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Abstract: This research paper presents a detailed comparative analysis of the efficiency of two solid
propellant rocket fuels: black powder and a sorbitol-potassium nitrate combination. The evaluation indicators
adopted in the study include altitude, thrust, velocity, and trajectory in an effort to identify the most suitable fuel
for small rockets. Both fuels were burned with identical rocket motors, each with a weight of 1,293 grams, to
achieve an equal correlation in the combustion. The gunpowder fuel was formulated with the following
composition: primarily, Potassium Nitrate (KNOs) 65%, Activated Charcoal (C) 15%, and Sulfur (S) 10%; with
Iron Oxide (Fe20s) 2%, and Aluminum Powder for extra thrust at 8%. The final mixture of sorbitol and potassium
nitrate was prepared in the ratio of 6:3:1 Parts, i.e., 60% Potassium Nitrate (KNOs), 35% Sorbitol, and 5%
Aluminum Powder were used to provide the best balance of oxidizer, fuel, and a small quantity of aluminum for
enhanced burning. Two rockets were launched—one powered by gunpowder and the other by a sorbitol-
potassium nitrate mixture. Both rockets were identical in construction, with a total length of 95.5 cm and a mass
of 492 grams, not including the motor. They were designed for minimal weight, with a wooden cardboard nose
cone, body, and fins. The position of the center of gravity (CG) was established at 69.7 cm from the base, while
the center of pressure (CP) was at 53 cm, ensuring flight stability. A substantial amount of quantitative data,
including altitude, thrust, velocity, and trajectory of the launch, were measured. The results, summarized in Table
1 (previously referred to as Fig. 2), demonstrate that the gunpowder-powered rocket achieved significantly higher
altitude, thrust, and velocity, indicating superior efficiency compared to the sorbitol-potassium nitrate mixture.
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1. Introduction

ince the dawn of amateur and professional rocketry, solid propellant rockets have been used due to ease of

design, reliability, and high efficiency. These rockets work with a propellant, which is a fuel/oxidizer
combination: the propellant burns to provide the necessary propulsion force [2]. Specifically, the selection of the
propellant is a rather important step because all the characteristics of the rocket are based on it [3]: the thrust, the
rate of combustion, and the efficiency. In this study, we focus on comparing two popular solid propellants: used
gunpowder and an energetic component sorbitol-potassium nitrate [4], which is still different in their features,
affecting the flight of the rocket. Traditionally known, gunpowder is a propellant mainly constituted of Potassium
Nitrate (KNOs) and known as oxidizer, Activated Charcoal (C) and Sulfur (S) recognized as fuel and stabilizer
correspondingly. The specific composition of the combined gunpowder of the study includes 65% Potassium
Nitrate, 15% Activated Charcoal, 10% Sulfur, 2% Iron Oxide (Fe20s), and 8% Aluminum Powder to increase the
thrust. Black powder being fast burning having great propulsive force the propel it but it decomposes fast, is
difficult to handle and store, and mostly its efficacy is not steady making it though powerful but not much suitable
for rocket utilization. On the other hand, the combination of sorbitol and potassium nitrate is much more modern
especially evident through the use of rocket by amateurs. Thus, sorbitol, a sugar alcohol, is the fuel, and potassium
nitate being the oxidizer of the reaction. In this experiment, we decided to have the composition; 60% Potassium
Nitrate, 35% Sorbitol and 5% Aluminum Powder. It is easier to manage, less sensitive and gives a controlled
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combustion; its use of aluminum powder improved combustion, and good steady power. The structure of the
rocket also is a factor that determines the effectiveness of a propellant as involved in the construction process. To
conduct this research we employed a rocket with a length of 95. 5 cm and a mass of 492 grams with the motor not
included. The rocket has simple structures for its nose cone, the body of the rocket, and the fins and all of them
made of strictly selected lightweight cardboard to reduce its weight. With respect to the location of the bicycle’s
CG, which was calculated to be 69. 7 cm from the base and the center of gravity (COG) was at 53 cm mark from
the base of the bar. 9 cm, which provides solidity in the air and helps not to spin or turn over. Besides, there is
physical launches has been carried out, and to complement these, MATLAB simulations will be done to analyze
the data obtained [8] from the actual launches. With these simulations, it will be possible to determine and compare
the amount of time, thrust, velocity, acceleration, altitude and the Mach number regarding both types of fuels.
With the help of such an approach, there is a possibility to understand the specific characteristics of each propellant
and the influence which these factors have on the flight.

MODELROCKET_RESEARC

Figure-1 Experimental rocket model for testing Fuel efficiency made in Creo software
Table 1 Comparative Performance Analysis of Gunpowder and Sorbitol-Potassium Nitrate Rocket Fuels

Parameter Gunpowder Rocket KNSB Rocket
Maximum Altitude (m) 1450 340
Mach Number 1.4 0.246
Thrust Profile Higher, more blunt thrust | Steady rising thrust plateau

2. Methodology

The steps followed in conducting this research included rocket construction, testing, and simulation. To
achieve the highest possible altitude while maintaining stability, the rockets were designed using lightweight
cardboard for the nose cone, body, and fins. This material was chosen for its light weight, usability, and
availability. The rocket bodies for each design were constructed with specific dimensions, measuring
approximately 95.5 cm in length and weighing 492 grams (excluding the motor). The center of gravity (CG) was
placed 69.7 cm from the base, while the center of pressure (CP) was positioned at 53.9 cm. These measurements
were crucial to ensuring aerodynamic stability during flight.

