Korean J. Chem. Eng2(0(4), 670-678 (2003)

Computational Fluid Dynamics (CFD) Analysis and Experimental Study
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Abstract—We undertook numerical and experimental studies to develop a better incineration method for the destruc-
tion of CCl. A phenomenological model for the turbulent reaction of,G@luding a flame inhibition feature, has
been successfully incorporated into a commercial code, simulating the incineration processes of this compound. The
gaseous flow solution was obtained using SIMPLEST, a derivative of Patankar’s SIMPLE algorithm, with a k-
turbulence model. A modified fast chemistry turbulent reaction model was developed to describe the flame inhibition
due to the presence of GGtonsidering the corresponding burning velocity data of these mixtures. An experiment
was carried out on a 5.2 kW laboratory scale, transportable, cavity-type incinerator, which warrants a sufficient
residence time and effective turbulent mixing by the formation of a strong recirculation region in a combustor. To this
end, the specific configuration of the incinerator was manufactured to consist of two opposing jets and a rearward facing
step. The calculated data were in close agreement with the experimental data for the concentrations of major species,
such as CCland HCI, together with the temperature profiles. The experimental test gave the desired DRE of above
99.99%.
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INTRODUCTION In this study, a phenomenological model for the turbulent reac-
tion of CCl, including a flame inhibition feature, has been incor-
Incineration is an attractive altemnative for the treatment of severaporated into a commercial code (PHOENICS Version 3.3) to sim-
classes of toxic hazardous wastes. Particularly, a cavity-type incinemlate the incineration processes of this compound. We proposed an
ator, located on the same site where the waste is generated usually, balsanced cavity incinerator having a combustion cavity, as in an
been considered as an attractive incinerator for less opposition froraxidizing chemical reactor, while a steady three-dimensional model,
the public. A cavity incinerator is generally characterized by theconstructed for this study, was used to find the characteristics of
sudden expansion of a fuel-air mixture into a combustion cavitythe flame structure, combustion cavity and &fEktruction. Sys-
formed by a rearward facing step. This gives higher residence timéematic parametric studies were made in order to obtain useful in-
in the recirculation zone. Therefore, it has a long enough reactiofiormation for optimum design, and operating conditions. Further
time for hazardous waste to be destroyed at high temperature.  experimental tests, in the 5.2 kW laboratory scale incinerator, were
Models of industrial boilers have been developed to predict thecarried out to use in these comparisons and to demonstrate the at-
combustion process performance [McKenty et al., 1999]. Howeverfainment of the desired DRE, of above 99.99%, before being ap-
these studies have made use of simplifying assumptions and do nplied to a full-scale plant.
provide detailed distribution of the turbulent flow fields, tempera-
ture and species concentrations in a combustor. In addition, analyti- EXPERIMENTAL APPARATUS AND PROCEDURE
cal studies of the combustion dynamics in the cavity incinerator
have recently been carried out [Liou et al., 2001; Stone and Menon, The experimental apparatus used in the present study is shown
2001]. However, a phenomenological model for the turbulent reacin Fig. 1, as well as details of the dump incinerator.
tion of CCl, including flame inhibition feature, has not been stu- The 5.2 kW insulated, castable, laboratory scale incinerator was
died with CFD (computational fluid dynamics) analysis, which would constructed to use in these comparisons and to show the attainment
simulate the incineration processes of Cklbst past studies have of the desired DRE, before application to a full-scale plant. It was
focused on flame stability and DRE (destruction and removal effi-designed for making detailed measurements in the combustion cav-
ciency) [Gutmark et al., 1996; Cole et al., 2001], but did not utilize ity, having 16 sampling ports.
the large hot recirculation zone in the combustion cavity, as in ox- Fuel (CH) and air were mixed and introduced into the auxiliary
idizing chemical reactors, for the destruction of hazardous wastedurner and waste injector, respectively. And the hazardous waste
Use of the combustion cavity in the cavity incinerator, for greater(CCl,) was injected through the waste injector only. The proper lo-
destruction of hazardous waste, requires the development of a corations of the injector were determined from the previous work of

pact incinerator. the main author of this paper [Chun, 1999; Chun et al., 2002].

