D-A248 710
WHE 110

FINAL REPORT ___EcT
on NRL Research Contract N00014-90-J-2001 b APRL 41537 4

C

Title: rel

ion of Byrning R
isms i ] iquid Pool Fi
Funding History December 15, 1989 to March 31, 1990
$108,784
Principal Investigator: David E. Ramaker
Submitting Institution: George Washington University
Department of Chemistry
Washington, DC 20052
Other personnel
working on project: K.C. Adiga
H.Zhang
M. Pivovarov
S.W. Baek

Reproduction in whole, or in part, is permitted for any purpose of the
United States Government.

*fI'hi§ document has been approved for public release and sale: its
distribution is unlimited.

Signature: David E. Ramaker

. . = D Q
—;~J<~"~;~') <. K arne N &/23190

Professor of Chemistry
Chair, Chemistry Dept.

22-09359
92 4 13 002 TR




[ T TV U U UTOw

Puptic reporting ourden fae this coll ot inter " ta average 1 hour Der respanse, INCIUAING the time tar reviewing INTIUCONS, Searcing exnting data sourcey,

Sathening and q the data ar” “mpieting and reviewing the cailection of infarmation. Send com araing this burden estimate or any other aspect of thiy
olt ot intor ) 9 sugg g this burden. to W, g ters Services, Dir te for iInformation Qoerations and Reoorts. 1215 jetterson
Quavr righway, Suite 1204, Arlingtan, VA 222\ 2. and to the Office ot Management and Budget, Paperwork Rea.  un Project (0704-0188), wasnington, 0C 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
6/28/91 Final 12/15/893/31/91
4, TITLE AND §UBT!TLE LS. FUNDING NUMBERS
Correlation of Burning Rates and Energy Transport Mechanism
in Open & Enclosed Liquid Pool Fires N00014-90-J-2001
6. AUTHCR(S)
David Ramaker H. Zhang SW Baek
KC Adiga . M. Pivovarov
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
The George Washington University
Office of Sponsored Research
2121 T Street, NW, Rm. 601
Washington, DC 20052

9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSQRING / MONITORING
AGENCY REPQRT NUMBER
ONR

2135 Wisconsin Avenue, Rm. 102, NW
Washington, DC 20007

11. SUPPLEMENTARY NQTES

12a. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CQDE

13. ABSTRACT (Maximum 200 words)

See Attached

14. SUBJECT TERMS 15. NUMBER OF PAGES

16. PRICE COOE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
QOF REPORT OF THIS PAGE OF ABSTRACT
NSN 7540-21-280-3500 Stancarg sarm .98 (Rev 21-39)

Drmicriomq by ANSE Sta (19-18
249132




’jzétqu«AZAZ,/’//

Tt td im0
GWUW/ADL
SER 247
28 FEB 1992
Acewadi. i ros /
E NYI L JdRaal v o
C PR Yan R
; Wanacanves i
Mrs.Helen Spencer: [ Justifieattan . . . ___
George Washington University ' — ——
Office of Sponsored Research Administration »y ) e
2121 I. Street, N.W. _ ‘1"?1“11“/
Rice Hall-6th Floor N omitant e sl T
Washington, D.C.20052 ) “"“‘:‘“1"' Codec
- 1l enl/er x
\Q,/ 1Dte Spsetal
To:Mrs.Spencer: A\ ’

In order to finalize this agreement and make final payment, the following
documents are required by this office,close of business:March 31,1992.
Closeout documents were due 31 May 91.

GRANT™
Reference: .- .= #NOOO14-90-J-2001

= Final Voucher,Contractor's Assignment of Refunds,Rebates,and
Credit,Contractor's Release

i Final Report required by PATENT Right Clause DD Form 882

X Tinal Teckaisyul “~r2rt or transmittal letter and (SF Form 298

P Final Property Inventory- A negative reply is required if
appropriate

Certification that Disposal of Classified Material is
complete

. Final Federal Cash Transaction Report (SF 272) and a Summary of
‘ Grant Costs

- Financial Status Report

Any funds excess to the requirements of the agreement should be promptly
reported to the contract administrator.

If you have any questions concerning closeout requirements, please do not

hesitate to contact us.
DT7C~ addwss s

Sincerely, e o 2R T
(v St Al SF-297, f/e}f{ e ,;;',f -
4o ad feur Masfs Copy. Xerdx ang ADRIENNE LOUDEN Scfedile  p Zoi . *
W sat., Rehen Fo ACt- oV anl é;c’/e/r?-ﬂ ‘e
/u~»4(c:@1y A D77¢c - Lealf

Vg rant Ch peanta. SFI9pihuld wccompery al) Tohaiodd,

¢




i
|

t
1

(NN)

OBJECTIVE

The objective of this research 1s to develop a fundamental
understanding of the behavicr of buoyancy contrclled axi-symmetric
gas flames and liquid pool fires, 1n both an open and enclosed
environment. Specifically, we attempt to simulate two-dimensional
axi-symmetric profiles of the velocity, temperature, species, and
soct concentration. Knowing these profiles, we can determine the
main characteristics of the flame: the heat feed back which in turn
determines the mass burning rate of a liquid pool, the height of

the flame, and the power output of the fire to the surrounding

environment.

II. ACCOMPLISHMENTS

{December 15, 1989 - December 31, 1990)

A. Numerical simulation of vapor phase behavior of liquid

pool fires.

