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Sharon L. Clausson o — —
 UNCOOKs.COM, San Diego, California USA _

The Copenhagen Solar Cooker was invented in 2009 by the author, Sharon Clausson[1]. The
Fun-Panel Solar Cooker directions were published in 2008 by Teong Tan[2]. The
Copenhagen Solar Cooker was made with self-stick reflective Vinyl on a polypropylene
substrate. The Fun-Panel was built out of cardboard and foil. The Fun-Panel and the
Copenhagen were built with approximately .75 square meters of material. The tests are to
determine how much cooking power each design produces. Two different cooking
evaluations were used. The first was the WBT designed by Bernhard Muller[3]. The second
was the PEP testing protocol designed by Dr. Alan Bigelow Ph.D. Science Director for SCI
and built by Glenn Clausson[4]. The pans used were both4.251 and each held 2000ml. of
water. The pictures were from a thermal camera Pure Thermal 1 Camera by GroupGets.com
[5] and were used to show heat distribution pattern of each cooker.
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WATER BOILING TEST WBT FUN-PANEL 17/12/2017 COPENHAGEN 17/12/2017 FUN-PANEL 19/12/2017 COPENHAGEN 19/12/2017

The Water Boiling Test for Solar Cookers WBT SC allows comparison with other ‘c’!ﬂf&ﬂﬁf&?dIilgsxgs;f:f:p:yzﬂ,iig!frers v.1.03. \CNBPT135: - Water Boiling Test for Solar Cookers v. 103, \CNBFLS;: - Water Eoilir\Rg Test f:np Solar Cookers v.1.03. gvsgtsg: - Water IlyaoinnRg Test f;;rp Solar Cookers v. 103
- - - T - ~ omplete green fielas only. esulls are adisplayed in red color. omplete green fields only. esults are displayed In red color. omplete green fields only. esults are displayed In red color.
cook stoves and open fires. The test is for COOkIng ablllty only. Itis easy to Amountzofs\?l‘aterlo be boiled 20 [mitial w::ger AmbierllC | m Amount of Water to be boiled 20 |[nitial water IAmbient ‘ m Amount of Water to be boiled 20 |nitial water IAmbient ‘ - Amount of Water to be boiled 20 |nitial water 21 [fAmbient ‘ -
understand and record test results. (one or 2.5 liters) temp. (°C) temp. (°C) (one or 2.5 liters) g temp. (°C) itemp. (°C) (one or 2.5 liters) temp. (°C) itemp. (°C) (one or 2.5 liters) temp. (°C) temp. (°C)
It can be set up in the field with a minimum Of equipment. Type of cooker (box, panel, concentrator, hybrid, etc.) IFun-PaneI I |Typeofcooker(box, panel, concentrator, hybrid, etc.) |Copenhagen Panel | |Typeofcooker(box, panel, concentrator, hybrid, etc.) |Fun Panel | |Type of cooker (box, panel, concentrator, hybrid, etc.) |Copenhagen Panel
Eq u i pment . Position of the sun at the beginning of the test in degrees above horizon 28.6 Position of the sun at the beginning of the test in degrees above horizon 28.6 Position of the sun at the beginning of the test in degrees above horizon 28.4 Position of the sun at the beginning of the test in degrees above horizon 28.4
.- Position of the sun at the end of the test in degrees above horizon 286 Position of the sun at the end of the test in degrees above horizon 28.6 Position of the sun at the end of the test in degrees above horizon 28.6 Position of the sun at the end of the test in degrees above horizon 28.6
Accessories needed to run the test — e , , — _ , — _ : —
