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been developed to (1) ensure an equal-density of seeds in both the main flow
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code has been modified for the centerbody configuration, and successfully
employed to model the present experiment. Detailed velocity and turbulence
intensity measurements have also been acquired in a water analog of the
opposed jet configuration, and are scheduled for the centerbody configuration,
Application of the numerical code tc this case was initiated during the ‘present
reporting period for both the opposed jet and centerbody configuration, ard thd
results are being checked with the experimental data as they become available,
Hi speed photography has been employed in both the combustor and hydrodynamic
facilities to study the swirl and non-swirl performance of the centerbody con-
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penetration and dynamics of the fuel jet. The NO probe experiments have
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contractor has successfully utilized the opposed jet to resolve problems attend

ant to catalytic combustor conditioning and preheat. Finally, in an AFESC/RDV(

program, the centerbody has been employed to quantify the perturbation on local
soot morphology and soot density produced by a physical extrative probe in comd
parative measurements with a nonintrusive optical probe.
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MECHANISMS OF EXHAUST POLLUTANTS
AND PLUME FORMATION IN
CONTINUQUS COMBUSTION

(AFOSR 78-3586)
Summary of Progress

1 March 1980 to 28 February 1981

During this period, emphasis has been placed on the Cbnstrdction, evaluat1on:

and operation of a two-color laser anemometry (LA) system. ~ The significance

of such a system is the capability to measure simultaneously two components of
velocity and hence the Reynolds stress, and thereby facilitdte the evaluation
and development of numerical and closure models, and promote the understanding
of the basic physics that control gaseous pollutant-and particulate formation.
A bragg cell has been incorporated into the LA system and successfully employed
to measure velocity and turbulence intensity in the recirculation regions of
both the opposed jet and centerbody configurations. Seeding methods have been
developed to (1) ensure an equal density of seeds in both the main flow and jet,
and (Zg allow measurements under reacting conditions. The numerical code has
been modified for the centerbody configuration, and successfully employed to
model. the present experiment. ‘

Uétai1ed velocity and turbulence intensity measurements have also bheen acquired
in a water analog of the opposed jet configuralion, and are scheduled for the
centerbody configuration. Application of the numerical code to this case was
initiated during the present reporting period for both the opposed jet and
centerbody configurations, and the results are being checked with the experi-
mental data as they become available.

-7H425peed photography has been employed in both the combustor and\hydrodynamic

facilities to study the swirl and non-swirl performance of the centerbody con-
figuration, and to optimize the design. Techniques have been developed (dyes
in the hydrodynamic system and smcke in the combustor) to visually record the
penetration and dynamics of the fuel jet.

The NO probe experiments have addressed the effect of potentially resistant
materials, and a refined experiment for the introduction of water and low con-
centrations of hydrocarbons typical of turbine emission has been completed.
Data provide guidelines for the materials and temperature limits to employ in

-

the measurement of NOy.  */7 - -

In addition to meeting the immediate objectives of the subject AFOSR program,
the flowfield data are provided to other AFOSR contractors concerned with the
use and evaluation of flow models, and are used to assist AFAPL staff in eval-
uating and understanding centerbody performance. Furthermore, the AFESC/RDVC
has contracted with the UCI Combustion Laboratory to fabricate a centerbody com-
busto~ facility for the conduct of fuels testing at Tyndall AFB, and an EPA
contraccor has successfully utilized the opposed jet to resolve problems attend-
ant to catalytic combustor conditioning and preheat. Finally, in an AFESC/RDVC
program, the centerbody has been employed to quantify the perturbation on local
soot morphology and soot density produced by a physical extractive probe in com-
parative measurements with a nonintrusive optical probe.
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production in continuous combustion.

MECHANISMS OF EXHAUST POLLUTANTS AND PLUME
FORMATION IN CONTINUOUS COMBUSTION

(AFOSR 78-3586)

Introduction
The AFOSR program conducted at the UCI Combustion Laboratory is

directed to modeling and exploring mechanisms associated wi.th pollutant

¢ To develop and verify numerical methods and associated

models of turbulence and kinetics as applied to recir-
culatinyg turbulent reacting flowfields characteristic of
turbine combustion via a judicious coupling of numerical
methods to experiment. Such information is pertinent to
establishing a method that can be readily adapted to the
flow geometry of gas turbine, dump, and ramjet combustors.

To develop an understanding of pollutant formation in
continuous combustion stabilized by recirculation. Such
information is pertinent to reducing environmental impact
and controlling plume signature.
* s

To initiate and/or conduct suppplemental studies pertinent
to pollutant formation, combustion stability, and use of
alternative fuels in turbine, dump, and ramjet combustors.

