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ABSTRACT

Using oxygen bomb calorimetry, the purpose of this experiment was to determine the heat of combustion of vegetable oils.  The heats of combustion were hypothesized to vary among oil types because of compositional differences.  Four benzoic acid calibration trials were performed to calculate the average energy equivalent value, W, for the experimental calorimeter.  The experimental W of 2482 ( 14 cal/(C differed from the calorimeter’s literature value for W of 2426 cal/(C by 2.21%.  The 95% confidence interval around the mean for the experimental W was 2459 ( 2482 ( 2504 (cal/(C), showing that the literature W is statistically different from the experimental W.   

Using the experimental W, the average heats of combustion for extra virgin olive, peanut, and safflower oil were, respectively: 9434 ( 38 cal/g, 9437 ( 27 cal/g, and 9452 ( 62 cal/g.  The difference between these values was determined to be statistically insignificant through standard differential analysis.  Thus, the experimental data can be averaged to 9440 ( 39 cal/g, indicating that the heats of combustion of oils are independent of fat composition.  The literature value for the heat of combustion of oil by bomb calorimetry was found to be 9450 cal/g, and this differed from the experimental average by 0.11%.  This indicates that bomb calorimetry is an accurate method for determining the gross heat of combustion of oils.

TABLE OF CONTENTS

Abstract
1

Table of Contents
2

Background
3

Materials and Apparatus
6

Procedure
7

Results
9

Discussion
13

References
19

Appendix
20

BACKGROUND

Introduction to Bomb Calorimetry 

The primary objective of this lab was to determine the heats of combustion of safflower oil, olive oil, and peanut oil using a non-adiabatic Parr Bomb Calorimeter.  The following reaction occurs during the combustion of the oils:
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 Oil (l) + O2 (g)               CO2 (g) + H2O (l) + energy 

In an ideal scenario, all the energy released by the combustion reaction is transferred as heat into the surrounding water.  Thus, the heat of combustion can be obtained from the energy balance:

Qreaction= msample * Hcomb,sample  = m​water * Cp,water * twater


Experimentally, however, not all of the energy released goes to heating the water.  Energy goes into other processes such as heating the metal of the bomb; creating non-standard reaction products, such as nitric acid; and burning the fuse wire used to start the reaction.  Correction factors for these processes must be summed together and subtracted from the calculated energy equivalent, W (cal/(C), of the calorimeter.  The energy equivalent is commonly determined through calibration using a sample of benzoic acid.  Benzoic acid is used as a reference material for bomb calorimetry because it burns completely in oxygen, is not hygroscopic, and is readily available in very pure form.  The following reaction occurs during combustion of benzoic acid:
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C7H6O2 (s) + O2 (g)                    H2O (l) + CO2 (g) + energy
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The value of W can then be calculated from the following equation:

Equation 1
where H is the standard heat of combustion of the benzoic acid sample (cal/g), m is the mass of the benzoic acid sample (g), t is the net corrected temperature rise ((C), e1 is the correction for heat of formation of nitric acid (cal), and e3 is the correction for heat of combustion of fuse wire (cal).  Knowing the value of W, the heat of combustion for oils can be calculated through the following equation:
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Equation 2
where m is the mass of the oil sample (g), t is the net corrected temperature rise ((C), e1 is the correction for heat of formation of nitric acid (cal), and and e3 is the correction for heat of combustion of fuse wire (cal).  [6]
General Background on Fats 

Fats are large molecules constructed from two kinds of smaller molecules: glycerol and fatty acids.  Glycerol is an alcohol with three carbons, each bearing a hydroxyl group.  Fatty acids are long hydrocarbon chains, usually 16-18 carbon atoms in length with a carboxyl group attached to one end.  The nonpolar hydrocarbon bonds make the fats insoluble in water. [1]

A triglycerol, commonly known as fat, is formed when ester bonds link one glycerol molecule to three fatty acids.  The two different types of fats are termed saturated and unsaturated, depending on the structure of the hydrocarbon tails.  Saturated fatty acids have no double bonds between carbon atoms in the hydrocarbon tail and thus have the maximum number of bonded hydrogen atoms.  Most animal fats, such as butter, lard, and bacon grease, are saturated, forming solids at room temperature.  An unsaturated fatty acid has one or more double bonds.  This causes structural kinks at each double bond in the carbon skeleton and a reduction in the number of hydrogen bonds.  Most vegetable fats are unsaturated and are termed oils because they remain liquid at room temperature, since the kinks in the fatty acids prevent the fats from packing closely. Also, this inefficacy in packing allows unsaturated fats to be more readily used in the body than saturated fats, which are easily packed to form adipose tissue.  Unsaturated fats are further categorized as either monounsaturated or polyunsaturated.  Polyunsaturated fats have two or more of their carbon links free (not connected to hydrogen atoms).  Examples are corn oil and soybean oil.  Monounsaturated fats have only one of their carbon links free.  Olive oil is composed of more monounsaturated fat than any other oil (Table 1). [1]

TABLE 1: Fat Composition of Various Vegetable Oils (g fat per 100 g of oil)
Type of Oil
Polyunsaturated
Monounsaturated
Saturated

Coconut 
1.69
6.59
85.17

Cottonseed 
48.14
21.3
25.59

Corn 
49.28
29.32
16.43

Olive 
11.18
69.72
14.04

Palm
8.31
41.64
45.27

Peanut
28.46
47.85
18.83

Safflower Seed
72.11
12.62
10.22

Soybean
56.73
24.26
14.05

Sunflower Seed
49.95
31.81
13.09

Source: First Supplement to McCance and Widdowson’s The Composition of Foods, p. 72. [9]

Good Fats versus Bad Fats

In recent years, people have become more calorie conscious for both health and beauty reasons.  One area often targeted is daily fat intake, especially through oils.  Research show that only 30% of one’s daily calorie intake should be fat; however, studies show that in today’s society, approximately 37% of most peoples’ diet is fat [3].  In this “calorie-counting craze,” there is often a misconception about why fat and oils are unhealthy.  Most people scrutinize their calorie intake, often overlooking the composition of the consumed fat.  In actuality, differences in fat composition determine the health effects of oils.  


Fat intake correlates to cholesterol levels in the body, which directly affects the risk of heart disease.  Monounsaturated fats, found mostly in olive oils, and polyunsaturated fats, found predominantly in corn oils, have been found to actually lower the cholesterol level in the body.  Therefore, these fats are commonly known as “good” fats.  On the other hand, saturated fats and trans-unsaturated fats, which undergo hydrogenation, are “bad” fats since they significantly increase the cholesterol level in the body.  Common sources of saturated and trans-unsaturated fats are, respectively, animal products or nuts and baked goods or margarine [8]. The “good” and “bad” fats are classified by the chemical structure, which directly influences how they are packed and stored in the body as described in the previous section.

The exact fatty acid composition of fats is another important determinant for the health effects of oils.  Table 2 shows the fatty acid chains most commonly found in oils.  Some of these fatty acids, known as essential fatty acids, cannot be made by the body and must be ingested.  For example, linoleic acid is prime constituent of brain tissue and must be ingested by children in order to ensure normal development [2].  Therefore, consumers should not focus on calorie intake, but composition of fat consumption; some fats actually lower cholesterol levels and other fatty acids are essential for good health. 

Table 2:  Most Commonly Found Fatty Acid Chains in Fats 
Type of Fat
Fatty Acid Chain

Saturated
Myristic Acid


Palmitic Acid


Stearic Acid

Monounsaturated
Palmitoleic Acid


Oleic Acid

Polyunsaturated
Linoleic Acid


Linolenic Acid


Arachidonic Acid

Source: First Supplement to McCance and Widdowson’s The Composition of Foods, p. 51. [9]

MATERIALS AND APPARATUS

· Parr Instrument Model 1341 Oxygen Bomb Calorimeter, including stirrer, precision thermometer, and associated components, W= 2426 cal/oC
· Parr Instrument Model 1108 Oxygen Combustion Bomb
· High Pressure oxygen cylinder, equipped with Model 1825 filling connection for bomb

· Parr Model 2901 Ignition Unit

· Parr Pellet Press

· Associated components for test, including sample cups, ignition wire, stands for bomb head and calorimeter cover, thermometer magnifier.

· Ruler

· Top-loading 5 kg capacity balance with a resolution of 0.1 g.
· Desiccator with drierite for drying benzoic acid
· Water (2000 mL) per trial

· Bertolli Extra Virgin Olive Oil, Loriva Peanut Oil, and The International Collection Safflower Oil

· 0.0709N sodium carbonate solution and methyl red indicator for titration

· Burette and Ring stand

· Magnetic Stirrer 

· Acetone

PROCEDURE

The bomb calorimeter was assembled using the procedure outlined in the Model 1341 operating instructions.  Initially, the bomb calorimeter was calibrated to verify the energy equivalent, W, of the calorimeter.  A one-gram pellet of benzoic acid was prepared using the Parr pellet press.  The pellet was then carefully placed in the center of the crucible to ensure that it did not touch the crucible’s sides.  Fuse wire, cut to approximately 10 cm in length, was threaded through the electrodes and configured to a point directly above the benzoic acid pellet in the bomb head.  One milliliter of deionized (DI) water was added as a sequestering and absorption agent into the bottom of the bomb.  The bomb head was then lowered into the bomb.  The bomb cap was screwed on, and the bomb was pressurized with pure oxygen up to approximately 30 atm.  Meanwhile, the calorimeter bucket was filled with 2000 mL of a mixture of DI and tap water and lowered into the calorimeter, taking care to ensure that the water in the bucket was approximately 25 oC.  The bomb was then placed in the calorimeter.  The cover with thermometer, which underwent an inversion test, and stirrer were set in place. The temperature of the water was measured every minute for five minutes before ignition.  The temperature was then taken every 45 seconds during the two-minute interval for the period immediately after ignition, and then every minute until it reached a constant temperature for five minutes. 

After the experiment, the bomb was slowly depressurized, and the inside was washed with DI water and collected into a beaker.  The washings were titrated with 0.0709 N sodium carbonate and methyl red indicator.  The remnants of the fuse wire were measured to obtain the necessary heat correction factor.  This procedure was repeated three more times with benzoic acid, and the results were plotted as temperature versus time graphs.


The above procedure was slightly modified when for combustion of oils.  The mass of oil to be used was 0.5 grams, as a result, the length of the fuse wire was increased to approximately 13 cm.  The oils were poured directly into the crucibles, and the crucible was bent to increase the depth and reduce the surface area of the oil (Figure 1).  After the oil samples were combusted, acetone was used to clean the crucibles. 

Figure 1: Repositioning of the Crucible
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RESULTS

Standardization of the Bomb Calorimeter

Figure 2: Temperature versus Time during Combustion of Benzoic Acid (Trial 2)
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The above graph shows the temperature versus time plot for trial two of the benzoic acid calibration.  The graph contains temperature error bars on the magnitude of (0.015 oC determined from Parr Instruments temperature correction table [6].  The error bars are barely distinguishable on the above graph due to their minute nature.  The equations of the horizontal linear portions before and after the rapid rise period are given.  As expected, the slopes indicate no statistical difference from zero.  The 60% marker indicates the time at which the temperature reached 60% of the total temperature rise.

Table 3: Measurements and Correction Factors for the Benzoic Acid Calibration Trials

Item
Trial 1
Trial 2 
Trial 3
Trial 4

Sample Mass (g)
1.07
0.98
1.01
1.06

Nitric Acid correction (cal)
9.60
8.45
9.60
9.28

Firing Wire correction (cal)
16.01
16.81
22.36
23.00

Corrected Temp (oC)
2.74
2.47
2.59
2.72

Table 3 shows the measurements and correction factors for each of the four benzoic acid combustions.  The above data was used to calculate to experimental energy equivalents, W, using Equation 1 and the heat of combustion of benzoic acid as 6318 cal/g, as given in  Parr Instruments operating instructions manual [6].

Table 4:  Experimental Energy Equivalent for Benzoic Acid


W (calories/oC)
Systematic error (+/-)

Trial 1
2476
12.21

Trial 2
2503
17.62

Trial 3
2473
14.38

Trial 4
2476
14.00

The calculated experimental energy equivalents are illustrated in Table 4, derived from the data in Table 3 in conjunction with Equation 1.  The systematic error was computed based on the limitations of the measuring instruments and apparatus.
Table 5:  Statistical Analysis of the Experimental Energy Equivalent of Benzoic Acid

Average Experimental W(cal/oC)
2482

Literature Value (cal/oC)
2426

Percent deviation between Trials
0.57%

Percent deviation from Literature
2.20%

Upper 95% Confidence Interval (cal/ oC)
2458

Lower 95% Confidence Interval (cal/ oC)
2504

Table 5 provides a statistical analysis of the collected data from the four benzoic acid calibration trials.  The literature value, 2426 cal/g, was obtained from the Parr Instruments operating instructions manual [6].  The table shows that the literature value of W does not fall within the 95% confidence interval of the average experimental W and is thus statistically different.  

Figure 3: Experimental Energy Equivalents
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Figure 3 shows the computed energy equivalents along with systematic error bars obtained from standard differential analysis.  The bold line is the literature value.  The graph illustrates that the uncertainty ranges of all four trials overlap while the literature value falls outside the ranges.  This indicates that the literature value is statistically different from the experimental values.

Combustion of Oils
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Figure 4: Temperature versus Time for Safflower Oil Combustion

The above graph shows the temperature versus time plot for the combustion of safflower oil (trial 1).  The graph contains temperature error bars on the magnitude of (0.01 oC, determined from Parr Instruments temperature correction table [6]. The error bars are barely distinguishable on the above graph due to their minute nature.  The equations of the horizontal linear portions before and after the rapid rise period are given.  The slopes indicate no statistical difference from zero.  All of the other oil combustion trials yielded nearly identical graphs.  The 60% marker indicates the time at which the temperature reached 60% of the total temperature rise.

Table 6: The Average Heats of Combustion for the Tested Oils

Sample
Average H (cal/g)
Standard Deviation (cal/g)

Safflower Oil (3 trials)
9452
62

Olive Oil (3 trials)
9434
38

Peanut Oil (3 trials)
9437
27

Overall (9 trials)
9440
39

Table 6 lists the average experimental heats of combustion values for the three different types of oils along with the respective standard deviations.  The overall average heat of combustion is also listed for all nine trials.  The raw data used to determine these values for each oil type are found in Appendix A-1 through  A-3.

Table 7:  Statistical Analysis of the Experimental Heat of Combustion for Tested Oils

Average Experimental Hc (cal/g)
9440

Literature Value Hc (cal/g)
9450

Percent deviation between Trials
0.42%

Percent deviation from Literature
0.11%

Upper 95% Confidence Interval (cal/g)
9471

Lower 95% Confidence Interval (cal/g)
9410

T-statistical
2.31

T-critical
0.69

Table 7 provides statistical analysis of the collected data from the combustion of oils.  The literature Hc value for the combustion of oil through bomb calorimetry was obtained from the Pennsylvania State University Department of Nutrition [7].  The table shows that the literature value falls within the 95% confidence interval of the average experimental Hc.  Also, the t-critical value is less than the t-statistical value, which indicates that the literature Hc is not statistically different from the mean experimental Hc.

Figure 5:  Heats of Combustion of Oils
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Figure 5 shows the experimental values of heat of combustion for each oil sample along the corresponding systematic error bar.  The error bars account for both the limitations of the measuring instruments and the manufacturing limitations of the calorimeter.  The bold line is the literature value of Hc.  The graph shows that each of the nine trials fall within uncertainty interval of the others.  Also, the literature value is within the range of experimental systematic error since the bold line falls within all the error bars.

DISCUSSION


Since the literature value for the energy equivalent of the calorimeter, W, does not fall within the 95% interval of confidence for the experimental W, the results from the standardization of W demonstrate that the two values are statistically significant.  The literature value, 2426 cal/oC, represents an average W for all of Parr’s Model 1341 Oxygen Bomb Calorimeters, while the experimental value for W is calculated for the specific apparatus used throughout experimentation.  Thus, the differences between the two values are attributed to the age of the experimental calorimeter and the slight workmanship variations in each individual bomb calorimeter unit.


Based on the original hypothesis that chemical composition affects the heats of combustion of oils, the three experimental vegetable oils—extra virgin olive, peanut, and safflower— were chosen based on differences in percent saturated and unsaturated fat.  From Table 1 in the background, olive oil is highest in monounsaturated fat, safflower oil is highest in monounsaturated fat, and peanut oil is highest in saturated fat among the oils available at local grocery stores. 

Using the experimental W, the average heats of combustion for extra virgin olive, peanut, and safflower oil were, respectively: 9434 ( 38 cal/g, 9437 ( 27 cal/g, and 9452 ( 62 cal/g.  The 95% confidence level for the olive, peanut, and safflower oils were: 95, 67, and 153 cal/g.  Since the literature value of 9450 cal/g for the heat of combustion of oils by bomb calorimetry fell within the 95% interval of confidences for all three oils, the differences between the average heats of combustion for the three oils were determined to be statistically insignificant.  Thus, the three average heats of combustion were averaged to calculate the experimental value for the heat of combustion of oils as 9440 ( 39 cal/g, which deviated from the literature value by 0.11%.  Therefore, the compositional differences for the three oils had no affect on the average heats of combustion, and the original hypothesis was disproved.  

Justification for Procedural Modifications

Since the tested samples were liquid oils, various procedural adjustments were made as outlined in the Procedure section.  Due to the volatility of oil, the most significant adjustment was in sample size.  Since oil emits a large amount of heat when combusted, the Parr Bomb Company recommended a reduced sample size of 0.7 grams for the first trial.  However, the emitted heat from this sample (6637 cal) was substantially greater than the heat generated from combusting one gram of benzoic acid   (approximately 2480 cal).  To ensure that heat was not lost due to the high magnitude of heat emitted, the sample size of oil was further reduced to release a value of heat more comparable to the heat emitted from the benzoic acid calibration.  

The next two samples were 0.3 grams, a mass reduction of approximately 60%.  Only the second sample ignited and emitted 2814 cal, which was well within the range of the benzoic acid.  The reduced sample size required a longer fuse wire, thereby placing it closer to the bottom of the crucible and increasing the chances of the fuse wire short-circuiting.  This suggests that the first 0.3 gram sample failed to ignite because of the fuse wire short-circuited.  The Parr Bomb Company suggested using a wick to ensure the ignition of the small oil samples while preventing the fuse wire from short-circuiting.  Using a wick, however, requires the determination of an additional caloric correction factor, which must be attained through experimentation.  Therefore, instead of using a wick, the crucible was tilted forward to concentrate the oil to one side of the crucible, while increasing its depth and reducing its surface area (as illustrated in Figure 1).  This minimized short-circuit risks by increasing the distance between the fuse wire and the crucible, and it also brought the oil into closer vicinity of the fuse without direct contact.  

The calculated values for the heats of combustion of the oils determined that the size of the sample does not significantly affect the heat of combustion of the oil since the calculated value for the 0.3 gram sample was only 1.1% lower than the 0.7 gram sample.  This proved that the 0.7 gram sample was an accurate trial despite the magnitude of the energy release and the range of the calibration standard of the bomb calorimeter.  Therefore, the sample size was increased to 0.5 gram for remaining trials to make the test samples more manageable.

Sources of Error and Error Analysis

In this experiment, the only real source of error was the human error in taking the various measurements, such as length, mass, time, and temperature.  However, to minimize the effect of the error on the results, specific tasks were divided among the lab members to ensure that every measurement was read with the same precision.  This specialization of tasks also increased the efficiency of the experimentation.  Another possible source of error was the environmental conditions of the laboratory, however the non-hydroscopic nature of oils eliminates any influence that may result from a moist environment. 

The systematic experimental errors due to human and measurement equipment limitations for the mass of the sample, the temperature rise, nitric acid correction, and fuse wire correction were determined using standard differential analysis. The error resulting from the measurement of the mass of water in the bomb was determined to be one cal/oC based on the accuracy of the scale used.  This increased the error of W, the effective heat capacity of the calorimeter apparatus by one cal/oC, the heat capacity of one gram of water.  For the oil trials, standard differential analysis was used to determine the effect of the above-described error in W on the experimentally acquired heats of combustion.

The systematic uncertainty interval for the rate at which temperature rose during the equilibrium periods before firing and after rapid rise was determined by the standard error obtained through a regression analysis on the time vs. temperature line for those periods.  Based on observations made during the first few trials, the experimental procedure was modified by assuming that the temperature rate change during the before firing and rapid rise periods was statistically indiscriminate from zero.   Therefore, an average value of error for the pre-modified procedure trials was used in determining the temperature error.

Validity of Data

The validity of the data obtained from combustion of the oil samples was shown in three ways.  The first method was the 95% confidence interval test.  Table 5 shows that the literature value for Hc for oil falls between the upper and lower 95% confidence interval around the mean for the nine experimental trials.  This demonstrates that the literature value is significantly insignificant from the mean experimental value at the 95% confidence level.  The second proof of validity was the test of significance.  In this test, the statistical t-value (calculated based on 8 degrees of freedom and a 0.05 probability level) was compared to the critical (experimental) t-value (calculated based on the literature and mean values of Hc).  Table 7 shows that the t-critical value is less than the t-statistical value.  This indicates that there is no significant difference between the literature value for Hc and the mean experimental value for Hc.  The third test of validity is shown in Figure 5.  This plot shows that the literature value for Hc falls within the error bars for all nine trials, indicating that it is within the systematic uncertainty interval for the entire experiment.
A 10% Disparity and Limitations of Bomb Calorimetry


Along with initially hypothesizing that the chemical structure of oils affected their heats of combustion, it was expected that the experimental heats of combustion would be equivalent to the calorific value for “Total Fat” given on the bottle labels.  The label value of 120 g/serving size of one tablespoon converts to 8571 cal/g.  


With a 10.1% disparity between the experimental heats of combustion and the label values, one of these values was initially concluded to be wrong. After contacting the Food and Drug Administration (FDA), the American Oil Society, and other sources, it was discovered that neither value was wrong, but extreme caution had to be used when comparing the experimental and label values for the following three reasons:


First, the two values were derived from two drastically different methods.  The method discussed above was used to obtain the experimental gross heats of combustion.  Label values, on the other hand, are calculated values, based purely on accepted FDA regulations with no experimental backing.  Crisco, Bertolli and other oil companies never use bomb calorimetry to quantify the energy released by their oils.  Instead, the food industry and the FDA accept certain chemical methods to determine the grams of protein, fat, and carbohydrates in food samples, and these amounts are multiplied by factors assumed to represent the number of calories produced in the body by one gram of protein, fat, and carbohydrate.  The fat factor is calculated by averaging the fat value and calories over a spectrum of foods, and the FDA accepts that there are 9.1 calories per gram of fat. [9]  


Second, although the label value is supposed to reflect what happens in the body, the bomb calorimeter does not model the human body well.  Oils in the bomb were combusted at 30 atm, and the combustion was nearly instantaneous.  Clearly, conditions in the body are quite different.