The CC] was transported with the aid of a pumpless, “blow-case”
To whom correspondence should be addressed. system [Bose and Senkan, 1983], consisting of a pressurized liquid
E-mail: ynchun@chosun.ac.kr reservoir tank, by high-pressure nitrogen gas, a high precision flow
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Fig. 1. The experimental setup.

regulation valve, and corresponding gauges for the monitoring othe two equation (K} model [Launder and Spalding, 1998]. This
pressure and temperature. The G@s injected into the heated requires the solution of the transport equations for kinetic energy of
gas at a heating unit. All the lines, after the liquid injection, wereturbulence k and its dissipation ratdn this two-equation model,
heated to prevent condensation of the,CCl the “Boussinesq” gradient hypothesis is used for the second-order
Gas sampling was achieved by the two procedures shown in Figeelocity fluctuation correlation term and a Prandtl-Kolmogorov re-
1. One was used for gas species,(@d, O,, CCl, NQ, etc.) and lationship is used to correlate the turbulent viscosity to k.and
the other for HCI only. The combustion gases were withdrawn from  Special attention is focused on the modeling of the turbulent re-
the dump incinerator by using a vacuum pump, through glass wodhction in a premixed CHCCl-air flame. The reaction rate of this
(to remove soot) and electric gas cooler (to condense vapor), anahixture is believed to be determined not only by turbulence mix-
sampled, at time intervals, through a sampling loop in a gas chroing but also by chemical kinetics. This is particularly true sincg CCl
matograph system (Shmadzu 14B). However, for the sampling ofsincapable of a self-sustaining flame due to the low enthalpy of
HCI, the gas was absorbed in an absorption bottle, containing sodeombustion and its flame inhibition. In order to resolve the non-
um hydroxide. equilibrium effects in CIHCCl-air flames, detailed chemical kinetic
The analysis of CKHICO, O, and N gases was accomplished data is required. Efforts have been directed toward this end [Cundy
by using gas chromatography with Porapak Q and molecular sievet al., 1987; Morse et al., 1988], but, there is no well established
13x columns and thermal conductivity detector. Detection of wastechemical kinetic data available so far. Thus, a detailed consider-
destruction in the device was made by using DB 5 capillary col-ation of the kinetic rates is not quite warranted at this stage. Rather,
umns with flame ionization detector to measure,@Ektruction an empirical modeling approach is adopted in this study.
(sensitive to 100 ppm), yielding a maximum detectable DRE of ap- Fast chemistry model is applied for turbulent reaction in pre-
proximately 5.7 nines. N@nd CO gases were continuously mon- mixed flame, and thermal theory and the concept of burning veloc-
itored by NDIR (Non-dispersive infrared) analyzer (CAI-ZRF). To ity are used to describe the flame inhibition characteristics qf CCI
measure HCI, the solvent, including this gas, was made the sanwhich is a halogen compound.
ple, while mecury () thiocyanite [Hg(SCN)and iron (lll) am- Based on the thermal theory of flame propagation [Glassman,
monium sulfate [F£SQ);(NH,),SO, H,O] were added to the sol- 1996], the reaction rate (RR) can be related to the flame burning
vent to giving a color. Absorptiometric analysis was achieved withvelocity by
UV-visible spectrophotometery (U.V. Shimadzu 160A).

: S~(aRR)* @)
Temperature measurements are taken using 0.3 mm Pt/Pt-13%
Rh thermocouples with Data Logger (Fluke 2625A). wherea denotes the thermal diffusivity.
Burning velocity is available as a function of R (molar concen-
MATHEMATICAL MODEL tration ratio of CClto CH,) and¢ (equivalence ratio) in a labora-

tory Bunsen flame study [Valeiras, 1982]. Utilizing Eq. (1) and the
Turbulence is modeled by using the high Reynolds version ofrelationship between,8s. R, the reaction rate expression of-CH
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CCl,-air mixture can be obtained as a function of R@as

_2M,, t2RM.,
S 7
50 Mcn, *RMc @
RRow, el atw:%ﬂ"—xﬁmhw ) The six flux model for radiation [Spalding, 198)kmployed
o] for radiation heat transfer. The products of gas combustion, such as
Colleg, CGO, and HO, are strong selective absorbers and emitters, but they

In EqQ. (2), RRewjr-0, described fast chemistry model only repre- do not scatter radiation significantly. The absorptivities o

sents the reaction rate of CiH a pure Chtair reaction. For any O @re so small that these gases are almost completely transparent

value of R between experimental data points, the correspondinéP radiation. Absorption and scattering coefficient are used, I:45m

burning velocity Sis obtained by linear interpolation. and 0, respectively. The emissivity of stainless steel, which is
The volumetric reaction rate of GKRR.,.) in a CH-CCl.-air the material of dump incinerator, is 0.6. The contribution of radia-

mixture is given by the phenomenological eddy breakup model protive heat transfer to the energy equation is a source term involving
posed by Magnussen and Hjertager [1976], i.e., the divergence of the radiative heat flux. The energy equation source
term is given as Eq. (8).

