c:lcular) nse smtablv ”steel Fox sectazs use smtahle : |
cheap steel and glue reflecuvg iml on top sz seotors m eléc i




Notel:

If you are best with plywood or plywood is the material, which is easiest and cheapest availabe, it is
probably best and easiest to use the above design ideas combined. Just make only two ‘supporters' like in
the picture above and use them as 'the X-bars' as in 'the steel construction'. Make 'the rings' (of 'the steel
construction’) as well of narrow strips of plywood. Fix the sectors on 'the rings' using for example thin
rope through holes on sectors like in 'the steel construction’ (to make them easily changeable as well).

Note 2:
The sectors have no need to continue to the middle of the mirror base, because there will anyway be the
shadow of the kettle. You can leave a hole in the middle.

Note 3:
It is far easier to glue some kind of foil on the top of plywood than on the top of metal sectors or on the
clay. If clay is used as the material for the mirror base, it is best to glue some paper in between the foil and

the clay surface.
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An Affordable Parabolic Solar Cooker

o

bv Ari Lampinen and Rajesh
Sharma

Most of the solar cookers used in
the developing world are box
type. The higher performance par-
abolic cookers are extensively
used by households only in Tibet
(mirror area about 2m2). Else-
where, they are most often used in
large configurations in schools
and other community kitchens
where big mirrors can be used to
cook tens of litres of food at once
(eg ULOG solar hybrid commu-
nity kitchen with mirror area of
Sty 1Ol

The price tags of the
Chinese/Tibetan cookers exceed
$100 and the ULOG cookers
exceed $1000 and so are not
affordable by ordinary people.
This paper describes a design that
can be fabricated by rural people
with their existing skills. Its per-
formance is not so good as the
Chinese and ULOG models but is
considerably better than box
cockers which cost more because
of the high cost of glass.

A working model has been
made by rural, illiterate Nepalise
women belonging to the untouch-
able caste. Participants for this
project and a larger project
including other types of solar
cookers were chosen, based on
their skills, by local women’s
committees set up with support
from a Plants for Life (a Nepalese
NGO) integrated rural develop-
ment programme.

A local, skilled bamboo weaver
wove two parabolic baskets about
1m diameter each, ie 0.8m- using
a metal former. A mixture of clay.
cow dung, mustard oil cake and
paddy husk was pasted on to the
parabolic baskets and left to drv
for a day. Next day, this was
smoothed with fresh mustard oil

cake and left for another day. On
the third day the surface was pol-
ished with sandpaper, and alu-
minium. reflecting paper Wwas
glued on. (See figure 1)

A supporting frame was made
with the help of a local carpenter
using bamboo to hold the baskets
and also to move them vertically
from about 30 to 90 degrees.
Using a mirror. the two reflecting
baskets were focused on an oven
plate and the cooking pot.

During cooking, adjustments
were made every 12 to 15 min-
utes. Vertical adjustment was
done by using a moving bamboo
mechanism.

The material cost of the 60kg
cooker was USS$3 and labour for
the prototype was 18 hours.
Cooking time was 35 minutes for
0.5kg of rice and 40 minutes for

Figure 1

This work was financed from
FINNIDA NGO funds. &

Ari Lampinen works at the Depart-
ment of Physics, University of

Jyvaskyld, PO Box 35, FIN-40351,
Jyvéiskyla, Finland. E-mail
ala@jvu fi. Rajesh Sharma works
for Plants for Life, PO Box 21,
Hetauda 5, Makwanpur, Nepal



12: Manual TFL-2. Finland 1997.

DO-IT-YOURSELF A PARABOLIC SOLAR
COOKER FOR $3

A Pictorial Guide by

Plants for Life, Nepal
and
Technology for Life, Finland (TFL)

Solar radiation hitting the ground does not have high enough density for
cooking. But if radiation is concentrated into a small volume then
cooking temperatures can quite easily be reached, see the figure.
CAUTION: do not move your eye into the focus because the HIGH
PO ENERGY DENSITY AT THE FOCUS MAY BLIND YOU! A

% concentrating mirror as small as a few centimeters in diameter can be
%, dangerous if caution is not taken. Of all solar cooker designs (e.g. box
and panel) a parabolic model offers the highest potential performance.
Very large parabolic mirrors can even be used to melt metals. Still, a
parabolic cooker can be fabricated at extremely low cost by using local
materials.

In the following series of figures women and men of Khojpur village in Eastern Nepal show how
to make a cooker costing only $3 but able to cook a meal in half an hour with free and
abundant fuel . This model is constructed mainly of bamboo and clay-dung mixture. However,
there are many other possibilities that you may think of after following how the Nepalese do this
one.

Figure 1. 1f you can weave bamboo you can fabricate a cooker very cheaply.



Figure 2. Parabolic shape bamboo baskets. Instead of bamboo you can use e.g. cardboard or put
a satellite transceiver dish into a better use. These baskets are about 1 m in diameter. The larger
baskets you make the higher will the potential performance be.

Figure 3. Clay and dung are mixed together with mustard oil and rice husk.

Figure 4. Fresh mixture is pasted on the surface of a bamboo basket. A wooden mold (not
shown on the pictures) can be used to shape the mixture as parabolic as possible. It is especially
necessary in this model that has two mirrors, to approximately match their focus length.



Figure 5. The surface is being smoothed and then left for drying for 1 day.

Figure 6. On second day, dry dishes are repasted with mustard oil cake that gives a very
smooth surface. After rechecking the shapes with the wooden mold the dishes are left for drying
for another day.

Figure 7. On third day, the surface is grinded with sandpaper. The smoother surface you make
the higher will the performance of the mirror be.



Figure 8. Aluminium paper is glued on the surface. From this point on men are getting very
excited about the project.

Figure 9. While the dishes are drying a support system for the mirrors are constructed. This one
is made of bamboo. The loose horizontal stick on the picture is used for moving the mirrors
vertically from about 30 to 90 degrees to be able to follow the sun.

Figure 10, The focuses of the two mirrors are being adjusted to hit the cooking pot. It is
important to keep the focus on the pot during cooking so about every 15 minutes you need to
readjust the mirrors and the crate.






s .

Figure 11, The ready-made double mirror parabolic solar cooker with about 1.6 square meters
of reflecting surface. i.e. about 1600 Watts of input power. In this particular device the actual

cooking power is approximately 400 Watts. It is enough to cook about half a kg of potatocs or rice
in about half'an hour.

The performance can be increased by making the surfaces smoother and the shapes more
parabolic. But the focus does not need to be sharp like e.g. in satellite receivers because it is
enough that the sun's energy is concentrated into the bottom of the cooking pot. If the focus is too
sharp it can even melt the bottom of the pot! And the sharper the focus the more dangerous it can
be for vour eyes. REMEMBER TO KEEP YOUR EYES AWAY FROM THE FOCUS!

The construction manpower is about 18 person-hours and the cost of material (principally the
aluminium foil) is about $3.

There are many ways you can modify this model. You could e.g. use only one mirror, or maybe
five. You could add a tracking system to automatically follow the sun. Or instead of parabolic
mirror vou could use so called Fresnel mirror for the same result. Litterature offers many ideas of
design and use of parabolic solar concentrators. beginning from the war machines of ancient
Gireece.

We call this particular design a PT-LIFE cooker due to the names of our organizations (we are
non-profit NGOs). You are free to use this concept just for yourself or commercially. If you do
..... we would be happy to hear about it.

IFor more information, please contact:

Technology for Life. Kauppakatu 12 A 1, FIN - 40100 Jyvaskyla, Finland,
cemail alatjyu.fi. WWW http://www kaapeli.fi/~tep/
or

Plants for Life. P.O. Box 21. Hetauda 5, Makwanpur, Nepal
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CONSTRUCTION OF A SIMPLE
SoLAR COOKER

The solar cookers described so far have involved electric
power and machine tools. The costs of manufacture in an
industrialized country and shipment to a nonindustrialized
country are high. Accordingly, efforts have been made to
develop simple designs and methods of manufacture which
will permit local production and require the importation of
a minimum of special material. Some of these designs have
involved paper and aluminum foil, which will not withstand
long exposure to outdoor weather.

An experiment in ‘southern Mexico used local materials
and labor, where no electricity for power tools was avail-
able. Effective cookers were made as shown in Plate 4 and
their acceptance tested in a small village.13

The shell for this type of solar cooker is made with plastic
on a hoop laid over a parabolic concrete mound. It is lined
with a mosaic of 1l-inch mirrors. The adjustable U-frame
made of water pipe rotates around a pipe driven into the
ground, and the reflecting shell is suspended from the hori-
zontal pipe which supports the small circular grill for holding
the cooking vessel. The frame is rotated, and the reflecting
collector is tilted to bring the shadow of the kettle to the
center of the collector by pulling a chain which can be
caught over a protruding bolt in the frame.

For the parabolic mound (see Plate 5), on which an in-
definite number of plastic shells can be made, a parabolic
edge is sawed in a piece of plywood with a keyhole saw and
rotated around a vertical pipe driven into the ground. The
parabola is drawn with a square, as illustrated in Figure 18.
A straight line is drawn on the plywood and below it a nail
is inserted at the desired position of the focus (18 inches).
The square is then rotated by small degrees around the nail
sliding past it so that the corner of the square is always just
touching the straight line. A pencil line is drawn along the



edge of the square in each position. At first these lines
nearly coincide with the original straight line but as the
corner of the square is moved out the lines make increas-
ingly sharper angles with the original straight line. This
collection of many straight lines gives a figure with.a true
parabolic edge, as shown. A reflector diameter of 4 ft is
convenient, requiring a rotating parabola a little longer than
2 ft.

It is difficult to get a perfectly smooth edge with the
hand saw. Accordingly, a 3-inch copper tube is attached

BASE LINE

RECTANGLE

18. Method for drawing a parabola,

along the edge of the plywood with a series of nails. To
the top of the plywood shaping tool are attached two pro-
truding strips of wood, one on each side, for straddling the
vertical pipe. A wooden plug is inserted between the ends
of the two strips to give a square hole. The shaping tool
is then mounted by slipping the hole over the pipe so that
the whole plywood board can be easily rotated around the
vertical pipe.

A shallow circular platform of concrete is laid on the



ground around the vertical pipe and smoothed and leveled
with a hand level. This gives a flat track on which the lower
end of the parabolic board rotates. A mound of wet sand
is packed down on the concrete platform around the pipe
and rounded off smoothly with the rotating edge to make a
parabolic mound, A smooth piece of meta]l is nailed to a
wood block attached to the bottom of the outer rim of the
rotating plywood to raise the parabolic edge about 34 inch.
The center of the shaping tool is then raised until the top
is exactly level, and it is kept in this position by winding a
bulge of string around the pipe at the proper height.

A thorough mixture of three parts sand and one part
Portland cement with water is then laid over the sand mound
like frosting on a cake and the parabolic tool rotated care-
fully to give a smooth parabolic mound. The consistency of
the cement must be just right, without too much water, so
the copper tube will give a smooth surface. The cement
layer on the sand mound must be high enough to be in
contact everywhere with the rotating parabolic copper tube.
After setting for a day the surface of the mound is still
rough because of the sand, but it is smoothed with liquid
plastic available from the manufacturer, from large mail-
order companies, or from suppliers of motorboat building
materials. A thick coat, mixed with an accelerator so it will
harden in a few hours, is painted on with a brush. After
setting over night the plastic surface is rubbed with steel
wool to give a smooth surface. It is then rubbed vigorously
with a “separation wax” so it can be used as a convex master
mold to make plastic concave shells. Butcher’s wax or other
floor or automobile-body wax is suitable if thoroughly rubbed

in to give a smooth shining surface.

- Then the waxed mold is painted with liquid plastic and
covered smoothly with a circular disc of cloth or preferably
fiberglass cloth. A hoop of thin-walled conduit tubing, made
with a pipe bender, is placed around the circumference of
the mound and the plastic-coated cloth is tucked in. Rein-
- forcement strips of cloth are added. to the cloth shell. After
hardening for a day the shell is pried off the parabolic
‘mound.

The inside of the plastic shell is smoothed and covered
with fresh liquid plastic, a parrow strip at a time. Several
hundred square glass mirrors, rubbed with wax on the glass
fronts, are quickly and carefully laid in the plastic covering
to make a close-packed mosaic which sets within a few




hours. Surplus plastic that oozes up in cracks between the
small mirrors can be scraped off the waxed surface with a
sharp knife. The mosaic mirror is-then cleaned completely
by rubbing it with medium steel wool and washing with a
detergent.

Using another technique, strips of aluminized plastic 3
inches wide are placed over the parabolic mound with over-
lapping edges, like shingles. The aluminized surface is up,
and the plastic surface is made to cling to the mold by
painting it with glycerine. The strips are covered with a
layer of plastic and later with the cloth and plastic shell,

The reflecting parabolic shell is arranged to hang about
10 inches below the central grill by means of two wooden
or metal strips bolted to the hoop (see Plate 4). The cross-
bar holding the central circular grill is put through holes
in the ends of the strips and set into vertical slots at the top
of each arm of the U-frame. The grill and supporting cross-
piece is made of conduit tubing with a flattened semicircular
bend in the middle, which is bolted to another semicircular
section to give an 8-inch ring. Round-bottomed clay or metal
vessels are set into this ring at the focus of the light. A
coarse wire screen is set into the ring when smaller or flat-
bottomed vessels are used. Suggestions for collectors and
cooking vessels are given by Jenness,’¢ and Stam!® discusses
certain aspects of solar cooking.

An evaluation of solar cookers has been carried out by
the Volunteers for International Technical Assistance, Inc.18
Twelve different solar cookers are described and illustrated
with photographs. Appropriate weights, sizes, and costs are
given when available. Of these twelve cookers four are -
rated very good, including the Wisconsin cooker and the
Telkes oven. A solar cooker of the Fresnel type, developed
by the Volunteers for International Technical Assistance,
Inc., consists of a set of annular rings of Masonite, covered
with aluminized plastic or aluminum, each ring slanting to
focus on the bottom of a cooking vessel. Detailed directions
for construction are given.18
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Solar Cooker Construction Manual, leaflet with
complete construction and assembly information, 18
pages, VITA, 1967 (reprinted 1975), Spanish and
French editions also available, $2.00 from VITA,

MATERIALS: plywood, aluminum foil or aluminized
Mylar, wood, iron strip

PRODUCTION: simple handtools; attaching the foil
or aluminized Mylar is a delicate operation

This is a concise, complete guide to the construc-
tion of a cheap and effective solar cooker. It is
designed to give enough heat for the cooking needs
of a family with 3-5 children under bright, sunny
conditions. However, it cannot eliminate the need
for other means of cooking. A broad area the size of the cooking pot is heated,
rather than a sharply-focused point. A system of concentric rings rather than a
parabolic dish is used. The cost of materials is estimated to be $3.00.

Limitations: ‘‘The cooker is not useful for cooking meals in early morning or
late afternoon. The cooker must be frequently shifted in position during use to
take advantage of the sun’s position.”” it takes some time to learn how to cook
effectively using the cooker. Because the application of the foil or Mylar to the
plywood is a rather delicate task, the authors suggest that 10 or more cookers
be built at one time so that an effective method for this can be developed.

- Einfiille statt Abfitlle. Verlag - Ch. Kuhtz. Kiel Germany 1985 3-924038-11-2.
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g
HOW TO BUILD—AND USE!-—A

REFLECTOR
COOKER

© 1959 by D.S. Halacy, Jr., and originaily pub-
lished by the Macmillan Company as a chapter of the
book, Fun With The Sun, Reprinted by permission of the quthor.

MATERIALS

Cardboard (as required)

Poster board (two sheets)

Aluminum foil (one roll)

Plywood (one piece, 18 by 24 inches)
3/4-inch aluminum tubing (approximately 64 inches)
3/4-inch mounting flange (one)

Grill {one)

Curtain rod (one)

Broomstick (four feet)

Clothesline (one foot)

Glue (as required)

Masking tape (as required)

3/16-by-1-inch bolt with wing nut (one set)

A stove made of paper sounds about as practical as a
pitcher carved from ice, but this reflector cooker—constructed
almost entirely of cardboard—will broil steaks, grill hot dogs,
fry bacon and eggs and make hotcakes and coffee, It will also
heat water for doing the dishes. All that’s necessary to make it
work is clear weather, because this stove cooks with sunshine!

Stop to think about it for a minute and you’ll remember
that every time we cook—be it with gas, electricity or charcoal
—we indirectly use the sun's energy, which has been stored up
and reconverted to heat. Basically, then, our solar stove’s fuel
is nothing really new. Even the use of direct sun heat for
cooking goes back many years. Sun-dried foods have long been
eaten, and crude solar stoves were built a century ago. Besides,
who hasn’t heard of cooking an egg on the sidewalk on a really
hot day?

In recent years, however, many advances have been made in
the design of solar cookers. Today there are commercial
models on the market that are fine for campers or for patio
use. One umbrella-like design folds up for easy carrying and
storage and also provides an answer for the skeptic who wants



to know what you do when it rains! Such a cooker is just the
thing for trips. If you're dubious about how well the sun can
cook a meal, or if you don’t have the cash to buy a ready-made
stove, get busy and build the one described here. At most, it
will cost five dollars. If you use discarded cartons and other
salvage material, the outlay will be only a fraction of that.

The reflector framework is cut from fiberboard, approxi-
mately 3/16 inch thick, the kind large cartons are made from.
Some poster board and aluminum foil will complete the
cooker itself. A grill (for hot dogs, hamburgers or pans) is
made from plywood, some tubing and an inexpensive hand
grill that costs about 50 cents.

Study the plans first to get the overall picture, and to see
how much material will be needed. If you want to buy new
fiberboard, two sheets 4 by 8 feet will be plenty, These cost
about 80 cents each at a box factory or supply house. The
other items will be easy to find. Get everything you'll need
together and then begin construction. An eager beaver can do
the job in a day or so and begin sampling outdoor cooking a la
sun right away.

First, cut a base piece 4 feet square from the 3/16-inch
cardboard. We'll mark the layout of the reflector ribs right on
this base. With a pencil and a piece of string, draw a 48-inch-
diameter circle. This is the size our finished cooker will be.
Next draw two lines through the center of the base, perpendic-
ular to each other as shown on the plans. These mark the
location of the main ribs, which we will make next.

A word about the principle of our reflector cooker will be
helpful before we proceed any farther. The sun stove simply
focuses all the sun’s rays that strike its surface onto the bot-
tom of the grill. Even on a clear winter day the 12 square feet
of area in our cooker collects a lot of “warmth”, which when
shrunk into the I-foot area at the grill becomes concentrated
“heat” (see Fig. 1).

The giant sofar furnaces used by some research labs (such as
the Mont Louis installation high in the Pyrenees mountains of
southern France) use curved reflectors too. They generate
thousands of degrees of heat at their focal points, using the
same principle. To do this they must be very accurately made
and of parabolic shape. This specially shaped curve reflects all
the rays onto one tiny spot and gives the furnace a concentra-
tion ratio of many thousands to one. Obviously we don’t want
such high temperatures, for they would melt our pans!

Our reflector will use a radius of 36 inches instead of a true
parabolic curve. This results in a larger spot at the focal point.

Besides this, we will use a number of wedge-shaped sections
instead of one bowl-shaped reflector. Thus our focal spot will
be roughly the size of the cocking pan, which is ideal for our
purposes,

Now that we know the why of what we’re doing, let’s draw
two main ribs as shown on the plans (Fig. 1). Cut these care-
fully—using a sharp linoleum knife, pocketknife or modeler’s
razor knife—and be sure to plan ahead so as not to waste
material. Each of the main ribs has a notch at the center.
Notice that one is on the top and one on the bottom so that
they’ll interlock.



B FIGURE 1

4B INCHES
SQUARE

FULL R1BS {2 PLACES)

HALF RIBS {(EQUALLY SPACED
12 PLACES)

RIM PARATITIONS {16 PLACES]

BASEPLATE & RIB LOCATION

FULL RIBS
INTERLCCKED

36 INCH

RADIUS SHADED AREA SHOWS

HALF-A{B PATTERN

ASSEMALY OF POSTERA-
HOARD SECTIONS

RIB PATTERN

6-IN. DIAMETER
FLAT DISK

MAKE FACM HALF OF
FOLOING HAND GAILL

b 19|~.__l

BOLT AND WING NUT

316" HOLE

/——-CUHTAIN ROD

REMOVABLE POINTER ROD

AND CENTER DISK INSTALLATION PLYWOOD BASE

FIGURE [. General plans for building the reflector cooker.
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This iflustration shows the operating principle of the reflector cooker,
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The above sketch shows the assembled framework of the reflecior.

Using a full rib as a pattern, mark out 12 half ribs as shown
on the plans. Before cutting these, cement the full ribs to the
base plate on the lines previously drawn. Model airplane glue
or a good household cement will work well. While the parts are
drying, cut out the remaining ribs,

Three half ribs fit between each quarter section of the
circle. Glue these in place, lining up the end of each one with
the circle we drew on the base plate. While they’re drying, cut
the rectangular filler pieces of cardboard. As the plans show,
these fit between the outer tips of the ribs to complete the
framework (see Figs. 1 and 3).

When the framework is thoroughly dry, we’re ready to put
on the wedge-shaped pieces of poster board. Since these form
the curve that will reflect the sun’s rays, we must use poster
board that is thin enough to bend easily, yet has sufficient

ey

FIGURE 4

The reflector, in this drawing, is ready for its foil covering.

body to hold the proper shape. Lighter cardboard would have
a tendency to ripple and wave,

By means of cut-and-try methods, trim one piece of poster
board so that it covers the space between two ribs, with about
1/8-inch overlap all around. Do not cement this in place yet; it
will be our pattern for 15 more pieces. Cut the additional
sections carefully, making sure they will cover any of the
spaces between ribs. (In spite of care, there may be slight
inaccuracies in the framework.} It’s better to have the poster-
board pieces a bit too large than too small.



With all the pieces cut we can now begin to cement them in
place. Since butting the joints smoothly against each other
would be difficult, we will glue eight sections into alternate
spaces first. Spread glue along the tops of two ribs and the
intervening filler piece, then lay the poster-board wedge in
place and carefully press down so that it touches the ribs at all
points, The glue will dry well enough in a minute or two so
that you can go on to the next piece. Don’t forget to leave
every other section open.

Now we can cover the remaining spaces with our second
eight wedges of poster board. These will of course lap over the
edges of the pieces already glued in place, thus making a strong
joint. If you run into difficulty at the center where all the
points come together, simply trim them off an inch or two.
The hole left can later be covered with a separate piece of
poster board.

FIGURE 5
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Detail of cardboard-clothesline-nail adjustable support bracket.

For added strength, seal all the joints with masking tape as
shown in Fig. 4. While this isn’t absolutely necessary, it will
make a sturdier cooker. The reflector is now ready for applica-
tion of the aluminum foil that will give it the mirror-like finish
we need to collect heat for cooking.

Cut out 16 pieces of smooth-surfaced aluminum foil . . . the
kind used in the kitchen for wrapping food. These should be
slightly larger than the poster-board wedges to assure complete
coverage of the reflector surface. Use rubber cement to stick
the foil to the poster board, and be sure to place the shiny side
up. Work carefully and try to keep the foil smooth, but don’t
worry if the finished job isn't perfect. The cooker shown in
the Hlustrations has a few ripples but works well anyway.

We will now install a marker for the focal point of the
reflector so that we'l know where to place the grill for the
fastest cooking. This marker is simply a small, inexpensive
curtain rod of the type used on kitchen doors. It consists of
two tubes, one fitted inside the other. Cut a short length of
the larger cylinder and insert it into a hole punched in the
center of the reflector. Better still, use a drill the same size as
the outside section of the curtain rod (or slightly smaller) to
give a snug fit. Now cement the tube in place.

The smaller tube will fit into this “holder” and can be
removed for easier handling when not needed. As we men-
tioned before, the proper place to mount our grill is one focal
length from the reflector. With a spherical reflector that dis-
tance is half the radius or, in this case, 18 inches. As a double
check, aim the reflector at the sun and adjust the tilt until
there is no shadow visible from the pointer rod. Then hold a
piece of wrapping paper with a small hole punched in it right



at the tip of the pointer. Move the sheet toward the reflector
and then away until the smallest spot of light is observed on
the paper. This is the actual focal point, and our pointer rod
should be trimmed to this length,

Cut out two squares and one rectangle of cardboard as
shown in the detail of the adjustable support (Fig. 5) and
cement them to the back of the cardboard base. The squares
go first, and then the rectangle. After these are well dried, run
a short length of clothesline through the slot and tie the ends
in a square knot. Drill holes through a 48-inch length of 1-inch
dowel (broomstick or tubing), spacing the holes about an inch
apart halfway down the dowel. Insert a nail to engage the loop
of clothesline. We can now set up our reflector so that it will
stand alone.

To make the grill, first cut an 18-by-24-inch plywood base.
Any thickness from 1/2 to 1 inch will do. Mark the center of
this base and install a mounting flange for the 3/4-inch
aluminum-tubing vertical support (which is 40 inches long).

The adjustable arm is also aluminum tubing, 24 inches long.
Flatten one end and bend it around a piece of pipe or a
broomstick to make the collar, which fits over the vertical
support, Drill a 3/16-inch hole as shown and insert a bolt
capped by a wing nut. The other end of the adjustable arm
may now be flattened. Be careful to keep the flat area at right
angles to the collar so that the grill will be horizontal when
installed. Slide the grill in place and the solar cooker is com-
plete.