Thirdly, the bomb measures the heat of combustion for the complete breakdown of the oil sample.  In the body, however, not all of the oil consumed generates calories.  Some fat is stored in adipose tissue, some fat is needed for oil glands and membrane lipid protein, and some fat never gets absorbed into the system and is excreted.  Since the label calorie value only reflects the portion of oil that is metabolized, it is inherently different from a complete heat of combustion value obtained through calorimetry. [1]

With these three reasons in mind, the following justification for the 10.1% difference between the literature and experimental values for the heat of combustion of oils is proposed.  Published literature states that 94 -98% of ingested fat is absorbed into the intestinal tract [10].  Assuming that all the absorbed fat is used for metabolism, storage, and other biological uses, this suggests that the remaining 2 to 6% of ingested fat is secreted or excreted and not a calorie component in fat metabolism.  The label value accounts for the calories released through the metabolism of fats, whereas the experimental value assumes 100% efficiency in fat combustion.  Thus, in addition to the energy released through fat metabolism (label value component), the experimental value also includes the potential energy for all the unmetabolized fats.  Therefore, the experimental value should exceed the label value by more than 2 to 6%.  


Even with this speculation, the difference between the experimental and label values is not fully accounted.  We attribute the extra energy to the heat of combustion of anti-oxidants and preservatives contained in the oils.  Anti-oxidants are added to oils in trace amounts to prevent oils from oxidizing due to heat, light, the presence of oxygen, and contact with metals.  Common anti-oxidants for oils include ascorbic acid, with the ability to bind to free oxygen in oil, and octyl- and dodecyl esters.  The combustion of all these organic compounds in the bomb calorimeter contributes to a higher gross heat of combustion for oil than label values. Additionally, the labels for most oils claim to have no preservatives, even though FDA regulation allows foods which contains less than several parts per million to be labeled as “no preservatives or additives.”  Common preservatives are chloride derivatives, which also would add additional energy to the experimental gross heat of combustion. [4] 


With these considerations in mind, we conclude that bomb calorimetry is an effective method for computing the gross heats of combustion for oils.  However, since the bomb simply measures the heat released in a complete combustion reaction, it cannot give any information about the composition of oils.  Therefore, bomb calorimetry is not a practical technique for biomedical applications since it is not the calorie values of oils that are important for good health, but their fat compositions.  This is affirmed by the common usage of other techniques such as gas chromatography and the Von Liberman technique in determining the calorie content and compositions of fats in food sources today [9].  
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APPENDIX A

Table A-1:  Safflower Oil
Item
Trial 1
Trial 2
Trial 3

Sample Mass (g)
0.711
0.715
0.292

Nitric Acid correction (cal)
9.92
6.60
3.25

Firing Wire correction (cal)
22.36
21.62
20.10

Corrected Temp (oC)
2.73
2.75
1.11

Energy Equivalent of Calorimeter (cal/oC)
2482
2482
2482

This table shows the measurements and correction factors obtained from the combustion of safflower oil.  The average value of Hc for safflower oil given in Table 4 was calculated using the data in this table in conjunction with Equation 2.  The energy equivalent represents the average experimental value obtained from the benzoic acid calibration trials.

Table A-2:  Peanut Oil
Item
Trial 1
Trial 2
Trial 3

Sample Mass (g)
0.510
0.497
0.508

Nitric Acid correction (cal)
7.3
6.6
6.9

Firing Wire correction (cal)
13.73
19.50
19.92

Corrected Temp (oC)
1.95
1.90
1.94

Energy Equivalent of Calorimeter (cal/oC)
2482
2482
2482

This table shows the measurements and correction factors obtained from the combustion of peanut oil. The average value of Hc for peanut oil given in Table 4 was calculated using the data in this table in conjunction with Equation 2.

Table A-3:  Olive Oil
Item
Trial 1
Trial 2
Trial 3

Sample Mass (g)
0.503
0.506
0.504

Nitric Acid correction (cal)
6.65
6.71
6.88

Firing Wire correction (cal)
20.24
20.24
21.05

Corrected Temp (oC)
1.93
1.93
1.93

Energy Equivalent of Calorimeter (cal/oC)
2482
2482
2482

This table shows the measurements and correction factors obtained from the combustion of olive oil. The average value of Hc for olive oil given in Table 4 was calculated using the data in this table in conjunction with Equation 2.
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95% Confidence

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703						Interval		Upper Limit		Lower Limit

		9418.2490241848						30.40		9471		9410

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

										Lower Limit<		Theoretical		<Upper Limit

		Mean		9440.871372201

		Std Dev.		39.5431742849						9410 <		9450		< 9471

		Theoretical		9450

		t-stat		2.3060056265





Test of Significance

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703

		9418.2490241848

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

		Mean		9440.871372201

		Std Dev.		39.5431742849

		Theoretical		9450

		t-stat		2.3060056265

		t-critical		0.6925565257

		t-critical < t-stat means that there is no significant difference between the mean heats of combustion and the theoretical value.





scratchpad

				Value

		Safflower Oil (1)		9482

		Safflower Oil (2)		9493

		Safflower Oil (3)		9381		9452		62

		Peanut Oil (1)		9468

		Peanut Oil (2)		9418

		Peanut Oil (3)		9425		9437		27

		Olive Oil (1)		9462

		Olive Oil (2)		9390

		Olive Oil (3)		9449		9434		38

																								2426

				9441		39.5																		2426

				1				2				3				4

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992

		0		2481.8714909897

		5		2481.8714909897

				W (calories/gram)		Systematic error (+/-)

		Trial 1		2476		12.21

		Trial 2		2503		17.62

		Trial 3		2473		14.38				2426				2459 ? W ? 2504 (cal/?C)

		Trial 4		2476		14.00

		Average		2482 +/- 0.57%

		Average Experimental (cal/g)		2482

		Literature Value (cal/g)		2426

		Percent deviation between Trials		0.57%

		Percent deviation from Literature		2.20%

		Upper 95% Confidence Interval (cal/g)		2458

		Lower 95% Confidence Interval (cal/g)		2504
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Figure 2: Experimental Energy Equivalents
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Total

																																						Fat Composition of Various Oils (g fat per 100 g of oil)

		Bezoic Acid		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		Error:		Mean		%DEV		Systematic Error		Type		Safflower Oil		Peanut Oil		Olive Oil						Type of Oil		polyunsaturated		monounsaturated		saturated

		Mass (g)		1.069		0.001		0.976		0.001		1.01		0.001		1.06		0.001								Computed Heat of Combustion (cal/g)		9451.7895930776		9437.0693019082		9433.7552216172						Coconut		1.69		6.59		85.17

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333		5		0.0333333333								Serving Size (g)		14		14		14						Cottenseed		48.14		21.3		25.59

		Observed Temperature at firing (Celsius)		25.94		0.005		26.33		0.005		26.659		0.005		26.905		0.005								Calories/serving (kCal/14g)		120		120		120						Corn		49.28		29.32		16.43

		Temperature Correction		-0.015		0		-0.017		0		-0.021		0		-0.022		0								Calories/g (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Olive		11.18		69.72		14.04

		Corrected temperature at firing (Celsius)		25.925		0.005		26.313		0.005		26.638		0.005		26.883		0.005								Calories from fat/serving		120		120		120						Palm		8.31		41.64		45.27

		Temperature change rate before firing (Celsius/Minute)		-0.0019428571		0.0007862769		-0.0022285714		0.0007862769		-0.0008571429		0.0001880802		-0.0013428571		0.0004354996								Calories/g from fat (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Peanut		28.46		47.85		18.83

		Time of 60% Temperature rise		6.3429458239		0.0333333333		6.2629453682		0.0333333333		6.191342202		0.0333333333		6.1910436137		0.0333333333								Fat/serving (g)		14		14		14						Safflower Seed		72.11		12.62		10.22

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333		10		0.0333333333								saturated/serving (g)		1		2		2						Soyabean		56.73		24.26		14.05

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005		28.8		0.005		29.236		0.005		29.61		0.005								polyunsaturated/serving (g)		11		5								Sunflower Seed		49.95		31.81		13.09

		Temperature Correction (Celsius)		-0.009		0		-0.009		0		-0.008		0		-0.009		0								monounsaturated/serving (g)		2		7										Value		Error		Sample #				9450		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.661		0.005		28.791		0.005		29.228		0.005		29.601		0.005								%saturated		0.0714285714		0.1428571429		0.1428571429						Safflower Oil (1)		9481.8844045866		105.1870332487		1				9450		1

		Constant Temperature change rate  (Celsius/Minute)		-0		0		0.0019		0.0010503968		-0.0005		0.0005		0.0005		0.0006191392								%polyunsaturated		0.7857142857		0.3571428571		0						Safflower Oil (2)		9492.6667617727		104.7098550215		2				9450		2

		DTemperature (Celsius)		2.7386091519		0.0109264034		2.4737141602		0.01489651		2.5934254794		0.0125379206		2.7176949232		0.0128207827								%monounsaturated		0.1428571429		0.5		0						Safflower Oil (3)		9380.8176128734		174.3683927764		3				9450		3

		Initial fuse wire length (cm)		9.98		0.05		9.91		0.05		9.72		0.05		10		0.05																				Peanut Oil (1)		9467.7370458703		123.7115933834		4				9450		4		0

		Remaining fuse wire length (cm)		3.02		0.05		2.6		0.05		4.84		0.05		2.6		0.05																				Peanut Oil (2)		9418.2490241848		129.6679422557		5				9450		5

		DFuse wire length (Celsius)		6.96		0.1		7.31		0.1		9.72		0.1		10		0.1																				Peanut Oil (3)		9425.2218356693		112.5918561847		6				9450		6

		Fuse wire heat of combustion correction (cal)		16.008		0.23		16.813		0.23		22.356		0.23		23		0.23								Benzoic Acid				All W's								Olive Oil (1)		9461.8863629394		151.3829157335		7				9450		7		0

		Nitric acid reaction correction (cal)		9.6		0.05		8.45		0.05		9.6		0.05		9.28		0.05								Mean		2481.8714909897		2475.5449295601		Benzoic Stats						Olive Oil (2)		9390.3586747203		133.4473730096		8				9450		8

		Nominal Heat of Combustion (Cal/g)		6318		0		6318		0		6318		0		6318		0		Benzoic						Standard Deviation		14.1378870688		2502.9694617555								Olive Oil (3)		9449.0206271919		125.1793891298		9				9450		9

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992		2481.8714909897		0.57%		14.5513173308		Percent Deviation		0.57%		2472.8437547349		Mean		2481.8714909897				Literature						10				9450		10

																										95% Confidence Interval		22.9126997781		2476.1278179083		Standard Error		7.0689435344

		Safflower Oil		Trial1		Error:		Trial 2		Error:		Trial		Error:		Trial 4		error		Mean		%DEV										Median		2475.8363737342

		Mass (g)		0.711		0.001		0.715		0.001		0.292		0.001																		Mode

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333																		Standard Deviation		14.1378870688

		Observed Temperature at firing (Celsius)		25.222		0.005		25.56		0.005		25.65		0.005																		Sample Variance		199.87985077				TINV:

		Temperature Correction		-0.018		0		-0.016		0		-0.016		0																		Kurtosis		3.8098176442				3.1824492908

		Corrected temperature at firing (Celsius)		25.204		0.005		25.544		0.005		25.634		0.005																		Skewness		1.9375105164

		Temperature change rate before firing (Celsius/Minute)		0.0023714286		0		0.0009142857		0.0000000003		0.0014285714		0.0000008198																		Range		30.1257070206				22.4965543375

		Time of 60% Temperature rise		6.1572904251		0.0333333333		6.211010101		0.0333333333		6.3357575758		0.0333333333																		Minimum		2472.8437547349				low		2459.3749366522

		Time of constant Temperature change rate (minutes)		11		0.0333333333		11		0.0333333333		10		0.0333333333																		Maximum		2502.9694617555				high		2504.3680453272

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005		28.305		0.005		26.77		0.005																		Sum		9927.4859639588

		Temperature Correction (Celsius)		-0.011		0		-0.009		0		-0.021		0																		Count		4

		Corrected Temperature at constant Temperature change rate (Celsius)		27.939		0.005		28.296		0.005		26.749		0.005																		Confidence Level(95.0%)		22.4965543375

		Constant Temperature change rate  (Celsius/Minute)		0.0006		0.0000000081		0.001		0.0000000002		0		0												Safflower

		DTemperature (Celsius)		2.7293499427		0.0101981344		2.7461038009		0.0101276202		1.1130917749		0.0100963332

		Initial fuse wire length (cm)		12.95		0.05		12.75		0.05		12.14		0.05										saff trials		Mean		9451.7902666667

		Remaining fuse wire length (cm)		3.23		0.05		3.35		0.05		3.4		0.05										9481.8844		Standard Error		35.6226303594

		DFuse wire length (Celsius)		9.72		0.1		9.4		0.1		8.74		0.1										9492.6688		Median		9481.8844

		Fuse wire heat of combustion correction (cal)		22.356		0.23		21.62		0.23		20.102		0.23										9380.8176		Mode

		Nitric acid reaction correction (cal)		9.92		0.05		6.6		0.05		3.25		0.05												Standard Deviation		61.7002056817

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Safflower						Sample Variance		3806.9153811634

		Computed Heat of Combustion (cal/g)		9481.8844045866		105.1870332487		9492.6667617727		104.7098550215		9380.8176128734		174.3683927764						9451.7895930776		0.65%		128.0884270156		Kurtosis						Saf		9451

																										Skewness		-1.6727111355				Peanut		9437

		Peanut Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Range		111.8512				Olive		9433

		Mass (g)		0.51		0.001		0.497		0.001		0.508		0.001												Minimum		9380.8176				mean		9440.3333333333

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333												Maximum		9492.6688

		Observed Temperature at firing (Celsius)		25.6		0.005		27.19		0.005		26.38		0.005												Sum		28355.3708

		Temperature Correction		-0.016		0		-0.022		0		-0.019		0												Count		3

		Corrected temperature at firing (Celsius)		25.584		0.005		27.168		0.005		26.361		0.005												Confidence Level(95.0%)		153.2719144568

		Temperature change rate before firing (Celsius/Minute)		0		0.0000000102		-0.0021142857		0.0000073656		0		0.0003005022										peanut

		Time of 60% Temperature rise		6.2957446809		0.0333333333		6.20234375		0.0333333333		6.198		0.0333333333										9467.73705		Peanut

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333										9418.249

		Observed Temperature at constant Temperature change rate (Celsius)		27.555		0.005		29.07		0.005		28.31		0.005										9425.2218		Mean		9437.0692833333

		Temperature Correction (Celsius)		-0.017		0		-0.008		0		-0.009		0												Standard Error		15.4654337066

		Corrected Temperature at constant Temperature change rate (Celsius)		27.538		0.005		29.062		0.0041724053		28.301		0.000000031												Median		9425.2218

		Constant Temperature change rate  (Celsius/Minute)		0		0.0000079787		0		0.0005		0		0.0005												Mode

		DTemperature (Celsius)		1.954		0.0100375469		1.8965420982		0.010939137		1.94		0.0077610326												Standard Deviation		26.7869169408

		Initial fuse wire length (cm)		10.83		0.05		12.18		0.05		11.99		0.05												Sample Variance		717.5389191955

		Remaining fuse wire length (cm)		4.86		0.05		3.7		0.05		3.33		0.05												Kurtosis

		DFuse wire length (Celsius)		5.97		0.1		8.48		0.1		8.66		0.1												Skewness		1.6009535616

		Fuse wire heat of combustion correction (cal)		13.731		0.23		19.504		0.23		19.918		0.23												Range		49.48805

		Nitric acid reaction correction (cal)		7.3		0.05		6.6		0.05		6.9		0.05												Minimum		9418.249

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308												Maximum		9467.73705

		Computed Heat of Combustion (cal/g)		9467.7370458703		123.7115933834		9418.2490241848		129.6679422557		9425.2218356693		112.5918561847						9437.0693019082		0.28%		121.9904639412		Sum		28311.20785

																										Count		3

		Olive Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Confidence Level(95.0%)		66.5424368778

		Mass (g)		0.503		0.001		0.506		0.001		0.504		0.001										olive

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333										9461.88636		Olive

		Observed Temperature at firing (Celsius)		25.867		0.005		26.12		0.005		26.312		0.005										9390.3587

		Temperature Correction		-0.015		0		-0.015		0		-0.017		0										9449.0206		Mean		9433.75522

		Corrected temperature at firing (Celsius)		25.852		0.005		26.105		0.005		26.295		0.005												Standard Error		22.0138244912

		Temperature change rate before firing (Celsius/Minute)		-0.0003714286		0.0000591258		-0.0002857143		0.0000001431		-0.0015714286		0.000178611												Median		9449.0206

		Time of 60% Temperature rise		6.2698608137		0.0333333333		6.2253021148		0.0333333333		6.2377187689		0.0333333333												Mode

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333												Standard Deviation		38.1290624877

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.04		0.005		28.225		0.005												Sample Variance		1453.8254061937

		Temperature Correction (Celsius)		0		0		-0.01		0		-0.009		0												Kurtosis

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.03		0.005		28.216		0.005												Skewness		-1.5128434487

		Constant Temperature change rate  (Celsius/Minute)		0		0.0011412926		0		0.0005407328		-0.0015		0.0000352703												Range		71.52766

		DTemperature (Celsius)		1.9284716626		0.0154487923		1.9253500863		0.0120222308		1.9300884085		0.0101842753												Minimum		9390.3587

		Initial fuse wire length (cm)		11.92		0.05		12.12		0.05		12.15		0.05												Maximum		9461.88636

		Remaining fuse wire length (cm)		3.12		0.05		3.32		0.05		3		0.05												Sum		28301.26566

		DFuse wire length (Celsius)		8.8		0.1		8.8		0.1		9.15		0.1												Count		3

		Fuse wire heat of combustion correction (cal)		20.24		0.23		20.24		0.23		21.045		0.23												Confidence Level(95.0%)		94.7179079773

		Nitric acid reaction correction (cal)		6.65		0.05		6.71		0.05		6.88		0.05

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Olive

		Computed Heat of Combustion (cal/g)		9461.8863629394		151.3829157335		9390.3586747203		133.4473730096		9449.0206271919		125.1793891298						9433.7552216172		0.40%		136.6698926243

																														HC		Mass		SUMMARY OUTPUT

		Oil		Trial 1		error		Trial 2		error		Trial 3		error		Trial 4		error		Mean		%DEV		9461.88636		All Collected Data				9481.8844045866		0.711

		Mass (g)																						9390.3587		Mean		9440.87159		9492.6667617727		0.715		Regression Statistics

		Time of Firing (minutes)																						9449.0206		Standard Deviation		39.5435087715		9380.8176128734		0.292		Multiple R		0.8083377869

		Observed Temperature at firing (Celsius)																						9467.73705		Percent Deviation		0.42%		9467.7370458703		0.51		R Square		0.6534099777		no correlation bet sample size and HC

		Temperature Correction																						9418.249		95% Confidence Interval		37.0003925346		9418.2490241848		0.497		Adjusted R Square		0.6038971174

		Corrected temperature at firing (Celsius)																						9425.2218		All Within 95% Confidence				9425.2218356693		0.508		Standard Error		24.8871709152

		Temperature change rate before firing (Celsius/Minute)																						9481.8844						9461.8863629394		0.503		Observations		9

		Time of 60% Temperature rise																						9492.6688						9390.3586747203		0.506

		Time of constant Temperature change rate (minutes)																						9380.8176						9449.0206271919		0.504		ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)																																		df		SS		MS		F		Significance F

		Temperature Correction (Celsius)																																Regression		1		8173.702127115		8173.702127115		13.1967729885		0.0083673807

		Corrected Temperature at constant Temperature change rate (Celsius)																																Residual		7		4335.5989331506		619.3712761644

		Constant Temperature change rate  (Celsius/Minute)																																Total		8		12509.3010602657

		DTemperature (Celsius)

		Initial fuse wire length (cm)																																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)																																Intercept		9307.3639299315		37.6758572658		247.0378806322		0		9218.2747478743		9396.4531119887		9218.2747478743		9396.4531119887

		DFuse wire length (Celsius)																																X Variable 1		253.1746692847		69.6925536925		3.6327362949		0.0083673807		88.3780845607		417.9712540087		88.3780845607		417.9712540087

		Fuse wire heat of combustion correction (cal)

		Nitric acid reaction correction (cal)

		W

		Computed Heat of Combustion (cal/g)																		0		0.00%





Total

		0		0		105.1875270327		105.1875270327		0		0		0		0		0		0		0		104.7098550693		104.7098550693		174.3614223914		174.3614223914		123.5289594343		123.5289594343		109.2755056775		109.2755056775		110.832900569		110.832900569		124.3761009031		124.3761009031		123.4351463296		123.4351463296		123.2644437868		123.2644437868		0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0
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Peanut Oil  (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.508		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.38		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.36		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0003005022		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.000000031

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.94		0.0077610326

		Initial fuse wire length (cm)		11.99		0.05

		Remaining fuse wire length (cm)		3.33		0.05

		DFuse wire length (Celsius)		8.66		0.1

		Fuse wire heat of combustion correction (cal)		19.918		0.23

		Nitric acid reaction correction (cal)		6.90		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9425		112.5918561847

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.38		0		5		Pre

		26.38		1		6

		26.38		2		7

		26.38		3		8

		26.38		4		9

		26.38		5		10		Ignite

		26.98		5.75		10:45		rapid rise

		27.36		6		11		0.38

		27.64		6.25		11:15		0.28

		27.79		6.5		11:30		0.15

		27.93		6.75		11:45		0.14

		28.02		7		12		0.09

		28.215		8		13		0.195

		28.28		9		14		0.065

		28.305		10		15		0.025

		28.31		11		16		0.005

		28.31		12		17		0

				13		18		-28.31

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.31		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.538		6.198
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Peanut Oil (2)

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.497		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		27.19		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		27.17		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000073656		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		29.07		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		29.06		0.0041724053

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.90		0.010939137

		Initial fuse wire length (cm)		12.18		0.05

		Remaining fuse wire length (cm)		3.70		0.05

		DFuse wire length (Celsius)		8.48		0.1

		Fuse wire heat of combustion correction (cal)		19.504		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9418		129.6679422557

