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Abstract: Conventional modes of transportation — rail, road, water, and air — tend to be either relatively slow, 

expensive, or both, and each carries its own footprint of congestion, emissions, and infrastructure cost. Hyperloop is a 

proposed mode of transport that seeks to overcome this long-standing trade-off by moving people and goods at very high 

speed inside a sealed, low-pressure tube while the transport pod is magnetically levitated above the guideway. Because 

the tube is maintained at low pressure, aerodynamic drag is drastically reduced, which in turn lowers the energy required 

to sustain high velocity. This paper reviews the origins and operating principle of Hyperloop, surveys prior literature on 

its design, and explains the construction and working of the core subsystems — the tube, capsule, compressor, suspension, 

and propulsion. It further discusses potential applications, compares Hyperloop against existing modes of transport on 

the dimensions of speed, cost, and environmental impact, and examines the safety and engineering challenges that must 

be resolved before commercial deployment. A proposed constructional model addressing the Kantrowitz limit and 

levitation is presented, along with a summary of advantages, limitations, and directions for future enhancement. 
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I. INTRODUCTION 

 

Hyperloop is a new mode of high-speed transportation first proposed by Elon Musk and a team of engineers from Tesla 

Motors and the Space Exploration Technologies Corporation (SpaceX) in August 2013, in a white paper that framed it 

as a fifth mode of transport alongside rail, road, water, and air. In essence, it is a magnetically levitated train that runs 

inside a long, low-pressure tube, carrying a capsule (pod) that can be transported at both low and high speeds without the 

friction losses that limit conventional rail. The system is driven by a linear induction motor together with a compressor 

mounted on the pod itself. The tube houses a low-pressure environment that surrounds the pod with a cushion of air, 

allowing it to move safely at speeds that would be unsafe or impossible in open air; an air compressor mounted on the 

front of the pod moves air from the front to the tail, keeping the pod aloft and preventing pressure build-up caused by air 

displacement in the narrow tube. 

 

The motivation behind Hyperloop stems from the observation that existing high-speed options are either very expensive 

to build (such as high-speed rail or maglev lines) or fundamentally limited in top speed by air resistance and friction 

(such as conventional rail and road transport). By combining a partial vacuum with magnetic levitation, Hyperloop aims 

to approach speeds competitive with commercial aviation over medium distances (roughly 500 to 1500 km) while 

consuming a fraction of the energy per passenger-kilometre, and while being largely automated, elevated on pylons, and 

resistant to weather disruptions such as fog, rain, or high winds that commonly delay road and air transport. 

 

II. LITERATURE REVIEW 

 

A growing body of academic and industry work has examined different facets of the Hyperloop concept since its 

introduction in 2013, ranging from track and station design to propulsion engineering and feasibility studies. 

 

Chetan Ramesh Ingale and J. V. Chopade [1] provide a broad review of Hyperloop as a new mode of transportation, 

summarising its historical background, proposed route studies, and the general engineering challenges associated with 

building a full-scale system, and they highlight the need for further work on cost modelling before commercial rollout. 

Pranay Mehta and Taheer Alarico Da Piedade Mascarenhas [2] focus specifically on the design considerations for a 

single-seated Hyperloop pod, analysing the structural and aerodynamic requirements of a lightweight capsule intended 

for student-competition scale prototypes, and discuss trade-offs between passenger comfort, weight, and propulsion 

efficiency. 

 

https://ijarcce.com/
https://ijarcce.com/


ISSN (O) 2278-1021, ISSN (P) 2319-5940 IJARCCE 

International Journal of Advanced Research in Computer and Communication Engineering 

Impact Factor 8.471Peer-reviewed & Refereed journalVol. 15, Issue 7, July 2026 

DOI:  10.17148/IJARCCE.2026.15732 

© IJARCCE                This work is licensed under a Creative Commons Attribution 4.0 International License                 246 

Rajshri Tukaram Shinde, Vaishnavi Balasaheb Raijade, Abhishek Sunil Lahare, and Vijay B. Sarode [3] present an 

overview of the Hyperloop transportation system as a whole, discussing the low-pressure tube environment, the role of 

the linear induction motor, and the potential economic benefits of intercity Hyperloop corridors over conventional high-

speed rail. 

