creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

o

S} A} B9 B

55 R CH)), el C,Hy), Z=C,H,)
35t SRisidUe] 44 H) F7P}
3l A 9 A AAE 0= g3t

Effect of Hydrogen(#,) Addition on Flame Shape and

Combustion Products in Mixed Co-flow Diffusion Flames of
Methane(CH,), Ethane(C,H,) and Propane(C,H,)

20194 8H

FZaf S stn AL TS
RS EL
05 8



o

oF

ol
o 17
1 06¥
19

20



List of Tables

List of Figures

Abstract vi

LAE

1.1 4+ =4 1

12 97 52 92 Y& 2

2. o] &4 w7

2.1 w717 2 A 5

2.2 W77 2~ A& 8
2.2.1 EGR 9
2.2.2 SCR 10

2.3 W77t A D 11
2.3.1 Aa4slE 11
2.3.2 JAksteba 12
2.3.3 ©3lrA 13

3. A3A3A 3 WYy

3.1 A=A 14
3.1.1 &=+ ¥ (CO-FLOW BURNER) 14
3.1.2 FRAXA 16

32 4% =1 # ¥y 18

3.3 Al WY 26




27
27
29
30
31

-

3=

<

4

A

411 4
4.1.2 °]

!

g

2}

4.2 A4 A3

37

nze]
ujr

BH
o

43

!
e

K
e



List of Tables

Table 1 IMO Of SLTAtegy —swwersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesss 2
Table 2 Exhaust gas reduction deVICEs —sessssssrssssssssussssssssssssssssssssssssssssssssssens 8
Table 3 Specifications of the Gas Analyzer (ECOM MK 6000) ~ «ssssessersensesceese 16
Table 4 Experiment data of Fuel and OXidizer swessssmsssssssssssssssssssssssesasenes 18
Table 5 Experiment data of Methane with hydrogen (Case 1) wsessesesesseess 19
Table 6 Experiment data of Methane-Propane with hydrogen (Case 2) «wwses 21
Table 7 Experiment data of Methane-Ethane-Propane with hydrogen (Case 3) - 23

_iv_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

1 GHG RedUCHON MEASUTES +w+sreerersrsssessessassasssassassassasssasaassassassassasssassassassnassassasss 3
2 NOx, SOx emission reduction measures of IM(Q sesesessssssssessensesessessensusnannes 6
3 CO2 emission reduction measures Of IM() «esesesssessessasssessuasansaessaasassassancsass 7
4 ExXhaust Gas RECITCUIATION «wesererersressesssssansressessassassussassansaessnssassasssssassnassassassase 9
5 Selective Catalytic REAUCHON sweserssessessensensersssnsenssnssensensensenssssessensssssessensans 10
6 Design Of CO-FIOW DUINEL seserssesserssrsserssussussensersensenssessensenssssensenssssssnssessessens 15
T GAS ANALYZET seresreserssesserssensersssnssessenssenserssensssssssssessssssessssssssssensssssonsssssessssssssssens 17
8 Schematic diagram Of Case 1 seserssesserssesssessensseusensseusensenssesssnssensssssenssenssnasens 20
9 Schematic diagram Of CASE 2 swserssesserssrsserssensseusensensensssnssesssnssensssssenssenssnasens 29
10 Schematic diagram Of CaSE 3 wsserssessersseussrsserssenserssensernssnssenssessenssenssessenssense 24
11 Concentration of nitrogen oxide for hydrogen addition rates e 28
12 Concentration of carbon dioxide for hydrogen addition rates s 29
13 Concentration of carbon monoxide for hydrogen addition rates s 30

14 Calculated COZ2 distributions with increasing the hydrogen addition - 33
15 Calculated O2 distributions with increasing the hydrogen addition --- 34
16 Calculated CO distributions with increasing the hydrogen addition - 35