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		27.2				5		stir

		27.2		0		5		Pre

		27.2		1		6

		27.2		2		7

		27.2		3		8

		27.192		4		9

		27.19		5		10		Ignite

		27.815		5.75		10:45		rapid rise

		28.13		6		11		0.315

		28.4		6.25		11:15		0.27

		28.58		6.5		11:30		0.18

		28.72		6.75		11:45		0.14

		28.78		7		12		0.06

		28.98		8		13		0.2

		29.05		9		14		0.07

		29.07		10		15		0.02

		29.07		11		16		0

		29.07		12		17		0

				13		18		-29.07

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.07		10

		29.07		11

		29.07		12

		29.07		13

		29.07		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.318		6.20234375
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Peanut Oil [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.51		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.60		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.58		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000102		<- need to run regression to get error

		Time of 60% Temperature rise		6.30		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.56		0.005

		Temperature Correction (Celsius)		-0.02		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.54		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000079787

		DTemperature (Celsius)		1.95		0.0100375469

		Initial fuse wire length (cm)		10.83		0.05

		Remaining fuse wire length (cm)		4.86		0.05

		DFuse wire length (Celsius)		5.97		0.1

		Fuse wire heat of combustion correction (cal)		13.731		0.23

		Nitric acid reaction correction (cal)		7.30		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9468		123.7115933834

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		25.6		0		5		Pre

		25.6		1		6

		25.6		2		7

		25.6		3		8

		25.6		4		9

		25.6		5		10		Ignite

		26.15		5.75		10:45		rapid rise

		26.49		6		11		0.34

		26.8		6.25		11:15		0.31

		26.98		6.5		11:30		0.18

		27.15		6.75		11:45		0.17

		27.24		7		12		0.09

		27.455		8		13		0.215

		27.52		9		14		0.065

		27.55		10		15		0.03

		27.555		11		16		0.005

		27.555		12		17		0

		27.555		13		18		0

		27.555		14		19		0

		27.555		15		20		0

				16		21		-27.555

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.555		11

		27.555		12

		27.555		13

		27.555		14

		27.555		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.773		6.2957446809
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OliveOil (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.504		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.31		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.30		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.000178611		<- need to run regression to get error

		Time of 60% Temperature rise		6.24		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.23		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.22		0.005

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0000352703

		DTemperature (Celsius)		1.93		0.0101842753

		Initial fuse wire length (cm)		12.15		0.05

		Remaining fuse wire length (cm)		3.00		0.05

		DFuse wire length (Celsius)		9.15		0.1

		Fuse wire heat of combustion correction (cal)		21.045		0.23

		Nitric acid reaction correction (cal)		6.88		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9449		125.1793891298

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.32		0		5		Pre

		26.32		1		6

		26.32		2		7

		26.32		3		8

		26.315		4		9

		26.312		5		10		Ignite

		26.93		5.75		10:45		rapid rise

		27.25		6		11		0.32

		27.5		6.25		11:15		0.25

		27.68		6.5		11:30		0.18

		27.83		6.75		11:45		0.15

		27.92		7		12		0.09

		28.13		8		13		0.21

		28.195		9		14		0.065

		28.21		10		15		0

		28.225		11		16		0.015

		28.22		12		17		-0.005

		28.22		13		18		0

		28.22		14		19		0

				15		20		-28.22

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.225		11

		28.22		12

		28.22		13

		28.22		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.4598		6.2377187689





OliveOil (3)

		0		0				0				0

		0		0				0

		0		0				0

		0		0				0

		0		0				0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



temp/time

pre

Constant Rate Change

60%

Time (minutes)

Temperature (Celsius)

Temperature versus Time during Combustion Reaction

y = 0.0003x + 25.15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Olive [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.503		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.87		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.85		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000591258		<- need to run regression to get error

		Time of 60% Temperature rise		6.27		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Temperature Correction (Celsius)				0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0011412926

		DTemperature (Celsius)		1.93		0.0154487923

		Initial fuse wire length (cm)		11.92		0.05

		Remaining fuse wire length (cm)		3.12		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.65		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9462		151.3829157335

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.87				5		stir

		25.87		0		5		Pre

		25.87		1		6

		25.868		2		7

		25.87		3		8

		25.87		4		9

		25.867		5		10		Ignite

		26.43		5.75		10:45		rapid rise

		26.77		6		11		0.34

		27.05		6.25		11:15		0.28

		27.24		6.5		11:30		0.19

		27.38		6.75		11:45		0.14

		27.45		7		12		0.07

		27.69		8		13		0.24

		27.75		9		14		0.06

		27.775		10		15		0.025

		27.78		11		16		0.005

		27.78		12		17		0

		27.78		13		18		0

		27.78		14		19		0

		27.78		15		20		0

				16		21		-27.78

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.78		11

		27.78		12

		27.78		13

		27.78		14

		27.78		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.0148		6.2698608137
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Olive Oil [2]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.506		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.12		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.11		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000001431		<- need to run regression to get error

		Time of 60% Temperature rise		6.23		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.04		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.03		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005407328

		DTemperature (Celsius)		1.93		0.0120222308

		Initial fuse wire length (cm)		12.12		0.05

		Remaining fuse wire length (cm)		3.32		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.71		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9390		133.4473730096

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.12		0		5		Pre

		26.12		1		6

		26.13		2		7

		26.12		3		8

		26.12		4		9

		26.12		5		10		Ignite

		26.8		5.75		10:45		rapid rise

		27.07		6		11		0.27

		27.3		6.25		11:15		0.23

		27.46		6.5		11:30		0.16

		27.65		6.75		11:45		0.19

		27.75		7		12		0.1

		27.95		8		13		0.2

		28.01		9		14		0.06

		28.04		10		15		0.03

		28.04		11		16		0

		28.04		12		17		0

		28.04		13		18		0

				14		19		-28.04

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.04		10

		28.04		11

		28.04		12

		28.04		13

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.272		6.2253021148





Olive Oil [2]

		0		0				0				0

		0		0				0

		0		0				0

		0		0				0

		0		0				0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



temp/time

pre

Constant Rate Change

60%

Time (minutes)

Temperature (Celsius)

Temperature versus Time during Combustion Reaction

y = 0.0003x + 25.15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Oil Template

		Summary:

		Oil		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		W		2481.87		14.14

		Computed Heat of Combustion (cal/g)		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Benzoic Acid (4)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 4		Error:

		Mass (g)		1.06		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.8389736541

		Observed Temperature at firing (Celsius)		26.91		0.005								R Square		0.7038767924

		Temperature Correction		-0.02		0								Adjusted R Square		0.6298459904

		Corrected temperature at firing (Celsius)		26.88		0.005								Standard Error		0.0018218254

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0004354996		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.61		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000315571		0.0000315571		9.5078909613		0.036806561

		Corrected Temperature at constant Temperature change rate (Celsius)		29.60		0.005								Residual		4		0.0000132762		0.000003319

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0006191392								Total		5		0.0000448333

		DTemperature (Celsius)		2.72		0.0128207827

		Initial fuse wire length (cm)		10.00		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.9135238095		0.0013185404		20411.6036714345		3.45654913607069E-17		26.9098629469		26.9171846721		26.9098629469		26.9171846721

		DFuse wire length (Celsius)		10.00		0.1								X Variable 1		-0.0013428571		0.0004354996		-3.0834868187		0.036806561		-0.0025520003		-0.000133714		-0.0025520003		-0.000133714

		Fuse wire heat of combustion correction (cal)		23		0.23

		Nitric acid reaction correction (cal)		9.28		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		13.9969107992

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.913				5		stir

		26.912		0		5		Pre

		26.914		1		6

		26.91		2		7

		26.91		3		8

		26.91		4		9

		26.905		5		10		Ignite

		27.85		5.75		10:45		rapid rise

		28.33		6		11		0.48

		28.6		6.25		11:15		0.27

		28.85		6.5		11:30		0.25

		29.05		6.75		11:45		0.2

		29.17		7		12		0.12

		29.47		8		13		0.3

		29.57		9		14		0.1

		29.61		10		15		0.04

		29.612		11		16		0.002

		29.612		12		17		0

		29.615		13		18		0.003

		29.611		14		19		-0.004

				15		20		-29.611

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.61		10

		29.612		11

		29.612		12

		29.615		13

		29.611		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.528		6.1910436137

		slope		1.3757142857
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Benzoic Acid (3)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 3		Error:

		Mass (g)		1.01		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9157015435

		Observed Temperature at firing (Celsius)		26.66		0.005								R Square		0.8385093168

		Temperature Correction		-0.02		0								Adjusted R Square		0.798136646

		Corrected temperature at firing (Celsius)		26.64		0.005								Standard Error		0.0007867958

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0001880802		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.24		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000128571		0.0000128571		20.7692307692		0.0103598226

		Corrected Temperature at constant Temperature change rate (Celsius)		29.23		0.005								Residual		4		0.0000024762		0.000000619

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0005								Total		5		0.0000153333

		DTemperature (Celsius)		2.59		0.0125379206

		Initial fuse wire length (cm)		9.72		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		4.84		0.05								Intercept		26.6638095238		0.000569441		46824.5351083406		1.2481229017447E-18		26.6622284989		26.6653905487		26.6622284989		26.6653905487

		DFuse wire length (Celsius)		9.72		0.1								X Variable 1		-0.0008571429		0.0001880802		-4.5573271519		0.0103598226		-0.0013793382		-0.0003349475		-0.0013793382		-0.0003349475

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2473		14.3799527451

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.663				5		stir

		26.663		0		5		Pre

		26.663		1		6

		26.663		2		7

		26.662		3		8

		26.66		4		9

		26.659		5		10		Ignite

		27.53		5.75		10:45		rapid rise

		28		6		11		0.47

		28.3		6.25		11:15		0.3

		28.55		6.5		11:30		0.25

		28.72		6.75		11:45		0.17

		28.85		7		12		0.13

		29.1		8		13		0.25

		29.19		9		14		0.09

		29.23		10		15		0.04

		29.236		11		16		0.006

		29.234		12		17		-0.002

		29.237		13		18		0.003

		29.235		14		19		-0.002

		29.233		15		20		-0.002

		29.232		16		21		-0.001

				17		22		-29.232

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.236		11

		29.234		12

		29.237		13

		29.235		14

		29.233		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.2052		6.191342202

		slope		1.3208571429





Benzoic Acid (3)

		0		0				0				0

		0		0				0

		0		0				0

		0		0				0

		0		0				0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



temp/time

pre

Constant Rate Change

60%

Time (minutes)

Temperature (Celsius)

Temperature versus Time during Combustion Reaction

y = 0.0003x + 25.15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Benzoic Acid  (2)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 2		Error:

		Mass (g)		0.976		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9261245958

		Observed Temperature at firing (Celsius)		26.33		0.005								R Square		0.8577067669

		Temperature Correction		-0.02		0								Adjusted R Square		0.8221334586

		Corrected temperature at firing (Celsius)		26.31		0.005								Standard Error		0.0018986211

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.26		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.80		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000869143		0.0000869143		24.1109643329		0.0079847727

		Corrected Temperature at constant Temperature change rate (Celsius)		28.79		0.005								Residual		4		0.000014419		0.0000036048

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0010503968								Total		5		0.0001013333

		DTemperature (Celsius)		2.47		0.01489651

		Initial fuse wire length (cm)		9.91		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.3412380952		0.001374121		19169.5181418513		4.44330839607738E-17		26.3374229157		26.3450532748		26.3374229157		26.3450532748

		DFuse wire length (Celsius)		7.31		0.1								X Variable 1		-0.0022285714		0.0004538572		-4.9102916749		0.0079847727		-0.0034886838		-0.0009684591		-0.0034886838		-0.0009684591

		Fuse wire heat of combustion correction (cal)		16.813		0.23

		Nitric acid reaction correction (cal)		8.45		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2503		17.6169287231

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.34				5		stir																				Graphical Highlights

		26.34		0		5		Pre																				Time of Firing		5 Minutes

		26.339		1		6																						Time of 60% Temperature Rise		6.25 Minutes

		26.338		2		7																						Time when temperature Change becomes constant		10 Minutes

		26.337		3		8																						Temperature at Firing		26.34 oC

		26.33		4		9																						Temperature after Rise period		28.78 oC

		26.33		5		10		Ignite																				Rate of Temperature Change Before Firing		-0.002 oC/min

		27.1		5.75		10:45		rapid rise				Item		Trial 1		Trial 2		Trial 3		Trial 4								Rate of Temperature Change After Rise Period		0.002 oC/min

		27.5		6		11		0.4				Sample Mass (g)		1.07		0.98		1.01		1.06

		27.85		6.25		11:15		0.35				Nitric Acid correction (cal)		9.60		8.45		9.60		9.28

		28.05		6.5		11:30		0.2				Firing Wire correction (cal)		16.01		16.81		22.36		23.00

		28.28		6.75		11:45		0.23				Corrected Temperature (oC)		2.74		2.47		2.59		2.72

		28.39		7		12		0.11				DHc benzoic acid (cal/g)		6318		6318		6318		6318

		28.67		8		13		0.28

		28.76		9		14		0.09

		28.8		10		15		0.04

		28.805		11		16		0.005

		28.81		12		17		0.005

		28.81		13		18		0

		28.807		14		19		-0.003

		28.8		15		20		-0.007

				16		21		-28.8

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.8		10

		28.805		11

		28.81		12

		28.81		13

		28.807		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.812		6.2629453682

		slope		1.2028571429
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Benzoic Acid (1)

		1		2		3		4		12.2115		12.2115		17.6169287231		17.6169287231		14.3799527451		14.3799527451		13.9969107992		13.9969107992		0

																										5
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Figure 2: Experimental Energy Equivalents
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Benzoic Acid template

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 1		Error:

		Mass (g)		1.069		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		65535

		Observed Temperature at firing (Celsius)		25.94		0.005								R Square		-220.2

		Temperature Correction		-0.02		0								Adjusted R Square		-293.9333333333

		Corrected temperature at firing (Celsius)		25.93		0.005								Standard Error		0

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		5

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		-1.38965737063733E-26		-1.38965737063733E-26		-2.986437613

		Corrected Temperature at constant Temperature change rate (Celsius)		28.66		0.005								Residual		3		1.3959682578791E-26		4.65322752626368E-27

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0								Total		4		6.31088724176809E-29

		DTemperature (Celsius)		2.74		0.0109264034

		Initial fuse wire length (cm)		9.98		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		3.02		0.05								Intercept		28.67		0		101637153502983		2.1004544379344E-42		28.67		28.67		28.67		28.67

		DFuse wire length (Celsius)		6.96		0.1								X Variable 1		-0		0		-1.7128384488		0.185260345		-0		0		-0		0

		Fuse wire heat of combustion correction (cal)		16.008		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		12.2114770558

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.95				5		stir

		25.952		0		5		Pre

		25.952		1		6

		25.952		2		7

		25.95		3		8

		25.95		4		9

		25.94		5		10		Ignite

		26.67		5.75		10:45		rapid rise

		27.15		6		11		0.48

		27.55		6.25		11:15		0.4

		27.753		6.5		11:30		0.203

		28.05		6.75		11:45		0.297

		28.2		7		12		0.15

		28.5		8		13		0.3

		28.61		9		14		0.11

		28.652		10		15		0.042

		28.67		11		16		0.018

		28.67		12		17		0

		28.67		13		18		0

		28.67		14		19		0

		28.67		15		20		0

				16		21		-28.67

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.67		11

		28.67		12

		28.67		13

		28.67		14

		28.67		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.578		6.3429458239

		slope		1.2657142857
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Safflower Oil [1]

		Summary:

		Bezoic Acid		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		Nominal Heat of Combustion (Cal/g)		6318.00

		Computed W		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Safflower Oil [2]

		Summary:

		Oil		Trial1		Error:

		Mass (g)		0.711		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.22		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.20		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.16		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.94		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000000081

		DTemperature (Celsius)		2.73		0.0101981344

		Initial fuse wire length (cm)		12.95		0.05

		Remaining fuse wire length (cm)		3.23		0.05

		DFuse wire length (Celsius)		9.72		0.1

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.92		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9482		105.1870332487

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.197				5		stir

		25.213		0		5		Pre

		25.21		1		6

		25.215		2		7

		25.217		3		8

		25.222		4		9

		25.222		5		10		Ignite

		26.17		5.75		10:45		rapid rise

		26.7		6		11		0.53

		27		6.25		11:15		0.3

		27.15		6.5		11:30		0.15

		27.42		6.75		11:45		0.27

		27.54		7		12		0.12

		27.81		8		13		0.27

		27.9		9		14		0.09

		27.94		10		15		0.04

		27.95		11		16		0.01

		27.953		12		17		0.003

		27.953		13		18		0

		27.953		14		19		0

		27.953		15		20		0

				16		21		-27.953

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.95		11

		27.953		12

		27.953		13

		27.953		14

		27.953		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.8588		6.1572904251

		slope		1.4382857143
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Safflower Oil [3]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.715		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.56		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.54		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000003		<- need to run regression to get error

		Time of 60% Temperature rise		6.21		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000000002

		DTemperature (Celsius)		2.75		0.0101276202

		Initial fuse wire length (cm)		12.75		0.05

		Remaining fuse wire length (cm)		3.35		0.05

		DFuse wire length (Celsius)		9.40		0.1

		Fuse wire heat of combustion correction (cal)		21.62		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9493		104.7098550215

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.55				5		stir

		25.556		0		5		Pre

		25.556		1		6

		25.56		2		7

		25.56		3		8

		25.56		4		9

		25.56		5		10		Ignite

		26.38		5.75		10:45		rapid rise

		26.93		6		11		0.55

		27.35		6.25		11:15		0.42

		27.57		6.5		11:30		0.22

		27.73		6.75		11:45		0.16

		27.89		7		12		0.16

		28.16		8		13		0.27

		28.255		9		14		0.095

		28.292		10		15		0.037

		28.305		11		16		0.013

		28.31		12		17		0.005

		28.31		13		18		0

		28.31		14		19		0

		28.31		15		20		0

				16		21		-28.31

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.305		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.207		6.211010101
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		Summary:

		Safflower Oil 3		Trial		Error:

		Mass (g)		0.292		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.65		0.005

		Temperature Correction		-0.016		0

		Corrected temperature at firing (Celsius)		25.63		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000008198		<- need to run regression to get error

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		26.77		0.005

		Temperature Correction (Celsius)		-0.02		0						9381

		Corrected Temperature at constant Temperature change rate (Celsius)		26.75		0.005						9493

		Constant Temperature change rate  (Celsius/Minute)		0.00		0						9482		st dev

		DTemperature (Celsius)		1.11		0.0100963332				avg		9452		61.7332973362

		Initial fuse wire length (cm)		12.14		0.05								0.0065312418		% st dev

		Remaining fuse wire length (cm)		3.40		0.05

		DFuse wire length (Celsius)		8.74		0.1

		Fuse wire heat of combustion correction (cal)		20.102		0.23

		Nitric acid reaction correction (cal)		3.25		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9381		174.3683927764

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.64				5		stir

		25.64		0		5		Pre

		25.64		1		6

		25.64		2		7

		25.64		3		8

		25.64		4		9

		25.65		5		10		Ignite

		26		5.75		10:45		rapid rise

		26.17		6		11		0.17

				6.25		11:15		-26.17

		26.42		6.5		11:30		26.42

		26.5		6.75		11:45		0.08

		26.56		7		12		0.06

		26.7		8		13		0.14

		26.75		9		14		0.05

		26.77		10		15		0.02

		26.77		11		16		0

		26.77		12		17		0

				13		18		-26.77

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		26.77		10

		26.77		11

		26.77		12

		26.77		13

		26.77		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.322		6.3357575758
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95% Confidence

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703						Interval		Upper Limit		Lower Limit

		9418.2490241848						30.40		9471		9410

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

										Lower Limit<		Theoretical		<Upper Limit

		Mean		9440.871372201

		Std Dev.		39.5431742849						9410 <		9450		< 9471

		Theoretical		9450

		t-stat		2.3060056265





Test of Significance

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703

		9418.2490241848

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

		Mean		9440.871372201

		Std Dev.		39.5431742849

		Theoretical		9450

		t-stat		2.3060056265

		t-critical		0.6925565257

		t-critical < t-stat means that there is no significant difference between the mean heats of combustion and the theoretical value.





scratchpad

				Value

		Safflower Oil (1)		9482

		Safflower Oil (2)		9493

		Safflower Oil (3)		9381		9452		62

		Peanut Oil (1)		9468

		Peanut Oil (2)		9418

		Peanut Oil (3)		9425		9437		27

		Olive Oil (1)		9462

		Olive Oil (2)		9390

		Olive Oil (3)		9449		9434		38

																								2426

				9441		39.5																		2426

				1				2				3				4

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992

		0		2481.8714909897

		5		2481.8714909897

				W (calories/gram)		Systematic error (+/-)

		Trial 1		2476		12.21

		Trial 2		2503		17.62

		Trial 3		2473		14.38				2426				2459 ? W ? 2504 (cal/?C)

		Trial 4		2476		14.00

		Average		2482 +/- 0.57%

		Average Experimental (cal/g)		2482

		Literature Value (cal/g)		2426

		Percent deviation between Trials		0.57%

		Percent deviation from Literature		2.20%

		Upper 95% Confidence Interval (cal/g)		2458

		Lower 95% Confidence Interval (cal/g)		2504





scratchpad

		1		2		3		4		12.2115		12.2115		17.6169287231		17.6169287231		14.3799527451		14.3799527451		13.9969107992		13.9969107992		0

																										5
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Total

																																						Fat Composition of Various Oils (g fat per 100 g of oil)

		Bezoic Acid		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		Error:		Mean		%DEV		Systematic Error		Type		Safflower Oil		Peanut Oil		Olive Oil						Type of Oil		polyunsaturated		monounsaturated		saturated

		Mass (g)		1.069		0.001		0.976		0.001		1.01		0.001		1.06		0.001								Computed Heat of Combustion (cal/g)		9451.7895930776		9437.0693019082		9433.7552216172						Coconut		1.69		6.59		85.17

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333		5		0.0333333333								Serving Size (g)		14		14		14						Cottenseed		48.14		21.3		25.59

		Observed Temperature at firing (Celsius)		25.94		0.005		26.33		0.005		26.659		0.005		26.905		0.005								Calories/serving (kCal/14g)		120		120		120						Corn		49.28		29.32		16.43

		Temperature Correction		-0.015		0		-0.017		0		-0.021		0		-0.022		0								Calories/g (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Olive		11.18		69.72		14.04

		Corrected temperature at firing (Celsius)		25.925		0.005		26.313		0.005		26.638		0.005		26.883		0.005								Calories from fat/serving		120		120		120						Palm		8.31		41.64		45.27

		Temperature change rate before firing (Celsius/Minute)		-0.0019428571		0.0007862769		-0.0022285714		0.0007862769		-0.0008571429		0.0001880802		-0.0013428571		0.0004354996								Calories/g from fat (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Peanut		28.46		47.85		18.83

