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A Numerical Simulation of Hazardous Waste Destruction in a Three-Dimensional 
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Abslract A predictive modal of carbon tetmctflofide (CC14) incineralion in a dtanp incinerator is described. An em- 
pirical model that incorporates tile dlemical !dnetic aspects of CC14 desb-ucfion is developed to describe the flame in- 
hibition characteristics of CC14, which is halogen compounds. Quantitative agreement is found between the predictions 
of the model and the measured values. Cavity hydrodynamics and flame stmc~re studies are made in a dump in- 
cinerator proposed in tiffs study. For the effective destruction of hazardous waste, the waste must injected in the 
recirculation region of high temperature with the condition of not disturbing the combustion cavity. The core flame 
has a significant impact on the structure of the reeirculation region, in some cases completely changing the nature of 
the flow within the cavity. The dump incinerator h&s good chaz-actefistics for the destulction of hazardous waste. These 
characteristics should lead to a very compact device, one wluch is potentially transportable or usable in a dedicated 
manner by a small generator. 
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INTRODUCTION 

]zlcmerafion is an attt-active alternative for the treabnent of sev- 
eral classes of toxic hazardous wastes. Particularly, dump incinera- 
tors located on the same site where the waste is generated usually 
have been considered because of less public oppositioi1 A dtanp 
combustor (see Fig. 1 ) is characterized by the sudden expansion 
of a fuel-air mNtta-e into a conlbnstic~l cavity fonned by a rear- 
ward facing step. This gives higher residence time in recirculation 
zone. Therefore it has enough reaction time for hazardous waste to 
be destroyed at tfgh temperature. A nlajor source of the hazard- 
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Fig. 1. The experimental dump incinerator system. 
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ous waste generated is from chemical industries producing plastics, 
herbicides, pesticides and chlolJnated solvmts. All of these processes 
produce a class of hazardous waste temled the dflorinated hydro- 
carbons (CHCs 1, either directly or from undesirable side reactions. 
A number of studies have been reported o,1 the CHCs combustion 
mechafism. In these studies, use h&s been made of shock tubes and 
small scale lalxratory flames [CYmdy et al., 1987; Morse et al., 1988]. 
These fundamental studies have proved that thellilal destruction 
is indeed a viable method for satisfying the EPA IEnvironmental 
th-otection Agency ) regulations requiring hazardous waste destruc- 
tion efficiencies to be greater tha,n 99.99 percent [OppelL 1987]. 

In addition to the fundamel~l studies, models have been devel- 
oped to predict the performance of incineration processes [Silcox 
mid Perctmg, 1 988; McKenty et al., 1999]. Howevel; these studies 
have made use of simplifying assumptions and do not provide de- 
tailed disbibufion of the tufoulent flow field, temperature and spe- 
cies concentration in the incinerator. Even though conventional fast 
chenfisby tta-bulent reaction models (for example, the conserved 
scalar method of Bilger mid the e @  breakup models of Spalding 
and Magnnssen and Hjertagerl have been propose& they do not 
describe the flame intfbidon ct~-actefisdcs of halogen components 
[Bilge1; 1976; Spalding, 1971; Magnussen and Hjertagm; 1976]. 

Thus, the effect of nonequilibfitan chenfisby is &s impartant &s 
flkat of ttabulent mKing, and an appropriate tta-bulent combustion 
model is to be used. Jang and Actmrya used a fast chemistry ~r- 
bulent reaction model for a prems CH4-CC14-air mixtta-e [Jang 
and Act~alya 1988]. The basic concept of the model is that the cle- 
slruction rate of CCL is directly propoitional to the reaction rote of 
CH4 over a limited range of CCl4 concenlration. The CH4 reaction 
rote is described by the phenomenological eddy breaknap model re- 
commended by [Magnussen and Hjertager, 1976]. However the 
model, which is essentially a fast chenlistly model, does not directly 
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inCOltxrate the nonequilibrium effects in a C3Hc-CCh-air flame. 
Given the colnplexity of the CHCs incineration process, a number of 
issues must be addressed before a practical incineration system can 
be put into operatiort A reliable predictive methodology needs to be 
developed to guide the developraent of  better incinerators. 

