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Flammability Limit and Flame Instability of
Nitrogen-Diluted LPG Fuel

Taekook Ahn®, Younwoo Nam™, Kyung-Woo Lee™, Wonnam Lee™

ABSTRACT

The flammability limit and the flame instability of nitrogen-diluted LPG fuel was
experimentally studied on a co-flow flame configuration. The combustion reaction of
nitrogen—diluted hydrocarbon with air could be interpreted as the equivalent reaction of
pure fuel with nitrogen-diluted air. Nitrogen—diluted LPG with nitrogen up to 90 % of
nitrogen mole fraction in fuel, which is close to the flammability limit, could form a
co—flow flame. Various parameters such as laminar or turbulent flame, the existence of
diffusion flame with pure fuel, air temperature could affect the limit of flame formation.

Key Words : Flammability Limit, Flame Stability, Nitrogen Dilution, LPG Fuel.

AxA 7= A=
FA4H
GAA A7
Hojux] ¢F
B84 7] A7t
Tt EAS
Atk Frle] EFEE B 7A <
=7teld Ak JMsd g MYt =

AR FE ol AE JtAdTAS Ho
UA "o durd o g walga/ar] E87]9

=]

i

Fig. 12 Z =23 o]

SRR

ox m

[e}
o] dAisteE wes
o] 7oA 2] (1) stoichiometric ¥Fg, 2](

A4A7 Anel B we, A @ F19)
A= S48 ez WA e

Stoichiometric 3}3:

C.H, +(x+%)(02 +3.76N,)

- xCO, +%H20+(3.76)(x+£)N2 1)

x  Getigtul 7] A8
ElEa ey
T dgAA: wlee@dku.edu
Tel : (031)8005-3503 Fax : (031)8005-4003

kk

319

A/54 39

(C,H, +Diluents) + (x + %)(0z +3.76N,)

— xCO, % H,0+(3.76)(x + %)N2 + Diluents
2)
F71/814 3 g:

C.H,+(x +£)((02 +3.76N,) + Diluents)

- xCO, +%H20 +(3.76)(x +£)N2 +(x +%)Diluents

3)

Arz 34 = A0E 7=ez 4
Bl =x7F "k davh 23E0] gle 9=
o i @9 #Zo] APHER A =3
= Y AdE =S Helw A9 ke
o7 Aot gk oz HAR HME =
23l 750 %9 Aavh 23E O 9= A 4
(Dek o] Aarh F7ha F7]o] EFHAE
3|4 Ao AAHIE 112 % 23] ST
o}

(C,H, +3N,)+(5)(0, +3.76N,)
= C,H, +(5)(0, +3.76N,) +0.6N,)
53C0, +4H,0+(3.76)5)N, +3N,  (4)
ol9} e Mo RRE AstAd FV|7F BE
ANAZ NE = A Aoz spddAE



Al 453] KOSCO SYMPOSIUM =% (20129 % FA gh=d 3])

golupr] AL W, =2A7A7E £3E ol 9l stoll we} 3hgle] FH= Ha Y FAE
= 7IAG g is o5 3R daMZ Bol Fa gtk ol LPG Azl A&7t 7
B vl e HeldA Aaxvt hedts & How olg F7lol EHe= HAY Fom
T Utk alAstol vl skt S7el 494G, 4 34
Puri and Seshadri”t W&F v A= o] A== MV WA vEhARt shele] A
s 22 4T 49t vrle xR 4T o7} AojAaL &glo] Aty el e &
Aol e Satstee] 2AFAE AR Hol LAY 2y G gtdo]l F4E
AT daz B4E ZRgo] Fbskg (1, 2) kel Zeol7k @obxa 399 Edol
S FAE F de dEd 2IdHE dh = WA el el wASAT. I dd
of A= 920 % sdu ol& A (2)¢ G shede] FAEW T frfel AEFE o
(3)& ol&ste] F7lel 2= dre] = B AAE gME deEE 39S I F
gakstdl 326 %l sidat, o] gk Fig. 19 A= AS &+ o
A 1ol Ak kA A Ao 2 A Aoz NdE A8 =5 RE A% &F
2 & 5 Advk Wl I A4 A g ARE AbEete] Fatstde FAdskd iR
20N g AR JAE Aol A o A= Md Ftstdo]l F4H= WAE
HE F7ld 23E AA w348 %k 8t A 58 F v gsEsT HUE ol&%
At o] AI}sEFEH A Ee FE dEF oHl A Ay e FEgS sk
stdo] frAlEE duel 2= B247A 92 %6oldo] Akl BME LPG ARRE 39
T QA ol oW ge ZHA H = A F dds AS & 5 UMY o=
H, o] g2 WU dAi 54 o A A7k F7HE 7l 20 E 34 HAAa
T ATE AS & Ak of AAu7F 34 %<1 2ol It Fig. 1%

