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Technical Assessment Report 

1.0 Notification and Authorization  

As part of a recent liquid rocket engine shutdown investigation, a commercial partner requested 

that NASA provide the autogenous ignition (or autoignition) temperature (AIT) of isopropyl 

alcohol (IPA). NASA provided the available data, but the data were somewhat scattered, likely 

due to test configuration and test technique differences. NASA Engineering and Safety Center 

(NESC) support was requested to experimentally determine the AIT of IPA and ethanol, both of 

which are extensively applied to propulsion systems. 

Key stakeholders for this assessment included the Commercial Crew Program (CCP) and other 

programs using isopropyl alcohol and ethanol. 
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4.0 Executive Summary 

As part of a recent liquid rocket engine shutdown investigation, a commercial partner requested 

that NASA provide the autoignition temperature (AIT) of isopropyl alcohol (IPA) in a pure 

oxygen environment. Although NASA provided the available data, the data showed variability 

between data sources. The available data were for much lower pressures than required, and the 

majority of the data were for air rather than oxygen. The scatter seen in previous tests was likely 

due to test configuration and experimental technique differences, as well as inherent variability 

in the AIT response itself. NASA Engineering and Safety Center (NESC) support was requested 

to experimentally determine the AIT of both IPA and ethanol, both of which are extensively 

applied to clean and flush propulsion systems. 

Autoignition testing of IPA and ethanol was performed at White Sands Test Facility (WSTF) for 

pressures representative of those found in spacecraft and launch vehicle propulsion systems.  

Five tests were performed at each pressure, and the results are summarized below: 

• The average AITs for IPA in gaseous oxygen at 10.3 megapascals (MPa) (1,500 pounds  

force per square inch (psi)) and 15.2 MPa (2,200 psi) were 199.3 degrees Celsius (°C)  

(390.8 degrees Fahrenheit (°F)) and 201.6 °C (394.8 °F), respectively. 

• The average AITs for ethanol in gaseous oxygen at 10.3 MPa (1,500 psi) and 15.2 MPa 

(2,200 psi) were 193.2 °C (379.8 °F) and 198.2 °C (388.8 °F), respectively. 

• The delta pressure rise associated with the autoignition of IPA increases nonlinearly as the 

mass of the IPA is increased. 

• The delta pressure rise associated with autoignition is greater in IPA than in ethanol. 
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5.0 Assessment Plan 

The scope of this assessment was to determine the AIT of liquid IPA and liquid ethanol in 

gaseous oxygen. The tests were performed at 10.3 and 15.2 (MPa) (1,500 and 2,200 psi). The 

pressures were chosen to enable comparisons with previous tests and to provide data at relevant 

propulsion system operating conditions. The tabulated data will be provided to the CCP and 

other interested programs/projects across NASA. 

6.0 Solution Description 

IPA and ethanol AITs were determined for two pressures (i.e., 10.3 MPa and 15.2 MPa/ 

1,500 and 2,200 psi). Each test condition was repeated five times with 200 milligrams (mg) of 

IPA and ethanol, and the AITs were averaged. One test case was performed at 10.3 MPa  

(1,500 psi) using 500 mg of IPA. 

7.0 Data Analysis 

Limited data are available in the literature for the AITs of IPA and ethanol. Table 7.0-1 shows 

some of the properties for IPA and ethanol in nominal 21% oxygen air at approximately  

14.7 pounds force per square inch absolute (psia) (i.e., sea level) and room temperature [ref. 2]. 

Table 7.0-1. IPA and Ethanol Properties from CRC1 Tables 

 IPA Ethanol 

Boiling point (°C/°F) 82.3/180.1 78.2/172.8 

Flammability limit (%) 2.0–12.7 3.3–19.0 

AIT (°C/°F in air) 399/750.2 363/685.4 

Flash point (°C/°F) 12/53.6 13/55.4 

Table 7.0-2 contains additional data for ethanol in normal pressure (14.7 psia) air and oxygen 

[ref. 3]. The differences in the AITs for ethanol in Tables 7.0.1 and 7.0.2 may be caused by test 

configuration and technique differences or by the quality of the ethanol used. The variations may 

also be caused by variability of the tests in general. These tables underscore the need for 

systematic testing to generate AIT data sets for IPA and ethanol. No data at higher pressures for 

either solvent were found during the NESC assessment team’s literature search. 

