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(A Study of Gas Interchangeability on Natural Gas and LPG/Air Mixture)
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ABSTRACT : In order to study the gas interchangeability, a series of tests and
analysis were conducted regarding to natural gas and gas mixture. Natural gas was
selected as a reference and NG-LPG/Air mixture as a substitute gas. The major interest
was placed on the determination of interchangeability limits for different mixing conditions.
The parameters of Wobbe Index and Combustion Potential were employed in estimating
the gas interchangeability.

The limits obtained by analysis(AGA, WEAVER, KNOY, GILB) were compared with
experimental results. The results estimated showed that the mixing limits of LPG/Air in
proper conditions were found to vary with analysis and AGA is considered to be the most
appropriate one.
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g3 FA :(WI,/WI,)-0.391(S,/S.)=0.460
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ojA)Eo R FEII ol S Eo UAItrAM GAEHZA Y= WIS Z
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H :Heating value of test gas(BTU/ft3)
175:Heating value of primary mixture(BTU/{t3)
G :Specific gravity of test gas relative to air
C Knoy index
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A7 cgrol +6%olofA thdstATT 100%E 840l AT +10% HH ol
Ax &g 4ol Aotz B3¢tk Boston Gas Company®] 7%
LPG/Air £ 234 71258 7138 171%% FHE3ts Zoz 4=
o] W4 o FHoRE JAd2U9 FFoust 1z ERUIY gETHol
160BTU/R3 oA 200BTUM3ZHA] 7P F oV BE ¢ stazio] BA Qo] A
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P :Heating value of primary mixture at burner head
H :Heating value of gas

G :Specific gravity

a,s:subscript of reference gas and substitute one
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4) Weaver 3O

Weaver2] W42 A.G.A Bulletin 36, 194833 19493 AGAAE U 1948
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100-Q
H| 3} X fnd 2 2 13
132+,): J,=J,- (100 Q) (13)
ARA2,) I, = %- 1.4J,+0.4 (14)
CRERASRU): J, = J, +N1uf’ 10 (15)
R

SFAALAR) T, = J, ~0.3662-0.634 (16)

S: 349 &k A4
Q: 2% & A
N: A4 94 A mole fraction
R: B3 44F dLdAe
o3 2954 b
JA = A:J(Z/ Aa\/G_-'
G: Specific gravity
A: Theoretical air consumption ratio
a,s: 71€ 7t2g gAstL F£ 75

Weaver’t A A 38 @A 7€2 of=lg @

J, =064, J.<0.08, J <0.14, J <0.0
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gt 2 B¢ i«’t} s AEIIYE olu] AFE T¥EH WY
2 3%

NG : CH(89.78), C,Hy(7.48), C;Hy(2.02), i-CsH,0(0.36), n-CH;0(0.34), N2(0.02)
LPG : C,Hy(1.1), C;H5(97.5), i-C4Hio(1.0), n-C4H;0(0.4)
Air : 05(.21) ,N(.79)
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Fig. 1 Ternary diagram of three reference gas mixtures
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Table 1. Results of gas interchangeability tests conducted based on NG and
LPG/Air mixture in various condition.

:
5
:
:

NGIPGAr WI CP

(100000) 13294 420
(5680) 13216 412
(900703) 133 411
(85.1005) 13302 405
(80.1307) 1349 401
(75.1609 1324 398
(02010) 13366 399
(6020.11) 13239 397
(5032.18) 1325 398
(0R3%) BN 44
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L:lifting

Y:yellow tip

F:flash back
I:incomplete combustion
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Fig. 2 Schematic diagram of experimental apparatuses
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SE2EH daduE BAEAT Table 201 947 7% AY 2AE FeEsig
T},

. AF4d 24

AAYAAFHH: 1182 B B, o3 g BYHA Ygren o
_133_



Table 2. Test condtions and measuring parameters for burner test

A4 A9z 3 W4
3] ¢=1.18,1.7,2.0 AL4E
£3¥ |8 $%.0.98~1.18 £ /min [Yellow tip, Lifting
Hyl AP = 200mmAq Flash back, 2} 7 ]
At LAY
234 Yellow tip, Lifting
AHE 2274 :14mm Flash back, <%
(GDF) | 4237 :3mm C0,C02
9471 |48 4%:2.022 ¢ /min
AP = 180mmAq
blast type(¢p=1.8) Yellow tip, Lifting
A& 132719 : constant | Flash back, 24 o]
& AEH%:04~0.45 ¢ /min | CO,CO2, 32
AP = 160mmAq 9
H A& £ A 4] Yellow tip, Lifting
Jta®A | A8 F%:2~3 ¢ /min Flash back, C0,CO2
AP=182~185mmAq &9
50 50
40 - 40
_ T s ] | ] . T
}é -
304 - 30 §
§ : ° o o ° g g
g 20 - 20 g
10 118 - 10
O  Fane length
= Buming velocly
V] 0

T T T
02 04 06

T
08

\blume fraction of NG in NG-LPGair miure

Comparisons of burning velocity and flame length in various fuel
conditions

Fig. 3

24Hs 3P NG BFol WE dL4x 9 A oI5t Fig 390 e
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NG ¥Fol wE d24x ¥ sddole AY FHsA deutt o=
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A &5 7] yEolgt YAt

HE DA NG LAY HIE GAsy] 8 AFY B2 JFEATI
£d 288 AE SAUY. FLF 2I|L=xM dd X4Ho] wet
FAE YL /MG AI B o2 F43te] Fig 40 nja gt IA
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Fig. 4 Trends of power outputs and Wobbe Index with variation of NG volume
fraction
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E EZAYo] vty ALE5ET =8 Yol oA Yol FulsA=A ol
BAEAJAY 2=y v, 3= FAFHA FRoy FEL 1A H S
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719ke] 23R LR st BEH dHEL HiA, £, AuEAY 2E
*Z A

ol el A APM A1, EHAL NG 50% 7HA+£ o] QL
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SHHAE 183 NG 80%, LPG/Air 20% 7FA 7} £8o] oty wokdAc)

4% 4922 Y% GDF A&7 BF, U YlA v, q3t= &
A gEe Y FAL NG 70% A 8 TA= U ol £ Mu]EA
43 A3 FIdolt AWML FIHA FASAILEZE AT %
10mm A4 &3 w7le=E A IFIHA FAHMNUG. 4UE =EF2 H
AEHOR FH2 QFSE FAHUT FHL EAHUA T NG 50%14 T4
HAou 4gE &3 Fde NG 20%o0H4 RE A BFHALw 3449
Aolx Ao 4AA ettt TFxEF FHOIEE ThF(single hole) =Fl
ulE F£4137 7ol w3 wEe] ol EAo] wis YAYs}I] ofF
2R Bt

-/

M ® ® 20 2
Pressure (mber)
Fig 5 Variations of power of NG+LPG/air mixtures as a function of pressure in an
industrial burner
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Fig. 6 Variations of heat power in NG+LPG/air mixtures for a gas range
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Ad3 7 FASHA YERRT

U |
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