In the current work, a more realistic calculation has been made 
for tile C>H:-CC14-air reaction rate. To tim end, use is raade of tile 
relation between the burning velocity and reaction rate from the 
thermal theory of flame propagation [Glassman, 1977]. The per- 
fc~nance of the turbulent nonequiliblium reaction raodel developed 
in this study is compared with a dump incinerator Also we present 
the consmlction of a steady three-dimensional model of the dump 
incinerator with nonequilibrium reaction model developed in this 
study, and its use in characterizing the structure of the flame front 
and recirculation zone and CC14 destruction to provide the basic 
data for the design and operation of dump incinerator. 

EXPERIMENTAL APPARATUS AND PROCEDURE 

A bench scale dump incinerator used in the present e~xpel~llients 
(as shown in Fig. 1 ) is made of stainless steel insulated glass wool. 
Fuel Ipropane gas I and air are mixed and introduced into atrdliary 
burner arid waste injector, respectively. Hazardous waste (CC14) is 
injected through the waste injector only. This location is chosen on 
the basis of numerical simulation [Chun, 1999]. The carbon tetra- 
chloride is transported with the aid of a pumpless, "'blow-case'" sys- 
tem consisting of a pressurized liquid reservoir tanl~ a high preci- 
sion flow regulation valve, and COlTesponding gauges for monitor- 
ing pressure and temperature [Bose and Senkan, 1983]. 

The carbon tetrachloride is injected into the heated gas at a heat- 
ing unit. All the lines afar the liquid injection are also heated to pre- 
vent condensation of the carbon teWachloride. The combustion gases 
are COlNnuously withdrawn from the dump incinerator and through 
the sample loop in a gas chromatograph (Shmadzu 1 4131 using a 
vacuum pump. 

The gas analysis of C~H:, COh, s N2 is accoraplished by using 
Porapak Q and molecular sieve 13X columns with the thermal con- 
ductivity detector of the gas chromatograpl-t The gas analysis of CC14 
uses capillary DB-5 colunms with the flame iomzation detector. 
Absorptimetric Analyzer is used for HC1 analysis. Temperature meas- 
ureraents are taken using 0.3 mm Pt/Pt-13% Rh themlocouples with 
Data Logger IFluke 2625A). 

MATHEMATICAL MODEL 

Turbulence is modeled using the high Reynolds version of the 
two equation (k-el model [Latnder and Spalding, 1972]. This re- 
quires the solution of the Wansport equations for idnetic energy of 
turbulence k and its dissipation rate e. hi tim two-equation model, 
the "'Boussinesq'" gradient hypothesis is used for the second-order 
velocity fluctuation corrdation term and a Pmndtl-Kolmogorov re- 
lationstfip is used to correlate the turbulent viscosity to k and e. As 
recommended by Latnder and Spalding the presence of the near- 
wall viscous sublayer is resolved tirough the use of wall functions 
[Launder arid Spalding, 1972]. 

Special attention is focused on the modeling of the turbulent reac- 
tion in a preraixed CM:-CCI4-air flanie. The reaction rate of t i~ 
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mf-,~re is believed to be determined not only by turbulence mix- 
ing but also by chemical ldnetics. This is particularly true since CC14 
is incapable of a serf-sustaining flame due to the low enthalpy of 
combustion and its flame inhibitiort In order to resolve the non- 
equilibrium effects in Cy<-CC14-air flames, detailed cheraical !d- 
netic data is required Efforts have been directed toward this end, but 
as yet~ there is no well established chemical kinetic data available 
[CSmdy et al., 1987; Morse et al., 1988]. Thus, a detailed consider- 
ation of the kinetic rates is not quite warranted at this stage. Rather, 
an empirical raodeling approach is adopted in t i~ study. Fast chem- 
istry model is applied for turbulent reaction in premfxed flame, and 
thermal theory and the concept of burning velocity are used to de- 
scribe the flame inhibition characteristics of CC14 which is halogen 
compounds. 