 

Vinay Pandey and Shyam Sasi Pallissery [4] describe Hyperloop as the train of the future, reviewing the core subsystems 

— tube, capsule, compressor, and levitation mechanism — and arguing that, while the underlying physics is sound, the 

primary barriers to deployment are civil-engineering cost, right-of-way acquisition, and regulatory approval rather than 

any single insurmountable technical hurdle. 

 

Taken together, this literature suggests a consistent picture: the core physical principles of Hyperloop — vacuum-assisted 

drag reduction, magnetic levitation, and linear induction propulsion — are individually well-understood and have 

precedent in existing maglev and vacuum-tube research, but their integration at full passenger scale, over long distances, 

and at commercially viable cost remains an open engineering and economic problem that motivates continued research, 

including the work discussed in this paper. 

 

III. METHODOLOGY 

 

A. Basic Principle of Hyperloop 

Hyperloop operates on the principle of magnetic levitation, in which a vehicle is suspended above a guidance track and 

propelled along it using magnets, without any physical rolling contact. The vehicle atop the track is propelled with the 

help of a linear induction motor, which functions much like a conventional rotary induction motor that has been unrolled 

into a straight line, generating a travelling magnetic field along the length of the tube that pulls the pod forward. Because 

the pod does not touch the track, rolling friction — one of the dominant sources of energy loss in conventional rail — is 

eliminated almost entirely, leaving aerodynamic drag as the main resistive force to be managed. 

 

B. Construction 

1) Tube: 

The tube is constructed of steel, chosen for its strength, weldability, and ability to hold a partial vacuum over long 

unsupported spans between pylons. Ideally the tube would be evacuated to a near-perfect vacuum to eliminate air 

resistance along the direction of travel entirely, but maintaining a true vacuum is impractical over a track that may stretch 

for hundreds of kilometres, both because of the energy cost of continuous pumping and the difficulty of sealing such a 

long structure against leaks, thermal expansion, and seismic movement. Instead, the tube is maintained at a very low, but 

non-zero, internal pressure — commonly cited design studies target roughly one-thousandth of atmospheric pressure — 

at which the residual air offers only negligible resistance to a fast-moving pod. 

 

2) Capsule: 

The capsule, or pod, travels at very high speed and is levitated on a high-pressure air cushion generated by its own 

onboard systems rather than by an external maglev rail, which reduces the cost of the guideway itself. Its design begins 

with an aerodynamic shape optimised to minimise the frontal area presented to the residual air in the tube, since even 

small amounts of drag become significant at the velocities Hyperloop targets. Two broad variants are considered in the 

literature: a passenger-only version optimised for minimum weight and maximum speed, and a passenger-plus-vehicle 

version that trades some performance for the ability to carry cars, similar to an underwater or underground vehicle ferry. 

Capsules are supported by air bearings that draw on a compressed-air reservoir carried on board, and the aerodynamic 

lift structure and outer skin are typically proposed to be built from lightweight polymer and composite materials to 

minimise the mass that must be accelerated and decelerated on each trip. 

 

3) Compressor: 

Low-pressure air alone does not fully solve the drag problem, because the tube still behaves like a long pipe with a piston 

moving through it. As the capsule moves, the air ahead of it becomes compressed against the confined cross-section of 

the tube, raising the local pressure and creating resistance — a phenomenon known as the Kantrowitz limit, borrowed 

from compressible-flow theory, which describes the maximum flow rate of air that can pass around an object moving 

through a duct of a given cross-sectional area before choking occurs. If left unaddressed, this effect can eventually choke 

the tube and place a hard ceiling on the pod's maximum practical speed, regardless of how powerful its propulsion system 

is. This is addressed by mounting a compressor fan on the nose of the pod: the fan actively draws in the compressed air 

building up ahead of the pod and exhausts it toward the rear and to the air bearings underneath, removing the resistance 

and avoiding choking due to the Kantrowitz limit, while simultaneously supplying pressurised air to the bearings that 
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support the pod's weight — effectively turning what would otherwise be a design-limiting problem into a useful source 

of lift air. 