		Time of 60% Temperature rise		6.3429458239		0.0333333333		6.2629453682		0.0333333333		6.191342202		0.0333333333		6.1910436137		0.0333333333								Fat/serving (g)		14		14		14						Safflower Seed		72.11		12.62		10.22

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333		10		0.0333333333								saturated/serving (g)		1		2		2						Soyabean		56.73		24.26		14.05

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005		28.8		0.005		29.236		0.005		29.61		0.005								polyunsaturated/serving (g)		11		5								Sunflower Seed		49.95		31.81		13.09

		Temperature Correction (Celsius)		-0.009		0		-0.009		0		-0.008		0		-0.009		0								monounsaturated/serving (g)		2		7										Value		Error		Sample #				9450		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.661		0.005		28.791		0.005		29.228		0.005		29.601		0.005								%saturated		0.0714285714		0.1428571429		0.1428571429						Safflower Oil (1)		9481.8844045866		105.2879214358		1				9450		1

		Constant Temperature change rate  (Celsius/Minute)		-0		0		0.0019		0.0010503968		-0.0005		0.0005		0.0005		0.0006191392								%polyunsaturated		0.7857142857		0.3571428571		0						Safflower Oil (2)		9492.6667617727		104.7098582304		2				9450		2

		DTemperature (Celsius)		2.7386091519		0.0109264034		2.4737141602		0.01489651		2.5934254794		0.0125379206		2.7176949232		0.0128207827								%monounsaturated		0.1428571429		0.5		0						Safflower Oil (3)		9380.8176128734		213.5422632112		3				9450		3

		Initial fuse wire length (cm)		9.98		0.05		9.91		0.05		9.72		0.05		10		0.05																				Peanut Oil (1)		9467.7370458703		151.2336600153		4				9450		4		0

		Remaining fuse wire length (cm)		3.02		0.05		2.6		0.05		4.84		0.05		2.6		0.05																				Peanut Oil (2)		9418.2490241848		108.7879612706		5				9450		5

		DFuse wire length (Celsius)		6.96		0.1		7.31		0.1		9.72		0.1		10		0.1																				Peanut Oil (3)		9425.2218356693		113.933073615		6				9450		6

		Fuse wire heat of combustion correction (cal)		16.008		0.23		16.813		0.23		22.356		0.23		23		0.23								Benzoic Acid				All W's								Olive Oil (1)		9461.8863629394		179.3387616414		7				9450		7		0

		Nitric acid reaction correction (cal)		9.6		0.05		8.45		0.05		9.6		0.05		9.28		0.05								Mean		2481.8714909897		2475.5449295601		Benzoic Stats						Olive Oil (2)		9390.3586747203		151.6389287126		8				9450		8

		Nominal Heat of Combustion (Cal/g)		6318		0		6318		0		6318		0		6318		0		Benzoic						Standard Deviation		14.1378870688		2502.9694617555								Olive Oil (3)		9449.0206271919		123.5496580319		9				9450		9

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992		2481.8714909897		0.57%		14.5513173308		Percent Deviation		0.57%		2472.8437547349		Mean		2481.8714909897				Literature						10				9450		10

																										95% Confidence Interval		22.9126997781		2476.1278179083		Standard Error		7.0689435344

		Safflower Oil		Trial1		Error:		Trial 2		Error:		Trial		Error:		Trial 4		error		Mean		%DEV										Median		2475.8363737342

		Mass (g)		0.711		0.001		0.715		0.001		0.292		0.001																		Mode

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333																		Standard Deviation		14.1378870688

		Observed Temperature at firing (Celsius)		25.222		0.005		25.56		0.005		25.65		0.005																		Sample Variance		199.87985077				TINV:

		Temperature Correction		-0.018		0		-0.016		0		-0.016		0																		Kurtosis		3.8098176442				3.1824492908

		Corrected temperature at firing (Celsius)		25.204		0.005		25.544		0.005		25.634		0.005																		Skewness		1.9375105164

		Temperature change rate before firing (Celsius/Minute)		0.0023714286		0.0000010655		0.0009142857		0.0000000016		0.0014285714		0.0000000007																		Range		30.1257070206				22.4965543375

		Time of 60% Temperature rise		6.1572904251		0.0333333333		6.211010101		0.0333333333		6.3357575758		0.0333333333																		Minimum		2472.8437547349				low		2459.3749366522

		Time of constant Temperature change rate (minutes)		11		0.0333333333		11		0.0333333333		10		0.0333333333																		Maximum		2502.9694617555				high		2504.3680453272

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005		28.305		0.005		26.77		0.005																		Sum		9927.4859639588

		Temperature Correction (Celsius)		-0.011		0		-0.009		0		-0.021		0																		Count		4

		Corrected Temperature at constant Temperature change rate (Celsius)		27.939		0.005		28.296		0.005		26.749		0.005																		Confidence Level(95.0%)		22.4965543375

		Constant Temperature change rate  (Celsius/Minute)		0.0006		0.0000057216		0.001		0		0		0.0012581109												Safflower

		DTemperature (Celsius)		2.7293499427		0.0102270366		2.7461038009		0.0101276211		1.1130917749		0.0147052624

		Initial fuse wire length (cm)		12.95		0.05		12.75		0.05		12.14		0.05										saff trials		Mean		9451.7902666667

		Remaining fuse wire length (cm)		3.23		0.05		3.35		0.05		3.4		0.05										9481.8844		Standard Error		35.6226303594

		DFuse wire length (Celsius)		9.72		0.1		9.4		0.1		8.74		0.1										9492.6688		Median		9481.8844

		Fuse wire heat of combustion correction (cal)		22.356		0.23		21.62		0.23		20.102		0.23										9380.8176		Mode

		Nitric acid reaction correction (cal)		9.92		0.05		6.6		0.05		3.25		0.05												Standard Deviation		61.7002056817

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Safflower						Sample Variance		3806.9153811634

		Computed Heat of Combustion (cal/g)		9481.8844045866		105.2879214358		9492.6667617727		104.7098582304		9380.8176128734		213.5422632112						9451.7895930776		0.65%		141.1800142925		Kurtosis						Saf		9451

																										Skewness		-1.6727111355				Peanut		9437

		Peanut Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Range		111.8512				Olive		9433

		Mass (g)		0.51		0.001		0.497		0.001		0.508		0.001												Minimum		9380.8176				mean		9440.3333333333

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333												Maximum		9492.6688

		Observed Temperature at firing (Celsius)		25.6		0.005		27.19		0.005		26.38		0.005												Sum		28355.3708

		Temperature Correction		-0.016		0		-0.022		0		-0.019		0												Count		3

		Corrected temperature at firing (Celsius)		25.584		0.005		27.168		0.005		26.361		0.005												Confidence Level(95.0%)		153.2719144568

		Temperature change rate before firing (Celsius/Minute)		0		0.0000000014		-0.0021142857		0.0000000002		0		0.0000003393										peanut

		Time of 60% Temperature rise		6.2957446809		0.0333333333		6.20234375		0.0333333333		6.198		0.0333333333										9467.73705		Peanut

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333										9418.249

		Observed Temperature at constant Temperature change rate (Celsius)		27.555		0.005		29.07		0.005		28.31		0.005										9425.2218		Mean		9437.0692833333

		Temperature Correction (Celsius)		-0.017		0		-0.008		0		-0.009		0												Standard Error		15.4654337066

		Corrected Temperature at constant Temperature change rate (Celsius)		27.538		0.005		29.062		0.0000000008		28.301		0.0006341521												Median		9425.2218

		Constant Temperature change rate  (Celsius/Minute)		0		0.0012101931		0		0.0005		0		0.0005												Mode

		DTemperature (Celsius)		1.954		0.0156930589		1.8965420982		0.0067578768		1.94		0.0080355587												Standard Deviation		26.7869169408

		Initial fuse wire length (cm)		10.83		0.05		12.18		0.05		11.99		0.05												Sample Variance		717.5389191955

		Remaining fuse wire length (cm)		4.86		0.05		3.7		0.05		3.33		0.05												Kurtosis

		DFuse wire length (Celsius)		5.97		0.1		8.48		0.1		8.66		0.1												Skewness		1.6009535616

		Fuse wire heat of combustion correction (cal)		13.731		0.23		19.504		0.23		19.918		0.23												Range		49.48805

		Nitric acid reaction correction (cal)		7.3		0.05		6.6		0.05		6.9		0.05												Minimum		9418.249

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308												Maximum		9467.73705

		Computed Heat of Combustion (cal/g)		9467.7370458703		151.2336600153		9418.2490241848		108.7879612706		9425.2218356693		113.933073615						9437.0693019082		0.28%		124.6515649669		Sum		28311.20785

																										Count		3

		Olive Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Confidence Level(95.0%)		66.5424368778

		Mass (g)		0.503		0.001		0.506		0.001		0.504		0.001										olive

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333										9461.88636		Olive

		Observed Temperature at firing (Celsius)		25.867		0.005		26.12		0.005		26.312		0.005										9390.3587

		Temperature Correction		-0.015		0		-0.015		0		-0.017		0										9449.0206		Mean		9433.75522

		Corrected temperature at firing (Celsius)		25.852		0.005		26.105		0.005		26.295		0.005												Standard Error		22.0138244912

		Temperature change rate before firing (Celsius/Minute)		-0.0003714286		0.0000000032		-0.0002857143		0		-0.0015714286		0.0000446761												Median		9449.0206

		Time of 60% Temperature rise		6.2698608137		0.0333333333		6.2253021148		0.0333333333		6.2377187689		0.0333333333												Mode

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333												Standard Deviation		38.1290624877

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.04		0.005		28.225		0.005												Sample Variance		1453.8254061937

		Temperature Correction (Celsius)		0		0		-0.01		0		-0.009		0												Kurtosis

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.03		0.005		28.216		0.005												Skewness		-1.5128434487

		Constant Temperature change rate  (Celsius/Minute)		0		0.0023549733		0		0.0015233388		-0.0015		0.0000005853												Range		71.52766

		DTemperature (Celsius)		1.9284716626		0.0211145935		1.9253500863		0.0157310962		1.9300884085		0.0098533217												Minimum		9390.3587

		Initial fuse wire length (cm)		11.92		0.05		12.12		0.05		12.15		0.05												Maximum		9461.88636

		Remaining fuse wire length (cm)		3.12		0.05		3.32		0.05		3		0.05												Sum		28301.26566

		DFuse wire length (Celsius)		8.8		0.1		8.8		0.1		9.15		0.1												Count		3

		Fuse wire heat of combustion correction (cal)		20.24		0.23		20.24		0.23		21.045		0.23												Confidence Level(95.0%)		94.7179079773

		Nitric acid reaction correction (cal)		6.65		0.05		6.71		0.05		6.88		0.05

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Olive

		Computed Heat of Combustion (cal/g)		9461.8863629394		179.3387616414		9390.3586747203		151.6389287126		9449.0206271919		123.5496580319						9433.7552216172		0.40%		151.5091161286

																														HC		Mass		SUMMARY OUTPUT

		Oil		Trial 1		error		Trial 2		error		Trial 3		error		Trial 4		error		Mean		%DEV		9461.88636		All Collected Data				9481.8844045866		0.711

		Mass (g)																						9390.3587		Mean		9440.87159		9492.6667617727		0.715		Regression Statistics

		Time of Firing (minutes)																						9449.0206		Standard Deviation		39.5435087715		9380.8176128734		0.292		Multiple R		0.8083377869

		Observed Temperature at firing (Celsius)																						9467.73705		Percent Deviation		0.42%		9467.7370458703		0.51		R Square		0.6534099777		no correlation bet sample size and HC

		Temperature Correction																						9418.249		95% Confidence Interval		37.0003925346		9418.2490241848		0.497		Adjusted R Square		0.6038971174

		Corrected temperature at firing (Celsius)																						9425.2218		All Within 95% Confidence				9425.2218356693		0.508		Standard Error		24.8871709152

		Temperature change rate before firing (Celsius/Minute)																						9481.8844						9461.8863629394		0.503		Observations		9

		Time of 60% Temperature rise																						9492.6688						9390.3586747203		0.506

		Time of constant Temperature change rate (minutes)																						9380.8176						9449.0206271919		0.504		ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)																																		df		SS		MS		F		Significance F

		Temperature Correction (Celsius)																																Regression		1		8173.702127115		8173.702127115		13.1967729885		0.0083673807

		Corrected Temperature at constant Temperature change rate (Celsius)																																Residual		7		4335.5989331506		619.3712761644

		Constant Temperature change rate  (Celsius/Minute)																																Total		8		12509.3010602657

		DTemperature (Celsius)

		Initial fuse wire length (cm)																																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)																																Intercept		9307.3639299315		37.6758572658		247.0378806322		0		9218.2747478743		9396.4531119887		9218.2747478743		9396.4531119887

		DFuse wire length (Celsius)																																X Variable 1		253.1746692847		69.6925536925		3.6327362949		0.0083673807		88.3780845607		417.9712540087		88.3780845607		417.9712540087

		Fuse wire heat of combustion correction (cal)

		Nitric acid reaction correction (cal)

		W

		Computed Heat of Combustion (cal/g)																		0		0.00%





Total

		0		0		105.1875270327		105.1875270327		0		0		0		0		0		0		0		104.7098550693		104.7098550693		174.3614223914		174.3614223914		123.5289594343		123.5289594343		109.2755056775		109.2755056775		110.832900569		110.832900569		124.3761009031		124.3761009031		123.4351463296		123.4351463296		123.2644437868		123.2644437868		0
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Peanut Oil  (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.508		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.38		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.36		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000003393		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.0006341521

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.94		0.0080355587

		Initial fuse wire length (cm)		11.99		0.05

		Remaining fuse wire length (cm)		3.33		0.05

		DFuse wire length (Celsius)		8.66		0.1

		Fuse wire heat of combustion correction (cal)		19.918		0.23

		Nitric acid reaction correction (cal)		6.90		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9425		113.933073615

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.38		0		5		Pre

		26.38		1		6

		26.38		2		7

		26.38		3		8

		26.38		4		9

		26.38		5		10		Ignite

		26.98		5.75		10:45		rapid rise

		27.36		6		11		0.38

		27.64		6.25		11:15		0.28

		27.79		6.5		11:30		0.15

		27.93		6.75		11:45		0.14

		28.02		7		12		0.09

		28.215		8		13		0.195

		28.28		9		14		0.065

		28.305		10		15		0.025

		28.31		11		16		0.005

		28.31		12		17		0

				13		18		-28.31

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.31		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.538		6.198





Peanut Oil  (3)
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Peanut Oil (2)

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.497		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		27.19		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		27.17		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000002		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		29.07		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		29.06		0.0000000008

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.90		0.0067578768

		Initial fuse wire length (cm)		12.18		0.05

		Remaining fuse wire length (cm)		3.70		0.05

		DFuse wire length (Celsius)		8.48		0.1

		Fuse wire heat of combustion correction (cal)		19.504		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9418		108.7879612706

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		27.2				5		stir

		27.2		0		5		Pre

		27.2		1		6

		27.2		2		7

		27.2		3		8

		27.192		4		9

		27.19		5		10		Ignite

		27.815		5.75		10:45		rapid rise

		28.13		6		11		0.315

		28.4		6.25		11:15		0.27

		28.58		6.5		11:30		0.18

		28.72		6.75		11:45		0.14

		28.78		7		12		0.06

		28.98		8		13		0.2

		29.05		9		14		0.07

		29.07		10		15		0.02

		29.07		11		16		0

		29.07		12		17		0

				13		18		-29.07

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.07		10

		29.07		11

		29.07		12

		29.07		13

		29.07		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.318		6.20234375
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Peanut Oil [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.51		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.60		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.58		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000014		<- need to run regression to get error

		Time of 60% Temperature rise		6.30		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.56		0.005

		Temperature Correction (Celsius)		-0.02		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.54		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0012101931

		DTemperature (Celsius)		1.95		0.0156930589

		Initial fuse wire length (cm)		10.83		0.05

		Remaining fuse wire length (cm)		4.86		0.05

		DFuse wire length (Celsius)		5.97		0.1

		Fuse wire heat of combustion correction (cal)		13.731		0.23

		Nitric acid reaction correction (cal)		7.30		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9468		151.2336600153

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		25.6		0		5		Pre

		25.6		1		6

		25.6		2		7

		25.6		3		8

		25.6		4		9

		25.6		5		10		Ignite

		26.15		5.75		10:45		rapid rise

		26.49		6		11		0.34

		26.8		6.25		11:15		0.31

		26.98		6.5		11:30		0.18

		27.15		6.75		11:45		0.17

		27.24		7		12		0.09

		27.455		8		13		0.215

		27.52		9		14		0.065

		27.55		10		15		0.03

		27.555		11		16		0.005

		27.555		12		17		0

		27.555		13		18		0

		27.555		14		19		0

		27.555		15		20		0

				16		21		-27.555

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.555		11

		27.555		12

		27.555		13

		27.555		14

		27.555		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.773		6.2957446809
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OliveOil (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.504		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.31		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.30		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000446761		<- need to run regression to get error

		Time of 60% Temperature rise		6.24		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.23		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.22		0.005

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0000005853

		DTemperature (Celsius)		1.93		0.0098533217

		Initial fuse wire length (cm)		12.15		0.05

		Remaining fuse wire length (cm)		3.00		0.05

		DFuse wire length (Celsius)		9.15		0.1

		Fuse wire heat of combustion correction (cal)		21.045		0.23

		Nitric acid reaction correction (cal)		6.88		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9449		123.5496580319

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.32		0		5		Pre

		26.32		1		6

		26.32		2		7

		26.32		3		8

		26.315		4		9

		26.312		5		10		Ignite

		26.93		5.75		10:45		rapid rise

		27.25		6		11		0.32

		27.5		6.25		11:15		0.25

		27.68		6.5		11:30		0.18

		27.83		6.75		11:45		0.15

		27.92		7		12		0.09

		28.13		8		13		0.21

		28.195		9		14		0.065

		28.21		10		15		0

		28.225		11		16		0.015

		28.22		12		17		-0.005

		28.22		13		18		0

		28.22		14		19		0

				15		20		-28.22

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.225		11

		28.22		12

		28.22		13

		28.22		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.4598		6.2377187689
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Olive [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.503		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.87		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.85		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000032		<- need to run regression to get error

		Time of 60% Temperature rise		6.27		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Temperature Correction (Celsius)				0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0023549733

		DTemperature (Celsius)		1.93		0.0211145935

		Initial fuse wire length (cm)		11.92		0.05

		Remaining fuse wire length (cm)		3.12		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.65		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9462		179.3387616414

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.87				5		stir

		25.87		0		5		Pre

		25.87		1		6

		25.868		2		7

		25.87		3		8

		25.87		4		9

		25.867		5		10		Ignite

		26.43		5.75		10:45		rapid rise

		26.77		6		11		0.34

		27.05		6.25		11:15		0.28

		27.24		6.5		11:30		0.19

		27.38		6.75		11:45		0.14

		27.45		7		12		0.07

		27.69		8		13		0.24

		27.75		9		14		0.06

		27.775		10		15		0.025

		27.78		11		16		0.005

		27.78		12		17		0

		27.78		13		18		0

		27.78		14		19		0

		27.78		15		20		0

				16		21		-27.78

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.78		11

		27.78		12

		27.78		13

		27.78		14

		27.78		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.0148		6.2698608137
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Olive Oil [2]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.506		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.12		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.11		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.23		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.04		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.03		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0015233388

		DTemperature (Celsius)		1.93		0.0157310962

		Initial fuse wire length (cm)		12.12		0.05

		Remaining fuse wire length (cm)		3.32		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.71		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9390		151.6389287126

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.12		0		5		Pre

		26.12		1		6

		26.13		2		7

		26.12		3		8

		26.12		4		9

		26.12		5		10		Ignite

		26.8		5.75		10:45		rapid rise

		27.07		6		11		0.27

		27.3		6.25		11:15		0.23

		27.46		6.5		11:30		0.16

		27.65		6.75		11:45		0.19

		27.75		7		12		0.1

		27.95		8		13		0.2

		28.01		9		14		0.06

		28.04		10		15		0.03

		28.04		11		16		0

		28.04		12		17		0

		28.04		13		18		0

				14		19		-28.04

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.04		10

		28.04		11

		28.04		12

		28.04		13

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.272		6.2253021148
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Oil Template

		Summary:

		Oil		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		W		2481.87		14.14

		Computed Heat of Combustion (cal/g)		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Benzoic Acid (4)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 4		Error:

		Mass (g)		1.06		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.8389736541

		Observed Temperature at firing (Celsius)		26.91		0.005								R Square		0.7038767924

		Temperature Correction		-0.02		0								Adjusted R Square		0.6298459904

		Corrected temperature at firing (Celsius)		26.88		0.005								Standard Error		0.0018218254

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0004354996		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.61		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000315571		0.0000315571		9.5078909613		0.036806561

		Corrected Temperature at constant Temperature change rate (Celsius)		29.60		0.005								Residual		4		0.0000132762		0.000003319

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0006191392								Total		5		0.0000448333

		DTemperature (Celsius)		2.72		0.0128207827

		Initial fuse wire length (cm)		10.00		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.9135238095		0.0013185404		20411.6036714345		3.45654913607069E-17		26.9098629469		26.9171846721		26.9098629469		26.9171846721

		DFuse wire length (Celsius)		10.00		0.1								X Variable 1		-0.0013428571		0.0004354996		-3.0834868187		0.036806561		-0.0025520003		-0.000133714		-0.0025520003		-0.000133714

		Fuse wire heat of combustion correction (cal)		23		0.23

		Nitric acid reaction correction (cal)		9.28		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		13.9969107992

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.913				5		stir

		26.912		0		5		Pre

		26.914		1		6

		26.91		2		7

		26.91		3		8

		26.91		4		9

		26.905		5		10		Ignite

		27.85		5.75		10:45		rapid rise

		28.33		6		11		0.48

		28.6		6.25		11:15		0.27

		28.85		6.5		11:30		0.25

		29.05		6.75		11:45		0.2

		29.17		7		12		0.12

		29.47		8		13		0.3

		29.57		9		14		0.1

		29.61		10		15		0.04

		29.612		11		16		0.002

		29.612		12		17		0

		29.615		13		18		0.003

		29.611		14		19		-0.004

				15		20		-29.611

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.61		10

		29.612		11

		29.612		12

		29.615		13

		29.611		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.528		6.1910436137

		slope		1.3757142857
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Benzoic Acid (3)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 3		Error:

		Mass (g)		1.01		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9157015435

		Observed Temperature at firing (Celsius)		26.66		0.005								R Square		0.8385093168