Now that the work is done, the fun starts. Positioning the
reflector is simple if you follow these directions. Stand behind
the collector and face it right at the sun. Then tilt the reflector
back until the shadow of the pointer rod vanishes as it did
when we checked for focal length. This means that the collec-
tor is aimed perfectly and that all the sun’s rays will be
bounced right where we want them.

Holding the reflector in this position, slip the dowel or
broomstick through the rope loop and put the nail through the
hole just below the loop. With the collector standing on its
own feet you can now put the grill in place. Loosen the wing
nut on the adjustable arm and move it up or down until the
grill rests just above the tip of the pointer rod. As a double
check, pass your hand quickly just above the grill. It should be
hot, ready for you to start cooKing.



BUILDING THE
SOLAR HOT PLATE

You'll find that your solar oven handles a great variety of cooking tasks. But
how about coffee or hot chocolate? Bacon and eggs, hot cakes, or even a
juicy steak? This kind of cooking requires much higher temperatures,
focused onto a much smaller cooking area. In short, we need a solar hot
plate. Years ago we heard about a reflector stove made of cardboard by a
man named Max Flindt, and the idea appealed to us. Cardboard is inexpen-
sive, easy to use, and lightweight. So we tried one and it worked very well.
The solar hot plate described in this book is the latest in a variety of different
designs, sizes, and shapes that we tried. We think it’s the best.

Our first reflector cooker was a giant, 48” in diameter. It cooked very
well but was difficult to store and almost impossible to take anywhere unless
we borrowed a pickup truck! After several generations of development, we
realized that if the reflector was square instead of round it could be smaller
in overall dimensions and still generate as much heat. This reflector stove is
only 32" square but does an excellent cooking job.

List of Supplies Needed for Construction of Solar Hot Plate

3 pcs. cardboard 1/8” x 4’ x 8’ (reflector box and cover)
1 pc. pipe flange 3/4”

1 pc. pipe nipple 3/4”, 4” long

1 pc. aluminum tubing 1/2”, 24” long

8 sq. ft. double-strength aluminum foil or aluminized mylar
1 iron lampshade ring 5-1/2"

1 pc. iron rod 1/8”, 6” long

1 pc. threaded iron rod 3/16”, 2-1/2” long

1 pcwood1” x 2” x 35"

1 bolt 3/16” by 1-1/2” long

3 nuts 3/16”

1 sheet poster board

1 finishing nail

1 pc. heavy string 12”
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HOW THE SOLAR HOT PLATE WORKS

As kids, most of us used a magnifying glass to burn wood or leaves. A curved
mirror does the same thing, concentrating all the sunlight that strikes it
onto a tiny, very hot spot. Solar furnaces can be made in this way, and old
searchlight mirrors are often put to such use. The parabolic curve of such a
mirror results in very high concentration and temperatures of thousands of
degrees! This would burn holes in a frying pan, of course, and we neither
want nor need that powerful a mirror.

On our reflector we use the radius of a circle rather than a parabolic
curve, We also form the mirror with a series of wedge-shaped pieces of flat
reflective material instead of trying to mold them into a compound curve.
This makes construction much easier and results in a hot spot about 6”
square instead of a pinpoint. We’ve measured the grill temperature at more
than 600 degrees F, so it really is a hot plate and must be treated with
respect!

While the solar hot plate is easy to build, it does take some patience
and care. Sloppy work will result in a solar cooker that won’t get as hot as
you'’d like. So work slowly and accurately.

Solar energy reflecting to cooker hot spot.



CARDBOARD BASE

Start by carefully reading the directions and assembling the parts called for
in the list of materials. You can buy 4-ft x 8-ft sheets of cardboard at a paper
box factory, packaging store or scrounge used cardboard in sizes big enough
for the cooker. Buy aluminum tubing at a hardware store, or search out bar-
gains at a scrap metal place. Maybe you're even lucky enough to have the
needed material right at hand.

Cut out the square cardboard base as shown in the drawing. Notch the
corners and draw lines to locate the curve-forming ribs, making sure they
intersect right at the center of the square. Draw the two diagonal lines first.
Next, find the midpoint of each side piece and draw two more lines connect-
ing them. With a protractor, divide each of the resulting 45° angles into
three equal 15° angles. Twenty-four ribs times 15° equals 360°, a full circle.
Draw all these lines, making sure they cross the center point.

Now turn the cardboard over and draw lines connecting the points of
the corner notches. Very carefully cut through just one layer of cardboard,
using a straightedge so the cut will be accurate. This makes it easy to bend
the sides up when you reach that point in the construction—but don’t cut
all the way through!
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Detail of grill mount.

VA HOLE THROLGH

PIPE

PIPE

34 PIPE PLANGE

oY
A




FLANGE ASSEMBLY

An important part of the cooker assembly is the flange that will support the
cooking grill. Screw the 3/4” pipe nipple tightly into the 3/4” flange. Set the
flange on a flat surface and measure up 4”. Mark the pipe and then cut off
the excess with a hacksaw, or have it done at the sheet metal shop. File the
end smooth and clean out the inside of pipe so that the aluminum tubing
will slide in easily. Now drill a 3/16” hole through the pipe as shown in the
sketch.

The flange must be at the exact center of the reflector, so apply glue or
epoxy liberally to its bottom surface and set it right over the intersection of
the lines marking the rib positions. Make sure glue runs up out of the holes
in the flange so that it will stick tightly to the cardboard.



The reflector bottom has been marked for rib location and the sides have been
trimmed. Note that the grill mounting flange has been secured with plenty of glue.



MAKING THE RIBS

Make the pattern for cutting the reflector ribs from the second cardboard
sheet. As shown, draw a 40” radius beginning at a point 2” from the end of
the cardboard sheet and right at its edge. Arrange the curve so that you will
be cutting across the cardboard corrugations and not along them as this
makes a much better cut.

Some careful craftsmen make a rib pattern of metal. Aluminum is a
good choice because it is easy to cut. With such a pattern, it’s easy to cut
right along the edge with a knife or razor blade. However you make your
pattern, cut it out carefully. On cardboard, use a sharp knife, linoleum cut-
ter, or even a small hand saw. If necessary, sandpaper the pattern so that it’s
smooth and right on the line.



CUT TC LENGTH
40" RADIUS

CUOT TOFIT
PIPE FLAN

Layout of pattern for longest rib.



The master rib pattern is being made using a long strip of wood with a pencil
inserted in a hole at the proper length.




Since the ribs cannot reach the center of the circle because the pipe
flange is in the way, cut off an amount equal to half the diameter of the
flange from the 2” end of the rib pattern. Trim a bit more from the bottom
so that the pattern clears the base of the flange. Now place it on the card-
board square, snug against the flange, and mark the end of the longest, or
diagonal rib. Make sure you get a vertical line here, and trim the pattern.
Mark four ribs on the cardboard sheet, remembering to arrange the cuts
across the corrugations as much as possible. Cut out these ribs carefully and
set aside.

Now place the long rib pattern on the next shortest line on the base
piece, with its small end right up against the flange. Make a vertical pencil
line on the pattern to mark the end of the next shortest rib and trim off
excess material with a razor blade or sharp knife. Now you have a pattern for
another rib. Use it to mark out eight ribs. Cut these as you did the others
and set them aside.

Move your pattern to the next shortest rib and mark its end. Trim off
the excess and use the new pattern to mark out another eight ribs. After
these are cut, move the pattern to the last rib and trim it off. You only need
four of these so don’t make too many.

You should now have 24 ribs in all. Remember to be accurate. Check
the ribs against each other by setting them on a flat surface and holding the
small ends even. The curves should match; if they don’t the reflective mate-
rial won’t accurately focus the sun’s rays on the grill. If necessary, do some
more trimming or sanding so that the ribs all have the same curve.



The pattern has been traced on cardboard blanks which are all the same size. The
pieces will be glued together so that the curves can be cut all at once.




One way to get very accurate ribs is to cut out two dozen rough blanks
of cardboard large enough that you can trace the largest rib pattern on them.
Glue all the blanks in a stack, putting glue outside the pattern so that the
ribs will come apart later. Now cut the ribs on a bandsaw and all the ribs will
have exactly the same curve.

RIB ASSEMBLY

We used model airplane glue (any quick-drying cement will do) so that we
didn’t have to hold the ribs in place very long. Make sure that the base piece
is on a flat surface and does not curl up. You may want to weight it with
bricks, paint cans, or something else to keep it flat until you get enough ribs
in place. Put a glob of glue every 6” or so along the lines on the cardboard
base and hold the proper 1ib in place until the glue has set. When all the ribs
are glued in place, let them dry long enough for full strength. Overnight is
best, if you have that much patience.



The ribs have been glued to the box and one side is trimmed and ready to be glued
in place.




Now it’s time to bend up the sides of the box and mark the top edges
of the ribs so you can trim the sides in the gentle curve shown on the draw-
ing and photos. This can be done by laying a strip of thin wood so that it
touches all the points you have marked. Carefully trim off the excess with a
knife or saw and prop up one side at a time for gluing. Use two or three big
drops of glue on each side of each rib. When all four box sides are glued in
place, prop the box almost vertical against a wall and add more glue,



especially at the box corners and at center where the ribs touch the flange.
Let the glue dry. This will make the reflector sturdy enough to survive an
occasional hard knock.

IXB’

REFLECTOR ALTERNATE. SECTIONS

THE MIRROR FINISH

You have completed the skeleton of your reflector. Now it’s time to add the
curved reflector surface that will concentrate the sun’s rays onto the cooking
grill.

There are several ways to add this “mirror finish” to your reflector
stove. Double-strength aluminum foil can be glued to poster board to make
a durable, easily worked reflector material. Or you can use sheets of alu-
minized Mylar, or the aluminum-finish “Monokote” iron-on covering used
for model airplanes. The Monokote makes the smoothest job, as our son-in-
law in El Paso showed us. If you do use aluminum, coat the poster board
with rubber cement and apply the foil very carefully to keep it smooth.

Make a pattern from poster board of the longest triangle needed. It
should slightly overlap the two ribs it will cover. Use this pattern to mark
three more poster board triangles. Then turn one of them over and mark
four “opposite hand” triangles. This takes care of 8 of the 24 triangles need-
ed. Now make patterns for the two other sizes of ribs—again making four
right-hand and four left-hand so you can apply the reflective material to the
same side of the poster board.



The complete reflector box has a circle of foil glued to the box where the narrow
triangle ends meet. Note that the circle fits around the flange.




We found that the easiest way to apply the shiny triangles to the skele-
ton of the reflector is to first cover every other section, leaving openings
between. Then apply the remaining triangles—always being sure you have
the right one in each case. Use quick-drying cement applied to the edges of
the back side of each reflector piece. Set the triangle in place and hold it
down by hand or with weights until the glue sets. Carefully wipe off any
excess glue before it dries.

You don’t have to be too fussy in fitting the narrow ends of the trian-
gles against the flange in the center. When all the triangles are securely
glued in place, cut a 4” circle of poster board with aluminum material glued
to it, cut a center hole, apply glue, and slip it down over the flange as shown
in the photo.

When the glue has dried thoroughly, turn the reflector box over and
apply masking tape to the outside joints. Except for a coat or two of whatev-
er color paint you decide on, the reflector itself is complete unless you want
to make a cardboard cover for it as shown in the photo. Be sure to make it
big enough to fit over the reflector.



REFLECTOR SUPPORT

The 1” x 2” x 35” piece of wood is used to support the reflector at different
angles to face the sun. Mark 12 holes on the 1” side of this support, as
shown in the drawing. Start 1-1/2” from the top end and make the holes 1-
1/2” apart. Drill them through the wood, using a drill that will just let the
short length of 1/8” steel pin slide through. By positioning this pin in differ-
ent holes, you can support the reflector at any desired angle

Construction of reflector support.



The completed cover fits snugly over the reflector box. Note how the reflector sup-
port holds up the box.




THE HOT PLATE GRILL

Slip one end of the 1/2” aluminum tubing into the flange in the center of
the reflector. If it’s loose, wrap masking tape around the tubing until it's a
snug fit. Because of the 40” radius curve of the ribs, the focal length of your
reflector should be about 20”. On ours we checked to make sure. To do this,
insert the aluminum tubing in the flange and set up the reflector cooker so
there is no shadow on it from the tubing. This means the reflector is point-
ing directly at the sun.

Now take a piece of wrapping paper about a foot square and cut a hole
in its center large enough to slide easily over the aluminum tubing. Holding
the paper at the edges, slide it down the tubing and watch for the bright
spot that should be formed by your reflector. Move the paper back and forth
until that spot is the smallest you can make it: this will be the focal point of
your particular reflector cooker. Mark the point on the aluminum tubing,
being careful not to burn yourself on the hot metal. Move the reflector out
of the sun and when it cools cut the tubing to that length, which should be
about 20”. Now you're ready to install the cooking grill on the tubing.
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Construction of hot plate grill.



The aluminum tube, with the grill mounted on one end, has been fitted into the
pipe flange.



We bought a 5-1/2” diameter iron ring at the hobby shop. Normally
used for making lamp shades, it’s just right for our hot plate grill. Drill a
3/16” hole at the end of the 1/2” aluminum tubing as shown in the draw-
ing, and insert the length of 3/16” threaded rod. Twist a 3/16” nut onto each
side, and cut the two short pieces of plain 1/8” rod as shown on the
drawing.

If you're not an experienced metal worker, have the brazing done at
the local sheet metal shop. (We had ours done that way.) Take along the
drawing so they will know what you need. Just be sure only one nut is
brazed to the threaded rod. The other is left free so that it can be used to
tighten the grill in a horizontal position no matter what angle your reflector
cooker is tipped to face the sun.

You'll notice that the end of the aluminum tubing sticks up slightly
above the surface of the grill. Saw or file off this excess metal at an angle, as
shown in the drawing, so your pots and pans will sit level on the grill.

Now it’s time to attach the lower end of the aluminum tubing to the
flange so the grill won’t twist and dump your coffee pot or frying pan. There
are already screw holes in the flange assembly. Prop the cooker up on its sup-
port in a shady place so the sun won’t be a problem. Carefully level the grill
(use a level if you have one,or your good eyesight if you haven’t) and hold it
in place.

With an ice pick, reach through the holes in the flange and mark the
aluminum tubing. Remove the tubing, make sure you have two marks, and
then center punch the middle of the penciled circles. Drill 3/16” holes, one
from each side. Then carefully run the drill two through both sides of the
tubing at once. Re-insert the aluminum tubing in the flange and see if a
3/16” bolt will go through. If not, you may have to enlarge the holes in the
tubing a bit with a slightly larger drill or a small round file. Slide the bolt
into place, tighten the nut, and you are about ready to use the grill.

The hot spot is very hot and you’ll want to keep your hands out of that
area. So how are you going to tighten the grill in the level position? What
we do is stand in front of the cooker to shade most of it and thus reduce the
heat. Another method is to turn the cooker away from the sun, keeping it at
the proper tilt, and then tighten the grill. The hot spot is very bright too, so
wear dark glasses while working with the solar hot plate.



A length of 2" by 4" board, placed on top of the box, keeps a pot of beans from
upsetting the reflector.




TIPS FOR YOUR SOLAR HOT PLATE

We quickly learned that flat black paint makes the best grill, pot, or pan
cook even better. Spray paint the outside surfaces of your solar cooking uten-
sils and they’ll heat faster. Put them on the grill in bright sunshine before
using them and the paint will bake on nicely. And you won’t get a paint
taste in your food. You may want to use some of the elegant black gourmet
cookware now available in department stores.

Use pots and pans large enough to accept all the solar energy your
stove reflects onto the grill. A big pot is generally better than a small one. For
hot cakes, or for searing a steak or hamburger, we’ve found that a skillet with
a thick bottom works well. It stores up extra heat and quickly transfers it to
food when you put it in the pan.

For food that requires a lot of cooking, be sure to cover the pot to keep
the heat in. Because the solar hot plate is not as sturdy as the kitchen range,
we use aluminum utensils in most cases, although a small steel pot or pan
isn’t too heavy.

A slight accumulation of dust (and even grease, etc.) doesn’t greatly
reduce the cooking power of the solar hot plate. But clean the reflector once
in a while for best results. A “tack cloth” available from a paint store is
handy for removing dust quickly. Grease can be removed with warm water
and detergent. Aluminized Mylar is very durable because of its tough plastic
coating. If you have used aluminum foil on your reflector, use care in clean-
ing and handling so it will last a long time.

A word of warning: don’t let your solar hot plate get wet, especially if
you haven’t painted it. Water and cardboard don’t mix well, so keep the
cooker out of rainy or damp weather.
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Forord - mest til laereren

Insprationen til dette temahefte om solovnen er kommet mange steder fra, og det er blevet
udviklet over en arreekke. Gennembruddet kom, dg figndt et legetajseksperimentsaet
over emnet med reindholdsrig og god manual (se litt.henv.). Sedgettet var imidlertid
noget smat og uholdbart i leengden til undervisningsformal.

Den farste solovim stor stgrrelse, godh meteri diameter, blev lavet af et HF-hold i
enemneuge i 1984. Den var lavet af spanpladeprofiler, masonit, palimede spejlstumper og
var ret tung. Den har siden vaeret pa Miljg-89 udstilling og pa FDF-lejr.

Neerveerenéletvaegtsmodel af genbrugspap og alufolie blev udigdenem en so-
merferies hyggeeksperimenter. Papmodellen kan Ipaesa. 3 timer - andre modeller
ger leengere tid.

Aktiviteten ogde handskrevne noter har sa siden veerettlflerg gange pa seminari-
ets natur/teknik kurser og som eksperimentelt forlgb pa HF.

Maske vilenaktivitet san denneogsa lige vaere sagen i deengknikfag Aktiviteten
fremtraeder soren passende blanding af manuelt arbejde, elementzer maleteknik og teori.
Afhaengigt af skoleform, klassetrin og ambitioner (pensumkravykarzevnte aspekter
gives forskellig veegt.

Man kan veelgeat veegte det manuelle og det kvantitative og swijed at varme ting
op.

Man kan bruge den som udgangspunkt for optikken.

Man kan vaegte det energimaessige, kalorimetriske malinger og efterbehandlingen.

Desuden er parablen/parabolen jo matematisk set et ganske interessant faeDemen.
er tale om et god emre til den analytiske geometri, d@bner mulighed for samarbejde
mellem fysik og matematik.

Ved anvendelsi leereruddannelsen vil det veere naturligt at knytte didaktiske og meto-
diske overvejelse p3 f.eks hvad angar betydningen af koblingen mellem det manuelle og
det teoretiske.

Solovnens plads i emner omkring energiforsyningeg garabolens emner omkiig
kommunikationsteknologi har ogsd samfundsfaglige aspekter.

Det ma veere op ltiden enkelte laerer atrukturere aktiviteten og leegge vaegten efter
formalet.

Den langt overvejereldd af forlgbet foregai laboratoriet. Malingerne foregéiog
udendgrs. For overskuelighedens skyld er afdaitbeskriver egentlige fysiske eksperi-
menter, markeret med en lysegra streg pa venstre side.

Hermed overlades idettil alle, som har lyst til at eksperimentere og afprgie mu-
ligheder.

Povl-Otto Nissen
Ribe Statsseminarium og HF.
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Anvendelse af Solens enerqgi

Der er mange gode grunde til at forske i udnyttelse af Solens energi. For det fgrste er So-
len den primeere kilde for tilfarslen af den energi, som vedligeholder de naturlige fysiske,
kemiske og biologiske processer pa Jorden. Der er naturligvis mange betingelser, som skal
veere opfyldt. For eksempel skal der veere grundstoffer og mineraler tilstede i passende
maengdesamt et passende balanceret temperaturniveau. Man kan vel sige, at solenergien
er “vedligeholder” af livsprocesserne, hvordan de sa end er startet.

At forske idenproces - fusionen -, som i Solen frigar energien i form af straling, er en
keempeopgave i sig selv. Den vil vi lade ligge i denne omgang. | stedet vil vi koncentrere
os om solenergiens virkning og anvendelsesmuligheder, nar den nfad e
300.000 km/s ankommer til Jorden, ca. 150 mill. km fra oprindelsesstedet.

Pa jordoverfladen har naturen sin egen teknik. Dels saetter solstralingen gang i de Kli-
matiske processer, og dels fremmer solstralingen planteveeksten.

Man kan godt opfatte planternes blade som sma solfangere, hvor grgnkornene - kloro-
fylet - er katalysatorer for en proces, hvor vangd (H O) og kuldioxid (€€ hjeelp af
solenergien bliver til kulhydrat og den for os s& ngdvendige ilt (oxygen O ).

6 CO +6H0+Ilysenergh L£H O +60

Visse plantergvne til yderligere at binde kveelstof (nitrogesn N ) giver i det viftmteb
proteiner, som ogsa er ngdvendige for dyrelivets processer. Disse processenhan

sket ikke efterligne i starre stil. Det er heller ikke ngdvendigt. Vi kan imidlertid godt un-
derstatte naturens egen villighed med kunstgadning og kunstvanding. Men vi skal i lige sa
hgj grad passe pa, at vi ikke kommer til at gdeleegge de naturlige betingelser eller forrykke
balancen med vore aktiviteter.

Menneskets energihunger i forbindelse med den “teknologiske udvikling” mod “hgjere
levestandard” har medfart afbreending af en lang reekke fossile breendstoffer, som kul og
olie. Det villemaske ikke engang vaere sa alvorligt, hvis ikke der i forbindelse med den
industrielle produktion udledtes en hel del miljggifte, som haemmer den naturlige veekst
eller ophobes i fadekaeden.

| dette heefte vil vi se pa nogle miljgvenlige mader at udnytte Solens enddgi et
stort set tre typer af solenergiomseettere.

1. En type er den flade solfanger, som efterhnden ses p& mange hustage. Deh bestar i
princippet af en sortmalet metalplade i teet forbindelse med et rarsystem med|vaeske,
f.eks. vand. Vandet bliver varmet op, mens det antager samme temperatur somn| pladen.
Det kan sa enten tappes direkte som varmt brugsvand eller lagres til husopvarmning.
Varmen flytter rundt med vandet, nar det strammer.

Et anleeg kan veere indrettet, sd vandet er selvcirkuleremeieofte er det
cirkuleret med en pumpe.

Princippet er baseret pa det naturfeenomen, abitrvarme der, hvor lyset
stoppes. Det hvide lys eendrer bglgelaengden, sa stralingen bliver til mgrk (irffrargd)
varmestraling. Varmemaengden svarer preecis til lysets energiindhold, hvis refleksio-
nen kan forhindres.
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2. En anden type er solovnen, som fra et starre areal koncentrerer sollyset i et|centralt
punkt, kaldet breendputgk. | dette punkt anbringes sa den genstand eller den vieeske,
der skal opvarmes. | breendpunktet er princippet det samme som ovenfor. Det geelder
om, at lyset stoppes og omdannes til varme.

Men forinden skal lyset reflekteres sa godt som muligt i solovnens flade uden at
blive omdannet til varme. Ovnen skal have form som en parabol. Det er der en| hel del
matematik i, som vi vil vende tilbage til.

Det drejer sig faktisk om egammelkendt teknologi. Allerede Newtbrnugte
parabolen i sin opfdelse af spejlteleskopet, og rundt omkring pa mange huse sidder
nu parabolantenner, der ikke erdgmnet til at koncentrere lys, men elektromagnetiske
felter. Parabolen anvendes jo ogsiflyidter. Blot gar lyset i det tilfaelde den modsattte
vej, sa der sker en spredning ud pa vejen fra den elektriske lampe, som er @nbragt
omtrent i parablens breendpunkt. Matematikken og refleksionen er i alle tre tilfieelde
den samme.

3. En tredie type er solceller. Udviklingen af halvleder-elektronikken (transistorer,
integrerede kredse o. lign.) har ogsa gjort det muligt at fremstille solceller, der er i
stand til at omsaette sollyset direkte til elektricitet. Der skal mange celler til, fgr man
har en energimaengde svarende til, hvad der er til rAdighed i stikkontakten.

Men fremstillingsteknologien har udviklet sig, saledes at solceller absojut er
konkurrencedygtige som mobile anleeg dlleor afstandene gar det for dyrt at treekke
ledninger.

Disse tre typer af solenergi-omseettere kan hver for sig eller i forening gares til genstand
for eksperimenteren og bearbejdning i skolen, f.eks. i leengere eksperimentelle forlgb i
gymnasiet, pa HF eller pa seminarierne.

| det felgende findes et forslag til eksperimemted erprimitiv solovn, altsa type 2.

Man bygger den selv af billige materialer.

Selve den manuelle fremstilling og en del af malingerne vil ogsa kunne udfgres af ele-
ver i folkeskolen, mens den teoretiske bearbejdning kraever noget mere.

Ved at gennemfgre malinger af energiomsaetningen i solovnen kan man beregne nytte-
virkningen ved at sammenligne den modtagne/omsatte effekt baseret pa grafisk fremstil-
ling af malingerne med den indstralede effekt. | sammenhesugdette leerer man noget
om varme, varmekapacitet og kalorimetri. Til maling af den indstralede effekt anvendes en
solcelle.

Som seerlig udfordring er der endvidere et afsnit om matematikken bag parabolens an-
vendelighed til koncentration af lyset i et punkt. Parablen, som er et plant snit pa langs
gennem top/bundpunktet og breendpunktet af parabolen, kan besieiMgselp af en
andengradsligning. Parablen kan ogsa beskrives som “det geometriske sleddok-
ter, der ligger lige langt fra en ret linie og et fast punkt uden for liniérkigger pa
sammenhegengen mellem de to beskrivelser. Dette afsnit er ikke en forudseetning for at kun-
ne gare alt det andet.

