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Rocket Propulsion Basics

Ideal Thrust Coefficient and 

Characteristic Velocity
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Ideal Thrust Coefficient

• Recall definition of thrust coeff.

• Also steady thrust 

• Combine with ideal

nozzle results
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• Ideal thrust coefficient is only function of

– ,  (=Ae/At), pa/po

– recall pe/po = fn()

• Note: c  fn(To, MW)

• Thrust coeff. depends mostly on pressure 

distribution in thrust chamber

– from normalizing by poAt

Ideal Thrust Coefficient
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• 1st term = contribution to thrust by

exit velocity/momentum

• 2nd term = contribution to thrust by

exit pressure

Ideal Thrust Coefficient
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Comparison of Terms
• Compare terms for different nozzle designs
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• Velocity 

term 

always 

provides 

thrust

• Pressure 

term can 

increase or 

decrease 

thrust

Ae/At= 

Converging 

nozzle

=1.2

Ideal Thurst Coefficient-6

Copyright © 2005,2006, 2017, 2018 by Jerry M. Seitzman. All rights reserved. AE6450 Rocket Propulsion

Comparison of Terms
• Look at exit versus ambient pressure
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Effect of Ambient Pressure on c

• Can get 

higher thrust 

coeffient by:

–reducing 

ambient 

pressure

–increasing 

rocket 

pressure  
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Normalize by Converging Nozzle c

• Large  needed 

for optimum c for 

small pa/po

• Optimum  (for c, 

Isp) varies with 

altitude (pa)

– for po=1000 psia

– pa/po 

0.015

0.001
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

1 10 100 1000

Ae/A*

C

/C


,c

o
n

v

pa/po = 0

0.001

0.0025

0.01

0.025

0.1

max 

thrust 

line

Ae/At= 

sea-level

60,000 ft=1.2 shock at exit



5

Ideal Thurst Coefficient-9

Copyright © 2005,2006, 2017, 2018 by Jerry M. Seitzman. All rights reserved. AE6450 Rocket Propulsion

Flow Separation

• For p in nozzle enough below 
pa, flow (b.l.) separates

– occurs in over-expanded 
operation and before 
normal shock would enter

– expansion essentially ends 
at separation (lower )

• Summerfield* found oblique 
shock enters nozzle for 
Kpa/pe,sep 2.54

 pe/po  2540% pa/po

• Kalt and Bendall** give 
empirical-based criteria (one 
of many)
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Ideal Characteristic Velocity

• Recall defn. of c*

• Inserting expression for choked flow

• So c*=fn(, To, MW)  1.1-1.4sound speed
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ao, sound speed

0.71 for =1.2

0.81 for =1.4

0.94 for =1.67

Typical c* values

1200-2400 m/s

(4000-8000 ft/s)

measure of thermal
energy available  flow KE

measure of obtainable ue

for given KE

 fn(po, pa)

Ideal

not dependent on 
nozzle performance


