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Part 1: Summary
The Amtek Incubator is a clinical apparatus which is designed to be used in field laboratories or remote clinics in developing countries.  This device performs the same function as a standard, electric incubator but can operate where no electricity is available.  It can be used for maintaining a constant temperature when performing clinical tests such as water quality tests, drug sensitivity tests, immuno-assays and other diagnostic tests.  The Amtek Incubator maintains a constant temperature by taking advantage of the latent heat capacity of a material whose melting point is at the desired temperature.  The function of the device is an inherent property of the phase-change material used, so no temperature sensors or controllers are needed.  This provides a simple, integrated energy storage/temperature maintenance system that dramatically reduces the cost of the device and increases its robustness and reliability.  This is a significant advantage for a device that is to be used in remote areas of developing countries.

Part 2: Background 

In Tanzania, less than half the population has access to health services.  In Somalia, the situation is even worse, with only twenty-seven percent of the population having access to medical facilities.  In an effort to relieve this situation, many developing countries are beginning to decentralize health services in an effort to increase access and improve the general health of the population. Most of the changes are taking place on an administrative level.  In order for the decentralization to be effective, however, there must also be accompanying technological changes.  Equipment must be redesigned so that it can function in this environment.

Laboratories in remote areas of developing countries face a unique set of constraints.  Environmental conditions are harsh, sources of electricity are either unreliable or unavailable, spare parts are expensive and difficult to obtain, and trained technical support is far away.  Equipment designed for this environment must be robust and reliable.  It must be inexpensive, yet easy to operate, maintain and repair.  The Amtek Incubator was designed with these criteria in mind. 

Laboratory incubators are required to perform a large range of bacteriological and clinical chemistry tests, including medical diagnostic tests and water quality tests. The patent and literature search revealed that while there have been many innovations in incubator technology, they all require electric heating elements and electronic sensors to operate.  A summary of the search is given in Appendix A.

The Amtek Incubator operates in a completely different manner from existing incubators and requires no electricity to operate.  The temperature is maintained by a phase-change material inside the incubator which has a melting point at the desired temperature.  The incubator is heated to the required temperature and placed in an insulated container.  The Amtek incubator can use energy from a variety of sources (such as solar collectors, charcoal burners or even wood fires) to heat the phase-change material and thermally charge the incubator.  The use of a phase-change material as an integrated energy storage/temperature maintenance system is unique to the Amtek incubator. 

The Amtek Incubator is much simpler and less expensive to manufacture than existing incubators.  There are no moving parts or delicate electronic components, making maintenance trivial and repairs virtually unnecessary.  The simple, robust design of the Amtek incubator makes it ideal for use in field laboratories or remote clinics in developing countries. 

The idea for this project was entirely that of Amy Smith, the student inventor, and was inspired by a design of a solar cooker of Professor Dave Wilson, the advisor.  The design of the incubator, testing and selection of the phase-change materials, and the construction of the initial prototypes were all completed by the student inventor. Additional information about the functional requirements of incubators was provided by Dr. Kombe of the Nyangabgwe Hospital in Francistown, Botswana and Cheryl Pehl, of the Africa Community Technical Service (ACTS), who also tested the first prototype incubator in Mbarara and Ntungamo districts in Uganda. 

Part 3: Description

The Amtek incubator is a device which uses the latent heat storage capabilities of a phase-change material to maintain a constant temperature. When a material is heated to its melting point, it continues to store energy at this temperature until the entire reservoir of material has melted.  At this point, if the heating source is removed, the temperature will remain essentially constant until all the material has re-solidified.  It is this principle which is exploited in the Amtek incubator to maintain a constant temperature for performing clinical tests.

The incubator, shown in the photograph in Appendix B, is comprised of three basic parts, a storage chamber, a reservoir of phase-change material and an insulated box.  The storage chamber is made of two aluminum parts.  Aluminum was chosen based on its heat transfer characteristics, corrosion resistance and cost.  The top is shaped to hold test tubes, petri dishes or whatever the test requires.  The bottom of the chamber is filled with phase-change material and then fitted to the top, sealed with a gasket and screwed shut.  This assembly can then be heated up to the transition temperature of the phase change material and placed in the insulated box.  The assembly will remain at the transition temperature until the phase-change material inside the chamber has completely re-solidified.  The operating temperature of the incubator is dependent on the transition temperature of the phase-change material.  It is therefore necessary to determine which material is appropriate for a given application.

The first prototype of the Amtek incubator was designed for a water quality testing project in rural Uganda in which drinking water sources were tested for the presence of fecal coliforms, an indicator of contamination.  The testing procedure required that the samples be held at approximately 44°C for 24 hours.  In order to build such an incubator, the proper phase-change material had to be identified.  Table 1 shows materials with a transition temperature near 44°C.  Only non-toxic compounds were considered for use.  

compound
melting point (°C)
cost ($/kg)

Veratraldehyde
43-35
60.80   

Dodecanoic Acid
43-48
11.52

Camphene
44-48
104.70

4-Chlorobenzaldehyde
45-47
55.20

Table 1: Phase-change materials with a transition temperature of ~44°C

The materials were tested to see the characteristics of their transition zone, in order to determine which was the most appropriate.  Water was used as a control.  The results of the test are shown in Figure 1.  Dodecanoic acid had the longest transition time and was the least expensive of the compounds.  It was therefore the obvious choice for this application.  Other chemicals have been identified to make incubators that operate at 37°C, which is human physiological temperature and therefore commonly used in medical diagnostic testing.