Nu til arbejdet! Man kan for eksempel leegge arbejdet til rette pa falgende made:
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Arbejdsplan for et eksperimentelt forlgb

1.

2.

Projekt SOLOVN

10.

11.

Fremstilling af solovnen. Se byggevejledning.
Beregn solovnens abnings areal.
Lav et stativ til ophaengning af vandpose i breendpunktet.

Afmal en bestemt maengde vand, f.eks. 1/4 liter (250 g) i posen.
Seet ogsa et termometer i og anbring posen i solovnens braendpunkt.

Mal starttemperaturen. Mal temperaturen igen hvert minut i mindst en % tim
Tegn en graf over temperaturudviklingen.

Bestem den opsamlede energi i joule.

Se beregningsmetoden i afsnittet “Maling med solovnen”.

Udregn effekten i watt. Ngjagtigst ved hzeldningsbestemmelse pa grafen.

Den indstralede effekt males fotoelektrisk med et sakaldt pyranometer og b
i forhold til solovnens abningsareal.

Beregn solovnens nyttevirkning som forholdet mellem den opsamlede effekt
indstralede effekt.

Nar vi pa den made har lzert solovnen at kende, kan vi bestemme, hvad vi \
den til: Bestemte opvarmningsformal, yderligere udforskning og maling
udformninger, og udbygning med tekniske raffinementer.

Man kan yderligere bruge de konkrete fysiske eksperimenter som udgangsp
en teoretisk matematisk bearbejdning af parablen.

eregnes

0g den

il bruge
nye

unkt for

>

Materialer og veerktgj:

Pap fra gamle papkasser.

Alu-folie med papirbagside. Det kan kabes i ruller som “dampspeerre” i byggern
det eller som “frokostfolie” i supermarkedet.

Blyant, lineal, saks, hobbykniv og hvid hobbylim.

Lommeregner.

narke-

Evt. skeereunderlag.
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Byggevejledning

Fremstilling af en parabol

1. Man laver en skabelon ved farst at plotte en parabel pa tegnepapir eller direkte pa pap-
pet. Der er to anvendelige metoder:

Metode I: Koordinatsystem og kvadratrodsformel.
Metode II: Det geometriske steds metode.
Se de fglgende sider.

2. Nar parablen er plottet og tegnetropdlet hand klippes den ud og overfares til det
ngdvendigeantal papstykker. Det er hensigtsmeessigtl 8sektioner360 grader
rundt. De laves sdledes:

3. Parabelprofilerne udskeemeed emobbykniv. To som helprofiler, resten som halv-
profiler. Se fotografierne de fglgende sider.

4. De to helprofiler slidses halvt igenem pa midten. Den ene fra oven - den buede kant, og
den anden fra neden - den lige kant. De falses ind i hinanden, s& de danner et kors.

5. Profilkorset limes pa bagpladen. Man kan godt lime med hvid hobbylim pa& kanten af
pappet. De fire halvprofiler limes op i hjgrnerne pa korset.liaeh tarre lidt. Leeg
eventuelt en skoletaske op i parabolskalen, sa profilerne presses mod bagpladen under
tarringen.

Fremstilling af skabelon med parabelprofil

Metode I, funktionsmetoden
Det kan ggresed hjeelp af en regneforskrift, en lommeregner og et koordinatsystem. En
velegnet forskrift er

y? = 4aXeller y= ++/40alx

hvor a er den valgtéraendviddeBraendvidden er afstanden fra bunden af parabelskalen
op til breendpunktet, hvor Solens straler samles. Veelges f.eks. braendvidden til 9 cm fas

y=2J4[90X, dvs.y=+/36x= 2163/ x

Man kan sd indseette forskellige veerdiex afy udregng. Det kan nemt gares pa en al-
mindelig lommeregner, men man kan jo ogsa bruge et regneark.

Veerdierne plottes i et koordinatsystem, og man tegner med “let hand” gennem punk-
terne. Husk at bade den positive og den neggtixgerdi skal plottes. Hvis man kun plot-
ter den ene, kan man naturligvis fa den anden ved at spajlesén.
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<Y

Figur 1: De punkterede linier forbinder punkter med samme veerdi af y.

Parablen blivemere“adben” ved valg af starre breendvidaleAnbefalet veerdi foa er fra
9 til 20 cm.

Advarsel: Breendvilden bar nok ikke veelges sa stor, at man af bar nysgerrighed kan fa
hoved og gjne ind i breendpunktet.

Metode II, det geometriske steds metode
Den bygger pa, at punkter pa parabellinien har lige stor afstand til et punkt og en linie.

1. Man starter med at tegne en linie (ledelinien) og et punkt F ved siden af linien. Bogsta-
vet F bruges som betegnelse for breendpunktet, Focus. Afstaietlem punktet og
linien skal vaere dobbelt sa stor som den gnskede breendvidde.
Det kan veere en fordel ogsa her at bruge et koordinatsysmyget er ikke ngd-
vendigt.
| givet fald kan ledelinien tegnes parallelt med y-aksen genref) @g breend-
punktet F i §,0), hvora er den gnskede breendvidde.

2. Man tegner en reekke hjeelpelinier parallelt med ledelinien.

3. Disse hjeelpeliniers afstand (vinkelret) til ledelinien bruges som radier for cirkelbuer
med centrum i F. Som passer bruges en blyant i snor.
Husk, at der er to skeeringspunkter pa hver linie i tilfeelde, hvor radius (afstanden) er
stgrreenda. Hvis den er lig med, er der kun ét feelles punkt, og linien ma vgesk-
sen, dvs. tangent til parablens top/bundpunkt. Er rawiiudre endh, er tilfeeldet uin-
teressant.



Povl-Otto Nissen Byg en solovn Side 10

4. Hvor cirkelbuerne skeerer de respektive hjeelpelinier findes en raekke punkter, som far
sammeafstand til ledelinien og til punktet Fed tegning med let hand hen gennem

disse skaeringspunkter fas en parabel.
En matematisk begrundelse for, at det forholder sig sadan, findes i et saerskilt afsnit.

5. Parablen klippes ud, sa den kan bruges som skabelon til fremstilling af det ngdvendige
antal papprofiler. Se pa de falgende tegninger. Man skal ikke klippe i ledelinien, men
sgrge for god plads langs med ledelinien modsat breendpunktet.

1170
NN/ i

(-a,0) F (a,0) X

Figur 4: Sadan finder man de punkter, der ligger lige langt fra | og F.
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Solovnen samles

Ved at folge de anskuelige fotografier trin for trin skulle det vaere muligt at samle skelettet
til solovnen.

Figur 3: Fotografierne viser, hvorledes solovnen samles gradvist.

Beklaedning af solovnen

1. Beklaedningen med aluminiumsfolien sker bedst sektionsvist. Vinklen i sgiizen mod
parabolensind afheenger af antal sektioner. 8 sektioner @fgrader : 8 = 45 grader.
Det nemmeste er at tegne en cirkel pa bagsiden af alu-folien, s& arealet lidt rigeligt
svarer til parabolskalens krumme flade.
Inddel cirklen - de 360 grader - i det valgte antal sektioner, og skeer dem ud, sa vin-
kel og antal passer sammen.

2. Palimningen foregar metet hand". Man “faler” sig frem til den rigtige runding. Be-
klaedningen skal ikke veere stram som en parapiyskalformet. P& grund af krum-
ningen vil alu-sektionerne overlappe yderst pa profilerne. Det er kun en fordel, nar man
skal lime.

Pas pa ikke at fa lim pa de blanke flader.
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Figur 4: Fotografierne viser, hvorledes man foretager beklsedning af solovnen.

Afprgvning af solovnen

Advarsel

Aluminiumsfolien er ganske vist sa tilpas mat og ujeevn, at vi ikke nar temperaturer,
der kan teende ild. Men man kan blive blaendet. Marderfor beere solbriller og
helst opholde sig bag solovnen under betjeningen.

Den farste afprgvning foregar nemmest ved, at man gar ud i klart solskin og anbringer
solovnen med abningen mod Sol&tikkes handen ind i braendpunktsomradet, kan
man meerke varmen.

Malinger
Mere ngjagtige malinger foregar bedst ved at ophaenge en fryseedsen kendt
vandmeaengde og et termometer i solovnens braendpunkt.

Notér temperatur og tid med jeevne mellemrum.

Plot malingerne i et koordinatsystem, s& man kan aflaese, hvor lang tid det varer at op-
varme en bestemt vandmaengde til en bestemt temperatur.

Hvis man viludregne effekten og nyttevirkningen, ma man huske, at varmetabet er
stgrst ved de hgjeste temperaturer. Mere om det senere.
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Indstilling efter solhgjde
Solovnens hnd haengsles langsen enéant pa en bundplade af tilsvarende starrelse
med kraftigt selvkleebende tape.

Til at holdesolovnen i en bestemt vinkel bruges to trekantede papstykker, som
heengslesnedtape pa henholdsvis den vandrette bundplade og solovnens bund, der nu
kan stilles skrat. De to trekanters spidse vinkel skal have en starrelse, sa de i forening
daekker vinklen mellem stgrste og mindste solhgjde. En bestemt indstilling kan fasthol-
des med en tgjklemme.

Dy

Kan v:%

Fastholdes
af klemme

Heengsel af tap

I Haengsel af bredt, kraftigt kleebeband

Figur 5: Haengsling og hgjderegulering af solovnen.

Der er ogsa brug for at opfinde et stativ til ophaeng for det (vand?), man gnsker opvar-
met. Man kan ikke sidde og holde posen under opvarmningen. Det varer typisk 2-3

kvarter.
Stativet kan naturligvis laves af fysiklokalets stativer og muffemdet kan jo

ogsa laves af sammenbundne bambuspinde.

Figur 6: Stativ og opheaeng.
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Malinger med solovnen
Forberedelse

Nar solovnen efeerdig og stillet uaned &bningen mod Solen, kan man allerede med
handen anbragt i omradet¢d breendpunktet meerke, at der dannes varme. Hvis man
skal arbejde med solovnen i lzengere tid, er det en god idé at tage solbriller pd og helst
opholde sig bag den. | det tidsrum, hvor lyset ikke stoppes i breendpunktsomradet, fort-
seetter det ud igen, og sa er det - til en vis grad - som at kigge ind i Solen.

For at finde ud af, hvor meget energi, der modtages i et bestemt tidsrum, skal vi
bruge en afmalt stofmaengde og et termometer samt et ur. Desuden foretages en fotoe-
lektrisk maling af solindstralingen med en lysmaler, f.ekgpyetnometerder er en
solcelle, der omseetter en del af lysets energi direkte til elektricitet.

Stofmaengden kan for eksempel veere en kvart liter 2&tiyram, i en plastpose.
Termometeret seettes i vandet, og det hele haenges op i det fremstillede stativ, sa pose
med indhold placeres i breendpunktsomradet.

Malingerne kan godt udfares i en gennemsigtig plastpose, men der kan veere en vis
idé i at bruge en sort eller uigennemsigtig pose. Overvej selv hvorfor.

Det kan ogsa vaere en god idé til sammenligning at have en tilsvarende pose med
vand og termometer liggende i Solen ved siden af solovnen og maske yderligere een et
sted i skyggen.

Udfarelse

Vi maler begyndelsestemperaturen og fortsaattet atafleese temperaturen hvert mi-
nut i et tidsrum pa 30-45 minutter.

Ligeledesafleeser vi hvert minut stralingsintensiten pa et pyranometer, f.eks. et
Silkeborg-pyranometer, som er en solcelle i en streamkreds, der kan tilsluttes et fglsomt
voltmeter.

Ved hjeelp af speendingen og specifikationerne for apparatet kan vi let udregne sol-
stralingsintensiteteh malt i watt pr. kvadratmeter. (Se viderafsnittet om efterbe-
handling af malingerne).

For en solcelle geelder, at den frembragte spaending er en materialeegenskab (for
silicium ca. 0,5 volt), mens stramstyrken afhaenger af arealet og stralingen. Man kan sa
i princippet enten male pa kortslutningstrgammen eller pa spaendingsfaldet over en
parallelkoblet malemodstand.

| maletiden flytter Solen sig noget. Hvis man synes, kan man jo rette lidt p& opstil-
lingerne, men det betyder naeppe ret meget i den relativt korte tid.

Det kunne imidlertid veere en sjov opgave for elektronikinteresserede at konstruere et
apparat, der kan fa solovnen og pyranometeret til automatisk at falge Solens gang.

Efterbehandling

Malingerne afbildes i et koordinatsystenedvandret tidsakse. Med temperaturen pa
2.-aksen vil grafen formentlig krumme svagt over mod vandret.

| hvert fald vil grafen blive vandret, nar vandet koger ved168.°C. Krumningen
skyldes, at der trods jeevn energitilfarsel opstar @get varmetab til omgivelserne pa
grund af den tiltagende temperaturforskel til omgivelserne.
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Dette ger, at vima bruge et seerligttrick for at bestemme solovrens maximaleeffekt, brut-
toeff ekten. Effekten er energiomsadningen pr. tidsrum. Den angiver altsa, hvor hutigt lys-
energien bliver omsattil vamme. Enheden for effekt er watt = pue pr. s&kund.
Vi ma ferst bestemme, hvormeget energi posen med vandmodtager fra solovnen.
Trick’et bestai at leeggeen tangent fiden lid krummetemperatur-graf teated
begyndelsestemperatur/tidspunktet. Tangenthaeldmiaggive den temperaturstig-
ning, der ville have veeret pr. minut, hvis der ikke havde veeret varmetab.

tempi°C )

90 T
80
70 A
60 1
50 1
40 A
30 A
20 1

/! |

< At tid i min

Figur 7: Temperaturkurven plottes bedst pA mm-papir.

N&r vi benytter temperaturstigningen til at beregne varmeenergien, ma vi naturligvis
tage hensy til starrelse af den opvarmede stofmaengde og det pageeldende stofs evne
til at optage varme.

Den specifikke varmekapacitet.
Den angives som den varmemaengde sttal til for at opvarme 1 gram af stoffet 1 grad
cdsius (eller kelvin).l gamle dage kaldte man den energimeengdekdeétil at opvarme
1 g vand 1 grad, fomekalorie (1 cal).

| en databog kan man finde forskellige stoffers specifikke varmekapacitet. Man anven-
der ofte symbolec for specifik varmekapacitet, og maleenheden er J/(g-grad).
For vands vedkommendee= 4,19 J/(gram-grad). Der geelder altsa 1 cal = 4,19 J.

Varmekapacitet for stofmaengder og sammensatte systemer.

Pa basis afde specifikke varmekapaciteter er det muligt at beesgnmekapacitetefor
en given stofmaengde ved multiplicere medmassen. Enheden blivea digrad, og som
symbol anvendeC.

Man kan endda udregne den samlede varmekapé@cia et system sammensat af
forskellige stoffer og meengder ved at regne ud for de enkelte og lsegge sammen.
Vort system, som opvarmésolovnen, bestar f.eks. afivandmaengdesnplastpose og
et termometer. | princippet skulle disse ting vejes hver for sig, masserne multipliceres med
de respektive varmekapaciteter og det hele lsegges sammen til C for systemet.

Overvej selv stgrrelsen af bidrag fra posen og temometeretjed@spektive masser
og varmekapaciteter tages i betragtning.
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Varmeenergien
Beregning af varmeenergien sker ved hjeelp af kalorimeterligningen

AE = m@,19 —
9l

AT,
rad

hvorAT =T,

siut

T

begynd

mer massen af vandafT star for temperaturstigningen, som kan afleesgsagéen.

Effekten
EffektenP beregnes som energitilveeksten divideret med tidsrufdinet | altsa

AE

P = E’ hvor At =t - tpegynd

At er tidsrummet for energiomsaetningen, som kan aflaesesisén. Vi kan nu sammenligne
denne opsamlede effekt med den indstralede effekt, soumesolfaktisk modtager pa solovn-
sabningens areal. Den fas ved at multiplicere arealet med den pa pyranometreret malte
stralingsintensitdt som er den indstralede effekt pr. kvadratmeter.

Solarkonstanteer 1353watt pr. kvadratmeter. Det er den effekt, der modtages pa en
kvadratmeter uden for Jordens atmosfeere. Ved jordoverfladen skal man imidlertid ikke
regne med mere end &0 watt pr. kvadratmeter i klart solskin. Det skyldes, at atmo-
sfeeren absorberer en del af lysenergien.

Den indstralede effekt

Den tekniske specifikation er individuel for hver enkelt pyranometercelle. Der kan f.eks.
veere oplyst, at det tilsluttede voltmeter vis87 millivolt, hvis indstralingen et000 W

pr. kvadratmeter. Vi kan sa bestemme den indstralede effekt, nar vi har beregnet arealet af
solovnens abning.

Et eksempel:Det naevnte pyranometer viser i hele maleperioden 108 millivolt. Stralings-
intensiteten er derfor i dette tilfeelde

lng = 1oooﬂ2 398 788, 31ﬂ2
m* 137 m
Vi kan sa bestemme den indstralede effekt, nar vi multiplicerer intensiteten med arealet af
solovnens abning.

Nyttevirkningen
Nyttevirkningenn angiver forholdemellemden malte effekt, som vandet rent faktisk op-
tager, og den effekt, som solovnen modtager pa sit areal.
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Beregninger i regneark
Man kan pa basis af ovenstaende formler indrette et regneark, som vil @ge overskuelighe-

den og som vil lette gentagne beregninger.

A B C D E F
1 Masse Specifik Begynd. | Sluttemperatyr Temp.stigning Eritdvgekst
varmekap. | temperatyr
2 mig ciJl/(g-grad)| Tyeqnal °C Tl °C ATi°C AEiJ
3 (250) 4,19 a7) (72) =D3-C3 =A3-B3-E3
4
5 Starttid Sluttid Tidsrum Effekt
6 tis tis Atis PiwW
7 (30) (510) =D7-C7 =F3/E7
8
9 | Pyrano- Apparatspecifikation Afleesning Stralings-
meter intensitet
10 i 10)\% mvV | iﬂz
m m
11 1000 137 (108) =-B11-D11/ClL1
12
13| Solovn Diameter Radius Areal Indstr. effeki Nyttevirkh.
14 m m m m W
15 3,14 (1,20) =B15/2| =A15-C15"P =E11.D15 =F7/E15

Hvis dette én gang for alle sat op i etegneark, kan man i lgbet af et gjeblik se det nye
resultat med andre malinger. Tallene i parentes er forskellige fra gang til gang.

Diskussion af resultaterne

Foruden af solovnens areal, afhaenger nyttevirkningen steerkt af, hvor psen og glat, man
har lavet solovnens spejlende flade. Det kan godt betale sig at veere omhmggdetion-
ding af folien og ikke klatte den fuld af lim.

Det bemeerkes, at nyttevirkningen ogsa afhaenger af den gjeblikkelige arbejdstemperatur pa
grund af tabet ved hgjere temperaturer. | figur 7 er vist, hvordan man kan beregne den teet ved
starttemperaturen, men der er selvfglgelig intet i vejen for, at man kan bestemme den ved en
anden temperatur pa basis af den tilsvarende tangenthzeldning.

Det er klart, at ovnen ikke kan blive supergod med alufolie, som i bedste fald stadig er
ujaeevn og bulet. Den energi, som den leverer, er af relativ “lav kvaliteti,det er med
vilje. | denne udgave kan den ikke teende ild eller bleende for voldsomt.

Solovnspincippet er imidlertid godt nok til at kunne levere energi af meget hgj kvali-
tet, dvs store meengder i koncentreret form. Det er et spgrgsmdivor meget man vil
ofre pa den spejlende flade og hvor stor man vil gare den. Men en parabol af astronomisk
kvalitet vil nok veere en for voldsom gkonomisk investering.
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Forslag til alternative byggemetoder

1.

Parabelprofilerne kan saves ud i krydsfiner eller spanplade efter samme princip som
papmodellen. | stedet for alufolie kan sektionerne daekieesmasonitplader, som
limes og semmes pa profilkanterne. Pladerne belaaggd®mosaik af brudstykker

af rigtigt spejlglas, som limes pa. Stumperne kan sikkert fas billigt som affald hos en
glarmester.

Solovn af hgnsenet og gamle aviser.
Det bedste er at bruge ikke for brede baner af fintmasket hgnsenet, kaldet kyllingenet,
endvidere en stak gamle aviser, tapetklister og alufolie.

a. Man starter med at veelge et abningsareal. Her ud fra bestemmes &bningens radius

ved hjeelp af arealformlen. Derefter udregnes omkredsen &faahtring, som kyl-
lingerettet skal faestnes pa. Denne ring kan laves af kraftigt tov eller galvaniseret
hegnstrad. Udmal laengden plus 20 cm til overlap og snaring.

. Derefter veelger man braendvidgeng der fremstilles en en skabelon med parabel-

profil af stift pap eller hard masonit. Anvend én af forannaevnte metoder.

. Nar skabelonen er fremstillet, kan man i praksiiride leengden af den krumme

kant (det kunne ogsa veere en matematisk udfordring at regne den ud). Dette er
samtidigt laengden af kyllingenetbanerne, men afmal dem ca. 15 cm lzengere til fast-
garelse ved ombukning. Antallet af baner ma afhaenge af bredden, men brug mindst
6 baner. Se nedenfor.

. Anbring parabelprofilen pa kanted den krumme side opad - estittet af skru-

etvingereller etpar stabler gamle bgger. Kantringen leegges pa gudiest om.
Tegn evt. kantcirklen med kridt pa gulvet, sa faconen kan holdes.

Parabelprofil

Figur 8: Sadan placeres skabelonen.
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e. Farste kyllingenetbane laegges over parabelprofilen, fares under kantringen i ender-
ne og bukkes om. Vaer omhyggelig med at forme netenderne, sa kantringens cirkel-
form holdes. Kyllingenetbanernes langsgaende kanter forkortes ved &traian
ler” dem, og man kan derved tilnegerme en parabelform “pa tvaers”.

f. Parabelprofilen vendes nu pa tveers af farste bane, og bane nr. 2 leegges pa, faestnes
og formes. Yderligere to baner leegges dpérkryds”. Det er vigtigt, at man om-
hyggeligt former netbanerne ved hjeelp af bidetang og ombukning, sa vi ender med
en parabisk form i en cirkelring. Afhaengigt af banebredden leegges om ngdvendigt
flere baner pa. Det er vigtigt at parabolnettet har en vis stivhed far beleegningen.

g. Beleegningen foregar som ved tapetsering - roled aviser. Ugeavis-formatet er
velegnet, og ugeaviser har ofte den umiddelbare fordel ikke at veere heftede. Limen
smgres pa med dmed pensel. Eventuelt kan avisarket limes dobbelt fadindes
pa parabolnettet. Der er erfaring for, at det kan vaere en fordel fgrst at tapetsere den
konveksebagside farst og lade det tarre. Det gger stivheden far beleegningen af den
interessante inderside af parabolen.

Det er vigtigtomhyggeligt at sgrge for en glat overflade og undga folder. Der
kan ske ved, at man under palimningen river folderne op, sa krumningen skabes ved
at papiret kommer til at overlappe sig selv i passende grad.

h. Det yderste lag indvendigt skal naturligvis veere sa glat og blankt som muligt.
Ujeevnheder ma eventuelt fyldes ud med papirmasse eller slibes af fgr belaegningen
med alufolie. Derefter er man klar til afpravningen.

3. Som en mulig belaegningsform kan veelges glasfiber i stedet for gamle aviser. Det er
noget dyere, men kyllingenettet kan ogsa i dette tilfaelde bruges som skelet - eller avis-
modellen kan maske ligefrem bruges som stgbeform. Palaegningen af glasfiber skal
forega efter de forskrifter, som geelder denslagsmed god ventilation, handsker og
andedreetsveern.

Pudse- og polerearbejde er i dette tilfeelde mere omfatteratmgsa her er alufo-
lien nok den billigste som spejlende flade.

4. Der findes solovne af “tagrendemodellen”, altsa parabelbgjede plader, hvorfra straler-
ne focuseres i en “breendlinie”. Her kan man sa anbringe etegvand, og ved ind-
pasning i esystemmed ersvag heeldning pa raret vil vandet ved opvarmning kunne
gares selvcirkulerende. Se ogsa nedenfor.
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Forslag til aktiviteter

1. Opvarmning af brugsvand med solovnen.

Figur 9: Opstilling til opvarmning af vand med solovn.

| breendpinktsomradet anbringes en spiral af kobberrgr, som foroven tilsluttes gverst i
en vandbeholder. Spiralrgret er forneden tilsluttet den nederste del af vandbeholderen,
som vist pa skitsen.

Nar beholder og kobberrgr er fyldt med vand, er systemet selvcirkulerende. Stu-
dér de fysiske lovmaessigheder, der ligger til grund for dette.

Det varme vand fas ud som overlgb, nartiliares nyt koldt vand gennem ha-
nen forneden.

Beholdererbefinder sig et stykke over tilfgrslen, men urgfg@ralrgretneder-
ste tilslutning, forsynet med en gennemboret adskillelse for at nedissettiestra
stramning,der opstar under tilfgrslen af koldt vand. Spiralen kan pa ydersiden
eventuelt isoleres mod luftkaling.

Kobberrar og haner, savel som materiale til beholderen, kan sikkert findes i byg-
gemarkedet. Det skulle ogsa veere muligt at finde en egnet lim til at teetne beholder
og tilslutninger med.

