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A Study on .NOx Pollutant Reduction and Combustion Characteristics
of Impinging-Jet-Flame Combustion Process(1I )
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S, M. Cha, L S Jeung, K. K. Cho

ABSTRACT

It has been generally acdepted that NOx formation increases as the maximum temperature or cor-
respondingly the maximum pressure of a combustion system increases. Recently some exceptional
Iexperimental results have been reported that under certain circumstance NOx formation could be
reduced while the maximum pressure was increasing by varying the methods of combustion for
the same kind of premixed gases. Until now that kind of results have been acquired only for the
case of a dual opposed prechamber. But the mechanism has not been clearly understood yet.

3D computer simulation has been tried to clarify the mechanism. For this purpose KIVA-1 has
been modified and applied to the model combustion chamber with which the same kind of experi-
mental works have been. done by the authors, A good agreement with the ei:perimental results
was achieved with the spatial and temporal resolution which is hard to be obtained by the experi-
mental methods. And it was observed that for the dual opposed prechamber case the time for the
NOx formation, which is non-equilibrium reaction, is shorter than any other case by an appropri-
ate mixing process in the main combustion chamber. The shorter time reduceed heat loss through
the combustion chamber walls and thereby obtained the higher maximum pressure.

F07]480] : NOx, dual opposed prechamber, computer simulation,

Nomenclature A;,T", Ap,,T“': Pre-exponential factors
- ] : Dimensionless quantity used in con-
Alphabetics
oh junction with PGS method
* ettt Yozt Qmr, b Integral .stoichiometric coefficients
* 45, Meudy $F9FE for reaction r

A4, Mgt FFFF(A Cu : Empirical constant with a standard
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value of 0.09

. Specific heat at constant pressure
: Specific heat at constant pressure

for species m

: Specific heat at constant volume
: Diffusion coefficient
: Forward and backward activation

temperatures

: Specific enthalpy for species m
: Heat of formation for species m at

at absolute zero temperature

. Unit dyadic tensor

: Specific internal energy
: Specific internal energy for species m
: Heat flux vector

: Thermal conductivity

: Concentration equilibrium constant
: Turbulent kinetic energy

: Forward and backward reaction

coefficients

: Fluid pressure

. Prandt]l number

. Rate of chemical heat release

: Negative of the heat of reaction

at absolute zero temperature

: Universal gas constant
: Temperature

: Time

: Fluid velocity vector

: Molecular weight of species m

Greeks

: Dissipation rate

: Second viscosity coefficient
: First viscosity coefficient

. Total mass density '

: Mass density for species m
: Viscous stress tensor

: Reaction rate 7-th reaction
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Table 1 Coefficients of Kinetic Reaction'?

A T &
Resction | cearisen)| ¢ |0 /mole |
CHy+5(0,+ 376N
L e diosaay, | BB | 0| 154
2 Ot IN-IN+INO | 15687E14 | 0 | 56198
3 O4N-IN+NO | TS00EIZ | 0 | o
§ DANSIHNO | 28484810 | 10 | 49376
5 20+ Npe-20+NO 16000809 | 10 | 16352
6 NeH20H-2H+2NO | 2123014 | 0 | 47384
7 Nt2OH-2H+2NO | 00 | 0 | o

Table 2 Coefficients of Equiibrium Reaction'

Reaction A B C D E

1 H22H 0.990| -51.791) 0993| -0.343| 0.011
2 0220 . 0431 -59.656) 3.503| -0.340| 0.016
3 N;22N 0.795{ -113.261| 3.168) -0.444| 0.027

4 O+H220H | -0.653[ -9.823| 3.930( 0.163] -0.014
5 O+2H,0240H | 1.159) -76.847| 8532 -0.868| 0.046
6 0,+200=22C0, | 0981 68.445[-10.504| 0.574]-0.0415
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Fig.2 Numerical grid generation of discal ves-
sel, single prechamber and dual
prechambers.

7]l 43AME olnn ZAegsle =rlE HRe
ANAAE Gz 9. A% AN o] &
V58 AFE S SFoz o)A B AR
€ 7R {FF TG A%Egg AN
AL A9 Brlsdith matd B AN NE
Butter$} O'Rourke'®7} #l¢Ht 913 sjg9w 8
AERL ol LI

Ca’z | AT

5 AT ) (24)

B(T)=Max(1,

d71A, :

C=4, §=0.02ecm, AT=2000"K

B(T)e A€l Aol o5 A=Y, 2} AgA
& pul 2A E3,ENEES ) o
Fol SR YAt AL FE T
Sozn AFAH HIW $FL T + U= 7
Holn, ol 2=TFuly 23 Polynomial™™&
o]g-5te] A st

23 E7|=A W FA=A

P

7|Z=H

Ers L Zag F7) 971 3.8%
27|25 1 30K, 271%H @ 71¢t



dEEEy g9 @ NOx A4A## 94843 A7(1) 17

A=A : (1200K)71A) ol A& b3t go] FFech

X AAZA AL ¥ (300K) - _ 25
o AAAg - Law-of-Wall I=T1(1+5000ergs/g/sx dt) (25)

& oA

Angue Aszdel WRAIAE 37
A A FdaxAE & + de @7@%5 2374 A& HP 730 aAH o)Al N A Avs}

3. AuEn W A=

Single Spark Dual Spark Inital Swirl

TV 2 mifs

Loms 1.6ms -
Discal
Vessel

Single
Pre-
chamber

U ||i_g’h‘i"

Dual
Pre—

chamber 00 -

Fig.3 Temperature contours and schlieren photographs.
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Fig.4' ‘Pressure-time traces varying orifice di-
ameter (single prechamber)
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Calculation Legends Experiment'
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Fig.5 Pressure-time traces varying orifice di-
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Fig.9 NO mole fraction as a function of maxi-
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T = 19.62m

Single Prechamber -
(Orifice Diameter = 8 mm) -

. Dual Prechamber )
(Orifice Diameter = 8 mm) ) (1m/s)

Initial Swirl

Fig.10  Velocity vector field and isothermal lines(1000, 1500, 2000, 2500, 2800K)
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