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  To Igor Sikorsky, who made vertical flight practical.







  
    
      “If we worked on the assumption that what is accepted as true really is true, then there would be little hope for advance.”


    

    
      — Orville Wright


    

  







  
  
  Introduction

  
  




Try to drive into Manhattan on a typical evening, and traffic would be predictably gridlocked. From the taxi’s backseat, the distant glow of John F. Kennedy International Airport would feel incredibly remote. Many of us deal with the daily frustration of getting around our cities. A short stretch of 20 kilometers or 12 miles could easily take 90 minutes.




Now, imagine an alternative. A few blocks away, atop a skyscraper in Midtown Manhattan, a sleek electric aircraft, looking like a cross between a luxury SUV and a futuristic drone, prepares for departure. With a low hum, it lifts vertically into the evening air, pauses for a moment, and then accelerates smoothly toward the airport. The flight itself takes 7 minutes.




Get ready for a game-changer in transportation: Urban Air Mobility, powered by Electric Vertical Takeoff and Landing Aircraft (in short called eVTOLs).




This isn’t some far-fetched idea anymore; it’s quickly becoming a reality, with commercial services expected to kick off as early as 2025. Companies worldwide are in a race to deliver on the promise of super-efficient, 7-minute commutes.




This seemingly simple flight is the physical manifestation of solutions to a cascade of incredibly difficult mathematical and physical problems. In this pocketbook, we go behind the hum of the electric motors and the graceful arc of the aircraft to reveal a hidden world of equations, algorithms, and physical laws, all balanced on a knife’s edge. 




We will  unravel the unseen web of physics, mathematics, algorithms, and engineering that must be woven together to make that leap possible. To understand the flying taxi is to learn the fundamental challenges of flight, power, and control, and to appreciate the clever and sometimes contradictory ways engineers are learning to master the sky.
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  Physics of a Vertical Dream

  
  




To understand why flying taxis look the way they do, one must first return to the basics of what it takes to get off the ground. Let us start with the physics of flying taxis.


Any object in flight is governed by four fundamental forces: weight pulls it down, lift pushes it up, thrust moves it forward, and drag resists that motion. 


For a conventional airplane, these forces are managed in a sequence. Thrust from engines pushes the plane forward, air flows over the wings, and the shape of the wings generates lift to overcome weight.


An eVTOL, however, must conquer the most energy-intensive challenge in aviation: the tyranny of the vertical. Lifting an object straight up requires an immense amount of power. It is the difference between walking up a long, gentle ramp and attempting to scale a sheer cliff face. 


To simply hover, an aircraft must generate a continuous upward thrust exactly equal to its entire weight. This is a state of constant, massive energy consumption, a physical reality that dictates every aspect of an eVTOL’s design.


To manage this challenge, engineers focus on a single, critical number called disk loading. In simple terms, disk loading is the aircraft’s total weight divided by the total area swept by its rotors. It is a measure of how much weight each square meter of the rotating blade has to support.


An easy way to visualize this is the snowshoe versus stiletto analogy. A helicopter, with its enormous main rotor, is like a person wearing snowshoes. It spreads its weight over a very large area, exerting low pressure on the snow beneath. 


Because of this low disk loading, it can stand on the air efficiently, requiring relatively less power to hover. In contrast, a fighter jet like the F-35, which can also hover by directing its engine thrust downward, is like a person wearing a stiletto heel. It concentrates its entire weight onto a tiny point, creating immense pressure. This high disk loading requires a colossal amount of power and generates a violent, high-velocity downwash.


This single parameter introduces three direct and unavoidable consequences for any vertical-lift aircraft.


The first is something called hover efficiency. The lower the disk loading, the less energy is required to hover. An aircraft with large rotors moves a large volume of air downward relatively slowly, which is an efficient way to generate lift. An aircraft with small rotors must move a small volume of air downward at very high speed, which is inefficient.


The second is noise. It is a direct byproduct of air velocity. The slow-moving air from a low-disk-loading system is much quieter than the high-velocity jet from a high-disk-loading system. For a vehicle intended to operate in dense cities, being quiet is not a luxury; it is a license to operate.


The third consequence is downwash. The column of air pushed downward by the rotors can be disruptive or even dangerous to people and objects on the ground. A high-disk-loading design creates a much more powerful and concentrated downwash.


This leads to the central trade-off in eVTOL design. An aircraft that is perfect for hovering, like a helicopter with its very low disk loading, is aerodynamically messy. Its huge rotor creates enormous drag during forward flight, limiting its speed and efficiency. Conversely, an aircraft designed for efficient forward flight, like a conventional airplane with sleek wings, cannot take off or land vertically.


Modern eVTOL aircraft designs represent a diverse range of solutions to a fundamental challenge of balancing the efficiency of hovering with the efficiency of cruising. Each flying taxi’s physical design is influenced by its intended purpose, its operational strategy, and its approach to the disk loading problem.


* * *


Blueprints for an Electric Sky


You’ll see these core physics principles pop up in all sorts of real-world machines. By checking out the top designs almost ready for market, we can get a feel for how different companies are tackling the basic trade-offs that come with vertical flight.


Joby Aviation, a California-based company, came up with the S4 aircraft. It’s a design that’s well-balanced, but also pretty complex mechanically. It features six large propellers, four mounted on its main wing and two on its V-shaped tail. For takeoff and landing, these propellers tilt to face upward, providing vertical lift. Once airborne, they gradually rotate forward to act like conventional propellers, pushing the aircraft through the air while the wing provides lift. This is known as a vectored thrust or tilt-rotor design.


The genius of this approach is that it uses the same set of large, efficient rotors for both flight phases. This keeps the disk loading relatively low during hover, making it quieter than some alternatives, while allowing for high-speed, efficient cruise. 


The trade-off is complexity. The mechanism to tilt six propellers in perfect unison and the software to manage the delicate transition between vertical and forward flight is an immense engineering challenge. The Joby S4 can zip a pilot and four passengers around at 200 mph, covering up to 150 miles. This makes it awesome for longer trips across town or even to nearby regions.


A different design choice has been taken up by Archer Aviation, another major American player, which has taken a more pragmatic approach with its Midnight aircraft. It employs a lift-plus-cruise configuration. 


The aircraft has 12 propellers in total. 6 larger, 5-bladed propellers are mounted on the front of the wing and can tilt forward for cruise flight. Behind them are 6 smaller, two-bladed propellers that are fixed in a vertical orientation. These 6 rear propellers are used only for the heavy lifting of takeoff and landing, and are then shut down during forward flight.


This design makes a significant trade-off: it sacrifices some cruise efficiency for reduced complexity during the transition phase. Because the aircraft has dedicated lift systems, the flight control software does not have to manage a single set of propellers for both lift and thrust simultaneously, simplifying one of the hardest parts of the












* * *
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