=— - - &= M,E My -
RRcy, =minimum of pAmqu, PA S K PA (l—:s—)f‘ 3) S.c=2a R *+R, +R, ~6E] ©®)

wherep is the time-averaged density, s is the stoichiometric oxy-WheLe ais absorption coefficient, E the black-body emissive power

gen requirement by mass and A andr& empirical constants given andR, R, R, composite radiation fluxes.
by Lockwood et al. [1980].

In order to account for the Glréaction rate in CHCCl,-air mix-
ture, the following expressions are used for the species mass frac-
tions appearing in Eqg. (3).

CALCULATIONS

The non-uniform, orthogonal computational grid with measure-
ment points and physical dimensions is shown in Fig. 2. Inlet bound-

S M. . %MCIz and ary conditions according to the flame types are listed in Table 1.
fu e ek Rﬁm’ RV P Coordinate stretching has been employed to increase the grid den-
M, =M, Mo Mg, @ sity near the dump and heat exchanger planes because we expected
Once the CHreaction rate is obtained, the individual species Unit:
reaction rates can be calculated by using the stoichiometric reas 30 _ 190 ~ (1% Waste  secton  Waste
tion expression given by Eq. (5). - ol F e
. ) HEEEEE LT e e il :
CH,+R CC|+20,+7.52N ° i entralposion plane ! iﬁ ﬁ
B H O
—(1+R)CQ+4R HCI+2(+ R)H,0+7.52N ) e | Auitry bumer i :5@ g
Moy K TTT L e sl
In Eq. (5), as the R value increases the species mass fagfion izt Recrié;ﬂ?‘"m S HHIER tist
andm,, decreases, which results in a reduced reaction rate and |8 [iem HT b el
nally the reaction will be quenched for large R values. R in8 MLULLENE snaan ; 12 §
. pp— | EEEE N
For example, CCleaction rateRR.c, ) can be expressed as g : R 12 iﬁ
" 0 i NN 1 ICenter,
— RIM o o 1 L _cavit o f 2
RRcc, = RRen-col X =———o— 6) 8 - famel - Dump plane= PR & % :
M CHa *R [MCC‘A Outlet e A --\uxl‘l;l;:ylgumer 3 . Au.nsxilia i
‘ 35 I_I 10 20: ¢ I bumer *| ' Setion

where M denotes the molecular weight.
Further, the stoichiometric oxygen requirement(s) in Eq. (3) canrig. 2. Computational grid with measurement points and phys
be expressed as cal dimensions.

Table 1. Inlet boundary conditions for flame type

Auxiliary burner Waste injector
Flame type
Qfm Qam (Rn Vm wa ch Qaw R (RN Vw
Flame S 2.0 19.0 1.0 4.47 4.0 1.6 38.1 04 1.0 412
Flame 1 2.0 19.0 1.0 4.47 4.0 3.3 38.1 0.9 1.0 4.31
Flame 2 2.0 19.0 1.0 4.47 4.0 1.6 47.6 0.4 0.8 5.02
[List of symbols]
Q:: fuel flow rate [/min) Q.: air flow rate [/min) @. equivalence ratio
Q.: hazardous waste flow raténGin) R: molar concentration ratio of CG&b CH, V: inlet mixture velocity (m/s)
[Subscripts]
m: auxiliary burner w: waste injector
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fluid dynamic effects to be important there. Grid compaction wasproximated in each coordinate direction; the power-law scheme was

employed in the core flow to accurately capture the flame. The gricemployed for the discretization of the convection term appearing

size was 64x12x40. Calculations have been performed for the ran the governing Eq. (9).

ference flame (referred to as Flame S) and were selected by com- A series of discretized linear equations were solved iteratively

puting a series of cases (See Table 1). Also, the effects of varying ttdue to the nonlinear feature of the equation implicitly imbedded in

molar concentration ratio of C@b CH, (R) (referred to as Flame  the coefficient of the discretized equation. The composite radiation

