Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 27, No. 1, pp. 153-160, February 28, 2021, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2021.27.1.153

Al A EF st S 83 ofabs A A AYrEdd B3k AT

*

[
S ol etal 7| WA AR S SRR, ke S ALY S gl AN UAA AR AR AT

Treatment Technology of N,O by using Bunsen Premixed Flame

Si Young Jin" - Jaegeun Seo” - Heejae Kim™ + Seung Hwan Shin™ + Dong Hyun Nam™ -
Sung Min Kim"” - Dachae Kim™ - Sung Hwan Yoon™"

*, ** Undergraduate, Division of Marine System Engineering, Korea Maritime & Ocean University, Busan, 49112, Korea
*#*% Researcher, Clean Energy System R&D Department, Korea Institute of Industrial Technology (KITECH), Cheonan, 31056, Korea

**%% Professor, Division of Marine System Engineering, Korea Maritime & Ocean University, Busan, 49112, Korea

2 2 opxksl A A (Nitrous oxide, N;O)E A T-28} &9 sl o] bsl kol wlal] A F2stazr} 3100 Zska #3)sk=t] 120
ol 2857 wjio] 0&ET FHo] FHoR A it wghA] 2 AFdA = N,OoE A7) 98 e i3] 71<S 483509
N,O A7 FA4AA L= NOx wl& 540 dis] 2AEIT & F53S F437] 8 F 241 &3 sl s 4922 A8 s
gom A MFERE “E2ET7E5E, T5F &5 N0 A ER 44500 49 2, NO AR ES =EE275E 9 557 T3
FAIG ol N0 84 Fo] Z71gkel wel S7Fskth NO,2l 9ol = A4 E9HA A (Kelvin Helmholtz £-¢4)o] o Al¥ b H o &3 8
oA ttFoz MEFUw=d, olF 39 W Fol A TaHE N0 AFATte R A8 AEs] Al7te] SRS 7] Wil AoE AR
At A N0 A 8-S SNV YEIME KH £330 SAEE 2527555 A8t 319 W F A BAEHE
o} (toroidal vortex) B2 f5 TE2E FAsHE o] N0 AFAE F/HAI7IEH 2749 Aoz geFc

Abstract @ Nitrous oxide is a global warming substance and is known as the main cause of the destruction of the ozone layer because its global
warming effect is 310 times stronger than carbon dioxide, and it takes 120 years to decompose. Therefore, in this study, we investigated the
characteristics of NOx emission from NO reduction by thermal decomposition of N>O. Bunsen premixed flames were adopted as a heat source to form
a high-temperature flow field, and the experimental variables were nozzle exit velocity, co-axial velocity, and N>O dilution rate. NO production rates
increased with increasing N>O dilution rates, regardless of nozzle exit velocities and co-axial flow rates. For NO,, large quantities were emitted from a
stable premixed flame with suppressed combustion instability (Kelvin Helmholtz instability) because the thermal decomposition time is not sufficient with
the relatively short residence time of N,O near the flame surface. Thus, to improve the reduction efficiency of N>O, it is considered effective to increase
the residence time of N,O by selecting the nozzle exit velocities, where K-H instability is generated and formed a flow structure of toroidal vortex near

the flame surface.
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Table 1. Comparison of characteristics of the treatment techniques of nitrous oxide (N,O)

Characteristic

Processing| Demand ... I'maintenance
L Operability
efficiency Power cost
d d

Detailed Technical

technique NOx

emission

content

PSA Concentrate of low
Concentrated | Concentrate of concetration (50% | )
recovery treatment gas Concentrate of high
Membrane .
concetration
Oixy- Difficult-degradable gas
Decomposition | combustion treatment
Therma.l. by combustion L
decomposition Low MOx emission
treatment h |
D iti T
ecomposition erma scrubber
by plasma plasma
Non—selt.active Reductant Difficult-degradable gas
Catalyst Selective treatment
decomposition . Cancentrate of low
Direct Catalyst i
concetration
o] B 287k 5 20304 BAU ti¥] 37%5 & & H Tier Il 7]5 0.2 7]& tl¥] 80% 2] NOx #l&

=l E%
A A ghel wEl wjEE AA 2
AARoz APz 3
nEGAMAA FAT 6t 27t o]AkEEA(COy),
v ¥HCH,), oFt8HE A (N,0), 4535~ HFC), IHE3F k4

Ex#EA 59 ARE  IEFS 875932 JTHKim and Yoon, 2020).
E}E}H 2 AT 12 EREE T8 EAAE = NOx
o} NO HiEZo] FaAAAE 2ASH] f8te] A8 AaT]

o] AU E 835l AYPASLE 23 O}Oﬂocq o A~

(PFC), SE3}3(SFe)olH] 7t=Fol upe} A F2ds A =(GWP:  W9] 81! 54 AT o] N0 A gl A= JFd o3l
Global Warming Potential)”} “d-©] 8} tH(Dickinson and Cicerone, 3 7}3}51th.

1986). N,OO] 7% A7k Foll A o] Fsheh Ao wgh th

o= gol WiEHE 7taFor AF2dsAFrt o4kt 1.2 ORMEAEA(NO) M 7|&

EF4- 9] 3104l (Fenhann, 2000; Scott et al., 2002; Trogler, 1999)°l| N,O #2]7]&2 Table 19] A8 50], AglE e &4
st 7] wel A 2dske] Fagh Ao dwA ol A WA wel w534, desiAY, 1Ea FujEs R

o 53] ‘“/PE =4 7?’\ wrp obgdd Bak=, g7] Solld 2 S 9ATH(Chang, 2008).

oF 1500 FEo S 7HA 7] Wil ALl o gk #4<d 55397 9] 79, PSA(Pressure Swing Adsorption) 2] 3} =}

ha -1
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Lol dg
1 THECO, 2 A xﬂ NO W&

FS UERU ] wiiEel olo] digh
] - A A3 A3o]th(Yoo et al., 2019). 53] &
=53] AawFe]7] wite,

S oA A Aand AT, G A LA
NO EFE FAT 5 glon MEF Aue e At

w9 FHElA Y E I ATK(Yoo, 2014). EH MO |3
A43ENOx) & TFA7F 20159 5YE G4 daEe]

o] A

Zuj e 49 vd84 ZFojskd (NSCR: Non-selective
catalytic reduction), AB%4 Zm|3Y(SCR: Selective catalytic
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Ao A, AYag SHdA = sty A 5S4
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Fig. 1. Schematic diagram of co-flow Bunsen burner.

Table 1. Tested gas composition.

CH, 0, CO; & St Ty
[%] [%] [%0] [cnvs] (K]
10 19 71 1 40 2242

Sp: Laminar burning velocity, 7i,: Adiabatic flame temperature
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Fig. 2. (a) Still images and (b) flame height of Bunsen premixed
flames with various jet velocities, u, under a constant
value of Qco = 0.88 L/min.
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Fig. 3. Influence of nozzle jet velocity on (a) NO and (b) NO,

formation rate
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Fig. 4. Influence of Qco on (a) NO and (b) NO, formation rate
for uje =55 cn/s, and (c) NO, formation rate for uj =
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