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ABSTRAK 

Letupan gas yang melibatkan biogas adalah fenomenon yang serius akibat dari 

pembakaran pracampuran awan gas. Bagi mengkaji faktor-faktor yang menyumbang 

kepada kejadian letupan, kajian terperinci dan menyeluruh terhadap kepekatan bahan api, 

tekanan mula dan suhu, dan pencairan karbon dioksida (CO2) telah dijalankan. Namun, 

kajian-kajian yang dijalankan ini hanya melibatkan campuran bahan api selain daripada 

biogas. Biogas merupakan gas yang mudah terbakar memandangkan komposisinya terdiri 

daripada 50 hingga 70% metana (CH4), 30 hingga 50% CO2 dan beberapa gas yang lain. 

Oleh itu, kekurangan data mengenai ciri-ciri asas pembakaran dan letupan biogas akan 

membawa kepada pertambahan potensi bahaya letupan terutamanya dalam industri. 

Dalam kajian ini, letupan gas di ruang terbatas telah dijalankan. Pendekatan eksperimen 

menggunakan bekas sfera tertutup yang mempunyai isipadu 20 L telah dipilih bagi 

mengkaji ciri-ciri letupan pracampur campuran biogas/udara. Faktor-faktor seperti nisbah 

kesetaraan (ER), kepekatan CO2 dan tekanan mula yang menyumbang kepada ciri-ciri 

letupan pracampur campuran biogas/udara telah dikaji dan dianalisis melalui tekanan 

lebih letupan (Pex), tekanan lebih letupan maksimum (Pmax), kadar maksimum kenaikan 

tekanan ((dP/dt)max) dan indeks deflagrasi gas (KG). Berdasarkan penilaian yang 

dilakukan, pracampur campuran biogas/udara yang mempunyai 40% vol/vol  CO2 pada 

nisbah kesetaraan yang agak tinggi (ER = 1.2) adalah yang paling serius apabila meletup 

dengan Pex, Pmax dan (dP/dt)max masing-masing bernilai 8.50 bar, 9.08 bar dan 120.00 

bar/ms. Selain itu, berdasarkan penilaian kepekatan CO2, pracampur campuran 

biogas/udara yang mempunyai 45% vol/vol CO2 pada ER 1.2 didapati paling tidak serius 

apabila meletup dengan Pex, Pmax dan (dP/dt)max masing-masing bernilai 7.60 bar, 8.05 

bar dan 82.25 bar/ms. Ini adalah disebabkan oleh kesan fizikal CO2 dan ketidakstabilan 

kemeresapan-haba. Malah, pracampur campuran biogas/udara pada tekanan mula 1.1 bar 

juga didapati paling serius apabila meletup dengan Pex, Pmax dan (dP/dt)max masing-

masing bernilai 9.90 bar, 10.90 bar dan 1922.50 bar/ms. Ini adalah disebabkan oleh 

batasan ruang yang wujud di antara molekul, kadar tindak balas kimia yang cepat serta 

peranan ketidakstabilan kemeresapan-haba. Kajian ini juga menunjukkan bahawa 

pracampur campuran biogas/udara pada ER antara 0.8 hingga 1.5 tergolong dalam 

kategori kelas bahaya St-3, yakni merujuk kepada letupan yang sangat serius. Data Pmax 

yang diperoleh daripada eksperimen juga telah di disahkan dengan menggunakan perisian 

FLame ACcelaration Simulator (FLACs). Keputusan yang diperoleh menunjukkan 

bahawa Pmax yang diperoleh daripada eksperimen berada dalam lingkungan had kelainan 

± 30% dan yang dianggap memuaskan. Malah, perbandingan Pmax yang diperoleh 

daripada eksperimen dan data yang diterbitkan daripada kajian-kajian terdahulu juga 

menunjukkan trend yang setanding. Kesimpulannya, ER, kepekatan CO2 dan tekanan 

awal pracampur campuran biogas/udara mempunyai kesan yang signifikan terhadap ciri-

ciri letupan dan boleh membawa kepada bencana yang melibatkan letupan. 
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ABSTRACT 

A gas explosion involving biogas is a severe phenomenon that results from the 

combustion of a premixed gas cloud. As of today, several explosion accidents involving 

biogas have been reported worldwide. Extensive and comprehensive studies have been 

done to investigate the factors contributing to the explosion (i.e. the fuel concentration, 

initial pressure and temperature, and carbon dioxide (CO2) dilution). However, these 

studies have only been done involving fuel/air mixtures other than biogas. Since biogas 

is composed of 50 to 70% methane (CH4), 30 to 50% CO2 and traces of other gases, it is 

highly combustible. Lacked in its fundamental combustion and explosion characteristics 

will lead to a higher potential of explosion hazard especially in industries. In this study, 

a gas explosion in a confined space is considered. An experimental approach using the 20 

L closed spherical vessel is adopted to investigate the explosion characteristics of the 

premixed biogas/air mixtures. The factors (i.e. equivalence ratio (ER), CO2 concentration 

and initial pressure) contributed to the premixed biogas/air explosion characteristics (i.e. 

the explosion overpressure (Pex), maximum explosion overpressure (Pmax), the maximum 

rate of pressure rise ((dP/dt)max) and gas deflagration index (KG) was evaluated. From the 

results, it was found that the premixed biogas/air having 40% vol/vol CO2 was the most 

severe when exploded at a slightly rich concentration (ER = 1.2) with Pex, Pmax and 

(dP/dt)max of 8.50 bar, 9.08 bar and 120.00 bar/ms respectively. Besides, the evaluation 

of CO2 concentration in the premixed biogas/air mixture also showed that the mixture 

having 45% vol/vol CO2 at ER of 1.2 was found to be the least severe when exploded 

with Pex, Pmax and (dP/dt)max of 7.60 bar, 8.05 bar and 82.25 bar/ms respectively. This was 

due to the physical effect of CO2 and thermal-diffusive instability. Further, the premixed 

biogas/air mixture was also found to be the most severe when exploded at an initial 

pressure of 1.1 bar with Pex, Pmax and (dP/dt)max of 9.90 bar, 10.90 bar and 1922.50 bar/ms 

respectively. This was due to the fewer spaces between molecules, higher reaction rate as 

well as due to the role of thermal-diffusive instability. This study also shows that the 

premixed biogas/air mixture at ER ranging from 0.8 to 1.5 to fall into St-3 hazard class 

that was the most severe when exploded. Verification of the Pmax obtained from the 

experimental results was also conducted using the FLame ACcelaration Simulator 

(FLACs) software. Results showed that the Pmax was found to be within the ± 30% limit 

of discrepancy and is considered satisfactory. The compared Pmax from this study with 

published data from literature also shows a comparable trend. As a conclusion, it shows 

that the ER, CO2 concentration and the initial pressure of the premixed biogas/air mixture 

has a significant impact on its explosion characteristics, which can lead to a catastrophic 

explosion. 
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