2.0 Approach
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The AFOSR UCI Combustion Laboratory orogram includes both experimental

and analytical studies in a task organization of three elements:

e CElement A: Model Development and Evaluation

The evaluation and refinement of numerical procedures by
a Jjudicious comparison of numerically predicted profiles
of velocity, turbulence energy, temperature, tracer con-
centration, and mass fractions of hydrocarbons, nitric
oxide, nitrogen dioxide, carbon monoxide, oxygen and
carbon dioxide to experimentally determine profiles.

Element B: Mechanisms of Pollutant/Plume Formation

The conduct of parametric studies to identify the relative

contribution of the chemical reactions, transport processes,

and system parameters to pollutant formation.

-2

The objectives of the study are:
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o Element C: Supplemental Studies

The initiation and conduct of studies that support the investi-
gation of combustion stability, pollutant formation, and numerical
methods, and address specialized questions current to practical
backmixed combustion systems.

Combustion Systems. Two combustor Systems--premixed and non-premixed--

are employed in the UCI program. Schematics of both systems are presented
in Figure 1. The combustors operate at atmospheric pressure with preheat
capability to 350°C (expandable to 600°C). The premixed system shown in
Figure la, is an opposed-recting-jet combustor (0JC). The centerbody
combustor (GBC), shown in Figure lb, operates in both the premixed and non-
premixed modes. In the nonpremixed mode, the CBC represents more conven-
tional turbine combustor configurations and provides a foundation for ex-
ploring the effects of mixing two dissimilar streams on pollutant formation
and numerical prediction. In the premixe¢ mode, the CBC represents con-
vigurations considered for premixed-prevaporized combustors and provides

a foundation for exploring lean-stabilized combustion.

Laser Anemometer System (LA). The laser anemometer (LA) is evolving

into a 2-component system. A schematic is shown in Figure 2. The system
components shown in solid boundaries are acquired and in place. The com-
ponents shown in italics comprise instrumentation scheduled for acquisition.
The LA system is based on a 200-mW Argon-Ion laser. Two bragg cells are em-
ployed for frequency shift and two Macrodyne Processors for signal process-
ing. A PDP 11/23 computer is used for data acquisition. A UCI designed and
built interface has been incorporated to time label each event and thereby
provide a measurement of the Reynolds stresses. Seeding is provided by
specially designed pressure controlled nebulizers that generate unitorm

seeding in both the main and jet flows with either polystyrene or aluminum

particles.
-3-
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b) Center Rody Combustor

FIGURE 1 UCI Combustion Facility
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3.0 Progress and Status

The progress and status of the program and the er~arimental facility is

outlined in Tables I and Il. The progress and status of the publications is

summarized in Table IIl. A list of pirsonnel is presented in Table IV.

4.0 Interaction with Air Forcs Programs
The interaction with Air Force programs is active at three levels:

P

Air Force Engineering and Services Center, Air Force Aeropropulsion Labora-

o

tory. and AFOSR Contractors.

il S8 2

Air Force Engineering and Services Center. The UCI Combustion Laboratory

is the prime contractor for an Air Force Engineering and Services Center

TR

(AFESC/RDVC) program directed to understanding and controlling the soot forma-

tion associated with the use of alternative and synthetic fuels in conplex

iy

T

flows. Laser diagnostics are employed to measure in-situ the soot particle

size and soot concentration at varius locat'ons within a reacting, complex
flow. The goal is to identify the mechanics of soot formation and burnout in

flows governed by aerodynamics as well as by chemistry. The AFQOSR work is

E
H
3

assisting in understanding and optimizing the combustor geometries and basic

aerodynamics employed.
In an independent study, the AFESC/RDVC has supported, through the AFOSR,

? - ‘: studies that address the sampling of nitric oxides in combustion products.
These studies have encompassed as well the conduct of surveys to document the
data available regarding turbine emission of individual hydocarbon species and
concentration.

Recently, the AFESC/RDVC contracted with the UCI Combustion Laboratory to

- construct and deliver to Tyndall AFB a replicate of the laboratory centerbody

combustor and support system that has evolved largely under support from the

T

AFOSR. This system is scheduled for a variety of in-house studies studies at

Tyndall,

-6~
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TABLE 1
Program Progress and Status
(28 February 1981)

Element A: Model Development and Evalustion

Isothermal Flow., Bvphasis hae bean divected to acquisiiion of veloeity data in the highly

meense reciraucation none.  This haa been cuccecsful through (1) the use of a tragy ceil

secured wnder an NSF grant and (2) wiform gaeding of the jet, as well as the main flow.
Acquiettion of detalied floufield velocity data e {n progreas.

