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Imagine you have just squeezed into the middle seat of a commercial airliner, about to settle in for a long journey to a faraway destination. The aircraft cabin is stifling hot and the little air vent above your head is blowing the slightest of breezes. You peer out to the aircraft wing and ponder; wouldn’t that be a great place for a reclined seat; plenty of fresh air and a great view. Or maybe as you entered the aircraft you snuck a peek inside the cockpit and thought, why do pilots need so many fancy instruments and displays, surely they can simply look out the window like you do when driving a car. In this book, you will explore these questions and many more. You will see what happens when an airliner is struck by lightning, why changing time zones turns you into a zombie, and why you feel like you are being pushed through the bottom of the aircraft when it pitches up swiftly. We will look at the strange language pilots use and why even the most advanced, multimillion-dollar airliner cannot fly in all weather. To help answer some of these questions, we will look at a range of fascinating topics. From exploring how some of your most trusted senses can be led astray, to the different memory segments in your brain, and how to avoid being overwhelmed when bombarded with information. 

Before exploring these questions, it must be stressed flying is very safe. Throughout this book, a number of case studies will be explored, whereby a minor malfunction, time pressure, distraction, or poor weather can lead to disaster. We often focus on just one or two factors that contributed to an accident, but most accidents are the result of a range of factors and unusual events occurring. Aircraft accidents are very rare, especially accidents involving airliners. Flying in a commercial airliner is by far the safest form of transport. For example, in 2019, there were just 187 fatalities worldwide from commercial jet aircraft accidents. By comparison, in the United States alone in 2019, there were an estimated 38,000 roadway deaths. You have greater odds of being struck by lightning than being in a plane crash. It has even been suggested that you are more likely to be in a car accident on the drive to the airport than being involved in a plane crash. We could go on stating pointless statistics or just agree that flying in an airliner is pretty safe. 

In the early days of aviation, aircraft accidents occurred more often. In these early days, there was a lot of trial and error on what worked in aircraft design and what did not. A classic example is the shape of the windows in an airliner. Have you ever wondered why airliner windows have rounded edges, usually oval-shaped? Unlike the windows at home which usually have right angles at the corners. The unique shape of airliner windows dates back to the 1950s, with the introduction of one of the first commercial jet airliners, the Comet. Before the introduction of the Comet, aircraft generally flew lower and slower, meaning longer journey times and often an unpleasant flying experience. The Comet was a huge step forward in air travel as it took passengers far higher and quicker than previous aircraft. The Comet was able to offer this new flying experience thanks to a pressurized cabin. The pressurized cabin had already been around for a few years, but the Comet was the first jet airliner to utilize it, allowing the Comet to cruise above 30,000 feet.

A pressurized cabin means the air in the aircraft is kept at a similar air pressure to sea level. This is essential to keep you alive, as it ensures the air that you breathe has plenty of oxygen. You will see in the first chapter the air pressure higher in the atmosphere is a lot lower than sea level. As a result, the airframe needs to be very strong to withstand the huge strain of holding in the oxygen-rich cabin air, which desperately wants to escape out. Within a few years of operating, several Comets started to mysteriously breakup in-flight. The reason for these crashes? One of the leading contributing factors were the Comets square windows. The windows four corners were weak points, which over time developed tiny cracks, leading to the in-flight breakups. Now windows in airliners have rounded corners which help the airframe withstand the huge strain of flying at high altitude.

Flying to faraway destinations can be very exciting, but sometimes, aspects of flying are not well understood. The goal of this book is to help bridge this gap, so next time you go flying and see flashes of lightning in the distance (through the windows with rounded corners), you will know whether the aircraft is at risk of bursting into flames or is one of the safest places to be struck by lightning. 



1: Wing seat please?