A2z A9 LPG(ZE3 92 %9 n-F& 8 Hjashd, o] e FRFH 19zl Wi
%) Amo ALE AT o] A W ZtAgA A sk e & 5 sk wEbA
A= olvEsT HUE AREste]l T AE7F =2AVIAR F4E= A5 ASAR
th Fig. 2= olzss7 HUddAM 4= o T 717 AAEEE v w2 3 2ol A
T OSA/AREAES s s BolFa gl 9 dAE el FA vheddes Ade & T
SR ZEJO FEHIl UF =E2s 3 Atk ol e W= bR e HA s
b #EEd WE =59 37 F52 1994 71 dd 2 oo sdd 2e 39 A
m/s® Re F7F 2933013l Wi o S/ E 239 F7F sol 2gEv ol g A7t
& sds dAske As & 4 vk Fig. 32 AL F3d Aot

HowmEe] fAe wE s e WIkE
HolFw, i =3I Fo|7l oF =srRT ;
WA WsshE RRAET SA/ET B, = 7

H = =0 Sl A} 3l o4 5 3} 3lodo
ol e g AT WS R ATE SEaens ade g 9
A= WA o] SAHL As sa  ZeHTEARE AN §37) 5$4E(SVRU)
wsd Bqe ERsAct A 0 HFAE AR} A Aoz Sy
° = SHAlE S5k gomn old ZFAFE= U}

Figure 4= 3tdo] FA5= 9] A= e R
of A7hd A & 2&& Yeha v LPG
Az B¢ Aa BEE&0 5% o4, = LPG T =5
AE7F AAE] 1:3 o) HaR FMH L ST
L e [1] B. Lewis and G. von Elbe, Combustion,
& 7 Al Flames and Explosions of Gases, 3% ed,

olFEss MUdlA FdH= ke =49 Academic Press, 1987.
A= ok el sy AAd 5 sl [2] I. K. Puri and K. Seshadri, "Extinction of
Fig. 5= Wi+ i_%i _%E'LE]%_ s /= Diffusion Flames Burning Diluted Methane
T oHEel W e W W %_— Eoﬂ% : IH and Diluted Propane in Diluted Air,” Combust.
Tow=e] g7l ardel wew S5 S9el @ and Flames, 65, 137150, 1986.
At aeg 37 S50 FEM 4R
R Sdom de] Mt AL ¥ 5 Utk Fig.
6 W =SR2 Fass ¥719 27 = W

320



Al 453] KOSCO SYMPOSIUM =% (20129 % FA gh=d 3])

PERCENT OF OXYGEN IN MIXTURE OF DILUENT GAS + AIR
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Fig. 4 Blowoff limit of percent of diluent
nitrogen in mixture of nitrogen-+air
varied with an inner nozzle position.

Fig. 1 Flammability limit of propanetdiluted
air mixture.!
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Shield Air Fuel+N, Fig. 5 Transition from a laminar flame to a
Air turbulent flame as increase of air
velocity through an inner nozzle.

Fig. 2 A typical flame established on a
concentric co—flow burner with air
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Fig. 6 Limit of percent of nitrogen dilution to
0 mm 2 mm 4 mm

maintain a flame with nitrogen diluted

LPG fuel.
Fig. 3 Flame shape changes with the position

of an inner nozzle.
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