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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

* " RESEARCH MEMORANDUM

FUEL CHARACTERISTICS PERTINENT TO THE DESIGN OF AIRCRAFT FUEL SYSTEMS
SUPPLEMENT I - ADDITIONAL INFORMATION ON MIL-F-7914(AER)
GRADE JB+5 FUEL AND SEVERAL FUEL OILS

By Henry C. Barnett and Robert R. Hibbard

INTRODUCTION; %

A

Since the release of the first NACA publication on fuel character-
istics pertinent to the design of aircraft fuel systems (ref. 1), addi-
tional information has become available on MIL-F-7914(AER) grade JP-5
fuel and several of the current grades of fuel oils. In order to make
this information available to fuel-system designers as quickly as possi-
ble, the present report has been prepared as a supplement to reference 1.

Although JP-5 fuel is of greater interest in current fuel-system
problems than the fuel oils, the. available data are not as- extensive.
It is believed, however, that the limited data on JP-5 are sufficient to
indicate the variations in stocks that the designer must consider under
a given fuel specification,

The methods used in the preparation and extrapolation of data pre-
sented in the tables and figures of this supplement are the same as those
used in reference 1. '

SPECIFICATIONS AND PHYSICAL PROPERTIES OF FUELS

The properties of the various grades of marketed fuel oil are at
present controlled by specifications (table I) written for industrial
furnace requirements and home heating purposes. These specifications
would undoubtedly be altered somewhat if such fuels were applied to air-
craft power plants. There is, of course, no means of predicting these
alterations; so for the purposes of this discussion the variation of fuel
properties under a given specification will be considered in comparison
with"the existing specifications under which fuel oils are marketed.

The fuel oils are derived from distillate and residual fractions of
petroleum and are commonly identified by nunbers (table I) corresponding
to the various specification requirements. The more conventional uses
of the distillate fuels (grades 1 and 2) are for home heating, Diesel
engines, and industrial heating, where it is impractical to heat the fuel
to improve flow characteristics. Residual fuels (grades 4, 5, and B) are
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residues from petroleum stills and in marketed form are blended with less
viscous materials. These fuels are used in appllcatlons where it is feasi-
ble to heat the fuel for flow improvement.

The available data on physical properties for numerous samples of
fuel oils have been compared, and the variations to be expected are sum-
marized in table II. Data on fuel oils 1, 2, and 4 were compiled from
surveys of the U,S. Bureau of Mines (refs. 2, 3, and 4). Data on fuel
0ils 5 and 6 are quite scarce; therefore, it has been necessary to com-
pare the properties of single samples of these two fuels with averages
for the three lower grades.

Inspection data are available for only a few large batches of fuel
procured under MIL-F-7914(AER) grade JP-5. Other refineries, however,
have supplied inspection data on samples typical of expected large-scale
production under the JP-5 specification. All these inspections have been
considered equally in order to illustrate the variation in physical prop-
erties that may be encountered under the JP-5 specifications. These data,
shown in table III, have been made available by the Bureau of Aeronautics,
Department of the Navy. Throughout the subsequent discussion it will be
apparent that the properties of JP-5 fuel conform closely to those of a
grade 1 fuel oil. \

Density. - Appreclable variations of density may be encountered
under current specifications for fuel oils and JP-5 fuel. This fact is
illustrated in figuwre 1. The maximum percentage deviation from the aver-
age curves increases as the grade of fuel oil becomes heavier. For grade
1 fuel oil, the maximum deviation is 2.7 percent; for grade 2 fuel oil,
the deviation is 6.7 percent; and for grade 4 fuel oil, 8.0 percent. The
JP-5 fuel (fig. 1(d)) shows a maximum deviation from average of about 5.7
percent. As seen in figures 1(a), (b), and (d), all these deviations
could be greater if samples meeting the maximum and minimum limits of the
specifications were marketed.