Based on the themral theory of flame propagatioi~ the reaction 
rate (RRI can be related to the flame burning velocity (Sp by 

N= - (c~RR) ''~' (1) 

where o~ denotes the thermal diffusivity [Glassnran, 1977]. Burning 
velocity is available as a fimction of R (molar concentpation ratio of 
CC14 to C3Ha ) and 4} I equivalence ratio I in a laboratory Bunsen flame 
study [Valeims, 1982]. Utilizing Eq. I1 ) arid the rdationship be- 
tween S~ vs. R, the reaction rate expression of C~Ha-CCL-air mfx- 
ture can be obtained as a function of  R and 4} as 

In Eq. (2 I, ~'~u~lR=0 ~ described fast chemistry model only repre- 
sents the reaction rate of  C3Ha in a pure C~Ha-air reaction. 

For any value of R between experilnental data points, tile COlTe- 
spending burning velocity S~ is obtained by linear interpolation. Al- 
though another set of burning velocity data of C3Ha-CCl4-air mLx- 
ture is also available for various R and 0 values, this set of data is 
obtained in the water-cooled flat flame burner facility in which there 
are substantial amoutgs of heat exb-action at the base coralzared to 
that in a Bunsen flame experiment [Morse, 1984]. Since the mag- 
nitude of heat extraction has a significant effect on flame tempera- 
ture arid bta~mlg velocity the flat flame burner data is excluded in 
this study. 

The volumetric reaction rate of CMa (RRc;eal in a CMa-CCL- 
air mix-ture is given by the phenomenological eddy breakup model 
proposed by Magnussen and Hjertager, i.e., 

RRc;~, =minimum of pAmj~, pA--~s PA' m---m-a--e(1 +s)k (3) 

where p is the time-averaged density, s is the stoichiometric oxy- 
gen requirement by raass and A and A' are empirical constants given 
by Lockwood et al. [Lockwood et al., 1980]. 

In order to account for the C~H: reaction rate in C~M:-CC14-air mix- 
ture, the following expressions are used for the species raass fi-ac- 
tions appearing in Eq. (3). 

M~ 
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M .  I 
lno~ =1no, +mcc~, �9 ~ ,  and 

Once the CMa reaction rate is obtained, the individual species 
reaction Pates can be calculated by using the stoichiometric rmc- 
tion expression given by Eq. (5 I. 

CsI~.+2R CCla+5(O2+3.76N,) 
>(3+2R)CQ,+8R HCI+d(1 - R)~O+(5 �9 3.76)N, (5) 

InEq. (51~ as the R value increases the species mass fi-action ~ ..... 
and N,, decreases, which results in a reduced reaction rate and fi- 
nally tim reaction will be quenched for large R values. 

For example, CCL reaction rate (RRc,cz41 can be expressed as 

- -  - -  R. Mcc~, (6) 
RRcc~+ =RRc:~+-cc~,: :Mc:~ ~ +R. Mcc~, 

where M denotes the molecular weight 
Furthel; stoictiometric oxygen requirement (s) in E% (31 oral be 

expressed as 

5Mo, +4RMc~, 
s (7) 

Mc:~ +2RMc 

The six flux model is employed for Padiation heat tPansfer [Gos- 
man and Lock~voock 1973; Spalding, 198(I]. The products of gas 
combustioz~ such as CO: and H~C)~ are strozg selective absorbers 
and emitters, but they do not sca~er l-adiation significmNy. The ab- 
sorptivities of Ne and Oe are so small that tt~ese gases are ahnost com- 
pletely transparent to radiation. Absorption arid scaU_ezing coeffi- 
cient are used 1.45 m -~ and zero m -*, respectively. The emissivity 
of stainless steel, which is the material of dump incinel-ator, is (I.6. 