17 Calculated Flame Temp. with increasing the hydrogen addition -« 36
18 Methane Flame Photographs by NO. 1 ~ 9 sersessessesserssessensenssesenssnssensense 38
19 Methane-Propane Flame Photographs by No. 1 ~ 9 seeeeseescsisciniscsnnne. 39
20 Methane-Ethane-Propane Flame Photographs by No. 1 ~ 9 «eeeeeeeecene 40



B35 WeCH), JRHCH), Z2WC,H) EF
kst 9] F=4(H) FA7HH
3 I3 2 A4 AAE vX=

1

op

o

&

o Fristal AR

713 A 2"l 3-8 =
8 A

H Askd A A7 FIMO, International Maritime Organization)
o] FHE(50y) HWiETAY th&ste] INGHRE AH&ste Adukal
o] /M & 83t =i JAT ING A5 FAHESR WEHCH)

TP Qo] o HMF L7122 O AHFA(COYE B

Lo

B

g

flo
b~
Ll

A A ALZ](IMO, International Maritime Organization)=
= A 8 %k 2 A F eKMARPOL 73/78) -4 41(AnnexVI Reg. 20~21)oll A}
ol4x] &8 AA ASEEDI, Energy Efficiency Design Index)S #-&
st A 9 Adube] A7|EHE o] eA(C0,) WiE 54 vlust
I GAEE EATE Foste 20159 ZEo®E 20209714 10%,
20253 71A] 30%°] &S ER=E st Aok =3 A 20161@ I
ANA MHAP 71FH3LEKUNFCCC, United Nations Framework
Convention On Climate Change)e] W& EHA NE== 323 1607 =
ol o] =7t st 24TV AT oFE R HIleH
Tl AE AdL SALZLS AT OiFo2ZA FhAHA
1 o] 7ol e BAo] FotA & FA ol

_Vi_



471

s

Aoz

ojo

il

X
Th

<

i

tth d@d oA Fatst

°

tel GAZ = #F

S|

&

A4

7} Thermal NOx9] A3

s
a

)
.

0
T
)

N
Nlo

0

B

[e)
=

53

°

=

=] 7].

s 40%

o

Vg FEeAA melth

S7HA 714 34

o
=

oANM i H7FE

29

g:ﬂ]—’ E'E‘

o)
o

i

e]
i

= Vil -

KEY WORDS: &4tsdd, 4



Effect of Hydrogen(#,) Addition on Flame Shape and

Combustion Products in Mixed Co-flow Diffusion Flames
of Methane(CH,), Ethane(C,H,) and Propane(C;Hy)

Park Ho-yong

Department of Marine System Engineering

Graduate School of Korea Maritime & Ocean University

Abstract

Recently, the marine engine using LNG fuel has been developed
and commercialized in response to the regulation of sulfur oxides
emission of the IMO(nternational Maritime Organization). However, the
main component of LNG fuel is methane. It still generates carbon
dioxide, a greenhouse gas. The IMO(nternational Maritime
Organization) has adopted the EEDI(Energy Efficiency Design Index) in
the Annex(Annex VI Regulations 20 to 21) of the International
Maritime  Pollution Prevention Convention(MARPOL  73/78). The
EEDI(Energy Efficiency Design Index) is applied to compare CO,
emission characteristics according to the type of ship and ship size
and to reduce CO, emissions by 10% by 2020 and 30% by 2025 in

2015. In addition, as the United Nations Framework Convention on
Climate Change (UNFCCC) was held in Paris in 2016, more than 160
countries, including developing countries, participated to contribute to

the reduction of greenhouse gas emissions.
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In Korea, interest in hydrogen energy and its utilization technology is
increasing as an alternative for low carbon green growth. in
accordance with these trends, the effect of hydrogen-free carbon fuel
on the flame and combustion products is investigated by adding the
co-flow methane, methane-propane, methane-ethane-propane diffusion

flame, which is the main component of LNG.

