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Abstract - Cryogenics is the study of very low temperatures or the production of the same. Liquefied gases like liquid nitrogen and liquid oxygen are used in many cryogenic applications. The paper is all about Cryogenic Technology used in rocket’s engine for all its space missions & it's applications. The USA invented the cryogenic engine, which has a long history involving many powerful countries, such as Russia, Japan, France, and others. One of the key components in NASA’s success in using the Saturn V rocket to travel to the Moon was the use of these extremely effective cryogenic engines, which first flew on the US Atlas-Centaur. A cryogenic engine contains fuel gases in cryogenic state (at very low temperature, around -150 degree). This allows concentration of high energy density in small volume. Cryogenic engine provides high energy per unit volume of fuel, which is necessary for the quick thrust in a rocket. Indian space research organization (ISRO) proved that it has mastered the launch of light and medium weight satellites (up to 2000 kg) using Polar satellite launching vehicle (PSLV) with high success rate. But for the launch of heavier satellites (i.e., GSAT series), India had to use expensive service provided by the French space agency. In this project we are going to test and analyze the performance of the valves which were being used in the cryogenic engine under different conditions. This can be performed with the help of ANSYS software which can give the detailed result of the performance of the different valves. In this project different types of valves are used to find out the best performing valve under various conditions.
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1.INTRODUCTION

A cryogenic Engine is an engine that uses in space vehicles that utilize cryogenics. The study of how materials behave and are produced at extremely low temperatures (Below -150 degrees Celsius) to lift and launch heavier objects into space is known as cryogenics. Recently, The CE20 cryogenic engine, built by the Indian Space Research Organization (ISRO) for the LVM3, formerly known as the GSLV-Mk3, has successfully undergone a hot test. In this article we are going to learn about the cryogenic engine, how it works, its fuel, uses, and advantages. Cryogenic derives from the Greek words “Kyros” (cold or freezing) and “gene” (burn or produced). A cryogenic engine is a rocket engine that uses a cryogenic fuel and oxidizer, meaning that both components are liquefied gases that are kept at extremely low temperatures. The process of using rocket propellants at a cryogenic temperature is known as cryogenic technology. Due to the use of propellants at extremely low temperatures, cryogenic rockets are technically a much more complex system than solid or liquid propellant (stored on earth) stages. However, a cryogenic engine is more effective and produces more force per kilogram of cryogenic propellant used than other types of propellants, such as solid and liquid propellant rocket engines. In the 20th century, the Indian Space Research Organization also experimented with this technology. The Indian Space Research Organization (ISRO) has successfully completed the hot test of the CE20 cryogenic engine, which was developed domestically for LVM3, formerly known as the GSLV-Mk3, despite frequent failure and a lack of technological support from other developed Countries. The space agency claims that the LVM3’s CE20 cryogenic engine was developed domestically. On November 9, at Mahendragiri in Tamil Nadu, it underwent a successful hot test with an increased thrust level of 21.8.

2.ANALYSIS AND WORKING OF CRYOGENIC BALL VALVE
The result of the finite element modeling of a 12-inch cryogenic ball valve using ANSYS, which is an exclusive item of software for finite element analysis, and ANSYS, which is a commercial FEA software for structural analysis and evaluation. In order to conduct the optimal simulation of a real 12-inch cryogenic ball valve with the FEA model, a tetrahedron solid element was used and the solid45, which is an element for isotropic materials. The solid elements have an average size of 9mm and comprise 609,706 elements and 135,396 nodes. The x, y, and z axes were defined to represent the lateral, longitudinal and vertical coordinates, respectively. The material of the valve was stainless steel A351-CF3. One pipe joint was fixed and the other was assumed to be movable in the direction of flow. The internal pressure and temperature were assumed to be 1.68kgf/mm2 and -196, respectively. The external temperature was assumed to be 20. Figure shows the result of the thermal analysis at the normal operating temperature, wherein the maximum stress of 23.9kgf/mm2 appears at the center of the ball.
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Fig 1 Result of finite element modeling
Shock proof analysis
The finite element modeling and its boundary conditions were conducted under the same conditions as those established for the thermal stress analysis, added with the conditions for earthquake-proof. The load conditions were classified into the empty weight of the device, internal pressure, temperature, Operating Basis Earthquake (OBE), and Safety Shutdown Earthquake (SSE). The OBE is an earthquake that does not force the LNG facility to stop operation, on the assumption that it will occur five times during the lifespan of the facilities. Therefore, the maximum stress exerted under an OBE is less than the elastic limit. The SSE, however, is strong earthquake that may occur once throughout the lifespan of the facility. In this study, the device was applied with maximum acceleration in the x, y, and z directions, as presented in Table 1. The cases of the OBE and SSE include the earthquake accelerations in the vertical and horizontal directions, which are 2.0g, including the device weight, and 1.5g, in the vertical and x-y directions respectively. In this study, the loading conditions of an SSE were applied to obtain a conservative result. Figure shows the results of the earthquake-proof analysis taking an earthquake into consideration. A maximum stress of 25.3kgf/mm2 was generated at the center of the ball, like the figure obtained when the earthquake was not considered.
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Fig 3 Result of Shock proof analysis
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Table 1 Seismic load condition for OBE and SSE
 Stress analysis
In general, the most important factor to be considered in designing a cryogenic valve is to obtain sufficient strength against internal pressure. This is the most important factor in the design of the pressure vessels; a valve body cannot be designed without careful consideration of the structural strength. In this study, the structural strength, contraction according to the valve configuration, and heat transfer with the extremely low temperature of LNG were analyzed and designed by simulation of the valve body.
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Fig 4 Analysis of Body

3. CONCLUSIONS

In order to examine the performance characteristics of the parts of high-pressure, cryogenic ball valves, numerical analyses of the strength and thermal shock were conducted, and the seat structure was investigated and tested. The following conclusion was obtained. 
1. According to the thermal stress analysis conducted at high pressure and very low temperature, a maximum stress of 23.9kgf/mm2 occurred at the center of the ball.
2. The resistance against earthquake was analyzed at a maximum acceleration of 2.0g in the vertical direction (z axis), including the self-weight, and 1.5g in the x and y axes, at high pressure and very low temperature, to obtain a maximum stress of 25.3kgf/mm2 at the center of the ball.
3. The flow characteristics of the ball valve were analyzed with inlet and outlet pressures of 168kg/cm2 and 80kg/cm2, respectively, to obtain the velocity distribution and eddy flow of LNG according to the valve position.
4. The design of the constituent parts of the ball valve, including the body, seat, bonnet, ball and spring, were optimized.
5. In this study, a high-pressure, cryogenic ball valve that can achieve zero leakage was designed.
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