                                                 
1 CRC originally stood for Chemical Rubber Company, but in 1973, the company changed its name to CRC Press, 

Inc. 
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Table 7.0.2. Normal Pressure Data for Ethanol 

 

8.0 AIT Testing 

AIT tests are performed as a means of determining the temperature at which liquids and solids 

spontaneously ignite. The standard is detailed in American Society for Testing and Materials 

(ASTM) G72. For this assessment, the AIT testing was performed at WSTF. Before 2015, the 

ASTM G72 test method did not provide guidance on how to best approach the testing of volatile 

materials. Volatile materials evaporate quickly during test setup and testing, presenting a 

challenge to the test lab. Labs varied in their approaches on how to best perform AIT testing on 

volatile materials. Some labs took extensive measures to minimize evaporation and increased 

initial sample sizes to account for expected losses, while others tested per typical standard 

material protocols. Differences in handling and testing approaches are likely to have contributed 

to variations in community test data. 

In 2015, the NASA WSTF Flammability Test Team worked with ASTM to incorporate direction 

on how to best approach and test volatile materials to ensure the generation of valid and 

consistent data. The current G72-15 includes this guidance. Beyond the recommended volatile 

material guidelines set forth in the G72-15 document, WSTF takes additional precautions to 

minimize material loss and ensure valid data. The testing performed for this assessment was 

conducted in accordance with the volatile material guidelines outlined in G72-15, as well as with 

WSTF’s additional precautions for testing of volatile materials.  

8.1 Preparation Method – AIT Testing 

Volatile materials evaporate quickly during test setup and testing, presenting a challenge to the 

test lab. To limit the evaporation of test material, special handling was required. Glass beakers of 

the solvent were chilled in a refrigerator. Once a material was weighed, the preweighed amount 

of the chilled solvent was maintained by nesting the test vial within a 20-milliliter (mL) glass 

vial partially submerged in a saltwater ice bath. 
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8.2 Test Method – AIT Testing 

The WSTF standard test method is performed as follows. A sample holding assembly, contained 

within a reaction vessel pressurized with 100% oxygen to 10.3 MPa (1,500 psi), is heated in an 

electric furnace at a rate of 5 ± 1 °C (9 ± 1 °F)/min from 60 to 260 °C (140 to 500 °F). Heating of 

the vessel is continued at an uncontrolled rate to a maximum temperature of 450 °C (842 °F). 

Temperatures are monitored as a function of time by means of a thermocouple and data 

acquisition system. During testing, pressure is monitored but not maintained. Ignition of the test 

sample is indicated by a rapid temperature rise of at least 20 °C (36 °F) and is confirmed post-

test by the destruction of the sample. 

Standard testing is performed at 10.3 MPa (1,500 psia) with a sample size of 200 ± 30 mg. A 

standard sample size of 200 ± 30 mg is selected to prevent damage to the test apparatus as a 

result of an overpressure caused by a reaction of the test material. Nonetheless, larger sample 

sizes are sometimes required when testing volatile materials to achieve a reaction. Samples are 

typically maintained at room temperature, but volatile materials are chilled as described in 

Section 8.1. Three purges of 100% oxygen at a minimum of 345 kilopascals (kPa) (50 psia) are 

performed prior to each test to ensure the venting of residual air.  

Deviation from ASTM G72 pressures was requested of WSTF to coincide with anticipated 

system operating conditions. AIT tests were also performed at 15.2 MPa (2,200 psia).  

8.2.1 Test Sample Size 

Any combustion event requires three components: fuel, oxidizer, and ignition source. 

Autogenous ignition temperature tests are typically performed in 100% oxygen environments 

(oxidizer), and the test method provides the heat/ignition source; therefore, ensuring adequate 

combustible material is key to combustion. 

Volatile solvents present a challenge prior to testing; however, once the reaction chamber is 

sealed, the volatility should not present a problem in igniting the material. These materials all 

burn in the gas phase; therefore, evaporation of the material is required for combustion. Standard 

size samples may be an insufficient amount of material to react violently enough to register as an 

AIT. 

Addressing inadequate sample size normally involves gradually increasing the sample size until 

a reaction is observed. This gradual increase in sample size allows for a controlled method of 

varying the test protocol while ensuring safe operation of the test system. In the current tests, 

200 mg was determined to be sufficient for the testing, although one test was performed using 

500 mg of IPA for comparison purposes. 

8.2.2 Pretest Purges 

The potential for forced evaporation due to pretest purging was considered and evaluated for 

both solvents. Two types of tests were performed to evaluate the effect of purging on the AIT 

test results.  

