
EXPERIMENTAL ANALYSIS OF PULSE DETONATION ENGINE 

FUELLED BY BIOGAS MIXTURES

AHMAD DAIROBI BIN GHAZALI

A thesis submitted in fulfilment of the 

requirements for the award of the Degree of 

Master of Engineering (Mechanical)

Faculty of Mechanical Engineering 

Unviersiti Teknologi Malaysia

OCTOBER 2015



Dedicated to;

EMAK (SITIRAGAYAH TUMIN), AYAH (GHAZALI TAWIL), 

M Y WIFE (NORHIDAYAH ABDUL HAK),

M Y SIBUNGS, M Y FRIEND and 

KARKUN UTM

Thank you for your support



ACKNOWLEDGMENT

The Prophet sal-Allaahu 'alayhe wa sallam used to supplicate "O Allah! 

Guide us to having beautiful manners and characteristics, no one can guide us to 

beautifying them except You, and turn away from us all evil actions and 

characteristics, no one can turn them away from us except You." -  Ameen. 

[Related by an-Nasa'i (no.861)].

First and foremost, all praise to Allah with Alhamdulillah, the Benevolent 

for his blessings for giving me the inspiration to embark on this project report and 

instilling the strength so that I can finish it well.

There are many people who have contributed to this project report to be 

completed and I'd like to thank everyone who helped in the making of this project. 

My supervisor, Assoc. Prof. Dr. Mazlan Bin Abdul Wahid is the one who really 

contributed most in this project because a lot of ideas about how to write and editing 

of this project report come from him. He also put an effort to give me the best on his 

teaching and knowledge.

To my mother, father and my wife that always pray for my successful, all 

this things cannot pay for all what you all have done. Not forgotten also is my 

gratitude to all my friends for their support. Lastly, I would like to extend my 

appreciation to Universiti Teknologi Malaysia for providing the services and 

facilities to complete this task.



ABSTRACT

The demand on energy conversion system with high efficiency has led researchers to 

study the technology of Pulse Detonation Engine (PDE). Among the prominent features of 

PDE are enhanced thermodynamic efficiency, high thrust generation, reduced design 

complexity, and lightweight. The main focus of this study is to develop a Pulse Detonation 

Engine with the ability of running on biogas fuel and operating at the minimum frequency of 

10Hz. First, the combustion characteristics of biogas in detonation mode is calculated using 

NASA Computer program of Chemical Equilibrium with Applications (CEA) with two 

different oxidizing agents: air and oxygen. The equivalence ratio was varied from 0.7 to 1.4 

with 0.1 increments. It was found that the increased methane concentration significantly 

improved performance in terms of pressure, temperature and Mach number of detonation 

characteristics. Next, an experiment was carried out to assess the effects of hydrogen 

addition in biogas on detonation characteristics performance. A single detonation tube and 

fuel with composition of 60% methane and 40% C02 was used for the experiment. It was 

found that the optimal amount of hydrogen addition into the biogas fuel mixture is 15%. For 

this fuel composition, the detonation pressure is improved by 23%. Finally, the experiment is 

conducted at a frequency of 10 Hz. At this operating condition, the pressure of 9.87 bar and 

20% addition of hydrogen has been identified to provide the most optimal PDE performance. 

It was found that the detonation characteristics of biogas are affected by the percentage of 

methane concentration in biogas. C02 dilution is identified to have reduced the flame speed, 

temperature, and pressure of biogas.



ABSTRAK

Permintaan pada sistem penukaran tenaga dengan kecekapan yang tinggi 

telah membawa penyelidik untuk mengkaji teknologi Enjen Letupan Bemadi (PDE). 

Antara ciii-ciii yang menonjol pada PDE adalah kecekapan tennodinamik, 

penghasilan teras yang tinggi, mengurangkan kerumitan reka bentuk, dan ringan. 

Fokus utama kajian ini adalah untuk membangunkan satu enjin PDE dengan 

menggunakan bahan api biogas dan beroperasi pada frekuensi minimum 10Hz. 

Pertama, ciri-ciri pembakaran biogas dalam mod letupan dikira menggunakan 

program NASA Computer program of Chemical Equilibrium with Applications 

(CEA) dengan dua agen pengoksidaan yang berbeza: nisbah udara dan oksigen. 

Kesetaraan telah diubah 0.7-1.4 dengan 0.1 kenaikan. Ia telah didapati bahawa 

peningkatan kepekatan metana meningkatkan prestasi dari segi tekanan, suhu dan 

nombor Mach ciri-ciri letupan. Seterusnya, satu eksperimen telah dijalankan untuk 

menilai kesan penambahan hidrogen dalam biogas prestasi ciri-ciri letupan. Satu tiub 

letupan tunggal dan bahan api dengan komposisi 60% metana dan 40% CO2 

digunakan untuk eksperimen. Ia telah mendapati bahawa jumlah optimum 

penambahan hidrogen ke dalam campuran bahan api biogas adalah 15%. Untuk 

komposisi bahan api ini, tekanan letupan bertambah baik sebanyak 23%. Akhir 

sekali, uji kaji dijalankan pada frekuensi 10 Hz. Pada keadaan operasi, tekanan 9.87 

bar dan tambahan 20% daripada hidrogen telah memberikan prestasi PDE yang 

paling optimum. Ia telah didapati bahawa ciri-ciri letupan biogas dipengaruhi oleh 

peratusan kepekatan metana dalam biogas. Pencairan oleh CO2  dikenalpasti telah 

mengurangkan kelajuan api, suhu, dan tekanan biogas.












