[image: image1.wmf]
Figure 1: Transitional behavior of phase-change materials with a melting point of  ~44°C.

Field testing of the prototype was done in Mbarara and Ntungamo districts in Uganda by members of the African Community Technical Service (ACTS).  The aluminum chamber was heated in a water bath (to ensure more even heating) using a  charcoal burner.  The incubator was able to maintain temperatures of 43°C (+/- 2°) for up to fifteen hours, although more commonly it was about nine hours.  However, since the required incubation time was 24 hours (+/- 2 hours) the incubator had to be recharged.  This was done by removing the aluminum chamber from the insulated box, re-heating it, and replacing it in the insulated box.  Although this was inconvenient, one field worker provided the following perspective:

"These incubator[s]… enabled ACTS personnel to conduct field tests that otherwise would have been impossible due to the lack of electricity in rural Uganda"  

Subsequent prototypes will be redesigned with a larger chamber and improved insulation in order increase the incubation time.  

Additional prototypes will also be built for other applications which require different operating temperatures.  One such test which is of particular use in developing countries is the drug sensitivity test.  Since many diseases in developing countries are caused by bacteria that are difficult to identify, it is necessary to be able to find a treatment without necessarily knowing the cause.  There is simple test in which the bacteria are grown up on a culture plate in an incubator and then exposed to a variety of drugs.  Those drugs which kill the bacteria in the culture plate will be effective against the disease, thus allowing effective treatment of the disease without requiring the identification the bacteria which caused it.  The Amtek incubator can perform this and many other tests that will expand the capabilities of rural clinics in regions where sophisticated medical technologies are not available.  The ability to perform these tests on-site will dramatically increase the quality of health care available to rural populations throughout the developing world.

Appendix A:

Summary of the literature and patent search
Current incubator technology ranges greatly in complexity. There are incubators which not only maintain a constant temperature but also regulate the composition of the atmosphere and humidity inside the incubator.  They are equipped with alarms, digital read-outs and robotic manipulators.  On the other end of the spectrum are small, battery-operated bench top models which only control the temperature.  The Amtek incubator also lies at this end of this spectrum.  Table 1 summarizes some of the specifications of commonly available bench top incubators.  No matter what the level of complexity, however, all currently available incubators require electricity to operate.


Energy Source 
Chamber Size
Range/Accuracy
Cost

Lab-Line 

L-C 
mains electricity       
13"x13"x13"  
ambient-65°+/- 0.5
$770

Lab-Line           
mains electricity
7"x10"x8"      
ambient-40° +/- 0.5 
$335

Thermolyne           
mains electricity
8"x10"x6.75"  
30°-60° +/-0.6°       
$440

Boekel                
mains electricity
12"x11"x10"   
ambient-60°    
$392

Precision            
mains electricity
14"x13"x13" 
ambient-65° +/- 0.3
$1295

Precision Economy     
mains electricity
13"x14"x13"    
ambient-65° +/- 1°
$595

Almedica
battery
9" x 6"x 5"  
25°-45° +/- 1°
$330

Thermolyne Dri-bath
mains electricity
n/a 

(heating block) 
ambient to 110°
$300 + $90 per block

Amtek Incubator
solar, charcoal burner, wood fire
Depends on application   
depends on phase change-material selected, +/- 2°   
$150

(est.)

Table1: Specifications of bench top incubators

Phase change materials have often been used as latent heat storage materials, especially in solar applications in which heat energy is collected during the day and released at night.  Paraffin waxes, made up of hydrocarbons of varying lengths, are often used in this application because they store energy over a broad range of temperatures.  The Amteck incubator, however, releases energy over a very narrow range of temperatures and therefore uses a single, pure compound as the phase-change material.   

The patent search revealed that there are no incubators which use a phase-change material as a means of both energy storage and temperature maintenance.  Several novel incubator heating systems were described.  Koch et. al. present a novel heating system for a transport incubator which uses adsorption energy to heat the incubator.  Van Praet describes a method for heating micro-titer plates by blowing heated air under the wells of the micro-titer plates. Yohida et. al. designed a temperature controller which uses thermostats and a electric power control circuit for controlling the energization of the heaters.  One patent, Lemburg et. al., refers to an energy storage system in a transport incubator for infants which uses the latent heat of a phase-change material, however the material served only as an energy store, not as a temperature maintenance system.  The use of a phase-change material as an integrated energy storage/temperature maintenance system is unique to the Amtek incubator.
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Appendix B:

Photograph of the Amtek incubator

Hi Dave,

How are you?  Here is the packet for the BFGoodrich Collegiate Inventors Program.  Thank you (in advance) for writing the advisor's letter of recommendation.  The letter is described in section E.  The letter may  be somewhat different from what they outline in the packet, as I have basically worked independently on this project, rather than as part of a student/advisor team.  Hopefully it won't be a problem.

There are a few places that need your signature as well, on pages 6 and 7 of the packet.  When it is all done, you can pack it all up and send it to Kjirste who will take care of putting the photos in place and sending it off.

Thanks again,

Amy

P.S. Kjirste can be reached at (603) 669-5732 or mobius@inc-net.com if there are any problems.
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