In this study, the evolution of combustion products by adding
hydrogen to the diffusion flame at room temperature and normal
pressure was experimentally observed using a gas analyzer, and the
shape of the diffusion flame was observed step by step using a digital
camera. Experimental results show that the amount of nitrogen oxides
tends to increase linearly with the addition of hydrogen to the
diffusion flame. This is because the relatively high adiabatic flame
temperature and fast burning rate of hydrogen facilitated the

generation of thermal NOx.

On the other hand, the amount of carbon dioxide tended to
decrease linearly with the addition of hydrogen, which decreased the
total carbon content in the mixed diffusion flame of methane,
methane-propane and methane-ethane-propane. This means that the
use of mixed fuel of LNG-hydrogen in the ship can be considered as

a way to reduce the greenhouse gas CO,. The amount of carbon

monoxide formation tended to increase with the addition of hydrogen
to the diffusion flame. This seems to be due to the increased
incomplete combustion probability as the overall theoretical air / fuel
ratio increases with the addition of hydrogen, and this tendency is
most  pronounced when 40% hydrogen is added in the

methane-ethane-propane mixed diffusion flame.
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As a result of comparing the flame shape according to the amount
of hydrogen addition, it was found that when the amount of hydrogen
is increased in all experimental casings, The length of the
reddish-brown part of the flame is reduced, and the blue of the lower
part of the flame. It was confirmed that the color portion became

clear.

KEY WORDS: Diffusion flame, Hydrogen addition, Nitrogen oxide,

Carbon dioxide, Carbon monoxide
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Fe Faotrl st AR fF#FAIMass Flow Controller :  MKS,
1179A0075C818V-K)E A &stien = Alo7](Flow controller, MKS
600, ATOVAC GMC-1200)= ©o]&3ted 7z Adel B8 FHFs T35
sttt da A=Y &4 Fig 79 9= 7k £47](ECOM MK

Table 3 Specifications of the Gas Analyzer (ECOM MK 6000)

Parameter Measuring Range Accuracy
0, 0-25 Vol. % + 0.1 Vol.%
CO, 0 - 100 Vol. % + 0.2 Vol.%
Cco 0 - 20,000 PPM + 10 PPM
NO 0 - 5,000 PPM + 5 PPM
NO, 0 - 2,000 PPM += 5 PPM
NOy 0 - 7,000 PPM + 5 PPM
SO, 0 - 5,000 PPM + 5 PPM
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o, vg-dg-z2el H7tEE F4 £ 50, 20094 =&
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LAt 20 AT &9 A AFsA] B
to]El = Table 4} 2t}

Table 4 Experiment data of Fuel and Oxidizer

TR | =Z AHemd) | FFHem®/min) | Fr&lem/min)
Fuel 0.785 400 509.6
Oxidizer 78.5 3333 42.5
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Table 5 Experiment data of Methane with hydrogen (Case 1)

A E(em®/min) 23} (em® /min)
A F2(%)
v gk Fa 2k 2:(24%) A 2(76%)
1 0 400 0
2 5 380 20
3 10 360 40
4 15 340 60
5 20 320 80 800 2277
6 25 300 100
7 30 280 120
8 35 260 140
9 40 240 160
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Case 29| A3 we90%)-Z23H10%)o H7IEE F49 AAv&S
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Table 6 Experiment data of Methane-Propane with hydrogen (Case 2)

AR (em®/min) A8 (em® /min)
A F2(%)
v & T2 Th AH2~(24%) A 2(76%)

1 0 360 40 0

2 5 342 38 20

3 10 324 36 40

4 15 306 34 60

5 20 288 32 80 800 2277
6 25 270 30 100

7 30 252 28 120

8 35 234 26 140

9 40 216 24 160
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Table 7 Experiment data of Methane-Ethane-Propane with hydrogen (Case 3)

A2 (em®/min) A8 (em®/min)
A | Fa%)
v & gt | T2 | Fi& | AFAR24%) | D 2(76%)