1), and the inlet velocity of the waste injector)((feferred to as  fluxes in RTEs (radiative transfer equations) were solved in rela-

Flame 2), are important factors for the design and operation of théon to the conduction term (i.e., first term) in Eq. (9) omitted. The

cavity incinerator, so they have been calculated. fluid must only convect the residence time, so that the diffusion term
The basic conservation equations for mass, momentum, energig deactivated. The SIMPLEST (Semi-Implicit Method for Pres-

turbulence quantities, radiation flux and species concentration casure-Linked equations ShorTened) algorithm, a derivative SIM-

be expressed, in an Eulerian Cartesian coordinate, as PLE, was used for the differential equation numerical procedures

- [Spalding, 1988], to enclosure rapid convergence.

0, - _ 0000

S PuD =Bt ©)
' ' ' RESULTS AND DISCUSSIONS

in which ¢ denotes general dependent variables per unit mass. The

dependent variables are the velocity componénts (W, , ), prest. Comparison of Predictions and Measurements

sure p ), turbulent kinetic enerdy ( ), dissipation rate ( ), enthalpy Predictions of a dump incinerator include flow-velocity distribu-

(h), composite radiation fluxy, R, R, ), and the mass fractions tion, gas temperature and concentrations of major specig<GCH

of chemical constituentsi.,, Mcc. Mo, Meo, Mg aml, ). O, CO,HCletc).

I, and $ represent the turbulent diffusion coefficient and source Detailed comparisons have been made, between the selected mod-

term, respectively. Expressions fgyand $ are presented in Table el predictions and dump incinerator-probing measurements, on a

2, together with empirical constants for mass fractions and enthalg

ies of all species, wher denotes the turbulent Prandtl/Schmidt 60 ey 2000
number. In Table 2, Hs a low calorific value, given by Eq. (10). 55 F ] 1800
L =(8.02+173Rx10° 10 O 5
v 16+154R (10) 45 F 7169
. _ 40 F ] <
The Eulerian gas phase equations were solved by a control Vog 4. £ 71400
ume based finite difference procedure. A detailed description of this& 20 b 1 1200 2
method is given by Patankar [1980]. In brief, the method requiress’ 05 3 ] g
the division of the computational domain into a number of control © 20 E 4 1000 g
volumes, each associated with a grid point. In this study, the gov i Predit ] =
erning differential equations in each control volume profile are ap- 5 ® D:ia' 'ons 800
10 ® ]
N 4 600
Table 2. Expressions of , and §, for enthalpy and species mass 0 ........ 400
fractions 0 2 4 6 8 10 12 14 16 18
P r, S, Distance (cm)
T — Vi (a) Auxiliary burner plane
— Hett. _ CHs
T o, R RO 00
m Herr PP RMcc ]
T oy R R, 00
= ey DD MOz
Mo, == —2RRen.—co, it ]
© Oo, e Mcn TRMcc, ’g ] 800 <
m ﬁ 4@ B REMHU % ] E
Meo, = (1+R)R_RCH -ccl W g ] o0 ‘g.
Oco, T Mo, TRMMcg, 6‘* ] g
m Mo PP P M0 O 1600 =
™o o, ATRRRef iR :
h Her R_RCHa’CCM[H-I;u _S:;d 7500
O
., _(8.02+1.73Rx10° 1 400
Fh = 16+154R [Vkd 0 2 4 6 8 10 12 14 16 18
Constant in combustion models b WD'Sttar:,e (f":) lan
O—CHA:O—Oz:O—HCI :O—COz:O—Hzo :11 O—CCM:O—h :09 ( ) astet jec ° pa ©
" S.qisin Eq. (8) Fig. 3. Comparison between predictions and experimental data.
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Fig. 3 shows selected gas concentrations and temperature at t I
centerline of the auxiliary burner plane and of the waste injector
plane, respectively. The points are the experimental data in all thi

18311 — [ 2>
304.:[

figures. The overall agreement between predictions and experimer ,gﬂ e s
tal data were found to be good, as shown in the figures. Conside [ e ! =
ing the complexity of that which is being modeled, the agreement g [ s
between the predictions and data is on the whole a pertinent af S =
proach. -, =

