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ANALYSIS OF CHARACTERISTIC OF COMBUSTION FLAME FROM BIOGAS FUEL MIXED WITH
BUTANE

Digdo Listyadi $*°., Ilham Budi Erawan? and Nasrul ilminnafik?

133Department of Mechanical Engineering Faculty of Engineering, University of Jember. Jl. Kalimantan 37
Jember 68121 East Java, Indonesia

ABSTRACT

ARTICLE INFO

Article History: The rapid use of fossil energy nuakes the supply of fossil fisels decreasing every year. One

R § 6 P of altenmative energes which can be w the rural area of Indonesia & biogas. In

R Mmmhwuum,!f fus snudy, the beogas wall be muxed with whach ks 3 hagher heating value, namely

March 2018 g 20 butane The method used is companing the characteristics of pare biogas fire, biogas mixed

Plll-l %m‘ with 10% -50% butane and pure butane wsang busisen burmer with premaxed combustion

oaline e The characteristics of flame observed durmg the research is the color, cone and temperature

of flame using bunsen bumer with premuxed combustion. Based on the result of the shady

ped 4 mﬂzmmmndmw&d n::d‘;ynum:ﬂ u:iun;‘

) ncrease is energy n

Flame color. fire cone height and temperatire addition Based on those thmgs. it can be conchuded that the addition of butane to biogas

[ WOIJMUWS. oul Thiz 2 am open acces: article dizavdured under the Creative Commons Amvibunon License, which permits }
wnrestricred wse, disvib and reprodk In any medeum, provided the orfgimal work 15 properly cited

INTRODUCTION

The mcreasing use of fossil energy each year makes the supply
of fossil fuels each year less and less. The energy cnisss has a
significant impact on the Indonestan economy, especully mn
remote areas [1]. One altemative energy that can be developed
1 rumal areas of Indonesa, especially willages s energy
derrved from agncultural and livestock waste One of the
livestock waste that can be utilized as an alternative energy 1s
cow dung waste [2]

Biogas from cow dung 1s an environmentally fnendly fuel
because it comes from fermentation process of orgame waste
contmmmng methane gas (50% -70%), CO, (30% 40%), N,
(1% -2%), H;0 (0 . 3%). H; (5-10%) and H;S (0-3%). Other
contents of brogas such as CO; and N; are methane gas
impurnities that have a bad effect i combustion. The adverse
effects of CO; and N;gases are 10 decrease the bumung
calonfic value resulting w low bumnmg energy and lower
combustion reaction rate thus requinag longer combustion [3].
Several research efforts have been made to make biogas a
lugh-quality fuel through the muxing of lugher energy fuels
Researches that have been conducted i recent yeass on biogas
quality mmprovement are done by nuxing between biogas and
vanous types of hydrocarbons [4] Butane is one of two
saturated hydrocarbons with a chenucal formula C.H,o which
has a colorless and flamumable property whach has a heavier
density than ar [5)

*Corresponding author: Digdo Listyadi S

Department of Mechanscal Engineening Faculty of
Engmeenng, University of Jember. JI. Kalimantan 37 Jember
68121 East Java, Indonesia

Biogas has very low combustion charactenstics, mixmg biogas
with butane 15 expected to mprove fire charactenstics to be
better. [6].

RESEARCH METHODOLOGY

Thus research uses expenmental method. that 15 the method
used to test the effect of butane nuxing on fire quality. Mixmng
biogas with butane using bunsen bumer In this study, 1t will
compare the charactenstics of pure biogas fire with the biogas
of butane nuxture with butane content of 10%, 20% 30%,
40%, 50% and pure butane. This test aums to see the color of
fire, cone height and temperature of fire

The tools used among others

* Bunsen burer
* Gas prpe %

« Balloon

* Matches

* Kanves

* Gas valve

» Camera

* Computer

* Compressor
Matenals used are:
* Biogas

* Butane

Stages of Gas Mixing
The biogas and butane maxmg step 15 camed out as i Figure 1
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e °

Figure | Gas moomg

The control variable from the research is as follows

BG100 (100% beogas)

BGY90Bu10 (90% biogas - butane 10%)
BG80Bu20 (80% brogas - 20% butane)
BG70Bu30 (biogas 70% - butane 30%)
BG60Bu40 (brogas 60% - butane 40%)
BGS0BuS0 (50% biogas - S0% butane)
BU100 (100% butane)

O AW -

After obtamung the composition of the gas m accordance with
the specified contmued mn the combustion stage using bunsen
burner 1o observe fire charactenstics, such as figure 2

Biogas
-

Figure 2 Bunsen burner bummg process
Fire cone height measurements are performed on the mner fire
cone (h) and the outer fire cone (H) such as figure 3 Stages of

measunng the beight of the fire cone m biogas are done by
using 2 bunsen burner

Figure 3 Meanwement of wner ght (h) and owter fire cone (H)

Tempenature measurement 1s performed at one of the highest
temperature potnts at the reaction zone, such as figure 4

Figure 4 Meanmement of flame temperature value
RESULTS AND DISCUSSION
Data Testing Resuln

The flame of pure biogas and pure butane produces a fire cone
as shown i figure 5, data on fire color, fire cone hesght and
fire temperature, of combustion 15 used to compare combustion
results with nuxtures of biogas with butane

Bul0O0

A) B)
Figure 5, 2) Flame of pure baogas and b) Flame of pure pure butane

BG100

Flame color, fire cone hesght and temperature from pure
bsogas combustion and pure butane can be seen 1 Table |

