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Design of a Combustion Chamber for Studying the Combustion
Characteristics of Counterflow Flames at Elevated Pressure
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TCorresponding author :
okwon@skku.edu Abstract >> A combustion chamber is designed and fabricated for studying the

combustion characteristics of counterflow flames at elevated pressure and es-

Rec.eiVEd 8 June, 2017 tablishing the fundamental combustion database of counterflow flames. The

Revised 16 June, 2017

Accepted 30 June, 2017 combustion chamber design aims to allow the maximum operating pressure of
11 bar and be able to conduct flame visualization and the measurements of
flame extinction limits, flame temperature and combustion emissions at ele-
vated pressure. Preliminary tests for counterflow nonpremixed CHa-NHs-N»/air
flames at 1-3 bar have been conducted, and the results confirm the proper oper-
ation of the designed chamber.
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Fig. 1. Configuration of combustion chamber
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Fig. 4. Installation of instruments

£ 7hssHAl "ok

= =
4 in. B2k o83l ZAIE AzteiAth #Alol &
AE= AlE 752 3,000 b ofe] F¥2 °l&
stof Adstoint. e SAsHA A= @ @
FH7E EABRL, 53] dEYobrt ARgE -+
Aol 2 B0l HEel S Wilde &
Halr] ffsto] A AlAg ] e STS 316L=

Ad7gshalet. Tt Hio]E(viton) 2.7 9f -9 Ry
of= Qs Gl Aol BT == 3o st
A Y] vi77kark g3 g 3ol BlolE
o HAsiaL, E7Huet ol HEE 2%
= WA Al A A9 AR & T2
66.6 kgolth. 7If AL 16 baro] AHoflA it
Al sto] bl Higt AARE 3Bt
°|ef A 23150] Table 19 AA=Eo] Utk

r

N

3. OHl<e ¥E A A

3.1 ojj| &Y &

I

Table 1. Design parameters of combustion chamber

Parameters Values
Maximum pressure 11 bar

Test pressure 150%

Safety factor 6

Pipe pressure rating > Sch 408
Fittings pressure rating >3000 Ib
Material STS 316L
Combustion room Q200%300 mm
Visualization window Q108x20 mm
Chamber fastener M10x20EA
Window fastener MS5x24EA
Chamber weld neck thickness >7 mm
Window weld neck thickness > 5 mm

Net weight 66.6 kg
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Fig. 7. Distribution of OH for counterflow nonpremixed CHs-NHs-Ny/air
flames at a; = 100 s'*, Zs=0.1, p=1-3 bar, and xas = 0.0-0.4

2200 . . . '
Counterflow nonpremixed CH -N /air flames

Symbols p @NT
2000 - —— 1bar
—4&— 3 bar

1800 |-

1600 |-

Measured temperature, T (K)

1400 " 1 " 1 "
8 9 10 1" 12

Distance from fuel nozzle (mm)

Fig. 8. Distribution of measured temperature for counterflow
nonpremixed CHs-N2/air flames at ag = 100 s', Zy=0.1andp=
1-3 bar

bar, 3 bar 7T} x,r=0.0-04 oA FF= ]
th BE 27104 OH Apuby oA 4FHow
HET el AdelME wel 7kl
wle} oFmUjofe] Lo ukg o= ol OH At
¥ AEE fasht 2 Zo) MsE wold g
ATE wolZa gck gelo] 3 bar2 718 %

Tames 1 T 220 e S 0008 P xur=00 EANA OH Frrk o 2 5
Vet om OH 99 oA a3y A= B}

7} xr=06 7o) ME ThA] dropxli o] Wk HH, 3 bar 20)A xy0] F718 woli= OH'9]
At 1 1L x20] ~7u<gz Aw & wwe]  AEI Ul 2 FoR b ’fﬂ% OH' o <

A
=
Fig. 72 ICCDE AMg-3}o] A5 719F o bar 7oA SAsATE 719t Aad HollA
W mle-et Yok da/E7] tdkF b =
ool OH" AHaFd 71X g} Az dad g 1 =olod e 34 225 SHT 4= %t o

