Tentative Test Plan
Abstract:  The test plans general purpose to compare performance characteristics of our stove and other comparative stoves on the market, as well as to verify that our stove will meet the needs of Haitians.

Our test plan will be broken up into three independent sections.  First will be preliminary testing before the actual construction and design of the test stand for materials selection purposes and to familiarize ourselves with testing procedures to save time in the future.  The next will be predicated on the In Field Water Boiling Test (WBT) and allow us to compare our performance versus the competition.  The second test will be a field cooking performance evaluation, the Controlled Cooking Test (CCT).  This test will better evaluate the efficiency improvement while cooking an actual dish.
Our test will use discrete and equal volumes of fuel as a control to determine whether the stove can adequately cook prescribed volumes of food that are typically consumed in Haiti.  While the methods utilized to determine verification will use strictly controlled volumes of fuel, water, and food, the success will be more qualitative and subjective in nature.  IE:  Does the stove adequately cook the volume of ice?  Does the stove adequately fry the quantity of meat?  This test will utilize lump charcoal to simulate the fuel used by Haitians.

Equipment needed:

· Scale of at least 6kg capacity and 1 gram accuracy

· Heat resistant pad to protect scale

· Digital thermometer, accurate to 1/10 of a degree, with thermocouple probes that can be in liquids

· Timer

· Testing Pot(s)

· Fixture for securing temperature probe in water

· Small shovel/spatula to remove charcoal from stove

· Tongs for handling charcoal

· Dust pan for transferring charcoal

· Metal tray for holding charcoal for weighing

· Heat Resistant Gloves

· 3 bundles of air-dried fuel wood.  One used for simmering, weighs 5kgs.  The other two bundles, used for cold and hot start boiling, weigh 2kg each

Preliminary testing

Before the stand is constructed there are some issues that require examination.  The primary issue is determining whether Plexiglas or Lexan should be used.  To do this the test stove needs to be used and temperature readings need to be taken during a series of test fires.  Three test fires will be utilized, and during this process temperatures will be recorded from a set distance that approximates the distance the door will be from the largest oven.  The numbers will be recorded, and compared with the melting point of Plexiglas to determine whether it will make a suitable door.

Another item of concern is temperature reaching the scale.  While insulation will be used to protect the scale from heat, the team will have to determine whether ambient temperatures will be low enough for scale selection.  While monitoring temperatures away from the stove, temperatures on the bottom surface will also be documented.  A target temperature is 100oF.

A second preliminary item that needs to be handled is practicing extinguishing fires between tests.  Pilot runs will be conducted as needed to allow the group to practice extinguishing fires between a cold start, hot start, and simmer test.  Practicing before actual testing will allow for more effective, precise, and accurate testing in the future, and reduce the time needed to test.

The last item that needs to be practiced before testing is controlling the 45 minute simmer test.  Control of the 45 minute simmer test is absolutely critical.  Too vigorous of a boil will yield inaccurate results and potentially damage sensors.  The test requires a very narrow band of allowable temperatures.  Practicing simmer tests will give the team a better handle on controlling the temperature and reduce the chances of having bad simmer tests.  If at any point during a test the temperature falls below 6oC of the local boiling point, then the test must be restarted. 

General Test Plan for WBT

The WBT is less straightforward.  Data for combustion efficiency and stove output will be provided by the WBT.  The test consists of three phases that determine the stove’s ability to

1. – Bring water to a boil from a cold start

2. – Bring water to a boil when the stove is hot

3. – Maintain the water at simmering temperatures.

· The wood used for boiling and simmering, and the time to boil are found by simple subtraction

Before the test starts 30kgs of wood per test should be collected.  It should be seasoned wood with limited moisture content.  The wood needs to be as uniform as possible throughout all of the tests.  Green wood is not be used.  The local boiling point should also be determined by using the same thermocouple as to be used in the test.  The pot should be the same, and the probe should be placed 5cm above the bottom.  An accurate digital thermometer is to be used, it is to be accurate within 1/10th of a degree (units not stated).

Beginning the test
· Record the air temperature
· Record the weight of the pot
· Record weight of container for charcoal
· Record dimensions of fuel used
· Weigh and record wood used
High Powered Cold Start Test

· Fill the pot with 5L of water, record the weight
· Place the thermocouple probe 5cm from the bottom and record water temperature
· Start fire
· Once fire has caught start the timer
· Bring the pot to a rapid boil while minimizing fuel to do so (this will take some trial and error)
· When the water in the first pot reaches local boiling temp do the following
· Record the time
· Remove all the wood from the stove, put out the flames
· Knock all loose charcoal from the ends of the wood into the tray for weighing charcoal
· Weight the unburned wood from the stove together with remaining wood from prewieghed bundle and record the data
· Weigh the pot with its water and record the data
· Remove the charcoal from the stove, place it with the charcoal that was knocked off the sticks and weight it.  Record the weight of the charcoal container
High Power Hot Start Test

· Fill the pot with 5L of water, record the weight
· Record initial water temperature
· Record the time when the fire starts and bring the pot to a boil
· Record the time the pot reaches the local boiling point
· Follow process at the end of Cold Start Test
Progress as fast as possible to the Low Simmer Test!