The first test used to evaluate purging consisted of pressurizing test samples immediately 

followed by removal of the test samples. No heat was induced on samples during these 

simulation tests. Samples were chilled and weighed prior to loading into a reaction vessel. Three 

consecutive pressurization/vent cycles were completed prior to removal of the test sample. 

Posttest weights were recorded and compared with pretest weights. 
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The second evaluation conducted to investigate this variable involved performing AIT tests with 

and without purges. For this test series, purges were determined to be acceptable. Ethanol and 

IPA AIT tests were performed at each of the requested pressures using three test pressure purges. 

8.2.3 Thermocouple Placement 

The position of the thermocouple was examined to determine its influence on AIT results. 

Figure 8.2.3-1 is a schematic of the AIT assembly. The standard depth of the tip of the 

thermocouple relative to the sample holder is 15 millimeters (mm) below the upper edge of the 

test vial. The “X” dimension shown in Figure 8.2.3-1 represents the length that was varied. Tests 

were performed to examine this variable at the standard depths of 15, 30, and 60 mm (0.59, 1.18, 

and 2.36 inches). All tests were performed using three purges and 200-mg samples. The 

thermocouple position was not found to have an influence on AIT results. All testing presented 

in this paper was performed with the thermocouple at the standard depth of 15 mm.  

 
Figure 8.2.3-1. AIT Test Assembly 

8.3 IPA and Ethanol Tests 

The tests used Sigma-Aldrich anhydrous 2-propanol (IPA), part number 278475, 99.5% purity, 

and Sigma-Aldrich ethyl alcohol (ethanol), pure, part number 459844, minimum 99.5% purity, 

American Chemical Society (ACS) reagent. Both the IPA and ethanol were used as received 

without further purification. Testing was performed for the IPA and the ethanol at both 10.3 MPa 

(1,500 psi) and 15.2 MPa (2,200 psi). Five tests were run at each pressure using ~200 mg each of 

the IPA and ethanol. An additional test was run using 500 mg of IPA at 1,500 psi. 
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Tables 8.3-1 and 8.3-2 show a summary of the test data for the AITs and pressures for the IPA 

and ethanol. The average AITs for IPA at 10.3 MP (1,500 psi) and 15.2 MPa (2,200 psi) were 

199.3 °C (390.8 °F) and 201.6 °C (394.8 °F), respectively. The AIT for the 1,500 psi test using 

500 mg of IPA was encompassed by the AIT values obtained using 200 mg. Note the delta 

pressure rise associated with the autoignition of the IPA (last column of Table 8.4-1) for the 

500-mg test case, which is nearly four times greater than the average of the 200-mg cases.  

The average AITs for ethanol at 10 MPa (1,500 psi) and 15 MPa (2,200 psi) were 193.2 °C 

(379.8 °F) and 198.2 °C (388.8 °F), respectively. The AITs for ethanol are close to those for IPA, 

albeit slightly lower. The pressures at ignition are also similar to those for IPA. The delta 

pressure rise at ignition, however, is greater for IPA than for ethanol. This makes sense, as 

200 mg of IPA should create about 6.6 kJ of heat compared with ethanol’s 6.0 kJ of heat. 

Table 8.3-1. Autoignition Temperature and Pressure Data for IPA  

 
 

Table 8.3-2. Autoignition Temperature and Pressure Data for Ethanol 
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The ASTM G72 apparatus is stated to have a volume of 110 mL. Assuming that some volume is 

lost to internal hardware, a 100-mL (0.1 liter) volume can be used for calculation purposes. The 

starting temperature was assumed to be 20 °C, with pressures at 1,500 and 2,200 psia for an ideal 

gas law calculation, which produced 0.424 and 0.623 moles (mol) of oxygen, respectively, for 

those pressures with the amount of oxygen available. A 0.200-g ethanol sample at 46 g/mol for 

0.0044 mol and 0.200 grams of IPA at 60 g/mol for 0.0033 mol of IPA were assumed. 

Reactions balanced for complete combustion (no CO, all CO2): 

Ethanol: C2H6O + 3O2 → 2CO2 + 3H2O 

IPA: C3H8O + 4.5O2 → 3CO2 + 4H2O 

These reactions and molar quantities show that this is an extreme oxidizing environment with an 

oxygen molar excess (0.424 mol of oxygen available with 0.0132 and 0.0148 mol consumed for 

ethanol and IPA, respectively). For the ethanol example at 1,500 psia, this also means the molar 

increase in volume of 0.424 + 0.0044 → 0.424 – 0.0132 + 0.0088 + 0.0132 for a net 0.428 to 

0.433 mol total is not making the pressure of note based on volumetric expansion alone. 

