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Abstract:  With the introduction of a new environment, an individual seeks speed to fulfill his own expectations and demands, but 

this is not possible with standard jet engines due to numerous issues with jet engine speed, and this breeds a very high speed engine 

that even reaches hypersonic speeds, known as a scramjet engine. A scramjet engine is designed in such a way that it reaches 

hypersonic speed with the exception of working parts. A scramjet (supersonic combustion ramjet) is used in place of a ramjet when 

pressures and temperatures in slowing the approaching flow to subsonic speeds for combustion is no longer as effective when 

supersonic flight speeds increase.. Current turbojet engines are incapable of propelling an aircraft to hypersonic speeds because the 

spin shafts and compressors would collide. The development of Scramjet engines is a significant step forward in ISRO's efforts to 

develop future space transportation technologies. For reusable launch vehicles, air breathing propulsion is a solution for a powered 

long return cruise flight. In addition, DRDO is building the Brahmos II Cruise Missile, which uses the same jet engine technology. 

This needs the development of ramjet or scramjet technology, that would help India execute sophisticated space missions in the 

future. India has long been working on scramjet technology, and we conducted ground tests in 2006 that confirmed the engine's 

design. India is presently the world's fourth largest economy nation to claim the Scramjet Engine's successful testing. Russia was 

the first country that state that the Scramjet Engine had been successfully tested. In 1991, Russia was the first country to claim a 

scramjet flight test, followed by the United States and the European Space Agency.  

 

  

 Index Terms – Aircraft propulsion, Engines, Spinning, Shaft, Compressors, Australia,  Fuels, Combustion 

  

I.INTRODUCTION   

 

Man has been in severe need of air since the demise of human civilisation. The advent of flying machines has made this dream a 

reality. The plane does not satisfy him; the only thing which appeals to him is speed. Because he wanted to go high and swiftly, jet 

engines were created. The desire for speed and strength is growing. So the terrible beast's master still want something new. One of 

it's diamonds in his hands is the recently developed "scram jet engine”. The scramjet (hypersonic combustion ramjet) is a ramjet air 

breathing fighter jet that burns with supersonic airflow . A scramjet, like a ramjet, depends on high vehicle speed to forcefully 

compress intake air during combustion (hence the name), but since a ramjet, it does not use a turbocharger, which uses shock cones 

to decelerate its air to subsonic velocities before combustion, a scramjet uses shockwaves produced by its ignition source to slow 

the airflow. This permits the scram jet can operate at extremely high speeds while being efficient. 
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II. JET ENGINES 

  

During World War II, in 1939 a jet fighter named Heinkel HE the 8 built by Emst Heinkel became the world's first 

fighter jet. Within two years, it followed by Gloster E 28/39 with a jet engine designed for WHITTLE. The way Jet 

Engine operates is based on Newton's third law of motion— “To all actions there are equal and opposite ”. The gas 

turbine engine consists of three the main parts. At the front is a compressor, which is a series of high-speed fans(about 

16,000 revolutions per minute). These blades absorb air and send it through a channel gradually becomes smaller. Like 

the wind and send it through the receiving channel little by little. As the wind blows along the trail, it is compressed 

to the point of exhaustion anywhere from 10 to 30 times is more crowded than before. In exchange for this spinning 

blades vertical fan blades are also called stators, which are available to perform the flow of compressed air travels in 

a straight line instead of circular waves let the air slowly warm up when you reach the burning room. The fire chamber 

is the second main component of a gas turbine engine. There ,fuel - pure form of paraffin, in the case of jet aircraft - 

injected into pressurized gas. When the engine is first started, heat plugs are used to heat the mixture[1]. Once the first 

ignition is reached, the burning continues, and the gas is already burning to ignite a mixture of petrol-and air flowing 

in the chamber. Temperatures are about 2,500 Fahrenheit degrees are common inside a gas turbine heating chamber. 

The third part of the jet engine is the turbine. As hot gases are emitted-at speeds in excess of 1,540 km per hour — 

powered by pushing. They too open a series of fan-like blades found in the compressor section of engine. These fans 

also provide power to convert those compressor blades. Remember, the pressure exerted by the thrust on the engine 

wall itself also not the pressure of the gas pushing into the outside air.  

