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Abstract: The objective of this study was to develop a new method for estimating gas interchangeability for 13A gas
appliances. The three basic principles for the development of this method are as follows: 1) to derive the secondary
interchangeability factor that represents the effect of gas composition, in addition to the major interchangeability factor, i.e.,
Wobbe index; 2) to test every type of and each maker’s domestic gas appliances that are widely used in our country,
particularly including premixed gas appliances; and 3) to develop a simple estimation method. On the basis of these
principles, thirty representative gas appliances were tested, and as a result, a simple two-dimensional interchangeability
diagram consisting of Wobbe index and relative density was developed. Unlike conventional methods for estimating
interchangeability, this method can be applied to premixed gas appliances, which have a narrow stable flame range, and the
interchangeability range of this method then becomes narrower than that of the conventional methods.
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Table 1 The list of gas burning appliances for test

Kind of gas appliance Burner type Quantity
Gas hot water boiler Partially premixed 12(6)Jr
Condensing gas hot Premixed 3(1)
water boiler Partially premixed 6(2)
Gas over range Partially premixed 6(3)
Gas rice cooker Partially premixed 3(1)
Total 30(13)
Jr() : Number of used appliances

CH Device

4 manufacturing Gas
a gas mixture appliance

CGHB

L [ee] L] |

Efficiency Emission
measurement analyzer

system

Fig. 1 Schematic diagram of the experimental
system
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Table 2 Comparison of superior calorific value and
MCP between typical LNG and the
equivalent gas mixture

Calorific

. value | MCP
CH4 CzH(, C}Hg 1C4H10 HC4H10 Nz (MJ/mS)

Composition (mol %)

ING | 909| 60 | 21 | 04 | 04 |02 | 43379 | 368

Equi.gas | 93.52 6.30 0.18 | 43574 | 368
Deviation(%) -0.01 0.0
60
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=
S s
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Relative Density

Fig. 2 Test points for the interchangeability of
13A gas appliances
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Table 3 The coordinates of the interchangeability

diagram
Partially premixed Premixed
# | Wobbe index | Relative |Wobbe index | Relative
(MI/Nm’) density (MI/Nm’) density
1 53.53 0.5549 53.53 0.5549
2 55.79 0.6223 55.79 0.6223
3 57.32 0.6695 57.32 0.6695
4 56.00 0.7500 56.00 0.7500
5 51.00 0.7500 52.50 0.7500
6 50.50 0.7000 52.00 0.7000
7 50.50 0.6500 52.00 0.6250
8 50.50 0.5722 52.00 0.5636

A7t Sl "@Ekea Bel(=
Yeblie §- & AP Mgy Aiszvk A
¥l BOG(Boil Off Gas) #}¢l&
SE A7ty g AdATAE o] T P
EZo EAstH, A LEFHOR o)F
upe} wgk o]ie] arghslA
7F S7ekAl "ok Ad e AwAS 4
59.5 MJ/Nm’, H]|Z 0.55~0.750]9 <8 A| 4
52.0~56.0 MI/Nm*7F<& 1 MJ/Nm® 7HF o=
M9 vl A= 0.5 MI/Nm® (H4 o8 x4

N A HAASY L HFS 0.05 HF o
stA shelth vlFY SHAE 0752 3 A2
b hA A AT~ BxstE Ho) vF ghol
0.7 Helo]7] wj&Fol 7ol 0.04~0.05 HE2] o
FE F 0752 3 Aot}

Ad G855 Fol7] f8l, 4l A HelA
23 A 7171719 334 AES FHA
a3l 540 th& 7tAv7IE EREE 21Uy
(F 5d) A3kl Fig. 29 AE Al
F9s gotdll F yH A shx7)7)e] disiA =
7hm B AAZE AEsE A Fl NS é}ai
th ol NFS A AAAT AAL 4
3 0.5 MI/Nm® A Foll thale] =3kt

oo

o
s
2]
oX,
X
[>
L
2o © 40 ¢ H 2 o

© o

lo%m
>

R e

Z iﬂ A5

4, A3t 3 10F

4.1 7253 HY
Fig. 37} Table 32 13A A} 7}2=53kd 49
(clet Q=R FxE Yehlle e 43
30t A7) (FEEAES 27, dE3S 3d)
A9s ueEkdt o714 Fig
, 3 dES 77719
uim, 71 gy 21ks

i

DR

LNG line

2(R) 4
13A(J) WI range

WI (MJ/Nm3)

50 r
r BOG line
48 L I 1 1 1 1 1 1 1 1 1

0.55 0.60 0.65 0.70 0.75 0.80
Relative Density

(a) Partially premixed

60

LNG line

ol
€ 56| 7
£ 2R 13AJ) WI range
= 54 § 5
E 52 %8 i [FR—
= 50 :\VBOG line

agel =% o . o

0.55 0.60 0.65 0.70 0.75 0.80
Relative Density
(b) Premixed

Fig. 3 Gas interchangeability diagram of 13A gas
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Table 4 Heating value, maximum combustion potential
and equivalent nitrogen concentration at each
test point in the interchangeability diagram

Partially premixed Premixed
' (MEI}I/mS) MCP leilq(lrlrﬁg/im) (M?/I}I/m3) mep | P
1 | 39.87 | 36.0 0.0 39.87 | 36.0 0.0
2 | 44.01 36.9 0.17 44.01 36.9 0.0
3 | 4690 | 373 0.0 46.90 | 373 0.0
4 48.49 37.1 5.11 48.49 37.1 5.11
5 | 4417 | 358 11.73 4547 | 36.2 9.74
6 | 4225 | 356 9.98 43.50 | 36.0 8.06
7 | 40.71 35.5 7.64 41.11 35.8 4.69
8 38.20 352 4.19 39.04 35.6 2.09
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Table 5 Thermal efficiencies of hot water boilers

at the test points

4 Burner | R gas Deviation (% point)

type 2 1 3 4 5 6 7 8
1| PP 83.0 | +0.4 | +0.1
2| PP 803 | -0.1 [+0.5
3] PP 80.0 | -0.11-03
4| PP 78.1 | -04 [+03
5] PP 828 | -03 [+0.1] - - - - -
6| PP 832 | +03[-0.1 | -04 |+04 ] +04 | -0.1 | 04
71 P 86.3 | -0.1 [ 0.5 -04 |+06] 02 | 07 | -0.1
8] P 87.0 | +0.2 | +0.6 | - - - - -
9| PP 85.8 | +0.1 [ +0.1
10/ PP 84.0 | -0.6 | -0.2
11| PP 86.3 | +0.3 [ +0.5
12| PP 873 | -0.1 [+0.1

PP : Partially premixed, P : Premxed
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