° A |ar Cooker on a honzontal Su rface Nzinec:\i!lg:)un(ry in rlnl:etzrs Lat(i)tzzleo ’rlfngiltuad:s’E ddlrnr?'l/eyyyy szrtlle_t;r;adtl(o:r;untry ﬁltrl:jec::rs L:ﬁﬁleon'fﬁ,or:gﬂﬁzie dd/n?rant/eyyyy Lﬁeﬁ?gﬁumw ?\Itiuedt:rs L:gtsztleon’flj)(:ggzzs? dd/rﬁ::/?yyy -l\rlzfrt\lgoa%adng(‘)untry ::llt::llje(jt:rs Lle;t(i)t(;adt:n’ m;:;gﬁ:s’E dd/r:::le
So San Diego, CA. USA 176 32.48| 117.14(17/12/2017 San Diego, CA. USA 176 32_4a| 117.14|17/12/2017 San Diego, CA. USA 176 32_48| 117.14|19/12/2017 San Diego, CA. USA 176 32.48| 117.14119/12/2017
° A thermocou ple or thermometer The local boiling point for this location is: 99°C The local boiling point for this location is: 99°C The local boiling point for this location is: 99°C The local boiling point for this location is: 99°C
° A prec's'on Scale tO Welgh the Water Reflector material (aluminum foil, glass mirror, etc.) *) Aluminum Foil Aperture (sqm) Reflector material (aluminum foil, glass mirror, etc.) *) Refleclive Mylar Aperture (sqm) Reflector material (aluminum foil, glass mirror, etc.) *) Aluminum Foil perture (sqm) Reflector material (aluminum foil, glass mirror, etc.) *) Reflective Mylar Aperture (sqm)
. . Insulation material (box cookers only) *) Insulation material (box cookers only) *) 0 Insulation material (box cookers only) *) 055 Insulation material (box cookers only) *) 055
° ﬁblaCked po: Wlth a |Id f t Heat trapping material (plastic oven bag, glass, etc.) *) Glass Lid Heat trapping material (plastic oven bag, glass, etc.) *) Glass Lid %5 Heat trapping material (plastic oven bag, glass, etc.) *) Glass Lid ’ Heat trapping material (plastic oven bag, glass, etc.) *) Glass Lid '
« An appropriate amount of water ) itany ") tany NIE] —
R A measurlng deV|Se tO Calculate aperture area Ll e eéaf:ie;:ir:r.])e Em%’ Pleaseenterthte;r:‘ajzf:grtliemeto65°water Local time e::fss_,eitii:‘)e 1;3:11%, Pleaseemenhfe?r:;a;?::u‘;me1065nwaler (s i e(l:fsse?ntllrr‘n)e 'gjlrln%, Pleaseenterthleezl‘a)zfae&rtiemetoGS"water LesllEne eé:rss”eiﬁ:n.)e 1f—§|r|n°p(; Pleaseen!erlhfe;l;zfaetr:‘rtémetoes“water
12:00 0:00 55 110 minutes 12:00 0:00 47 110 — 12:00 0:00 17 150 minutes 12:00 0:00 21 110 minutes
Fixed and variable parameters 12:10 0:10 73 12:10 0:10 63 12:10 0:10 46 12:10 0:10 47
p § 12:20 0:20 45 ; : 12:20 0:20 55 _ ; 12:20 0:20 51 : : 12:20 0:20 55 : ;
The WBT SC has a fixed parameter; the amount of water. In smaller or weaker solar cookers 12:30 030 | 28 [ R et 12:30 030 | 47 § |For more precse calcuatons,piease 12:30 030 | 30 B e o o= 12:30 030 | 38 § | For more precise calcuatons, please
i i 12:40 0:40 56 S 12:40 0:40 48 g 12:40 0:40 28 8 12:40 0:40 43 §
use 1 liter aqd for larger ones use 2.5 liters. 240 - = 8 240 o 8 = e g R
The Val‘lable parameters are: 13:00 1:00 60 13:00 1:00 45 13:00 1:00 38 13:00 1:00 52
1 1 H H H H 13:10 1:10 o i i 13:10 1:10 £ i i 13:10 110 & eck mark material of pot and li 1310 1:10 29 eck mark material of pot and li
+ location mainly latitude « insulation if any 13:20 120 | 65 || Sheemanmaterilof patend id 13:20 120 | 46 _ || Greck manmaterialofpotand fa 13:20 120 | 4 G| e meereefpotent e 13:20 120 | 59 o
d pOSItIOI’] Of the sun ° heat trapplng materlal 13:30 1:30 65 é_ X Aluminum or alloy 13:30 1:30 44 'g_ x AAluminum or alloy 13:30 1:30 45 % x Aluminum or alloy 13:30 1:30 62 §_ X Aluminum or alloy
. . : 13:40 1:40 52 © \ron 13:40 1:40 50 © e 13:40 1:40 43 Iron 13:40 1:40 63 Iron
type of cooker date and time 13:50 150 56 — 13:50 150 51 [S— 13:50 1:50 60 ST 13:50 1:50 63 Copper
« aperature area « initial water temperature local 14:00 2:00 50 [ 12:00 2:00 52 X |other 14:00 2:00 4 X |other 14:00 2:00 60 x__|other