You may have peered out the window at the great expanse of the aircraft wing and thought, wouldn’t that be a great place to stretch your legs? Or at the very least roll down the window a fraction to let in some fresh air. Sadly, neither of these options would end very well for you, your fellow passengers, and the pilots trying to fly the aircraft. Let’s assume that when you went to roll down the window you had your seat belt on really really tight. If not, this chapter would be very short, as within a split second you would be sucked out of the window. If you did try to step out onto the wing, hopefully you are holding onto something really well, as airliners travel so fast, you would be blown off your feet as soon as you stepped out. You will see in this chapter, the environment that is found where airliners fly is not well suited to keeping you alive; from very low temperatures to very low oxygen levels. We also have problems with low air pressure which can cause a range of issues from burst eardrums to painful joints.

On the 14th of August 2005, Helios Airways Flight 552 took off on a flight from Cyprus to Athens. The Boeing 737 airliner had 121 people on board and began climbing to its cruising altitude of 34,000 feet. Unfortunately, the aircraft pressurization system was set incorrectly. Basically, this was like a small window being left open in the aircraft. As the aircraft climbed, the air inside the aircraft cabin was the same thin air found outside, rather than the oxygen-rich air normally found in an aircraft cabin. Various warning bells sounded, but the pilots misinterpreted these warnings. The pilots called a ground engineer for assistance, who asked them to check the pressurization system. However, despite being conscious, the pilots were unable to conduct such a simple task due to the effects of trying to operate in the thin air. Shortly afterwards, there was no more radio contact with the aircraft. A couple of fighter jets were scrambled and found the airliner flying on autopilot towards Athens. The fighter jet pilots could see most of the crew and passengers were unconscious, although a flight attendant, with a portable oxygen bottle, was observed trying to control the aircraft. A short time later, the aircraft ran out of fuel and crashed into a hill near Athens. The events that led to this accident are rare, but highlight the dangers of trying to operate in high altitude, thin air.

Humans are well adapted to life at ground level. Here you find generally agreeable temperatures and plenty of oxygen in the air that you breathe. Sadly, as we go higher in the atmosphere the conditions are less agreeable. Let’s start with temperature. For this journey, make sure you have packed a nice warm sweater and gloves, as you are going to need them. At sea level, the average temperature is about 59ᵒF (15ᵒC). Many places around the world have warmer or colder surface temperatures, but this makes very little difference to the agreeability of the conditions higher in the atmosphere. As you leave the earth’s surface, the air temperature normally cools, reducing by about 3.6ᵒF per 1,000 feet (2ᵒC per 1,000 feet). The limit of most small aircraft is about 10,000 feet. If you popped outside at 10,000 feet, you would find the air temperature would have reduced to about 23ᵒF (-5ᵒC). A little cool, but with your warm sweater and gloves, you wouldn’t have too many issues here. However, you are well short of the typical cruising altitude of an airliner, which is around 35,000 feet.

At about 35,000 feet, you would find the air temperature is about -67ᵒF (-55ᵒC), which is colder than the average temperature at the poles. If the surface temperature was a tropical 86ᵒF (30ᵒC), it would still be a very cool -40ºF (-40ᵒC) at 35,000 feet. Even with your nice warm sweater and gloves, your body would struggle to cope with these very low temperatures, with hypothermia quickly setting in. Hypothermia is a condition where the body temperature is dangerously low. Normal body temperature is about 98.6ᵒF (37ᵒC), and hypothermia occurs when the body temperature drops below about 95ᵒF (35ᵒC). The body will try to compensate for the reduced body temperature by shivering or decreasing blood supply to the extremities (fingers and toes). If the body temperature reduces further, various parts of the body can no longer function properly. Someone suffering from severe hypothermia can become delirious and often make the situation worse (e.g., taking off their clothes). Hypothermia can be deadly if you are unable to warm up.



Although these very low temperatures are less than ideal, the thin air found at a typical cruising altitude is likely to be a greater danger with the wing seat idea. Before exploring this thin air, let’s take a quick look at the atmosphere. The atmosphere is the layer of gases that surround the earth. If you stray too high in the atmosphere, you can very quickly suffer hypoxia. This potentially fatal condition can trick the body into thinking nothing is wrong.