		Temperature Correction		-0.02		0								Adjusted R Square		0.798136646

		Corrected temperature at firing (Celsius)		26.64		0.005								Standard Error		0.0007867958

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0001880802		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.24		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000128571		0.0000128571		20.7692307692		0.0103598226

		Corrected Temperature at constant Temperature change rate (Celsius)		29.23		0.005								Residual		4		0.0000024762		0.000000619

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0005								Total		5		0.0000153333

		DTemperature (Celsius)		2.59		0.0125379206

		Initial fuse wire length (cm)		9.72		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		4.84		0.05								Intercept		26.6638095238		0.000569441		46824.5351083406		1.2481229017447E-18		26.6622284989		26.6653905487		26.6622284989		26.6653905487

		DFuse wire length (Celsius)		9.72		0.1								X Variable 1		-0.0008571429		0.0001880802		-4.5573271519		0.0103598226		-0.0013793382		-0.0003349475		-0.0013793382		-0.0003349475

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2473		14.3799527451

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.663				5		stir

		26.663		0		5		Pre

		26.663		1		6

		26.663		2		7

		26.662		3		8

		26.66		4		9

		26.659		5		10		Ignite

		27.53		5.75		10:45		rapid rise

		28		6		11		0.47

		28.3		6.25		11:15		0.3

		28.55		6.5		11:30		0.25

		28.72		6.75		11:45		0.17

		28.85		7		12		0.13

		29.1		8		13		0.25

		29.19		9		14		0.09

		29.23		10		15		0.04

		29.236		11		16		0.006

		29.234		12		17		-0.002

		29.237		13		18		0.003

		29.235		14		19		-0.002

		29.233		15		20		-0.002

		29.232		16		21		-0.001

				17		22		-29.232

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.236		11

		29.234		12

		29.237		13

		29.235		14

		29.233		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.2052		6.191342202

		slope		1.3208571429
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Benzoic Acid  (2)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 2		Error:

		Mass (g)		0.976		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9261245958

		Observed Temperature at firing (Celsius)		26.33		0.005								R Square		0.8577067669

		Temperature Correction		-0.02		0								Adjusted R Square		0.8221334586

		Corrected temperature at firing (Celsius)		26.31		0.005								Standard Error		0.0018986211

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.26		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.80		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000869143		0.0000869143		24.1109643329		0.0079847727

		Corrected Temperature at constant Temperature change rate (Celsius)		28.79		0.005								Residual		4		0.000014419		0.0000036048

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0010503968								Total		5		0.0001013333

		DTemperature (Celsius)		2.47		0.01489651

		Initial fuse wire length (cm)		9.91		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.3412380952		0.001374121		19169.5181418513		4.44330839607738E-17		26.3374229157		26.3450532748		26.3374229157		26.3450532748

		DFuse wire length (Celsius)		7.31		0.1								X Variable 1		-0.0022285714		0.0004538572		-4.9102916749		0.0079847727		-0.0034886838		-0.0009684591		-0.0034886838		-0.0009684591

		Fuse wire heat of combustion correction (cal)		16.813		0.23

		Nitric acid reaction correction (cal)		8.45		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2503		17.6169287231

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.34				5		stir																				Graphical Highlights

		26.34		0		5		Pre																				Time of Firing		5 Minutes

		26.339		1		6																						Time of 60% Temperature Rise		6.25 Minutes

		26.338		2		7																						Time when temperature Change becomes constant		10 Minutes

		26.337		3		8																						Temperature at Firing		26.34 oC

		26.33		4		9																						Temperature after Rise period		28.78 oC

		26.33		5		10		Ignite																				Rate of Temperature Change Before Firing		-0.002 oC/min

		27.1		5.75		10:45		rapid rise				Item		Trial 1		Trial 2		Trial 3		Trial 4								Rate of Temperature Change After Rise Period		0.002 oC/min

		27.5		6		11		0.4				Sample Mass (g)		1.07		0.98		1.01		1.06

		27.85		6.25		11:15		0.35				Nitric Acid correction (cal)		9.60		8.45		9.60		9.28

		28.05		6.5		11:30		0.2				Firing Wire correction (cal)		16.01		16.81		22.36		23.00

		28.28		6.75		11:45		0.23				Corrected Temperature (oC)		2.74		2.47		2.59		2.72

		28.39		7		12		0.11				DHc benzoic acid (cal/g)		6318		6318		6318		6318

		28.67		8		13		0.28

		28.76		9		14		0.09

		28.8		10		15		0.04

		28.805		11		16		0.005

		28.81		12		17		0.005

		28.81		13		18		0

		28.807		14		19		-0.003

		28.8		15		20		-0.007

				16		21		-28.8

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.8		10

		28.805		11

		28.81		12

		28.81		13

		28.807		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.812		6.2629453682

		slope		1.2028571429
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Figure 1: Temperature vs. Time during Combustion of Bezoic Acid (Trial 2)
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Benzoic Acid (1)
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																										5
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Benzoic Acid template
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Figure 3: Temperature versus Time for Safflower Oil Combustion
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Safflower Oil [1]

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 1		Error:

		Mass (g)		1.069		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		65535

		Observed Temperature at firing (Celsius)		25.94		0.005								R Square		-220.2

		Temperature Correction		-0.02		0								Adjusted R Square		-293.9333333333

		Corrected temperature at firing (Celsius)		25.93		0.005								Standard Error		0

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		5

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		-1.38965737063733E-26		-1.38965737063733E-26		-2.986437613

		Corrected Temperature at constant Temperature change rate (Celsius)		28.66		0.005								Residual		3		1.3959682578791E-26		4.65322752626368E-27

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0								Total		4		6.31088724176809E-29

		DTemperature (Celsius)		2.74		0.0109264034

		Initial fuse wire length (cm)		9.98		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		3.02		0.05								Intercept		28.67		0		101637153502983		2.1004544379344E-42		28.67		28.67		28.67		28.67

		DFuse wire length (Celsius)		6.96		0.1								X Variable 1		-0		0		-1.7128384488		0.185260345		-0		0		-0		0

		Fuse wire heat of combustion correction (cal)		16.008		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		12.2114770558

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.95				5		stir

		25.952		0		5		Pre

		25.952		1		6

		25.952		2		7

		25.95		3		8

		25.95		4		9

		25.94		5		10		Ignite

		26.67		5.75		10:45		rapid rise

		27.15		6		11		0.48

		27.55		6.25		11:15		0.4

		27.753		6.5		11:30		0.203

		28.05		6.75		11:45		0.297

		28.2		7		12		0.15

		28.5		8		13		0.3

		28.61		9		14		0.11

		28.652		10		15		0.042

		28.67		11		16		0.018

		28.67		12		17		0

		28.67		13		18		0

		28.67		14		19		0

		28.67		15		20		0

				16		21		-28.67

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.67		11

		28.67		12

		28.67		13

		28.67		14

		28.67		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.578		6.3429458239

		slope		1.2657142857
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Safflower Oil [2]

		Summary:

		Bezoic Acid		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		Nominal Heat of Combustion (Cal/g)		6318.00

		Computed W		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Safflower Oil [3]

		Summary:

		Oil		Trial1		Error:

		Mass (g)		0.711		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.22		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.20		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000010655		<- need to run regression to get error

		Time of 60% Temperature rise		6.16		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.94		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000057216

		DTemperature (Celsius)		2.73		0.0102270366

		Initial fuse wire length (cm)		12.95		0.05

		Remaining fuse wire length (cm)		3.23		0.05

		DFuse wire length (Celsius)		9.72		0.1

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.92		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9482		105.2879214358

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.197				5		stir

		25.213		0		5		Pre

		25.21		1		6

		25.215		2		7

		25.217		3		8

		25.222		4		9

		25.222		5		10		Ignite

		26.17		5.75		10:45		rapid rise

		26.7		6		11		0.53

		27		6.25		11:15		0.3

		27.15		6.5		11:30		0.15

		27.42		6.75		11:45		0.27

		27.54		7		12		0.12

		27.81		8		13		0.27

		27.9		9		14		0.09

		27.94		10		15		0.04

		27.95		11		16		0.01

		27.953		12		17		0.003

		27.953		13		18		0

		27.953		14		19		0

		27.953		15		20		0

				16		21		-27.953

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.95		11

		27.953		12

		27.953		13

		27.953		14

		27.953		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.8588		6.1572904251

		slope		1.4382857143
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Figure 3: Temperature versus Time for Safflower Oil Combustion
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		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.715		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.56		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.54		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000016		<- need to run regression to get error

		Time of 60% Temperature rise		6.21		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		2.75		0.0101276211

		Initial fuse wire length (cm)		12.75		0.05

		Remaining fuse wire length (cm)		3.35		0.05

		DFuse wire length (Celsius)		9.40		0.1

		Fuse wire heat of combustion correction (cal)		21.62		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9493		104.7098582304

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.55				5		stir

		25.556		0		5		Pre

		25.556		1		6

		25.56		2		7

		25.56		3		8

		25.56		4		9

		25.56		5		10		Ignite

		26.38		5.75		10:45		rapid rise

		26.93		6		11		0.55

		27.35		6.25		11:15		0.42

		27.57		6.5		11:30		0.22

		27.73		6.75		11:45		0.16

		27.89		7		12		0.16

		28.16		8		13		0.27

		28.255		9		14		0.095

		28.292		10		15		0.037

		28.305		11		16		0.013

		28.31		12		17		0.005

		28.31		13		18		0

		28.31		14		19		0

		28.31		15		20		0

				16		21		-28.31

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.305		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.207		6.211010101
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		Summary:

		Safflower Oil 3		Trial		Error:

		Mass (g)		0.292		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.65		0.005

		Temperature Correction		-0.016		0

		Corrected temperature at firing (Celsius)		25.63		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000007		<- need to run regression to get error

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		26.77		0.005

		Temperature Correction (Celsius)		-0.02		0						9381

		Corrected Temperature at constant Temperature change rate (Celsius)		26.75		0.005						9493

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0012581109						9482		st dev

		DTemperature (Celsius)		1.11		0.0147052624				avg		9452		61.7332973362

		Initial fuse wire length (cm)		12.14		0.05								0.0065312418		% st dev

		Remaining fuse wire length (cm)		3.40		0.05

		DFuse wire length (Celsius)		8.74		0.1

		Fuse wire heat of combustion correction (cal)		20.102		0.23

		Nitric acid reaction correction (cal)		3.25		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9381		213.5422632112

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.64				5		stir

		25.64		0		5		Pre

		25.64		1		6

		25.64		2		7

		25.64		3		8

		25.64		4		9

		25.65		5		10		Ignite

		26		5.75		10:45		rapid rise

		26.17		6		11		0.17

				6.25		11:15		-26.17

		26.42		6.5		11:30		26.42

		26.5		6.75		11:45		0.08

		26.56		7		12		0.06

		26.7		8		13		0.14

		26.75		9		14		0.05

		26.77		10		15		0.02

		26.77		11		16		0

		26.77		12		17		0

				13		18		-26.77

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		26.77		10

		26.77		11

		26.77		12

		26.77		13

		26.77		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.322		6.3357575758
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Safflower Oil (1)

Safflower Oil (2)

Safflower Oil (3)

Peanut Oil (1)

Peanut Oil (2)

Olive Oil (1)

Peanut Oil (3)

Olive Oil (2)

Olive Oil (3)

Literature

Trial

Heat of Combustion (cal/g)

9481.8844045866

9492.6667617727

9380.8176128734

9467.7370458703

9418.2490241848

9461.8863629394

9425.2218356693

9390.3586747203

9449.0206271919
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9450
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95% Confidence

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703						Interval		Upper Limit		Lower Limit

		9418.2490241848						30.40		9471		9410

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

										Lower Limit<		Theoretical		<Upper Limit

		Mean		9440.871372201

		Std Dev.		39.5431742849						9410 <		9450		< 9471

		Theoretical		9450

		t-stat		2.3060056265





Test of Significance

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703

		9418.2490241848

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

		Mean		9440.871372201

		Std Dev.		39.5431742849

		Theoretical		9450

		t-stat		2.3060056265

		t-critical		0.6925565257

		t-critical < t-stat means that there is no significant difference between the mean heats of combustion and the theoretical value.





scratchpad

				Value

		Safflower Oil (1)		9482

		Safflower Oil (2)		9493

		Safflower Oil (3)		9381		9452		62

		Peanut Oil (1)		9468

		Peanut Oil (2)		9418

		Peanut Oil (3)		9425		9437		27

		Olive Oil (1)		9462

		Olive Oil (2)		9390

		Olive Oil (3)		9449		9434		38

																								2426

				9441		39.5																		2426

				1				2				3				4

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992

		0		2481.8714909897

		5		2481.8714909897

				W (calories/gram)		Systematic error (+/-)

		Trial 1		2476		12.21

		Trial 2		2503		17.62

		Trial 3		2473		14.38				2426				2459 ? W ? 2504 (cal/?C)						9452 cal/g  +  0.66%

		Trial 4		2476		14.00														Peanut Oil:				9437 cal/g  +  0.29%

		Average		2482 +/- 0.57%						Sample		Average DH (cal/g)		Standard Deviation (cal/g)						Olive Oil:				9434 cal/g  +  0.40%

										Safflower Oil (3 trials)		9452		62						Overall:				9440 cal/g  +  0.42%

										Olive Oil (3 trials)		9434		38

		Average Experimental (cal/g)		2482						Peanut Oil (3 trials)		9437		27

		Literature Value (cal/g)		2426						Overall (9 trials)		9440		39

		Percent deviation between Trials		0.57%

		Percent deviation from Literature		2.20%

		Upper 95% Confidence Interval (cal/g)		2458

		Lower 95% Confidence Interval (cal/g)		2504

										Overall:				9440 cal/g  +  0.42%

		Average Experimental H (cal/g)		9440						Literature ?HC

		Literature Value (cal/g)		9450						Fat:						9450 cal/g

		Percent deviation between Trials		0.42%						Percent Error:		0.11%

		Percent deviation from Literature		0.11%

		Upper 95% Confidence Interval (cal/g)		9471						Test of Significance

		Lower 95% Confidence Interval (cal/g)		9410						T-stat:				2.31

		T-statistical		2.31						T-critical:		0.69

		T-critical		0.69

										95% Confidence

										9410 <  9450  < 9471 cal/g

										Lower Limit < Theoretical < Upper Limit





scratchpad

		1		2		3		4		12.2115		12.2115		17.6169287231		17.6169287231		14.3799527451		14.3799527451		13.9969107992		13.9969107992		0
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Literature
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energy equivalent (cal/degrees C)

Figure 2: Experimental Energy Equivalents
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Total

																																						Fat Composition of Various Oils (g fat per 100 g of oil)

		Bezoic Acid		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		Error:		Mean		%DEV		Systematic Error		Type		Safflower Oil		Peanut Oil		Olive Oil						Type of Oil		polyunsaturated		monounsaturated		saturated

		Mass (g)		1.069		0.001		0.976		0.001		1.01		0.001		1.06		0.001								Computed Heat of Combustion (cal/g)		9451.7895930776		9437.0693019082		9433.7552216172						Coconut		1.69		6.59		85.17

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333		5		0.0333333333								Serving Size (g)		14		14		14						Cottenseed		48.14		21.3		25.59

		Observed Temperature at firing (Celsius)		25.94		0.005		26.33		0.005		26.659		0.005		26.905		0.005								Calories/serving (kCal/14g)		120		120		120						Corn		49.28		29.32		16.43

		Temperature Correction		-0.015		0		-0.017		0		-0.021		0		-0.022		0								Calories/g (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Olive		11.18		69.72		14.04

		Corrected temperature at firing (Celsius)		25.925		0.005		26.313		0.005		26.638		0.005		26.883		0.005								Calories from fat/serving		120		120		120						Palm		8.31		41.64		45.27

		Temperature change rate before firing (Celsius/Minute)		-0.0019428571		0.0007862769		-0.0022285714		0.0007862769		-0.0008571429		0.0001880802		-0.0013428571		0.0004354996								Calories/g from fat (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Peanut		28.46		47.85		18.83

		Time of 60% Temperature rise		6.3429458239		0.0333333333		6.2629453682		0.0333333333		6.191342202		0.0333333333		6.1910436137		0.0333333333								Fat/serving (g)		14		14		14						Safflower Seed		72.11		12.62		10.22

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333		10		0.0333333333								saturated/serving (g)		1		2		2						Soyabean		56.73		24.26		14.05

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005		28.8		0.005		29.236		0.005		29.61		0.005								polyunsaturated/serving (g)		11		5								Sunflower Seed		49.95		31.81		13.09

		Temperature Correction (Celsius)		-0.009		0		-0.009		0		-0.008		0		-0.009		0								monounsaturated/serving (g)		2		7										Value		Error		Sample #				9450		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.661		0.005		28.791		0.005		29.228		0.005		29.601		0.005								%saturated		0.0714285714		0.1428571429		0.1428571429						Safflower Oil (1)		9481.8844045866		105.2433149654		1				9450		1

		Constant Temperature change rate  (Celsius/Minute)		-0		0		0.0019		0.0010503968		-0.0005		0.0005		0.0005		0.0006191392								%polyunsaturated		0.7857142857		0.3571428571		0						Safflower Oil (2)		9492.6667617727		104.7098518609		2				9450		2

		DTemperature (Celsius)		2.7386091519		0.0109264034		2.4737141602		0.01489651		2.5934254794		0.0125379206		2.7176949232		0.0128207827								%monounsaturated		0.1428571429		0.5		0						Safflower Oil (3)		9380.8176128734		319.6187396232		3				9450		3

		Initial fuse wire length (cm)		9.98		0.05		9.91		0.05		9.72		0.05		10		0.05																				Peanut Oil (1)		9467.7370458703		123.5312389614		4				9450		4		0

		Remaining fuse wire length (cm)		3.02		0.05		2.6		0.05		4.84		0.05		2.6		0.05																				Peanut Oil (2)		9418.2490241848		108.7879590414		5				9450		5

		DFuse wire length (Celsius)		6.96		0.1		7.31		0.1		9.72		0.1		10		0.1																				Peanut Oil (3)		9425.2218356693		110.8336866512		6				9450		6

		Fuse wire heat of combustion correction (cal)		16.008		0.23		16.813		0.23		22.356		0.23		23		0.23								Benzoic Acid				All W's								Olive Oil (1)		9461.8863629394		124.376143745		7				9450		7		0

		Nitric acid reaction correction (cal)		9.6		0.05		8.45		0.05		9.6		0.05		9.28		0.05								Mean		2481.8714909897		2475.5449295601		Benzoic Stats						Olive Oil (2)		9390.3586747203		123.471180519		8				9450		8

		Nominal Heat of Combustion (Cal/g)		6318		0		6318		0		6318		0		6318		0		Benzoic						Standard Deviation		14.1378870688		2502.9694617555								Olive Oil (3)		9449.0206271919		145.2738559924		9				9450		9

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992		2481.8714909897		0.57%		14.5513173308		Percent Deviation		0.57%		2472.8437547349		Mean		2481.8714909897				Literature						10				9450		10

																										95% Confidence Interval		22.9126997781		2476.1278179083		Standard Error		7.0689435344

		Safflower Oil		Trial1		Error:		Trial 2		Error:		Trial		Error:		Trial 4		error		Mean		%DEV										Median		2475.8363737342

		Mass (g)		0.711		0.001		0.715		0.001		0.292		0.001																		Mode

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333																		Standard Deviation		14.1378870688

		Observed Temperature at firing (Celsius)		25.222		0.005		25.56		0.005		25.65		0.005																		Sample Variance		199.87985077				TINV:

		Temperature Correction		-0.018		0		-0.016		0		-0.016		0																		Kurtosis		3.8098176442				3.1824492908

		Corrected temperature at firing (Celsius)		25.204		0.005		25.544		0.005		25.634		0.005																		Skewness		1.9375105164

		Temperature change rate before firing (Celsius/Minute)		0.0023714286		0.0000004536		0.0009142857		0		0.0014285714		0.0000000503																		Range		30.1257070206				22.4965543375

		Time of 60% Temperature rise		6.1572904251		0.0333333333		6.211010101		0.0333333333		6.3357575758		0.0333333333																		Minimum		2472.8437547349				low		2459.3749366522

		Time of constant Temperature change rate (minutes)		11		0.0333333333		11		0.0333333333		10		0.0333333333																		Maximum		2502.9694617555				high		2504.3680453272

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005		28.305		0.005		26.77		0.005																		Sum		9927.4859639588

		Temperature Correction (Celsius)		-0.011		0		-0.009		0		-0.021		0																		Count		4

		Corrected Temperature at constant Temperature change rate (Celsius)		27.939		0.005		28.296		0.005		26.749		0.005																		Confidence Level(95.0%)		22.4965543375

		Constant Temperature change rate  (Celsius/Minute)		0.0006		0.0000032291		0.001		0		0		0.0046640442												Safflower

		DTemperature (Celsius)		2.7293499427		0.0102142579		2.7461038009		0.0101276193		1.1130917749		0.0271854941

		Initial fuse wire length (cm)		12.95		0.05		12.75		0.05		12.14		0.05										saff trials		Mean		9451.7902666667

		Remaining fuse wire length (cm)		3.23		0.05		3.35		0.05		3.4		0.05										9481.8844		Standard Error		35.6226303594

		DFuse wire length (Celsius)		9.72		0.1		9.4		0.1		8.74		0.1										9492.6688		Median		9481.8844

		Fuse wire heat of combustion correction (cal)		22.356		0.23		21.62		0.23		20.102		0.23										9380.8176		Mode

		Nitric acid reaction correction (cal)		9.92		0.05		6.6		0.05		3.25		0.05						61.6995242057						Standard Deviation		61.7002056817

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Safflower						Sample Variance		3806.9153811634

		Computed Heat of Combustion (cal/g)		9481.8844045866		105.2433149654		9492.6667617727		104.7098518609		9380.8176128734		319.6187396232						9451.7895930776		0.65%		176.5239688165		Kurtosis						Saf		9451

																										Skewness		-1.6727111355				Peanut		9437

		Peanut Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Range		111.8512				Olive		9433

		Mass (g)		0.51		0.001		0.497		0.001		0.508		0.001												Minimum		9380.8176				mean		9440.3333333333

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333												Maximum		9492.6688

		Observed Temperature at firing (Celsius)		25.6		0.005		27.19		0.005		26.38		0.005												Sum		28355.3708

		Temperature Correction		-0.016		0		-0.022		0		-0.019		0												Count		3

		Corrected temperature at firing (Celsius)		25.584		0.005		27.168		0.005		26.361		0.005												Confidence Level(95.0%)		153.2719144568

		Temperature change rate before firing (Celsius/Minute)		0		0.000000375		-0.0021142857		0.0000000005		0		0										peanut

