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Abstract: The exploration of Mars presents numerous challenges due to its unique atmospheric conditions.
This paper explores the conceptual design of supermassive balloons for Martian airships, focusing on the envelope
configuration, material selection, and the structural dynamics required for operation in the Martian atmosphere.
By leveraging research on lighter-than-air (LTA) vehicles, this study aims to optimize the design for stability,
efficiency, and durability, ensuring the feasibility of sustained atmospheric exploration on Mars.
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1. Introduction

ars, the fourth planet from the Sun, has captivated scientists and engineers for decades due to its potential

for harbouring life and its similarities to Earth. The planet's thin atmosphere, composed primarily of carbon
dioxide, along with its lower gravity, presents unique challenges for aerial exploration. Unmanned aerial vehicles
(UAVs) designed for Martian exploration must account for these environmental factors to achieve stable flight.
Lighter-than-air (LTA) vehicles, such as airships, offer a promising solution for sustained atmospheric exploration
on Mars [1,2]. This study focuses on the conceptual design of supermassive balloons for Martian airships,
emphasizing the envelope's design, material selection, and structural dynamics. The envelope, which houses the
lifting gas, plays a crucial role in determining the airship's buoyancy, stability, and aerodynamic performance. By
optimizing the envelope's shape and material, this research aims to enhance the airship's ability to navigate and
conduct scientific missions in the Martian atmosphere.

2. Previous Studies

Previous research on Martian exploration has explored various UAV configurations, including fixed-
wing aircraft, multi-rotor drones, and airships. NASA's Ingenuity helicopter demonstrated the feasibility of
powered flight on Mars, albeit with limitations in flight duration and range. However, airships present a unique
advantage due to their ability to maintain buoyancy with minimal energy expenditure, making them ideal for long-
duration missions. Studies on airship design for Earth-based applications have identified key factors influencing
envelope performance, including shape, material, and internal gas composition. The cylindrical, teardrop, and
ellipsoidal shapes are commonly used for Earth-based airships, each offering a balance between aerodynamic
efficiency and internal volume. These studies provide a foundation for adapting airship designs to the Martian
environment [3,4].

3. Material and Methodology

3.1 Envelope Configuration

The envelope is the most critical component of an airship, particularly in the Martian environment, where the
balance between buoyancy and aerodynamic performance is delicate. The shape of the envelope directly
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influences the airship's stability, drag, and overall efficiency. Several shapes were considered for the Martian
airship, each with distinct advantages and disadvantages.

3.1.1 Cylindrical Spherical

Figure-1 Spherical Envelope [Image Courtesy: NASA]

This shape is characterized by a long, consistent body with rounded ends. While simple and easy to construct,
it offers a balance between internal volume and aerodynamic efficiency. However, the cylindrical shape may
produce more drag in the thin Martian atmosphere, potentially reducing the airship's maneuverability.

3.1.2 Tear-Drop (Cigar Shaped)

This elongated shape tapers smoothly at both ends, minimizing drag and enhancing stability during flight.
The teardrop shape is known for its excellent aerodynamic properties, making it the preferred choice for
environments where air resistance is a significant factor. On Mars, this shape allows the airship to conserve energy
while navigating through the atmosphere. Refer figure-2 Tear-Drop Envelope

3.1.3 Ellipsoidal

The ellipsoidal shape is fuller in the middle and tapers gently towards the ends. This shape provides a
good balance between internal volume and aerodynamic efficiency. The smoother curves reduce drag compared
to a cylindrical shape, but the increased surface area may pose challenges in maintaining structural integrity. After
careful consideration, the teardrop shape was selected for the Martian airship envelope. This shape offers the best
combination of aerodynamic efficiency and stability, which is critical for maneuvering in the Martian atmosphere.
The teardrop design minimizes drag, allowing the airship to move efficiently through the thin atmosphere while
providing ample internal space for payloads and scientific instruments.
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Figure-2 Tear-Drop Envelope

3.2 Material Selection

Selecting the right material for the airship's envelope is crucial to ensuring its durability and functionality in
the Martian environment. The material must be lightweight yet strong enough to withstand the pressures of flight
and the extreme temperature variations on Mars, which can range from -125 degrees Celsius at night to 20 degrees
Celsius during the day.

The conceptual design of a supermassive airship envelope for Martian exploration involves a strategic and
iterative process that blends material science, structural engineering, and aerospace design principles. This
methodology outlines the approach used to conceptualize and design the envelope, focusing on ensuring that it
meets the unique challenges of the Martian environment while optimizing performance, longevity, and efficiency.