1 0 360 24 16 0
2 5 342 22.8 15.2 20
3 10 324 21.6 14.4 40
4 15 306 20.4 13.6 60
5 20 288 19.2 12.8 80 800 2277
6 25 270 18 12 100
7 30 252 16.8 11.2 120
8 35 234 15.6 10.4 140
9 40 216 14.4 9.6 160
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Fig. 11 Concentration of nitrogen oxide for hydrogen addition rates
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Fig. 12 Concentration of carbon dioxide for hydrogen addition rates
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Fig. 14 Calculated CO2 distributions with increasing the hydrogen addition
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Fig. 15 Calculated O2 distributions with increasing the hydrogen addition
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Fig. 19 Methane-Propane Flame Photographs by No. 1 ~ 9
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Fig. 20 Methane-Ethane-Propane Flame Photographs by No. 1 ~ 9

_40_



A5 AE

&2E 0%NA 40%7HA] 5%2 GAH = FTHAA

2=
T

153

S|

bof 24

S|

)

Y

A7 ol 7kl

S

st

/1\_]__

3

34172 3ol A

=i
=

BLEE!

(D

ol
He

ZIAZ k. Thermal NOxe] 2§

==
=

o
A=

3

257} Thermal NOx&] Ad

)
~X
®
o

R

= w72~

AFR

1
u] SAHSCR)E o] &

Sl
yul

o] Thermal

S|

=
-

BEE

<=2+ 2 (EGR),

7hgholl w2k

il

)

_41_



o

o}
oy

N
Nlo

shgrao] A

)

—_
o

| gk

A7F T4 40%00 A

<
LN

el

of meh A

;OU
e
il

A
ol

0
o

o

)

i

o

B

A e A7V S7HAI

%
%

171 o Zol .

S|

_42_



ofr

(1] A “ef2Ate] g+t Al At mhe F8= ot AART Abd 2

AL H, A7405 Pp. 59-60, 2017.

[2] AR “=A A7) FIMO)l A o] 227k At =ojds 3 =l <]
grel” IFANS F o5 A A4, #4935 Pp. 12, 2018.

[3] Kijong Kim, Yongseok Cho, Seangwock Lee, "An Experimental Study
Combustion and Emission Characteristics of Hydrogen enriched LPG

fuel in a Constant Volume Chamber", KSAE12-B0074, 2012.

[4] Seungmook Oh, Changup Kim, Kernyong Kang, "Combustion
characteristics with hydrogen addition in a LPG fuelled spark ignition

engine", Journal of KSAE, pp 338~343, 2005.

[6] Dr. Zabi Bazari "IMO Train the Trainer Course on Energy Efficient
Ship Operation", Ship Energy Efficiency Regulations and Related
Guidelines., Module 2, Pp. 12, 2016.

[6] Junhwee Kim, "A study on the combustion and Emission
characteristics in a Hydrogen-Diesel dual fuel Engine". Master's

Thesis, Mokpo National Maritime University, 2017

[7] John B Heywood, “Internal Combustion Engine Fundamentals”, pp57
27577, 1988.

[8] Y Adir, A Merdler, S B Haim, A Front, R Harduf, H Bitterman,
“Effect of exposure to low concentration of carbon monoxide on
exercise performance and myocardial perfision in young healty

men”, Occup Erruiron Med, 56, pp 535~ 538, 1999.
[9] o]Ad ™, “WA7]&”, 2002.

[10] Boo Won-Chan, "A Study on Korean Countermeasures for Controls

on Greenhouse Gas Emissions from Ships". Master's Thesis, Inha

_43_



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

University, 2015.

Park Han-Seon, "A Study on the State’'s Responsibility and
Implementation on Emission Control of Greenhouse Gas related to
Ships", Master's Thesis, Korea Maritime and Ocean University,

2014.

Vidas Korsakas, Mindaugas Melaika, Saugirdas Pukalskas, Paulius
Stravinskas, "Hydrogen Addition Influence for the Efficient and
Ecological Parameters of Heavy-Duty Natural Gas Si Engine",

Lithuania, Vilnius Gediminas Technical University, 2017

Jae Woon Lee, "An Experimental Study on Lean Burn
Characteristics Optimization of Hydrogen-LPG Engine for CO2
Reduction in Practical Operating Region", Kookmin University,

2016.

