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Preface

This is tile First Report of the project titled "II,adiation-Turbulence Interactions in

Pulverized-Coal I:lames". This project has been funded by tile Department of Energy,

-" " 9 "' 9Pittsburgh Energy Technology Center lhrough a grant #DE-I' (,2,.-93P(.93,.10. The report

covers tile period of 6 months from September 15, 1993 to March 15, 199,1.

K_o tt,_e_lt:h a_ociate._, two I'h.I). ,_udt:i_l,_. _,_d two lllast('l' :_udents are involved

in this project, although their support did not come exclusively from this grant. Partial

support has also been received from a DOE (]rant #DE-F(__22-92PC533 (PI: M. P. Mengfiq),

from a NSF-EPSCoR Grant (PI: J.M. McDonough), and from the Department of Mechanical

Engineering at lJI(.

Dr. Sivakumar Manickavasagam, a Research Associate, is primarily responsible for

combining the fluid mechanics and radiative transfer computer codes, tie is also in charge

of developing a new algorithm to account for the soot agglomerate structure and char

fragmentation. He and Dr. Sarbajit Ghosal. also a Research Associate. are responsible in

designing the experimental system for future measurements.

Mr. Sudip Mukerji, a Ph.D. student, is developing computer codes for the simulation of

turbulence using the additive turbulent decomposition (ATD) technique in two and three

dimensional geometries. Mr. Derong Wang is primarily supported by a NSF/EPSCoR

project" we benefit from his extensive computationM experience in this project. Ite is

modeling the interaction of a radiation beam with small scale ATD technique.

Mr. Wu Zhang is a M.S. student, working on a global soot formation model. His work

is more related to another DOE Grant (#DE-FG22-92PC533, PI: M. P. Mengiiq). He has

been supported primarily by the Department of Mechanical Engineering. Mr. Ramaswamy

Govindan is also a M.S. student. Ite is working on a model to couple radiation turbulence

interactions in our |lames and he is going to compare his predictions with experimental
observations.

The discussions we had with Professor Vahid Majidi, of Chemistry Department, have

improved our understanding of tile experimental systems significantly during the last six
months.

During the period covered, we have started to modify the experimental facilities for this

research and worked on the formulation. This period has been more like a planning time.

We expect to have more accomplishments within the next three months. Below, we list

briefly the milestones for the experimental and theoretical developments.
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1 ACCOMPLISHMENTS

1.1 Experimental Studies

(The following accomplishment are based primarily on the works of Dr. Sarbajit Ghosal

and Dr. Siva Manickavasagam. Mr. Ramaswamy Govindan helped significantly during tile

preparation of the laboratory and computer i_lterfaces.)

A significant part of the last quarter has been used ill equipment and instrument acquisi-

tions, and organizing the laboratory. The main components of the experimental apparatus,

viz. tile laser, detectors, and the data acquisition system, have been set up in working order
_tfter suitable tests.

1.1.1 Laser Set-up

The Nd:YAG laser is currently in operation emitting light ill the near-infrared at 1064 nm

(400 mJ energy per pulse), and through frequency-doubling, in the visible at 532 nm (150 mJ

per pulse). This Q-switched laser produced pulsed radiation at 30 tiz with a very short

pulse width of 4-9 ns,'resulting in a very high instantaneous power output of tens of gi-

gawatts. This high peak power will _tllow better signal/noise (S/N) ratio for scattered light

measurements than would be possible with longer pulse-width lasers. Additionally, the use

of pulsed light source will allow us to discriminate scattered light from emitted light.

Neutral-density filters were purchased so that transmitted light reduced by a factors of

i0-: or more could be used for testing the detector and data acquisition system.

1.1.2 Tests on Detectors

For measurement in the near infraled, we have purchased high-speed germanium photo-

diodes made by Hamamatsu (model B2297, rise-time of _2 ns). They have the added

advantage that they can be operated using low-voltage DC cells. They have been tested

using the 532 ,ira light from the YAG laser for their saturation (:haracteristics.

For measur(,ment in the visible _tnd near-uv wavelength range, photomultiplier tubes

(PMT) are preferable because of their significantly higher responsivities. We currently have

a nine-stage, side-on RCA 4840 PMT with a detection range of 200-900 nm. We are in the

process of acquiring a power supply, and a second PMT to make scattering measurements

at two angles simultaneously. (We had two additional PMTs; unfortunately, they are not

in working order.)

Mounts and housings (to deflect stray light) for the PMTs have been designed and
fabricated.



1.1.3 Tests on Gated-Integrator/Box-car Averager

The features of the SRS 250 gated-integrator/boxcar averagers were explored using a signal

generator. The use of variable gate widths and gate delays were studied using square waves

from the generator. A 60 MHz oscilloscope was used to coincide the gate and the signal by

adjusting the gate delay on the SRS 250.

The averaged signal can be monitored using analog or digital meters on tile SRS 280

System Mainframe. The Computer Interface Module (SRS 2,15)is being used to transfer

the data to a PC. A new version of Data acquisition software (Labtech) has been installed

on tlle PC. This software has the capability of receiving signals from either RS 232 port or

from custom-made A/D converters. In the Normal mode the system is capable of receiving

signals at the rate of 900 Hz and in the High-Speed mode it can reach a maximum of 100
Kltz.

1.2 Theoretical Studies

(The following accomplishments are based primarily on the works of Dr. Siva Manick-

avasagam and Mr. Sudip Mukerji.)

1.2.1 Modeling the Flame

In order to understand the radiation-turbulence interactions in the flame qualitatively, we

decided to perform numerical modeling using the available commercial softwares. CFD

2000 and FLUENT were recently installed on the hp-work stations in the CFD laboratory

to begin with. Since these two softwares do not account for the interactions between chem-

ical reactions and the flow field inside the flame. KIVA III was ordered and we believe

that we can obtain qualitative and less accurate quantitative information about the under-

ling mechanism of heat transfer in the flame. This study will be done with the following
objectives:

• To obtain the large scale values of parameters such as temperature, velocities, and
mixture fractions.

• To develop a model and/or employ available mo'_lels for soot formation mechanism

and predict the volume fraction of soot as functi6n of temperature, velocity and mix-

ture fraction. (This is partly related to Mr. Wu Zhang's M.S. thesis, which is in

conjunction with the previous DOE grant.)



• To estimate the radiative properties of the combustion products and solve the radia-

tive transfer equation in flame geometry.

• To input the results from the energy and momentum equations to obtain new tem-

perature and velocity profiles and iterate to reach converged results.

• To perform sensitivity analysis on different parameters to identify the dominant pa-

rameters in the flame.

A more accurate modeling of the flame will be done by Mr. Sudip Mukerji. To solve for

the turbulent flow field an additive turbulent decomposition method will be employed. At

present, it is decided that a spectral method be used to determine the small scale values of

the flow variables.

2 FUTURE WORK

In the upcoming quarter, efforts will be concentrated on transferring the optical set-up to

the diagnostic platform surrounding the co-flow burner, and then making measurements

of light scattered by the soot at different locations in the flame. The platform (on which

the detectors will be mounted) can be moved horizontal or vertical directions with sub-

millimeter accuracy.

Reynolds number in gas flames will be varied and its effect on soot formation will be

investigated. These preliminary experiments will help us to study the effect of radiation-

turbulence interactions ou soot formation in simpler systems. After that, measurements
will be made on coal flames.

We will start modeling the fluid mechanics of the flame, and investigate the effects of

different parameters on the model predictions.
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