In order to resolve the non-equilibrium effects in &LK,-air % [/
flames, an empirical modeling approach was adopted in this study __ °\§ 1258 g
However, the flame burning velocity,, 9n Eq. (2), used a fully _fu ' - -
developed laminar flame from the laboratory Bunsen burner [Valei-Otet  Auitiary bumer - [Temperature (K) for R=0.0] nimer™f  &&ion
ras, 1982], owing to a lack of available data for turbulent flames. If Waste injector AR Wase
the detailed data of flame burning velocity, which is considered & | R (et
turbulent effect, had been used for the calculation of reaction rat \ ( mu.s\/ ‘%é ;:
in Eg. (6), more reasonable predictions may have been achieved. '@s@}~ o X 3 |

1253

2. CFD Analysis
2-1. Cavity Hydrodynamics and Flame Structure
The cavity hydrodynamics, and flame structure, in a cavity in- /

11479

893 5. 1620.8

g’

cinerator were studied with Flame S, as being good operating cor
ditions, as selected by computing a series of cases. The inlet strea
conditions of Flame S are a molar concentration ratio of ©Cl
CH, (R) with an inlet velocity at the waste injectogéf 0.4 and - _ 1024.5
4 m/s, respectively. b Q 125370478

Selected results at the center plane, auxiliary burner and wasioutlet Auxiliary bumer  [Temperature (K) for R=0.4] Audiavg ~ B-B'
injector plane (refer to Fig. 2) are presented in Figs. 4-6.

\elocity vector fields are shown in Fig. 4. When the mixture is in-
troduced at the auxiliary burner, a large recirculation region is formec.
within the combustion cavity by the rearward facing step. The for-some cases completely changing the nature of the flow within the
mation of this recirculation region is important for a long residencecavity.
time, at high temperature, for the destruction of hazardous waste. Fig. 5 presents the temperature field contours for R=0.4 (i.e., Flame
A recirculation zone is built up at the right of rearward facing step,S) and R=0.0 (i.e., pure Clffame) to see the inhibiting effect of
by inflowing waste at the waste injector. This may aid the flame atCCl,.
the waste injector to burn more stably, by giving latent heat to the In the case of R=0, where C@ not introduced as a surrogate
inflowing waste mixture. at the waste injector, both the flames of auxiliary burner, and waste

The cavity hydrodynamics are related to the incinerator configu-injector, burned stably with higher temperatures than when R=0.4,
ration and aspect ratios [Chun, 1999; Chun et al., 2002]. Furtheparticularly at the waste injector.
the inflowing mixture conditions at the auxiliary burner, and the  However, for Flame S when R=0.4, a lift flame with a lower tem-
location of the waste injector, in the combustion cavity, have a veryperature was formed at the waste injector due to the inhibiting ef-
significant impact on the structure of the recirculation region, infect of CCJ. Therefore, most of the waste mixture burns in the re-

circulation region. The inhibiting effect of halogens on the oxida-

tion of hydrocarbon/air flames has been studied and defined by West-
¥ inector brook and DryeWestbrook and Dryer, 1981], who suggested the
o inhibitor provides competition for radical species, particularly H
‘ atoms. Regardless of the inhibiting effect at the waste injector, the
flame of the auxiliary burner burns stably. It could maintain higher
temperatures in the recirculation region, and the heat exchanger,
being particularly effective for the destruction of hazardous wastes.
High temperature in heat exchanger contributes to the complete de-
struction of CCl that could not be destroyed in the recirculation
region.

As a result, the cavity incinerator designed in this study may guar-
antee complete destruction, because most of the wastes burn in the
recirculation region, and complete burning is possible at the heat
sectian exchanger.

Fig. 4. Calculated velocity vector fields. Fig. 6 presents selected gas concentrations in a cavity incinerator.