		Time of 60% Temperature rise		6.2957446809		0.0333333333		6.20234375		0.0333333333		6.198		0.0333333333										9467.73705		Peanut

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333										9418.249

		Observed Temperature at constant Temperature change rate (Celsius)		27.555		0.005		29.07		0.005		28.31		0.005										9425.2218		Mean		9437.0692833333

		Temperature Correction (Celsius)		-0.017		0		-0.008		0		-0.009		0												Standard Error		15.4654337066

		Corrected Temperature at constant Temperature change rate (Celsius)		27.538		0.005		29.062		0		28.301		0.000000163												Median		9425.2218

		Constant Temperature change rate  (Celsius/Minute)		0		0		0		0.0005		0		0.0005												Mode

		DTemperature (Celsius)		1.954		0.0100004859		1.8965420982		0.0067578764		1.94		0.007401163												Standard Deviation		26.7869169408

		Initial fuse wire length (cm)		10.83		0.05		12.18		0.05		11.99		0.05												Sample Variance		717.5389191955

		Remaining fuse wire length (cm)		4.86		0.05		3.7		0.05		3.33		0.05												Kurtosis

		DFuse wire length (Celsius)		5.97		0.1		8.48		0.1		8.66		0.1												Skewness		1.6009535616

		Fuse wire heat of combustion correction (cal)		13.731		0.23		19.504		0.23		19.918		0.23												Range		49.48805

		Nitric acid reaction correction (cal)		7.3		0.05		6.6		0.05		6.9		0.05												Minimum		9418.249

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308												Maximum		9467.73705

		Computed Heat of Combustion (cal/g)		9467.7370458703		123.5312389614		9418.2490241848		108.7879590414		9425.2218356693		110.8336866512						9437.0693019082		0.28%		114.3842948847		Sum		28311.20785

																										Count		3

		Olive Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Confidence Level(95.0%)		66.5424368778

		Mass (g)		0.503		0.001		0.506		0.001		0.504		0.001										olive

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333										9461.88636		Olive

		Observed Temperature at firing (Celsius)		25.867		0.005		26.12		0.005		26.312		0.005										9390.3587

		Temperature Correction		-0.015		0		-0.015		0		-0.017		0										9449.0206		Mean		9433.75522

		Corrected temperature at firing (Celsius)		25.852		0.005		26.105		0.005		26.295		0.005												Standard Error		22.0138244912

		Temperature change rate before firing (Celsius/Minute)		-0.0003714286		0.0000000799		-0.0002857143		0.0000059963		-0.0015714286		0.0034204605												Median		9449.0206

		Time of 60% Temperature rise		6.2698608137		0.0333333333		6.2253021148		0.0333333333		6.2377187689		0.0333333333												Mode

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333												Standard Deviation		38.1290624877

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.04		0.005		28.225		0.005												Sample Variance		1453.8254061937

		Temperature Correction (Celsius)		0		0		-0.01		0		-0.009		0												Kurtosis

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.03		0.005		28.216		0.005												Skewness		-1.5128434487

		Constant Temperature change rate  (Celsius/Minute)		0		0		0		0.0000000003		-0.0015		0.0000495779												Range		71.52766

		DTemperature (Celsius)		1.9284716626		0.0099753395		1.9253500863		0.0099883006		1.9300884085		0.0142649102												Minimum		9390.3587

		Initial fuse wire length (cm)		11.92		0.05		12.12		0.05		12.15		0.05												Maximum		9461.88636

		Remaining fuse wire length (cm)		3.12		0.05		3.32		0.05		3		0.05												Sum		28301.26566

		DFuse wire length (Celsius)		8.8		0.1		8.8		0.1		9.15		0.1												Count		3

		Fuse wire heat of combustion correction (cal)		20.24		0.23		20.24		0.23		21.045		0.23												Confidence Level(95.0%)		94.7179079773

		Nitric acid reaction correction (cal)		6.65		0.05		6.71		0.05		6.88		0.05

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Olive

		Computed Heat of Combustion (cal/g)		9461.8863629394		124.376143745		9390.3586747203		123.471180519		9449.0206271919		145.2738559924						9433.7552216172		0.40%		131.0403934188

																														HC		Mass		SUMMARY OUTPUT

		Oil		Trial 1		error		Trial 2		error		Trial 3		error		Trial 4		error		Mean		%DEV		9461.88636		All Collected Data				9481.8844045866		0.711

		Mass (g)																						9390.3587		Mean		9440.87159		9492.6667617727		0.715		Regression Statistics

		Time of Firing (minutes)																						9449.0206		Standard Deviation		39.5435087715		9380.8176128734		0.292		Multiple R		0.8083377869

		Observed Temperature at firing (Celsius)																						9467.73705		Percent Deviation		0.42%		9467.7370458703		0.51		R Square		0.6534099777		no correlation bet sample size and HC

		Temperature Correction																						9418.249		95% Confidence Interval		37.0003925346		9418.2490241848		0.497		Adjusted R Square		0.6038971174

		Corrected temperature at firing (Celsius)																						9425.2218		All Within 95% Confidence				9425.2218356693		0.508		Standard Error		24.8871709152

		Temperature change rate before firing (Celsius/Minute)																						9481.8844						9461.8863629394		0.503		Observations		9

		Time of 60% Temperature rise																						9492.6688						9390.3586747203		0.506

		Time of constant Temperature change rate (minutes)																						9380.8176						9449.0206271919		0.504		ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)																																		df		SS		MS		F		Significance F

		Temperature Correction (Celsius)																																Regression		1		8173.702127115		8173.702127115		13.1967729885		0.0083673807

		Corrected Temperature at constant Temperature change rate (Celsius)																																Residual		7		4335.5989331506		619.3712761644

		Constant Temperature change rate  (Celsius/Minute)																																Total		8		12509.3010602657

		DTemperature (Celsius)

		Initial fuse wire length (cm)																																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)																																Intercept		9307.3639299315		37.6758572658		247.0378806322		0		9218.2747478743		9396.4531119887		9218.2747478743		9396.4531119887

		DFuse wire length (Celsius)																																X Variable 1		253.1746692847		69.6925536925		3.6327362949		0.0083673807		88.3780845607		417.9712540087		88.3780845607		417.9712540087

		Fuse wire heat of combustion correction (cal)

		Nitric acid reaction correction (cal)

		W

		Computed Heat of Combustion (cal/g)																		0		0.00%





Total

		0		0		105.1883202151		105.1883202151		0		0		0		0		0		0		0		139.7849003792		139.7849003792		174.4453996655		174.4453996655		124.4871719441		124.4871719441		152.7529530128		152.7529530128		110.832932236		110.832932236		124.3756461995		124.3756461995		125.5081088366		125.5081088366		123.2650392025		123.2650392025		0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0
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Figure 4: Heat of Combustion of Oils
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Peanut Oil  (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.508		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.38		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.36		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.000000163

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.94		0.007401163

		Initial fuse wire length (cm)		11.99		0.05

		Remaining fuse wire length (cm)		3.33		0.05

		DFuse wire length (Celsius)		8.66		0.1

		Fuse wire heat of combustion correction (cal)		19.918		0.23

		Nitric acid reaction correction (cal)		6.90		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9425		110.8336866512

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.38		0		5		Pre

		26.38		1		6

		26.38		2		7

		26.38		3		8

		26.38		4		9

		26.38		5		10		Ignite

		26.98		5.75		10:45		rapid rise

		27.36		6		11		0.38

		27.64		6.25		11:15		0.28

		27.79		6.5		11:30		0.15

		27.93		6.75		11:45		0.14

		28.02		7		12		0.09

		28.215		8		13		0.195

		28.28		9		14		0.065

		28.305		10		15		0.025

		28.31		11		16		0.005

		28.31		12		17		0

				13		18		-28.31

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.31		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.538		6.198
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Peanut Oil (2)

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.497		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		27.19		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		27.17		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000005		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		29.07		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		29.06		0

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.90		0.0067578764

		Initial fuse wire length (cm)		12.18		0.05

		Remaining fuse wire length (cm)		3.70		0.05

		DFuse wire length (Celsius)		8.48		0.1

		Fuse wire heat of combustion correction (cal)		19.504		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9418		108.7879590414

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		27.2				5		stir

		27.2		0		5		Pre

		27.2		1		6

		27.2		2		7

		27.2		3		8

		27.192		4		9

		27.19		5		10		Ignite

		27.815		5.75		10:45		rapid rise

		28.13		6		11		0.315

		28.4		6.25		11:15		0.27

		28.58		6.5		11:30		0.18

		28.72		6.75		11:45		0.14

		28.78		7		12		0.06

		28.98		8		13		0.2

		29.05		9		14		0.07

		29.07		10		15		0.02

		29.07		11		16		0

		29.07		12		17		0

				13		18		-29.07

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.07		10

		29.07		11

		29.07		12

		29.07		13

		29.07		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.318		6.20234375
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Peanut Oil [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.51		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.60		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.58		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.000000375		<- need to run regression to get error

		Time of 60% Temperature rise		6.30		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.56		0.005

		Temperature Correction (Celsius)		-0.02		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.54		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		1.95		0.0100004859

		Initial fuse wire length (cm)		10.83		0.05

		Remaining fuse wire length (cm)		4.86		0.05

		DFuse wire length (Celsius)		5.97		0.1

		Fuse wire heat of combustion correction (cal)		13.731		0.23

		Nitric acid reaction correction (cal)		7.30		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9468		123.5312389614

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		25.6		0		5		Pre

		25.6		1		6

		25.6		2		7

		25.6		3		8

		25.6		4		9

		25.6		5		10		Ignite

		26.15		5.75		10:45		rapid rise

		26.49		6		11		0.34

		26.8		6.25		11:15		0.31

		26.98		6.5		11:30		0.18

		27.15		6.75		11:45		0.17

		27.24		7		12		0.09

		27.455		8		13		0.215

		27.52		9		14		0.065

		27.55		10		15		0.03

		27.555		11		16		0.005

		27.555		12		17		0

		27.555		13		18		0

		27.555		14		19		0

		27.555		15		20		0

				16		21		-27.555

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.555		11

		27.555		12

		27.555		13

		27.555		14

		27.555		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.773		6.2957446809
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OliveOil (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.504		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.31		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.30		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0034204605		<- need to run regression to get error

		Time of 60% Temperature rise		6.24		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.23		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.22		0.005

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0000495779

		DTemperature (Celsius)		1.93		0.0142649102

		Initial fuse wire length (cm)		12.15		0.05

		Remaining fuse wire length (cm)		3.00		0.05

		DFuse wire length (Celsius)		9.15		0.1

		Fuse wire heat of combustion correction (cal)		21.045		0.23

		Nitric acid reaction correction (cal)		6.88		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9449		145.2738559924

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.32		0		5		Pre

		26.32		1		6

		26.32		2		7

		26.32		3		8

		26.315		4		9

		26.312		5		10		Ignite

		26.93		5.75		10:45		rapid rise

		27.25		6		11		0.32

		27.5		6.25		11:15		0.25

		27.68		6.5		11:30		0.18

		27.83		6.75		11:45		0.15

		27.92		7		12		0.09

		28.13		8		13		0.21

		28.195		9		14		0.065

		28.21		10		15		0

		28.225		11		16		0.015

		28.22		12		17		-0.005

		28.22		13		18		0

		28.22		14		19		0

				15		20		-28.22

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.225		11

		28.22		12

		28.22		13

		28.22		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.4598		6.2377187689
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Olive [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.503		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.87		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.85		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000799		<- need to run regression to get error

		Time of 60% Temperature rise		6.27		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Temperature Correction (Celsius)				0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		1.93		0.0099753395

		Initial fuse wire length (cm)		11.92		0.05

		Remaining fuse wire length (cm)		3.12		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.65		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9462		124.376143745

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.87				5		stir

		25.87		0		5		Pre

		25.87		1		6

		25.868		2		7

		25.87		3		8

		25.87		4		9

		25.867		5		10		Ignite

		26.43		5.75		10:45		rapid rise

		26.77		6		11		0.34

		27.05		6.25		11:15		0.28

		27.24		6.5		11:30		0.19

		27.38		6.75		11:45		0.14

		27.45		7		12		0.07

		27.69		8		13		0.24

		27.75		9		14		0.06

		27.775		10		15		0.025

		27.78		11		16		0.005

		27.78		12		17		0

		27.78		13		18		0

		27.78		14		19		0

		27.78		15		20		0

				16		21		-27.78

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.78		11

		27.78		12

		27.78		13

		27.78		14

		27.78		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.0148		6.2698608137
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Olive Oil [2]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.506		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.12		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.11		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000059963		<- need to run regression to get error

		Time of 60% Temperature rise		6.23		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.04		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.03		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000000003

		DTemperature (Celsius)		1.93		0.0099883006

		Initial fuse wire length (cm)		12.12		0.05

		Remaining fuse wire length (cm)		3.32		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.71		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9390		123.471180519

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.12		0		5		Pre

		26.12		1		6

		26.13		2		7

		26.12		3		8

		26.12		4		9

		26.12		5		10		Ignite

		26.8		5.75		10:45		rapid rise

		27.07		6		11		0.27

		27.3		6.25		11:15		0.23

		27.46		6.5		11:30		0.16

		27.65		6.75		11:45		0.19

		27.75		7		12		0.1

		27.95		8		13		0.2

		28.01		9		14		0.06

		28.04		10		15		0.03

		28.04		11		16		0

		28.04		12		17		0

		28.04		13		18		0

				14		19		-28.04

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.04		10

		28.04		11

		28.04		12

		28.04		13

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.272		6.2253021148
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Oil Template

		Summary:

		Oil		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		W		2481.87		14.14

		Computed Heat of Combustion (cal/g)		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Benzoic Acid (4)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 4		Error:

		Mass (g)		1.06		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.8389736541

		Observed Temperature at firing (Celsius)		26.91		0.005								R Square		0.7038767924

		Temperature Correction		-0.02		0								Adjusted R Square		0.6298459904

		Corrected temperature at firing (Celsius)		26.88		0.005								Standard Error		0.0018218254

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0004354996		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.61		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000315571		0.0000315571		9.5078909613		0.036806561

		Corrected Temperature at constant Temperature change rate (Celsius)		29.60		0.005								Residual		4		0.0000132762		0.000003319

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0006191392								Total		5		0.0000448333

		DTemperature (Celsius)		2.72		0.0128207827

		Initial fuse wire length (cm)		10.00		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.9135238095		0.0013185404		20411.6036714345		3.45654913607069E-17		26.9098629469		26.9171846721		26.9098629469		26.9171846721

		DFuse wire length (Celsius)		10.00		0.1								X Variable 1		-0.0013428571		0.0004354996		-3.0834868187		0.036806561		-0.0025520003		-0.000133714		-0.0025520003		-0.000133714

		Fuse wire heat of combustion correction (cal)		23		0.23

		Nitric acid reaction correction (cal)		9.28		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		13.9969107992

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.913				5		stir

		26.912		0		5		Pre

		26.914		1		6

		26.91		2		7

		26.91		3		8

		26.91		4		9

		26.905		5		10		Ignite

		27.85		5.75		10:45		rapid rise

		28.33		6		11		0.48

		28.6		6.25		11:15		0.27

		28.85		6.5		11:30		0.25

		29.05		6.75		11:45		0.2

		29.17		7		12		0.12

		29.47		8		13		0.3

		29.57		9		14		0.1

		29.61		10		15		0.04

		29.612		11		16		0.002

		29.612		12		17		0

		29.615		13		18		0.003

		29.611		14		19		-0.004

				15		20		-29.611

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.61		10

		29.612		11

		29.612		12

		29.615		13

		29.611		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.528		6.1910436137

		slope		1.3757142857
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Benzoic Acid (3)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 3		Error:

		Mass (g)		1.01		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9157015435

		Observed Temperature at firing (Celsius)		26.66		0.005								R Square		0.8385093168

		Temperature Correction		-0.02		0								Adjusted R Square		0.798136646

		Corrected temperature at firing (Celsius)		26.64		0.005								Standard Error		0.0007867958

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0001880802		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.24		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000128571		0.0000128571		20.7692307692		0.0103598226

		Corrected Temperature at constant Temperature change rate (Celsius)		29.23		0.005								Residual		4		0.0000024762		0.000000619

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0005								Total		5		0.0000153333

		DTemperature (Celsius)		2.59		0.0125379206

		Initial fuse wire length (cm)		9.72		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		4.84		0.05								Intercept		26.6638095238		0.000569441		46824.5351083406		1.2481229017447E-18		26.6622284989		26.6653905487		26.6622284989		26.6653905487

		DFuse wire length (Celsius)		9.72		0.1								X Variable 1		-0.0008571429		0.0001880802		-4.5573271519		0.0103598226		-0.0013793382		-0.0003349475		-0.0013793382		-0.0003349475

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2473		14.3799527451

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.663				5		stir

		26.663		0		5		Pre

		26.663		1		6

		26.663		2		7

		26.662		3		8

		26.66		4		9

		26.659		5		10		Ignite

		27.53		5.75		10:45		rapid rise

		28		6		11		0.47

		28.3		6.25		11:15		0.3

		28.55		6.5		11:30		0.25

		28.72		6.75		11:45		0.17

		28.85		7		12		0.13

		29.1		8		13		0.25

		29.19		9		14		0.09

		29.23		10		15		0.04

		29.236		11		16		0.006

		29.234		12		17		-0.002

		29.237		13		18		0.003

		29.235		14		19		-0.002

		29.233		15		20		-0.002

		29.232		16		21		-0.001

				17		22		-29.232

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.236		11

		29.234		12

		29.237		13

		29.235		14

		29.233		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.2052		6.191342202

		slope		1.3208571429
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Benzoic Acid  (2)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 2		Error:

		Mass (g)		0.976		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9261245958

		Observed Temperature at firing (Celsius)		26.33		0.005								R Square		0.8577067669

		Temperature Correction		-0.02		0								Adjusted R Square		0.8221334586

		Corrected temperature at firing (Celsius)		26.31		0.005								Standard Error		0.0018986211

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.26		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.80		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000869143		0.0000869143		24.1109643329		0.0079847727

		Corrected Temperature at constant Temperature change rate (Celsius)		28.79		0.005								Residual		4		0.000014419		0.0000036048

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0010503968								Total		5		0.0001013333

		DTemperature (Celsius)		2.47		0.01489651

		Initial fuse wire length (cm)		9.91		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.3412380952		0.001374121		19169.5181418513		4.44330839607738E-17		26.3374229157		26.3450532748		26.3374229157		26.3450532748

		DFuse wire length (Celsius)		7.31		0.1								X Variable 1		-0.0022285714		0.0004538572		-4.9102916749		0.0079847727		-0.0034886838		-0.0009684591		-0.0034886838		-0.0009684591

		Fuse wire heat of combustion correction (cal)		16.813		0.23

		Nitric acid reaction correction (cal)		8.45		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2503		17.6169287231

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.34				5		stir																				Graphical Highlights

		26.34		0		5		Pre																				Time of Firing		5 Minutes

		26.339		1		6																						Time of 60% Temperature Rise		6.25 Minutes

		26.338		2		7																						Time when temperature Change becomes constant		10 Minutes

		26.337		3		8																						Temperature at Firing		26.34 oC

		26.33		4		9																						Temperature after Rise period		28.78 oC

		26.33		5		10		Ignite																				Rate of Temperature Change Before Firing		-0.002 oC/min

		27.1		5.75		10:45		rapid rise				Item		Trial 1		Trial 2		Trial 3		Trial 4								Rate of Temperature Change After Rise Period		0.002 oC/min

		27.5		6		11		0.4				Sample Mass (g)		1.07		0.98		1.01		1.06

		27.85		6.25		11:15		0.35				Nitric Acid correction (cal)		9.60		8.45		9.60		9.28

		28.05		6.5		11:30		0.2				Firing Wire correction (cal)		16.01		16.81		22.36		23.00

		28.28		6.75		11:45		0.23				Corrected Temperature (oC)		2.74		2.47		2.59		2.72

		28.39		7		12		0.11				DHc benzoic acid (cal/g)		6318		6318		6318		6318

		28.67		8		13		0.28

		28.76		9		14		0.09

		28.8		10		15		0.04

		28.805		11		16		0.005

		28.81		12		17		0.005

		28.81		13		18		0

		28.807		14		19		-0.003

		28.8		15		20		-0.007

				16		21		-28.8

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.8		10

		28.805		11

		28.81		12

		28.81		13

		28.807		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.812		6.2629453682

		slope		1.2028571429
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Figure 1: Temperature vs. Time during Combustion of Bezoic Acid (Trial 2)
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Benzoic Acid (1)

		1		2		3		4		12.2115		12.2115		17.6169287231		17.6169287231		14.3799527451		14.3799527451		13.9969107992		13.9969107992		0

																										5
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Figure 2: Experimental Energy Equivalents
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Benzoic Acid template
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Figure 3: Temperature versus Time for Safflower Oil Combustion
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Safflower Oil [1]

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 1		Error:

		Mass (g)		1.069		0.001		xx						Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		65535

		Observed Temperature at firing (Celsius)		25.94		0.005								R Square		-220.2

		Temperature Correction		-0.02		0								Adjusted R Square		-293.9333333333

		Corrected temperature at firing (Celsius)		25.93		0.005								Standard Error		0

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		5

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		-1.38965737063733E-26		-1.38965737063733E-26		-2.986437613

		Corrected Temperature at constant Temperature change rate (Celsius)		28.66		0.005								Residual		3		1.3959682578791E-26		4.65322752626368E-27

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0								Total		4		6.31088724176809E-29

		DTemperature (Celsius)		2.74		0.0109264034

		Initial fuse wire length (cm)		9.98		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		3.02		0.05								Intercept		28.67		0		101637153502983		2.1004544379344E-42		28.67		28.67		28.67		28.67

		DFuse wire length (Celsius)		6.96		0.1								X Variable 1		-0		0		-1.7128384488		0.185260345		-0		0		-0		0

		Fuse wire heat of combustion correction (cal)		16.008		0.23		x

		Nitric acid reaction correction (cal)		9.60		0.05		x

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		12.2114770558

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.95				5		stir

		25.952		0		5		Pre

		25.952		1		6

		25.952		2		7

		25.95		3		8

		25.95		4		9

		25.94		5		10		Ignite

		26.67		5.75		10:45		rapid rise

		27.15		6		11		0.48

		27.55		6.25		11:15		0.4

		27.753		6.5		11:30		0.203

		28.05		6.75		11:45		0.297

		28.2		7		12		0.15

		28.5		8		13		0.3

		28.61		9		14		0.11

		28.652		10		15		0.042

		28.67		11		16		0.018

		28.67		12		17		0

		28.67		13		18		0

		28.67		14		19		0

		28.67		15		20		0

				16		21		-28.67

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.67		11

		28.67		12

		28.67		13

		28.67		14

		28.67		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.578		6.3429458239

		slope		1.2657142857
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Safflower Oil [2]