The composite radiation fluxes are defined as 

~ _(I +J~)~=(t~+L~.)  ~ _ ( M : + N : )  (8) 
2 " ~ 2 

where I~, J~ are l-adiation fluxes m positive and negative ~ial  (xl, 
K~, Le in positive and negative axial (y), M=, N: in positive and neg- 
ative axial ( zl~ respectively. 

With these definitions, the RTEs (radiative transfer equations) 
are given as 

d / l d R  ~ S 
-- / - - - - - ' /  :a(R~ F)+g(2a~ ay P~) 

dZa+s  dx : 

a+s dy : 

d 1 dP,. - +S(2p~ R: R,) {9) 

where a and s represent the absozption and scattering coefficienL 
respectively. 

The E is the black-body emissive power as 

E=S �9 T ~ (10) 

where S represents the Stefan-Boltzmann constant (i.e., 5.6678E- 
8 W / I n 2 K  4 ) a r id  T is absolute fluid temperature. 

The contribution of radiative heat transfer to the energy equation 
is a source term involving the divergence of the radiative heat flux. 
The energy equation source term is given as Eq. ( 11 I. 

S,o~=2a[t~+ P,>.+ t~. 6F] {11) 

Local residence lkne, particularly in the recirculation regio~ is 
an impoitant factor for the destruction of hazardous waste. There- 
fore it is required to calculate at any point within the calculation do- 
main, the time taken for the injected fluid to reach that point_ Local 
residence time, as a scalar variable 0 in Eq. ( 13 l, is calculated. The 
source is given by: 

Se:At~rh,, s pV~ :pVol  (12) 

where Vol is the cell volume, and rh,~; the mass inflow rate to the 
cell through a face j, where the summation is over all faces. All gas 
properties are calculated fi~in the CHEMKIN them~odynanfic data 
base [Kee and Jefferson, 1981 ]. 

CALCULATIONS 

T h e  nonLlnifolli1.  (xthogonal computational grid with physical 
dimensions is shown in Fig. 2. Inlet boundary condition is listed in 
Table 1. Coordinate stretctmg has been employed to increase tt~e 
grid density near the dump and heat exchanger planes becausse we 
expect fluid dynanfic effects to be important there. Cmd compac- 
tic~ is employed m the core flow to accuPately captue the flame. 
The grid size is 6 4 . 1 4  39. Calculations have been performed for 
a flame {see Table I )selected by computing a series of cases. 

The basic conservation equations for mass, momez~nln, energy, 
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Fig. 2. Computat ional  grid generation wi th  measurement  points 
and  phys ica l  d imens ion .  

Tab le  1. Inlet  b o u n d a r y  condi t ion  

Attxiliary bumer Waste injector 

Q~, Q~,, T,, 0,, V,, I,, Qh Q~ Q~ R T~ ~w Vw Iw 

0.8 19.1 353 1.0 1.87 5 0.2 1.2 15.2 0.6 353 1.0 3.51 5 

Lis t  of  s y m b o l s  

Q: : fuel flow rate (l/min) Qc 
Q~ : air flow rate (t/min) R 
T : mixture tempem~re 

(K) 0 
V : axial velocity (m/s) I 
S u b s c r i p t s  

m : main bumer w 

hazardous waste flow Pate (l/lffm) 
molar concentration ratio ofCC14 
to C3H: 
equivalence ratio 
turbulent intensity (98) 

waste injector 
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turbulence quantities, radiation fltLX and species concenlration can 
be expressed, in an Eulerian cartesian coordinate, as 

r~ s~ 
= ~,,t.F,~-,, + S, (131 _ ~t~ 

in ulrich ~b denotes general dependent variables per unit mass. The P~g 
dependent variables are the velodty components (ff V, W), pres- No~ 

" ( ~ 0 0 $ .  