2. Kan det lade sig gare at grille en kylling med solovnhen?
Det anslas, at en effekt pa 3 kW skulle vaere nok.
Hvor stor skal solovnen sa veere ?

Ved jordoverfladen skal man som far naevnt ikke regne med mere end ca. 900 W
pr. kvadratmeter i klart solskin. Beregn det ngdvendige abningsareal og find den
dertil hgrende radius.

Nzeste spargsmal er valg af braendvidalen
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Advarsel. Her ma igen advares mod, at man laver breendvidden s stogeat
uforvarende kan fa hoved og gjne ind i breendpunktsomradet. Etabler eventuelt en

sikkerhedsafstand og baer solbriller.

Et andet spargsmal er naturligvis den spejlende flades effektivieainetjl at fo-

kusere, dvs. om den er blank nok og uden ujeevne buler.

Her ved vifra malinger af nyttevirkningen, at alufolien har sine begreensninger,
men det skulle veere muligt at kompensere for dette ved at gge arealet. Det er her-
med overladt til leeseren at finde en eksperimentel lgsning.

3. Bestemmelse af smeltepunktet for f.eks. stearin.
Det skulle gsa - i princippet - veere muligt at bestemme smeltevarmen, hvis man

holder gje med, hvor lang tid det tager at smelte en bestemt masse stearin og igvrigt
ved hvor stor effekten er den dag.

4. Automatisk drejning af solovnen.
Det kunne gere en sjov opgave at fa solovnen til at falge med Solen mens tiden gar.

Det kan maske lgses ved hjeelp af et veekkeur af eeldre dato. S@g pa loppemarkedet.

Det kunne sikkert ogsa lgses med tandhjul, lodder og et pendul.
En elektronisk lgsningsmulighed ved hjeelp af fotosensorer og Wheatstones bro

er foreslaet i “Bogen om Solenergi”, side 52, (Clausen Bager 1978).
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Matematisk baggrund for parabolen

Vi vil i dette afsnit se pa den matematiske baggrund for parabolens egnethed til at reflek-
tere lyset, sa den kan bruges som solovn. Skabelonerne til solovnens parabelprofiler kan
udskeeres efter at veere plottede pa én ud af to forskellige mader.

Farst et lille detaljeret resumé af de to fremstillingsmetoder:

Metode |
Den ene er, at man i et koordinatsystem plotter en graf med ligningen

y* =4[alkeller y=+440a0x, a> 0ogx > 0

simpelthen ved farst at veelge en reekikeerdier og udregne de tilsvarerydeserdier.

Det er en parabel, der “ligger ned” med &bningeaksens retning og top/bundpunkt i
(0,0). Man skal plotte bade den positive og negative y-veerdi for forskeitmgedier.

Parabolerfremkommer ideelt set, nar parablen roter88 grader medk-aksen som
omdrejningsakse. | vort tilfeelde har vi bygget den op af 8 sektioner.

Veerdiena veelges konstant for den enkelte parabel, og stemeelse bestemmer faktisk
breendvidden, som er afstandienparabolskalensund op til det punkt F, hvor stralesrpl-
lelle medx-aksen samles. Det kaldes braendpunktetogaledes koordinatem@). Man kan
netop ved fastsaettelse af denne veerdi bestemme dimensionerne psrsin sol

Metode Il
Den anden metode er kaldt “det geometriske steds metode”. Den bygger pa, at parablen er
en punktmaengde, hvor punkterne opfylder den betingelse at ligge lige langt fra en ret linie
og fra et fast punkt uden for linien.

Nar man skal tegne den, er det nemmest farst at tegne et koordinatsystem. Man veelger sa en
breendvidde og afsaetter et fast punkt Fypaksen med koordinatea,). Parallel meg-ak-
sen tegnes nu en ret limigennem-@,0). Den kaldetedelinien.

Parallelt med ledelinien (ogaksen) tegnes i vilkarlige afstande for positive veerdigr af
nogle hjeelpelinier. En given hjeelpelinies afstand til ledelinien tages som radius i en passer eller
en blyant i snor. Husk at afstanden skal males vinkelret pa linierne

Med denne radius og med F som centrum tegnes nu en cirkelbue. Hvor denne cirkelbue
skeerer den valgte hjeelpelinie, findes punkter, der tilhgrer parablens punktmeaengde. Husk
at der er to pa hver linie, hvis det ikke ligefreny-@ksen. Den ligger jo i forvejen midt
mellem ledelinien og F.

Ved pa denne made et antal gange at finde skaeringspunkter, vil man hurtigt fa nok til
med fri hand at kunne tegne parabelprofilen.

Bevisfgrelse

Vi vil nu bevise,

1. At punkter med lige stor afstand til en linie og et fast punkt udgar en parabel.
2. At punkter pa en parabel ligger lige langt fra et fast punkt og en linie.
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1. Vivil farst se pa falgende pastand:

Vilkarlige punkter, der har lige stor afstand tillieve | og et fast punkt F uden fq
linien, ligger pa en parabel.

=

Vi tegner en figur med efilkarligt punkt P, der har ligstor afstand tilinien | og
punktet F:

YA

<Y

|
|
(-a0)of\(a0) R

Figur 10: Punktet P ligger lige langt fra F og S. Vi viser, at P ligger pa en parabel.

Husk, at afstanden fra et punkt til en linie altid er den korteste straekning, altsa vinkelret ind
pa linien. P er valgt sdledes, at laengden af PS er lig leengden af PF. Denne leeagde er

Vi kan nu opstille en ligning ved at bruge den pythagoraeiske leereszetning pa den
retvinklede trekant PRF, hv®F er hypotenusen deR og RP er kateterne.

FR*+ RP?= FP

Vi indfgrer de tilsvarende stgrrelser og variable, som de kan laeses pa figuren:

(x—a*+y=(x+9°
X 20+ &+ Y= X+20d1%¢ &
y? =4[aX

Vi kan nu se, at vi ved reduktion af udtrykket netop far et andengradspolynomium i
ogy. Polynomiets graf er en parabel, og vi fik altsa ved at tage udgangspunkt i metode
Il netop den forskrift, som vi brugte i metode 1.
4-a = p kaldes sommetider parablgrarameter Breendviddera er altsa en fierde-
del af parameteren. Parameteren har ogsa den betydning, at det er afstanden mellem de
to y-veerdier pa parablen, der hgrext# a. Det er sdledes afstanden (tvaermalet) mel-
lem skeeringspunkterne, nar man leegger egeninenmbraendpunktet parallettedy-
aksen.
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Vi vil nu se, om vi ogsa kan bevise gyldigheden af metode Il ved at tage udgangspunkt
i ligningen anvendt i metode |I.

2. Vi skal altsd omvendt vise, at

Et punkt Q, hvis talpax(,y,) tilfredsstillery* = 4ax, har samme afstand til F og {i
ledelinienl.

YA
S Q —
Cay) FT———> I X1, Y1)

//I
7
7

AL "

(-20) |o\N@0) (%.0) X

Figur 11: Q ligger pa en parabel. Vi vil vise, at Q ligger lige langt fra F og S.

Punktet Q’s afstand tiédelinienl, leengden af liniestykket QS, xr-a. Punktet Q's
afstand til F kan ved hjeelp af Pythagoras udtrykkes saledes:

QF =¥ +(x~a°
Ved hjeelp af ligningey? = 4-a-xfas forx = x, falgende udtryk for ordinaten

Y =440

som indsat i udtrykket fa@F giver

QF =/ (+/4rark )’ +(x- &
QF =4[+ ¥ - 2050+ 4= k+20alx &

QF=y{(x+a°=x+a

Hermed har vi vist, aQF = QS. Vi har altsa vist, at et punkt Q, som har vilkarlige
koordinater X,,y;) pa parabley? = 4-a-x ligger lige langt fra punktet F =,0) og le-
delinienl, hvis ligning ex = -a.
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Matematisk behandling af refleksionen

Ved refleksion i et plant spejl geelder lovmaessigheden

Udfaldsvinkel lig med indfaldsvinkel Ou=10i

Det kan man let overbevise sig om ved at eksperimentere med et spejl og en lysstrale.

Indfaldslod

Lysstrale

Spejlende flade

Figur 12: Refleksionsloven.

Traditionelt mener man med disse betegnelser vinklerne mellem stralen og den taenkte linie
“indfaldsloddet”, som star vinkelret pa den spejlende flade. Nar vinklerne er lige store, er det
naturligvis Klart, at stralernes vinkler med den spejlende flade ogsa er lige store. Det er komple-
mentaervinklerne

90¢° -Lu= 90 -Ui

Det vil i praksis sige, at parallelle straler far refleksionen ogsa er parallelle straler efter
refleksionen i et plant spejl.

Solovnens spejlende flade derimodanapolsk, og dette medfgarer, at indkommende straler
parallelt med aksen reflekteres, sa de alle gar gennem braendpunktet F. Hvis de ikke stoppes
der, bliver de igen reflekteret i parabolen og sendt ud igen parallelt med aksen.

Lyset har en meget lille bglgeleengde. For en enkelt strale kan man derfor veelge at
betragte derparabolske flade som et plant spejl med haeldning som tangentplanet i
refleksionspunktet. Lad os se neermere pa det:

Vi leegger et plant snit langs parabolens akse. Snitkurven bliver en parabel. Vilsegger
et koordinatsystem, s@daksen er tangent til parablens top/bundpunkt i (&8ksen pe-
ger ud ad parablens abning. En linparallel med~aksen tegnes, sa den skazraksen i
(-a,0). Den kaldetedelinien.
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A

1Y

Figur 13: Straler, der rammer parabolen parallelt med aksen, vil alle ga igennem
breendpunktet.

Y A

(-x[:0) (-a,0)| \(a,0) X

Figur 14: Refleksion af en strale parallelt med aksen i et vilkarligt punkt Q pa
parabolfladen.

En lysstrale kommer ind paralletied x-aksen og rammer parablen i et vilkarligt punkt
Q = (x,,y,). Det er nu muligt at vise, at strdlen ved at overholde refleksionsloven

Oi = DOu vil blive sendt mod et bestemt punkt F med koordinat®) pax-aksen.
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Vi tegner tangentettil parablen i Q =X,y). Tangenten skeergfaksen i M og-aksen i T.
Det helestar ogfalder med, om vi kan vise, atFQM = £.SQM, idetZ_SQM er top-
vinkel sammen med stralens vinkel med tangenten, alts&Q0? £ FQM er jo, som det
ses af figuren, lig med 90%-u.
Dette er tilfeeldet, safremt tangenten i skaeringspunktateblly-aksen stavinkelret

pa midten af FS, og at dette punkt har koordinats@tgzil—)

| samme tilfeelde er tangentens skeeringspunkbaagden T =4,,0). | sa fald er tan-
genten hgjde i den ligebenede trekant SQF med SQ = QF og der geelder, at

0 FQM =0 SQM

For at veere sikker pa dette er vi ngdt til at finde tangentens ligning og bestemme dens
skaeringspunktemed akserne. Der gar wedlidt differentialregning. Udledningen kan
ses i et efterfglgende afsnit.

Vi veelger at se p& funktiondifx) = /x , hvilket svarer til, at vi i vor anvendte lig-
ningy = y4-a-x for nemheds skyld har valgt 0,25. Ved hjaelp af differentiation fin-
der vi tangentligningen

- X W
= + ==
Y 2% 2

hvor (x,y) er koordinaten til tangentens rgringspunkt.Skeeringspunkieedekserne
findes. Det ses netop at

_ Y
X=0e y==0
y 5 g

y=0e 0= +@,idety1=\/z

2%,

Heraf fas

k==L g =x

2
Vi har hermed fundet, at tangenten til parabelgrepen \/>_< skealkesen i punktet
med koordinatseettet;0) ogy-aksen i punktemedkoordinatsaette(o,%) , Nax (%)

er tangentens rgringspunkt.
Dette var netop forudseetningen for, at en indfaldende strale paratbttaksen re-
flekteres gennem et punkt F&).

Et taleksempel:

Vi veelger at lade tangenten rarexj¥;) = (9,3), som tilfredsstillely = \/;< . Talparret
indseettes i tangentligningen
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Heraf ses umiddelbart, at skeeringen mattsen skery = 3/2.
Skeeringen megtaksen bestemmes

Det ses hermed, at tangenten i (9,3), skaeaksen i (- 9,0) og-aksen i (0, 3/2)

Udledning af tangentligningen

Vi kigger pa den differentiable funktidigx) = /X , hvis graf er parabelgren i 1.kvadrant.
Tangentheaeldningen faeEx, kan udtrykkes

f(x)— ()
X=X
Vi seetterf(x) =y. Tangentens ligning kan herefter udtrykkes

f'(%) =

y=f'(x)(x=x)+ f(x)

f'(x):—1 3
Idet q 2\/71 , fas

X X
y=——-—"1 +[x
% 2%
y_L__XlJ,@
X 2
y= X%

Da\/X71 =y, , farvi

b

Dette er ligningen for en tangent til parabelgrenen med Iigniygen\/i hway ér
koordinatseettet for tangentens rgringspunkt.

Som man kan se, skeerer tangentaksen i(0, —) Som vi har pavist foran, skeerer
denx-aksen i (x;,0).



Povl-Otto Nissen Byg en solovn Side 29

Litteraturhenvisninger og referencer
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2. “Bogen om Solenergi”, Esbensen og Lawaetz, Clausen Bgger 1978.

3. “Vedvarende energi”, masser af artikler, Organisationen for Vedvarende Energi.
Afsnittet om den matematiske baggrund for parabolen har hentet inspiration fra

4. “Matematik til anvendelse i Fysik og Teknik”, Poul Thomsen, Gyldendal 1967.

5. “Differentialregning, Teori og redskab”, S.Jensen og K.Sgrensen, Chr. Ejler 1982.
Til beregninger og basis for parabelgrafer er anvendt

6. EDB-programmet “GrafMat”, Jens Ole Bach, Matematiklaererforeningen.
Som maleudstyr er - udover termometer, ur og universalinstrument - anvendt

7. “Pyranometer” fra “Soldata”, F.Bason, Linabakken 13, 8600 Silkeborg.



A Parabolic Collector

One of the problens faced by people
who want to build their own parabolic
reflector is finding out and producing
the correct parabolic shape. This
probl em was solved very sinply when
researchers from the University of
Western Australia found that by bending
a sheet of galvanised iron in a certain
way the sheet would naturally take on
a parabolic shape nmaking a trough or
|'inear focus concentrator,

RAY TRACE

ALl

£z

The thing about the design of these
concentrators is that they are very
easy for the do-it-yourselfer to build
and give you a way of producing quite
high tenperatures (up to 100°Q)

The major component of one of these
collectors is a sheet of polished an-
odi sed al umi nium or gal vani zed iron
sheeting with aluminised polyester or
al umini sed acrylic lamnated or glued
to the sheet to give the reflective
surface.
is a sheet of perspex (acrylic), wth
the edges of the sheet bent over to
just past a right angle. The collector
is then put together sinply by bending
the netal sheet and clipping the edges
in under the corners of the perspex
This allows the sheet to form and main-
tain the natural parabolic shape

The only other nmajor conponent

BEARING

Gal vani sed iron sheeting is cut to
fit the open ends with a hole drilled
in each of these ends for the bearing.
Bl ackened steel or copper water pipe
is passed through the length of the
collector and the bearings fixed at
either end. Al joints are sealed and
weat her - proofed and you have a conpleted
concentrator.

You now have a collector which wll
pivot around the central pipe. |f you
want to use the pipe to aimthe coll-
ector at the sun then you fix the pipe
directly to the ends of the concentrat-
or. Don't forget to insulate the pipe
so it does not come in contact with
the netal at the collector ends.

If you find it difficult getting
pol i shed al um nium sheet or fixing a
reflective filmto your galvanised iron
sheet, you could try lining it with
mrror glass. You can buy sheets of

roughly 1" square mrrorsfrom glass
shops. These mirrors need to be renov-
ed fromthe backing material and then
washed. This is because the backing
material is water soluble and if you
attach the mrror with this materia

COVER

REFLECTOR

ABSORBER PIPE

.END PLATE

Page 30



intact a bit of nmoisture will cause
your mrrors to nmoult. Fix the washed
mrrors with contact cenent. If you
are going to use a reflective film the
best way woul d probably be to use
"Mylar® filmfixed in place with a
spray adhesive.

If you built a nunber of these
collectors you can nmake them track the
sun by fixing one corner of all the
collectors to a conmon netal rod or
strap. This is fixed to a tracking
mechanism As a result all the collect-
ors track sinultaneously and sinply.

In Western Australia, these collect-
ors have been used in a nunber of ind-
ustrial applications. These include
for an air conditioning plant and for
heating propagating beds in a large
nursery. They could also be used in
food and beverage manufacture, minera
processing, textile nmanufacturing and
| aundering, chemcal manufacturing and
the accomodation industry.

For the do-it-yourselfer, the uses

for these collectors are linmted only
by your inagination.

Harry M chael s.

2580 || 2500

minimum 260
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10:  Solar Fun Book. Barling. USA 1979 0-9311790-04-2.

Hot
Dog
Cooker

The hot dog cooker is a project that is not difficuit for anyone to
build. It can be used to produce very good results, providing you
have bright sunny weather. Bear in mind that any concentrating
collector of this type will not work effectively with diffuse sunlight.

Three hot dogs or sausages can be cooked in about 3 or 4
minutes under ideal conditions. When weather conditions are
less than ideal, wrapping the hot dogs with blackened foil or
smoking them will cook them faster. Shish kebab or pieces of
chicken can also be cooked. The dark color of the beef helps light
absorption, and barbecue sauce on chicken will produce a
mouth-watering treat!

This is a great project for a child-parent team to construct and
helps quite dramatically to illustrate the real potential of sun
power.

To draw a parabola
1 piece of rigid cardboard from a large appliance carton
3 foot length of 1-by-6-inch softwood
To construct the cooker
1 4-by-8-foot sheet of ¥-inch plywood
1 13%-by-51Y-inch piece of Y%-inch hardboard
5 1-foot-square mirror tiles _

1 small tube of clear silicone sealant



Parabolic
Reflectors

Drawing a
Parabola

3 1%-inch tight-pinned butt hinges with screws
1, pound of 1%-inch ring nails

waterproof glue

paint

glass cutter

The reflecting surface of concentrating-type collectors such as
this hot dog cooker is normally parabolic in shape. This shape
produces a sharp focus of 1 inch or so.

Parabolic shapes are quite easily drawn. The specific method
described can be adapted for any parabola you may wish to draw.
Two things have to be decided: (a) how far away from the
reflecting surface you wish the food to be placed, i:e. the focal
point (in this case 18 inches), and (b) how long you want your
parabola to be (in this case 4 feet).

1. Cut a sheet of rigid cardboard to produce a rectangle 30 by
30 inches (each corner must be absolutely square).

2. Using thumbtacks, firmly attach the card to an underlying
sheet of plywood that is larger than the piece of cardboard.

3. Make a mark on one edge of the cardboard 18 inches from
one corner. Also mark off one side of the cardboard in inches
{see illustration).

4. Hammer a thin nail into the plywood next to the 18-inch
mark on the cardboard.

5. Take a 3-foot-long board of 1-by-6-inch material that has
absolutely square ends. Place this board with one long edge
up against the nail.

6. Rotate the board to the right inch by inch and use a pencil to
mark straight lines along the end of the wood as you rotate it.
Ensure that the left-hand side of the board is kept in contact
with the nail at all times and that the top left-hand corner of
the end of the board is always level with the top edge of the
cardboard.

7. Eventually the multiple lines drawn, when extended, will link
and the resulting shape will constitute a half-parabola.

8. A 2-foot piece of the half-parabola drawn is cut out carefully
and is used as an accurate guide for drawing a full parabola
later.



HOW TO DRAW A PARABOLA

TOP BEDIE Of CARD MARAKELD OFF IN INCHES

FOCAL
LENGTH

PARABOLA .,

¢—— EDGE OF CARD,




Cutting the
Parabolic Frame

Reflector

Backing

Rotisserie Support

Base and Rear
Support Struts

Take a sheet of ¥%-inch plywood and rip two pieces 48 by 8V,
inches. Mark the middie point of the boards; i.e. 24 inches. Place
the half-parabolic shape on the middle line of a board and trace
the half-parabola shape. Complete the total parabola by flipping
over the half-parabola and tracing the outline. Using the same
method, trace out the other parabola. A jigsaw or bandsaw can
then be used to cut out the parabolic shapes.

If you put both parabolic shapes side by side you can see how
accurate your work was. Accurate or not, the two shapes canbe
clamped together and sanded so that they are identical.

Next rip a strip of hardboard Y% inch thick and 13% inches wide.
Cut the hardboard to alength of 51 inches. Put beads of glue on
the parabolic shapes and, using plasterboard nails, carefully fix
the hardboard (smooth side out) onto the curved edges of the
parabolic shapes placed 124 inches apart. The hard stage of the
project is completed; don’t give up!

Cut five plywood ribs out of %-inch plywood, 13% inches long by
1Y% inches wide. These are then glued and nailed onto the back of
the hardboard to help support and strengthen it. Place one rib at
either end of the parabolas and one at the middle. The remaining
two should be placed at equal intervals between the ribs zlready
attached.

The two rotisserie supports are made from 20-by-1%-by-%-inch
plywood pieces. Drill an Y%-inch hole in each of the 1%-inch-wide
sides of each piece of plywood, 2 inches from the ends of the
supports. Use a jigsaw to cut a slot from one edge cf one support
to one of the holes drilled. Nail and glue the rotisserie supports
onto one side of each parabola, making sure they are precisely in
the middle of the parabolas. Ensure that the slot faces upwards,
and both the hole and slot are 18 inches from the inner surface of
the hardboard.

Now for the base and rear support strut strips, which are
fabricated from ¥-inch plywood. Cut to length two pieces 4 feet
long, two pieces 13% inches long, and one piece 4 feet 6 inches
long, each piece 2 inches wide. Place the two 4-foot lengths on a
bench parallel to each other and 9% inches apart. Nail and glue
the short pieces of plywood to join the ends of the two paraliel
pieces. Drill %-inch-diameter holes in all but the last foot of the 4-
foot-6-inch rear support strut at 1-inch intervals.

Attach three 1%-inch tight-pinned butt hinges, two to the front of
the stand and one to the middle of the rear of the stand, as
shown in the illustrations. Place a nail in the middle of the top rib
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Cutting Mirrors
for the Reflector

Mounting the
Mirror Strips

Installing the Spit

of the parabola. The parabolic shell may now be attached to the
base by screwing the two hinges to the shell.

Now the fun of cutting mirrors! One-foot-square mirror tiles are
ideal as a source of mirrors for the cocker and may be obtained
from almost any hardware store. Prices vary greatly, so shop
around.

Using a felt-tipped pen, mark l-inch intervals along one side of
each of five tiles.

Obtain a good-quality glass cutter (e.g. Diamantor). The mirrors
should be placed on a newspaper and the glass cutter’s cutting
tip dipped in oil prior to cutting. Place one mirror on top of
another, leaving a l-inch strip showing on the lower mirror.
Holding the upper mirror firmly and squarely in place, scribe a
continuous mark with the glass cutter held vertically. The cut
should be started about Y% inch from the edge of the mirror to
avoid damaging the cutting edge. The newspaper will protect the
cutter as it comes off the tile. Place a small nail underneath the
end of the completed scribe and push down quickly and evenly
on either side of the mark. Mirror number one, we hope! Proceed
until you have cut at least fifty mirrors.

Take a square and mark off a series of lines, about 2 inches apart,
on the inside of the cooker. These lines will guide you in the
placement of the mirrors and will help to keep them square to the
edges of the cooker.

Run three beads of clear silicone down the inner hardboard shell;
one bead down the middle, the other two an inch from either side.
Gently press each of the one-inch strip mirrors into place, taking
care to keep them square. '

Place a thin 15-inch-long stainless steel rod or a straightened coat
hanger into the hole and slot of the rotisserie supports, and voila!
you are ready for le hot dog.

Painting or varnishing completes the project.
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Hot Dog
Cooker

® The super hot dog cooker operates in exactly the same manner
. as its standard counterpart. It is larger in width and has a greater
ability to concentrate the sun’s energy, allowing you to cook
more food faster. Its increased size also makes the project
somewhat more expensive to construct.
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Materials Required

Reflector Frame

Rotisserie
Supports
and Base

Reflective Surface

To build this cooker follow the instructions for the standard hot
dog cooker with the exception of the modifications outlined
below.

Again, ¥-inch plywood is suagested as the basic material for most
of the construction. Rip two pieces of the plywood, 5 feet long
and 10 inches wide.

1 4-by-8-foot sheet of ¥-inch plywood

1 25%-by-72-inch piece of % inch hardboard or thin plywood
wallboard. This is to be trimmed to length later.

65 1-by-24-inch strip mirrors (cut from scrap mirror pieces)
3 2-inch loose-pinned butt hinges with screws

1 30-inch steel welding rod

1 large tube of clear silicone sealant

12 pound of 1}%-inch ring nails

waterproof glue

paint

glass cutter

Using the method described previously, mark out a parabola, in
this case having a focal point of 24 inches and total parabola
length of 60 inches. Using this shape, mark out the two parabolas
necessary for your construction and cut them out. Seven equally
spaced ribs 25% inches long and 1% inches wide are used to
support a 25%-inch-wide band of %-inch hardboard, which is
trimmed to length once nailed to the parabolic shapes.

The rotisserie supports are 2 inches wide and 26 inches long. The
back support is 3 inches wide and 5 feet in length. The base is
made from two pieces of ¥-inch plywood 54 inches long by 4
inches wide. The crosspieces on the base are 25% inches wide.