  

  

 

Fig .1 Schematic Diagram of Jet Engine Propulsion  

 

A jet engine is a machine that converts energy-rich, liquid fuel into a powerful pushing force called thrust. One or 

more engines propel a plane forward, propelling air past its wings scientifically shaped wings to create an upward 

force called lift that powers it into the sky.  

Hermann von Oh hain of Germany created the first working jet engine. However, it was discovered by Frank Whittle of the United 

Kingdom (1930). 

 

The major functions of a jet engine There are three basic processes in a jet engine: 

1. COMPRESSION 

 

It raises the pressure of trapped air inside the chamber. 

 

2. COMBUSTION 

 

By releasing heat energy from the fuel, it raises the temperature of the air-fuel mixture. 

http://www.ijcrt.org/


www.ijcspub.org                                                  © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1123 International Journal of Current Science (IJCSPUB) www.ijcspub.org 107 
 

3. EXHAUST 

 

It boosts the vehicle's performance by increasing the velocity of the exhaust gases. (Newton’s third law of motion)  

  

  

All jet engines and gas turbines work in broadly the same way. As a result, they all have the same five key elements: a inlet, a 

compressor, and a combustion chamber, and a turbine (arranged in exactly that sequence) with a driveshaft running through them 

Jet engines range in their added components, despite their commonalities. The following are the primary forms of jet engines 

depends as to how air was compressed in the engine: 

 

1. TURBO JET 

 

Turbo jet engine is an air-breathing jet engine. One of the most frequent types on jet engines is this one. 

2. TURBOFAN ENGINES 

 

Turbofans differ from the turbojets in the way they have an additional component – a fan. The fan sucks in the air and then 

further gets compressed and combustion takes place in the burner. 

3. RAMJET 

 

High-speed forward motion is used to compress the air (no compressor). Fuel is injected into the combustion chamber where it 

mixes with the hot compressed air and ignites. The average speed of Ramjet is 3-6 Mach. But the ramjet efficiency starts to drop 

when the vehicle reaches hypersonic speeds. 

4. SCRAMJET 

 

Here also, the high-speed forward motion is used to compress the air (no compressor), but it is an improvement over the ramjet 

engine as it efficiently operates at hypersonic speeds and allows supersonic combustion. Speed is greater than 6 Mach (Six 

times the speed of Sound). 

5. DUAL MODE RAMJET (DMRJ) 

 

Type of jet engine where a ramjet transforms into scramjet over Mach 4-8 range, therefore, it can operate both in subsonic and 

supersonic combustion modes 
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2.1  Types of Jet Engines  

  

  

  

 
 

                                           Fig.2 Types of jet engines 

  

 

 

III. TURBO JET ENGINE  

  
 Figure 2 shows part of the turbo Jet Engine  

  

1. Diffuser  

  

2. Mechanical compressor  

  

3. Burning room  

  

4. Mechanical engine  

  

5. Exhaust Nozzle  

  

The function of the diffuser is to convert kinetic energy into air into a fixed position the height of the pressure, which 

is achieved by the effect of the ram. After that air enters the machines compressor. Air pressure at 6-16 pressure 

ratio. After the compressor, air enters the combustion chamber, the fuel nozzle consumes fuel continuous and 

continuous burning occurs with constant pressure. High pressure, high temperature gases then enter the turbine where 

it expands to provide adequate power from the turbine[2]. The turbine is connected directly to the compressor once 

the compressor and utensils absorb all the power developed by the turbine. The main function of turbine to provide 

power to the compressor. Then the gases leaving the turbine expand continue the exhaust nozzle and be released into 

the atmosphere at high speed there is a speed of flight. Thus it produces thrust for propulsion.  
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Fig.3 Schematic Diagram of a Turbojet  

 

 
ADVANTAGES 

  

 1.     The power of weight ratio of turbojet is about 4 times that propeller system having reciprocating engine.          

 2.      Required low lubricating oil.  

  

  DISADVANTAGE  

 

1.Very critical in structure. 

