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1. Assumptions

1.1. CEV Engine Configuration

1.1.1. Minimum thrust to perform in-space burns is ~ 5K lbf (vac)

1.1.2. A 2-engine cluster is used by the CEV for redundancy.

1.1.3. Aft-firing RCS provides the 3rd level of redundancy.

1.1.4. Each engine is capable of providing the entire delta-V necessary for completing the mission.

1.2. Ascent abort

1.2.1. 15K lbf (vacuum) thrust with 0.5-second transition to full thrust (from receipt of Engine-ON command to the achievement of 90% of rated thrust) is sufficient to cover the allocated ascent abort function of the CEV (post Launch Escape Tower jettison).
1.2.2. All engines are used to perform a contingency ascent abort, after the Launch Escape Tower has been jettisoned.

2. Interfaces
2.1. Propellant Interface

2.1.1. The engine shall be designed to operate over the propellant inlet conditions specified below.  The propellant inlet of the engine is defined as the entrance into the bi-propellant valve and the entrance into the igniter (if the igniter circuit is not downstream of the bi-propellant valves).
2.1.1.1. Inlet Pressure (Min):  325 psia

2.1.1.2. Inlet Pressure (Max):  400 psia

2.1.1.3. Oxygen Temperature (Min): 163 °R
2.1.1.4. Oxygen Temperature (Max): 224 °R

2.1.1.5. Methane Temperature (Min): 170 °R

2.1.1.6. Methane Temperature (Max): 224 °R
2.1.2. The engine shall be designed to run with propellants inlet temperatures that change from the minimum temperature to the maximum temperature.  This requirement covers a feedsystem that has warm propellants, but will also use heavily subcooled propellant from the propellant tanks, all within the same burn.
2.1.3. The engine shall be designed to start with 100 in^3 of propellant vapor at the engine interface.  The requirement covers a warm feedsystem in which the propellant has changed to gas phase at the engine inlet.
2.1.4. The engine shall be designed to withstand a maximum surge pressure of 1200 psia at the engine inlet without damage to the engine.
2.2. Power Interface

2.2.1. The engine shall be designed to operate with the following power input

2.2.1.1.1. Voltage:  28±4 vdc
2.2.1.1.2. Current:   5 A (max)
3. Life

3.1. The engine shall be designed for a minimum of 6 vacuum starts.
3.2. The engine shall be designed for a continuous 650 second burn (400 seconds x 1.5 for margin).

3.3. The engine shall be designed for a total burn time of 1425 seconds (950 seconds x 1.5 for margin).

3.4. The engine shall be designed to operate after 24 hours of direct sunlight (on-orbit)

3.5. The engine shall be designed to operate after 24 hours of viewing deep space (on-orbit).
3.6. The engine shall be designed for a 6 month on-orbit life.

4. Performance

4.1. Engine performance shall be assessed and reported at the following standard test conditions:  
4.1.1. Propellant Inlet Pressure: 325 psia

4.1.2. Oxygen Inlet Temperature: 185R 
4.1.3. Methane Inlet Temperature: 185R 

4.1.4. Ambient Pressure:  vacuum

4.1.5. Nozzle Expansion Ratio:  150

4.1.6. Steady State Conditions shall be assessed 10 seconds after Engine ON command has been issued.

4.2. The engine shall have a nominal thrust of 7500 lbf (vacuum).
4.3. The engine shall have a minimum specific impulse of 360 seconds (vacuum)

4.4. The engine shall achieve 90% rated thrust within 0.5 second of the issuance of the Engine ON Command.
4.5. The engine shall achieve less than 1% rated thrust within 1 second of receipt of the Engine OFF command.
4.6. The engine shall be designed to run to propellant depletion without damage to the engine.
4.7. The engine shall be designed for operations at altitudes of 70,000 feet and higher.  RE: ascent abort.

4.8. The engine shall have stable combustion when fired within the defined inlet conditions.  

4.9. The engine shall be designed to transmit no more 500 BTU/hr of heat into the support structure.  The requirement is levied to aid in the design of the combustion chamber.

4.10. The temperature of the external surfaces of the combustion chamber and powerhead shall not exceed 710 °R.  Insulation and thermal insulators may be used to help satisfy this requirement.
4.11. The external leakage shall not exceed 1x10-3 SCCS when tested with helium at cryogenic temperatures.  The temperature requirement has been purposefully left vague to allow flexibility within the test fixture.
5. Mechanical and Thermal Design
5.1. The engine system shall be comprised of the following elements, as a minimum.  

5.1.1. Injector

5.1.2. Ignition System

5.1.3. Combustion Chamber

5.1.4. Nozzle

5.1.5. Bi-Propellant Valve

5.2. The envelop of the engine shall not exceed the following:

5.2.1. Length:  8 feet
5.2.2. Diameter: 4.8 feet
5.3. The engine shall be designed for 10° of gimbal in two orthogonal axes.  The TVC system itself is outside the scope of this effort.
5.4. The engine shall be designed with the following structural factors of safety:
5.4.1. Yield:  1.25

5.4.2. Ultimate: 1.5

5.5. The lines and fittings shall be designed with the following factors of safety:

5.5.1. Yield:  1.5

5.5.2. Ultimate: 2.5

5.6. The engine shall be designed to survive the MMOD environment around the ISS

