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UNIT V - COMBUSTION CHARACTERISTICS OF PROPELLANTS
Burning Characteristics of Propellants

The burning characteristics of propellants are essential to understanding how they behave
during combustion, which directly impacts the performance of rockets, missiles, and other
propulsion systems. Key factors such as the burn rate, pressure dependency, temperature
effects, and composition all influence the overall efficiency, stability, and safety of a

propellant.
Key Burning Characteristics of Propellants:

1. Burn Rate:

o The burn rate, or the speed at which the propellant surface burns, is a critical
characteristic that determines the rate of gas production and thus the thrust of the rocket.
It is usually measured in mm/s or in/s.

o Burnrate is influenced by several factors, including the pressure of the surrounding
gases, temperature, and the formulation of the propellant.

o  Burn rate equation: Typically follows the Vieille’s Law, also called the burn rate
law: r=aP"

o  Where:

= r=bhurnrate

= a=aconstant related to the propellant composition

= P =pressure

= n=pressure exponent (typically between 0.3 and 0.9)

2. Pressure Dependency:
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o Burn rate increases with pressure, meaning the higher the pressure, the faster the
propellant burns. This pressure dependency is critical for the design of propulsion
systems because the chamber pressure in a rocket motor affects the overall performance.
o  The pressure exponent n is a measure of how sensitive the burn rate is to changes
in pressure. For solid propellants, a lower value of n (typically between 0.3 and 0.5)
indicates less sensitivity, which is desirable for stable and predictable performance.

3.  Combustion Temperature:

o  The flame temperature (combustion temperature) is another important burning
characteristic of propellants. Higher flame temperatures generally result in more
efficient propulsion but also require materials that can withstand the heat.

o  Typical solid propellants burn at temperatures in the range of 2500°C to 3500°C
depending on the type of fuel, oxidizer, and additives used.

o High temperatures lead to the rapid expansion of gases, creating high thrust in
rocket engines.

4. Surface Regression:

o  During combustion, the propellant burns from the surface inward, and this surface
regression rate defines how quickly the propellant is consumed. The shape and surface
area of the propellant grain determine the rate of gas production over time.

o  Propellants can be designed to burn in various patterns, including progressive
burn, neutral burn, and regressive burn.

=  Progressive burn: The burning surface area increases over time, causing an
increase in thrust (common in some composite propellants).

= Neutral burn: The surface area remains constant, leading to consistent thrust.

= Regressive burn: The surface area decreases over time, reducing thrust as the
propellant is consumed.

5. Thermal Stability:

o  Propellants need to exhibit good thermal stability, meaning they should not
decompose or ignite unintentionally at elevated temperatures or during storage. This is
particularly important for safety and long-term storage of propellants.

6. Flame Structure:

o The flame structure of burning propellants typically consists of different zones. For
example, in solid propellants:

=  Preheat zone: The solid propellant is heated by the combustion products, leading
to thermal decomposition.

= Decomposition zone: The material breaks down into gases and reactive species.
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= Flame zone: Exothermic chemical reactions occur, and gases like CO, CO-, H20,
and N: are produced.

7. Energy Content (Specific Impulse):

o  Specific impulse (Isp) is a measure of the efficiency of the propellant, representing
the amount of thrust generated per unit of propellant. Higher energy content in a
propellant leads to a higher specific impulse.

= Solid propellants typically have a specific impulse in the range of 200 to 300
seconds, while liquid propellants can achieve 300 to 450 seconds.

= Nitramine-based propellants or those with metal additives like aluminum often
have higher specific impulses due to their higher energy content.

8. Combustion Products:

o  The gases generated during combustion contribute to the thrust of the rocket. These
gases typically include N2, CO-, H:0, and in the case of composite propellants, metals
like AL:Os (from aluminum combustion) might also be present.

o  The molecular weight of these gases affects the efficiency of the expansion process
in a rocket nozzle; lower molecular weight gases tend to expand more efficiently,
contributing to better performance.

9. Additives and Modifiers:

o  Various additives are used to tailor the burning characteristics of propellants:

= Burn rate modifiers: These are added to adjust the burn rate to desired values. For
example, iron oxide can accelerate the burn rate.

=  Plasticizers: Improve the mechanical properties of the propellant, making it more
flexible or easier to process.

= Stabilizers: Added to improve the long-term stability and safety of the propellant
by preventing unwanted decomposition.

Burning Behavior of Different Types of Propellants:

1. Composite Propellants:

o  Composite propellants consist of a fuel (e.g., aluminum powder) and an oxidizer
(e.g., ammonium perchlorate) embedded in a polymer binder (e.g., HTPB).

o  These propellants exhibit progressive burn characteristics, with a high thrust-to-
weight ratio. The presence of metal fuels like aluminum increases the energy content
and combustion temperature.

2. Double-Base Propellants:
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o Made from nitroglycerin (fuel and plasticizer) and nitrocellulose (fuel and
oxidizer). These propellants typically have a neutral burning behavior, offering
consistent burn rates.

o Their burn rates can be modified by adding plasticizers or stabilizers, making them
suitable for applications requiring precise control.

3.  Composite Modified Double-Base (CMDB) Propellants:

o  These combine characteristics of both composite and double-base propellants by
incorporating metal fuels and additional oxidizers. The result is higher specific impulses
and adjustable burn rates.

4. Nitramine-Based Propellants:

o Nitramine propellants (e.g., based on RDX or HMX) exhibit high-energy burning
characteristics due to the high energy content of the nitramine. They produce intense
flames with high temperatures and high burn rates, making them ideal for advanced

military and space applications.

Summary:

The burning characteristics of propellants are determined by factors such as burn rate,
pressure and temperature sensitivity, flame temperature, energy content, and the composition
of the fuel and oxidizer. By tailoring these characteristics through additives and grain design,
propellants can be optimized for specific applications ranging from space exploration to

military rockets and fireworks.
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