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Abstract

We did this experiment to see if there is a difference in using a catenary curve mirror rather than a parabolic mirror. We found that we were able to build a catenary mirror/reflector very easily.  The catenary curve mirror does work as long as there is enough sun light. The catenary curve mirror did not take long to build and did not require much material.  By using the catenary curve mirror, we can save fuel as well as wood that some people use to cook in other parts of the world.

1. Introduction

When you hold a normal flat mirror and shine a light on it, the light beam will bounce back in the same angle, Figure 1.  You cannot focus and concentrate into one small area.
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Figure 1:  A flat mirror can reflect, but not focus

With the parabolic mirror or reflector, Figure 2, we can use sun light and convert it into heat.  Because of its special curvature, it can focus the light into one small spot and this spot gets very hot.  This type of mirror has been used to produce energy in solar power plants, and is sometimes referred to as a parabolic trough (references 1, 2).  The problem with the parabolic mirror is that building the mirror and the frame to support the mirror is very complex and expensive. This is because the parabolic mirror requires a specific curvature to made, and a frame work has to be build to maintain the shape.  Reference 2 shows the basic construction requirement to build a parabolic reflector.  Compare to the construction method used in this work, it is much more complex and expensive.
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Figure 3:  A parabolic mirror can focus and concentrate light (source:  Reference 3)

A relatively new concept called a catenary reflector (Reference 3) is a way of reducing the cost of building a concentrating mirror while still able to focus sun light.  The catenary curve is the shape taken by a free hanging chain fixed on both ends.  It has been shown by Reference 3 that within a certain range, the catenary reflector is very similar to a parabolic curve, Figures 4.  This range is about 1 to 4, meaning one deep by 4 wide.
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Figure 4:  A catenary mirror can focus almost as well at the right ratio (source:  Reference 3)

Because the shape of the catenary curve is self-forming, building a mirror with this curve and its frame is very easy and cheap, yet, performance wise, the catenary is just as effective as the parabolic reflector.

One use of the catenary reflector is for cooking in the rural regions of the world.  This will help the environment because you don’t have to cut down many trees for cooking fuel.  It can be use over and over again as long as you have enough sun light.  This concept is known as Renewable Energy (RE). We will prove that it is possible to build a mirror quickly and use it to cook an egg.

2. Experimental Procedure and Discussion

This experiment was performed in Phoenix Arizona in the late fall (November 24, 2006). We constructed the catenary reflector by first building the frame which is made of pine wood. The frame is 36” x 55”x approximately 15” tall with the front legs shorter than the rear legs.  
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Figure 5: 
a) laying out the curve with a 1-to-4 ratio


b) cutting the wood for the frame


c) The completed basic frame, screwed together in 20 minutes.

For a 1-to-4 ratio, we used a catenary curve that is 13” tall by 52” wide.  When the frame was finished, we used a thin sheet of stainless steel which we hung on the frame.  This forms a natural catenary curve reflector. Figure 5 is the photograph of the completed reflector.
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Figure 6:  The completed Catenary Reflector-Cooker

In order to test our catenary mirror, we measured the temperature every 30 minutes from 9:30 am to 4:00 pm. We measured both the ambient outside temperature, as well as the temperature of the cooking container. The temperatures were measured with a digital oven thermometer placed inside the container and a Radio Shack indoor/outdoor thermometer placed near the rig.  The cooking container (or “target”) was a black baking pan, about 4 inches wide and 12 inches long.  Table 1 shows the collected data on the half hour.  The peak temperature observed inside the pan was 167 degrees F, and outside the pan in direct light focus has been measured at 256 degrees F in a previous day. 

Time
Ambient

Temp. (F)
Container

Temp. (F)
Condition/Comments

9:30
60.6
94
Overcast

10:00
61.3
143
Partly Cloudy

10:30
63.7
150
Partly Cloudy

11:00


Put egg into container

12:30
71.6
134
Partly Cloudy

1:30
73
103
Partly Cloudy

2:00
73
100
Partly Cloudy

2:30
74.5
167
Partly Cloudy

3:00
74.8
126
Partly Cloudy

3:30
76.1
98
Partly Cloudy

4:00
74.5
75
Sun is down


Table 1: Temperature measurements

At 11:30 am, we placed an uncooked egg into the cooking container. Unfortunately, due to an overcast sky, Figure 6, the egg did not cook quickly.  Figure 7 shows the final state of the cooked egg.  In warmer, sunny places such as Africa, the lack of sunlight would not be a problem. 
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Figure 7: An unusual overcast day in Phoenix, AZ.  The overcast reduced the effectiveness of the cooker
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Figure 8: 
The egg fully cooked.  To cook an egg, 140 degrees is required.  The peak temperature observed was 167 degrees F.

3. Conclusions

Although we would like to have more sun for our experiment, we felt that the catenary mirror was able to successfully cook an egg using nothing but sunlight.  It is also much easier to build and cheaper to make than a comparable parabolic mirror.  For these reasons, we believe that catenary curve is more effective than the parabolic mirror for use in cooking in developing countries
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