The motors for both rockets were identical in design and each weighed 1,293 grams [13]. The motors were
loaded with two different types of solid propellants: a classic gunpowder and a sorbitol-potassium nitrate
composition. The gunpowder propellant was composed of 65% Potassium Nitrate, 15% Activated Charcoal, 10%
Sulfur, 2% Iron Oxide, and 8% Aluminum Powder to increase thrust. The burn initiator was a sorbitol-potassium
nitrate mixture, precisely formulated to achieve specific performance.
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Before the launches, each motor was tested using a computerized gauge instrument system. This system
recorded the thrust output of each motor at various time intervals. The thrust profiles, including both maximum
and average thrust, as well as burn time, provided insights into how each propellant would perform in flight.

From these thrust tests, several results were obtained. To further analyze the rockets' performance, MATLAB
simulations [14] were conducted. These simulations anticipated other aspects of flight, including altitude, speed,
acceleration rate, and mass distribution in response to factors like thrust and burn time. MATLAB's simulation
features enabled the visualization of how each rocket would operate [15] under the conditions defined by the type
of fuel, allowing for a comparison of the two propellants. The combination of construction, thrust testing, and
realistic simulations made this research as close to real-world rocket propulsion as possible.

3. Results and Discussion

The comparative experimental investigation of the two rockets, one fueled with gunpowder and the other
with potassium nitrate-sorbitol (KNSB), revealed striking differences in their performance characteristics,
particularly concerning altitude achieved and Mach number attained. The rocket powered by gunpowder
demonstrated a markedly superior performance, reaching a maximum altitude of 1,450 meters, as depicted in Fig.
2. This substantial altitude is a clear indicator of the higher energy output and efficiency associated with the
gunpowder propellant. On the other hand, the rocket fueled by KNSB achieved a considerably lower maximum
altitude of just 340 meters, as shown in Fig. 4. The primary reason for this disparity lies in the difference in thrust
generation; the gunpowder rocket produced a much more rapid and intense thrust compared to the KNSB rocket,
enabling it to climb higher in a shorter period. When analyzing velocity, the gunpowder-fueled rocket not only
reached but exceeded the speed of sound, achieving a Mach number of 1.4, as illustrated in Fig. 3. This supersonic
performance underscores the effectiveness of the gunpowder propellant in delivering high-speed propulsion.
Conversely, the KNSB rocket remained within subsonic speeds, with a calculated Mach number of 0.246, as
depicted in Fig. 5, reflecting its relatively slower and more gradual thrust development.

The thrust profiles of the two rockets provide further insight into these performance differences. The
gunpowder rocket exhibited a sharp and high thrust curve, characterized by a rapid increase in thrust over a short
duration. This abrupt thrust profile is conducive to achieving higher altitudes and speeds quickly. In contrast, the
KNSB rocket displayed a steady rising thrust plateau, indicating a more gradual and sustained increase in thrust,
which, while more controlled, did not generate the same level of performance as the gunpowder rocket. The
accompanying figures, including altitude-time characteristics, Mach number history, and thrust-time diagrams,
vividly illustrate these dramatic differences in the performance of the two rocket fuels. The data clearly shows
that while the gunpowder propellant is more powerful and capable of driving rockets to higher altitudes and faster
speeds, the KNSB propellant, with its steady thrust curve, offers a different performance profile that may be more
suitable for specific applications where gradual and controlled thrust is desired. This investigation highlights the
importance of selecting the appropriate propellant based on the desired performance characteristics and mission
objectives.
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Figure-3 Graphical representation of thrust , time and altitude (left); Figure-4 Graphical representation
of Mach number of gun powder (right)
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Figure-5 Graphical representation of thrust, time and altitude (left); Figure-6 Graphical representation
of Mach number of KNSR (right)

4. Conclusion

Concerning the reliability of such rockets, the experimental research presented in this paper introduces new
insights for the comparative evaluation of the efficiency of gunpowder and KNSB propellants. The significant
difference in maximum altitude achieved by the two rockets highlights the substantial impact of fuel mixture on
rocket performance. The rocket propelled by gunpowder reached an altitude of 1,450 meters, while the KNSB
rocket only attained 340 meters, clearly demonstrating the higher energy release rate and more efficient
combustion of gunpowder. This is further supported by the thrust-time profile, where the gunpowder rocket
encountered the highest thrust [19], which is crucial for enhancing the rocket’s altitude. Additionally, the
generation of Mach numbers provides valuable insights into the safety and flight dynamics of the rockets. The
gunpowder rocket produced a Mach number of 1.4, achieving supersonic speed. This advancement not only
indicates the rate at which the rocket is traveling but also attests to the soundness of the rocket's design, as it can
withstand the forces of supersonic speed. On the other hand, the KNSB rocket, with a Mach number of 0.246,
remained subsonic, reflecting a lower acceleration rate and a general lower Specific Impulse in converting
chemical energy to kinetic energy. From these observations, it can be deduced that for applications requiring high
altitude and high-speed performance, gunpowder is a superior fuel. However, it is essential to recognize that
several factors, such as safety, cost, and the rocket’s mission profile, influence the choice of fuel. While
gunpowder offers more power in terms of altitude and velocity, it is also more dangerous and requires more
disciplined handling conditions. Conversely, KNSB, despite having lower performance metrics, may offer
advantages in safety and manufacturability, making it a suitable choice for applications with low sensitivity or
educational purposes. In conclusion, this study emphasizes the importance of propellant choice in rocket design
and its performance characteristics. When evaluating rocket propulsion, the gunpowder-powered rocket
outperformed the KNSB rocket in terms of altitude and Mach number, indicating that gunpowder is preferable for
missions requiring high energy output and significant altitude gains. However, depending on the specific mission
requirements, the choice between gunpowder and KNSB should be carefully weighed, considering factors such
as efficacy, efficiency, and safety. These findings can contribute to the development of better rocket designs and
the selection of appropriate propellants for improved aerospace engineering.
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