sure (p), turbulent kinetic energy (k), dissipation rate (~), enthatpy . ~  
(h), composite radiation flux (R,, R~, P,. ), residence time (t) and m~ 
the mass fractions of chemical constituents (~e,v,, moe~, inca, _ _~_ 
moca, m~e, and N,ao ~ F~ md S~ represent the turbulent diffusion m ~  ( ~ ,  
coefficient and source teml, respectively. Expressions for the F, mo~ B~ 
and S~ are presented in Table 2 together w~la empkical constants (Uo, 
for all species mass fi'actions and enthalpy, where ~ denotes _ O~ 
turbulent Prandtl/Schmidt number, mao (~ao 

The solution of  the Eulerim gas phase equations is done by con- ~ g_~ 
trol vohme based finite diff~ence Irocedur~ A denied descfip- (y~ 
tion of this method is given by Patankar [Patankas, 1980]. In brief, 
the method requires the division of the computational demain into 
anumber of control volumes, each associated with agridprint. The 
govmaing diff~mtial ~xluafions in each control volume profile are 
approximated in each coordinate direction in this study, power-law 
scheme is employed for the discretization of the convection t~m 
appeared in the governing Eq. (13). 

A system ofdiseretized linear equations is solved iteratively due 
to the nonlinear feature of the equation implidty imbedded in the 
coettident of the diseretized equation. The composite radiation fluxes 

Table 2. Expression 
fraction 
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for l"# and Sr enthalpy and spedes mass 

- -  M o l r ~  

-R1L:,~-ec~- Me,~ +2R'Mee~ 

2R. Mee~ 
Mc,~ +2R'Mco~ 

5Mc~ 
Mc,a +2R'Mcc~ 

8R' M ~  
R R o ~ k , r  o og. ' 

Mc,~ +2R'Mcc~ 
Moo~ (3 +211_)RRo,~,-o~" 

Me,~ +2R'Mo~. 
MNo 

4 ( 1 - -  R ) R R o 1  ~ - ee~ 
M ~ s a  + 2 R ' M e e a  

H2-S:  
(20.4 +1.73R)- 10 ~ 

* H ~ -  44 +154.2R [I,'kg] 
Constant in Combustion Modds  

(;ee~ =(~ =0.9 
**S~ is in Eq. (8) 

in radiative Iranffer equations are solved by which the conduction 
t~rn (i.~, frost term ) m Eo~ (13) is om~ted. The residence time must 
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Fig. 4. Selected gm concentrations ~md t e m p e r a t e  along a center line o f ~ e  waste injector plume. 

be only be convected by the fluid, so that the diffusion term must 
be deactivated. Numerical w o e e ~ r e  for the differential equation is 
used by SIMPLEST (Semi-Implict Method for Pressure-Linked 
equations ShorTened) algorithm, which is a derivative of  SIMPLE, 
to ensure rapid converge [Spalding, 1988]. 

RESULTS A N D  DISCUSSIONS 

1. Comparison of Predictions ~ad Measurements  
Predictions of  a clump incinerator include flow-velodty distribu- 

tion, gas temperaure and concenlrations of  major species (c>,r-le, 
CC14, Oz, CO,, HCI etc). Detailed comparisons are made between 
selected model predictions and dump incinerator-probing meamre- 
ments as dry basis. 

Figs. 3 and 4 show selected gas concentrations and temperature 
at the centerline of  section A-A' (referred as auxiliary burner plane) 
and section B-B' (referred as umste injector plane) in Fig. 2, re- 
spectively. The points are the data in all the figures. Corresponding 
selected gas concentrations and temperature profdes appear in Figs. 
3 and 4, respectively. 

Fig. 3 shows the comparisons along auxiliay bumer plane. Meas- 
ured C~I-~ and Oz consumptions ave smaller than predicted, while 
measured CO, is lower than predicted in post flame region. This 
results because the reactions of  both C~I-I e and O, for experiment 
are slower than calculation. Therefore the overall flame length is 
larger thin predicted a~ canbe seen inthe peg: temperattwe in Fig. 3. 
That is why wall temperature boundary is not remnable, particu- 
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lady in the baffle plate uahich affects the auxiliary burner flame. It 
would certainly be possible to apply more suitable boundary mod- 
els but we have not pursued them [Peters and Weber, 1995]. 