The super hot dog cooker we made had 24-by-1-inch mirrors
mounted in it. The mirrors were cut from scrap pieces obtained
from cooperative glass shops. Reflective self-adhesive alumin-
ized Mylar obtained from Edmund Scientific or a graphic arts
supply shop may be substituted for the mirrors; but it is
expensive. Aluminized paper, used commonly as a reflective
vapor barrier, can also be used but is not really as satisfactory as
it tends to wrinkle and tarnish, particularly when fat splatters on it
during cooking. Mirrors are preferred as they are easy to clean
and are very long-lasting.



Chicken
Cooker

This solar chicken cooker is capable of cooking a 3-pound
chicken in about an hour and a half under ideal conditions. Light
falling on the internal surface of the parabolic mirrored surfaceis
reflected onto a focal point. The chicken protrudes outwards
from the focal point and therefore does not receive the full
concentration of the sun’s rays. A rotisserie slowly rotates the
chicken as it cooks.




Materials Required

Parabolic
Reflector

The sun’s rays can be focused by adjusting the position of the
parabolic shape by first rotating the support stand and then
moving the parabola up and down using the chain adjustment.

2 4-by-8-foot sheets of %-inch plywood
1 4-by-8-foot sheet of 3-inch plywood
1 4-by-8-foot sheet of %-inch hardboard

25 pounds of plaster of paris for parabolic shell {(or fiberglass
resin, matt and catalyst)

25 pounds of plasterboard filler for dome mold construction
450 2-by-2-inch mirrors cut from scrap mirror pieces
15 square feet of %-inch welded steel mesh

1 vehicle brake-drum assembly

3 feet of 2-by-4-inch softwood

1 3-inch-diameter steel rod 52 inches long

1 5-foot heavy-duty metal chain

1 Y%-inch-diameter 5-inch bolt

1 rotisserie motor; battery or 110v

1 caulking tube of clear silicone sealant

4 heavy-duty castors

1 I-by-1-inch galvanized plate

1 pound of 1Y%-inch galvanized finishing nails
waterproof resin glue

%-inch staples

petroleum jelly

paint

First a mold must be made so that a reflector shell may be
accurately formed. Mark and cut out fifteen half-parabolas, of %-
inch plywood, each half-parabola being 2 feet across and havinga
focal length of 18 inches. (Follow the details of parabola layout
outlined under the construction of the hot dog cooker.)

Draw a circle on the ground, having a diameter of 4 feet.
Symmetrically arrange the fifteen half-parabolas in a circular
pattern to produce a dome shape. Use individually cut pie-
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Front Frame

Back Support

Forming and
Plastering
the Reflector
Shell

Installing
Mirrors

shaped sections of }-inch hardboard to cover the shape on the
floor.

Cover the dome-shaped mold with several layers of plaster;
plasterboard plaster does a good job. Fabricate a piece of wood
that will be used to accurately finish the mold. Using your original
parabolic shape (focal point 18 inches, width 4 feet), produce this
plywood shape from 3-inch plywood. Its inner parabolic surface
should be 3 inch away from the outer surface of the original
parabola used to produce the dome (see illustration). This
“dome-shaper” board is then carefully rotated over a thin layer of
wet plaster to obtain an accurate mold. The dome-shaped mold is
smoothed off when dry and is then painted with a hard, high-
sheen enamel paint.

Next comes the fabrication of the front frame of the cooker.
Draw two concentric circles on %-inch plywood having radii of
24% inches and 28% inches. It will be impossible to cut a whole
circle out of one sheet of plywood. The shape has to be made up
of six segments of %-inch plywood. The inner partial circum-
ference of each piece of plywood is 51 inches. Three of these
shapes are glued and nailed to three identical shapes underlying
them. Make sure the joints on the underlying circular shapes are
in between the joints of the top circle.

Take the plywood dome-shaper and cut another identical piece
of %-inch plywood. Laminate the two pieces together with glue
and nails, and attach with screws to the circular shape that you
have already made. Glue and screw 1%-by-31%-by-4-inch blocks
to either side of the back support where it joins the circular shape
to hold it rigidly.

Staple }-inch welded iron mesh all over the interior of the shape
you have now completed. Check frequently to see that the shell
being formed out of the wire will clear the mold when you place
the shell over the mold.

When all stapling is completed, place the shell over the mold,
which has first had petroleum jelly applied all over its surface.
Plaster is then forced through the wire until a thickness of some
% inch is achieved. Allow to dry thoroughly and then remove
carefully. Use solvent to remove any petroleum jelly remaining
on the parabolic shell. Replaster and sand to obtain a perfect
finish inside and outside the shell. (Fiberglass could be used
instead of plaster and would probably give a more permanent
finish.}

Cut about 450 mirrors, 2 by 2 inches, from scrap pieces
obtainable from glass shops. Use clear silicone to secure these
mirrors to the shell. The first line of mirrors should be placed



Rotisserie
Support

Vertical
Reflector
Support

Base

along any straight line passing from one side of the shell, through
the center, and on to the opposite side of the shell. Keep putting
mirrors into the shell until its surface is totally mirrored. Clean
the mirrors with a razor blade twenty-four hours after they are
completely set in place. Traces of silicone can be removed by
rubbing the mirrors with steel wool followed by a cloth socaked in
vinegar.

Rotisserie supports are made from 3%-by-1%-by-10-inch wood.
Drill %-inch holes through the 3%-inch face of each of these
supports. The holes should be centrally located 1 inch from the
end of each support. Mount the rotisserie supports as illustrated;
secure firmly to the circular frame. Screw a small galvanized plate
over the outer end of one of the holes in one rotisserie support to
keep the rotisserie rod from coming out of the support. The
exact length of the 3-inch-diameter rod is measured according to
the rotisserie motor you can obtain to rotate it.

The vertical support is made from multiple layers of 3-inch
plywood which are glued and nailed together. First cut two pieces
24 inches long and 6 inches wide and laminate these pieces
together. Cut the end of the plywood, as illustrated, so that one
side is 24 inches long and the other 19 inches. Four further pieces
of ¥-inch plywood are cut 6 inches wide, 30 inches long on one
side, 25 inches on the other. Glue and nail two of these pieces on
one side of the support pieces already laminated, and two on the
other side. A groove will then be formed to accommodate the
back support of the mirrored parabola shell.

Drill a %-inch hole in the back support 2 inches from the back
edge of the support’s midpoint. Also drill matching %-inch holes
1 inch away from the midpoint of the top sloping edge of the
support stand. A 5-inch-long -inch bolt will later hold the vertical
support and back support together.

The base is made from two 30-by-30-by-3-inch plywood pieces
glued and nailed together. Four castors are screwed to the base;
these should be placed close to the corners.

The brake drum assembly used to allow the stand to rotate will
have to be custom-fitted to the base and stand according to the
size of the unit available.

A chain is secured to the back support by means of a screw-
threaded hook. Another screw-threaded hook is screwed into
the support stand. The collector is now fully adjustable.

Paint or stain your chicken cooker as desired. Your cooker is
ready for its first cookout. Have fun!



Materials Required

Parabolic
Concentrating

Cooker

This parabolic concentrating cooker is basically a solar furnace.
It can easily be used for cooking or other experimental purposes.
The mirrored parabolic surface reflects the light, bringing it to a
fairly sharp focus, depending upon the size of the mirrors used
and the accuracy of construction. The whole mirrored parabolic
shell, mounted on a pipe which pivots on a stand, can be readily
adjusted to focus the sun. A rotisserie can be mounted on the
furnace if you wish to use it for cooking.

1 4-by-8-foot sheet of 3-inch plywood

2 4-by-8-foot sheets of Y-inch plywood
1 4-by-8-foot sheet of %-inch hardboard
450 2-by-2-inch mirrors (cut from scrap mirror pieces)
80 feet of 1-by-l-inch softwood

2 feet of 1%-by-1%-inch softwood

1 56-inch-long 1l-inch-diameter steel pipe
10 pounds of plasterboard filler

4 6-inch steel brackets

1 pound of 1%-inch galvanized nails

1% pound of 1¥%-inch galvanized nails

8 l-inch pipe fasteners

1 1-inch threaded hook

1 caulking tube of clear silicone sealant
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Parabolic
Shell Frame

Inner Shell

Installing Pivot
Shaft and Finishing
the Shell

Stand

waterproof glue

~ pamnt

A 4-by-4-foot piece of 3;-inch plywood is cut out to form the base
for the parabolic shapes upon which the mirrors will be mounted.
Draw a 4-foot-diameter circle on the sheet of plywood.

Rip out 20 pieces of %-inch plywood, 2 feet long and 10 inches
wide. Using a parabolic shape with a focal point of 18 inches
(following the instructions for the hot dog cooker), mark out half-
parabola-shaped ribs on the 20 pieces of plywood. Glue and nail
1-by-1-inch strips onto each of the parabolic ribs along one side of
the long straight edge of each rib. Then glue and nail all these ribs
to the base so that each one radiates from the center, 7% inches
on center, around the circumference. Trim the narrow ends of
the ribs as necessary to fit them all on the base.

Hardboard, 1 inch thick, is used to cover over the parabolic ribs
and form an inner shell. Push the hardboard down onto two ribs
at a time and use a pencil to mark the shape of a section of the
hardboard by running the pencil line along the outside of the top
edge of the two ribs in question. Using a bandsaw or jigsaw, cut
the section of hardboard ¥ inch inside the lines marked. Glue and
nail the hardboard in place. Repeat the process until all the shell is
covered with hardboard. Glue and nail a 10-inch-wide hardboard
trim around the vertical perimeter of the cooker shell. Trim any
excess plywood from the base so that 2 inches protrudes beyond
the vertical trim just completed.

Using pipe fasteners secure a 56-inch-long 1-inch-diameter steel
pipe to the base of the collector. Put a thin layer of plaster over
the inside of the shell and rotate a complete parabola (4 feet wide,
18 inches focal point) over the plaster surface until it is smooth;
sand when dry. Using silicone, mount 450 2-by-2-inch mirrors
onto the completed shell of the furnace. Follow the same
procedure for mounting and cleaning the mirrors as outlined for
the previous project.

If you want to mount a rotisserie, then the holes supporting the
rotisserie must be arranged so that they are 18 inches above the
center of the reflecting surface of the collector.

The stand is constructed from plywood. The following pieces are
cut: two base side struts, ¥ by 6 by 48 inches; two base cross
supports, ¥% by 6 by 55 inches; and two vertical supports, made
from four pieces of ¥%-inch plywood, 6 inches wide and 26 inches
high, having notches 1 inch wide and 3 inches deep cut into their



top ends. Assemble the base, gluing and nailing the pieces
together as shown in the illustration.

Cut four 6-by-1%-by-1%-inch block supports; glue and screw
these on either side of the verticals to give them stability. Steel
brackets may also be added to attain further strength and rigidity
if desired. Use hooks to attach a chain to the middle of one of the
base cross supports, and to the base of the collector structure.
Adjustments in the inclination of the collector are then easily
made by altering the length of the chain.

Paint the whole cooker-furnace according to your preference
and you will then be ready for cooking or experimenting. Try
putting a piece of dark colored wood at the focal point; surprising
results!
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Materials Required

Reflector

Reflector Support
Bracket

Base

The solar wood igniter provides an interesting conversation
piece, even if it is not totally practical. It is remarkably effective,
capable of lighting a piece of wood within seconds.

The sealed-beam headlamp unit, minus its glass lens, is pointed
towards the sun and is swiveled up and down to focus on the ends
of the filament supports. The object to be ignited is lowered
through a special holder to the focal point and rapid ignition
follows.

1 used sealed-beam unit (headlamp)

1 34-by-9-by-9-inch piece of plywood for base

1 8-by-2-by-1%-inch piece of softwood

18 inches of Y%-inch-diameter steel rod

1 l-inch length of 5/16-inch 1.D. copper tubing

1 U-shaped steel support 2 by 2 by 2 inches (approximately;
see illustration)

1 3-inch-diameter 3-inch bolt with washer and butterfly nut
1 small tube glue

paint

When you select a sealed-beam unit, make sure that the rear
aluminized finish is not unduly tarnished. Wearing safety glasses,
very carefully remove the lens, using a cutting blade to grind off
the glass. { would emphasize that extreme care is required; this is
not a procedure that should be carried out by an inexperienced
person without supervision.

Once the glass has been removed as cleanly as possible, unsolder
the connectors on the back of the reflector unit. This may be
conveniently achieved by playing a propane torch flame on the
solder. Be careful not to heat any glass, as it cracks very easily.

Weld or braze together the reflector support bracket as shown in
the illustration. Drill 3-inch holes on either side of the metal
support. Drill further holes in the support to match the soldered
joints on the back of the reflector unit. Turn the unit upside down
and solder the steel support in place.

Using a jigsaw, cut out a 9-inch-diameter base from 3;-inch
plywood. Cut a 2-by-1%-inch hole in the center of the base. Cut a



Finishing the
Unit

Wood Holder

piece of wood 8 by 2 by 115 inches, rounding off the top end. Drili a
34-inch hole close to the top end of the support. Put the wood
support inside the metal support bracket to obtain the exact
location of this hole. Place this wood support vertically on the
middle of the base and scribe around it. Chisel out a hole in the
base to accommodate the support.

Before fixing the wood support in place, cut two ¥-inch-deep
grooves into the bottom of the support. Glue the support in place
and force glued wood wedges into the grooves to produce a tight
permanent fix. Trim the ends of the wedges.

Sand and paint the whole structure according to your own taste.
Push the 2Y-by-%-inch bolt into place through the holes in the
wood and metal supports; tighten the butterfly nut.

A wood holder may be made to support the material to be ignited.
It will have to be custom-made from copper tubing and steel rods,
according to the actual size of your sealed-beam reflector. The
illustration shows a wood holder fabricated for a reflector having
an external diameter of 7 inches,

When your completed lighter is placed on the picnic table at your
next barbecue it is guaranteed to be an attention-getter.
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The Yellow
Cradle

Jeff Gilbert

©1994 Jetf Gilbert
he Yellow Cradle is a simple to
use solar cooking design that can
be made from common material
such as plywood, cardboard, aluminum
foil and glass.

Steps for Construction

1. Mark a 4 foot x 8 foot piece of 1/4 inch plywood into
four 13 inch x 48 inch sections as shown in the
diagram below. Cut out these sections.

48.‘ 48"
1 3 13"
2 4 13"

2. Draw a line across the plywood spaced every 2
inches The 24 inch line (hatfway between the ends) will
become the center point of the parabola (x = 0).

Example: The coordinates (+2, .08) simply means that
2 inches either side of the center point, you should
measure .08 inches from one edge of the plywood and
make a mark. Don’t worry if you never could grasp
plotting graphs in school; this is not complex.

Home Power Magazine # 43. Ashland Or. USA 1994,

The parabola used for this cooker has the formula
X2 = 4Fy

where F is the height of the focus, (i.e., where the light
will focus).

For this design, the F is at = 12 inches

3. Draw a line joining the marks which form the outline
for the parabola and cut along this line. Use the first
piece as a template tor marking the same cut on
another of the 13 inch x 48 inch plywood pieces. Cut
carefully and accurately. Note: Do not cut out the 8 inch
wide pieces yet {see measurements diagram on page
37 to see what is meant by the 8 inch wide piece).

Template
M M
2a

1a
4. Using your template parabola, trace and cut the
other two pieces of plywood according to the
measurements diagram, including the 8 inch pieces.
The parabola template should be positioned 1 inch
down from the top edge before you begin tracing.

e T

5. Glue piece 1a to piece 3 with the bottom edges flush
to each other and the parabolas facing up (see main
diagram). Repeat this step with piece 2a and piece 4.
Note: Use clamps or weights to hoid pieces firmly
together while giue is drying.

6. Mark and cut out piece 5 from the main stock of
plywood. This piece will be used to form the curved
surface of the cooker.

X Y

7. Glue pieces 1Ta—3,2a-4and5  jnches! inches

together as shown in the main 0 0.00

Below:Template for the Parabolic “Yellow Crade” diagram. With pieces 1a~3and2a ~— o | go8
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— 4 parallel and 18 inches apart, lower piece 5 between
1a — 3 and 2a — 4 so that it bends and rests on the
ledges formed by 1a and 2a. Note: This step may
require two or more people, however, one person ¢an
do it with some ingenuity, props and tape.

8. Glue pieces 2 and 3 in place as shown in main
diagram. Be sure to push pieces 2 and 3 down firmly,
sandwiching piece 5 in place.

9. After glue has dried, turn the assembly over and cut
pieces 1a and 2a to follow the contour of pieces 3 and
4,

10. Glue heavy duty foil onto inner surface of reflector.
Note: An alternative way to secure the foil is to paint
the inner surface and apply the foil while the paint is
still tacky. 1 recommend this way because it tends to
secure the foil better.

11. Mark and cut out the rest of the pieces according to
the measurement diagram. See diagram below for
details on pieces a, b, ¢, d, e and f.

16" —~

[f——

1—2“—*

Leave whole for now

12. Glue pieces 6 and 7 into place as shown below.

7

e

13. Glue two of the 2 inch diameter circles together to
make a 2 inch circle of double thickness. Repeat this

step for the other two circles.

16. With reflector assembly up-side-down, glue one of
the 2 inch circle pieces to piece 7 such that it is in the

14. Repeat step 13 for the 5 inch
circles.

15. Glue three of the 3 inch x 18
inch pieces together (faces
together).

middie of piece 7 and centered 1.5 inches from the
edge where piece 7 joins piece 6.

2 " circle piece
centered and 1.5 "
//F:%'/ back from edge
J4 e > with piece 6
_/

Bottom of Cocker

17. After glue has dried, drill a 3/8 inch hole vertically
through the center of the 2 inch piece and down
through the reflector surface.

18. Glue the other 2 inch circular piece over the hole
that you just drilled through the refiector surtace.
Position the 2 inch piece high on the slope of the
reflector so that when you drill through it from the other
side, the bit will come through near its center. Then drill
the hole all the way through.

19. Glue pieces a,b,c and aa,bb,cc together. Repeat
this for d,e,f and dd,ee,ff.

20. After the glue dries, make the cuts separating
pieces a, b, ¢, d, e and f as well as the notch that fits
piece 8. See main diagram if you get confused.

A

21. Glue pieces 8, a, b, ¢, d, e and f into place leaving
a 1/8 inch gap between piecesaand b, ¢ and b, d and
e, and f and e. See diagram below.

1/8 " gap———=27)

22. Drill small holes in the two 5 inch circles and insert
metal rods {(coat hanger wire or whatever is available)
to form the cooking rack.



23. Fashion an insulator lid out of corrugated
cardboard such that it forms an 8.5 inch diameter half
cylinder that's about 1 to 1.5 inches thick and cover
with foil {(use glue). Bending the cardboard over a
cytinder works well. This lid could also be box shaped.

24. Cut two pieces of glass to fit into the 1/8 inch slots
formed by pieces a-b, ¢~b, d—e, and f-e. The
dimensions are about 17.75 x 5.5 inch. These pieces of
glass need to be tailored to avoid gaps that would
diminish the performance of the cocker. Slide them into
place. Cutting glass is easy, however you do need a
glass cutter, All you have to do is score a straight line
on the surface and break the glass along the score.

25. Cut out 5 .
inch ha:If circles Glass 00@

to  fit the
cooking rack.

26. The cutout
circles on the
sides in the main diagram are purely decorative .

Using the Yellow Cradle solar cooker
The Yellow Cradle cooker is simple to set up.

Step One: Insert a 3/8 inch threaded steel rod (or
something similar) into the hole in the reflector surface.
The angle of the cooker can be adjusted to track the
sun by lifting or lowering the cocker on the rod. The
position will become secure by pulling the foot of the
rod out a bit.

Step Two: Insert cooking rack. The angle of the rack
can be adjusted to keep a level cooking surface by
rotating it.

Step Three: Place cooking pot on rack and place
insulating lid on top.

The angle of the cooker should be adjusted every 15
minutes or so to keep maximum light focused on your
pots.

Performance: This cooker has been tested. It took one
hour and forty-five minutes to boil water at sea level
with a clear but hazy sky in Washington DC. The
maximum temperature recorded was 260°F.

Access
Jeff Gilbert, 409 Christopher Avenue, Gaithersburg,
MD 20879 « 301-258-0728
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s thin
rod can be positioned along the focal line of a cylindrical parabolic TIN FOIL

reflector, and food Is placed (or plerced) on the rod (e.g. apples, T CARDBOARD B
kababs, etc.), the food would be cooked by the heat generated ARD OX

h solar radiation. A THICK WIRE
Just like the Solar Cooker, you can even make a Solar Grill. Suniight SN
hits the reflective tin foll surface and focusses on the kababs held in

the centre.

E' Begin with the Frame e
—vle —eo|

UM g T3

Youll need a g M E. GREATER |!
Lot ¢ h

cerdboard box that < 10 1-1-1«234 H

CARDBOARD

this box  will
dotérmine the size..

of your cooker.
(2] Next, the Ssml- Circutar Ends
V2 RAOIV | fl— RADIVS ~ pencil

Pl T LT L T

Cut a circle out of cardboard with a radius that is 2.5 cm less than the height
of the front opening (h) of the frame box. Locate the focal points as shown
and 2. d, cen 1 i .
cut out a 2.5 ¢cm band, centered along the diameter. Urja Patra Vol. 8 Nos. 1 to 4 Jan-Dec. 95




E] Then, the Curved Surface

You'll need another piece of
cardboard for this part. The first
dimension you need is about 1.5 cm VANISHING
shorter than the length of the frame POtNT
(L). The second dimension is a little
more difficult. Start at the point of the
parabolic end plece as shown and
roli the curved edge along the other
unmeasured edge of the cardboard,
Be careful not to siip or scoot t. Mark

where the other point ends (and kil ‘l.M“S.'lﬂ o Dapac:
maybe add about 1.5 cm). This ON ~——~+/
distance is your second dimension,

Scoring and Taping

After cutting this piece to
size, score one side (but
don’t cut through) every 4 to
5 cmwith iines as shown so
that it will bend easily around
the end pieces. Tape the
end pieces to the curved
piece and cover the ingide
with aluminium foil. Rubber
cement works well for this
but just be sure to read
directions.

Take an unpainted thick wire and hold over a flame to
bumn off any excess olly substance, then push wire
through the focal points of the curved concentrator to
make the cooking rod.

Connect the concentrator to the frame with bolts, nuts
and washers as shown. Stick the kabab in the skewer
and fix it on the grill as shown,

You can get pre-cooked non-vegetarian kababs (Venky's,
Alan Mans, etc.) and grill them or you can get your
mother to help you make them. For vegetarian kababs,
mash together two cups of bolled vegetables (carrots,
french beans, caulifiower, peas), one large boiled potato,
a teaspoon garam masala, salt to taste. Mix in 2
teaspoons of rawa (semolina) or dried bread crumbs. %
Roll into balls and stick them on the skewer,
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ou can use the heat
from the Sun to cook
food and prepare &
seast for yourself.

The tin foll of the
pasket Barbecue
reflects the Sun’s rays
like a mirror and
concentrates them on
the food to be cooked.
The heat warms the , ,
food and even cooks it If the which means that the solar radiation Is

sufficlent.

Commercial concentrating solar cookers are based on this principle and
are constructed so that sun rays are focused on a focal point at specific
angles. Moreover very high temperatures can be achieved if solar
radiation falling onto a large area Is focused on to a smaller area. The
cooking vessel Is placed at this focal point and food Is cooked. We have
{o track the mirrors for better results as the sun moves across the sky.

E] Preparing ’rﬁe Barbecue Basket

Line the basket with the foil with its shiny side outwards. Smoothen the foil
with as few wrinkles as possible and tape it in position. It helps to put a liners
under the foil.

:’USh the nail or fork through the middle of the basket and fix the small potato
o it.

Sf—‘t up your cooker facing the sun and to get the best results, you should do
this on a very hot day around noon. Turn the basket to face the sun as it moves
across the sky. Your potato will soon be baked and ready to eat.

A SMALL POTATO

TIN FOIL
A ROUND BASKET

OR A ROUND
METAL BOWL

A LONG NAIL OR
FORK

& STICKING TAPE
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REVLECTIVE LID

ALUMINIUM FOIL
' / ALUMINLUM FOTL
RLASS j

INSULATION BETWEEN

JNNER RBASKEY i
Bk BOXED

OUYER BASKKT
~BLALK POT WITH A

TIGHT BLACK LiD



14: Mapual TFL-2. Finland 1997.
Solar panel cooker

Panel cookers, like parabolic ones, concentrate solar radiation. Thetr reflector
consists of one or more flat surfaces that do not focus radiation, but that can re-direct
a part of the radiation onto a cooking pot which is covered with a transparent cover
like a plastic oven bag or a portable cover of plastic or glass.

When the solar radiation meets a dark utensil inside the cover, the heat will be
trapped there. The black metal plate under the pot carmes the heat to the pot and
increases the temperature within it.

The panel-type cooker Coo-Kit has been succesfully used by thousands of
families in the Kenyan refugee camps at Kakuma and Dadaab. The cooker presented
here has been compared with Coo-Kit cookers in the same circumstances with better
results.

/XPLASTIC BAG /> PLASTIC COVER

Short tips for cooking with a solar panel cooker

-The panel cooker works slowly and you need more time and patience for
cooking.

-Place the cooker so that the lower side faces the sun. You only need to change
the direction every 1-2 hours. If you must be away longer, pre-set the cooker in the
middle position for the time you will be away.