1575 1507.8
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Fig. 5. Temperature field contours for R=0.0 and R=0.4.
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Outlet  Auxiliary burner [CCl, concentration (ppm) | Distance from waste injector (cm)
Waste injector Fig. 7. Selected predictions for Flame 1, with R changed to 0
_-3,0
/9.30 ? 20 ¢
E 18f
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Q© < +- 16 F
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v o 12F
3 Rl
& 4 g of
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A O T 2
< 4 & ° ol '
o YT A = 0 2 4 6 8 10 12 14 16
utiet uxiliary burner [ HCI concentration (%) | Distance from waste injector (cm)
Fig. 6. Selected gas concentrations. ARRNACE LA AR AL R L RS 150
14 F 1+ E
E 4 140
12 F :I ' ; RRCH,,-CCL'E 130
. . - Y gl = 4
The CC] decreases drastically toward the flame-front, whilg CCl <10k N R .- 4120
inflowing from the waste injectatecreases gradually within the 8 Tk - E 10
. .. S 1 1 R
core-shape mixture flow. Remaining C&lcompletely destroyed 508 f \) e 1100
through the recirculation region and heat exchanger. DRE yieldet IEE 3 Rap 3 w
from CCl, concentratiois 99.99% at the outlet. GQlestruction 0400¢ 06 . R
of 99.99% is of the same orders required by the EPA of 99.99% 03%F ., : L S v 380
(“4 nines”) DRE for hazardous waste incinerators [Oppelt, 1987]. g'gzg 3 s L y .37
Most of the HCl is produced at the long flame-front in the core- 0'38 " 02 F & S 60
type flow of the waste injector, due to the destruction of the inflow- 55 00 bt N
ing CCl,waste at the injector only. The lower concentrations at the 6 2 4 6 8 10 12 14 16

auxiliary burner and heat exchanger stream are because the spec Distance from waste injector (cm)

produced at the flame-front of the auxiliary burner and recircula-Fig, 8. Selected predictions for Flame 2, with \changed to 5 mys
tion region are diluted.
2-2. Effect of Varying the Parameters
Parametric studies were made in order to resolve the effects afhown in Fig. 7, and indicate the effect of the molar concentration
the molar concentration ratio of C& CH, (R), and the inlet ve-  ratio of CC] to CH.
locity at the waste injector (Y. For Flame 1, R was increased to  The concentrations of Cldnd Q near the waste injector are low-

0.9, and for Flame 2, Mvas increased to 5 m/s. er when R=0.9 due to inflow having a lower mole fraction. This
Figs. 7 and 8 show selected predictions along a centerline of thend is reversed due to the much greater inhibition of the species
waste injector plane for Flames 1 and 2, respectively. destruction. Therefore, the temperature is significantly depressed,

The selected predictions for Flame 1, with R changed to 0.9, arshowing much higher CQloncentration. This gives a DRE at the

Korean J. Chem. Eng.(Vol. 20, No. 4)
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-
[9;]

outlet of 95.98%, which is much lower than EPA requirement [Op- L o3 aans Sunad saans annd LAMMS RAsn) LAMMD LANE) LAMMM ARE) 14
pelt, 1987]. :
We can see that the choice of an operational parameter, such
chlorine to hydrogen loading (C&ZIH,), at the waste injector is
an important factor in CCtestruction in a cavity incinerator.
Selected predictions for Flame 2 witly shanged to 5.02 m/s,

©“S2I8ar
CO, concentration (%, 2% O,)
J
)
o

DREs (no. of nines)

as shown in Fig. 8, to see the effect of the inlet stream velocity. 18 q
The destructions of Cldnd CCJwere higher than in Flame S. 17 J1102
This was due to higher turbulent mixing due to the increased inle 3 g -1 100 8
stream velocity. As mentioned earlier, the reaction rate for the cas 1,4 =90
of slow chemistry is believed to be determined, not only by turbu- - 13 - 80
lence mixing, but also by the chemical kinetics. For Flame 2, the F F 12 770
value at the waste injector, which plays a part in flame inhibition, ST T, 1 - 60
is unchanged. Therefore, the reaction rate for this flame has mo: 0 05 0.55 0.6 0.65 0.7 0.75 0.5 0.85 0.9 0.95 1 ° =50
effect on the turbulent mixing, although the R value calculated in Core equivalence ratio
the cavity incinerator is slightly decreased by greater combustion () DREs and selected species concentration
Turbulent mixing may be represented by the inverse of eddy break ey 1500
up time,g/k as in Eq. (1). As the Reynolds number (i.e., inlet streamgv 140 1400
velocity) increases, the turbulence scale, from isotropic turbulencee 150 1 1300
theory, is expected to decrease. A turbulent flow at a relatively higr 3 1200 &
Reynolds number has a relatively fine, small-scale, structure comé 100 T ] 1100 %
pared to a turbulent flow at a lower Reynolds number, but with the'z 4, ] =
same integral size. Therefore, as inlet stream velocity increases, 2 1 1000 2
reaction rate (i.eRRcy.-cc, ) in Eq. (1), which is proportionad/to % 60 1 900 g
k, is expected to increase. As a result, the DRE of 99.9992% atthg ,, | {800 ¥
outlet is thus five orders of magnitude above the EPA requiremen8 ! 4 700
[Oppelt, 1987]. g 20 | 600
In spite of greater combustion, a highec@nhcentration remains 0 T T T T T T TR 500
due to the excess air introduced at the waste injector, by decreasi 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
the equivalence ratio to 0.8. Generally, the conventional incinera Core equivalence ratio