Fig. 4 reveals that the agreement between the predictions and 
experimental data along a center line of  waste injector plane is re- 
markably good Particularly, agreement of  CC14 and HC1 means that 
the nonequilibrinm reaction model developed in this study may be 
satistie& Considering the complexity of  that ,aahish is being mod- 
elled` the agreement between the predictians and data is on the whole 
excellent 
Z Cavity Hydrodynamics  and Flame Structure 

To study the cavity hydrodynamics andflame slmc~re in adump 
incinerator, proposed in this study, we selected aflame by comput- 
ing a series of  cases. We are evaluating the use of  the recivculation 
region within the cavity as an oxidizing chemical reactor for the 
destruction ofhazardons u,astes by using the nonequilibrium reac- 
tion model developed in this study. Sdected results at center plane, 
auxiliary burner and w a ~  injector plane (see Fig. 2) are presented 
in Figs. 5-8. 

Velocity fields and local residence time contours are shown in 
Fig. 5. 

The arrows ofvelodty vectors indicate the direction of  the f low 
and the length of  the arrows are directly proportional to the magni- 
tude of  the velocity. When the m~mres at the auxiliary burner and 
saurogate injector respectively are introduced, large recirenlation 
region is formed within the cavity behind the remvard facing step. 
The formation ofrecirvmlation region is hnportant to have long re- 
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Fig. 5. Calculated vectors and local residence time contours. 

sidence time at high temperature for the desWaction of hazardous 
waste. Therefore tile waste injector has been located at tile point 
where recirculation region is not disturbed The core flame has a 
very significan~ impact on the sWacture of recirculation region, in 
some cases completely changing tile Fmture of the flow within tile 
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Fig. 6. Temperature and black-body emissive power contours. 
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Local residence time in recirc~lation region is more tilan 2 se- 
con&. Provided that the recirculation region edsts continuously in 
time, waste mkx0are injected into the recirculation zone will experi- 
ence a relatively long residence time m a high tenlperature, poten- 
tially reactive environment in comparison with that in the core. In 
an incineration application, we make use of tilis by rejecting waste 
directly into the recirculation region�9 

Fig. 6 depicts the tempem0are field and black-body power in Eq. 
( 101 of sic flux radiation nlodel. The highest telnperatule and black- 
body power are found between the flame front and the streamline 
separating the core flow from the recirculation zone. Both counters 
show same shape nearly. It means that block-body power depends 
on the absolute temperature. 

A lift and long core flame with low telnpa-atu~e is foamed in waste 
injector because of the inhibiting effect of CCL Therefore, most of 
the waste mL-,-ture burns in long flame-front and recirculation regior~ 
The inhibiting effect of halogens on die oxidation of hy&oca-bo~f 
air flames has been studied and defined by Westbrook and Dryer 
[1981] as the inhibitor provides competition for radical species, par- 
ticularly H atoms�9 Regardless of inhibi~g effect in waste injector, 
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Fig. 7. C3Hs, CCL, and O.~ concentrations. 
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the flame of the auxiliary burner bums stably. A tfigher tempera- 
ture could be maintained (i.e., more than 1,0(~)KI in the recircula- 
tion regic~ which is particula-ly effective for the clestmctic~t of haz- 
ardous waste, and in the heat exchanger. High te~nperattn-e in heat 
exchauger contributes to the complete destruction of CC14 which 
could not be destroyed in the recirculation region. 

The dump incinerator designed in this study guarantees com- 
plete desbvctio~ because most of the waste bum in the rech-cula- 
tion zone and complete bu~mtg is possible in the heat exchauge~: 
Also the latent heat in heat exchanger transfers to dump to increase 
the reaction rate of  mLxtta-e in att, dliary btn~tel-. 