 

2. The fuel economy at low operational speed is extreme  

 

   

IV.RAMJET ENGINE  

  
 

  

 

  

  

                                                           Fig.4 Ram jet engine 

  

  

Ramjets is an optional engine if your goal is high speed. Improved since the 1950s, the ramjet flew for the first time in 1957 on a 

test flight developed by the French government. That plane set a speed record in 1959 at 1570.8 km per hour, and finally hit March 

2.19 or about 2156 km per hour. SR71 Blackbird a soft, black spy plane flying high comes out better than Mach 3. and in theory, 

at least, ramjets can reach speeds close to Mach 6, which means 6160 km each hour. 

In the early 1900's some of the earliest ideas about ramjet propulsion were first developed in Europe .The Trust is produced by 

passing the hot exhaust from the heat of fuel through a nozzle. The nozzle speeds up the flow, as well as the reaction to this 

acceleration produces thrust. To maintain the flow in the nozzle, the ignition must occur in a pressure higher than pressure from the 

nozzle. In ramjet, high pressure producing "ramming" the outside air into the combustor using a forward speed the car. The external 

air delivered to the transmission system becomes a function liquid, like a turbojet engine. In a turbojet engine, the maximum pressure 

INLET   DIFFUSER   BURNER   NOZZLE   
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on the combustor is produced by a piece of machine called a compressor. But there are no compressors ramjet. Therefore, ramjets 

are lighter and lighter than turbojet. Ramjets produces thrust only when the car is already moving; ramjets cannot produce thrust 

when the engine is present standing or standing. Until the aerodynamic loss becomes a prominent feature, the height of speed, better  

ramjet performance. 

But since the ramjet can produce a solid push, the alternative the driving system should be used to accelerate   the  car  to the speed 

at which the ramjet starts to produce thrust. 

 

In simple terms, a ramjet engine is a long tube with a torpedo-shaped object an opening called an inlet. The air that runs through 

the entrance is pressed inwards the sides of the tube and the torpedo-shaped body, with their nose facing forward its wider part, 

which stays inside the engine, lowers the incoming air to lower it to subsonic speeds. The ignition is on then sprayed into the air, 

and the mixture is ignited as it flows past the flames inside fire room. Exhaust gases are then released from the back of the mouth, 

to give more plenty of thrust according to the third law of motion[3]. 

   
ADVANTAGES  

1. Simplest type of gas turbine having no moving parts.  

  

2. Cheap and require no maintenance  

  

3. Due to absence of turbine, maximum temperature allowed ramjet is 2000 C as compared to about 900 C in 

turbojets.  

4. Specific fuel consumption is better than other gas turbine at high speed and high altitude[4] 

5. No upper limit of flight speed.  

  
DISADVANTAGES  

  

Since the compression of air is obtained by virtue of its speed relative to the engine, the take-off thrust is  zero and it 

is not possible to start the ramjet without an external launching device.  

 

 
 V. WHAT IS A SCRAMJET ENGINE?  

 

Scramjet is an abbreviation for ramjet with "s" from supersonic and "c: from burns added earlier. This can reach the 

speed of match no.10. in scramjets. The inlet of the engine is designed so that it does not create as much pressure as 

in ramjet, which allows the wind zips the engine at high speed. This reduces the shockwave problem a little. However 

when the fuel is injected into the running air, there are small waves created, so the fire chamber must be able to 

withstand pressure.  

But the really amazing thing about scramjet is that it achieves this without working parts. It turns  out that 

once you have reached hypersonic speed compressors and turbines essentials for standard jet engines are not required. 

Rather, it is simply the power to move forward movement does a lot of work to compress the incoming air. Scramjet 

makes the hypersonic fighter craft arena empty, and seduces the “Department of Defence” worldwide. Scramjet 

engine with rocket engine or A turbojet engine may be able to "single stage orbit or operation" (SSTO) satellite 

introduced the program[5]. 
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 A simple type of breathable engine is a scramjet engine with a simplified drawing the engine is provided in the image. 