In previous work we have developed a general model for
examining pool-like gas flames and obtained promising results. Our
work considered simplified model elements such as a parabolic flow
field, a ~=-« turbulence model, a phenomenological soot formation
scheme, and a radiation flux model using the absorption and
emission coefficients for the soot plus gas mixture derived from a
welghted-sum gray gas model. The conservation expressions for all
of the variables for an axi-symmetric flame are written using
boundary layer forms of Navier-Stokes equations and conservation
expressions for the energy, species, turbulence, and mean sqguare

fluctuation of scalar properties. The model requires certain




empirical input guantities such as the tlame hase absorption and
emnission details, the initial conditions tor turbulence, the
radiative fraction, the completeness of combustion, and soot
formation parameters, etc. Details of our model have been
presented several times in previous proposals and papers.

In this contract period four liquid fuels have been considered

based on their widely varying thermochemical and fuel combustion

properties. The liquid fuels are methanol (a non-sooting

HiFF

oxygenated fuel), kerosene and petrol (sooting, moderately burning
hydrocarbon fuels), and benzole (a fast burning, sooting
hydrocarbon fuel). A considerable amount of data on these fuel
fires have been reported in the literature for comparison with our
results.

Our numerical model was successful in reproducing the nean
temperature, velocity and species fields which in turn confirm well
established scaling laws. The agreement of experiment with
predicted flame shapes, soot formation and radiation behavior were
encouraging. A comprehensive analysis of the structure of these
pool flames revealed certain basic features unique to pool fires;
namely, the visible flame volume and flame reaction volumes rave
been observed to be proportional to the stoichiometric aic
requirement of the fuels (see Fig. 1). Furthermore, the volumetric
air consumption rate of all the fuels are nearly constant
irrespective of the nature of the liquid fuels. The volumetric
heat release rates of all the hydrocarbon fuels are also similar.

A detailed analysis of the thermal radiation and convective

transport behavior in these pool fires clearly indicate that the
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heat feedback flux is dominated by convection for the methanol fire
while for the hydrocarbcns tuels it is radiation. As shown by Fig.
2, the radiative *eed back flux distribution at the blame base is
very non-uniform. This is caused by radiative energy blockage by
the cold fuel vapor and soot in the core.

B. The implication of elliptic flow behavior on the

structure of pool fires

All of our previous work on pool-like gas flames as well as
that described in Sec. A above, assumed a parabolic flow field, and
boundary layer forms of the Navier-Stokes equations as indicated
apove. In this work we examined the role of elliptic behavior on
the near field pool flame structure for a pool-like methane flame
with heat release rate of 28 kW (base diameter of 0.25 M). The
Navier-Stokes equations and conservation expressions for all the
variables in the elliptic form, not invoking a boundary layer
assumption, are now solved for an axi-symmetric buoyant turbulent
flame utilizing an alternating tridiagonal matrix algorithm method.

The results for the field quantities (velocity and
temperature) and flame shapes were compared with experimental
results and with predictions from the parabolic model in Figs. 3
through 5. The analysis confirms that some parts of the flame,
particularly near the pool base, are not adequately treated within
a parabolic model: however, the parabolic model does appear to give
reasonable results near the center line. It also does appear to

give the gross features of the flame structure throughout.
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c. Comparison between experimental and theoretical results

for air entrainment in a heptane pool fire.

The entrainment of air into pool fires is induced by the
buoyant upward flow of hot gases, which are replaced by the cold
ambient air drawn into the flame zone. Air entrainment is one of
the important properties in pool fires, which influences the
»burninq rate, velocity and temperature distributions in flames.

In this work, we examined the air entrainment behavior in a
neptane pool fire for different diameter pool sizes using our
theoretical model as described briefly above. The dimensionless
air entrainment rate is defined as Mgy/Mg, where Mg denotes the
theoretical air entrainment rate needed for complete combustion of
the vaporized fuel and M, is the actual air entrainment rate. Fig.
6 shows this ratio plotted vs. the dimensionless height H/R, where
H and R are the height above the ligquid surface and pool radius
respectively. The agreement with experiment is not good,
particularly above H/R > 3. This disagreement may be due to the
parabolic formulation used in our theoretical model, or perhaps due
to experimental measuring difficulties arising from flame
fluctuations; but most probably it is due to some more fundamental

aspect of our model. Obviously more work is required in this area.
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IOr SUMMARY
Our accomplishments during this contract year can be
summarized as follows:
1. We have performed numerical simulations of the vapor
phase behavior of various liquid pool fires.
2. We have studied the implications of elliptic flow on
the structure of pool fires, and
3. We have compared experimental and theoretical results
for air entrainment in a heptane pool fire.
These accomplishments have been communicated in the
following papers:
1. "Direct numerical simulation of vapor phase behavior of
liquid pool fires and analysis of flame structure", and
2. "The implications of elliptic flow behavior on the
structure of pool fires®,
Both ¢f these manuscript were submitted to the 23rd
International Symposium on Combustion, but were not
accepted. They still need to be modified for submission to
other journals.
During this period the following paper was published:
3. "Numerical Predictions for a Simulated Methane Fire",
K.C. Adiga, D.E. Ramaker, P.A. Tatem and F.W. Williams,
Fire Safety Journal 16, 443, (1990).
and the following manuscripts submitted:
4. A Comprehensive Theoretical Analysis of Fires Over
Liquid Pools", K.C. adiga, D.E. Ramaker, P.A. Tatem,

and F.W. Williams, submitted to Fire Safety Journal.
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5. "A Theoretical Treatment tor Heptane Pool Fires", K.C.
Adiga, D.E. Ramaker, P.A. Tatem, and ¥F.W. Williams,

submitted to Fire Safety J.
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