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Melting, casting, and machining of combustion chamber of Aerojet Rocketdyne RS 25 (Space shuttle main engine)

Muhammad Musaddique Ali Rafique1,2,3

1Massachusetts Institute of Technology, Cambridge MA 02139

2Eastern Engineering Solutions Inc. Cambridge MA 02139

3National Aeronautics and Space Administration (NASA), Merritt Island, Florida

Abstract

Combustion chamber of Aerojet Rocketdyne RS 25 (Space shuttle main engine) is an important part responsible for accumulation of gases, their burning, combustion, pressure and hence exit at very high velocities. This exiting mixture of gases is responsible for lift of rocket and its ascent. In this study, which is a part of ongoing active research on development of Space shuttle orbiter, an augmentation is made on earlier studies discussing design. Focus area here is manufacturing of main combustion chamber as per thermal, fluid, and structural design ascertained. This very important part of engine is made by melting and casting of special copper alloys which are subsequently machined to rough and final dimensions using techniques such as computerized numerical control (CNC) machining and electric discharge machining (EDM). Role of tolerances (pattern, mold, metal (shrinkage), machining and finishing) play an important role in the process. These are elaborately discussed. Finally, heat treatment procedures to relieve stresses are also discussed and described. Heat treatment cycles for specific parts and geometry are sought after and described with a focus on design of cycle and process. Few case studies of failure of main combustion chamber during testing are also described emphasizing root cause of failure with a focus to improve. Recommendations are also proposed to improve upon existing procedures and practices in place. 
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Abstract

This chapter constitutes description of heat transfer phenomena occurring during operation of space shuttle main engine (Aerojet Rocketdyne RS 25). It encompasses research of various parts and segments of pressure head of engine which hosts most of heat transfer equipment. Various types of heat exchangers operate in this engine such as internal heat exchanger (IHEX), external heat exchanger (EHEX), condensing heat exchanger (CHEX), interface heat exchanger (InHEX), regenerative heat exchanger (RHEX) and compact heat exchanger (CoHEX). These together synergistically operate to produce effect which maximizes heat transfer capability of engine and enhances its performance. This also improves other rate processes as well such as mass transfer and heat balance. Finally, heat transfer equipment in nozzle section of engine is studied which mainly make use of regenerative heat transfer processes. Heat exchanger efficiencies are numerically calculated. Overall, all heat transfer phenomena, processes and equipment are vital in improving efficiency and achieving rate output from the most critical part of space shuttle orbiter.  
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Abstract

It is well known that thin envelope of Mars is made up of CO2, other elements and dust suspended around planet which is considerably different from atmosphere of earth (mainly N2, O2 and trace gases). Its density also varies with height from surface of Mars. This distribution is Gaussian. Its temperature is also cryogenic. In addition to breaking the gravity of planet, firing of probe from surface of Mars will involve precise calculations of gas or mixture density, its concentration and distribution around point of fire. This will help design probe volume, structure (main body (cylinder), nose cone), aerodynamic stability and optimization in thin envelope and in space where it be captured. It will also help understand probe plume phenomenology which help in pyrotechnics and engine design (operation in envelope and in vacuum). Present study will focus not only on improving artificial intelligence algorithms to enable precise fire, trajectory, and capture but envelope composition of planet. This will also help in better suitable material selection in fluctuating cryogenic conditions.

Keywords: Gaussian, aerodynamic, plume phenomenology, pyrotechnics

Starship: rocketry or vertical take-off and landing - analysis
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Abstract

It is well known that recent prototypes rocket of SpaceX named starship do not have fundamental elements required in a rocket. For example, nozzle, exhaust velocity controls and mass ratio balancing. Instead, it relies
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