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Project Objectives:

The general objective of the project is to investigate the combustion behavior of single

Coal-Water Slurry particles burning at high temperature environments. Both uncatalyzed

as well as catalyzed CWS drops with Calcium Magnesium Acetate (CMA) catalyst will be

investigated. Emphasis will also be given in the effects of CMA on the sulfur captm'e dur-

ing combustion. To help achieve these objectives the following project tasks were carried

over this three month period.

Project Tasks:

1 LAMINAR FURNACE CONSTRUCTION A laminar, drop tube furnace was

purchased this past summer by the Mechanical Enginecring Department of North-

eastern University mainly for the needs of this projcct. It is mamffactured by ATS

aad utilizes Kanthal Super 33 molybdenum disilicidc heating elcmcnts, to heat a 25

cm long radiation cavity to temperatures up to 1650 °C. The furna.ce was mountcd

on a stand below a ventilation hood, Fig. 1.

A 60 cm long 7 cm i.d. high purity alumina tube, manufactured by Coor,_, was

installed ,-along the centerline of the furnacc. Two diagonally opposite hoh's were

drilled on the _flumina tube at a certain height to match the side ol)sc,rvation winch,ws
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of the furnace, which m'e fitted with quartz glass and a shutter. Tile two holes were

commctcd to the corresponding quartz windows l_y 1 cm i.d. altunina tubes. To

ensure a leak-tight system the connections betwecn the verticM and the side tubes

were made by press fitting (and gluing) medium density alunfina washers machilmd

for this purpose, Fig. 2. To support the vertical alumina tube as well as to provide

for an air tight sys_om two "O-ring" assemblies were used. These assemblies were

water-cooled and made of stainless steel, Figs. 1, 2 and 3. The top enclosed a

VitoT_ "O-ring" having a 6.3 mm cross section. The bottom "O-ring" presented a

considerable problem since is placed down-stream of the hot fllrnace gases and gets

very hot. Both Viton and Teflon "O-rings" partially melted, thus, to alleviate the

problem alumina insulation blanket in the form of a ring was compressed in tile

assembly. This provides for effective support as well as sealing fl)r the alullfina tube.

A stainless steel, water cooled injector was designed, constructed and p(_sition(:d at

the top of the drop tube furnace, Fig. 1. The injector was designed to perform

various functions:

• Enab!e injection of particles or drops at various heights in the furnace radiation

cavity. For this purpose the ir_jector should be cooled and well illsulated to

withstand the high temperatures of the furnace.

• Enable pyrometric observations of burning particles ft'ore the top of the furnace.

For this purpose the injector should be: on one hm_d as short and as wide as

possible to maximize collection of light emitted from burning pm'titles (L,d (x

(distance)-2), and on the other hand should be long and narrow enough to

avoid observation of direct radiation from the furnace wMls.

The injector design was excecuted with the above criteria in mind. Then tlle injector

was passivated black to minimize renected furnace-wall radiation from climbing up to

the top where the optics will be situated. The injector is supported by a brass flange
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through a Cajon fitting, Fig. 1 and 2. The flangc also provides for the introduction

of the main furnace air through a side port and incorporates a thick metallic scrccl_

tlmt serves as a flow straightener.

Thermal load and pressure drop considerations were used to deternfine the dimen-

sions of the water-cooling jacket and the water flow rate in the injector. The bot-

tom part of the injector was insulated with specially machined low density alumina-

zirconia insulation. Finally a second air flow straightener was machined out of the

same low density alumina material, and placed in the annular space between the

injector and the tubalar furnace wall to break any large eddie vorticity, Fig. 2.

\,Vater and air flow metering devices have been mounted on wall-attached panels next

to the furnace, Fig. 1. Tap water is filtered and then channeled to the injector and

| t,he "O-ring" assemblies. Air is also filtered and regulated to 1 bar gage pressure'.

i The furnace main air flow is regulated by a Mathe_on electronic mass flow meter
(1-20 lpm), meanwhile the injector air flow is controlled by a needle-valve Ma,the.,o'n.

| rotameter (0.01-1.0 lpm). To control the composition of the oxidizing gas in experi-

i ments where oxygen concentrations other than 21%(air) are required two
a(lditionili

Gclman rotameters have been mounted in parallel to each other, (in series to tho

i previous two flowmeters) for controlling the nitrogen and oxygen flows. Lastly a fifth
| rotameter has been installed to control the particle quenching nitrogen that will be

i introduced to the particle collecting probe which is under construction.2 FLUID FLOW MODELLING Combustion experiments will be carried out in the
li

i experimental apparatus described above, the lmnilmr flow, drop tube furnace. Dc-spite the fact that the environment of this furnace is much more well characterized

i than real life turbulent coal burner it still presents considerable challenge to ac-
any

..| count for it. Even if the temperature of the furnace wMls in the radiation cavity has

Ii been shown elsewhere for a similar furnace to be relatively uniform (Y.A. Levendis

ii Ph.D. Thesis, 1988) the burning particle will also see the injector opening and wall,_;,
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tim second flow straightener, the fltrnace walls above and below the radiation cavity,

mid the exit opening or the collection probe at the bottom of the furnace. Tlle view

factor to all of these furnace parts will depend on the vertical position (and the radial

position) in the furnace where the particle ignites as well as the velocity profil,,s il_

i the furnace. The gas temperature that the particle burns at is "also varying during

burntime and is a function of the injector and furnace gas flowrates. To model tlm
'E

i velocity and temperature environment in our apparatus the "FLUENT" software

package, developed by Create (1989) was utilized for this purpose. Thus, we can ol)-

i tain numerical solutions for the gas phase by simultaneously solving the continuity,

i lnomentum and energy equations. In pm'ticular we are interested in the gas phase
environment near the tip of the particle injector where stcep velocity and gas telll-

perature gradients are expected. The progrmn can bc used to study the effects of the

injector and furnace flow rates, as well as the importance of tlm vertical position of

the injector and the flow straightener. Furthermore an other feature of this progrmn

can handle the introduction of a second phase i.e. a liquid drop or a solid particle.

