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Rocket Propulsion Basics

Vehicle Acceleration/Rocket Equation

Thrust Coeff. & Characteristic Vel.
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Thrust and Vehicle Acceleration
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• Now look at moving (accelerating) rocket
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Unsteady term

drawn for ue and rocket 
velocity (u) aligned
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• Now combine all terms drawn for ue and rocket 
velocity (u) aligned
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• 1st term same as static “thrust”

• Other terms ??

– thrust accel. “losses” (overcome drag, gravity, …) 

drawn for ue and rocket 
velocity (u) aligned
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Velocity Increment

• In orbital mechanics, important parameter for 

changing orbit in gravity field is the velocity 

increment

– u=ufinal – uinitial (net incr. in vehicle speed)

– e.g., launch to LEO requires ~9 km/s
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Velocity Increment

• 1st term  uthrust, u without losses

– how to increase? 

–

• 2nd  udrag,  u needed to overcome drag

– D = CD ½ u2 Aref……how to decrease? 

–

• 3rd  ugravity,  u needed to lift mass in gravity field

– how to decrease?

–
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Thrust Coeff and Characteristic Velocity

• So important performance parameters:  & u

– depend on ueq or Isp, and m

• For thermal rockets, typically parameterize 

these using

– Thrust coefficient

– Characteristic velocity

• Why At?
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measure of ability of nozzle to 
convert thermal energy to KE

measure of thermal energy 

available; propellant property 
for chemical rockets