At sea level, the air that you breathe contains a mixture of gases. Nitrogen contributes the largest proportion at 78%. Oxygen contributes 21%, with the final 1% a mixture of gases, from argon to carbon dioxide. Each breath inhaled sends about half a quart (500ml) of air towards the lungs. In the lungs, this oxygen jumps into your blood with the aid of tiny air sacs called alveoli. Blood is actually made up of four main components; red blood cells, white blood cells, plasma, and platelets, each of which has a different function. Red blood cells are the important ones that we need to consider, as their primary function is to transport oxygen. The heart plays a critical role in sending this oxygen throughout the body. In an average human at rest, the heart beats 60-100 times a minute, resulting in 1.3 gallons (5 liters) of blood passing through the heart every minute. At sea level, there is plenty of oxygen in the air that you breathe, allowing your body to function properly.

As we start to move higher in the atmosphere, the air pressure starts to reduce, which can have a dire impact on oxygen levels. In simple terms, air pressure is the weight of the air above a certain point. At the surface, we have lots of air pushing down on us, therefore it can be said the air pressure is high. Climbing higher in the atmosphere will result in less overlying air, reducing the air pressure. Half sea level pressure is found around 18,000 feet, and quarter sea level pressure around 34,000 feet. Although air pressure reduces with height, the proportions of each gas remain the same. For example, at 18,000 feet, air will still contain 78% nitrogen, 21% oxygen, and 1% other. However, as the air pressure has reduced, the amount of each gas you inhale with each breath has also reduced. This is what is typically meant by the air is getting thinner. As a result, the amount of oxygen you inhale is less than you have available at sea level, which can have a disastrous impact on your ability to stay alive.

If you had your window rolled down during a flight at 10,000 feet, you would still generally be ok. At 10,000 feet the oxygen levels have reduced, but your body can initially compensate for the lower oxygen levels by breathing faster, therefore ensuring enough oxygen is still being sent around the body in your bloodstream. This is why smaller aircraft, that are generally unpressurized, are safe to fly up to 10,000 feet. Unpressurized means the air inside the aircraft is the same as outside. However, above 10,000 feet the body can no longer compensate. You will start to struggle due to insufficient oxygen being available, which is known as hypoxia. Hypoxia sometimes goes by the name altitude sickness.

Hypoxia is very dangerous as the symptoms develop gradually and are very difficult to detect. The brain is very sensitive to low oxygen levels and one of the earliest symptoms of hypoxia is euphoria. Basically, this means you feel super happy, but have no idea what is going on (or care what is going on). If you don’t know you are suffering from hypoxia, you are less likely to try and fix the situation. Other symptoms include confusion, difficulty performing basic tasks, loss of short-term memory, and uncharacteristic behavior (e.g., becoming quieter or chattier than usual). If exposed to a low oxygen environment for a prolonged period, blue lips and fingertips (cyanosis) may appear, which is caused by reduced oxygen levels in these areas. One of the final symptoms of hypoxia is unconsciousness and then eventually death. How quickly these symptoms develop depends on how high you are flying. At around 35,000 feet, if you popped outside, you would have less than one minute to find more oxygen. After this minute, you would still be conscious for a little longer, but hypoxia would have you in its grip.

There can be a considerable variation in a person’s tolerance and symptoms of hypoxia. Several underlining conditions increase a person’s risk of hypoxia. A person who smokes will likely suffer from hypoxia quicker than a non-smoker. Fatigue, stress, level of physical activity, and rate of climb will also influence a person’s tolerance to hypoxia. The best way for you to reduce your risk of hypoxia is to avoid flying above 10,000 feet unless flying in a pressurized aircraft or using portable oxygen (i.e., oxygen mask attached to an oxygen bottle).
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