As this is a combustion reaction, the heat of combustion for ethanol (continuing the example 

above) was 1,370 kJ/mol and, with 0.0044 mol available, generated 6.028 kJ of heat.  Assuming 

adiabatic conditions and mostly oxygen (as noted in the oxygen-to-fuel ratio): 

• The heat capacity for oxygen is 0.659 kJ/kg-K (or 0.659 J/g-K). 

• The (0.433 mol total) × (32 g/mol) results in 13.85 g of oxygen.  

• Finally, (6,028 J / 0.659 J/g-K) × 13.85 g oxygen = 660 K as the T.  

This change in temperature would not be expected, but demonstrates that the pressure rise is due 

to combustion heating of the gas in the vessel. Another indication that this assumption is not 

completely sound is that extra diluent oxygen would lower the temperature and the pressure rise 

data, but this is not observed at all in the pressure data and only in the temperature data for 

ethanol. The assumption that complete combustion occurs might be erroneous as well. 

Measuring transient temperatures with a thermocouple is notoriously inaccurate, so the ~100 °C 

rise instead is reasonable. The fact that 500 mg is a factor 2.5 times the 200 mg and the heat is 

increased only about 2.5 times may cause concern; how that heat translates into P and T in the 

test system with heat transfer, combustion efficiency, and other unknowns is of interest. In the 

end, recognizing that to be the case, the test team used only the finding of a temperature and 

pressure rise as an indicator of combustion initiation and not the final readings. Final temperature 

and pressure values are of most value in protecting the system from disassembly as the tests are 

run. 

8.4 Statistical Analysis of AIT, Pressure, and Temperature Data 

To further investigate the effects of fluid, test pressure, and sample mass, a statistical analysis 

was carried out using JMP statistical analysis software [ref. 4]. Fluid, test pressure, and sample 

mass were identified as independent variables, or factors (i.e., explanatory variables that can be 

changed by the experimenter). Fluid was a categorical factor of the two types (i.e., IPA and 

ethanol). Test pressure was a continuous numeric factor of two levels (1,500 and 2,200 psia). 

Sample mass was another continuous numeric factor; this was not varied to a large degree, 

except for one IPA test at approximately twice the mass. Four dependent responses  
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(i.e., variables that respond to changes in the factors) were also monitored during the testing: 

AIT, pressure at ignition, change in temperature, and change in pressure. Pressure at ignition was 

not analyzed because it was found to be highly correlated with test pressure. 

8.4.1 Autoignition 

Determining the AIT of ethanol and IPA was the primary goal of this assessment. A large 

amount of variability existed in the AIT data. This made analysis challenging because it was 

difficult to separate the signal from the noise. Based on the data collected, the only significant 

factor was the fluid. The comparison of the AITs of ethanol and IPA are shown in graphically in 

Figure 8.4.1-1, and a comparison of the quantiles is shown in Table 8.4.1-1. The solid horizontal 

line in Figure 8.4.1-1 (at slightly less than 390 °F) represents the mean of the data. 

 
Figure 8.4.1-1. Box and Whiskers Display of AIT Data 

 

Table 8.4.1-1. Quantile Temperature (°F) Values for Data Collected 

 

As can be seen in the plot, the data show significant overlap, and the difference between the two 

data sets is very small. To determine whether this difference is real, a statistical test was 

performed to compare the two means. A t-test was used to do this comparison, and the results are 

shown in Table 8.4.1-2.  
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Table 8.4.1-2. Output Results of Performed t-test 

 

The conclusive feature in the t-test is the value “Prob > t.” The literature indicates that the AIT 

for IPA is greater than that of ethanol. Therefore, it can be reasonably concluded that a single-

sided t-test is applicable. The test indicates, based on the data collected, that IPA does have a 

statistically significant higher AIT than ethanol. 

8.4.2 Pressure Change 

Another important goal of this study was to observe the pressure change because of the 

autoignition event. A statistical model of the change in pressure was developed. As mentioned 

previously, the mass of the sample used was identified as a significant driver of pressure because 

of the 500-mg test point. This data point proved troublesome in the analysis because it is a high 

leverage point—meaning it is far away from the majority of the data and accounts for only one 

combination of factors. Therefore, the variability is artificially low and can have a significant 

negative effect on the ability to develop a realistic model. Fortunately for this response, the 

inclusion of this data point added information and did not negatively affect the model. Based on 

the data collected, the three main factors were all significant (i.e., sample weight, test pressure, 

and fluid). The actual values are compared with the estimated statistical model predictions in 

Figure 8.4.2-1. 