-Put a black pot with a lid into the middle of the cooker, inside a closed plastic
bag or, if you have the cover, put it over the pot. You can leave the cooker alone for
several hours; there is no danger of over-cooking.

-Stirring and mixing during cooking decreases the temperature, so you should
stir as infrequently as possible.

-Add about 50% to the cooking times on page 11, and avoid hard-to-cook
foods. The largest amount of food you can cook is about 1.5 kg.

-Pre-soak dried beans and lentils, etc. for one day before cooking.

-Sterilizing water takes about one hour for 1 litre and 2 hours for 2 litres. The
water remains usable for one day if it 1s kept in an unopened pot.

-For baking you need good conditions and long cooking times, but if you are
patient it is possible.



How to build a panel cooker

Take 5-8 mm thick cardboard, mark 145 520 TCE
and cut as in the drawing. - -

Use a blunt instrument and straight
wooden bar or ruler for bending folds for
the sides of the box.

Tape the corners together on the ) ~
outside with any kind of tape. | |

Then glue aluminium foil to the inner !
sides of the box. Leave a little strip of :_‘ 3
foil over the edges for the outer side. !

Take a metal plate 280 x 280 mm, 1
about 1 mm thick and paint it black. I8

i

240
170

_J |
N
790

Put some thin insulation materal,
grass or wood etc. under the cooker for
extra insulation. .

14

ik 440 75

i

Plastic bag and cover

You can clamp a normal clear plastic
bag made for roasting food around your
pot, which absolutely must be black!

Closing and opening the bag is quite
unpractical and not very hygienic
because some food will stay inside of the
bag.

Therefore a plastic cover Is more
hygienic and handy; you can easily stir
the food and see what is happening in the
pot.

Cut pieces for the sides and top from
about a 1 mm thick polycarbonate sheet.
Tape the corners together with heat-
resistant and transparent tape.

Screw a wooden knob into the middle
of the top.

For making a panel cooker, you only need a pen, scissors, measure, knife, ruler
and a home-made cardboard spatula. -Happy Building!




15:  Different designs downloaded from Internet. - www.accessone.com
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The Bernard Solar Panel Cooker

A simple, portable model that may open new horizons

[t ix generally assumed that a solar cooker should have some minimal capacity in order to work
properly. Forinstance, in the booklet Your Own Solar Box | Solar Cookers International (SCJ)
recommends an inner box at least 45 cm X 55 em (18" x 22"}, The result is a rather large box.
well suited to family use, but which can prove unnecessarily cumbersome in some cases

Smaller cookers would be appreciated by the following:

people living or traveling alone,

people lving with their family but nceding a special diet.

clderly people who feel reluctant to carry a heavy box,

teenagers wishing to build and experiment their own first cooker.

11" vou belong 1o ene of these categories., here is how you can build a cheap and fairly cfficient
smatd] cooker.

Figure 1

Choose a cardboard box (figure 1) with the height BC greater than the width DC. For example. in
my own cooker BC =30 ¢em (about 127), DC 23 em (9" and CG 25 em (10™).
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Figure 2

Cul the Maps off the box. Then cut the scams along I'G and GC. Do the same on the other side
along [ and HI. The carton folds out to a flat assembly of five rectangles as shown in figure 2
(I ctters appearing twice on this figure indicate two points which were the same point belore
cutting). 11 the cardbeard is thin, reinforce the rectangle CDHG by gluing another rectangular
picee of cardboard onto 1t to better insulate the bottom of the pot. Then glue aluminum foil o one
side ol the five rectangles (the inside of the original box}.

A

B _ E

c':'_jrr i E
\G/__“_ ;’/7

Figure 3

Now. keeping the rectangle CDIHG horizontal on a table or on level ground, position the other
rectangles as shown in figure 3. The front "mirror” EFGH is tilted about 30 degrees above the
horizontal plane (Put a rock or other object under it). The "wing mirrors” BIFGC and AEHD are
vertical. the angles GCG and HDH being about 45 degrees. A lew rocks as shown in (igure 4 will
be helpful, especially in windy weather.

The black cooking pot is put on the horizontal base CDHG and covered with a colorless glass
salad-bowl] [or oven cooking bag, see next article, ed.] replacing the glass window ol a classical
box cooker. To avoid convective heat losses, the diameter ot the salad-bowl should not exceed the
width €1,

A more convenient way ol keeping the reflective system in good shape is to mount the panels on a
wooden board in which you will drive a tew nails on ¢ach side of GC and HD (o maintain the



wing mirrors in their correct position {see¢ figure 5).

Although this cooker uses (shightly) concentrated sunlight, it is not necessary to worry about a
constant tracking ol the sun. A big vertical nail at the front of the board can act as an "orientation
mdicator”. Its shadow should be seen on the white triangular picce of paper glued on the board
{Higure 3 and whose 30 degree angle roughly corresponded te 2 hours of absentee cooking in my
experiments. Most ol the {oHlowing results have been obtained without any readjustment of the
cooker orientation,

All cooking was done i an aluminum pot painted black. Scrounged glass jars may be used, cven
without the salad-bowl, but cooking times arc increased.

The Tatitude of Paris 1s about 45 degrees, When cooking at lower latitudes the vertical reflectors
hecome less effective: it remains to be tested whether this design will work as well there. On the
other hand. people living at latitudes above 40 degrees could find it more cfficient than a simple.
one-reflector box cooker. I'm interested 1n knowing the results obtained by readers who live in
other parts of the world.

Roger Bermard can be contacted af

La Association Lyonnaise pour Pltude et e Developpement de 'lnersie Solaire. A LE D ES
[lniversite

de fvon

Bear "2,

09 622 - itleurhanne

Froviee

Barbara Kerr Tests The Solar Panel Cooker

[am really excited by the opportunities opened up by Roger Bernard's pancl cooker design. We
have known that multiple rellectors can be used to concentrate solar radiation, but until | watched
my lentidl stew bubbling under the glass salad bowl. [ did not sec this as a serious cooker.
suddenly. Trealized that an oven cooking bag could be used in place of the salad bowl. This
would provide a very abbreviated solar "box." All we have fearned over the years with box-type
cookers could be helpful in utilizing Solar Panel Cookers (SPCs). Now we may have both our
"oven™ and our "hot plate.”

By limiting oursclves to flat loil-covered pancls. the danger of cye damage is greatly reduced but
remains a problem. Retinal damage, which can occur when sunlight shines into the eves, is not
painful. You cannot tell it is happening. but a retinal burn produces permancent damage and can
result in blindness. Be extremcly carcful 1t using anything that concentrates the light or reflects
the sunlight directly into vour eyes.

The first cooker Fmade based on Roger Bernard's specifications would not fold neatly. The
Hlustrations show a shight modification of Roger’s design. Since the panels are all the same size,
they fold to form a flat packet which is so small and light-weipht that it can be used by
backpackers and others who do not have space for much storage. The extra cuts and folds also
provide arcas where rocks can be placed to anchor the panels without blocking any sunshine. Qur
winds are fierce and unpredictable! [ have found that a cardboard SPC in this configuration
tolerates the wind very well,

Place the cooking pot in an oven cooking bag with the opening at the top so you can open the bag,
cheek the food and seal it again without disturbing the cooking. And that part of the bag is usually
dry. This is important because Tood in a panel cooker usually does need to be stirred and checked.
siitee the heat is not as even.

I'irst | elosed the baking bags with clothes pins--too heavy and bulky. Then with paper clips tore
up the baking bag which otherwise was good for many uses. Then with a thin picce of wire



worked well but the twisted wire broke after several uses. Now | am using wire but simply
wrapping it tightly around the baking bag top, without twisting. Since there is no pressure, it
works e and the twist tics last a long time.

Too often | have found jars or pots have vigorously boiled over, spilling juice and making a mess.
Giot o remember to allow more space at the top to contain a boil, at least until 1 get a handle on
when this is going to happen. A delightful problem. Food does not have the delicately enhanced
Mavor of SBC cooked tood. probably because of the higher temperatures,

Then | noticed a cold spot on the foiled reflector directly under a pot and remembered the
advimtage the University of Washington engincers found through elevating the SBC tray off the
cardboard bottom. [ looked around the kitchen for an "elevator” and scized on canning rings. 1t is
clear that pots heat taster when sitting on a canning ring than when sitting on the [oiled cardboard.
Darkened canning rings work better than shiny., of course. But the center is dark and [ wondered if
it would help to get light to shine under the pot. [ put three hittle pebbles, dark and oiled, under a
pot. That seems o work even better. 1 like that . . . three little pebbles used in memory of the
historic three stone fire that has served humanity for thousands of years. Women, nostalgic for the
wood lire where there s no more wood, might even take tiny picces of wood and form a little
"lire™ within the pebbles under the pot. Tt would keep us from leeling so torn away (rom roots.

Solar cooking continues to get simpler. [ have put major attention on simple solar cooker designs
[or 20 vears, working to have them easier and more accessible to cveryone, Today, | held a Solar
Panel Cooker and realized our 20 year mountain of work had truly brought torth a mouse. A
mighty mouse! Simplicity is so difticult.. difticult to sce. not difficult to do. once the idea forms. |
think that box-style cookers will remain part of the solar kitchen where time. material and
circumstances dictate, but the SPC has opened up a new level of simplicity.

We are doing pretty well with reducing the materials needed to solar cook. 1t only we could
climinate the need. for oven cooking bags of heat-resistant nylon. [ used regular kitchen plastic
hags and they seemed to held up under the heat for several cooking times. But January 12 was
brighter, the air was warmer, and three diflerent kinds of regular plastic bags melted. 1 guess we
will have to stick with baking bags . . . too bad. But the baking bags [ started with two months ago
are sUll in good shape. having cooked many dishes and been washed and dried many times.
Perhaps they can be obtained wholesale and distributed one or two at a time where they are not
available in stores. We should be able to get them wholesale if somcone puts a little effort into it.

[t seems that "open-box" cookers will now be an integral part ol serious solar cooking. [t will just
take Ndmy out specitically how to use them.

Please send vour findings and comments to me as well as to Roger Bernard. We'll keep everyone
clse up-to-date through Solar Box Journal.

Rarbara Kery For questions ar comments, coniact hkerriccovherirails.com
[*.0). Box 376
Tavlor, Arizona 83939 LISA



The "Cookit" Foldable Family Panel

The Foldable Family Panel is neither a "solar
oven" or "curved concentrator" but a happy hybrid.
Its utter simphicity belies its powerful cooking
power. Its Jow cost brings solar cooking to a much
wider market of people.

It is handy for cooking
food, baking breads,
pasteurizing water, and
teaching the basics of solar
energy.

Co-developers are Roger
Bernard of France and Barbara Kerr of the USA,
with work also by Edwin Pejack, Jay Campbell,
and Bev Blum of Solar Cookers International. Extensive field tests in the USA and with refugees
in Kenya confirm its performance, convenience, fow cost. acceptance, and adaptability to diverse
needs.

Construction Plans

Start with a big piece of cardboard
about Im x 1.33m (3'x 4). Cut and
fold as shown. The angles and {olds
shown are best. but small variations
are OK.

Hints: To make clean straight folds
in cardboard. first make a crease
along the tine with a blunt edye
such as a spoon handle, then fold
against o firm straight edge.

(81 cmy}

Make the slots a little too small and
narrow so that they fit snugly to
hold up the front panel.

} (20 cm) I
L {99 cm}

(121 cm)

Glue aluminum foil on
the side that will form the inside surfaces when the
oven is set up for cooking.

.

To set up, lay panel flat with shiny side up. Fold up
front and back parts and fit back corners into the
slots in front.

You're ready to cook! Put your food into a dark-
colored pot. Then place the pot inside a plastic bag
(an oven cooking bag will withstand the heat best).
Close the open end of the bag and place pot and bag
into the center of the cooker.







“CooKit” We couldn’t have done the pro;ect without the
the bottom line. For the cost of one box cooker we could
were able to spend all our tirne. un how touse the cooker.
construction. You Just fold it up and msert the two _

lacquer on the other SAC
folds and slots. Then they
one person can handle).



Left: Roger
Bernard’s “Salad
Bowl Cooker” is
simple, effective,
and inexpensive.

An overturned
glass bowl
creates the oven

space.
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Improving the Solar Panel Cooker

Roger Bernard offers a new compact reflective cooker design

I have been very impressed to read, in SBI #17, that the solar panel cooker (SPC) idea. as
publicized by Barbara Kerr and myself in the preceding issue, had met with an abundant response.
Iven negative resudts can be of interest when we seek to understand them. For instance. in the
comment. "l used a "turkey -size" oven cooking bag and a dark ceramic teapot. Nothing!". therc
are two interesting clues, Tirst the ceramic teapot was not a good choice because ceramic can be a
bad conductor of heat [depending on its density, Lid.|. Food can remain lukewarm, even if the pot
is very hot on the outside. And secondly. a turkey is an enormous bird, and vsing a bag
appropriate to hold it may mean that the quantity of food could have been too big for the cooker.

et us not torget that the SPC was designed as a substitute [or the traditional box for small
quantities of food. The dimensions given for my prototype in SBJ #16 are appropriate only when
cooking for one person.

During the 1994 swmmer. | somewhat improved the SPC's convenience and cfficiency by
miroducing two changes: a new system for creating the greenhouse effect and a more compact
design.

Undoubtedly. oven bags are unbeatable for their lightness. but in my city (Lyon, 500,000
inhabitants) there are no oven bags available in the supermarkets. On the other hand. Pyrex salad
bowls are very easy to find everywhere in France--even in smalt towns. Their price (about $4 US)
is ten times the price on an oven bag, but they can be used hundreds of times for solar cooking as
well as Tor other purposes in the kitchen. For traveling, however, they are relatively heavy and
cumbersome.

Figure 1

Satad bowls and oven bags share the following disadvantages: they hamper access to the food,
and they retain the moisture coming from the heated food and need periodic drying [see Tips and
Tricks. Page 3. These drawbacks can be avoided if we put only the lower part of the cooking pot
inside of a glazing (figure 1), instead of the whole pot with its lid.






This can be done by placing the dark pot into a glass dish whose diameter is slightly larger than
that of the pot.

Obviously the advantages of such a system are partially offset by extra heat loss [rom the
uninsulated hd, By raising the pot off the ground a further gain is achicved. Tn fact. my
experiments have shown that cooking times with this new system are no longer than with the
original design with a salad bowl up-turncd over the pot.

In order (o improve stability. [ reduced the number of pancls from five to four, A pleasant surprise
wax that the removal of the central back pancl not only resulted in ¢ more compact and stable
cooker. but also improved the efticiency of the reflective surfaces. by permitting multiple
reflections between the two remaining vertical pancls. This peculiar assembly | propose to call a
"reflective open box"™ (ROB) to distinguish it from the original solar panel cooker (SPC).

Construction

Figure 2

Tomake an ROB. start with a rectangular, rather tall, cardboard box (sce below for dimensions).
On one of the broader sides. draw a horizontal line (BC) about two inches above the bottom
(figure 2) and cut the scams along AB (stop at B) and DC (stop at (). Fold down the {ront panel
ABCD using BC as a hinge. Stack a few rectangular picces of cardboard in the bottom of the box.

to radse the floor tevel up to the level of BC.

Figure 3

Cut and fold another piece of cardboard so that 1t can be inscrted into the box to form panels 1 and
2 in figure 3. The angle formed by these panels is adjustable at time of construction. Smaller
angles concentrate the sun more, but require more frequent adjustment to follow the sun. A good
compromise seems to be any angle between 60 and 90 degrees. Cover this piece with aluminum
foil and glue or staple it tn place. Apply aluminum fo1l to panels 3 and 4 as well.



Figure 4

The ROB shown in the photograph has the [ollowing over-all dimensions: Length: 46 cm (18"),
Width: 32 em (12.5™). and height: 42 cm (16.53"). These dimensions correspond to a reflective arca
of about 5.000 sq. ecm. (770 sq. in.} which proved sufficient to cook [or two persons.

A wooden prop can be used o adjust the front panel (figure 4). The single notch near pancl 4 1s
used 1o lock this pancl in a closed position for storage. Rocks can be placed i the triangular
chambers behind panels 1 and 2 to stabilize the cooker in the wind.

I summary. the ROB scems to be a more convenient and efticient design that could replace the
original SPC for regular home cooking. Of course, the latter equipped with an oven bag remains a
hetter design if a hght-weight. loldable cooker 1s needed.

Roger Bermard can be contacted ai

AL EDES
{niversing

de Lyvon

69 622 - Uitlearhbanne
France



The Nelpa Solar Panel Cooker

bv Roger Bernard

il the last issue of the Solar Cooker Review, Barbara Knudson was quoted as
flsaying. "Solar Cookers are more apt to be adopted when people are desperate. but
do we have to wait until the whole world is desperate belore we adopt this?" This
important question calls for another one: What could we do 1o make solar cookers
B norce convenient without making them too much more complicated? The Nelpa
mdsolar pancl cooker presented here grew out of an attempt to answer these
gquestions.

t might be useful to understand how this new panel cooker relates to my original
Solar Panel Cooker (SPC) and Solar Cockers International's (SCT) derivative, the
Cookit panel cooker. Figure one shows the SPC without its optional front panel. It
“consists of four pancls with a inverted clear glass salad bowl resting over the
cooking pot on the bottom horizontal panel. As SCI has shown, a plastic bag can be used in place
ol the glass bowl with very good results.

Now imaging that we turn the entire assembly upside down so that the bottom panel is
now on top (hence the name "Nelpa" which is a sort ol an inverted form ol "panel™).
As you can see, | have cut a hole in this panel, allowing the pot to be inserted from
above. I have placed a reflector below to bounce the light rays into the inverted panel
assembly,

Here are the main consequences of this design change:

Advantages

Since the pot lid is outside of the glazing, the food remains perfectly accessible o the cook
for tasting, scasoning, stirring, etc.

2. l'or the same reason. the stecam emitted by the heated food does not condense on the inside
ol the glass or plastic.

3. The salad bowl (or plastic bag) is mounted permanently in place. so there is no need for
cieaning or drying and little chance of damage.

4. The suns rays hit directly on the pot's sides and bottom which are in contact with the food.

This direet contact 1s more efficient than heating the pot 1id, which is often the case with
other designs.

T'he horizontal panel can be enlarged if necessary 1o act as a table for {food preparation.
Disadvantages

I, A fraction of the sunlight is lost by its having to reflect off the bottom panel to reach the
panel assembly. No surface is 100% reflective.

2. Some heat escapes [rom the un-insulated lid and along with steam that escapes from it.

5. The whele design is a bit more complicated and requires more frequent adjustment to
tollow the sun.

Figure T shows nine-year old Amélie cooking lentils with a Nelpa cooker. It is cquipped with a
three-mirror reflector whose wooden frame is attached to the front legs of the cooker by two bolts.
[t can be tifted accordimg to the altitude of the sun. It is balanced to remain in any chosen position.
The best angle between the central panet and the side panels depends on the diameter of the pot
and its distance from the central panel. This can be adjusted by sight by moving the side panels
until a rellection ol the pot is seen tn each one,



It may be noted that elfectivencess of this design declines as the sun rcaches 907 since the top panel
tends to shade the bottom reflector at high sun angles. This should not be too inconvenient since
in temperate latitudes the sun never reaches this height, while in the tropics cooking would
usually be completed in the morning before the sun gets too high. And of course cooking could
continue in the alternoon.

Alter cooking is linished the Nelpa can be collapsed by flipping up the reflector. His prototype,
built with fotled cardboard panels and mirrors, weighs six kilograms (about 13 1b.) and is not
much more cumbersome than a suitcasc.

[ summary. simple and cheap panel cookers like the SPC and the Cookit remain the best for
emergencies and mass diffusion, but people who can atford a more elaborate cooking device
might prefer the Nelpa for its convenience,

For further information contact Roger Bernard o address befow!

Rager Bermard

AL DTS
Université Lyvon 1L
[-.609622 - Villeurhanne
[France



The Sunstove Page 1 of 3

The Sunstove ©

Solar cookers are regarded by many as a potential solution to the fuelwood crisis in
rural areas - especially in Africa. Deforestation damages the environment - sometimes
irreversibly. It also implies that nearly every month more time must be spent than the
previous to collect sufficient fuelwood, and places an onerous burden especially on

women in rural areas®.

The Sunstove, which since 1992 is being manufactured
and developed in South Africal, is today the best solar
cooker worldwide in several key respects. This despite
the fact that it is by no means the most thermally
efficient solar cooker yet made’. Thermal efficiency in
itself has proved insufficient? for a solar cooker to be
acceptable and useful to the most important target
group of users - the rural and peri-urban poor. The
Sunstove excels in the following key respects:

Price

At less than R200 for a durable cooker capable of taking 3 pots at a time, it compares
very well with even the maferials cost ($80 - 100) of cookers manufactured in an
extensive program? in Central America. These materials had to be subsidized
100-300% to be affordable to the target market.

Robustness

The unit is the toughest that money can buy. On more than one occasion units were
lost from vehicles travelling at 120km/hour on a freeway. Some damage was visible, but
all units were still functional after such accidents. Falling from about a metre's height
onto a hard surface has little or no effect on the units. As solar cookers will also be used
in remote locations, this ruggedness is important.

User friendliness

In contrast to other solar cookers, where the orientation must be adjusted around 2 axes
4, the Sunstove is merely turned on its smooth flat base (around a vertical axis) towards
the sun. One need not even bend down to do this - a foot will do! Orienting towards
the sun is much less frequent - every 2-3 hours, as against every 20-30 minutes for
most other solar cookers?.

It is, furthermore, nearly impossible to burn food with the Sunstove, or to let it boil
over. This is because the thermal flux is much lower, and comes mainly from above
(also from the sides). Food is stirred only once, if at all. To cook a large pot of mieliepap
(maize porridge) - a staple® of rural Africa - requires 10-20 times less woman-hours
than on an electric or gas stove. Instead of stirring for 30-60 minutes®, a % minute
now suffices. Because the cooking process is slower, the end result is better®,

Water use

Because of the lower heat flux and minimal stirring, evaporization is minimal, and less
water is used (for mieliepap about one third as much, and none for fresh vegetables).
In arid rural areas, where water is carried over long distances®, this can be important. In
rural settings water-borne diseases such as cholera can take on epidemic proportions.
The Sunstove can readily pasteurise water and milk. User friendly pateurization
temperature indicators are being developed.

Wonder (Hay) Box

The 40mm fibre-glass thermal insulation of the Sunstove makes it suited to being used
as a “Wonder Box” - for example, to keep a large amount of food warm or hot iill an
hour or two after sunset. For this a twice folded blanket (4 layers) must be placed on the

http://www.up.ac.za/science/phys/Sunstove.htm 25-02-99



glazing of the Sunsfove. Food heated to cooking temperature will continue to cook food
after sunset or on rainy days in a Wonder Box.

Eye friendly

In contrast to some other solar cookers, the Sunstove is safe and indeed comfortable
for the eyes of the user. [t is a pleasure to use, and the light Sunstove (4 kg) is already
being used by potjiekos enthusiasts, caravaners and campers. With potjiekos one
must remember that the heat now comes mainly from above and the sides - not from
below. The arrangement of the food layers must therefore be modified accordingly.
Many families today cook their main meal, with a variety of dishes, in the Sunstfove.

Acceptability to the market

For any product this is the crucial test. Of the latest 2 models, about 8 000 have been
sold. Current sales (at above production cost) average about 200 per month.

Sunstoves have been sold to customers from 12 countries in Africa. At the Transvaal
Provincial Administration's Witvinger Nature Reserve, 6 different types of solar cookers
from various parts of the world were tested under practical conditions, and several types
were built. It was found that not a single model could compete with the Sunstove for
user acceptance.

Compact Transport / Storage

The Sunstove can be supplied with the translucent lid & hinge separate. (It is fixed by 5
screws). In this way 5-10 or more units can be stacked spoon-wise into one another for
compact transport and storage. Each unit weighs only 4kg.

History

Richard Wareham from Milwaukee, USA designed the Sunstove - in South Africa. The
excellent Solar Cooker Manual from Brace Research Institute (McGill Univ, Canada)
guided an ongoing quest for a more user friendly, rugged & affordable solar cooker.
Many models were designed & built using different materials and production processes.
Of some, a few hundred were made and marketed, plus 1 000 of a truncated conical
model in 1993. The experience so gained has each time been utilized to further improve
the design.

Mr Wareham also sponsored these prototypes, as well as the tooling cost of the current
South African model. These inverted truncated pyra mids (see diagram) were first
produced (end of 1993) by Sinclair Perry - who contributed his knowledge of production
technology to the highly successfut current design. Today final assembly & dispatch is
by Danie Jacobs in a suburb of Springs.

Acknowledgement

The companies Acrylic Products, Blomo, Owens Corning and CTP Webprinting supply
materials and components at low cost, thus contributing towards making the Sunstove
easily the most cost effective solar cooker available today. Roelf van Weele cuts the
thick aluminium base plates for the slightly faster model. The Sunstove is now entering
production in Calcutta, India - funded by Rotary International.

Technology Development

At the Department of Physics of the University of Pretoria we have been privileged to
further improve the Sunstfove - which is already the world's best. Aspects investigated
were aimed at:

improving the thermal performance / cost ratio;

making the unit even more user friendly;

making it suited to further applications - see "water use" above;
developing suitable black pots and other accessories.