4 tydredunarie Saetlity has beenm built, tested, and utilized to vater model the OO and
CBC sompigaations and, therely, provide atd to flow visualimation and modeling studies.
A complete 2at of (G data has been obtained.

Heated Flow. Tha medeling code tneludes the production, transport, and dissipation of the
Fluen@ting comronent of temperature, [he codc has boen applied to the oczge wheve the WO

Jet vas rcleprentially heated tn a nomreacting condition and cpatial meqsurement of temperature
and tempopature fluctuation compared to expertmental measurement. Complementary studies in
the C3C confliguration have beer initiated.

Hot Flow., Mphaste has been directed to acquisition of veleetty data for the case of reacts
Tng ~tow. Seceding teohniques for the tntroduction of alumina particlea have been successfully
deveioped and tntroduced, Preliminany tests are in progress. The modeling code has baen
nodified to ‘neorporate the CBC comfiguration. A complomentary grant frem the National
Seience Fowndation provides suppert for (1) the aequisition of earkon momexide Moled
operation and (i) modeling the reacting flow ease. %

Element B: Mechanisms of Pollutant/Plume Formation

The detailed flowfield measurements made above for the hot Flew emditions are being systema-
tieally cvaluated to tdentify the rollutant formatiom lehavior as a notion of recirculation
aone site, reoiroulation zone intensity, loeal stotchiometry, and local mizing., High speed
motion plotures have been made of the reacting (WC and CBC to aid in the flow visualisation.

Element C: Supplemental Studies

il SR Yt

NO Probe. The study conducted during the piesent grant pertod has besn directed to the
Theluaton of Ho0 in the experiment, and the fabrication of a refined experiment, designed
to provide moré uniform comtrol of temperature and simulate, as well, hot probe tip
temperatura. An ascessment of prebe history, sample pressure, recidence time, and hydro-
carbon srecivs and concentrations representative of gas turbine exzhausts te im progress.
Exploratory tests of these effeats havs been completed and tests in the refined experiment
have been initiated.

Soot Tormation and Burnout., Imstallation of the liquid fuel supply and injection system ts
tn progress, A contract from AFESC/RDVC provides for an indepth study of soot formationm tn
a joint venture witk Spectron Development laboratortes. The AFOSR program will address the
detatled measurements of temperature, species, comcentration, veloctty, and turbulence
tntensity tn the CBC eonfiguration,
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TABLE 11
Facility Progress and Status
(28 February 1981}

.

$wirl, Swirl {g an tntegral Scetor in promoting flame stabilination in practieal, contimons combustion
devices. The mumerical rathods must be tested for the case of suirl, as well as vonswinl, if suceessful
simulations of practival Jevices are to be achieved., -Tests of thu swirl are in progrese. Inoluded {3 an
assesement of swirl angle, swirl lccation, and swirl blade design.

Tijeation. The oyatem te presemtly being installed into the present combustor system and will be teated

during the present grant zeried,

Liau_td Fuel, A liquid fiel syetem has been desigred for use in two modes: provapopized, and tiquid fuel
N

LA Svstem. 4 brazg cell Fas been aided to remove flow direction embiguity. Ortice for e two=color syatem
Tave teen recetved, I aiditien, ¢ ZOMY Argon-ton laser has been acqndrved to provide (1) a higher pover
scuree and (2) the capability Sop =woeceler werk, The tuo-color substantially exvands the eoradility of
the IA epatem by allowing stmultancous measurements of tio velooity compements, thercby rreviding direct
measurement of the Reymoida orrees. AFOSR Aunding contributed to the laser acquisition, The remuintng
Pinds ware abtained from the Naticval Seience Foundation and Umiversity sources. The system has beem
tnatalled and e precentl; being cmployed on the combustor in a single componant mode., WO components
auatts the tntegration o the expanded data acquisition system, This integration is in progress and

Wil be completed during the presented grant period,
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TABLE I1I -

Publication Progress and Status

(28 February 1981)

Title

Publications

STATUS

In Preparation Submitted Accepted Published

A

Elghobashi, S.E., G.S. Samuelsen
J.E. Wuerer, and J.C. LaRue (1979).
Prediction and Measurement of Mass,
Heat, and Momentum Transport in a
Nonreacting Turbulent Flow of a

~Jet in an Opposing Stream.

