REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis
Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a
coliection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)

2. REPORT TYPE

Technical Papee Abshca ik

3. DATES COVERED (From - To)

4. TITLE AND SUBTITLE

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

CIT | Al Bojpcts el T

8. PERFORMING ORGANIZATION
REPORT

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Air Force Research Laboratory (AFMC)

AFRL/PRS

5 Pollux Drive
Edwards AFB CA 93524-7048

10. SPONSOR/MONITOR’S
ACRONYM(S)

11. SPONSOR/MONITOR'S
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

20021030 056

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT b. ABSTRACT

Unclassified Unclassified

c. THIS PAGE

Unclassified

17. LIMITATION
OF ABSTRACT

O,

18. NUMBER
OF PAGES

19a. NAME OF RESPONSIBLE
PERSON

Leilani Richardson

19b. TELEPHONE NUMBER

(include area code)

(661) 275-5015

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18




3005005 H

MEMORANDUM FOR PRS (In-House Publication)
FROM: PROI (STINFO) 21 Nov 2001

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-AB-2001-233
Cooper & Shepherd (CIT); T.H. Sobota and K.C. Moore (APR, Inc.), "Thermal and Catalytic Cracking
of JP-10 for Pulse Detonation Engine Applications" ABSTRACT ONLY

AIAA/ASME/SAE/ASEE JPC (Statement A)
(Indianapolis, IN, 7-10 July 2002) (Deadline: extended)

1. This request has been reviewed by the Foreign Disclosure Office for: a.) appropriateness of distribution statement,
b.) military/national critical technology, c.) export controls or distribution restrictions,

d.) appropriateness for release to a foreign nation, and e.) technical sensitivity and/or economic sensitivity.
Comments:

Signature Date

2. This request has been reviewed by the Public Affairs Office for: a.) appropriateness for public release
and/or b) possible higher headquarters review.
Comments:

Signature Date

3. This request has been reviewed by the STINFO for: a.) changes if approved as amended,

b) appropriateness of references, if applicable; and c.) format and completion of meeting clearance form if required
Comments:

Signature Date

4. This request has been reviewed by PR for: a.) technical accuracy, b.) appropriateness for audience, c.)
appropriateness of distribution statement, d.) technical sensitivity and economic sensitivity, e.) military/
national critical technology, and f.) data rights and patentability

Comments:

APPROVED/APPROVED AS AMENDED/DISAPPROVED

PHILIP A. KESSEL Date
Technical Advisor
Space and Missile Propulsion Division




Thermal and Catalytic Cracking of JP-10 for Pulse Detonation Engine Applications

M.A. Cooper and J.E. Shepherd
Graduate Aeronautical Laboratories

California Institute of Technology
Pasadena, CA, USA

T.H. Sobota and K.C. Moore
Advanced Projects Research, Incorporated
La Vemne, CA, USA
November 6, 2001

Practical air-breathing pulse-detonation engines (PDE) will be based on storable liquid
hydrocarbon fuels such as JP-10. However, such fuels are not optimal for PDE operation
due to the high energy input required for direct initiation of a detonation and the long
deflagration-to-detonation transition times associated with low-energy initiators. These
effects increase cycle time and reduce time-averaged thrust, resulting in a significant loss
in performance. In an effort to utilize such conventional liquid fuels and still maintain
the performance of the lighter and more sensitive hydrocarbon fuels, various fuel
modification schemes such as thermal or catalytic cracking have been investi gated.

The results of previous catalytic cracking experiments have quantified the cooling

capabilities, i.e., using endothermic reactions to absorb energy generated by the

propulsion system. The focus was on selecting liquid fuels and reactor operating
conditions that produce desirable reaction products with high heat sink capabilities. In
the present study, we examined the combustion properties of JP-10 that have been
modified by thermal and catalytic cracking. The goals of our program are to understand
the implications for pulse-detonation engine performance when operating with modified
fuels.

We have developed a bench-top reactor system that can be used to process liquid fuel
using either thermal or catalytic schemes. The system has the capabilities to vaporize
liquid fuel at a precise flow rate while maintainin g the flow path at temperatures up to
200°C and pressures up to 13.6 atm (200 psi) for extended periods of time. The reactor
section can be heated up to 500°C and contains a packed-bed of zeolite catalyst. The
reaction products can be analyzed on line and also stored in a reservoir for future use in
combustion experiments. An Agilent 6890 Gas Chromatograph with an HP-5 capillary
column and flame ionization detector, connected to the output of the reactor, is used to
speciate the reaction products. Additional characterization of the products will involve
direct testing of the reaction products in a PDE simulator, measurements in detonation
tubes, and also in combustion vessels. Properties of interest include detonation and flame
speeds, single-cycle impulse, and hi gh-speed combustion behavior.
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