 

4) Suspension: 

Friction is removed by eliminating physical contact between the capsule and the tube entirely — the capsule must levitate 

rather than roll on wheels. Air bearings mounted on the capsule's underside are fed by the pressurised air drawn in by the 

front compressor fan, providing stable hover and levitation without requiring an expensive magnetic rail running the full 

length of the route. This air-bearing suspension offers good stability and very low drag at a comparatively feasible cost 

relative to full maglev guideways, and a stiff air-bearing suspension improves reliability and ride safety; when the gap 

between the pod's ski-like bearing surface and the tube wall widens for any reason, the geometry of the air bearing 

generates a strong nonlinear restoring pressure that pushes the pod back toward its intended running clearance, giving 

the system a natural, passive self-centring behaviour. 

 

5) Propulsion: 

Linear accelerators are installed at intervals along the length of the tube — rather than continuously along its full length, 

to control infrastructure cost — to accelerate the capsules up to cruising speed and to provide periodic boosts to counteract 

any residual drag. Rotors mounted on the capsules interact with these linear accelerators, converting the travelling 

magnetic field into thrust and transferring momentum to the capsule each time it passes through an acceleration section, 

in much the same way a roller coaster is periodically re-accelerated by linear motors along its track rather than carrying 

its own continuous engine. 

 

IV. IMPLEMENTATION 

 

A. Working of the Hyperloop System 

The passenger pod travels through the low-pressure tube from origin station to destination station largely under automated 

control. An air-compressor fan fitted at the front of the pod continuously draws in air and transfers high-pressure air from 

the front to the rear of the capsule, propelling residual air out of the way while creating an air cushion around the pod so 

that it remains suspended within the tube without touching its walls. Based on the magnetic-levitation and linear-induction 

principle, the pod is propelled from one location to another at a subsonic velocity — that is, slower than the speed of 

sound — which keeps the aerodynamics well within manageable limits while still being far faster than conventional rail. 

The residual air trapped between successive capsules travelling in the same tube also acts as a cushion, helping to prevent 

collisions and providing a natural safety margin in the event of an unexpected slowdown ahead. 

 

 
Fig. 1. Hyperloop System Architecture, showing the low-pressure tube, pod/capsule, magnetic-coil linear induction 

propulsion, booster coils, air-bearing suspension, nose compressor, and suction pump used to maintain the vacuum. 

 

B. Construction Details of Proposed Model 

Building on the general Hyperloop principle described above, this paper proposes a simplified constructional model 

intended to illustrate the interaction between its major subsystems using six key components. 

 

 

https://ijarcce.com/
https://ijarcce.com/


ISSN (O) 2278-1021, ISSN (P) 2319-5940 IJARCCE 

International Journal of Advanced Research in Computer and Communication Engineering 

Impact Factor 8.471Peer-reviewed & Refereed journalVol. 15, Issue 7, July 2026 

DOI:  10.17148/IJARCCE.2026.15732 

© IJARCCE                This work is licensed under a Creative Commons Attribution 4.0 International License                 248 

1) Magnetic coils: 

Magnetic coils are used to create a magnetic field between the pod and the surrounding capsule structure, and this field 

is what causes the small physical gap between the pod and the capsule housing that is essential for reducing friction to 

near zero. 

 

2) Booster coils: 

Booster coils are positioned midway between the ends of successive magnetic coil sections along the tunnel, and their 

role is to balance and maintain the continuous velocity of the pod as it travels. If the pod's speed drops for any reason — 

for instance, due to a local irregularity in the tube or a momentary loss of thrust — the nearest booster coil engages to 

help restore the pod to its intended constant speed. 

