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FOREWORD

This report contains the results of a study conducted to standarc =
the fuel performance data used in engine cycle analyses and performance
studies performed in the Ramjet and Laser Aerodynamics Division. The
study was conducted by Lieutenant Jerry L. Ross. The work was performed
under Project 3012, "Ramjet Technology", Task 301211, "Ramjet Design and

Assessment”, Work Unit Number 30121102, during the period June 1973 to
December 1973.
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AFAPL~TR-74-22

ABSTRACT

This report summarizes a study conducted to standardize the fuel

perfarmance data used in the Ramjet and Laser Aerodynamics Division

of the Air Force Aero Propulsion lLabaratory. The NASA One-Dimensional
Equilibrium (ODE) thermochemical computer program was used to generate

the fuel combustion product properties contained in the tables and graphs

in this report. Thermochemical equilibrium data (molecular weight, specific

heat ratio, and ideal temperature rise) is presented for JP-4. JP-5, JP-7,
and RJ-5 cambusted in air at constant pressures of 1, 5, and 10 atmospheres,
at fuel-to-air ratios from 0.025 to 0.10, and at total air temperatures from
400 to 2500°R. The combustion process was assumed adiabatic and a constant
fuel temperature of 298,15°K was maintained. The fuel and air properties used

in the calculations are presented.
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SECTION I
INTRODUCTION

This report was prepared to standardize the fuel performance data used
by the Ramjet and Laser Aerodynamics Division in conducting engine cycle
analyses and performance studies. The NASA One-Dimensional Equilibrium (ODE)
(References 1 and 2) thermochamical computer program was used to generate
the fuel combustion product properties contained in the tables and graphs
in this report. Thermochemical equilibrium combustion product properties
are presented for JP-4#, JP-5, JP-7, and RJ-5 carbusted in air at constant
pressures of 1, 5, and 10 atmospheres, at fuel-to-air ratios from 0.025 to
0.10, and at static air temperatures fram 400 to 2500°R. The combustion
process was adiabatic ard a constant initial fuel temperature of 298.15°K
was mairitained.

Table I contains a list of the cambustion product properties presented
in the Fuel Performance Data Tables and Figures. The ideal temperature rise,
DI, is the temperature increase (°R) due to the cambustion of the fuel and
air to thermochemical equilibrium in an adiabeatic process. The combustion
gas temperature (°R) is obtained by adding the ideal temperature rise to the
initial total air temperature, TO (°R). The molecular weight, MW, and the
specific heat ratio, GAM, are calculated for the combustion products in
thermochemical equilibrium at the stated conditions. The term SA*/SQRT TTO

is defined in the =aquation below.
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SYMBOL DESCRIPTION

DT(R) Ideal temperature rise-degrees Rankine

MY Molecular weight of cambustion products

GAM Specific heat ratio

SA* Alr specific stream thrust function at Mach = 1
SQRT TTO Square root of the freestream total temperature
F/A Fuel-to-air ratio

TO(R) Initial total air temperature - degrees Rankine

Fuel-to-air ratio

Universal gas constant, 1545 ft-lbg/lbp-mole-°R
Gravitational constant, 32.174% ft--llbm/lb-‘-c---sec2

Molecular weight, lbm/ lbm—m)le

Tctal temperature at Mach = 1, °R

Specific heat ratio

Freestream total temperature, °R

Air specific stream thrust function at Mach = 1, lbf-sec/lbm

This quantity was included in the data tabulations at the request of Division

It is used in the calculation of ramjet engine thrust coefficients.

TABLE I, FUEL DATA SYMBOL DEFINITIONS

The fuel and air properties used in the thermochemical calculations are

contained in Tables II and III. The properties used for JP-4 and JP-7 are the

same as those used previously in the Ramjet and Laser Aerodynamics Division.

The JP-5 fuel data was provided by Dr. Fred Billig (3) of Johns
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Hopkins University/Applied Physics Laboratory. The RJ-S5 data was obtaired
from Mr. Berbert Lander of the Fuels and Lubrication Division in the Air
Force Aero Propulsion Laboratory. The air properties used in the calcula-
tions were generated using an approximate model of equilibrium air developed
by Rangen and Hodge (4). The accuracy of this model has been shown to be

campletely acceptable over the pressure and temperature ranges treated in

this study.
TABLE II. FUEL PROPERTIES
she . HEAT OF

MOLECULAR  CHEMICAL +298.15°K  COMBUSTION  STOICHIOMETRIC

FUEL WEIGHT FORMULA cal/mole Btu/1by, FUEL-AIR RATIO
) '

JP-4 14,027 CH, -6,124.80 18,701.30 0.067558 '
JP-5  13.926 CH; g -5,390.30 18,557.00 0.068290
JP-7  173.439 Cra. gl o ~75,541.70 18,871.00 0.067194 ;
RJ-5 186.676  CpHyg .. +7,259.081  17,887.97 0.072638 3

TABLE TII. AIR PRCPERTIES

Chemical Formula: Ny 56222 O9.41901 A°0.0093y '

AIR TEMPERATURE (°R) ENTHALPY (CAL/MOLE)
400 -527.662
700 632.842
1000 1815.558
1300 3038.203
1600 43506.830
1800 5617.785

2200 6963.766
2500 8343.012

The U. S. Standard Atmosphere (1962) data in Section II was generated

from a curve fit camputer program that is available at Wright-Patterson AFB.
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Tt has been included for the convenience of the fuel data users. The

caurve fit model represents mean annual, mid-latitude, dry air conditions.

The tabulated quantities, WDOT/M®A and Q/M2, provide a means of rapidly
calculating the mass flow rate (WDOT) and dynamic pressure (Q) by simply
muttiplying the tzbulated value by the selected value of the denominator,

Mach number times area and Mach number squared respectively.
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