tion strategy introduces excess air to ensure complete combustic (b) NO, and gas temperature

of the waste stream. However, we can see that it is not a gOOd aF|g 9. DRES, selected Species measurements and temperatul
plication to the incineration of CHC's because of the following Dea- a function of core equivalence ratio at auxiliary burner.
con reaction [Jones et al., 1966].

2HCI +%Oz - Cl,+H,0 (11) 0.95, which showed the maximum concentration of @@h closer
stoichiometry, the primary reaction at the cavity plane produces a
Excess oxygen can lead to pure chlorine gas, which is more difhotter reaction, resulting in an increase in the rate of destruction of
ficult to scrub out of stack gases than HCI. CCl, in the recirculation region. Further, even though the highest
3. Experimental Test destruction was shown in conditions with excess air, DRE at which
Experiments were conducted to show the attainment of desirethe core equivalence ratio was 1.0 (in the case that the total equiv-
DRE, before the application to a full-scale plant. All data in Figs. 9alence ratio was 1.0), was five orders of magnitude greater. This
and 10 are mean values measured through replicate experimentsmeans our cavity incinerator with closer stoichiometry could achieve
Fig. 9 shows species concentrations, DRES, and temperaturedestruction above the EPA requirement of 99.99% (“4 nines”) DRE
according to the variation of core equivalence ratio of the auxiliaryfor hazardous waste incinerators [Oppelt, 1987], in which no pure
burner. The equivalence ratio at the waste injector and the molatchlorine gas is produced by the Deacon reddtimes et al., 1966].
concentration ratio of CClo CH, were both 1.0. However, thermal NQ which is produced at higher tempera-
As one would expect, the concentration of,@@reased with  tures, as shown in Fig. 9(b), increased with the increase in the CCl
the increase in core equivalence ratio (accomplished here by increadestruction rate. These observations suggest thermahhgd be
ing the auxiliary fuel flow rate), while the CO concentration was controlled by other technology, for example, an external oscillation
almost unchanged with excess air. The maximum value ph@®  [Cole et al., 2001] for low emission control.
shown at a core equivalence ratio of 0.95, as shown in Fig. 9(a). Fig. 10 shows DRES, species concentrations and temperatures,
The DRE profiles were expected to show a similar pattern to thaiccording to the variation of the molar concentration ratio of CCl
of CQ, indicating good combustion. The highest destruction wasto CH, The core equivalence ratio for the auxiliary burner and waste
shown as 5.6 nines, with a core equivalence ratio of 0.8. This mainjector were both 1.0.
be the detection limit of the GC for CClherefore, it is quite pos- DREs, NQ and temperature decreased with the increase in the
sible that higher destruction was achieved with a core air ratio ofnolar concentration ratio of Cab CH, while CO concentrations
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220 7 gy 200 pure chlorine gas, is more difficult to scrub out of stack gases than
< 200 : ion lim 1 HCI : -
S 180 6 | Detection imit ] The DREs in our 5.2 kW laboratory scale cavity incinerator were
X 160 F 5 {150 five orders of magnitude above the EPA requirement of 99.99%
o o ] o) (“4 nines”) DRE for hazardous waste incinerators [Oppelt, 1987].
2 140 E 1125 » However, thermal NOproduced at high temperatures, increases
‘Z’, 120 Z 1 100 (; with the increase in CQtlestruction rate. To achieve low emission
§ 100 F £ 1 g combustion in a cavity incinerator, thermal Ni@ust be controlled
< sofFd | 175 & with other technology, for example, an external oscillation [Cole et
§ &0 s 2 - —=— DREs ] o al., 2001].
= F —e—NO, %0
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