
d 

1 

6 

T.A. Moss 

SANDIA REPORT 
SAND974503 UC-1300 
Unlimited Release 
Printed March 1997 

Testing of the Burns-Milwaukee's 
Sun Oven 



Issued by Sandia National Laboratories, operated for the United States Depamnent of Energy by Sandia Cor- 
poration, a Lockheed Martin Company. 
NOTICE: This report was prepared as an account of work sponsored by an agency of the United States Gov- 
ernment. Neither the United States Government nor any agency thereof, nor any of their employees. nor any 
of their contractors, subcontractors, or their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, appara- 
NS, product. or process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product. process, or service by trade name, trademark, manufacturer, 
or otherwise, does not necessarily Constitute or imply its endorsement, recommendation, or favoring by the 
United States Government, any agency thereof or any of their contractors or subcontractors. The views and 
opinions expressed herein do not necessarily state or reflect those of the United States Government, any 
agency thereof or any of their contractors. 

Printed in the United States of America. This report has been reproduced directly from the best available 
COPY. 

Available to DOE and DOE contractors from 
Office of Scientific andTechnid Information 
PO Box 62 
Oak Ridge, TN 37831 

Prices available from (615) 5768401, FlS 626-8401 

. 

Available to the public from 
NationalTechnical Information Service 
US Department of Commerce 
5285 Port Royal Rd 
Springfield,VA 22161 

NlTS price codes 
Printed copy: A03 
Microfiche copy: A01 



SAND97-0503 
Unlimited Release 
Printed March 1997 

Distribution 
Category UC-1300 

Testing of the Burns-Milwaukee’s Sun Oven 

T.A. Moss 
Solar Thermal Technology Department 

Sandia National Laboratories 
P.O. Box 5800 

Albuquerque, New Mexico 87185-0703 

Abstract 

A Burns-Milwaukee Sun Oven was tested at Sandia’s Solar Thermal Test 
Facility. It was instrumented with five type K thermocouples to  determine 
warm-up rates when empty and. when a pot containing two liters of water was 
placed inside. It reached inside air temperatures above 160 OC (320oF). It 
heated two liters of water i?om room temperature to  800C, (1750F)’ in 75 
minutes. Observations were also made on the cooling and reheating rates 
during a cloud passage. The adverse effects of wind on operation of the solar 
oven was also noted. 
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The Solar Thermal Design Assistance Center (STDAC) at Sandia National 
Laboratories evaluated a Sun Oven from Burns-Milwaukee at Sandia’s Solar 
Thermal Test Facility in Albuquerque NM. It was designed for single family 
household cooking. It is targeting developing countries’ alternative energy 
markets where conventional fuels are not  available and wood is the primary fuel 
used for cooking. 

Because of the wide variety and types of solar cookers being manufactured it is 
very difficult to come up with a number, such as a figure of merit, t o  indicate 
how each will operate under various weather conditions. The best way to 
determine how a solar oven will operate is to  test it under real life conditions12. 
These tests will not determine if a solar cooker is good or bad. It will, however, 
indicate the usefulness of the solar cooker for its intended usage. 

The purpose of this test was to  determine the basic operating characteristics of 
the Sun Oven solar oven. For this report, only the basic tests of heat up rate 
and maximum temperature attained when empty and the time t o  heat room 
temperature water to  80oC (1750F). Further testing was too elaborate for the 
scope of this test. The solar oven is sized to  cook about a two liter volume of 
food. Therefore, two liters was chosen as the volume of water to  heat in the 
oven. 

The Burns-Milwaukee Sun Oven is a box type solar cooker with multiple 
external aluminum reflectors. Figure 1 shows a picture of the Sun Oven baking 
bread. The external reflectors reflect sunlight into the cooker that would have 
otherwise not have used by the cooker. The reflectors increase the solar 
collecting area, which enable the oven t o  obtain higher temperatures because of 
the increased sunlight entering the cooker. It weighs about 21 lbs., has a 
fiberglass outer shell, fiberglass insulation, blackened aluminum interior, 
tempered glass front that also serves as a door, and silicone rubber seal for the 
glass door. Its dimensions are 19” x 19” with an average depth of 11”. This solar 
oven sells for about $150 new. 