 

3) Suction pump: 

The suction pump is responsible for creating and maintaining the low-pressure (vacuum-like) environment inside the 

tunnel. It continuously draws air out of the tunnel and expels it to the outside atmosphere. As a secondary benefit, the act 

of drawing air out of the tunnel ahead of the pod also generates a small pull force on the pod itself, which is helpful in 

increasing its travelling speed and reducing the propulsive load placed on the linear induction motors. 

 

4) Tunnel: 

The tunnel is the low-pressure cylindrical structure through which the pod travels from station to station. The air inside 

it is continuously removed with the help of the suction pump described above, which minimises the aerodynamic 

resistance experienced by the pod along the entire length of its journey. 

 

5) Capsule: 

As in the general Hyperloop design, the capsule's design begins with an aerodynamic shape intended to reduce air 

resistance to a minimum. Two versions continue to be considered for this proposed model: a passenger-only version, 

prioritising speed and capacity, and a passenger-plus-vehicle version, prioritising versatility for point-to-point travel with 

a personal vehicle. 

 

6) Propulsion: 

Acceleration and deceleration of the capsule rely on the principle of magnetism throughout. When an electric supply is 

applied to the magnetic coils positioned along the tunnel, a magnetic field is generated between the coil and the pod, and 

this field is what creates and maintains the small operating gap between them. As the polarity of the electrical supply is 

made to alternate in a controlled sequence, the resulting alternating attraction and repulsion forces between the coil and 

the pod push and pull the pod along the tunnel, moving it steadily from one end of the tunnel to the other without any 

mechanical contact. 

 

V. APPLICATIONS OF HYPERLOOP 

 

Beyond intercity passenger travel, the Hyperloop concept has been proposed for several related applications that follow 

naturally from its core capabilities. High-speed intercity commuting is the most commonly discussed use case, aimed at 

connecting two cities a few hundred kilometres apart in a fraction of the time taken by road or conventional rail, 

potentially allowing daily commuting between metropolitan regions that are today considered too far apart for regular 

travel. Freight and cargo transport is another proposed application, since a dedicated cargo pod could move time-sensitive 

goods, such as perishable food or express parcels, at speeds far exceeding conventional trucking while avoiding road 

congestion entirely. Airport-to-city connectivity has also been suggested as an early, shorter-distance application, using 

Hyperloop to link a major airport to a city centre in a few minutes, reducing the ground-transport bottleneck that often 

adds significantly to total journey time for air travellers. Finally, some proposals extend the concept to underwater or 

cross-border corridors, where an elevated or tunnelled Hyperloop route could bypass geographic obstacles such as straits 

or mountain ranges that make conventional rail construction prohibitively expensive. 

 

VI. COMPARISON WITH EXISTING MODES OF TRANSPORTATION 

 

When compared with conventional rail, Hyperloop promises substantially higher top speeds because it removes both 

rolling friction and most aerodynamic drag, at the cost of a more complex and currently more expensive guideway that 

must be sealed and kept under partial vacuum. When compared with commercial air travel, Hyperloop could in principle 

match or approach comparable point-to-point speeds over medium distances while avoiding the fixed overheads of airport 

security, boarding, and taxiing, and while running on electricity that can be sourced from renewable generation rather 

than aviation fuel; however, it faces the disadvantage of a fixed, expensive, custom-built route compared to air travel's 
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use of existing open airspace. When compared with road transport, Hyperloop is far faster and, being fully separated 

from traffic and weather, would not be subject to congestion, accidents involving other vehicles, or weather-related 

slowdowns, though building a Hyperloop route requires substantially more upfront civil-engineering investment than 

adding lanes to an existing highway. Overall, Hyperloop is best understood not as a replacement for any single existing 

mode, but as a potential complement that could occupy the gap between high-speed rail and short-haul air travel on 

selected medium-distance corridors where demand is high enough to justify the infrastructure cost. 

 

VII. RESULTS AND LIMITATIONS 

 

A. Advantages 

• Reduces overall travel time significantly compared with road, conventional rail, and short-haul air travel. 

• Eliminates the problem of road traffic congestion, since the tube is fully separated from other traffic. 

