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Background

Starting with the 2" edition (1983) and continuing through the current 4" edition (2014) the CRC
Handbook of Aviation Fuel Properties reports vapor pressure data for JP-5 and JP-7 as coincident, i.e.,
the same curve of vapor pressure with respect to temperature. The likelihood of this overlap is being
qguestioned by CRC technical committee members due to known chemical differences between these
two grades of fuel. Therefore, the CRC is requesting an investigation into both the source of the
originally published JP-5 and JP-7 vapor pressure data along with a review of current/contemporary
vapor pressure data for JP-5 fuels. Findings that result from this review may initiate
corrections/modifications to future versions of the CRC Handbook.

Results and Discussion
Source Data

A literature review was conducted to identify potential original source(s) of CRC Handbook
(4t edition) vapor pressure data, specifically for grade JP-5 jet fuel. Several reports were
examined from a variety of US government agencies, e.g., US Navy, US Air Force, and US
Bureau of Mines. Many of the reports were dated between the 1950’s through to the
1970’s. Much of the information this reviewer found regarding vapor pressure seemed to be
repeated, in some form, amongst the many references, i.e., true vapor pressure was often
derived from Reid vapor pressure and distillation information (especially for more volatile
fuels such as AVGAS and JP-4). Since vapor pressure is not a specification property for JP-5
grade fuel, there is a notable absence of measured vapor pressures reported in the historical
record. There is less information is available for JP-7 grade fuel in the open literature, which
this reviewer speculates is due to the military development and use of this fuel.

The most promising original work found for JP-5 vapor pressure correlation to temperature
ist:
Barnett, H.C., Hibbard, R.R. “Properties of Aircraft Fuels,” Technical Note 3276,

National Advisory Committee for Aeronautics (NACA), August 1956.

Figure 1 shows true vapor pressure (TVP) versus temperature for JP-5 fuels from Barnett &
Hibbard, 1956. The average, maximum, and minimum TVP are reported for a data set of 62
fuel samples, however, it appears that TVP was calculated from other measured quantities,
i.e., flash point and 10% distillation slope. We were unable to obtain the original source data
used to build Figure 1; however, it is possible that the following reference may contain
additional relevant data and/or information: Bridgeman, Oscar C.; Aldrich, Elizabeth W.

1 The original CRC Aviation Handbook (NAVAIR Report 06-5-504, p 45-117, 1967) has an extensive discussion on
fuel volatility with an additional 27 references. The discussion includes numerous correlation methods and
applications of volatility data.



“Vapor Pressure Data on Distillate Fuel Oils.” Report 879-52R, Res. Div., Phillips Petroleum
Co. (ASTIA No. 89943)
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Figure 1. True vapor pressure chart from Barnett & Hibbard, 1956.

It appears that both flash point and 10% distillation slope were the likely measured
guantities used to estimate TVP for low volatility fuels such as JP-5. Barnett & Hibbard (1956,
pages 16—19) outline three methods for calculating TVP as a function of temperature
depending on the fuel test data available: 1) using normal boiling point (or estimated normal
boiling point) and 10% distillation slope, 2) using normal boiling point (or estimated) and
flash point, or 3) using 10% distillation slope and flash point.

Regardless, data were manually read from Figure 1 (Barnett & Hibbard, 1956 also referred to
as NACA TN 3276) and compared to data taken from the 4t edition of the CRC Handbook of



Aviation Fuel Properties (CRC Report 663, 2014). Pressures and temperatures were
converted to kPa and degrees Celsius, respectively, for uniform comparison of values. The
comparison of JP-5 vapor pressure data is shown in Figure 2 as a parity plot. It can be seen in
this figure that the CRC Report 663 values fall in between the average and minimum vapor
pressure values reported by Barnett & Hibbard (1956). Figure 3 shows the calculated percent
differences between vapor pressure values as a function of temperature; percent difference
was calculated by the following: %Diff = (TVPcrc — TVPnaca) / TVPcre x 100%. It can be seen in
Figure 3 that the percent difference range for the MIN TVP data is about 2 to -10% over the
full temperature range. This range of percent difference seems to indicate a good correlation
between the historic Barnett & Hibbard data to those shown in the 4™ edition CRC
Handbook chart. While not a perfect match, it seems highly probable that the Barnett &
Hibbard correlation is closely linked to the origin of the vapor pressure chart shown in the
CRC Handbook for JP-5.