3.2.1 Definition and Requirements Analysis

The first step in the conceptual design process involves defining the problem and understanding the specific
requirements for a Martian airship. This includes:

e Environmental Considerations: Understanding the Martian atmosphere, which is characterized by low
density, extreme temperature variations, and frequent dust storms. These conditions necessitate a design that
is both lightweight and resilient enough to withstand harsh environmental stressors.

e Mission Objectives: Determining the mission goals, such as the airship’s intended altitude, flight duration,
payload capacity, and the type of data collection required. These objectives directly influence the design
parameters of the envelope, including its size, shape, and material composition.

e Performance Criteria: Establishing the performance criteria for the envelope, including buoyancy, structural
integrity, gas retention, and resistance to environmental damage. These criteria guide the selection of
materials and design configurations.
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3.2.2 Material Selection and Layering Concept

The conceptual design phase involves selecting appropriate materials for the envelope and determining

how they will be layered to achieve the desired properties. The following steps were taken:

e Material Research: Extensive research was conducted to identify materials that are lightweight, durable, and
capable of withstanding Mars' unique conditions. Key materials considered included:

Aluminum Coating: Chosen for its protective qualities and ability to reflect solar radiation, reducing
thermal stress.

Polyethylene Film: Selected for its excellent gas retention properties, essential for preventing helium
or hydrogen leakage.

Vectran Fabric: Considered for its high tensile strength, contributing to the overall structural integrity
of the envelope.

Adhesive: Selected for its compatibility with the chosen materials and its ability to form a strong, durable bond.

o Layering Strategy: A multi-layered approach was conceptualized to maximize the envelope's structural
strength while minimizing weight. The layers were strategically arranged:

The outer aluminium coating acts as a protective shield against debris and solar radiation.

The polyethylene film serves as a gas barrier, ensuring the integrity of the internal lifting gas.

The Vectran fabric provides structural support, handling the stress from the envelope’s weight and
internal gas pressure.

The adhesive layer ensures a strong bond between the polyethylene film and the Vectran fabric,
maintaining the envelope’s integrity under varying environmental conditions.

A key design goal was to minimize the envelope's weight while maintaining structural integrity. The

materials and their respective thicknesses were carefully balanced to achieve this, ensuring the airship remains
buoyant and energy-efficient during operation.
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Figure-3 Cross-section of Bitmap Material

4 Results and Discussion

The conceptual design of the supermassive airship envelope for Martian exploration has been meticulously
developed, with a focus on optimizing material performance, structural integrity, and resilience against the harsh
Martian environment. This section provides an analysis of the results derived from the design and material
selection process, alongside a discussion of the implications of these findings [5-7].
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5.1 Outer Aluminum Coating: The ultra-thin outer aluminum coating (25.4 nm) demonstrated significant
potential in protecting the envelope from environmental hazards, such as Martian dust storms and
micrometeoroids. Its reflective properties also effectively mitigated the thermal impact of solar radiation, which
is crucial given the extreme temperature fluctuations on Mars. This coating acts as a shield, reducing the thermal
load on the inner layers and contributing to the overall longevity of the envelope.

5.2 Polyethylene Film: The polyethylene film (20.32 um) was selected for its exceptional gas retention
capabilities. Given the critical need to maintain the integrity of the lifting gas (helium or hydrogen) within the
envelope, this layer plays a vital role. The film's performance in simulations showed minimal gas leakage, even
under varying pressure conditions, confirming its suitability for use in the Martian environment. The thinness of
this layer contributes to the envelope's overall lightweight design without compromising its functionality.

5.3 Vectran Fabric: Vectran fabric, with a thickness of 50 pm, was chosen for its high tensile strength and
durability. This fabric is essential for maintaining the structural integrity of the envelope, particularly given the
high internal pressures associated with a super-pressure balloon. The material's robustness was validated through
stress simulations, where it successfully withstood operational loads without significant deformation or risk of
tearing. The fabric’s ability to distribute stress evenly across the envelope was a key factor in its selection.

5.4 Adhesive Layer: The adhesive layer (2.554 um) effectively bonded the polyethylene film to the Vectran
fabric, ensuring a cohesive structure. The adhesive's performance was critical in maintaining the integrity of the
envelope under Martian environmental stresses. Its compatibility with both the polyethylene and Vectran materials
ensured a strong bond, crucial for preventing delamination or structural failure. The thinness of the adhesive layer
was also a significant factor in minimizing the overall weight of the envelope.

5 Conclusion

The results from the conceptual design process of the supermassive airship envelope for Martian exploration
demonstrate that the selected materials, structural design, and layering strategy are well-suited to the unique
challenges of the Martian environment. The envelope has shown strong performance in terms of material strength,
stress distribution, thermal management, and environmental resilience. These findings provide a solid foundation
for the continued development and eventual deployment of Martian airships, offering the potential to significantly
advance our capabilities for sustained atmospheric exploration on Mars.
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