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Abstract @ As a carbon-free, green growth alternative, internal and external interest in hydrogen energy and technology is growing. Hydrogen was
added to co-axial methane, methane-propane, and methane-propane-ethane diffusion flames, which are the main ingredients of LNG, to evaluate its effect
on flame formation and combustion products. The variation in combustion products produced by adding hydrogen gradually to diffusion pyrolysis at room
temperature and normal pressure conditions was observed experimentally by using a gas analyzer, and the shape of diffusion pyrolysis was observed step
by step using a digital camera. The experimental results showed that the production volume of nitrogen oxides tended to increase and became close to
linear as hydrogen was added to the diffusion pyrotechnic. This is because the relatively high temperature of heat insulation and fast combustion speed
of hydrogen facilitated the production of thermal NOx. On the other hand, CO2 production tended to decrease as hydrogen was added to reduce the
overall carbon ratio contained in the mixed diffusion flame of methane, methane-propane, and methane-ethane-propane. This means that the mixed fuel

use of LNG-hydrogen in ships may potentially reduce emissions of CO2, a greenhouse gas.
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(NOy), °12t3lgt a2 (Co)= AA s 5 . Falksls
(SOl gt wiE FAlE =AS|AL7]5-(IMO, International
Maritime Organization)®] =713 %9 911} 3 ©HMARPOL 73/78)
% VI GF 2K (Regulation 14)] whel 8 &5 A7 S (ECAs,
Emission Control Areas)oll A= 2015.1.1. ©]% 0.1% ©]3}, =1
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d Ole_OH Az % A¥EE Tier 1 8187]FS wetok 6}7
20113 o] %o Azxy ke 7}3bE Tier 2 387+
ghof gt} F3k 20161 o] F HAxH A HiEE xiﬁ“f‘.
(ECAs)S &8f A Tier 37152 WS oksiy, vi& 54+
(ECAs)S A 23+ Aol A= Tier 2 7]57bA wH5ald dok
(Park, 2014). °]A etk (C0,) WM& FA= dux &a& A
Al A 4*(EEDI, Energy Efficiency Design Index)E 4 -g3}o] A
T 2 Auke] VAR oA A(CO,) WE 544 vas)
I GAEE EATE F5td 20159 7|F o2 2020037}
A 10 %, 2025374 30%9] ES EXE st ok 3k
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Fig. 1. NOy, SOy emission reduction measures of IMO.
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Table 1. Experiment data of Fuel and Oxidizer CASE 29] 2382 w890 %)-ZZF(10 %) H7t=E= 5
2 o] AAuEE 0%l %Wk A 5 %M =7} P
Gas Nozzle area Flow rate Flow velocity ) AHEES 0% 40%747 5% P ¥
(cm?) (em®/min) (em/min) gatqict. A A3 diolg o A3 -4 oF el Table 3
Fuel 0.785 400 509.6 7} Fig. 39 2t
Oxidizer 78.5 3333 425
Table 3. Experiment data of Methane-Propane with hydrogen
] CASE 2
£57 UYL BLF TS F 4 CASER Uhr e
o ZYs}3lel. 7 CASEE 59 74 &S WE(100 %), 3/ . Oxidizer
. Fuel(cm®/min) 3/ mi
] €H90 %)-3Z Z (10 %),  FIEH90 %)-oll BH(6 %)-3E & 7H(4 %)= No.| (em”/min)
. 0,
whrol A7EE S Fa(H)S AAHEES 0% A 40 %7 OO op, GHy | H, 240§/ 7]6\%/
5% Z7kste] Al ol u AskAlE Wa(6%), A @) | (6%
4%)El &= LAst] BE A FAsA Hestlvt. L] 0 |30, 4 0
CASE 19] $2(H)A 7t we Aha A8 dolg e 233 2 5 342 38 20
H 7AE 7k7} Table 29} Fig 29F 2t 3] 10 | 34 36 40
4 15 | 306 34 60
Table 2. Experiment data of Methane with hydrogen (CASE 1)
5] 20 | 288 k) 80 800 2533
o Fuel (cmd/mm) Oxidizer (Cmd/mln) 6 25 270 30 100
e (%2) CH, H, O N 71 30 | 252 28 120
! > (24 %) (76 %)
L1 o 400 0 8| 35 | 234 26 140
21 s 320 20 9 | 40 | 216 24 160
30 10 360 40
40 15 340 60 |
51 20 320 80 800 2533 mﬂ @ R =
SRR — o
7 30 280 120 ********** CO-FLOW BURNER
8| 35 260 140
9 | 40 240 160 [ = D
[ = D
,,,,,, A o D]
/T l:lf FLAME ‘ . \‘ ED — MFC
l:[g ,,,,,,,,,, ; i —— Fig. 3. Schematic diagram of CASE 2.
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Table 4. Experiment data of Methane-Ethane-Propane with hydrogen

(CASE 3)
Fuel Oxidizer
No. 1:[2 (em?/min) (em*/min)
" CHy | Gl Gl M (240 zA)) (7]6\%4)
1 0 360 24 16 0
2 5 342 | 22.8 15.2 20
3 10 324 | 21.6 144 40
4 15 306 | 204 13.6 60
5 20 288 | 19.2 12.8 80 800 2533
6 25 270 18 12 100
7 30 252 | 16.8 11.2 120
8 35 234 | 15.6 104 140
9 40 216 | 144 9.6 160
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Fig. 5. Concentration of nitrogen oxide for hydrogen addition rates.
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Fig. 6. Concentration of carbon dioxide for hydrogen addition rates.
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Fig. 7. Concentration of Carbon monoxide for hydrogen addition rates.
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Fig. 9. Methane-Propane Flame Photographs by No. 1 ~9.
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Fig. 10. Methane-Ethane-Propane Flame Photographs by No. 1 ~9.
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