 
Figure 8.4.2-1. Actual Values versus Model Predictions for Test Points 
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A log transform was used on the data to create a model that better fit the data. Similar to how a 

coordinate transformation is used in mathematics to work in a natural frame of reference, 

statistical transformations can be used in cases where data trends are nonlinear (e.g., log, 

exponential, inverse, etc.). 

Figure 8.4.2-1 shows the R-squared for this model is 0.78. This means that the statistical model 

can explain 78% of the total variability of the data. The closer the value is to 1, the higher the 

explanatory power of the model. A value of 0.78 is not completely informative because the 

model cannot explain 22% of the data variation; however, given how noisy the response values 

were, it is determined acceptable to identify the important trends and significant factors. 

The effects summary and the parameter estimate table gives values for the associated significant 

model terms (see Tables 8.4.2-1 and 8.4.2-2). The p-value is used to determine whether an effect 

is statistically significant. Note that in statistics the p-value or probability value is the probability 

of obtaining test results at least as extreme as the results actually observed during the test. For 

this analysis, a significance level of 0.05 was used (for a term to be included in the model, the 

p-value had to be less than 0.05). The parameter estimate table gives the values of the 

coefficients making up the linear model that describes the data. 

Table 8.4.2-1. List of Factors in Model with Significance Values 

 
 

Table 8.4.2-2. Model Parameter Estimates 

 

The prediction profiler describes, within the design space, where the data should lie as a function 

of the modeled terms (see Figure 8.4.2-2). There is an increasing trend in the change in pressure 

as a function of both test pressure and sample weight. This means that as either the test pressure 

or the sample weight is increased or decreased, the change in pressure will increase or decrease 

accordingly. Additionally, the change in pressure is a function of the fluid. By comparison, 

ethanol has a smaller change in pressure than IPA. 
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Figure 8.4.2-2. Prediction Profiler of Statistical Model 

A note about prediction: while the 500-mg data point was used to develop the model, it would be 

inappropriate to use this model to predict above where the majority of the data were taken 

(around 220 mg). Because there was only one data point at 500 mg, it may be an extrapolation to 

try to predict in that space.  

This model suggests that, to minimize the change in pressure, systems should be operated at 

lower pressures with smaller amounts of fluid. Further, if given the option between ethanol and 

IPA, ethanol is a better choice in terms of the change in pressure. 

8.4.3 Temperature Change 

A final goal of this study was to observe the temperature change due to the autoignition event. A 

statistical model of the change in temperature was developed. The high leverage point (500 mg 

IPA) was removed for this analysis. As mentioned earlier, this high mass point had the potential 

to have a significant negative effect on the development of a realistic model. This was found to 

be the case for change in temperature. The point was different enough from the majority of the 

data points that it drove the model to explain the outlier and not the majority. For that reason, this 

data point was excluded. Based on the data collected, the primary effects of sample weight and 

fluid were all significant. The actual values are compared with the estimated statistical model 

predictions in Figure 8.4.3-1. 
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Figure 8.4.3-1. Actual Values versus Model Predictions for Test Points 

Observe from Figure 8.4.3-1 that the R-squared for this model is 0.54, meaning that the model 

can explain 54% of the total variability of the data. In general, R-squared is a statistical measure 

of how close the data are to the fitted regression line. A value of 0.54 indicates that while the 

model has significant explanatory capability over the range of inputs (see Table 8.4.3-1), 

unexplained variation in change in temperature is quite large compared with the effects of those 

inputs on the response. As previously mentioned, the data are quite noisy, and that noise shows 

up in the 46% that the model cannot explain. However, the model is sufficient to identify the 

important trends and significant factors out of the list of those tested. 

The effects summary and the parameter estimate tables (Tables 8.4.3-1 and 8.4.3-2) give values 

for the associated significant model terms. The p-values for the terms in the statistical model 

were all at a significance level of 0.05, and the parameter estimate table gives the values of the 

coefficients that make up the linear model describing the data. 