  

 

 

  

                                                                 Fig.5.Scramjet Engine  

 

 

 

  

                                                             Fig.5 3D View of scramjet 
 

 

                                                        Fig. 6 Top view of scram jet engine  

 

 

5.1 PRINCIPLE OF WORKING  

Scramjet works with the same Ramjet policy. In simple words, episodes provided for various engine functions. All 

operations are performed at various intervals part of the verses. There is an inlet passage, a diffuser passage, a fire 

passage and exhaust passage.  

Basically, to achieve the first speed, the second engine is integrated into Scramjet model. It could be a rocket engine 

or a turbojet. Scramjet is starting to work over speed of match no 5 (3500 km per hour). As these are breathing 

engines, the air from air enters at high speed through the entrance hall. As Scramjet is different Ramjet in the sense 

that in scramjet the diffuser is integrated with the inlet. So the wind comes the atmosphere enters the highspeed inlet 

and lowers the diffuser section therefore its dry force increases. According to the Law of Gas, (PV / T = C) 

temperature air and rises as it passes through the narrow cross section to the heat room. Hot air flows into the fire 
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chamber and this time the propellant i.e. hydrogen (with a very low ignition temperature) is injected into combustor. 

Where it finds itself within a millisecond and the burning process becomes it is done at high speed. The supply of 

fresh air to the diffuser creates pressure in the diffuser so that these flammable gases can be stretched directly into 

the connector. Instead, gases are extended to the combustor towards tail . At the tail are ventricles like a two-walled 

structure, one repairing and the other being removed as shown in the picture. A moving wall is used to determine the 

speed range.  

The “lifting body” shape also provides height so it does not require wings. Sharp the position of the nose, scramjet 

engine, and tail reduces drag so that the plane can cross the atmosphere at such a high speed. Flight “hypersonic” 

speed — faster than Match 5-can really hot! Thermal Protection Systems (TPS) will keep the aircraft afloat the 

atmosphere. Some TPS items will act as Space Shuttle tiles by insulating inserts a car from the extreme heat of a 

hypersonic plane. Some TPS will use water with anti-freeze, hydrogen or other fuel to remove heat from the hottest 

areas before burning it engine or extracted from water.  

 

VI. Difference Between Ramjet and Scramjet  

Supersonic and Hypersonic flight are dreams of aeronautical engineers, where flying as many times the speed of sound is 

a technically difficult endeavor. Even though supersonic is a realized dream the cost makes it difficult to be used 

financially.  

Ramjet and Scramjets are engines using its own speed to compress air and propel the engine. The ramjet engine technology 

practically applies in many cases ranging from missiles, supersonic aircraft to artillery rounds, while the scramjet engines 

are still highly experimental[6]. 

  

 

   6.1  Ramjet  

  

 

 The ramjet, sometimes called a stovepipe jet or athodyd, is an air breathing jet engine, which uses the engine’s  forward   

motion to compress incoming air, without a rotary compressor present in jet engines.  

 By design, ramjets cannot produce thrust at zero velocity, initially when they are still. Therefore, the aircrafts require a 

propulsion system to initiate the movement for compression in the ramjet to undertake. For optimal operation ramjets need  

velocities around Mach 3 and can operate up to speeds of Mach 6. The operation of the Ramjet is based on the Brayton 

cycle.  

 

                                   

 

   FIG.7.Scram jetengine 

 

The in taken air is compressed using nozzles created in the compression areas, and the flow speed is reduced to 

subsonic speeds to allow better combustion. A flame holder ignites the mixture to produce high pressure high velocity 

gas stream that exits the engine at supersonic speeds.  