Elghobashi, S.E., G.5. Samuelsen
J.E. Wuerer, and J.C. LaRue (1981).
Prediction and Measurement of Mass,
Heat, and Momentum Transport in a
Nonreacting Turbulent Flow of a
Jet in an Opposing Stream

Acoumanis, D.C. (1980). Water
Analog of the Qpposed-Jet
Combustor: Velocity Field
Measurements and Flow
Visualization

Samuelsen, G.S., R.E. Peck,
J.E. Wuerer, and R.B. Brum (1981),
Predictive Modeling of Momentum
and Mass Transport in Turbulent
Flow with Backmixing

YcDannel, M.D., P.R., Peterson, and
G.S. Samuelsen (1980). Emission
Behavior of Aerodynamically
Stabilized, Lean Premixed
Combustion

McDannel, M.D. (1979). An Experi-
mental Study of Pollutant Formation
in Premixed Propane-Air Fired,
Recirculating Flow Combustion

Samuelsen, G.S., and R.C. Benson
(1979). Chemical Transformation
of Nitrogen Oxides While Sampling
Combustion Products, in Grosjean
D. (ed.), Nitrogenous Air
Pollutants: Chemical and
Biological Implications

Proceedings,

Second Symposium on
Turbulent Stream
Flows

Journal of Fluids
Engineering, 103, 127

UCI Combustion
L :horatory Report
LLI-ARTR-80-5

Journal of Fluids
Engineering
£

Combustion Science
and Technology"

UCI Combustion
Laboratory Report
UCI-ARTR-79-1

Ann Arbor Science, In¢.
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Lo Air Force Aero Propulsion Laboratory. Interaction is active and on= .

going with Dr. Mel Roquemore regarding the evolution of the centerbody

combustor configuration, and the measurement techniques and results as-

sociated with the centeroody combustor. Modeling of this configuration is

%

g also a topic of active interchange. A common test matrix has been develop-
P ed by AFAPL and UCI with the goal of testing the scaling criteria for the
centerbody configuration as well as providing a common base for the com-

parison of data.

In an independent effort, the AFAPL is providing some support through

bbbl b e s icrndite ﬂ]& e

AFESC/RDVC to the soot formation and burnout study. The interest here is

bt

- % directed to the adequacy of the conventional techniques used to quantify

7
e hosdaladitedd

the sooting tendency of both conventional and alternative/broad specifica-

tion fuels. The contact is Mr. Chuck Ma’tell.

AFOSR Contractors. The interaction wifh AFOSR contractors is con-

tinual and broad. Of the various examples, Five are especially note-

vt BB v ekt | S Lt imar

; worthy at this juncture.

iahoanti .02,

cath

(1) Exchange of information is occuring with Ray Edelman (SAl). SAI

o
sl

Rihice s Tt i

is a recipient of the progress reports on the AFESC/RDVC soot programs.

ik

With respect to the AFOSR studies, the status of the experimental and

modeling studies is regularly conveyed to SAI. Most recently, the experi-
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mental data derived in two Master of Science studies have been forwarded by

the provision of copies of the subject M.S. theses. These data are design- i
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? ed in part for application and tests of numerical codes. This exchange

~ with SAI will allow the data to be usea for this purpose by SAl. In ad-
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dition, it will allow SAI to commwent on the adequacy and extent of the data

so that future efforts can be even more respcnsive to community require-
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ments.
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(2) Exchange of information is occurring with Marshall Lapp (GE) with
respect to the need and potential for standardized combustor and flame con-

figurations.

(3) Exchange of information is occurring with John Dai]y-(U.C; Befke-';

ley) with respect to laser anemometry (LA) techniques. UCI was pfovided
with a schematic of an interface built at Berkeley which served as the basis
for a 2-channel, UCI-designed interface for finger printing LA data with
the time of occurrence. This has enabled the measurement of simultaneous
events and, as a result, the measurement of Reynolds stress.

(4) Professor A. M. Mellor (Purdue) spent the Winter Quarter of 1980
in residence at UCI. This allowed for an active and beneficial interaction
on the relationship of laboratory combustors to practical systems, diagnos-
tics, and modeling. 4

(5) The interaction with the AFOSR programs at the University of
Southern California has been regular. Examples during this past year in-
clude the provision to UCI of a high speed FASTAX framing camera (Mel
Gerstein), the provision of modeling guidance by UCI to USC (Roy Choudhury)
and the provision of information to USC (Roy Choudhury) regarding parti-

culate measurement methods.
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TABLE IV
List of Personnel
NAME : TITLE DEGREE AWARDED

THESIS TITLE
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G. S. Samuelsen Associate Professor
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John T. Taylor Staff Research Associate

Craig P. Wood Staff Research Associate

Sherri Vakili ' Staff Research Associate

Dinos C. Acoumanis M.S. Graduate Student M.S. Degraee Water Anaiog of the Opposed

March 1980 Jet Combustor: Velocity Field

Measurements and Flow
Visualization

Roger Brum Ph.D. Graduate Student

Leanne Ikioka M.S. Graduate Student

Vince Roman Undergraduate Student

Marcos Jorge Undergraduate Student
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