Table 1 Flame charactersstics of pure Biogas and Pure butane

Biaga: Butane
Sl caler Red 4507% Red . 43.66%.
Blwe - 54.93% Blue 56 34%,
Fae cone height b 047cm H 099 cm B 17lem H 360cm
The Value of Flame 5642°C 11723°C
Tempenature

The hewght change of the mner and outer fire cones from the
burmng of hwogas from cow manure mxed with 10% -50%
butane can be seen as m Figure 6
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Figure 6 Changes (5 mner and outer five cone henght Som combustion of
beogas suxne with butane 107 -50%

Test Fire Color

From this fire color image (figure 6) then look for RGB value
This RGB value 15 used 1o obtamn the percentage of fire color
The way it does 1s scan the color percentage of RGB value
usmng umage- softwase, the result as m Figure 7

00
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BOMDA  DOMDLY

Figwre 7 Percentage of the RGB values of fiel

In the test the percentage value of pure blue biogas RGB from
cow dung bas a percentage of 54 93% This value when
compared to the blue RGB value of the biogas nuxture with
butane on the graph shows an mcrease. Tlus happens m every
addition of the percentage of butane. although its value s still
below the pure butane that 1s equal to 56.34%

The blue color 15 generated because the fuel s perfectly muxed
using the premuxed combustion method, where fuel and ar
mixes iself on the bunsen bumer. Thus 1s 1 accordance with
the expressed Putn [7] where the blue color 1 the combustion
process mdcates that the fuel has been muxed perfectly with
the air. In another study expressed by Remilaili {8] hagh heatmng
values can be seen directly from the blue color

High Valne of Fire Cone

The high value of the fire cone m thas study | was the change
1 the height of the wner fire cone (h) and the hesght of the
outer fire cone (H) as shown in figure 8

-

Haght of fier cone tom)

| R i

DCMORId DOMDuIY DGNMDG0 DOGIDWI0 DGIDst
Tasl

Figure § Height of deep fire cone (h) and ower fire cone (H)

On the high test of the wmner and outer cone of pure biogas
(without muxed butane) has a conscal height (h) of 0,70 cm and
an outer fire cone (H) of 0,99 cm. Thss value whea compared
to the height of the mner fire cone and the outer flame of
biogas muxed with butane mdicates an mcrease m each

addition of the butane percentage High values of the mner and
outer fire cones of the biogas and butane muxrure are stll
below the height of the mner and outer cone of pure butane 1e
the wmner cone heaght (h) of 1,71 cm and the outer cone (H) of
3.60 cm

Thas wncreased mner and outer cone beight proves that the
addition of butane gas to biogas can wncrease the calonfic
value of the fuel The increase mn fire herght 1 closely related
10 the energy produced by the fuel [9]

The Value of Flame Temperature

From the results of brogas research wath 10% -50% butane
puxtare 15 taken fire temperature data 1o know the wend of
mereasing tempesatuze n each fuel as m figure 9

1300

= e
0%
1000
BCA0RI0 BGMBLY) BGNBUN HSGEN BGSUBuN
ol
Figure 9 Graph flame temperatare of fuel

In testing the temperature of pure biogas fire has a temperature
of 864 2 * C Tlus value when compared 1o the biogas nuxed
with butane gas on the graph shows an mcrease i temperatuse
m each butane percentage mcrease. but thas value s still below
the fire temperature of the butane busm that 15 11723 ° C, as
shown m Figure 9. The mcrease m temperature occurs because
brogas 15 muxed with 2 gas that has a lugher calonfic value so
it can make the biogas temperature becomes mcreased. Ths 1s
m accordance with the opmion of Lee and Hwang [10] who
sud to convert biogas that has a low quality then it needs
mixwg with a fuel that has a higher quality Previous studies
such as Zhen ef ol [4] that mux iogas with hydrogen with
nsmg temperature trends as well when biogas 15 mixed with
butane To convert biogas that has a low quahty then it needs
muxing with a fuel that has a lagher quality [10]. Temperature
mcrease occurs because biogas 1s muxed with 3 gas that has a
lugher calorific value that can make the biogas temperature
mcreased. Previous research moxmg biogas with hyvdrogen [3]
has the same trend 1 mcreasmng temperature

Companson berween brogas and butane muxture and biogas
with hydrogen muxture, as shown m Figure 10
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Figure 10, Coup
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From Figure IOihmlhalﬁaekanh
value of the biogas flame temperatwe will increase
temperature when added with fuel having a hugher calonfic
value. The heating value of butane gas and hydrogen gas 1s
higher than the calonfic value of biogas from cow dung. Whle
the calonfic value of herbogen gas 15 higher than the calonfic
value of butane gas Figure 9 shows a muxture of butane and
biogas graphs whose temperature values are lower than the

temperature values of the bsoogas and hydrogen gas muxtures.
CONCLUSION

From the analysis of fire combuston charactensncs of biogas
with butane muxture usmg premixed method wiuch wclude fire
color, height of fire cone mude and outside and temperature of
fire summed up thmes as follows

1. From the combustion of pure biogas, biogas with 10%
-50% butane nuxture and pure butane there 14 an
uxrease m the percentage of blue RGB value m ¢ach
addition of butane to biogas

2 The test results of the lngh cone inswde and outside of
pure biogas, brogas wath 10% -50% butane mixture and
pure butane that 1s the height mcrease mner and outer
cone m each addition of butane mn brogas dikarnakan
energy owned butane higher than i biogas

3. From the measurement of pure biogas temperature,
brogas wath 10% -50% butane muxture and pure butane
te there 15 an mcrease in temperature due to the
calonfic value found 1n butane hagher than mn biogas.
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