> R ALNOUXIEE] =2y X287 H|3Z 2017 6



ot 7% shdo] AksHA
Zog o]Edl @mg 2ol Eal ehalsg
|2 A=) R vl &7 shedol A AnkA]
dmol AEsZ Q5] Yehts 2= Hxol
H(dent)’o] = ¢re] 2704 THE I

B Ao AL AA Hgol 27 270
ekt ol EFAR] gakE HoEd
o dlojejulo] 2 SRS 93t 719t Tk
A 9 Azl o, o] S AMgste] o
FozA mek-gtryol-da/Fy]
| stdo] Pz JJrOP— S5t 7HA 3 9
AL Sasto] 7k Aol At
Azstgch 7Het 04 Aoy obe
barS AWl o] 71 270 @ Agto]
ol 7hsdlmE AA7E Hglom, At
g, 3k 7HNs 2 AP eE 24S
Z "o}, wj7|7kA B4 Hajo] shsEl=
A2 Ak ofu] AFAT, x©] F7}
319 A4 FEOH ZAm)e= st
o] 37K Aol Hgte = 13| soot
7kt S0 A FErt F748e Ho] 2

filo
i
re
B 2z

jod
=z =

JN u
£

mlm AN et
2

£ 9

o
rlo
oot = 4 KTorfo o B Lo

>

JIN'

2

o

of
= R F oo o
Ozulﬂé‘“m_‘;?ﬂiﬂolﬂ
] Y y
—mgﬂ%uﬁ—m
oN i M =

rid
e
=

suse) 12 ds A7 dolelols Tl
58 dlgolu], T 2Ao|H ] A4 o
7 B o ] AR

j_ il

03394 Nxﬂ 045:1’&/\1 o8 7FsAdel digt A

Vol. 28, No. 3, June 2017

TH - & - A0 - e 321
I

# dPE AzeE A 25 2
sot AAE nlehgRTse) YU
SReke] ARG wop g A1 TAE A2
AF3l(No. 2013073861)2] @17t Ax}olt}.

References

1. E. Lee, “KCRC issue report vol. 14: The results of the 2015
United Nations Climate Changes Conference and CCS,”
Korea Carbon Capture and Sequestration R&D Center,
Korea, 2015, pp. 1-46.

2. R. Metkemeijer and P. Achard, “Comparison of ammonia
and methanol applied indirectly in a hydrogen fuel cell,”
Int. J. Hydrogen Energy, Vol. 19, 1994, pp. 535-542.

3. J.M.Joo,S. Lee, and O. C. Kwon, “Effects of ammonia sub-
stitution on combustion stability limits and NOx emissions
of premixed hydrogen-air flames,” Int. J. Hydrogen Energy,
Vol. 37,2012, pp. 6933-6941.

4. S. Choi, S. Lee, and O. C. Kwon, “Extinction limits and
structure of counterflow nonpremixed hydrogen-doped
ammonia/air flames at elevated temperatures,” Energy, Vol.
85,2015, pp. 503-510.

5. U. Niemann, K. Seshadri, and E A. Williams, “Effect of
pressure on structure and extinction of near-limit hydro-
gen counterflow diffusion flames,” Proc. Combust. Inst.,
Vol. 34,2013, pp. 881-886.

6. R.Seiser, L. Truett, D. Trees, and K. Seshadri, “Structure and
extinction of non-premixed n-heptane flames,” Proc.
Combust. Inst., Vol. 27, 1998, pp. 649-657.

7. K. A. Thomson, O. L. Guilder, E. J. Weckman, R. A. Fraser,
G. J. Smallwood, and D. R. Snelling, “Soot concentration
and temperature measurements in co-annular, non-
premixed CH4/air laminar flames at pressures up to 4
MPa,” Combust. Flame, Vol. 140, 2005, pp. 222-232.

8. H. Tsuji, “Counterflow diffusion flames,” Prog. Energy
Combust. Sci., Vol. 9, 1982, pp. 93-119.

Transactions of the Korean Hydrogen and New Energy Society <<