Ramjets could be used in applications that require a tiny, basic engine to operate at high speeds such as Russian 

Indian stealth Brah Mos missiles, and Indian Akash missile uses ramjet technology. They have also been used 

successfully, though not efficient, as tip jets on helicopter rotors. The iconic Lockheed SR 71's jet engines serve as 

ramjets when the plane exceeds a speed of sound. 
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   6.2 Scramjet  

A scramjet (Supersonic Combustion RAM jet) would be a ramjet variation in which combustion occurs at supersonic 

airflow. Scramjets, like ramjets, compress incoming air before combustion by utilising the vehicle's speed. However, 

ramjets decelerate the airflow to subsonic speeds within the engine prior to combustion, though airflow in a scramjet is 

supersonic throughout the entire engine. Supersonic flow produces more reactivity, allowing scramjets to function at 

hypersonic speeds (the potential top speed of the  scramjet).lies between Mach 12 (15,000 km/h) and Mach 24 (29,000 

km/h), and the fastest airbreathing aircraft has Scramjet engines; the NASA X-43A reached Mach 9.6. 

 

 

 

 

  

                                                                        Fig.8 scarmjet engine 

  

  

Scramjets, like ramjets, have no moving components on the inside of the engines and acquire all of the core criteria for supersonic 

flight, such as a primary propulsion system. While scramjets were conceptually straightforward to design and build, real 

implementation is hampered by significant engineering obstacles. The aerodynamic drag on the aircraft and engine during hypersonic 

flight is enormous, and the temperatures on the aircraft and engine are much higher than the amount surrounding the air, necessitating 

novel materials to withstand the temperatures. Maintaining combustion in a supersonic flow presents additional complications since 

the fuel must be injected, combined, ignited, and burnt in milliseconds.  

 

    ADVANTAGES  

1. Introducing a powerful aircraft with a scramjet in orbit has far greater advantages than a rocket-powered 

spacecraft. Today, rockets should carry their own oxygen, which adds weight — and cost - to the space mission. 

For example, a spacecraft carries more than a million pounds of liquid oxygen in take off. Because scramjets get 

their oxygen from the passing air, they can play a significant role in helping to reduce the cost of access to a 

global orbit from thousands of dollars per pound of payload to hundreds per pound.  

  

2. As hydrogen is used as a propellant and fire energy is generated at high speed with the help of oxygen from the 

atmosphere. As a result, steam (H2O) is an environmentally friendly gas.  

  

3. The inlet and microphone become part of the Scramjet-based airplane. As a result the engine and the car 

combine and operate as a single unit as shown in Figure 4.  

  

4. The position of the plane is designed in such a way that the upper air pressure rises below the plane which gives 

it more elevation as shown in Figure 5.  

  

5. No mechanical compressor and turbine required.  

  

6. As the moving walls are provided at the end of the combustor tail so it can be used for various speed 

applications.  

  

7. Use high speed.  
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VII. Scramjet (Supersonic Combustion Ramjet): Operation Details  

 

 

 

 
 

 

                                                               Fig.9  

 We need air, or oxygen, to fire something . Rockets usually carry oxygen in oxidizer tank even when it is traveling in 

earth’s atmosphere. However, if we would utilise atmospheric oxygen during such a period, we will save energy.  

 Scramjet engine designed by ISRO uses Hydrogen as fuel and the Oxygen from the atmospheric air as the Oxidizer. As 

a result, the system is significantly lighter, more efficient, and less expensive.  

  The scramjet engine was test launched on board of Rohini 560 sounding rocket (Research Rocket). ISRO built and 

developed the RH 560, a two-stage Advanced Technology Vehicle (ATV), to test scramjet engines. 

 The ATV is the ISRO's most powerful (3 tonnes) sounding rocket to date. 

 

 

 VIII. Scramjet – Challenges  

 

 Scramjet, as previously stated, does not use a compressed air to compress the air; instead, it compresses the air 

using its high-speed forward motion. As a result, scramjets cannot provide effective thrust until they are 

accelerated to a high speed. From this, we understood that scramjet engine cannot work until it attains enough 

speed. This is the main drawback of Scramjet Engine.  

 Launch Vehicles, since we all know, have numerous stages, each with its own engine. The engine is discarded 

when the fuel burns out during the first stage to lower the vehicle's weight. 

 As a result, whenever the second stage ignition kicks in, the scramjet is able to function. As a result, ISRO 

deployed a scramjet engine in the second stage of the flight test and was successful in overcoming the 

drawback.  