 reflector material boiling point 14:10 2:10 62 14:10 2:10 49 14:10 2:10 43 14:10 2:10 62
: : Observations 14:20 2:20 57 Observations 14:20 2:20 43 Observations 14:20 2:20 63 Observations
. . . . . . 14:20 2:20 63
To avoid confusion, the test should not be conducted if sun is less than 30 degrees above horizon (zenith angle 1430 230 50 e 1430 2:30 52 Cloudy and Shadows 14:30 2:30 44 Clouds and Shadows 14:30 2:30 63 Clouds and Shadows
more than 60 degrees), and If the amb'ent and/or Water temperature |S Iess the OC (32':) Tost protocol designed by Bermhard 5. Musller and Faustine Odaba Test protocol designed by Bernhard S. Mueller and Faustine Odaba Test protocol designed by Bernhard S. Mueller and Faustine Odaba Test protocol designed by Bemnhard S. Mueller and Faustine Odaba
Test Day: 17 December 2017 Test Day: 17 December 2017
80 Solar Irradience
Two types of panel solar cookers were used in the evaluation: 800
« Copenhagen Solar Cooker by the author Sharon Clausson (adjusted to .75 square meters)[1] s .
¢ Fun-Panel by Teong Tan (adjusted to .75 square meters)[2] N
E GO0
For the quantitative portion of my evaluation | used: g 50 2 o
- i g
« The Water Boiling Test by Bernhard Muller [3] %40 PR g
« PEP testing station designed by Alan Bigelow for SCI and built by Glenn Clausson[4] E SR & 90
2 _ -
+ Pure Thermal 1 Camera by GroupGets.com[5] 8 30 SRR = o Comected irradiance mean
= 2
Electronics Arduino Mega open source electronics, liquid crystal display and = 200 u
platform removable SD card i 100
Temperature Type K thermocouples to measure water and ambient temperatures
Wind speed Anemometer (Adafruit) D__.m,fqm__.mmﬂm__.mmﬂmﬂﬂmﬂm__.mmﬂm__.m”qm__.mm Y o o o o o o o o M H o o
Solar irradiance | SP-215 amplified pyranometer (Apogee) mounted to a horizontal bubble- ' SRR L T L e s S R RS e TETETESS S AASAARRNRERN
Time (Minutes) Time [Minutes)
leveled plane
Additional Global positioning system
PEP TESTING STEPS Test Day 19 December 2017 TESTDSS\,-’IIBIDE;_EmbEFZDIT
. . . . . . . 80 olarIrradience
« Align testing station with the pyranometer wire connector at a North/South compass direction. 200
« Use bubble level on mount fixture to level the pyranometer. 70
+ Put thermocouple plugs into sockets with ambient probe out of direct sunlight. o0
» Push thermocouple probes through pot lids and secure with threaded nuts. B 500
 Align solar cookers for maximum sun and put empty pots on racks in the solar cookers. S "'; &
« Connect 12 VDC to testing station. E’E, | gsm
« Premeasure equal amounts of water and add to pots then cover with lids. £ w R Srer 8 g
. . . . . L E 400
« Compare ambient temperature to water in pots, if they are within 2C then press button to start g Fun Panel 3 comected irag
. . . . . — rre irradiance mean
new test. If water temperature is below ambient then wait for equalization and restart by P Copenhagen £ a0
pressing reset. If water temperatures are more than 2C above ambient then change water and . 3
add new ambient Temperature water. - 200 u
+ Adjust cooker every 20 minutes to track the sun format. . o0
** The results on the first 2 tests are the beta testing of the equipment. A wiring error occurred . .
which reversed the polarity. After that was corrected the reading were in the normal range. TR ANE R R R RE RS SN NAR GRS ERANAANRINR TS HNRSRRERER s HANSNEEREaREANRARER
Time (Minutes Time (Minutes)