		Summary:

		Bezoic Acid		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		Nominal Heat of Combustion (Cal/g)		6318.00

		Computed W		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Safflower Oil [3]

		Summary:

		Oil		Trial1		Error:

		Mass (g)		0.711		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.22		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.20		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000004536		<- need to run regression to get error

		Time of 60% Temperature rise		6.16		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.94		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000032291

		DTemperature (Celsius)		2.73		0.0102142579

		Initial fuse wire length (cm)		12.95		0.05

		Remaining fuse wire length (cm)		3.23		0.05

		DFuse wire length (Celsius)		9.72		0.1

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.92		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9482		105.2433149654

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.197				5		stir

		25.213		0		5		Pre

		25.21		1		6

		25.215		2		7

		25.217		3		8

		25.222		4		9

		25.222		5		10		Ignite

		26.17		5.75		10:45		rapid rise

		26.7		6		11		0.53

		27		6.25		11:15		0.3

		27.15		6.5		11:30		0.15

		27.42		6.75		11:45		0.27

		27.54		7		12		0.12

		27.81		8		13		0.27

		27.9		9		14		0.09

		27.94		10		15		0.04

		27.95		11		16		0.01

		27.953		12		17		0.003

		27.953		13		18		0

		27.953		14		19		0

		27.953		15		20		0

				16		21		-27.953

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.95		11

		27.953		12

		27.953		13

		27.953		14

		27.953		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.8588		6.1572904251

		slope		1.4382857143





Safflower Oil [3]
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Figure 3: Temperature versus Time for Safflower Oil Combustion
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		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.715		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.56		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.54		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.21		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		2.75		0.0101276193

		Initial fuse wire length (cm)		12.75		0.05

		Remaining fuse wire length (cm)		3.35		0.05

		DFuse wire length (Celsius)		9.40		0.1

		Fuse wire heat of combustion correction (cal)		21.62		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9493		104.7098518609

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.55				5		stir

		25.556		0		5		Pre

		25.556		1		6

		25.56		2		7

		25.56		3		8

		25.56		4		9

		25.56		5		10		Ignite

		26.38		5.75		10:45		rapid rise

		26.93		6		11		0.55

		27.35		6.25		11:15		0.42

		27.57		6.5		11:30		0.22

		27.73		6.75		11:45		0.16

		27.89		7		12		0.16

		28.16		8		13		0.27

		28.255		9		14		0.095

		28.292		10		15		0.037

		28.305		11		16		0.013

		28.31		12		17		0.005

		28.31		13		18		0

		28.31		14		19		0

		28.31		15		20		0

				16		21		-28.31

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.305		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.207		6.211010101
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		Summary:

		Safflower Oil 3		Trial		Error:

		Mass (g)		0.292		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.65		0.005

		Temperature Correction		-0.016		0

		Corrected temperature at firing (Celsius)		25.63		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000000503		<- need to run regression to get error

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		26.77		0.005

		Temperature Correction (Celsius)		-0.02		0						9381

		Corrected Temperature at constant Temperature change rate (Celsius)		26.75		0.005						9493

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0046640442						9482		st dev

		DTemperature (Celsius)		1.11		0.0271854941				avg		9452		61.7332973362

		Initial fuse wire length (cm)		12.14		0.05								0.0065312418		% st dev

		Remaining fuse wire length (cm)		3.40		0.05

		DFuse wire length (Celsius)		8.74		0.1

		Fuse wire heat of combustion correction (cal)		20.102		0.23

		Nitric acid reaction correction (cal)		3.25		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9381		319.6187396232

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.64				5		stir

		25.64		0		5		Pre

		25.64		1		6

		25.64		2		7

		25.64		3		8

		25.64		4		9

		25.65		5		10		Ignite

		26		5.75		10:45		rapid rise

		26.17		6		11		0.17

				6.25		11:15		-26.17

		26.42		6.5		11:30		26.42

		26.5		6.75		11:45		0.08

		26.56		7		12		0.06

		26.7		8		13		0.14

		26.75		9		14		0.05

		26.77		10		15		0.02

		26.77		11		16		0

		26.77		12		17		0

				13		18		-26.77

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		26.77		10

		26.77		11

		26.77		12

		26.77		13

		26.77		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.322		6.3357575758
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95% Confidence

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703						Interval		Upper Limit		Lower Limit

		9418.2490241848						30.40		9471		9410

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

										Lower Limit<		Theoretical		<Upper Limit

		Mean		9440.871372201

		Std Dev.		39.5431742849						9410 <		9450		< 9471

		Theoretical		9450

		t-stat		2.3060056265





Test of Significance

		Heat of Combustion

		9481.8844045866

		9492.6667617727

		9380.8176128734

		9467.7370458703

		9418.2490241848

		9425.2218356693

		9461.8863629394

		9390.3586747203

		9449.0206271919

		Mean		9440.871372201

		Std Dev.		39.5431742849

		Theoretical		9450

		t-stat		2.3060056265

		t-critical		0.6925565257

		t-critical < t-stat means that there is no significant difference between the mean heats of combustion and the theoretical value.





scratchpad

				Value

		Safflower Oil (1)		9482

		Safflower Oil (2)		9493

		Safflower Oil (3)		9381		9452		62

		Peanut Oil (1)		9468

		Peanut Oil (2)		9418

		Peanut Oil (3)		9425		9437		27

		Olive Oil (1)		9462

		Olive Oil (2)		9390

		Olive Oil (3)		9449		9434		38

				9441		39.5





Total

																																						Fat Composition of Various Oils (g fat per 100 g of oil)

		Bezoic Acid		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		Error:		Mean		%DEV		Systematic Error		Type		Safflower Oil		Peanut Oil		Olive Oil						Type of Oil		polyunsaturated		monounsaturated		saturated

		Mass (g)		1.069		0.001		0.976		0.001		1.01		0.001		1.06		0.001								Computed Heat of Combustion (cal/g)		9451.7895930776		9437.0693019082		9433.7552216172						Coconut		1.69		6.59		85.17

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333		5		0.0333333333								Serving Size (g)		14		14		14						Cottenseed		48.14		21.3		25.59

		Observed Temperature at firing (Celsius)		25.94		0.005		26.33		0.005		26.659		0.005		26.905		0.005								Calories/serving (kCal/14g)		120		120		120						Corn		49.28		29.32		16.43

		Temperature Correction		-0.015		0		-0.017		0		-0.021		0		-0.022		0								Calories/g (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Olive		11.18		69.72		14.04

		Corrected temperature at firing (Celsius)		25.925		0.005		26.313		0.005		26.638		0.005		26.883		0.005								Calories from fat/serving		120		120		120						Palm		8.31		41.64		45.27

		Temperature change rate before firing (Celsius/Minute)		-0.0019428571		0.0007862769		-0.0022285714		0.0007862769		-0.0008571429		0.0001880802		-0.0013428571		0.0004354996								Calories/g from fat (Cal/g)		8571.4285714286		8571.4285714286		8571.4285714286						Peanut		28.46		47.85		18.83

		Time of 60% Temperature rise		6.3429458239		0.0333333333		6.2629453682		0.0333333333		6.191342202		0.0333333333		6.1910436137		0.0333333333								Fat/serving (g)		14		14		14						Safflower Seed		72.11		12.62		10.22

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333		10		0.0333333333								saturated/serving (g)		1		2		2						Soyabean		56.73		24.26		14.05

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005		28.8		0.005		29.236		0.005		29.61		0.005								polyunsaturated/serving (g)		11		5								Sunflower Seed		49.95		31.81		13.09

		Temperature Correction (Celsius)		-0.009		0		-0.009		0		-0.008		0		-0.009		0								monounsaturated/serving (g)		2		7										Value		Error		Sample #				9450		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.661		0.005		28.791		0.005		29.228		0.005		29.601		0.005								%saturated		0.0714285714		0.1428571429		0.1428571429						Safflower Oil (1)		9481.8844045866		105.23552497		1				9450		1

		Constant Temperature change rate  (Celsius/Minute)		-0		0		0.0019		0.0010503968		-0.0005		0.0005		0.0005		0.0006191392								%polyunsaturated		0.7857142857		0.3571428571		0						Safflower Oil (2)		9492.6667617727		104.7098540012		2				9450		2

		DTemperature (Celsius)		2.7386091519		0.0109264034		2.4737141602		0.01489651		2.5934254794		0.0125379206		2.7176949232		0.0128207827								%monounsaturated		0.1428571429		0.5		0						Safflower Oil (3)		9380.8176128734		176.5652636346		3				9450		3

		Initial fuse wire length (cm)		9.98		0.05		9.91		0.05		9.72		0.05		10		0.05																				Peanut Oil (1)		9467.7370458703		124.6961560192		4				9450		4		0

		Remaining fuse wire length (cm)		3.02		0.05		2.6		0.05		4.84		0.05		2.6		0.05																				Peanut Oil (2)		9418.2490241848		108.7936481029		5				9450		5

		DFuse wire length (Celsius)		6.96		0.1		7.31		0.1		9.72		0.1		10		0.1																				Peanut Oil (3)		9425.2218356693		111.0060172866		6				9450		6

		Fuse wire heat of combustion correction (cal)		16.008		0.23		16.813		0.23		22.356		0.23		23		0.23								Benzoic Acid				All W's								Olive Oil (1)		9461.8863629394		126.2662380622		7				9450		7		0

		Nitric acid reaction correction (cal)		9.6		0.05		8.45		0.05		9.6		0.05		9.28		0.05								Mean		2481.8714909897		2475.5449295601		Benzoic Stats						Olive Oil (2)		9390.3586747203		123.4615085364		8				9450		8

		Nominal Heat of Combustion (Cal/g)		6318		0		6318		0		6318		0		6318		0		Benzoic						Standard Deviation		14.1378870688		2502.9694617555								Olive Oil (3)		9449.0206271919		123.2781300761		9				9450		9

		Computed W		2475.5449295601		12.2114770558		2502.9694617555		17.6169287231		2472.8437547349		14.3799527451		2476.1278179083		13.9969107992		2481.8714909897		0.57%		14.5513173308		Percent Deviation		0.57%		2472.8437547349		Mean		2481.8714909897				Literature						10				9450		10

																										95% Confidence Interval		22.9126997781		2476.1278179083		Standard Error		7.0689435344

		Safflower Oil		Trial1		Error:		Trial 2		Error:		Trial		Error:		Trial 4		error		Mean		%DEV										Median		2475.8363737342

		Mass (g)		0.711		0.001		0.715		0.001		0.292		0.001																		Mode

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333																		Standard Deviation		14.1378870688

		Observed Temperature at firing (Celsius)		25.222		0.005		25.56		0.005		25.65		0.005																		Sample Variance		199.87985077				TINV:

		Temperature Correction		-0.018		0		-0.016		0		-0.016		0																		Kurtosis		3.8098176442				3.1824492908

		Corrected temperature at firing (Celsius)		25.204		0.005		25.544		0.005		25.634		0.005																		Skewness		1.9375105164

		Temperature change rate before firing (Celsius/Minute)		0.0023714286		0		0.0009142857		0		0.0014285714		0.0001826952																		Range		30.1257070206				22.4965543375

		Time of 60% Temperature rise		6.1572904251		0.0333333333		6.211010101		0.0333333333		6.3357575758		0.0333333333																		Minimum		2472.8437547349				low		2459.3749366522

		Time of constant Temperature change rate (minutes)		11		0.0333333333		11		0.0333333333		10		0.0333333333																		Maximum		2502.9694617555				high		2504.3680453272

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005		28.305		0.005		26.77		0.005																		Sum		9927.4859639588

		Temperature Correction (Celsius)		-0.011		0		-0.009		0		-0.021		0																		Count		4

		Corrected Temperature at constant Temperature change rate (Celsius)		27.939		0.005		28.296		0.005		26.749		0.005																		Confidence Level(95.0%)		22.4965543375

		Constant Temperature change rate  (Celsius/Minute)		0.0006		0.0000028767		0.001		0.0000000002		0		0.0000042375												Safflower

		DTemperature (Celsius)		2.7293499427		0.0102120262		2.7461038009		0.0101276199		1.1130917749		0.0103548019

		Initial fuse wire length (cm)		12.95		0.05		12.75		0.05		12.14		0.05										saff trials		Mean		9451.7902666667

		Remaining fuse wire length (cm)		3.23		0.05		3.35		0.05		3.4		0.05										9481.8844		Standard Error		35.6226303594

		DFuse wire length (Celsius)		9.72		0.1		9.4		0.1		8.74		0.1										9492.6688		Median		9481.8844

		Fuse wire heat of combustion correction (cal)		22.356		0.23		21.62		0.23		20.102		0.23										9380.8176		Mode

		Nitric acid reaction correction (cal)		9.92		0.05		6.6		0.05		3.25		0.05												Standard Deviation		61.7002056817

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Safflower						Sample Variance		3806.9153811634

		Computed Heat of Combustion (cal/g)		9481.8844045866		105.23552497		9492.6667617727		104.7098540012		9380.8176128734		176.5652636346						9451.7895930776		0.65%		128.8368808686		Kurtosis						Saf		9451

																										Skewness		-1.6727111355				Peanut		9437

		Peanut Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Range		111.8512				Olive		9433

		Mass (g)		0.51		0.001		0.497		0.001		0.508		0.001												Minimum		9380.8176				mean		9440.3333333333

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333												Maximum		9492.6688

		Observed Temperature at firing (Celsius)		25.6		0.005		27.19		0.005		26.38		0.005												Sum		28355.3708

		Temperature Correction		-0.016		0		-0.022		0		-0.019		0												Count		3

		Corrected temperature at firing (Celsius)		25.584		0.005		27.168		0.005		26.361		0.005												Confidence Level(95.0%)		153.2719144568

		Temperature change rate before firing (Celsius/Minute)		0		0.0001851173		-0.0021142857		0.0000009364		0		0.0000295394										peanut

		Time of 60% Temperature rise		6.2957446809		0.0333333333		6.20234375		0.0333333333		6.198		0.0333333333										9467.73705		Peanut

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333										9418.249

		Observed Temperature at constant Temperature change rate (Celsius)		27.555		0.005		29.07		0.005		28.31		0.005										9425.2218		Mean		9437.0692833333

		Temperature Correction (Celsius)		-0.017		0		-0.008		0		-0.009		0												Standard Error		15.4654337066

		Corrected Temperature at constant Temperature change rate (Celsius)		27.538		0.005		29.062		0.000000014		28.301		0.0000000481												Median		9425.2218

		Constant Temperature change rate  (Celsius/Minute)		0		0		0		0.0005		0		0.0005												Mode

		DTemperature (Celsius)		1.954		0.0102398648		1.8965420982		0.0067590156		1.94		0.0074364363												Standard Deviation		26.7869169408

		Initial fuse wire length (cm)		10.83		0.05		12.18		0.05		11.99		0.05												Sample Variance		717.5389191955

		Remaining fuse wire length (cm)		4.86		0.05		3.7		0.05		3.33		0.05												Kurtosis

		DFuse wire length (Celsius)		5.97		0.1		8.48		0.1		8.66		0.1												Skewness		1.6009535616

		Fuse wire heat of combustion correction (cal)		13.731		0.23		19.504		0.23		19.918		0.23												Range		49.48805

		Nitric acid reaction correction (cal)		7.3		0.05		6.6		0.05		6.9		0.05												Minimum		9418.249

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308												Maximum		9467.73705

		Computed Heat of Combustion (cal/g)		9467.7370458703		124.6961560192		9418.2490241848		108.7936481029		9425.2218356693		111.0060172866						9437.0693019082		0.28%		114.8319404696		Sum		28311.20785

																										Count		3

		Olive Oil		Trial 1		Error:		Trial 2		Error:		Trial 3		Error:		Trial 4		error		Mean		%DEV				Confidence Level(95.0%)		66.5424368778

		Mass (g)		0.503		0.001		0.506		0.001		0.504		0.001										olive

		Time of Firing (minutes)		5		0.0333333333		5		0.0333333333		5		0.0333333333										9461.88636		Olive

		Observed Temperature at firing (Celsius)		25.867		0.005		26.12		0.005		26.312		0.005										9390.3587

		Temperature Correction		-0.015		0		-0.015		0		-0.017		0										9449.0206		Mean		9433.75522

		Corrected temperature at firing (Celsius)		25.852		0.005		26.105		0.005		26.295		0.005												Standard Error		22.0138244912

		Temperature change rate before firing (Celsius/Minute)		-0.0003714286		0.0003017387		-0.0002857143		0.0000000001		-0.0015714286		0.0000000006												Median		9449.0206

		Time of 60% Temperature rise		6.2698608137		0.0333333333		6.2253021148		0.0333333333		6.2377187689		0.0333333333												Mode

		Time of constant Temperature change rate (minutes)		11		0.0333333333		10		0.0333333333		11		0.0333333333												Standard Deviation		38.1290624877

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.04		0.005		28.225		0.005												Sample Variance		1453.8254061937

		Temperature Correction (Celsius)		0		0		-0.01		0		-0.009		0												Kurtosis

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005		28.03		0.005		28.216		0.005												Skewness		-1.5128434487

		Constant Temperature change rate  (Celsius/Minute)		0		0		0		0.0000014243		-0.0015		0.000000618												Range		71.52766

		DTemperature (Celsius)		1.9284716626		0.0103584043		1.9253500863		0.0099863287		1.9300884085		0.0097981818												Minimum		9390.3587

		Initial fuse wire length (cm)		11.92		0.05		12.12		0.05		12.15		0.05												Maximum		9461.88636

		Remaining fuse wire length (cm)		3.12		0.05		3.32		0.05		3		0.05												Sum		28301.26566

		DFuse wire length (Celsius)		8.8		0.1		8.8		0.1		9.15		0.1												Count		3

		Fuse wire heat of combustion correction (cal)		20.24		0.23		20.24		0.23		21.045		0.23												Confidence Level(95.0%)		94.7179079773

		Nitric acid reaction correction (cal)		6.65		0.05		6.71		0.05		6.88		0.05

		W		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308		2481.8714909897		14.5513173308						Olive

		Computed Heat of Combustion (cal/g)		9461.8863629394		126.2662380622		9390.3586747203		123.4615085364		9449.0206271919		123.2781300761						9433.7552216172		0.40%		124.3352922249

																														HC		Mass		SUMMARY OUTPUT

		Oil		Trial 1		error		Trial 2		error		Trial 3		error		Trial 4		error		Mean		%DEV		9461.88636		All Collected Data				9481.8844045866		0.711

		Mass (g)																						9390.3587		Mean		9440.87159		9492.6667617727		0.715		Regression Statistics

		Time of Firing (minutes)																						9449.0206		Standard Deviation		39.5435087715		9380.8176128734		0.292		Multiple R		0.8083377869

		Observed Temperature at firing (Celsius)																						9467.73705		Percent Deviation		0.42%		9467.7370458703		0.51		R Square		0.6534099777		no correlation bet sample size and HC

		Temperature Correction																						9418.249		95% Confidence Interval		37.0003925346		9418.2490241848		0.497		Adjusted R Square		0.6038971174

		Corrected temperature at firing (Celsius)																						9425.2218		All Within 95% Confidence				9425.2218356693		0.508		Standard Error		24.8871709152

		Temperature change rate before firing (Celsius/Minute)																						9481.8844						9461.8863629394		0.503		Observations		9

		Time of 60% Temperature rise																						9492.6688						9390.3586747203		0.506

		Time of constant Temperature change rate (minutes)																						9380.8176						9449.0206271919		0.504		ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)																																		df		SS		MS		F		Significance F

		Temperature Correction (Celsius)																																Regression		1		8173.702127115		8173.702127115		13.1967729885		0.0083673807

		Corrected Temperature at constant Temperature change rate (Celsius)																																Residual		7		4335.5989331506		619.3712761644

		Constant Temperature change rate  (Celsius/Minute)																																Total		8		12509.3010602657

		DTemperature (Celsius)

		Initial fuse wire length (cm)																																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)																																Intercept		9307.3639299315		37.6758572658		247.0378806322		0		9218.2747478743		9396.4531119887		9218.2747478743		9396.4531119887

		DFuse wire length (Celsius)																																X Variable 1		253.1746692847		69.6925536925		3.6327362949		0.0083673807		88.3780845607		417.9712540087		88.3780845607		417.9712540087

		Fuse wire heat of combustion correction (cal)

		Nitric acid reaction correction (cal)

		W

		Computed Heat of Combustion (cal/g)																		0		0.00%





Total

		0		0		105.1869090516		105.1869090516		0		0		0		0		0		0		0		106.9364657892		106.9364657892		212.4226883073		212.4226883073		124.4811420566		124.4811420566		112.2475703752		112.2475703752		110.8549913361		110.8549913361		278.7326422649		278.7326422649		123.451523637		123.451523637		173.2969233769		173.2969233769		0

																																																								0
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																																																								0
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Safflower Oil (1)

Safflower Oil (2)

Safflower Oil (3)

Peanut Oil (1)

Peanut Oil (2)

Olive Oil (1)

Peanut Oil (3)

Olive Oil (2)

Olive Oil (3)

Literature

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Peanut Oil  (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.508		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.38		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.36		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0000295394		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.0000000481

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.94		0.0074364363

		Initial fuse wire length (cm)		11.99		0.05

		Remaining fuse wire length (cm)		3.33		0.05

		DFuse wire length (Celsius)		8.66		0.1

		Fuse wire heat of combustion correction (cal)		19.918		0.23

		Nitric acid reaction correction (cal)		6.90		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9425		111.0060172866

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.38		0		5		Pre

		26.38		1		6

		26.38		2		7

		26.38		3		8

		26.38		4		9

		26.38		5		10		Ignite

		26.98		5.75		10:45		rapid rise

		27.36		6		11		0.38

		27.64		6.25		11:15		0.28

		27.79		6.5		11:30		0.15

		27.93		6.75		11:45		0.14

		28.02		7		12		0.09

		28.215		8		13		0.195

		28.28		9		14		0.065

		28.305		10		15		0.025

		28.31		11		16		0.005

		28.31		12		17		0

				13		18		-28.31

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.31		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.538		6.198
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Peanut Oil (2)

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.497		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		27.19		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		27.17		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000009364		<- need to run regression to get error

		Time of 60% Temperature rise		6.20		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		29.07		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		29.06		0.000000014

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0005

		DTemperature (Celsius)		1.90		0.0067590156

		Initial fuse wire length (cm)		12.18		0.05

		Remaining fuse wire length (cm)		3.70		0.05

		DFuse wire length (Celsius)		8.48		0.1

		Fuse wire heat of combustion correction (cal)		19.504		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9418		108.7936481029