 Other technological challenges faced by ISRO during the development of the Scramjet engine include the design 

and development of a hypersonic engine air intake, the subsonic combustor, the development of materials that 

can withstand extremely high temperatures, computational tools to replicate hypersonic flow, ensuring the 

engine's performance and operability along a wide range of flight speeds, proper thermal management, and 

ground testing.  
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IX.RECENT DEVELOPMENTS  

  

1. Hyper-X "Scramjet" test:  

  

A new system, called Hyper-X, was launched by NASA in 1997. The goal is to create active jet planes using a clever 

combination of ramjet, scramjet, and rocket engines reach sufficient speed to achieve global orbit. These planes will 

use convenient rocket engines launch and switch over ramjet power at Mach 2 or 3, and then the power of the scramjet 

reaches about Mach 5. The Scramjet engines will speed up the plane flew as fast as Mach 18 (about 12,000 miles per 

hour). The rockets were back inside take the car all the way around. The first Hyper-X aircraft, called the X-43A, is 

scheduled to test the aircraft this month over the  

Pacific Ocean. It is about 12 feet tall and does not drive much, it will be introduced in the X43 wing B-52. The rocket 

engine will upgrade the X-43 to Mach7, about 4,600 miles hour.  

At the time, NASA scientists were hoping the scramjet engine would crash. if all goes well, Test pilots scheduled for 

next year will see a 6,600 Mach 10-a fast X-43 speed miles per hour. After that, NASA will look into the possibility 

of building a massive scramjet enough from the runway and pilot to the control areas.  

  

2. Hy shot “Scramjet” test:  

  

University of Queensland Australia presents hypersonic "scramjet" On July 30, 2002, they were claiming the first 

land with a flexible engine that could operate one day a flight of 8000km / h or more under the project leader "Allan 

Paull". He is a giant field of space research. Members of the "Hy shot" project shot down a scramjet engine settled 

in rural Australia and allowed it to retreat on earth. The engine was designed to burn on the road. Researchers expect 

scramjet to predict commercial use in satellite launch. Finally, scramjets can change air travel, which allows 

passenger planes to fly to London from Sydney in just two hours, makes it possible in flight movies no longer works. 

The scramjet was shot very early in the morning by a dark blue sky the Australian outback with the Terrier Orion 

MK70 rocket, which took it to the surface the atmosphere.  

  

3. Avtar “Scramjet” test:  

  

It is good news that the Indian pipeline also exists in the tribunal. Recently Air Commodore Raghavan Gopala swami 

publicly announced in early July 2002 in the United States, AVTAR the concept of hyperplane developed by India, 

with financial assistance from DRDO (Organization for Defence Research and Development). Its design is copy 

righted.  

India and applications for project registration are also filed in the patent offices in the  

United States, Germany, China and Russia. AVTAR stands for “Aerobic Vehicle for Advanced  

Trans Atmospheric Research”. It weighs only 25 tons — 60 percent of its hydrogen fuel. It  

can be up to 100km round one section and launch a satellite weighing up to one ton. It can be used as a missile 

launcher again. Interestingly, it can be converted into a cargo plane passengers in space. This hyperplane, however, 

will use a combination of turbojet, ramjet and scramjet to reach a length of 100 km. after which a cryogenic rocket 

engine requires hired to provide the final push in space  

  

  

  

  

  

http://www.ijcrt.org/


www.ijcspub.org                                                  © 2022 IJCSPUB | Volume 12, Issue 2 May 2022 | ISSN: 2250-1770 

IJCSP22B1123 International Journal of Current Science (IJCSPUB) www.ijcspub.org 116 
 

 

 
                                                                 FIG 10  

 

 

 

  
  

X.CONCLUSION  

 

Today scramjet is not just an idea, as it has become a reality. Although scramjet has a simple machine, it is a state-of-the-art 

technology engine. The effectiveness of this engine depends only on the air flow. This engine also needs careful design carelessly 

constructed construction. Within a decade or so the planes become more advanced and more advanced sophisticated flights will be 

a part of your normal life. In the future, scramjets may can be used to launch satellites, visit space stations, or travel from New York 

to Tokyo below three hours. In other words, space travel is likely to become a reality 
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