THERMAL IMAGING COMPARISONS

Thermal imaging equipment:
e Pure Thermal 1 camera by GroupGets.com
« USB cable
« Laptop computer with Windows XP using Windows Pictures and Fax Viewer

Thermal imaging test steps

« Set up cookers in the sun « When pots are hot attach camera to USB and

« Put correct measure of water in pans cord to laptop. BOTH SOLAR COOKERS FUN-PANEL COOKER COPENHAGEN COOKER
and put in solar cookers « Use keyboard to take pictures

co N CLUS I O Ns- The comparison of these two solar cookers combined with three evaluation methods highlighted their difference and similarities. It REFERENCES:

" showed the weaknesses and strengths of the different testing methods.

« To do the PEP test the author’s husband built the PEP Station from directions « The Copenhagen was enlarged to match the .75 square meter size of the Fun-Panel. E% %?luSTS?:TJ'n?'F;a?]‘érl’gg?:?ggcﬁ("e'fggnos?fj&;gxepqur’ ﬁ?}?g&“gm\?vf;gzxggsrcom Jsunnycooker
offered on the Solar Cookers International website and designed by Dr. Alan Further research needs to be done with a Fun-Panel made of the same material as the [3] Muller B. The water boiling test for solar cookers. WBT SC v. 1.0.3 April 2014 '
Bigelow Ph.D. The build went well. Testing some components took more time than Copenhagen. [4] Bigelow, A PEP ASAE S580.1 protocol solar cooker performance testing unit.
expected. Not having familiarity with graphing software author had difficulty « The Copenhagen could benefit from the addition of booster panels between the points. [5] https://hackaday.io/project/8796-pure-thermal-1-development-board
interpreting the raw data. Both cookers reached higher temperatures with a supporting dowel to hold the “wings” [6]..http://solarcooking.org/research/Dormio-report.htm

« Bernhard Mullers” WBT SC test was much simpler and less expensive. The open.Teong Tan invented the Fun-Panel from an aeronautical engineering point of view.
reading from the PEP were used to populate most of the WBT SC form. This The author invented the Copenhagen from an intuitive artistic maker point of view. The ACKNOWLEDGMENTS:
method is much easier for field testing and just as accurate. The equipment is also similarities in the performance of both is notable. : N
minimal. « An hour after sunset the water in the Fun-Panel was 30.1 C and the water in the  want to acknowledge the inputs of the following:

« The purpose of using the Pure Thermal 1 Camera was to show yet another way to Copenhagen was 42.4 C and the ambient was 19.01 C. It must be noted that because of * Alan Bigelow E;{Jasrt‘ir':goggoaeba
look at solar cooker performance. More tests with this camera are needed to learn its adjustable design the Copenhagen panels can be clipped into a cone shape with holds g‘fergzaé?at"sus!fr: . scT
how to utilize the information it provides. A clear difference can be seen by looking the heat in a little longer. . Mariano Munoz . SCI
at the thermal images of the Fun-Panel and the Copenhagen side by side. « More research is needed to see if adding an insulated wrap to the pans left in the cookers

« The shape of both cookers is very similar when is use. Observations in the early would hold the heat longer.
day and later day, not included in the tests, showed the water in the Copenhagen « This paper reflects the evaluations of a previous paper by Dane Dormino and Steve
Solar Cooker getting hotter than the water in the Fun-Panel. However during test Jone[6].
hours they were quite similar. After the test ended the water in both cookers had « Both the Fun-Panel and the Copenhagen Solar Cooker perform well enough to cook and O ESU N CDD “S'CD m
the same temperature. food chosen and in very similar amounts of time.
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