In figure 1(e), the average curves for grades 1, 2, and 4 fuel oil
and JP-5 fuel are compared with data for MIL-F-5624A grade JP-4 fuel and
data for single samples of grades 5 and 6 fuel oil. The density of the
grade 6 fuel oil is about 23 percent higher than that of average JP-4
fuel ¢* 60° F

Viscosity and pour points. - The variation of viscosity with tem-
perature for the fuel oils and JP-5 fuel is shown in figure 2. Viscosity
data (tables II and III) were available at only one temperature (either
-40° or 100° F). For this reason the curves were estimated by extension
through the known point and in a position parallel td a more accuratelv
established curve for JP-4 fuel in reference 1. All the samples of
grades 1 and 2 fuel oils (figs. 2(a) and (b)) fell within the limits of
the specifications (table I), but some samples of grade 4 were consider-
ably beyond both upper and lower limits of the specification. Regardless
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of this condition, the samples were averaged because the original ref-
erence sources (refs. 2, 3, and 4) indicated that all these samples had
been marketed as grade 4 fuel oil. The viscosity - temperature curves
for the various fuels are compared in figure 2(e). It is evident that
extremely high viscosities may be encountered with the heavier grades of
fuel oil. At 100° F the viscosity of grade 6 fuel oil is approximately
450 times that of JP-4 fuel.

The low-temperature extremes of the curves in figure 2 are determined
by the pour point. The pour point 1s a measure of the tendency of the
fuel to flow and is determined by a standard A.S.T.M. procedure, (D97).

In general, the heavier the fuel, the higher the temperature necessary to
maintain the fuel in fluid condition. The relation between pour point

and A.S.T.M. distillation end point (fig. 3), however, is no more rigorous
than a similar relation for freezing point shown in reference 1. Both re-
" lations are subject to the influence of fuel composition, which accounts
for the scattering of data in figure 3.

— Volatility. - A.S.T.M. distillation curves for four of the fuel oils
and JP-5 fuel are presented in figure 4. Some samples of grades 1 and 2
fuel oils and JP-5 fuel are very near the limits permitted by specifica-
tions. As in the case of the specific gravity data (fig. 1), the spread

- between minimum and maximum values of distillation temperature tends to
increase as the grade of fuel oil becomes heavier.

In figure 4(e) distillation data for four grades of fuel oil, JP-5
fuel, and JP-4 fuel are compared. All the fuel oils and JP-5 fuel are
considerably less volatile than JP-4 fuel as indicated by the high dis-
tillation temperatures. Similar data for grade 6 fuel oil were not de-
termined, and the curve for grade 5 fuel 0il is incomplete because of
cracking of the sample at 1025° F.

The true vapor-pressure - temperature curves for the fuel oils and
JP-5 fuel are shown in figure 5. The data for the fuel oils and JP-5
fuel were calculated by the method described in reference 5, and the curve
for the JP-4 fuel shown in figure 5(d) is taken from reference 1. Only
the average curve for the JP-5 fuel is presented in figure 5 since the
differences between the maximum and minimum curves are quite small. The
calculated values of vapor pressure for JP-5 fuel are as follows:

Temperature, Vapor pressure,
lb/sq in.
Max. Min.b Av,
200 0.52 0. 37 .0.46
300 3.06 2.51 2.92
400 ' 11.56 | 10.17 11.48
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It is apparent in figure 5 that the volatility of the fuel oils and
JP-5 fuel is much less than that of JP-4 fuel. At 100° F the vapor pres-
sure of grade 1 fuel oil is about one-fiftieth that of JP-4 fuel.

Latent heat of vaporization. - Latent heats of vaporization for the
fuel oils, JP-5 fuel, and JP-4 fuel were calculated by the method de-
scribed in reference 6. The results are shown in figure 6.  ‘Average
curves are not shown in figures 6(a), (c), and (d) because of the narrow
spread between minimum and maximum limits. A comparison of the fuel oils
and JP-5 fuel with JP-4 fuel is made in the following table:

Fuel Latent heat, Btu/lb
200° F 300° F 400° F .| 500° F 600° F

Min,| Max,|Min.| Max.| Min.| Max.| Min.| Max.| Min.| Max.

81p-4 136 [ 143 [120 {131 [ 102 {117 | === | cem | cmn | ===
JP-5 141 | 141 |130 131 | 117 | 120 {102 |107 | 80| 91
Grade 1 fuel oil | 135 |139 (125 |128 | 113 [116 | 97 {103 | 71| 87
Grade 2 fuel oil| 135 {142 |124 |133 |113 (123 | 98 |113 | 79 | 100
Grade 4 fuel oil | 145 | 147 |134 [139 | 123 | 129 {111 |120 | 96 | 110

8Data from ref. 1.