Lee Bora, "A Study on the Application of Emission Trading
System to reduce Greenhouse Gas from Ships", Korea Maritime and

Ocean University, 2013.

Drew Plichta, Olivier Mathieu, Eric Petersen, Gilles Bourque, Henry
Curran, Sinead Burke, Wayne Metcalfe, Felix Guthe, "Laminar Flame
Speeds of Natural Gas Blends with Hydrogen at Elevated Pressures
and Temperatures", Texas A&M University, 2013.

Antonio Mariani, Biagoi Morrone, Andrea Unich, "A Review of
Hydrogen—-Natural Gas Blend Fuels in Internal Combustion Engines",

Universita degli Studi di Napoli, 2006.

Joo Jae Moon, "Studies on combustion characteristics of
ammonia-substituted hydrogen-—air flames", Sungkyunkwan

University, 2011.

n

Midhat Talibi, Ramanarayanan Balachandran, Nicos Ladommatos,

Influence of combusting methane—hydrogen mixtures on

- 44 -



[19]

[20]

[21]

compression-ignition engine exhaust emissions and in-cylinder gas

composition ", University College London, 2010.

Junghoon Ji, Changbo Oh, Euiju Lee, "Unsteady Flow Effects on
Extinguishing Concentrations in Jet Diffusion Flames", Pukyong

National University, 20009.

Won-Hui Han, Jung-sik Choi, Jae—-Hyuk Choi, "The Trends of
Hydrogen Energy Technology Development and Application to Ship",
Journal of the Korean Society of Maritime Environments & Safety,

2010.

Youn Woo Nam, "A Study of Synergistic Effects on Soot Formation

Using a Concentric Co—-Flow Burner", Dan kook University, 2004.

_45_



	1. 서 론
	1.1 연구 배경 
	1.2 연구 목적 및 내용 

	2. 이론적 배경
	2.1 배기가스 규제 
	2.2 배기가스 저감기술 
	2.2.1 EGR 
	2.2.2 SCR 

	2.3 배기가스 생성원리 
	2.3.1 질소산화물 
	2.3.2 일산화탄소 
	2.3.3 탄화수소 


	3. 실험장치 및 방법
	3.1 실험장치 
	3.1.1 동축류 버너(CO-FLOW BURNER) 
	3.1.2 주변장치 

	3.2 실험 조건 및 방법 
	3.3 수치해석 방법 

	4. 실험결과 및 고찰
	4.1 연소생성물 특성 
	4.1.1 질소산화물 
	4.1.2 이산화탄소 
	4.1.3 일산화탄소 

	4.2 수치해석 결과 
	4.3 화염 특성 

	5. 결론
	참고 문헌 


<startpage>13
1. 서 론 1
 1.1 연구 배경  1
 1.2 연구 목적 및 내용  2
2. 이론적 배경 5
 2.1 배기가스 규제  5
 2.2 배기가스 저감기술  8
  2.2.1 EGR  9
  2.2.2 SCR  10
 2.3 배기가스 생성원리  11
  2.3.1 질소산화물  11
  2.3.2 일산화탄소  12
  2.3.3 탄화수소  13
3. 실험장치 및 방법 14
 3.1 실험장치  14
  3.1.1 동축류 버너(CO-FLOW BURNER)  14
  3.1.2 주변장치  16
 3.2 실험 조건 및 방법  18
 3.3 수치해석 방법  26
4. 실험결과 및 고찰 27
 4.1 연소생성물 특성  27
  4.1.1 질소산화물  27
  4.1.2 이산화탄소  29
  4.1.3 일산화탄소  30
 4.2 수치해석 결과  31
 4.3 화염 특성  37
5. 결론 41
참고 문헌  43
</body>