Table 8.4.3-1. List of Factors in Model with Significance Values 
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Table 8.4.3-2. Model Parameter Estimates 

 

The prediction profiler describes within the design space where the data should lie as a function 

of the modeled terms. There is an increasing trend in the change in temperature as a function of 

sample weight (meaning that as the sample weight is increased or decreased, the change in 

temperature will increase or decrease accordingly). Additionally, the change in temperature is 

also a function of the fluid type. By comparison, ethanol has a smaller change in temperature 

than IPA.  

This model suggests that, to minimize change in temperature, systems should be designed with 

smaller amounts of fluid (see Figure 8.4.3-2). Further, if given the choice between ethanol and 

IPA, ethanol is a better option in terms of temperature change. 

 
Figure 8.4.3-2. Prediction Profiler of Statistical Model 

In conclusion, statistical tests and models were generated to determine significance and describe 

test data. Main effects were used for this analysis, and no higher-order effects were found to be 

significant. AIT was a function of fluid. Change in temperature was a function of fluid and 

sample weight. Change in pressure was a function of fluid, sample weight, and test pressure.  

8.5 Conclusions 

A test campaign was completed to determine the AITs of IPA and ethanol in gaseous oxygen at 

10.3 and 15.2 MPa (1,500 and 2,200 psi). using special volatile material handling and test 

procedures. Results were obtained for five tests at each pressure.  The data were analyzed 

statistically and delivered to the appropriate stakeholders. 
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9.0 Findings, Observations, and NESC Recommendations 

9.1 Findings 

The following findings were identified: 

F-1. The average AITs for IPA in gaseous oxygen at 10.3 MP (1,500 psi) and 15.2 MPa 

(2,200) psi were 199.3 °C (390.8 °F) and 201.6 °C (394.8 °F), respectively. 

F-2. The average AITs for ethanol in gaseous oxygen at 10.3 MPa (1,500 psi) and 15.2 MPa 

(2,200 psi) were 193.2 °C (379.8 °F) and 198.2 °C (388.8 °F), respectively. 

F-3. The IPA autoignition delta pressure rise associated with autoignition increases with mass 

(i.e., a 2.5-time mass increase produces a ~4-time delta pressure rise). 

9.2 Observations 

The following observations were identified: 

O-1. The average AIT for ethanol is close to that for IPA.  

O-2. The delta pressure rise associated with autoignition is greater for IPA than for ethanol. 

9.3 NESC Recommendation 

The following NESC recommendation was identified and is directed Agencywide: 

R-1. NASA should update the appropriate reference documents for oxygen and flammability 

to include the IPA and ethanol AIT data generated during this assessment. 

10.0 Alternative Viewpoint(s) 

No alternative viewpoints were identified during the course of this assessment by the NESC team 

or the NRB quorum. 

11.0 Other Deliverables 

No unique hardware, software, or data packages, outside those contained in this report, were 

disseminated to other parties outside this assessment. 

12.0 Lessons Learned 

No lessons learned were identified during the course of this assessment. 

13.0 Recommendations for NASA Standards and Specifications 

No recommendations for NASA standards and specifications were identified as a result of this 

assessment. 

14.0 Definition of Terms  

Finding A relevant factual conclusion and/or issue that is within the assessment 

scope and that the team has rigorously based on data from their 

independent analyses, tests, inspections, and/or reviews of technical 

documentation. 
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Observation A noteworthy fact, issue, and/or risk, which may not be directly within the 

assessment scope, but could generate a separate issue or concern if not 

addressed.  Alternatively, an observation can be a positive 

acknowledgement of a Center/Program/Project/Organization’s operational 

structure, tools, and/or support provided. 

Recommendation A proposed measurable stakeholder action directly supported by specific 

Finding(s) and/or Observation(s) that will correct or mitigate an identified 

issue or risk. 

15.0 Acronyms and Nomenclature List 

ACS  American Chemical Society 

AIT  Autogenous Ignition (or Autoignition) Temperature 

ASTM  American Society for Testing and Materials  

°C  Degrees Celsius 

CCP   Commercial Crew Program 

°F  Degrees Fahrenheit  

g  gram 

IPA  Isopropyl Alcohol  

J  joules 

K  kelvin 

kg  kilograms 

kPa  kilopascal 

mg  milligram 

ml  milliliter 

mm  millimeter 

mol  moles 

MPa  megapascals 

MSFC  Marshall Space Flight Center 

NESC  NASA Engineering and Safety Center 

psi  pounds force per square inch 

psia  pounds force per square inch absolute 

WSTF   White Sands Test Facility 
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