CsH:, CC14 and Oe concentration plots are shown in Fig. 7. 
CsH: concenb-ation contotn-s near the auxiliary btnrter and waste 

injector have core shapes. The Cy< conce,m-ation is decreased grad- 
ually up to flame-front at which exists high temperature. However 
because the mixture is consumed by bu~mtg, they decrease &-asti- 
caUy fic~n the rear of flante-fiont. The CsH: concentration has been 
consumed at the exit completely. 

The destruction of CCI~ is achieved g~adually at the core flame 
in the waste injector. CC14 desmacfion increases drastically through 
the flante-fi-c~tt wtfich is high telnperatta-e. Remaining CC14 is de- 

Fig. 8. CO:, HCI and H:O concentrations. 

i!I 1 
!i. 

sb-oyed completely through recirculation region. 
Most of Oh is consumed through core flame. Remaining Ch enters 

either to recirculation to react with hazardous waste or to heat ex- 
changer to react with remained combustible components. TI~ oxi- 
dizing species must he supplied by difSasion across the flame-front 
separating the recirculation zone from core flow. 

It is important to have sufficient oxygen in the recirculation zone, 
because the intennediates created by the btnrmg of waste mNttne 
could have a chance to bum out. 

The contours of CCh, HC1 and H,O concentrations are given in 
Fig. 8. 

Cs is di'eLstically increased at both flmne-fi-onts, and is gradu- 
aUy increased in recimulatic~l by reaction, U20 is also increased di-as- 
tically at both flame fi-oigs. Higher Hs concentration shows par- 
ticularly at the upper of flame front in att-dliary bumeE The reason 
is that CI~ bums only at atrdliary btnrlel: HC1 is produced at long 
flame fi-ont in waste injector only clue to the desb-ucfion of CC14. 
The lower concentration in atedliary burner and heat exchanger 
stream is because the species produced in the flame fiont and re- 
circulation region is diluted through this region. 

Dump combustors are cha-acteiized by the sudden extension of 
a fuel-air mL, ctLa-e into a combustion cavity. Recirculation zones are 
typic@ stabilized within the cavity by the sudden increase in cross- 
section at the point where the fuel-ah- mNtta-e is introduced and the 
reactants are ignited. These zones contain mostly high temperature 
combustion products, and exchange mass and momerOml relatively 
slowly with the sun-oundmg gases. As a resul~ matter within the 
recirculation zone experiences a much longer residence time than 
that in the core flow Tiffs means that waste tinouch recirculafion 
zone could be destroyed with tugh temperattne. 

SUMMARY AND CONCLUSIONS 

An empirical inodel that incoipol-ates the ctiemical kinetic as- 
pects of CC14 destruction is developed and model predictions are 
compared with experimental data. Comparisons of the predicted 
and measured value are reasonable. Results indicate that the flame 
mtfibition fe~ure of the halogen compounds and the associated ld- 
netic effects must be incorfx-rateck as in the empirical model in this 
papel; in order to obtain realistic predictions. 

Cavity dynamics and flame structure are studied for a flame se- 
lected by computing a series of cases in the colnple, c hy&-odynamic 
envirolmlent of a dump incinerator designed in t t~  study. For the 
good deslruction of hazardous waste, it is effective that the waste 
is injected in the rech-culation region of tfigh telnperattne with the 
condition of not disturbing conlbustic~l cavity. The core flame has 
a sigifificant impact on the sb-ucttne of the rech-culation regioi~ in 
some cases completely changing the nature of the flow wittml the 
cavity. 

The dump incinerator has several good characteiistics in inciner- 
ation application of hazm-dous waste, whirl1 is halogen compounds. 
I tmay guarantee the good deslruction of hazardous waste due to a 
high degree of mLxmg wittml the recirculalion region and high te,n- 
pemture in heat exchangeE In addition, this has relatively long re- 
sidence time for hazardous wastes within the recirculation zone of 
high tempel-ature and radical conce~m-ations, or, equivalently, a rela- 
tively compact incinerator. These characteristics should lead to a 
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very compact device, one which is poterlially llanSlml-mble or us- 
able m a dedicated manner by a small generator. 
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