Thence, the trajectory of the drop can be studied, and the time for vaporization

,and remaining solid he_t-up can be estimated. Moreover, crude estimates 1nay be

obtained for devolatilization and solid residue combustion.

A brief description of the calculation with FLUENT is given in the following: .4 f/hire

difference grid is set up which divides the domain o£ the problem into a number of

computational cells. Boundary conditions are specitled at the inlet and walls ot"

the domain. The partial differentia/equations arc reduced to a set of simultm2eous

adgebraic equations and an iterative scheme is used to converge to a stable sol_ztion.

A power law variation of the dependent variable is used to interpolate between grid

points and to calculate the derivatives of the ttow variables in order to c_dculate the

tlnite difference coettlcients. The iterative sd_eme is as follows: (i) The momentmn

equations are solved using input values from the previous iteration. (ii) The velocities
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at'e then adjusted to attempt to satisfy the continuity equation foi" the cell. (iii) The

energy equation is solved using the updated values o£ velocity and pressure, and

new values of temperature are obtained. After completion of this procedure for _fl"

cells, the program reports the error for each conservation equation, summed over til

cells in the domain and the procedure is repeated until this error has decreased to _

specified value. Physical property values are updated at each iteration if pressure or

temperature variations are significant.

Results obtained witll Fluent for one case are shown in Fig. 4a-c for an injector flow

rate of 0.5 lpm, main furnace flow rate of 2 lpm and a furnace wall telllperature,

T_, of 1500 I( in the radiation cavity. Tw at the regions were the top and bottom

insulation sections exist was assumed to decrease according to a linear ramp profile.

The entering temperature of air at the second flow straightener was set to 800 I( in

this case according to measurements made elsewhere (Levendis, Y.A., Ph.D. Tlmsis,

1988). In ali of these plots the scale in the radial direction has been expanded by

2.5 times. Fig. 4a and b depict the velocity profiles in the axial and radial direction,

respectively. In Fig. 4c temperature profiles are depicted. It can be seen tlmt tlle

effects of the injector air stream are greatly influencing the flow conditions inside the

furnace. Under these conditions it takes a length of over 20 injector inner (lia.llmtcrs

for the momentum of the jet to dissipate. The highest velocities are observed to take

place directly after the exit of the injector. It can also be observed that it takes ca. 5

injector diameters for the entering gas temperature to climb to the wall telnl)erature

of 1500 I(.
tl

Other cases are under investigation.

3 SINGLE DROP PRODUCTION Techniques to produce single droplets of coal-

water slurries are been developed in order to study the combustion behavior of the

slurries. All stages of slurry combustion are of interest to the present study, however,

emph_is will be given to the combustion of the solid agglomera.te char which remains
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upon the termination of the water evaporation ml(1 the devolatilization periods.

Under investigation m'e two different types of droplet generators: (i) one that utilizes

mechanical means i.e. the action of a phmger to push a small quantity (_f sl_lrry

out of an orifice, and (ii) a generator that utilizes electrically driven piezoelectric

transducers to generate a pressure wave and create a drop. Various configurations

of the latter design are shown in Fig. 4a-c, they all use the principle of the mfiform

break-up of a liquid jet when a periodic disturbance is imposed. To drive tlmse

generators a single pulse electrical signal generator has been constructed. This device

is capable of creating pulses having durations in the range of 1 ms to 1 sec, and

amplitudes up to 30 V.

The approach we will take in this selection is to evaluate each design qualitatively

with respect to certain design criteria then calculate the dimensions of the piezoelec-

tric elements required in each case to obtain a prescribed volume displacemellt. A

rough cost estimate will then be made for each configuration. The design crit('ria

¢'kre:

• Ease of construction - making electrical connections and connecting tlm tr_s-

ducer to the reservoir and capillary tube.

• Ease of use - filling with coal water slurries without air bubbles in tlle syst('lli,

emptying and cleaning.

• Effectiveness of transmission of the motion of the transducer to the fluid. This is

important in order to maximize the amplitu(le of the pressure wave and v()l_une

displacement.

• Effectiveness with which the primary pressure wave is transmitted to the orifice

- in other words eliminate as far as possible restrictions and obstructions wllich

could dissipate the energy in the wave, and provide a smooth flow path fro,n

the transducer to the orifice.

6



Preliminary tests with the design of Fig. 4a were not successful but work ii.1t,llis area

continues.

Finally, to g_fin understandhlg of the physical trallsformations that take phLc_"durillg

combustion of char agglomerates, partiMly bunmd agglomerates will 1)e r_'l_lc,v_,d

ft'ore the furnace by means of a water-cooled collector probe. Such a probe will be

constructed and will utilize nitrogen to facilitate "freezing" the combustion reactions.
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FIGURE 2. Schematic of the furnace m_¢l injector assembly.
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FIGURE 4: Numerical calculations for modelling the Ml" flow inside the drop tube

furnace, (i) vertical velocity profiles, (ii)radial velocity profilcs, and (iii) temperature

profiles. Conditions" furnace air flow-rate 2.0 lpm, injector flow-rate 0.5 lpn: mid T_

= 1500 I(.
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FIGURE 5: Three configurations of electrically driven droplet generators.
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