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		27.2				5		stir

		27.2		0		5		Pre

		27.2		1		6

		27.2		2		7

		27.2		3		8

		27.192		4		9

		27.19		5		10		Ignite

		27.815		5.75		10:45		rapid rise

		28.13		6		11		0.315

		28.4		6.25		11:15		0.27

		28.58		6.5		11:30		0.18

		28.72		6.75		11:45		0.14

		28.78		7		12		0.06

		28.98		8		13		0.2

		29.05		9		14		0.07

		29.07		10		15		0.02

		29.07		11		16		0

		29.07		12		17		0

				13		18		-29.07

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.07		10

		29.07		11

		29.07		12

		29.07		13

		29.07		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.318		6.20234375





Peanut Oil (2)

		0		0				0				0

		0		0				0

		0		0				0

		0		0				0

		0		0				0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



temp/time

pre

Constant Rate Change

60%

Time (minutes)

Temperature (Celsius)

Temperature versus Time during Combustion Reaction

y = 0.0003x + 25.15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Peanut Oil [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.51		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.60		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.58		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0001851173		<- need to run regression to get error

		Time of 60% Temperature rise		6.30		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.56		0.005

		Temperature Correction (Celsius)		-0.02		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.54		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		1.95		0.0102398648

		Initial fuse wire length (cm)		10.83		0.05

		Remaining fuse wire length (cm)		4.86		0.05

		DFuse wire length (Celsius)		5.97		0.1

		Fuse wire heat of combustion correction (cal)		13.731		0.23

		Nitric acid reaction correction (cal)		7.30		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9468		124.6961560192

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		25.6		0		5		Pre

		25.6		1		6

		25.6		2		7

		25.6		3		8

		25.6		4		9

		25.6		5		10		Ignite

		26.15		5.75		10:45		rapid rise

		26.49		6		11		0.34

		26.8		6.25		11:15		0.31

		26.98		6.5		11:30		0.18

		27.15		6.75		11:45		0.17

		27.24		7		12		0.09

		27.455		8		13		0.215

		27.52		9		14		0.065

		27.55		10		15		0.03

		27.555		11		16		0.005

		27.555		12		17		0

		27.555		13		18		0

		27.555		14		19		0

		27.555		15		20		0

				16		21		-27.555

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.555		11

		27.555		12

		27.555		13

		27.555		14

		27.555		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.773		6.2957446809
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OliveOil (3)

		Summary:

		Oil		Trial 3		Error:

		Mass (g)		0.504		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.31		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.30		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000006		<- need to run regression to get error

		Time of 60% Temperature rise		6.24		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.23		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.22		0.005

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.000000618

		DTemperature (Celsius)		1.93		0.0097981818

		Initial fuse wire length (cm)		12.15		0.05

		Remaining fuse wire length (cm)		3.00		0.05

		DFuse wire length (Celsius)		9.15		0.1

		Fuse wire heat of combustion correction (cal)		21.045		0.23

		Nitric acid reaction correction (cal)		6.88		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9449		123.2781300761

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.32		0		5		Pre

		26.32		1		6

		26.32		2		7

		26.32		3		8

		26.315		4		9

		26.312		5		10		Ignite

		26.93		5.75		10:45		rapid rise

		27.25		6		11		0.32

		27.5		6.25		11:15		0.25

		27.68		6.5		11:30		0.18

		27.83		6.75		11:45		0.15

		27.92		7		12		0.09

		28.13		8		13		0.21

		28.195		9		14		0.065

		28.21		10		15		0

		28.225		11		16		0.015

		28.22		12		17		-0.005

		28.22		13		18		0

		28.22		14		19		0

				15		20		-28.22

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.225		11

		28.22		12

		28.22		13

		28.22		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.4598		6.2377187689
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Olive [1]

		Summary:

		Oil		Trial 1		Error:

		Mass (g)		0.503		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.87		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.85		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0003017387		<- need to run regression to get error

		Time of 60% Temperature rise		6.27		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Temperature Correction (Celsius)				0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.78		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0

		DTemperature (Celsius)		1.93		0.0103584043

		Initial fuse wire length (cm)		11.92		0.05

		Remaining fuse wire length (cm)		3.12		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.65		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9462		126.2662380622

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.87				5		stir

		25.87		0		5		Pre

		25.87		1		6

		25.868		2		7

		25.87		3		8

		25.87		4		9

		25.867		5		10		Ignite

		26.43		5.75		10:45		rapid rise

		26.77		6		11		0.34

		27.05		6.25		11:15		0.28

		27.24		6.5		11:30		0.19

		27.38		6.75		11:45		0.14

		27.45		7		12		0.07

		27.69		8		13		0.24

		27.75		9		14		0.06

		27.775		10		15		0.025

		27.78		11		16		0.005

		27.78		12		17		0

		27.78		13		18		0

		27.78		14		19		0

		27.78		15		20		0

				16		21		-27.78

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.78		11

		27.78		12

		27.78		13

		27.78		14

		27.78		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.0148		6.2698608137
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Olive Oil [2]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.506		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		26.12		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		26.11		0.005

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0000000001		<- need to run regression to get error

		Time of 60% Temperature rise		6.23		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.04		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.03		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000014243

		DTemperature (Celsius)		1.93		0.0099863287

		Initial fuse wire length (cm)		12.12		0.05

		Remaining fuse wire length (cm)		3.32		0.05

		DFuse wire length (Celsius)		8.80		0.1

		Fuse wire heat of combustion correction (cal)		20.24		0.23

		Nitric acid reaction correction (cal)		6.71		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9390		123.4615085364

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

		26.12		0		5		Pre

		26.12		1		6

		26.13		2		7

		26.12		3		8

		26.12		4		9

		26.12		5		10		Ignite

		26.8		5.75		10:45		rapid rise

		27.07		6		11		0.27

		27.3		6.25		11:15		0.23

		27.46		6.5		11:30		0.16

		27.65		6.75		11:45		0.19

		27.75		7		12		0.1

		27.95		8		13		0.2

		28.01		9		14		0.06

		28.04		10		15		0.03

		28.04		11		16		0

		28.04		12		17		0

		28.04		13		18		0

				14		19		-28.04

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.04		10

		28.04		11

		28.04		12

		28.04		13

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.272		6.2253021148
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Oil Template

		Summary:

		Oil		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		W		2481.87		14.14

		Computed Heat of Combustion (cal/g)		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Benzoic Acid (4)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 4		Error:

		Mass (g)		1.06		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.8389736541

		Observed Temperature at firing (Celsius)		26.91		0.005								R Square		0.7038767924

		Temperature Correction		-0.02		0								Adjusted R Square		0.6298459904

		Corrected temperature at firing (Celsius)		26.88		0.005								Standard Error		0.0018218254

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0004354996		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.61		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000315571		0.0000315571		9.5078909613		0.036806561

		Corrected Temperature at constant Temperature change rate (Celsius)		29.60		0.005								Residual		4		0.0000132762		0.000003319

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0006191392								Total		5		0.0000448333

		DTemperature (Celsius)		2.72		0.0128207827

		Initial fuse wire length (cm)		10.00		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.9135238095		0.0013185404		20411.6036714345		3.45654913607069E-17		26.9098629469		26.9171846721		26.9098629469		26.9171846721

		DFuse wire length (Celsius)		10.00		0.1								X Variable 1		-0.0013428571		0.0004354996		-3.0834868187		0.036806561		-0.0025520003		-0.000133714		-0.0025520003		-0.000133714

		Fuse wire heat of combustion correction (cal)		23		0.23

		Nitric acid reaction correction (cal)		9.28		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		13.9969107992

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.913				5		stir

		26.912		0		5		Pre

		26.914		1		6

		26.91		2		7

		26.91		3		8

		26.91		4		9

		26.905		5		10		Ignite

		27.85		5.75		10:45		rapid rise

		28.33		6		11		0.48

		28.6		6.25		11:15		0.27

		28.85		6.5		11:30		0.25

		29.05		6.75		11:45		0.2

		29.17		7		12		0.12

		29.47		8		13		0.3

		29.57		9		14		0.1

		29.61		10		15		0.04

		29.612		11		16		0.002

		29.612		12		17		0

		29.615		13		18		0.003

		29.611		14		19		-0.004

				15		20		-29.611

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.61		10

		29.612		11

		29.612		12

		29.615		13

		29.611		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.528		6.1910436137

		slope		1.3757142857
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Benzoic Acid (3)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 3		Error:

		Mass (g)		1.01		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9157015435

		Observed Temperature at firing (Celsius)		26.66		0.005								R Square		0.8385093168

		Temperature Correction		-0.02		0								Adjusted R Square		0.798136646

		Corrected temperature at firing (Celsius)		26.64		0.005								Standard Error		0.0007867958

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0001880802		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.19		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		29.24		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000128571		0.0000128571		20.7692307692		0.0103598226

		Corrected Temperature at constant Temperature change rate (Celsius)		29.23		0.005								Residual		4		0.0000024762		0.000000619

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0.0005								Total		5		0.0000153333

		DTemperature (Celsius)		2.59		0.0125379206

		Initial fuse wire length (cm)		9.72		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		4.84		0.05								Intercept		26.6638095238		0.000569441		46824.5351083406		1.2481229017447E-18		26.6622284989		26.6653905487		26.6622284989		26.6653905487

		DFuse wire length (Celsius)		9.72		0.1								X Variable 1		-0.0008571429		0.0001880802		-4.5573271519		0.0103598226		-0.0013793382		-0.0003349475		-0.0013793382		-0.0003349475

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2473		14.3799527451

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.663				5		stir

		26.663		0		5		Pre

		26.663		1		6

		26.663		2		7

		26.662		3		8

		26.66		4		9

		26.659		5		10		Ignite

		27.53		5.75		10:45		rapid rise

		28		6		11		0.47

		28.3		6.25		11:15		0.3

		28.55		6.5		11:30		0.25

		28.72		6.75		11:45		0.17

		28.85		7		12		0.13

		29.1		8		13		0.25

		29.19		9		14		0.09

		29.23		10		15		0.04

		29.236		11		16		0.006

		29.234		12		17		-0.002

		29.237		13		18		0.003

		29.235		14		19		-0.002

		29.233		15		20		-0.002

		29.232		16		21		-0.001

				17		22		-29.232

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		29.236		11

		29.234		12

		29.237		13

		29.235		14

		29.233		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		28.2052		6.191342202

		slope		1.3208571429
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Benzoic Acid  (2)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 2		Error:

		Mass (g)		0.976		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		0.9261245958

		Observed Temperature at firing (Celsius)		26.33		0.005								R Square		0.8577067669

		Temperature Correction		-0.02		0								Adjusted R Square		0.8221334586

		Corrected temperature at firing (Celsius)		26.31		0.005								Standard Error		0.0018986211

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		6

		Time of 60% Temperature rise		6.26		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.80		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		0.0000869143		0.0000869143		24.1109643329		0.0079847727

		Corrected Temperature at constant Temperature change rate (Celsius)		28.79		0.005								Residual		4		0.000014419		0.0000036048

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0010503968								Total		5		0.0001013333

		DTemperature (Celsius)		2.47		0.01489651

		Initial fuse wire length (cm)		9.91		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		2.60		0.05								Intercept		26.3412380952		0.001374121		19169.5181418513		4.44330839607738E-17		26.3374229157		26.3450532748		26.3374229157		26.3450532748

		DFuse wire length (Celsius)		7.31		0.1								X Variable 1		-0.0022285714		0.0004538572		-4.9102916749		0.0079847727		-0.0034886838		-0.0009684591		-0.0034886838		-0.0009684591

		Fuse wire heat of combustion correction (cal)		16.813		0.23

		Nitric acid reaction correction (cal)		8.45		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2503		17.6169287231

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		26.34				5		stir																				Graphical Highlights

		26.34		0		5		Pre																				Time of Firing		5 Minutes

		26.339		1		6																						Time of 60% Temperature Rise		6.25 Minutes

		26.338		2		7																						Time when temperature Change becomes constant		10 Minutes

		26.337		3		8																						Temperature at Firing

		26.33		4		9																						Temperature after Rise period

		26.33		5		10		Ignite																				Rate of Temperature Change Before Firing

		27.1		5.75		10:45		rapid rise																				Rate of Temperature Change After Rise Period

		27.5		6		11		0.4

		27.85		6.25		11:15		0.35

		28.05		6.5		11:30		0.2

		28.28		6.75		11:45		0.23

		28.39		7		12		0.11

		28.67		8		13		0.28

		28.76		9		14		0.09

		28.8		10		15		0.04

		28.805		11		16		0.005

		28.81		12		17		0.005

		28.81		13		18		0

		28.807		14		19		-0.003

		28.8		15		20		-0.007

				16		21		-28.8

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.8		10

		28.805		11

		28.81		12

		28.81		13

		28.807		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.812		6.2629453682

		slope		1.2028571429
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Benzoic Acid (1)

		Summary:												SUMMARY OUTPUT

		Bezoic Acid		Trial 1		Error:

		Mass (g)		1.069		0.001								Regression Statistics

		Time of Firing (minutes)		5		0.0333333333		<- estimate error						Multiple R		65535

		Observed Temperature at firing (Celsius)		25.94		0.005								R Square		-220.2

		Temperature Correction		-0.02		0								Adjusted R Square		-293.9333333333

		Corrected temperature at firing (Celsius)		25.93		0.005								Standard Error		0

		Temperature change rate before firing (Celsius/Minute)		-0.00		0.0007862769		<- need to run regression to get error						Observations		5

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333								ANOVA

		Observed Temperature at constant Temperature change rate (Celsius)		28.67		0.005										df		SS		MS		F		Significance F

		Temperature Correction (Celsius)		-0.01		0								Regression		1		-1.38965737063733E-26		-1.38965737063733E-26		-2.986437613

		Corrected Temperature at constant Temperature change rate (Celsius)		28.66		0.005								Residual		3		1.3959682578791E-26		4.65322752626368E-27

		Constant Temperature change rate  (Celsius/Minute)		-0.00		0								Total		4		6.31088724176809E-29

		DTemperature (Celsius)		2.74		0.0109264034

		Initial fuse wire length (cm)		9.98		0.05										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Remaining fuse wire length (cm)		3.02		0.05								Intercept		28.67		0		101637153502983		2.1004544379344E-42		28.67		28.67		28.67		28.67

		DFuse wire length (Celsius)		6.96		0.1								X Variable 1		-0		0		-1.7128384488		0.185260345		-0		0		-0		0

		Fuse wire heat of combustion correction (cal)		16.008		0.23

		Nitric acid reaction correction (cal)		9.60		0.05

		Nominal Heat of Combustion (Cal/g)		6318.00		0

		Computed W		2476		12.2114770558

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.95				5		stir

		25.952		0		5		Pre

		25.952		1		6

		25.952		2		7

		25.95		3		8

		25.95		4		9

		25.94		5		10		Ignite

		26.67		5.75		10:45		rapid rise

		27.15		6		11		0.48

		27.55		6.25		11:15		0.4

		27.753		6.5		11:30		0.203

		28.05		6.75		11:45		0.297

		28.2		7		12		0.15

		28.5		8		13		0.3

		28.61		9		14		0.11

		28.652		10		15		0.042

		28.67		11		16		0.018

		28.67		12		17		0

		28.67		13		18		0

		28.67		14		19		0

		28.67		15		20		0

				16		21		-28.67

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.67		11

		28.67		12

		28.67		13

		28.67		14

		28.67		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.578		6.3429458239

		slope		1.2657142857





Benzoic Acid (1)

		0		0				0				0

		0		0				0

		0		0				0

		0		0				0

		0		0				0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



temp/time

pre

Constant Rate Change

60%

Time (minutes)

Temperature (Celsius)

Temperature versus Time during Combustion Reaction

y = 0.0003x + 25.15

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Benzoic Acid template

		Summary:

		Bezoic Acid		Trial		Error:

		Mass (g)

		Time of Firing (minutes)		5				<- estimate error

		Observed Temperature at firing (Celsius)		0.00

		Temperature Correction

		Corrected temperature at firing (Celsius)		0.00

		Temperature change rate before firing (Celsius/Minute)		0.00				<- need to run regression to get error

		Time of 60% Temperature rise		0.00				etc…

		Time of constant Temperature change rate (minutes)		0.00

		Observed Temperature at constant Temperature change rate (Celsius)		0.00

		Temperature Correction (Celsius)

		Corrected Temperature at constant Temperature change rate (Celsius)		0.00

		Constant Temperature change rate  (Celsius/Minute)		0.00

		DTemperature (Celsius)		0.00		0

		Initial fuse wire length (cm)

		Remaining fuse wire length (cm)

		DFuse wire length (Celsius)		0.00		0

		Fuse wire heat of combustion correction (cal)		0		0

		Nitric acid reaction correction (cal)

		Nominal Heat of Combustion (Cal/g)		6318.00

		Computed W		0		0

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

						5		stir

				0		5		Pre

				1		6

				2		7

				3		8

				4		9

				5		10		Ignite

				5.75		10:45		rapid rise

				6		11		0

				6.25		11:15		0

				6.5		11:30		0

				6.75		11:45		0

				7		12		0

				8		13		0

				9		14		0

				10		15		0

				11		16		0

				12		17		0

				13		18		0

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		0		0
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Safflower Oil [1]

		Summary:

		Oil		Trial1		Error:

		Mass (g)		0.711		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.22		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.20		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.16		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		27.95		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		27.94		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000028767

		DTemperature (Celsius)		2.73		0.0102120262

		Initial fuse wire length (cm)		12.95		0.05

		Remaining fuse wire length (cm)		3.23		0.05

		DFuse wire length (Celsius)		9.72		0.1

		Fuse wire heat of combustion correction (cal)		22.356		0.23

		Nitric acid reaction correction (cal)		9.92		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9482		105.23552497

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.197				5		stir

		25.213		0		5		Pre

		25.21		1		6

		25.215		2		7

		25.217		3		8

		25.222		4		9

		25.222		5		10		Ignite

		26.17		5.75		10:45		rapid rise

		26.7		6		11		0.53

		27		6.25		11:15		0.3

		27.15		6.5		11:30		0.15

		27.42		6.75		11:45		0.27

		27.54		7		12		0.12

		27.81		8		13		0.27

		27.9		9		14		0.09

		27.94		10		15		0.04

		27.95		11		16		0.01

		27.953		12		17		0.003

		27.953		13		18		0

		27.953		14		19		0

		27.953		15		20		0

				16		21		-27.953

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		27.95		11

		27.953		12

		27.953		13

		27.953		14

		27.953		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.8588		6.1572904251

		slope		1.4382857143
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Safflower Oil [2]

		Summary:

		Oil		Trial 2		Error:

		Mass (g)		0.715		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.56		0.005

		Temperature Correction		-0.02		0

		Corrected temperature at firing (Celsius)		25.54		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0		<- need to run regression to get error

		Time of 60% Temperature rise		6.21		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		11.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		28.31		0.005

		Temperature Correction (Celsius)		-0.01		0

		Corrected Temperature at constant Temperature change rate (Celsius)		28.30		0.005

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000000002

		DTemperature (Celsius)		2.75		0.0101276199

		Initial fuse wire length (cm)		12.75		0.05

		Remaining fuse wire length (cm)		3.35		0.05

		DFuse wire length (Celsius)		9.40		0.1

		Fuse wire heat of combustion correction (cal)		21.62		0.23

		Nitric acid reaction correction (cal)		6.60		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9493		104.7098540012

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.55				5		stir

		25.556		0		5		Pre

		25.556		1		6

		25.56		2		7

		25.56		3		8

		25.56		4		9

		25.56		5		10		Ignite

		26.38		5.75		10:45		rapid rise

		26.93		6		11		0.55

		27.35		6.25		11:15		0.42

		27.57		6.5		11:30		0.22

		27.73		6.75		11:45		0.16

		27.89		7		12		0.16

		28.16		8		13		0.27

		28.255		9		14		0.095

		28.292		10		15		0.037

		28.305		11		16		0.013

		28.31		12		17		0.005

		28.31		13		18		0

		28.31		14		19		0

		28.31		15		20		0

				16		21		-28.31

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		28.305		11

		28.31		12

		28.31		13

		28.31		14

		28.31		15

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		27.207		6.211010101
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Safflower Oil [3]

		Summary:

		Safflower Oil 3		Trial		Error:

		Mass (g)		0.292		0.001

		Time of Firing (minutes)		5		0.0333333333		<- estimate error

		Observed Temperature at firing (Celsius)		25.65		0.005

		Temperature Correction		-0.016		0

		Corrected temperature at firing (Celsius)		25.63		0.005

		Temperature change rate before firing (Celsius/Minute)		0.00		0.0001826952		<- need to run regression to get error

		Time of 60% Temperature rise		6.34		0.0333333333		etc…

		Time of constant Temperature change rate (minutes)		10.00		0.0333333333

		Observed Temperature at constant Temperature change rate (Celsius)		26.77		0.005

		Temperature Correction (Celsius)		-0.02		0						9381

		Corrected Temperature at constant Temperature change rate (Celsius)		26.75		0.005						9493

		Constant Temperature change rate  (Celsius/Minute)		0.00		0.0000042375						9482		st dev

		DTemperature (Celsius)		1.11		0.0103548019				avg		9452		61.7332973362

		Initial fuse wire length (cm)		12.14		0.05								0.0065312418		% st dev

		Remaining fuse wire length (cm)		3.40		0.05

		DFuse wire length (Celsius)		8.74		0.1

		Fuse wire heat of combustion correction (cal)		20.102		0.23

		Nitric acid reaction correction (cal)		3.25		0.05

		W		2481.87		14.55

		Computed Heat of Combustion (cal/g)		9381		176.5652636346

		Collected Data:

		Temperature (deg C)		Time (min)		Time (min:sec)		differential

		25.64				5		stir

		25.64		0		5		Pre

		25.64		1		6

		25.64		2		7

		25.64		3		8

		25.64		4		9

		25.65		5		10		Ignite

		26		5.75		10:45		rapid rise

		26.17		6		11		0.17

				6.25		11:15		-26.17

		26.42		6.5		11:30		26.42

		26.5		6.75		11:45		0.08

		26.56		7		12		0.06

		26.7		8		13		0.14

		26.75		9		14		0.05

		26.77		10		15		0.02

		26.77		11		16		0

		26.77		12		17		0

				13		18		-26.77

				14		19		0

				15		20		0

				16		21		0

				17		22		0

				18		23		till linear for 5 min

								linear when the differential is constant

		Fill in the 5 Constant Rate change Measurements Below:

		26.77		10

		26.77		11

		26.77		12

		26.77		13

		26.77		14

		60%: (ASSUMES 1ST 4 POINTS AFTER IGNITION ARE LINEAR):

		26.322		6.3357575758
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