No reference for JP-7 vapor pressure data was identified in this study?.
Overlapping Data

Regarding the question about why the JP-5 and JP-7 vapor pressure data are reported as the
same curve in the 4" edition of the CRC Handbook the following hypothesis is offered. Both
JP-5 (MIL-DTL-5624) and JP-7 (MIL-DTL-38219) grades of fuel specify a minimum flash point
of 60°C. This flash point is significantly higher than the current Jet A/A-1 (ASTM D1655)
minimum limit of 38°C, which means these JP-5 and JP-7 are much less volatile than other
kerosene grades. Affens (1966) asserts that the flash point occurs when the vapor pressure
of a fuel equals the fuel concentration at the lower flammability limit, that is, there appears
to be a direct correlation between flash point and vapor pressure. Therefore, in the absence
of direct vapor pressure measurements?, it stands to reason that since both grades of fuel
share a flash point, they might also share (similar) vapor pressures near the lower
temperature portions of their respective distillation range.

2 While no published citation could be obtained for JP-7 vapor pressure measurements, Melanie Thom (Baere
Aerospace) was able to provide an Engineering Reference Data “addendum”, ca. 1981. However, the
provenance of these data is unknown. The chart is included in the Appendix to this report.

3 JP-5 does not specify vapor pressure; however, JP-7 does. JP-7 specifies maximum vapor pressures of 20.7 and
331 kPa at 149 and 260°C, respectively, and the vapor pressures for JP-7 require specialized methods of
measurement that are identified in the specification (MIL-DTL-38219). Regardless, test data for both grades are
difficult to find in the open literature.
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Figure 2. Parity plot of JP-5 vapor pressure data from NACA TN 3276 (Barnett & Hibbard,
1956) and the 4" edition of the CRC Handbook; comparisons shown for both the average
(AVG) and minimum (MIN) vapor pressure curves from NACA TN 3276.
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Figure 3. Percent difference of vapor pressure values between CRC Handbook (Report 663)
and NACA TN 3276 (Barnett & Hibbard, 1956).



Contemporary Data/Measurement

Contemporary, direct measurement of vapor pressure for JP-5 is very limited since vapor
pressure is not a specification requirement in MIL-DTL-5624. Only one study was found to
report both JP-5 and JP-7 vapor pressure (Anderson et al., 2022); however, only single
batches of both fuels were measured and reported (with the sample of JP-7 being decades
old). Inquiry with the Defense Logistics Agency Energy (DLA-E)—the agency that procures
fuels for the US Department of Defense—found no record of JP-7 procurements over the
past ca. 20 years. It seems that JP-7 is no longer an active jet fuel specification, or at least
not one that parties are buying/selling.

Methods of Determination

True vapor pressure (TVP) can be measured directly using methods such as ASTM D2879 (the
isoteniscope method) or indirectly with a variety of other methods, e.g., ASTM D6378 (triple
expansion method) and distillation/reflux techniques. Care must be taken to properly degas
a sample prior to D2879 to determine TVP using that method. While sample degassing is not
required for D6378, correlations are required to back out the TVP from the measured data,
i.e., TVP is an indirect measurement. The JP-7 specification (MIL-DTL-38219D) outlines the
following methods to determine TVP at elevated temperatures using distillation, reflux, or
estimation:
e Method A — Distillation (Appendix A, §A3): estimation technique using a lookup chart
(of unknown origin) which is valid if ASTM D86 20% distillation point falls between
182.2 °C - 215.6 °C and the difference between initial boiling point (IBP) and 20%
distillation is <27.8 °C
e Method B — Vapor Reflux (Appendix A, §A4): measurement technique using specified
distillation apparatus
e Method C — Reflux Vapor Pressure Test (Appendix C): measurement technique using
specified distillation apparatus which is valid for pure compounds and narrow boiling
range hydrocarbons, i.e., the difference between D86 IBP and final boiling point (FBP)
must be no greater than 70°C.

Methods B and C both require degassing of the sample prior to determination. Additionally,
the estimation technique, Method A, is applicable to fuels with Reid vapor pressure (RVP)
<0.1 psi and having a 5 to 95% D86 distillation range of less than 93.3°C. TVP is not
equivalent to RVP, although some relations are known to approximate each from the other.

Conclusions
It seems highly probable that the JP-5 true vapor pressure (TVP) reported in the CRC

Handbook of Aviation Fuel Properties (editions 2 through 4) stems from Barnett & Hibbard,
1956. Furthermore, it appears that flash point and 10% distillation slope were the measured



quantities used to estimate TVP for JP-5; the original measurements/data could not be
confirmed. Since both JP-5 and JP-7 grades of fuel share a flash point, it is hypothesized that
they might also share similar vapor pressures near the lower temperature portions of their
respective distillation range; therefore, the decision to represent both grades as the same
curve in the CRC Handbook of Aviation Fuel Properties. Regardless, due to the apparent lack
of use of the JP-7 specification it is recommended that JP-7 be considered for removal from
future editions of the CRC Handbook.
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Appendix I: JP-5 and JP-7 Vapor Pressure Data ca. 1981 (source unknown)
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Courtesy of Melanie Thom, Baere Aerospace. Data was included as an “addendum” to

engineering reference data manual, circa 1981.