Low Simmer Test

· Record the weight of the fuel to be used

· Refill the pot with 5L of cold water, record the weight, record the temperature

· Rekindle the fire using kindling wood from any weighed bundle.  Record the weight of any additional starting materials.  Replace the pot on the stove and record the start time when the fire starts.

· Bring the pot to a rapid boil, as soon as this occurs, safely but quickly do  the following steps

· Record the boiling time and temperature

· Weigh and record the water in the pot

· Record the weight of the remaining wood in the bundle

· Replace the thermometer in the pot and continue with the simmer test by reducing the fire

· Keep the water as close to 3o C below the boiling point as possible.

· Record temperature of the water

· Record the time, for the next 45 minutes maintain the fire at a level that keeps the water temperature as close as possible to 3o C below the boiling point

· After 45 min rapidly do the following

· Record the finish time of the test

· Record the temperature of the water at the end of the test

· Remove all wood from the stove and knock any loose charcoal into the charcoal weighing pan.  Weigh the remaining wood, including the unused wood from the preweighed bundle.  Record the weight.

· Weigh the pot with the remaining water in it.  Record the weight

· Extract all remaining charcoal from the stove and weight it. Record the weight of the pan plus the charcoal.

Notes:

· It is okay that the temperature oscillates through the course of the 45 minutes, but the tester must try to keep the simmering water as close to the stated limits as possible.  The test is invalid if the temperature of the pot drops more than 6oC below the boiling point.  The tester should not further split the fuel wood into smaller pieces to try to reduce power.

A minimum of three test cycles are required.

Analysis and Results

· Figure out the time to boil for cold start, hot start, and boiling phase of the simmer test

· Calculate the wood use by subtracting the wood left at the end of each phase from the starting weight.  Do this for the cold start, hot start, and simmering phases.

· Do the same for the charcoal produced

· Use these numbers to evaluate stove performance.  Change the stove design to reduce the use of wood and to create minimal charcoal.  Making a lot of charcoal indicates poor combustion

· Calculating the steam lost is a valuable method to check that performance is similar in all phases.  Usually the hot start high power phase uses substantially less fuel, and time to boil is faster compared to the cold star phase.  If there are significant differences between the recorded weights for wood use, time to boil, and steam lost between phase 2 and 3, it is recommended to repeat the testing procedure being careful to feed the fire without as much variation.

· Steam lost during the simmering phase is also a good indicator of the stoves ability to perform well during low power use.  It is difficult to design a stove that can boil water quickly and simmer well without using a lot of fuel.  However, since the majority of the cooking time often occurs at low power the greatest fuel savings can be made with a stove that saves fuel during this time.  Producing large amounts of steam while simmering is an indicator that the stove is having a difficult time transitioning from the high power needed to boil water quickly to the low power needed for simmering food efficiently.  

Test Plan for Controlled Cooking Test (CCT)
The CCT will provide a more realistic cooking measure to ensure that the stove design meets Haitians’ cooking requirements (field performance).  Any indigenous food would work, but for simplicity and repeatability we have chosen rice.  The same cook must be used for all test repetitions to ensure there are no variances in cooking style.  A minimum of three test repetitions are required.  If more are done with a second cook, those repetitions should also be repeated on other stoves with the same second cook.
Equipment needed:

· Scale of at least 6kg capacity and 1 gram accuracy

· Heat resistant pad to protect scale

· Digital thermometer, accurate to 1/10 of a degree, with thermocouple probes that can be in liquids

· Timer

· Testing Pot(s)

· Cooking utensils

· Small shovel/spatula to remove charcoal from stove

· Tongs for handling charcoal

· Dust pan for transferring charcoal

· Metal tray for holding charcoal for weighing

· Heat Resistant Gloves

· Enough food to perform the test set (6kg rice)

· Fuel for the test set (15 kg in equally sized and shaped pieces)

All the rice required for the test must be obtained as the same type and from the same source.  The same goes for the fuel, which will be a dried hardwood.

Beginning the test
· Record the air temperature
· Record the weight of the rice
· Record weight of water
· Record dimensions of fuel used
· Weigh and record wood used
Test Procedure

· Cook rice as required, using all food and fuel that was weighed prior to test
· Cook rice until it is finished (need detail)
· Upon completing the cooking process, immediately proceed to final measurements
Final Measurements

· Record time taken to cook rice
· Record ending temperature of rice
· Remove all wood from the stove and knock any loose charcoal into the charcoal weighing pan.  Weigh the remaining wood, including the unused wood from the preweighed bundle.  Record the weight.

· Extract all remaining charcoal from the stove and weight it. Record the weight of the pan plus the charcoal.

Analysis and Results
· Calculate fuel use by subtracting the wood remaining after the test from the starting weight
· Compare the fuel used and the time to cook to other stoves, especially the currently used design
Consistency is key for the CCT.  Any variation in the cooking method or actual cook could widely skew the test data.
