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FcPZEIRD

This report otains the results of a study coniicted to stand&"c

the fuel perfonianee data used in engine cycle analyses and performance

studies performed in the Ramjet and Laser Aerodynamics Division. The

study was crn.dyted by Lieutenant Jerry L. Ross. The work was perfomed

under Project 3012, "Ramjet Technology", Task 301211, "Ramjet Design and

Assessment", Work Uni.t Number 30121102, during the period June 1973 to

Decerber 1973.
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ABSrRACr

This report summarizes a study oondwted to standardize the fuel

perfcoriane data used in the Ramjet and Laser Aerodynamics Division

of the Air Force Aero Propulsion Laboratory. The NASA One-Dimensional

Equilibrium (ODE) thexchnemica comaputer program was used to generate

the fuel oonbustion product properties contained in the tables and graphs

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

heat ratio, and ideal temperature rise) is presented for JP-4: JP-5, JP-7,

and RJ-5 coabusted 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 25000R. The conustion process was assumtd adiabatic and a constant

fuel temperature of 298.151K was maintained. The fuel and air properties used

in the caclations are presented.
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SECTION I

INTRODUCTION

This report was prepared to standardize the fuel performance data used

by the RaPmet and Laser Aerodynamics Division in conducting engine cycle

analyses and performnce studies. The ISA One-Diensional Equilibrium (ODE)

(References 1 and 2) thexmo~xemical computer program was used to generate

the fuel combustion product properties contained in the tables and graphs

in this report. Thermochemical equilibrium xcmbustion product properties

are presented for JP-4, JP-5, JP-7, and RJ-5 coubusted in air at constant I
pressures of 1, 5, and 10 atmospheres, at fuel-to-air ratios from 0.025 to

0.10, and at static air tempoeratures from 400 to 25000 R. The combustion

process was adiabatic and a constant initial fuel temperature of 298.15°K

was maintained.

Table I contains a list of the combustion product properties presented

in the Fuel Perforiance Data Tables and Figures. The ideal temperature rise,

DT, is the temperature increase (OR) due to the combustion of the fuel and

air to thermochemical equilibrium in an adiabatic process. The combustion

gas temperature (OR) is obtained by adding the ideal temperature rise to the

initial total air temperature, TO (OR). The molecular weight, MW, and the

specific heat ratio, GAM, are calculated for the combustion products in

thermahemical equilibrium at the stated conditions. The term SA*/SQRT TTO

is defined in the ,equation below.

f/ S) *=( + kll/2

A (1 + f /a) TT 1

gk
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f/a - Fuel-to-air ratio

Ru  - Universal gas constant, 1545 ft-lbf/lbm-mO]e-°R

gc - Gravitatianal constant, 32.174 ft-lbm/ibf-sec2

m - Molecular weight, lbm,/lb -mole
m

TT* - Total temperature at Mach 1, OR

k - Specific heat ratio

TTo - Freestream total temperature, OR

S* - Air specific stream thrust function at Mach 1, bf-sec/IbA m

This quantity was inc-luded in the data tabulations at the request of Division

personnel. It is used in the calculation of ramjet engine thrust coefficients. I
TABLE I. FUEL DATA SYMBOL DEFYNrVIONS

SYMBOL DESCRIPTION I
Dr(R) Ideal temperature rise-degrees Rankine

MW Molecular weight of combustion products

GAM Specific heat ratio

SA* Air, specific stream thrust function at Mach 1

SQRE TTO Square root of the freestream total temperature

F/A Fuel-to-air ratio

TO(R) Initial total air temperature - degrees Rankine

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 thcse 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 Uivesity/Applied Physics Labontory. The R-5 data was obtained

fro Mr. eztert Lanxer of the Fuels and Lubrication Division in the Air

Force Aero Propulsion laboratory. The air propexties used in the calcula-

tions were generated using an appraimate model of equilibrium air developed

by Hansen and Hodge (4). The accuracy of ttda model has been shown to be

cmpletely acceptable over the pressure and temperature ranges treated in

this study.

TABLE II. FUEL PROPERCIES

HEAT OF
MLECULAR CHEMICAL h 29 8 .K CMSTION STOICHIOMEFPJC

FUEL WEIG FRJIA cal/mole Btu/lbm UE L-AIR RATIO

•JP-4 14.027 CH2  -6,124.80 18,701.30 0.067558

JP-5 13.926 CHI. 9  -5,390.30 18,557.00 0.068290

JP-7 173.439 C1 2 " 3 2 5. -75,544.70 18,871.00 0.067194

RJ-5 186.676 C14 H1 8 37 5  +7,259.081 17,887.97 0.072638

"ABLE III. AIR PROPERTIES

Chemical Formula: N1. 56222 00.41901 ArO.00934

AIR TEMPERATURE (OR) ENYALPY (CAL/MDLE)

400 -527.662
700 632.842

1000 1815.559
1300 3038.203
1600 4306.830
1900 5617.785
2200 6963.766
2500 8343.012

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

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

curve fit mcdel represents mean annual, mid-latitude, dry air cczrditions.

The tabulated quatities, kTXr/M*A and Q/M2, provide a mans of rapidly

calculating the mass flow rate (WDOT) and dynamic pressure (Q) by simply

multiplying -he tabulated value by the selected value of the dencoinator,

Mack number times area and Mach number squared respectively.

4-
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SECTON 3.1
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iu

I j
400

0-. 0-0 0-0 00 0.0 0.0 0.0 0.0 0.0 0.0 * I.10

FUEL-AIR RATIO
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RJ-5 FUEL

40

100 0.01 0.02 0.0I3 0.04 0.05 0.06 0.07 0.05 0.09 0.10
* FUEL-AIR RATIO1 142



RJ-5 FUEL

3.44

LE

j 143



RJ-5 FUEL

700

1440



RJ-5 FUEL

3600

32000

200-10

24000

1060

24500- 
20

1i2000
CK,

a:,

100-

0-0. 0.01 *0.02 *0.03 0.04 *0.05 0.06 *0.07 *0.05 0.0 0.10

FUEL-AIR RATIO

j 145



r--

-

1464



RJ-5 FUEL

11.

1.40

1;o

* r

.0 0.10. 02 0.0o3 0. 04 0.05 0.056 0.07 0.015 0.09 0.10
FUEL-AIR RATIO
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RJ-5 FUEL
11 *,* I I *I * I* I yF 9 Ifr~p09 f

7

Sm6

FTO.10

5410

1600

0.0 0.01 0.02 0.03 0.04 0.05 0.05 0.07 0.00 0.09 0.10
FUEL-AIR RATIO
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lU-5 FUEL

'400

8000

4000

1490



RJ-5 FUEL

215.

40

15



RJ-.5 FUEL

40

1511



RJ-5 FUEL

II

7.70tSAN

~220