To measure the temperature inside the solar oven, five type K (U16” In600 
sheathed) thermocouples were used. They were inserted through holes drilled 
into the side of the oven. This was done so the door, or  window, seal would not 
be affected. Three of the thermocouples (front, middle, and back) measured the 
inside air temperature and two (side and middle) measured the water 
temperature. The front air thermocouple was centered on the front side and 
inserted one inch into the oven. The back air thermocouple was also centered on 
the back side inserted one inch into the inside of the oven. The middle air 
thermocouple was placed in the center of an imaginary line connecting the front 
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and back air thermocouples. The thermocouples used to  measure water 
temperature went through feedthroughs in the side of the pan. This preserved 
the seal between the lid and pot, which reduced the amount of water vapor 
escaping and, therefore, condensing on the front window. One measured the 
water temperature close to  the side of the pot and the second measured the 
water temperature at the center. When the water was not present, these two 
thermocouples measured the air temperature on either side of the middle air 
thermocouple perpendicular to the imaginary line connecting the front and back 
thermocouples. The temperatures inside the solar ovens, outside air 
temperature, wind speed, wind direction, and direct normal insulation (DNI) 
were measured and stored by a computer data acquisition system every thirty 
seconds. 

Initial testing characterized heat up rate, the highest temperature reached, the 
temperature profile, and how long the solar cooker can remain in one position 
before it needs to be turned back into the sun. Figure 2 shows the normal heat 
up rate for the oven. The Sun Oven will stabilize in temperature in about 50 
minutes. The peak temperature was about 170.C (340.F). The oven needed to 
be repositioned approximately every hour to  maintain optimum temperatures. 
For the remainder of the testing period it was repositioned every 30 minutes. 

Later tests determined the ability of the solar oven t o  heat up water. A black 
ceramic coated covered pot filled with two liters of water was used. The oven 
was preheated for about one hour before the pot filled with water was placed 
inside. The water and pot were at room temperature before being placed into 
the oven. Figure 3 shows the results from this test. It heated the water t o  80.C 
(175.F) in less than 75 minutes. The water temperature would reach nearly 
100C (212.F) and would be boiling in the pan. There was enough water vapor 
escaping from the pan to  cover a significant portion of the window with 
condensation, which limited the operation of the solar oven. 

The temperature distribution inside the Sun Oven during testing is shown in 
figure 4. There was very little difference between thermocouples. The shape of 
the oven puts all of the thermocouples about equidistant from the window, its 
seal, and the bottom of the oven. This lends itself to  very good temperature 
uniformity inside the oven. 

Wind always has an adverse effect on the performance of solar ovens. Figure 5 
shows the inside air temperatures are depressed during high winds and increase 
during lower wind periods. With the lowered inside air temperature it took 
longer to  heat the water to  80.C (175.F). The figure also shows when the wind 
reached 14 m / s  (31 MPH) the Sun Oven tipped over. Having external reflectors 
makes it more vulnerable t o  tipping over in the wind. The fact the oven did tip 
over should not be of great concern since under normal circumstances a cook 
would be present and would employ some means to  prevent it from tipping over. 
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The likelihood of it tipping over is determined not only by its speed but also its 
orientation to the solar oven. The solar oven works best when it follows the sun, 
so its orientation changes throughout the day. It is very common for the wind to 
change directions and be gusting throughout the day. It is, therefore, best to 
assume the wind could tip the oven over and buttress it somehow. 

Clouds also have an adverse effect on the performance of the solar oven. Figure 
6 shows the effect of several cloud passages on the measured inside air 
temperatures. The figure shows the air temperatures inside the oven decrease 
rapidly during very cloudy periods but recover nicely when the sun returns. 
These data show that during minor cloudy periods the water temperature is only 
slightly affected. This is to  be expected, since water has a much greater heat 
capacity than air. 

These tests show the Sun Oven can obtain sufficient temperatures to  slow cook 
about a two liter quantity of food. It can heat water above 80oC (175.F) in a 
reasonable period of time, less than 75 minutes. This temperature is important 
because 80oC (1750F) and higher is required to  sterilize water and its contents, 
such as the food. The Sun Oven can be unstable in high winds. This problem is 
easily overcome and should not detract &om the usefulness of the oven. It is 
capable of higher inside air temperatures than most box type solar cookers. This 
allows it to cook more types of food such as breads, which require the higher 
temperatures. 

References 

Box-Type Solar Cookers, Solar Energy, Vol. 39, No.4, pp353-360,1987 

Test Procedure, Version 2, November 1993 
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Figure 1: Photograph of the Sun Oven baking bread. Note the external reflectors. 
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Figure 3: Average water temperature vs. time heating two liters of water. The tests on 5/22 and 5/31 had the thermocouples going through 
the window seal. The other tests had the thermocouples going through the sides of the oven. Note how even a small break in the door seal 

changes the heat-up rates. 
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Figure 4 Air and water temperature distribution inside the oven during a typical test. 
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