Dielectricconstant. - In reference 1, the following equation was
presented to permit the estimation of the dielectric constant from fuel
specific gravity:

K = 1.667p + 0.785 (1),
where: ’

p spécific gravity at any temperature

K dielectric constant at the same temperature

This equation was based upon a rather limited number of fuels but
was found to represent the data with deviations no greater than 2 per-
cent. Since the issuance of reference 1, an additional check has been
made to determine the extent of application of the equation. Data from
references 7 and 8 indicate that the equation applies for paraffinic and
cycloparaffinic hydrocarbons over a range of temperatures from -184° to
410° F. The dielectric constants for pure aromatics are somewhat higher.

qﬁsthan those of paraffins, particularly in the high density range. For
}ﬂﬁ47this reason it is recommended that equation (1) be used with caution for
0 fuels containing high percentages of aromatics. There is no accurate
;&R method to set the limiting value of aromatic concentration for use in
: this equation; however, on the basis of data available at this time it
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is suggested that equation (1) be used for estimation of dielectric con-
stants only with fuels containing less than 25 percent (by volume) aro-

Equation (1) has been used to estimate the dielectric constants for

the fuel oils and JP-5 fuel.
were used in making these estimates.

ure 7.

The specific gravity curves of figure 1

The results are presented in fig-

Flammability limits. - Sea-level flammability temperature limits

have been calculated by methods described in reference 1 and are presented
in the following table:

Fuel Sea-level lean temper-|Sea-level rich temper-
ature limit, OF ature limit, °F
Min.| Max.|Av.|Spread |Min.| Max.| Av. |Spread
between between
min, and min. and
max. max.
ajp-4 -6 | 34| 15 40 49} 95| 74 46
JP-5 119 | 141 |128 22 195 | 221 | 205 26
Grade 1 fuel oil{111 | 146 | 124 35 185 | 226 | 200 41
Grade 2 fuel o0il{116 | 208 | 159 92 |191| 299 | 241 108
Grade 4 fuel o0il|149 | 233 |181 84 229 | 327 | 267 98
borade 5 fuel oil|--- | --- [335] = |---| ---| 446 ---

8pata from ref. 1.

bS;Lngle sample.

These data follow the trends illustrated for the fuels in reference 1 in

that the temperature limits increase as the volatility of the fuels de-

Also, large differences between minimum and maximum tempera-

ture limits may be encountered under a given specification. For grades

2 and 4 fuel oils these differences are of the order of 80° to 110° F.///////

creases.

The lean and rich flammability limits of fuel-air mixtures have
also been calculated by methods described in reference 1. These limits
are shown in the following table:
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Fuel Lean limit, Rich limit,
vol. percent| vol. percent

8Jp-4 ,

Min. volatility 0.73 5.27

Max. volatility .91 6.28

Av. volatility .81 5.72
JP-5
- Min, volatility 0.60 4.41

Max. volatility .65 4.84

Av. volatility .62 4.64
Grade 1 fuel oil

Min. volatility 0.54 4,22

Mex. volatility .65 4,84

Av, volatility .60 4,57
Grade 2 fuel oil

Min. volatility 0.47 3.80

Max, volatility .62 4.69

Av, volatility « 20 4,24
Grade 4 fuel oil

Min. volatility 0.42 3.40

Max, volatility .60 4,49

Av. volatility .53 4,06
Grade 5 fuel oil

Single sample 0.2 2.0

8Data from ref. 1.

The data in the preceding table are based upon completely vaporized
fuel, and the calculations were made by using heats of combustion and
molecular weights estimated from A.S.T.M. distillation data and specific
gravities from tables II and III.

CONCLUDING REMARKS

) Data reported herein supplement reference 1, which contains physical
property data on MIL-F-5616 grade JP-1, MIL-F-5624A grade JP-3, and
MIL-F-5624A grade -JP-4 fuels., Fuels considered in the present report ‘are
MIL-F-7914(AER) grade JP-5 fuel and grades 1, 2, 4, 5, and 6 fuel oils.
The physical properties included in this study are density, viscosity,
pour point, volatility, latent heat of vaporization, dielectric constant,
and flammability limits. Data are presented to illustrate the variation
of physical properties under existing specifications.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, September 16, 1953
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Figure 1. - Contlnued. Varlation of specific gravity with temperature.
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Figure 2. - Continued. Variation of viscosity with temperature.
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Kinematic viscosity, centistokes
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- Concluded. Variation of viscosity with temperature.
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Figure 5. - Variation of vapor pressure wlth temperature. Calculated data.
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