L] L] Ll L]

Notes
1. The most thermally efficient solar cooker is of the vacuum tube type - which retails at
several thousand Deutschmark apiece. These units (& less expensive ones using silica
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aerogel transparent insulation and/or selective coatings) store heat and permit relatively
high temperature cooking even affer sunset. They cost 25 - 110 times as much as the
Sunstove. These and some other solar cookers can reach high er temperatures, and
boil a given amount of water in a shorter time.

2. See for example A A Eberhard, Technological Change and Rural Development: A
Case Study in Lesotho. Ph D Thesis, University of Edinburgh, 1982, And: Dissemination
of Solar Ovens in Lesotho: Problems and Lessons. p2754-2758, Proc 8th Solar World
Congress, Perth 1993. Pergamon.

3. D M Kammen & W F Lankford, Cooking in the Sunshine. Nature, 348 (385-8) 1990.

4. With the parabolic dish type, the entire unit must foliow the sun around 2 axes - about
every 20-30 minutes. With the box-type cooker with external mirrors the mirror tilt angle
needs frequent adjustment according to the height of the sun above the horizon. And
the entire unit must be turned on its base towards the sun every 30-80 minutes.

5. M Sc thesis, Cecile Thom (University of Cape Town, 1994): The application of
biogas technology in South Africa for small-scale energy production.

6. JA de Villiers (author & publisher), Cook and Enjoy It.

© Sunstove Qrganization,
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HOW TO MAKE A SOLAR COOKER
Mini Panel Cooker
<Materials>
Aluminum or steel beverage can (500ml)
Clear PET bottle (1.50r2 L)
Metal lid of glass jar that fits top of a can
Two paper clips or clothes pins
Aluminum tape or adhesive tape
Black Marker (non-xylene type if available)
Laminated aluminum sheet about 55cm X 70cm
(If one piece of aluminum sheet is not available, use cardboard and glue aluminum foil, or
connect several juice cartons.)

1. Cooking Pot: Cut off top of the can and paint outside and the bottom with black marker. Paint
outside of the metal lid of jar also.
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2. Insulator: Cut off top of the PET bottle at the level of 3 cm taller than the can.

3. Panel Cooker: Cut aluminum sheet as shown in the drawing. Connect cutout sides to the back
panel with tape. Insert corners of both sides into slits and pinch with paper clips.

http://plazal2.mbn.or.jp/~solarcooking/ehowto.htm 25-02-99
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4. Place cooking pot in the center of panel cooker and cover it with insulator. It will heat up faster
if you put a small cake rack or a few pieces of sticks under cooking pot and insulator.
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16:  Eco-Tech. Robert S. de Ropp. Dell Publishers. New York USA 1975.

Actually the direct focusing is not the most intelligent way to use
solar energy. A better way is fo use a heat storage device, which
can be sand or soil in a black metal box. By sinking the reflector
below ground level the cooker can be very neatly arranged to
cook food quietly and steadily without any danger of burning
the food.

Solar cookers can take three forms depending on whether
they use parabolic reflectors, plane reflectors or lenses. A cooker
using a parabolic reflector can be made from an army surplus
search light. In case you cannot get one of these the parabolic
mirror can be made, in segments, from aluminum sheet. A para-
bolic mirror with a diameter of 32 feet and a focal length of
18 inches will focus enough heat on the base of a Dutch oven to
cook almost anything, provided the mirror is adjusted from time
to time to compensate for the earth’s movement and the altered
angle of the sun. It is possible also to build a parabolic mirror in
the form of a trough about 4% X 9 feet. The formula of curvature
of such a mirror is y? = 120x.

Simpler to make is a plane reflector cooker of the type devel-
oped by Dr. Maria Telkes. It involves eight flat sheets of polished
copper or aluminum mounted on a hinged frame at such an angle
that the sun’s rays are directed onto an oven in the center of the
array. The oven should be black to absorb the heat. With this
device oven temperatures of 400° F can be attained (fig. 14).

A still simpler arrangement is to heat a fire pot by means of
a Fresnel lens. These flat plastic lenses can be obtained from Ed-
mund Scientific Co., 150 Edscorp Building, Barrington, N.J. 08007.
The 19V X 24%-inch lens can be arranged to throw solar heat
on an insulated fire pit of sand or onto an insulated oven. If the
lens is adjusted to focus more sharply it can be used as a solar
furnace.
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Above: Tom Burns’ huge “Villager” oven next to a more traditionally
sized “Sun Oven.”




Feed A Village

There is also a larger, mobile versmn of the Sun Oven.
This unit will bake 50 loaves of bread at a time, making
it ideal for use in villages, refugee camps and sehools
‘The Villager weighs about 700 pounds and tooks like a
- huge satellite dish. It can also purify hundreds of gal-~
lons of water or sterilize a small hospi-
tal’s supply of medical instruments.
Temperatures inside the oven can reach
up to 400 degrees Fin about 10 to 15
minutes.
Burns worked: closely with Sandia s

~ Solar Thermal Design Assistance Center . *

for testing and design refinement. So far .
the Sun Overi has heen exported to over .
100 countries. The oven was used at a base -
camp 17,600 feet up Mount Everest and by
~military personnel during the 1991 Persian -

Guilf War. The company’s first facility was in |
Wisconsin and they have now built an additional

factory in Jamaica to be: closer to Canbbean and
Latin America markets.
' % 63-356 Villager Sun Oven $8,665
- {Please cal] or write for specifications and addl-
tional shipping charges.) o

~ Solar Cooking From
Wzsconsm To Jamaica

- When. Tom Bums reured from 35 years as
a restaurateur, he combined his crealivity

- with his humanitarian leanings and devel-
oped a way to harness the sun’s energy. for -

cooking and boiling water. His lightweight -

-and portable Sun Oven provided the perfect |

answer to several problems in deuelopmg

-nations: sparse fuel supplies, poor sanitq-
“tion, and lack of technical experuse '

“Through no fault of his own,” says Tom,
“the citizen of the developing world has a

- very short-term view of things—getting
through the day, somehow. He ravages the.
landscape in his endless quest for fuel, cut-

ting down trees indiscriminately, creating
deserts where once forests reigned. This:

o brmgs about erosion as. wind and rain -

remove the topsoil, and the cycle of depriva-

tion begins. No crops, ro fuel, endless
migration to open up new areas, then actual
chmatac change and even starvat.zon‘ ”




18:  Solar Cooking Manual. Brace Research Institute. Quebec Canada 1982/1997.

SOLAR COOKER MANUAL - Brace Research Institute — 1982

Type

Features

Status

Description

SOLAR OVEN - TELKES TRIANGULAR MODEL

Designed especially for equatorial latitudes with the window
tilted at 30° from the horizontal. Highly polished aluminum
sheet or foil is used for the reflective surfaces. A bhlack
absorber plate immediately behind the glazing absorbs selar
radiation and distributes heat to the other interior walls of
the oven, and thence to the cooking pot, by conduction and
radiation.

Many prototype and operational field ovens of this type have been
built by a variety of researchers and other users since the design
was first described by Dr. Maria Telkes in the early 1950's.

The triangular oven's main features are given in the following sketc
The inner oven liner is made of sheet metal with all seams

well attached by riviting or double bending to provide good heat
transfer. This inner liner is in good thermal contact with the
black painted absorber plate which is immediately behind the

glass window. The external covering is made of thin sheet metal
or other suitable material, such as thin wood, plywocd or even
waterproofed cardbocard. The space between these coverings is
filled with an insulating material (glass wool, etc) capable of
withstanding temperatures up to 300 °C. The window can be double
or triple glazed (although double glazing is sufficient), and the
reflector surfaces are of highly reflective sheet aluminum. Glass
mirrors are too heavy and require additional framing which can
increase costs. More recently developed aluminized film plastic
sheets, appropriately supperted, can be used as the reflective
surfaces. Four plane mirrors are mounted at 30° from the normal
te the window.

A plug-type door permitting entry to the cooking chamber is
located in the back wall of the oven. The inner side of this
door is lipned with reflecting material while the remainder of

the oven inner liner can be any colour since colour has no effect
on radiation emission in the long infra-red.

The oven is made with a cooking space sufficient for the needs
of a family, with a "window'" area of approximately 0.2 square
metres. The entire oven is portable and weighs 7 te 10 kg.
The window of the oven must always face the sun. As the sun
altitude changes throughout the day, the solar oven must be
tilted accordingly. Suitable legs or spacers can be used to
tilt it.



Performance

Advantages

Disadvantages

On clear days, cooking time is reported to be approximately the
same as with conventional cooking fires or with kerosene or gas
burners. On hazy or partly cloudy days, the cooking time is
considerably longer. On clear days oven interior temperatures
of 210 °C are common.

Can bake, recast and boil foods.

Does not require exact focussing and orientation.

Can be used to cock even in relatively cold, sunny weather.
Two or three pots of food can be cocked at the same tinme,
depending on the size of oven built.

Food can be kept warm for a short time after sunset.

"Easy to use.

Materials for construction are not always easily available.

Costs are somewhat higher than for hot-boxes.

Cooking has to be done outdoors.

The oven has to be frequently oriented and tilted toward the sun.
If the tilt is more than 20°, food placed in a large container
may spill. This limits the Triangular oven's usefulness to
petricds of the day when the tilt will not be excessive.

Unstable in windy weather.



Costs

Materials of
Construction

Dimensions

Location

No costs are given.

Glass, sheet metal, insulation, reflecting sheet aluminum or
other suitable mirror surface, flat black paint.

0.8 mx 0.8 mx 0.8 m with mirrors extended.
be built.

Larger ovens can

Originally developed at New York University, New York, N.Y., U.S.A.
Many experimenters throughout the world have subsequently built
and operated similar solar ovens.

Climatological

Reguirements

Practieal
Operation

Cooking
Intormation

Operating
Conditions

Rstimated
Life

Comments on
the Cooker

The Triangular Solar Oven uses both direct and diffuse solar
radiation. The "window" permits the entry of diffuse or sky
radiation and direct radiation from the sun, in addition to
reflected direct radiaticn from the mirror surfaces. Diffuse
radiation is scattered by the mirror so only a fraction of this
is reflected to the black absorber plate.

Clear, cloudless days permit best cooking performance, however,
cooking can be undertaken at a slower rate on hazy and partly
cloudy days.

There is no infermation available on how many of these units have
been constructed, nor 1is there any information on the longevity
and usefulness of the ovens as substitute cooking systems.

Ne specific information is given. However, some indication can be
obtained from another Telkes oven — the "Cylindrical OQOven'".

The 'windew'" of the solar oven should always face the sun. As the
altitude and crientation of the sun change continuously during

the day, the solar oven must be tilted and re-oriented
accordingly. Care must be taken not to tilt the oven too far

(in excess of 20° to 30°), since food in larger pots may spill
out. Changes in tilt and orientation will be necessary every

% to 1 hour. Telkes reports that stirring of food is
unnecessary since the surfaces of the food pot are heated
uniformly and can never reach high enough temperatures to
produce scorching. This may or may not be true. It is possible
that certain types of food may not require stirring. On the
other hand, thick stews and milk products require regular
stirring, often at lower temperatures than those obtained in a
solar oven, in order to obtain better heat transfer and distribution
throughout the cooking material.

5 to 10 years with proper maintenance and cleaning of mirrors.

The Triangular oven is the simplest to fabricate of the three
Telkes ovens described in this survey. However, its major
drawback is its inability to track the sun at high solar
altitudes due to excessive tilting of the oven and thus spillage



of food. Triangular ovens can be designed with higher solar
altitudes in mind. However, these will be relatively less
effective at lower solar altitudes.

These ovens are difficult to use in windy conditions because
the large, light mirrer surfaces catch the wind and make the
ovens very unstable.

References Telkes, Maria, Solar Stoves. Trans. cof the Conference on the
Use of Solar Energy, Vol. 3, Part 2, pp. 87-98,
Tucsan, Arizoma, 1955.

Telkes, Maria, The Solar Cooking Oven, New York University College
of Engineering Research Division, New York, Jan. 1958.

F.A.0. Report on Tests Conducted Using the Telkes Solar Ovens
and the Wisconsin Sclar Stove over the period July to
September, 1959, E/conf. 35/5/116, U.N. Conference on
New Sources of Energy, Rome, 1961.

Contact Maria Telkes
Pecople Director of Solar Thermal Storage Development

American Technology University
P.0. Box 1416
Killeen, Texas 76541 U.S.A.

Unfortunately Maria Telkes, a great ploneer in Solar Cooking
Technology, has passed away.



Type SOLAR OVEN - TELKES POT STOVE MODEL

Features Designed to permit cooking from the top. Inner surface of oven
is reflective. The cocking pot is pivot mounted inside the
oven so that any tilt of the oven from horizontal through
vertical, to follow the sun, will have no effect on the
horizontal position of the cooking pot.

Status Several prototype and operational field ovens cof this type have
been built by a variety of researchers and other users since the
design was first published by Dr. Maria Telkes in the early 1950's,

Description The Pot Stove has been designed so that the pot is pivoted inside
the oven in specially designed pot heolders and platforms, and can
swing over an angle of at least 60°. The interior of the oven is
lined with reflecting surfaces which are peositioned so that they
reflect the maximum solar radiation on to the cocking pot., The
external covering for the oven is any suitable material such as
thin sheet metal, wood, plywood or waterproof cardboard. The
space between the inner and outer liners is filled with an
insulating material capable of withstanding temperatures up to
300 °C. The window is usually double glazed and the reflector
surfaces are of highly poclished sheet aluminum or well protected
and supported aluminized film plastic sheets. Four plane
mirrors are mounted at 30° from the normal to the window and
triangular mirror sections can be inserted in the gaps left when
the four larger mirror sections are installed in operating
position.

The plug-type door above the cooking pot is well insulated, fits
very tightly inte the opening and is made to 1ift easily to
permit access to the pot.

The oven is generally suitable for one larger cooking pot. The
window area is approximately 0.2 square metres and the oven is
portable, weighing just slightly more than the Triangular oven.

The surface of the cocking pot must be covered with a dull black
coating to absorb solar radiationm.

The Pot Stove is mounted on a stand which can be low for those
who prefer to cook in a squatting position, or it can be high
for those who prefer sitting or standing while cooking. The
stove can be tilted to follow the sun's position in the sky.
The appropriate tilt is maintained by a peg attached to one of
the stove legs. The peg fits through the leg and into one of
a series of holes appropriately drilled into the side of the
outer surface of the oven.



Performance

Advantages

Disadvantages

On clear days, cooking time is approximately the same as with
conventional cooking fires or with kerosene or gas burners. On
hazy or partly cloudy days, the cooking time is considerably
longer. On clear days, oven interior temperatures of 210 °C
are easily obtained.

Can bake, roast and boil foods.

Does not require exact focussing and orientation.

Can be used to cook even in relatively cold, sunny weather.
Permits cooking from the top - i.e. stirring of food can take
place while the pot is still in the oven.

The stove is mounted to permit easy focusing adjustments.
Food can be kept warm for a short time after sunset.

Easy to use,

‘Somewhat more costly than Triangular stove due to increased size

of the oven.

Generally suitable for cooking only one pot of food at a time.
Cooking has to be done cutdoors.

Spilling of food may result in the deposition of food on the
internal reflector surfaces.

The oven has to be periodically oriented and tilted toward the
sun.

Materials for comstruction are not always easily available.

. Unstable in windy weather,



Costs No costs are given.

Materials of 6Glass, sheet metal, insulation, reflecting sheet aluminum or
Construction other suitable mirror surface, flat black paint.

Dimensions 1.0 m x 0.9 m x 0.8 m with mirrors extended.

Location Originally developed at New York University, New York, N.Y., U.S.A.
Many experimenters throughout the world have subsequently built
and operated similar ovens.

Climatological

Requirements The Pot Stove uses both direct and diffuse sclar radiation. For
further information see Climatological Data for the Telkes
Triangular Model.

Clear, cloudless days permit best cooking performance , however,
cooking can be undertaken at a slower rate on hazy and partly
cloudy days.

Practical There is no information available on how many of these units have
Operation been constructed, nor is there any information on the longevity

and usefulness of the ovens as substitute cooking systems.

Cooking No specific information is given. However, some indication can

Information be obtained from another Telkes oven - the "Cylindrical Oven".
The contents of the cooking pot became heated somewhat more
rapidly than in the Triangular oven, because heat is delivered
directly, by reflected radiation, to the pot.

Operating The windows of the Pot Stove should always face the sun. As
Conditions the altitude and oriemtation of the sun change continuously
during the day, the solar oven must be tilted and re-oriented
accordingly. Re-orientation is a simple matter of adjusting
the position of the legs of the oven to permit the window to
face the sun. Tilting is likewise a simple matter. The tilting
peg is removed, the oven tilted until the window is perpendicular
to the sun's rays, and the peg is re-inserted to lock the oven
in position. The oven orientation and tilt have to be adjusted
about every one half to one hour.

For comments on stirring, see the Telkes Triangular Model.

Estimated 5 to 10 years with proper maintenance and cleaning of interior

Life . reflective surfaces. 1If spillage of food occurs often on the
reflective surfaces inside the oven, the effect of the dirt and
the action of cleaning it off will gradually reduce the
reflectivity of the reflector surface. This may decrease the
useful life of the oven to much less than 5 years.

Comments on The requirement for top coocking made it necessary to increase
the Cooker the volume of the oven, in order to place the pot under a
suitably located door. This increased volume leads to increased



References

Type

Features

Status

Description

heat losses from the oven walls as compared with the Triangular
oven, and increased materials and fabrication costs,

These ovens are unstable in winds due to the large area of
extended mirror surfaces,

Food in this oven can be stirred at any time since heat transfer
to the pot is by reflected radiation to all sides and bottom of
the pot and very little of the heat transfer is due to convection
of hot air within the oven. Water or food can be boiled briskly
and the boiling continued, even if the oven cover and pot 1lid are
removed for a short time.

See "Solar Oven - Telkes Triangular Model", page 51.

SOLAR OVEN - TELKES CYLINDRICAL OVEN

The inner surface of the oven is reflective. The cooking pot is
in a fixed horizontal position, attached to the oven's supporting
legs. The shell of the oven can be rotated to virtually any
positien, tilting the window from vertical to horizontal, to
follow the sun.

Several prototype and operational field ovens of this type

have been built by a variety of researchers and other users since
the design was first published by Dr. Maria Telkes in the early
1950's.

Several varieties to this model have been built. The unit
described here makes use of a black painted stationery cooking
platform inside the rotatable oven sheil. The cooking platform
is attached through the outer shell, to the oven's support legs
and the oven shell can be rotated into any position relative to
these legs, tilting the window from vertical to horizontal.

The interior of the oven is lined with reflecting surfaces to
direct solar radiation to the cooking pot. The external
covering for the oven is any suitable weatherproof material such
as thin sheet metal, wood, plywood or waterproof cardboard. The
space between the inner and outer liner is filled with an
insulating material capable of withstanding temperatures up to
300°C. The window is double glazed and the reflector panels are
of highly polished aluminum sheet or well protected and supported
aluminized film plastic sheets. Four plane rectangular mirrors
and four triangular mirrors are mounted at 30° to the normal to
the window.

A plug-type door is mounted in the back wall of the oven. This
door is well insulated and tight fitting.

The oven can be long in the axial direction and thus can be
suitable for several cooking pots. The window area is
approximately 0.2 square metres and the oven is portable,weighing
less than the other ovens of the same window area.

The surface of the cooking pot must be coated with a flat blaclk
coating to absorb solar radiation.



Performance

Advantages

On clear davs, cooking time is approximately the same as with
conventional cocking fires or with kerosene or gas burners. On
hazy or partly cloudy days, the cooking time is consjiderably
larger. Clear day oven interior temperatures of 22000 are
readily obtainable. According to Hoda (1977), the cooking time
for a pot of rice in the summer is 45 minutes, and in the winter
is 90 minutes.

Can bake,roast and beil foods
Does not require exact focusing and orientation

Can be used to cook even in relatively cold, sunny weather

Two or three pots of food can be cooked at the same time,
depending on the size of oven built.

Some heat can be stored, mostly in the heated food and water,

- thus permitting the preparation of food in partly cloudy

weather.
Food can be kept warm for a short time after sunset.
Is very simple tc orient toward the sun.

Lowest materials cost of the three Telkes ovens described herein.

. Easy tec use.



Disadvantapes

Costs

Materials of
Construction

Dimensions

Location

Climatological
Requirements

Practical
Operation

Cooking
Information

Operating
Conditions

Estimated
Life

. Materials for construction are not always easily available.
. Cooking has to be done outdoors.

. The oven has te¢ be periodically oriented and tilted toward
the sun.

Spilling eof food may result in the deposition of food on the
interior reflector surfaces.

. Unstable in windy weather.
Rs 400/~ or $60.00 U.S. according to Hoda, 1977.

Glass, sheet metal, insulation, reflecting sheet or other
suitable mirror surface, flat black paint.

0.9m X 0.9m X 0.8m with mirrors extended.

Originally developed at New York University, New York,N.Y.,U.S.A,
Many experimenters throughout the world have subsequently built
and operated similar ovens.

See Telkes Triangular Stove

There is no information available on how many of these units
have been constructed, nor is there any information on the
longevity and usefulness of the ovens as substitute cooking
systems.

Foods that have been successfully cooked in this oven
include the following:

Boiled Foods - Scups, meat or fish stews, rice, macaroni, fresh

and dried vegetables, jams and fruit preserves.
Cooked with very little added water, vegetables
were excellent in taste, texture and colour.
Baked Foods: Breads cf all types, rolls and cakes.
Roasts: Chicken, meat lcaf, pot roast, veal, pork and

roast beef.

Special foods cooked included oriental dishes and Navajo
Indian dishes.

Operation is similar to the Telkes Pot Stove, the major
difference being that the tilt is adjustable through a greater
range of window slopes, from horizontal to vertical.

Five to ten years with proper maintenance and cleaning of
interior reflective surfaces. If food often spills on the
interior reflective surfaces, even though the dirt is cleaned
off, the reflectivity of these surfaces will decline. This
may decrease the useful life of the oven to much less than
five vears.



Comments on
the Cooker

Reference

Contact

These ovens are unstable in windy weather due to the
lightness of the oven and the large area of extended
mirror surfaces.

Of the three Telkes ovens described here, the Cylindrical
oven is the least expensive from a materials point of view.
It has the least heat loss area, thus it should be
expected to give the quickest cooking results.

Solar Oven — Telkes Triangular Model and Solar Cookers and
Water Heaters by Nigel Florida, Appropriate Technology
Series, Bardoli, India, 1974,

Sclar Cooker by M.M.Hoda, Appropriate Technology,
Vol.4, No.2.

Maria Telkes

Director of Solar Thermal Storage Development
American Technelogy University,

P.0.Box 1416

Killeen, Texas, U.S.A.

763541

Sri Arvind Pandya
4/A Orient Apartment
Somanath Road,
Usmanpuru,
Ahmedabad, 380 013
India




Type

Features

Status

Description

HOT BOX - WITH REFLECTOR MIRROR AND LIGHT BULB ASSIST

Essentially a modification of single reflector hot box, carried
out by M.M. Hoda, Director of Appropriate Technology Development
Association, Lucknow, India. When there is no sun, the cooker
is connected to the electrical mains, which lights up two

100 Watt 1light bulbs. An insulating sheet is placed

underneath the glass cover and the mirror 1id is closed.

Four prototypes have been built and are being tested in
Lucknow in Hoda's house and the ATDA office, and are showing
remarkable results.

The light bulb golar cooker is a wooden box filled with
fibre glass insulation material and an aluminum tray painted
black inside, which holds four cooking pots of one litre
capacity each. Twe 100 Watt bulbs are fitted on two sides.
This box is closed on the top with a wooden frame fitted with
two glass sheets in parallel at a distance of £". Underneath
the glass sheet 1lid one removable asbestos sheet is provided,
which is removed when the cooker is used with the sun. On
the top a mirror is fitted which can be inclined at any angle
my means of a travelling guide and a wing nut (see figure below).
Under sunny conditions, this cooker is similar to the

hot box with single reflector. At night or on cloudy days,
the cooker is connected to electricity. An asbestos sheet is
placed under the glass sheet and the 1lid closed.




Performance

Advantages

Disadvantages

Costs

Materials of
Construction

Dimensions

Location

Cooking is slow, but needs little attention. Some foods can

be coocked in less than 2 hours using the light bulbs only, using
an electricity consumption of 400 Watt-hours. Unlike conventional
solar cookers, it gives reproducible results because of a

constant supply of 200 Watts of energy. This cooker can also

be used for measuring energy required to cook various types

of food.

Four dishes can be cooked at one time. The maximum temperature
atrained in the cookers without food,using two 100 Watt bulbs,
was 135 °C. The temperature attained using solar heat varied
but on a bright sunny day it attained 140 °C, and with food
material, up to 120 °C.

No attention needed when cooking

Can be used with sun, as well as electricity when the sun is
not shining

No need to track the sun

Easy to operate and maintain

Can be used for purposes other than ceooking, e.g. drying
fruits and vegetables, heating water

Can be built with readily available materials

Cannot fry food or cook chapatis, a local unleavened bread

Heavy, it cannot be moved by women

Risk of breaking of glass
At 1982 prices, $60 ( U.S. ), with bulb and wire, plug attachment.
Wood, glass, aluminum sheet, aluminum pots, glass wool insulation,
wirror, paint, rubber packing, handle, hinges, castor wheels,
electric bulbs,electrical wires, socket, plug.

0.8 m x 0.8 mx 0.5m

Lucknow, India

Climatological Sun cooker requires direct sunlight.

Requirements

Cloudy weather will limit the temperature.

