
Mechanical Engineering Summer Research Program 2020
Ava Steneck – Advisor: Professor Jason Rabinovitch

Methyl Methacrylate (MMA): Examination of a Hybrid Motor Fuel

Introduction
Poly (methyl methacrylate) (PMMA, (C5H8O2)n) is a thermoplastic that 

is becoming more commonly used for micro-propulsion and other 
areas of study because it is weather resistant, transparent, more 

affordable than alternatives, and has a low decomposition rate [3, 5]. 
At around 250-300 degrees Celsius, PMMA decomposes to its 

monomer, methyl methacrylate (MMA, C5H8O2) [5]. In order to further 
examine PMMA’s combustion characteristics, I used the shortened 

kinetic model of MMA described in the study, “Experimental Study and 
a Short Kinetic Model for High Temperature Oxidation of Methyl 

Methacrylate” by S. Dakshnamurthy et. al, to recreate the study’s 
models demonstrating the fire behaviors and qualities of MMA. The 
combustion reaction that I modeled is C5H8O2 + 6O2 → 5CO2 + 4H2O. 

Dakshnamurthy’s chemical mechanisms for MMA combustions signify 
a strong step towards performing detailed computational simulations 

for hybrid rockets that use PMMA as a fuel.

Materials & Methods
• Cantera (https://cantera.org/) 

& Matplotlib: In order to 
recreate the examined 
literature’s models describing 
MMA, I referenced and used the 
sample codes demonstrating 
the scientific principles related 
to these models.

• Python/Idle Python/Jupyter
Notebook: I used these 
applications and this language 
of code to write the code 
needed to recreate the models 
described in the literature.

Background On Hybrid Rockets
Hybrid motors are composed of a solid 

propellant (usually the fuel) and either a 
liquid or a gaseous propellant (usually the 
oxidizer). These motors are safer than the 

alternative motors, because the two 
propellants are in different phases and 

separated physically, which requires a greater 
activation energy to ignite [2]. With a control 

valve connecting the two propellants, the 
oxidizer flow can be controlled [2]. Therefore, 

if the hybrid motors have a reusable igniter, 
they can restart combustion. Overall, hybrid 
motors are a cheaper and safer alternative 

while maintaining throttleability [1].

Results
• The percent error between my data from the Mole Fraction vs. Distance from Burner and the study’s 

graphs varied from graph to graph.
• My graphs reached a peak at 2 mm, while the study’s graphs reached a peak at around 0-1 mm.

• In the study, the authors explain that the overall percent error for this experiment is 
about 20-30%; my data is within this range for about half of the graphs.

• My values in the graph representing the Laminar Burning Velocity vs. Equivalence Ratio, are within 
20% of the published values [5]. Equivalence ratio is “the ratio of the fuel-to-oxidizer ratio to the 
stoichiometric fuel-to-oxidizer ratio” [6].

• The conversion from the original format of the published mechanism to a format compatible with 
Cantera may be a factor in this discrepancy but further research is needed to identify the error [5].

Conclusion
The goal of Dakshnamurthy’s study, the literature that I used to follow the 

models and attempt to recreate them, is to validate that the shortened kinetic 
model would in fact be an accurate representation of MMA, therefore allowing 
researchers to use this instead of PMMA. Computations on such a large scale 

are costly and inefficient. Therefore, if this shortened model accurately 
identifies the major species and represents its combustion characteristics, then 

the researchers can save time and money. While my data was slightly off at 
times in comparison to the paper’s data, the study’s data did validate what it 
was originally trying to prove. The shortened kinetic model, 88 species and 

1084 reactions, can be used to further study MMA fire safety.

Figure 1 (Left):
Part 1 of the study: depicts the mole 
fractions of the major species 
profiles found in MMA’s laminar flat 
flame. Atmospheric conditions.

Figure 2 (Right):
Part 2 of the study: the shortened 
kinetic model demonstrates the 
laminar burning velocities of MMA 
and air mixtures. Pressure is 1 
atmosphere. Temperature varies as 
shown in legend.
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Figure 3 (Above):
PMMA fuel grain image: 
Figure 8 from Low 
Pressure Ignition Testing 
of a Hybrid SmallSat
Motor [4]

https://cantera.org/

