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Abstract: The combustion characteristics with variations in synthetic natural gas (SNG) compositions were
studied in a lab-scale combustor. The objective of the current study is to investigate the flame stabilization,
flame structure, and spectrometry in a non-premixed SNG flame with varying fuel compositions. For the
analysis of light emission in SNG flames, we used a spectrometer. As experimental conditions, the fuel jet
velocity at the nozzle exit ur was varied from 5 to 40 m/s and the coaxial air velocity ua was varies from 0
to 0.43 m/s. The experiments showed that the flame stability increased with the hydrogen component in SNG
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Fig. 1 Schematic of a lab-scale combustor: (a) a
cross section of a burer and (b)
description of a non-premixed lifted flame
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Table 1 Fuel property with varied SNG compositions (unit: mol %)

Group Mark Ci @) Cs IC4 NC4 1Cs N> H,
1 NO.0 92.46 5 1.46 0.31 0.34 0.02 0.40 0.0
N gas 2 N1.0 91.05 4.93 1.96 0.31 0.34 0.02 0.40 1.0
3 N3.0 88.26 4.78 2.94 0.30 0.33 0.02 0.38 3.0
Reference 4 CH4 100 - - - - - - -
5 C0.0 95.27 - 4.73 - - - - 0.0
C gas 6 Cl1.0 93.82 - 5.18 - - - - 1.0
7 C3.0 90.95 - 6.05 - - - - 3.0
Table 2 Experimental condition
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Fuel Type NO0.0 N1.0 N3.0 CH4 C0.0 Cl1.0 C3.0
Flow Ur 5~40
Velocity,
u [m/s] ua 0~0.43
Rgsynol Rer 629~5031
Number, Rex 0~460
Re
Froude Frr 2175~81633
Number,
Fr Fra 0~1.11
FEgl AT FA 2 ) Astel TS o2 ekl 2otk AFY AxUoR AR
/1% FUF + 9t FAF FUTE FFAG FUSn $5Y weEwomr IIE FYs
o A FuE A 24 stel BET
Aarlz FUHE Amst /13 Aoy /1B AgH. PAsddels SgundA
HAsle] A= Al(mass flow meter and controller; stAEHE7FA1 9] AR Aoelitt. ol Y
MFM and MFC, 100 Ipm; 5850E, Brooks — #S 3}¢] U= 25%= kit H-dstds=
Instrument Co., Hatfield, PA, USA)E A}-&3}it}. ol Az A E7A AU TErEA 9] A
747y bl AFREAE 1A AFGEAdy = ZYsion SAWHE Fdsiddoelet e
flow test meter, 100 lpm; DA-16A-T, Sinagawa Co., S AL8-5)ol T ¢
A ATEE shd o] BFEAL S EA 5] flst

Tokyo, Japan)Z A3} o5 dHoly 5 &
H9l LabVIEW(NI cDAQ 9172, 9205, and 9263,
National Instruments Co., Austin, TX, USA) FH =
ol g3kl AolataATh. % LA 0.5%ol Ut

Aol WSt w2 sAdvstE BEs7] ¢
skl ZhAIsEAARRS EFesith THAIEE #ZY
S fsted A" AERARY AFRIZI(D300s,
Nikon Co., Tokyo, Japan)E A}F&3}SIt). oju] A&
T# ZU=(Nikkor AF-S 24~70mm f/2.8G ED,
Nikon Co., Tokyo, Japan)E A}-&3}3ltt 7HA8t4]
AP 7 A EAERE 10088 Z3sit)

Fig. 1(b)= A47] WolAe F4stads 7Hd A

o] #347](PI Acton SP2150, Princeton Instruments
Inc. Co., Trenton, NJ, USA)E A}&3}3th 54
Ae AN FAQHS £33 A=100~1000
nm= SHQITh EFFA Al T ke ok A
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832 oM . %

(Hy) 74 kel weh 22 N0.0, N1.0, N3.0 L
2131 C0.0, C1.0, C3.02.2 A #3}33ith.

aejal o] & Hlusy] $lte] wEH7F(CHy)E
Fartzg A8ttt 91714 Cnd ne B8R
2 FRge A gola 1= o] A A A (isomer)
YAl N2 ©@AaARES I E 7HA7E gle A
(normal)& < w|&tr},

Table 1914 AAIE 77kA] 7h=dme] AAEA
Agsh7] 913 AF=AS Table 20 UERASL
Aue] =S FA7FEE EATFR 345
W 7]E9 Aduld A& 7t ArEAY
AREA S arEste] Az 7 AR
Ao oF 10200 keal/m’ & & dFlar H
(We)Z °F 1310007 A3} T}

Ax7] HellA st Av|et dZFHFA 2%
s 1gste] A7) ST dn &=
(up)E u=5~40 m/soll A AU F7] E(up)
E ua=0~043 m/so 2 =AY}

Table 204 A5 #o]E= = Rer=ur x dp/V
r2 o3I al 91F e Teh$-E = Fremur/(g x
dp) o2 Aottt o714 we 98 =F ET
S5, dre 98 2F T A4, e d59

EELS = AR
A A% g SR

>.

0

o ﬂllO
o,

ol

ﬂl

4 fo 232 0 mlo
e

t

oft

o
N
2
o

M oo
o
=)
B

v

ofy
=2
rlr
o
Jal%d
[-'O
ol
oX,
£ e
i
e
ol —

ol
o,
rlo

o
i
r o

%
e

[

o 1°
_0|L

r1e lo

2 o2
B 2
)
L
S
rl
% "

kS
o

offt m B

oo

o 1y
T ot
of [~ of n2
e
"

u)

o
ot
o
=
B
N

ol
ol

4
p
2
ot
o
=)
rir

o T
i
do

o, of
2

% o

oo >

ol -
o
=
olo

fo f oo

¢

% o © oo fo T ofi fo
I tlo 1 lo ok 2 O
oz
{f
b}

BN
oX
ol
= o
e
2.
ok

=)

N
=)

P e
o

k9

=

ool
)
[\ e}
rir
dk
ox
re
N
N
3
o
>
(4
o
re
i
BN
o,
rE

|
]
b
1

An7)e] 7SI wstE shelch
stabilization map)@ YERH 234

sl ok 3} ] T= A F23$ A 9 (attached
flame region), -3} %] < (lifted flame region), 4~
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BE onetal FAsAe e "eko] A
oA FF=E dely ‘Soﬂ s AEHE oH

Coaxial Air Velocity, u, [m/s]
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Fig. 2 Flame stability map composed of attached flame
region, liftoff flame region, and blow off or
blow out region: (a) Case 1~4 and (b) Case
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Fig. 3 Visible flame appearance of coaxial air and
SNG diffusion flames with varied fuel
compositions under the condition of up=25
m/s and u,=0.17 m/s: (a) Case 1~4, (b)
Case 4~7
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Fig. 4 Light emission spectrum of various composed SNG diffusion flames under the condition of ur=25
m/s and ux=0.17 m/s: Case 1~4 (upper) and Case 4~7 (bottom)
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