Cooking
Information

Comments on
the Cocker

The author indicates that many varieties of Indian foods were
cooked successfully in 4 prototypes, in sun as well as with
electric bulbs.

This cooker can be used as a solar cocker when the sun shines and

as an electrically heated insulated hay box when the sun
disappears behind clouds or in the evenings and early

mornings. The heat generated by the light bulbs is low intensity,
thus cooking will be slow when the light bulbs are on. The
electrical parts of this cooker make its application suitable

only to areas with electricity. Notwithstanding this limitation,
this cooker is very ianteresting in that it 1llustrates the thought
that is being given to multiple energy-source cooking systems.



Comments on

the Coocker

(contd)
Estimated
Life

Reference

Contact

The adaptation to electricity is simple enough, however,
potential users should be aware that in many developing
country situations, village electricity systems are designed
for household capacities of less than 200 Watts.

15 to 20 years. Glass may break but can be easily
replaced.

Hoda, M.M., Bulb and Solar Cooker, Proceedings of Energex 82
Conference at Regina, Canada, 1982.

M.M. Hoda
Director, Appropriate Technology Development Association

Lucknow 226001, India



Solar Cooking

Indigenous
Materials
Solar Cooker
Contest

Kathleen Jarschke-Schultze
and Therese Peffer

he sun shines on the

rich and poor, hungry

and well-fed alike. In the
United States, a growing
number use the sun’s energy
to cook food, with solar
cookers built from scrap and
low cost materials, such as
cardboard, foil, and glass.
What are some low cost or scrap
materials in other countries that could be
used to make solar cookers? In Home
Power issue #28, we asked readers to
design and build a solar cooker using
materials readily available in a
developing country of their choice.

We received numerous phone calls; eight entries made
their way to HP Central. Alan Nichols sent his design for a
tracking solar cooker. Another reader sent a sample of
fiber cement that could be formed into walls for a cooker.
Philip Hodes’ simple waterproof cooker required a plastic
milk crate, plastic mirrors for reflectors, and foil-backed
foam for insulation.

We chose four cooker designs to build for the cookoff
Saturday at the Solar Energy Expo and Rally 1992 in
Willits, California. The four finalists were chosen based on
their use of simple, “low tech” materials and included a
bamboo-type box cooker, a hole-in-the-ground model, a
parabolic design, and a foldable cooker.

Above: The solar cooker cookoff at SEER ‘92. Front left is

Maria Gonzalez’s portable cooker, front right is Jay
Campbell’s “hole-in-the-ground” cooker, center is Lu
Yoder’s parabolic cooker, and further back is Michael

Diogo’s carrizo- mud-and-tin can box cooker.
Photo by Therese Peffer

Judgment Day
We built the four finalists’ models from their

instructions.The top four designs were judged on validity
of materials, ease of assembly, clear instructions,
ruggedness, beauty of design, and ability to cook food.
Each cooker held a yam, and equal amounts of black
beans and brown rice cooked in black painted jars. The
cookers were placed in the sun at 10:30 am and adjusted
throughout the day until 3:00 pm.

Our four judges were Paul Mellersh, Board of Directors
SBCI; Johnny Weiss and Felicia Trevor of Solar
Technology Institute; and Kathleen Jarschke-Schultze. C.
Jay Campbell’s hole-in-the-ground design took 1st place,
winning a Solarex MSX-60 solar panel. Michael Diogo
placed 2nd with his carrizo cooker, winning a PowerStar
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200 inverter. Maria Gonzalez’'s
foldable design won 3rd place, and
Lu Yoders frustum-based model
placed 4th; they chose either an
Osram compact fluorescent light or
a Kyocera Jetski PV module as
their prize.

The Top Four

Jay Campbell’'s design, targeted
for Guatemala, was beautifully
simple. His cooker required a hole
in the ground insulated with
newspaper, and a conical reflector
to concentrate the sun’s rays onto
the black plastic pan holding the
cooking pot. Jay used a junked
car's side window for glazing and
fashioned reflectors from
cardboard and aluminum foil. Jay’s
design scored high on all criteria;
the lowest scores were for
ruggedness, because of the
cardboard. We couldn’t dig a hole

at SEER, so we used a cardboard
box filled with newspaper. Judges’

Above: Jay Campbell’s cooker won first place. photo by Jay Campbell

Below: The weather-proof carrizo cooker from Michael Diogo took second place.
Photo by Michael Diogo

comments, “Good instructions,
could be totally pictorial, maintained heat well.” Overall
score: 258.5

Michael Diogo, from Baja California, Mexico, scored high
in material use, ruggedness and clear instructions with his
box cooker built from carrizo (a native plant similar to
bamboo). He wired lengths of carrizo to make the walls
and floor of the interior and exterior box. Dried grass was
stuffed between the boxes for insulation. The interior box
was daubed with mud and black magnetic sand was
poured on the bottom. Michael removed the bottoms of
over 100 bottles before finally succumbing to sheet glass
for glazing. For reflectors, he cut open rectangular tin
cans and banged them flat. Michael wrote that two years
ago, 300 cardboard and foil cookers were donated to the
Baja natives, but not one is left today. “No time was spent
training the people to use the oven and adapt it to the
traditional methods of preparing foods.” He mentioned
that the little huts people live in are “made of cardboard
and plastic wrap, leak like sieves and there is no room
inside for a solar oven to take up precious space.” Michael
designed his cooker with native materials to survive
outdoors. Building the cooker was labor intensive. Judges’
comments, “Very imaginative and elegant in design.”
Overall score: 202.5
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Top: Maria Gonzalez's foldable cooker placed third.
Photo by Maria Gonzalez

Maria Gonzales’ triangular cooker uses velcro straps so it
unfolds flat for travel or storage. She uses cardboard for
the interior and exterior boxes, and adds foil and glass to
the interior box which holds the cooking pot. The
insulation between the boxes can be a blanket,
newspapers, or whatever is on hand. Maria’s cooker
consistently scored high on ruggedness and beauty of
design. Judge’s comments, “Great idea, may need to be
tited back in countries close to the equator. Clean
design.” Overall score: 185.5

Lu Yoder wrote that since he’d never been to a
developing country, his Liberation Technology: “no weld”
solar cooker design was made from materials readily
scavenged from an Albuquerque, New Mexico barrio.
Tools were bartered or bought at the local flea market. He
used three frustums, or cone reflectors, to approximate a

Below: Lu Yoder’s parabolic cooker came in fourth place.
Photo by Lu Yoder

parabola. A metal conduit frame supports the aluminum
foil and cardboard reflectors. Lu wrote that there are rich
and poor in all countries of the world. “The poor in both
countries stand to benefit very much from technology
which partly frees them from the toil of gathering fuel and
destroying their own ecosystems....” He pointed out that
the world’s resources would be most affected if we
changed our cooking habits in the U.S. “Solar cookers
made from secondary and low cost materials have the
potential to help people in all parts of the world struggle
for economic justice.” While scoring high on most criteria,
Lu's design scored low on ease of assembly and clear
instructions. Judges’ comments, “Attained highest
temperature, instructions hard to understand.” Overall
score: 161

The Winning Design

As promised, here are the plans of the winning design by
Jay Campbell. Jay has travelled extensively to
Guatemala. “On my recent visits, however, | have
become very disturbed by the ever rising tree line around
the cities. The hills are literally bald up to a certain
altitude. As heating is only an issue in the highlands,
much of the tree loss is due to cooking.

“Guatemala has a pleasant, springlike climate year
round....Even during the rainy season, the sun shines
most of the day, with about 3 hours of cloud cover. This
pattern is typical throughout the interior of Mexico and
Central America.

“Guatemala has a well developed plastics manufacturing
sector. All types of plastic containers, bags, toys and
household items are available at low prices in the many
village markets. One of the most ubiquitous items is
known as a PALANGANA (pronounced just like it looks,
accent on the PA). It resembles a common oil change pan
here, but is far more than that. Bathing, food preparation,
laundry, storage, and coffee picking are typical uses. Two
small ones suspended from either end of a stick forms the
standard market scale. They come in a variety of sizes,
cost from $0.50 to $2.50 U.S., and are used in every
household. The palangana is truly an indigenous part of
Guatemalan life.

“Construction time for the prototype was 6 hours. Total
cost as built was $2.75. Maximum temperature witnessed
was 150°C (300°F), but the temperature was still climbing
at this point. Time to bring 1 liter of 20°C water to a full
boil was 61 minutes. As designed, there is a maximum
4:1 ratio concentration of incoming radiation. When
pointed at the sun, this would provide over 1000 BTU's
per hour. Based on the boil test, about a third of that
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actually gets into the food. In actual use, 1 1/2
liters of black beans (the staple food in
Guatemala) cook nicely when left unattended
for the workday.

Rationale

“The heart of this cooker is a black palangana.
The oil drain pan | bought in the U.S. is a little
thinner and shallower than standard, but worked
well with a cardboard heat shield in the bottom.
In country, I would use a larger version to
increase the volume. The glass used is from the
side window on a junked car, another common
item in the country. Standard window glass
would work fine, but would probably cost more.
All other materials—cardboard, foil, glue, string,
and newspapers—are readily available in any
population center in the country, for a low total
cost. There is no hardware required, as the
glass slides in and out of the cardboard frame
like a drawer.

“The conical reflector captures just as much
energy as the same sized parabolic reflector.
The difference is that where the cone reflects all
light into a relatively wide area, the parabola
reflects it all into a single point. For food
preparation, the wider area is preferable. An
inclined base is used to correct for both latitude
and seasonal changes. For anywhere out of the
equatorial region (x10°), the tilting spacer is
worth the effort. It can double the amount of
incident radiation, and allows for tracking the
sun. The tilt angle in the photo on the next page
(22°) was built for my latitude (34° N), and
should work well in Willits in August. For use in
Guatemala, the tilt angle should be needed only
during October—March, and would be 26°.

“Geometrically, a circle is the most efficient
shape for a container, having the maximum
possible area inside for a given amount of
perimeter. What this means for cooker designs
is that a maximum of sunlight will enter the oven
while a minimum of heat will be lost through the
sides. Also, the circular reflector is a good
concentrator—by doubling the diameter, the
energy input is quadrupled. The circular
geometry maximizes the energy input for a
given quantity of materials.

“I must justify the use of ‘high tech’ foil. It is
widely available, and used in such small

Solar Cooking

guantity that a single roll can make 9-10 reflectors. Split open
aluminum cans (also widely available) worked about as well, but
are very labor intensive to prepare. They are available for free,
however. The stated goal of this contest is to use local materials.
For Guatemala, foil is such an item.

“Another feature is the outer box—ijust a hole in the ground. Some
siting considerations must be made (shading, local elevation,
drainage), but no more than for other types of solar cookers. The
main advantage is that almost anybody can afford a hole in the
ground. A lining would be recommended for long term use, but is
not essential. Tightly crumpled newspaper provides the insulation
between the palangana and the ground. Newspaper may not be the
best insulator, but by making the hole a little bigger and adding
more paper, it can have a competitive R value with any insulated
box.

Materials and Tools

Materials include: a palangana or shallow plastic pan, cardboard,
foil, glue, string, glass, and newspapers. Tools: Sharp stout knife,
sharp stick, straight edge, pencil, shovel, and instructions.

Construction

“Obtain palangana and a piece of glass which will completely cover
it.... | recommend an 18-24 inch diameter pan for sufficient volume.
Directions are given based on whatever sized parts you can
acquire.

Cone

“Get a large piece of cardboard, or make one out of several smaller
pieces. Lay out a [string] as long as 4 diameters of the tub. See
Figure 1. Draw an arc from the center of the line, connecting the
two ends, and cut out. Lay out a similar arc [1 diameter smaller],
and cut it.

Figure 2

Figure 1

“Cut (score) the surface layer of the arc as shown in Figure 2 so
that it can be rolled into a faceted cone. On the same side, score
an arc near the two edges, and push a string into this cut. By
pulling the strings tight, the cone will cinch up like a barrel. Paste
foil completely over the unscored side and edges, and trim off

excess.
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“Now pull up the strings and tie them
off. Cut a ring to fit around the small
end of the cone, as shown in Figure 3.
Glue this in place. Punch 8 small holes
spaced evenly around the ring. The
_ cone is now done. This simple
Figure 3 geometric layout produces a perfect
60° cone for any sized palangana,
which will give a 4:1 concentration of incoming radiation. A 60°
cone is not the optimal angle, but is close. Due to its simple
pattern, however, it cries out to be used for this application.

Tilt Angle

“Lay out another line 4 diameters long. Cut and fold the pattern
shown below, then glue into a square (a little tab helps). The tilt
angle should optimally be the latitude of the site, for year round
use. Two different ones could be used to improve the efficiency,
one for March 21-September 20 (Latitude minus 12°) and one
for September 21-March 20 (Latitude plus 12°). Punch 2 small
holes at the bottom of each side, as shown below.

“Turn the cone upside down and set the angle on top. Thread a
string through the holes in both the cone and the base to tie

Tilt angle

A

Tilt angleé

Diameter of pan

Figure 4

Above: The tilt angle installed on the cone. photo by Jay Campbell

them firmly together
(see Figure 5).

Frame

“[This is] a drawer
slide. The glass will
go in and out one
edge, and seal on
the top, bottom, and
other edges. It must Figure 5

be made for a

specific piece of

glass in order to seal well. In a large piece of
cardboard, cut a hole to the size of the palangana
body. The [pan] should fit completely inside, with
the lip seated well on the cardboard. See Figure 6.
Stack up cardboard to be slightly above the lip. Set
the glass on top of this buildup, centered over the
palangana. Cut strips of cardboard to outline the
glass. Cut a final piece to cover the whole stack.
Cut a round hole the size of the palangana in the
top piece. Once all pieces have been dry fit, glue
them together as assembled. The glass should
slide freely, but should not be loose. Use one of
the cutout holes as a heat shield at the bottom of
the palangana. This will help diffuse the
concentrated energy which could damage the
plastic. Also, the piece just below the glass can be
made to any thickness, making the cooking volume
larger.

-

Figure 6
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Assembly

“Dig a round hole, about 10 inches
larger in diameter than the palangana.
Level out the ground around the hole.
Place frame over hole, without glass
or palangana. Pack newspaper
around the inside of the hole,
stepping on it and stuffing as much as
possible without interfering with the
palangana. Place in palangana, slide
in glass and set cone assembly on
top (see Figure 7). The reflector can
be weighted down with rocks around
the base, or by tying 3 tethers to
stakes in the ground. High winds are
not a real problem in the interior of
Guatemala, so only rocks were used
during testing.

Use

“Tip the reflector onto its side. Slide
the glass back and put in the food.
Slide glass back snugly into frame,
and replace the reflector. The
reflector can be rotated to follow the
sun without disturbing the food or cooker. It's important to
tip the reflector for access, to avoid looking straight into
the cone. To fully utilize the volume advantages of this
design, round cookware should be used.

Conclusion

“This is a simple, inexpensive, rugged cooker, easily
constructed of local materials. It can meet the cooking
needs of a typical family in Guatemala throughout much of
the year.

“This has been a very educational project. | appreciate
your posing this problem as a challenge, and getting the
creative juices flowing. Win, lose or draw, | am a
confirmed solar cooker, and will continue to develop the
concept and promote its use. Hopefully, this contest had
the same effect on others.

“l claim no financial interest in this design. Anyone is free
to duplicate, distribute or modify it at will. Covering
expenses is reasonable, but | only request that it not be
produced for a profit.”

Contest Conclusions

Jay Campbell’'s cooker was taken to an Earth
Stewards/Peace Tree gathering and shared with people
from fourteen different countries. The plans will be made
available to all who wish to help spread the design to
indigenous people everywhere.

Above: After the hole is dug and lined with crumpled
newspapers, the pan is placed in the hole. The frame with
the glass is placed over the hole and the cooker is ready

to have the cone placed on top. Now we’re cookin’!
Photo by Jay Campbell

Reflector

Cardboard T l
frame
s

Glass

Heat Shield

Newspaper

Figure 7
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Congratulations to all of our entrants for your time and Michael Diogo, c/o Bill Keys, 8111 Stanford, #159,
creativity! For you readers who had an idea for a solar Garden Grove, CA 92641
cooker, but did not think you had enough time to develop

) . Maria C. Gonzales, 48 Sycamore #3, San Francisco, CA
one, there is always next year's competition. Look for the 94110

details in the next issue of Home Power. Go for it.
Lu Yoder, 315 Harvard Dr. SE, Albuquerque, NM 87106 ¢

Access 505-265-3730

Authors: Kathleen Jarschke-Schultze and Therese Peffer,

c/o Home Power, POB 520, Ashland, OR 97520 » Milk crate oven: H. Philip Hodes, 3137 Capri Rd., Palm
916-475-3179 Beach Garden, FL 33410

C. Jay Campbell, Applied Engineering, 218 Dartmouth Tracking solar oven (plans available for $2): Alan Nichols,
SE, Albuguerque, NM 87106-2220 » 505-848-7674 4220 N. Bear Canyon Rd., Tucson, AZ 85749 o

505-256-1261

GIVE YOUR GENERATOR
some MANNERS

The Sun Selector® GenMate™ generator
controller can make your generator
something you'll love.

ARRAY TECH Using the latest microcomputer
(WATTSUN) technology, GenMate teaches your old
camera-ready generator new tricks.

GenMate works with nearly any electric
start generator.

If your generator doesn't start itself when
batteries are low, stop itself when batteries
are full, and interface with the rest of your
solar, wind, or hydro system automatically,
you need GenMate.

Ask your Sun Selector dealer for

information today.

Bobier Electronics, Inc.
N4H7150

SKYLINE ENGINEERING
camera-ready
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Above: Solar cookers ready to shine in HP’s Solar Cooking Contest. Photos by Richard Perez

A Kitchen in the Sun

Therese Peffer

e’'ve all heard the saying about

too many cooks in the kitchen.

But what happens when you
move your kitchen into the sun? You get
a myriad of solar cooker designs, great
food, and lots of fun in the sun. We
found this out recently at Home Power’s
2nd Annual Solar Cooking Contest.

Last February, we offered a challenge to our readers:
design and build a simple, cheap, and easy to use solar
cooker that works well. The rules were simple: the
cooker had to cook, meaning it should boil water. The
cooker should use common tools and materials
appropriate to your area. Durability and easy
duplication would score high points.

And our readers responded. We received twelve cooker
designs for the contest. Of these twelve, three
contestants sent their cookers. Two cookers arrived at
the contest with their designers. We built three designs
for a total of eight entries in the contest. (We built the
designs appropriate to the contest — original designs
that were easy to duplicate with complete instructions).

The day of the contest

Saturday, July 31, dawned clear and bright — a
beautiful day for the cooking contest. By nine am, solar
cookers covered a fair portion of Camp Creek
campground. Besides the eight contestants, we had
eleven other solar ovens smiling at the sun. Jim
Shoemaker from Redding brought his cardboard and
foil Sun Star type cooker. The Solar Man himself, Phil
Wilcox, brought two solar ovens. One small commercial
cooker, a Sunspot, could easily fit into a backpack; the
other design was part of a U.S. Air Force survival pack
in the ‘50s! Yes, solar cooking has been around for
awhile. We also had four Sun Ovens, a Sun Chef, and
three other homemade models cooking ribs, peach
cobbler and other tasty goodies.

By ten o’clock, we placed a cup of pre-soaked pinto
beans and a cup of rice in each of the contesting
cookers. One result of having this number of solar
cooks — you get an incredible variety of cookers! Each
cooker reflected the designer’s carefully spent time,
creativity and imagination; no two were alike. Walking
around the cookers, you could hear how the cookers
sparked the imagination of all those who came. We
looked, appreciated, and used other’s creations as a
stepping stone for our own solar cooker dreams.

22
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The Contestants

Unfortunately, we don’t have the space to fully cover
the designs for every cooker. What will have to suffice
is a brief description, photographs and the designer’'s
name and address (at the end of the article). So take a
close look at the photos and be inspired by the
ingenuity of the designers! Keep in mind next year’'s
contest.... As with last year’s contest, the first place
cooker design is described in full.

The parabolic cookers added a new dimension to the
contest — they really cook! Two cookers used parabolic
dishes to reflect and focus the sun’s energy onto a
cooking pot.

Jack Thompson from San Diego, California sent a
design that used a cardboard-ribbed foil-covered
parabolic dish. A galvanized pipe frame held the dish
and cooking pot. Kathleen and Bob-O built this cooker
from Jack’s plans and “rib” template.

The other parabolic design arrived with David Baty and
Cody Brewer, who hail from Berkeley, California. Their
cooker consists of a four foot diameter sand & cement
dish that rests in an old car tire. They used aluminum
flashing for the reflective interior. David and Cody had
already impressed us the day before by making
espresso in their parabolic cooker. On contest day, their
rice and beans kept boiling over and needed additional
water a few times. Both parabolic cookers cooked the
rice and beans to perfection in less than two hours. This
left plenty of sun time for a solar cooker first for all of us
at the contest — solar popped popcorn!

Lu Yoder from Albuquerque, New Mexico sent a simple
design that used two 2 foot by 3 foot cylindrical
concentrators. His plans called for a flexible substrate
such as hard plastic, thin plywood or masonite covered
with a reflective material, such as polished aluminum
cans. The panels were curved to concentrate the sun’s
energy on a cooking pot that sat on an insulated box on
the ground. We made the cooker with masonite and
aluminum litho sheets from our local newspaper.

Dan Freeman sent his cooker from his home in Peoria,
Arizona. Dan’s creative portable design used
aluminized bubble pack material (similar to Reflectix) as
both reflector and insulation. This material was velcroed
to a folding aluminum frame. His cooking box sported a
unique curved parabolic-section shape.

We were thrilled to receive an international entry.
Rodrigo Carpio from Cuenca, Ecuador sent beautifully
detailed designs in Spanish for his rugged, but
surprisingly lightweight box type cooker. Bill Battagin
and | built the cardboard and plywood cooker from
Rodrigo’s design. The cooker walls consisted of 2x2
wood frames covered with cardboard and then wrapped

in foil — light, sturdy insulation. We screwed the walls
together to form a box, and finished the outside with %
inch plywood. The plans called for the walls to lie inside
the box for storage — in storage mode, the cooker was
only half the height! We didn't have the materials to
finish the box with aluminum sheeting as per plans, so
we painted the outside instead. Quite a weatherproof
design. The wide flat interior of this box cooker is
especially suited for climates near the equator.

From Las Vegas, Nevada came a cooker designed by
Bohuslav Brudik. This clever design used a store-
bought rectangular bamboo basket, insulated with
cotton batting and rags and covered with cardboard
painted black. Bohuslav used plexigass for glazing and
fashioned reflectors from flattened honey cans
supported by dowels. Simple and worked great!

Peter Pearl drove from Bisbee, Arizona to share his
solar cooker design and other great ideas. His compact
solar cooker had a black beveled steel interior in a
small wooden box with a single polished reflector.

And finally, Jay Campbell, who won first place in last
year’s contest, sent another original cooker from
Albuquerque, New Mexico. He designed the cooker
using a washtub, insulated with straw, with a box
interior. Jay made foldable reflectors of foil-covered
masonite. The cheery green cover added to the festive
atmosphere at the contest.

The envelope please...

Now the toughest job of all. Six judges walked around
the cookers to judge the performance, buildability,
ruggedness and beauty of design of each entry (see
sidebar for details). Anita Jarmann, Sherri Reiman,
Selina S-Wilcox, Karen Perez, Kathleen Jarschke-
Schultze, and Dan Lepinski spent a few hours studying
the cookers, sampling their fares, and marking numbers
on their detailed sheets. Most cookers had no problem
with the rice, but the beans presented a challenge. We
decided the point system would allow impartial judging.
(After sampling the espresso, Karen was a bit biased
towards the cement parabolic cooker. As it is, that
cooker now resides at HP Central. If you want your own
too, see directions on page 34 this issue.)

When the judging was finished and the numbers tallied,
we had our winners. Cookers were ranked by total
number of points from all judges. Jay Campbell won a
Solarex MSX-60 photovoltaic panel for first place with
his washtub design. Peter Pearl will be installing a
PowerStar 200 watt inverter for winning second place.
David Baty and Cody Brewer shared the solar/dynamo
radio for winning third place with their cement parabolic
cooker. Finally, time to eat rice, beans, salsa,
guacamole, hot dogs, ribs, peach cobbler....
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Judging the Cookers

Each judge carried a judging sheet for each of the
eight contestants. The cookers were given points in
four categories: Performance, Buildability,
Ruggedness, and Beauty of Design. The four
categories in turn consisted of two to five
subcategories, worth 15 to 25 points.

Performance of the cooker included how well it
cooked, high temperature reached, ease of use,
and ease of set-up. Each subcategory here was
worth up to 25 points for a total of 100 points for
this category.

Elements of buildability consisted of clarity of
instructions, easy of assembly, imaginative use of
materials, amount of tools needed for construction,
and common skills needed for assembly. The
subcategories here were worth up to 15 points
each, a total of 75 points.

In the ruggedness category, points were given for
portability, wind resistance, site preparation
needed and moisture resistance. Up to 20 points
each were allotted for these subcategories for a
total of 80 points.

And finally, beauty of design included physical
appearance of the cooker and originality of design,
worth up to 25 points each — 50 points total. The
most points possible from each judge was 305.

While sometimes it can be difficult to assign
numbers to different qualities, we think it allows for
easy and fair judging since all the cookers were
judged in the same fashion. The details of the
judging are provided for those of you interested in
entering the contest next year. And, (ahem) we’ve
asked Jay to be a judge next year....

And now as promis