• Can be powered using solar panels mounted along the tube's surface, reducing reliance on fossil fuels. 

• Capable of operating in any kind of weather, since the pod travels inside a sealed, climate-controlled tube. 

• Comparatively low projected operating cost per passenger once the infrastructure is built, due to low energy 

consumption from reduced drag and friction. 

• Minimally disruptive to communities along the route when elevated on pylons, unlike at-grade rail or roads. 

• More convenient than existing modes for medium-distance point-to-point travel, without airport-style overheads. 

• Designed to be resistant to earthquake-induced damage through the use of flexible pylon mountings. 

 

B. Limitations 

• Turning at high speed remains a critical design challenge, since sharp curves are uncomfortable or unsafe at Hyperloop 

velocities. 

• Limited movable space available for passengers inside the narrow capsule compared with a train carriage or aircraft 

cabin. 

• High speeds and rapid acceleration or deceleration may cause dizziness or discomfort in some passengers. 

• A puncture or breach in the tunnel could generate damaging shock waves that propagate along its length. 

• Bringing the pod to a safe, controlled stop from very high speed is mechanically and operationally difficult. 

• The very high upfront capital cost of building and sealing a long low-pressure tube remains a major barrier to adoption. 

 

VIII. CHALLENGES AND SAFETY CONSIDERATIONS 

 

Beyond the purely mechanical limitations above, several broader challenges must be resolved before Hyperloop can be 

deployed commercially. Structural challenges include managing thermal expansion and contraction of a very long steel 

tube across seasonal temperature swings, and ensuring the tube can withstand differential settling of its supporting pylons 

over hundreds of kilometres without compromising the vacuum seal. Safety and emergency-response challenges include 

designing evacuation procedures for passengers stranded inside a sealed, low-pressure tube far from a station, and 

building redundant pressure-relief and repressurisation systems that can respond quickly to a breach without endangering 

other pods in the same tube. Regulatory challenges include the fact that, unlike rail or road transport, Hyperloop does not 

yet have an established international safety code, meaning that regulatory approval processes must be developed largely 

from scratch alongside the technology itself. Finally, economic challenges include securing the very large upfront capital 

investment required for construction, and demonstrating a viable long-term business case given uncertainty about 

passenger demand, ticket pricing, and competition from progressively cheaper air travel and high-speed rail. 

 

IX. CONCLUSION AND FUTURE ENHANCEMENT 

 

To address the limitations described above and improve on the existing conceptual design, this paper proposes a 

simplified constructional model that incorporates a closed cap, magnetic coil, booster coil, tunnel, and suction pump as 

its core building blocks. The model operates on the principle of magnetism throughout: the passenger pod travels through 

a low-pressure tube and is moved between locations at a subsonic velocity. Applying an electric field to the magnetic 

coil generates a magnetic field between the coil and the pod, creating the small operating gap between them; as the supply 

polarity alternates, the resulting alternating attraction and repulsion forces move the pod steadily along the tunnel. The 

vacuum inside the tunnel is created and maintained using a suction pump, which draws air out of the tunnel and expels it 

to the atmosphere, also generating a small pull force that helps increase the pod's travelling speed and reduce the load on 

its propulsion system. 

 

Hyperloop technology remains at an early stage of development, and while this paper has focused on the core physical 

subsystems, its findings are consistent with the wider literature reviewed in Section II: the individual components are 
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technically sound, but their integration at full scale is still an open problem. Further work is needed on station design, 

including efficient passenger loading and unloading without slowing the overall system throughput, improved safety 

systems for depressurisation and emergency stopping, and more efficient pod propulsion, all of which represent a 

substantial scope for future development. A key ongoing challenge is adapting the system to varying topography, sharp 

turns, and changes in altitude, since the current design assumes a largely straight, level route. The current capsule design 

also accommodates only a limited number of passengers per trip, and future analysis should focus on scaling the design 

to increase passenger capacity per pod without a proportional increase in tube diameter or energy consumption, alongside 

more detailed economic modelling to establish a realistic path toward commercial deployment. 
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