
MAE 5540 - Propulsion Systems 1!

2-D Nozzle Contour Design, Choked throat!

1)  Re-derive the Conical (3-D) 
Aerospike Contour Design 
Rules (Slide 31) for a two 
dimensional (Linear) Nozzle 

Homework 4, part 1 solution!
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1.3, Part 2 Solution
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Apply Method of Characteristics to 
Aerospike Nozzle (1)!
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Apply Method of Characteristics to Aerospike 
Nozzle (2)!

Throat!

   

θthroat + ν throat = θx + ν x = θexit + νexit

δ = 90 −θthroat = 90 − θexit + νexit −ν throat( )→
→ν throat = 0,  θexit = 0

   

→

δ = 90 − νexit( ) =

90 − ( Mexit ) =
γ +1
γ −1

tan−1 γ −1
γ +1

Mexit
2 −1( )

&
'
(

)(

*
+
(

,(
− tan−1 Mexit

2 −1
-

.
/
/

0

1
2
2

Throat Exit Angle Fixed by Spike!
Design expansion ratio!
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Apply Method of Characteristics to Aerospike 
Nozzle (3)!

Along spike surface!

  

θx + ν x = νexit
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Ax sin µx( )  Re

 Rx

  Ax sinφx

Plug Geometry!
At position X!

φx = θx + µx

θx = νexit −ν x

→φx = νexit −ν x + µx

Ax ⋅ sinφx = Rexit− Rx( ) ⋅Wspike →

Ax =
Rexit− Rx( ) ⋅Wspike

sinφx
=

Rexit− Rx( ) ⋅Wspike

sin νexit −ν x + µx( )

Ax =
Rexit− Rx( ) ⋅Wspike

sinφx
=

Rexit− Rx( ) ⋅Wspike

sin νexit −ν x + µx( )
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Ax sin µx( )  Re

 Rx

  Ax sinφx

Apply Continuity equation!

   
m = ρx AxVx sin µx( ) = ρt AtVt
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Apply Method of Characteristics to Aerospike 
Nozzle (5)!

• Solving for Ax!

• Divide by throat area!

Solve for  Ax → Ax =
ρt ⋅ At
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Apply Method of Characteristics to Aerospike 
Nozzle (6)!

• Simplifying!
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Apply Method of Characteristics to Aerospike 
Nozzle (7)!

• Simplifying again!

Simplify→ Ax = A
*
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from earlier→ Ax =
Rexit− Rx( ) ⋅Wspike

sin νexit −ν x + µx( )
=
Rexit ⋅Wspike
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Solve for  Rx → 1− Rx
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Apply Method of Characteristics to Aerospike 
Nozzle (8)!

• Solve for Rx!
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Apply Method of Characteristics to Aerospike 
Nozzle (9)!

•  and since by geometry of the surface !

• These equations define the isentropic spike profile!

Surface geometry→ tanφx =
Rexit − Rx

Xx

→ from earlier→φx = νexit −ν x + µx

2 − D Spike Contour  Lines

Xx =
Rexit − Rx

tan νexit −ν x + µx( )

Rx = Rexit 1−
sin νexit −ν x + µx( )
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Compare to 3-D Nozzle Algorithm"
Aerospike Nozzle!

  
sin µx( ) = 1

Mx

  

tanφx =
R e− Rx

X x

→φx = νe −ν x + µx →
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Sign!
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Compare 2-D and 3-D Spike Contours!

13!

Surface geometry→ tanφx =
Rexit − Rx

Xx

→ from earlier→φx = νexit −ν x + µx

2 − D Spike Contour  Lines

Xx =
Rexit − Rx

tan νexit −ν x + µx( )

Rx = Rexit 1−
sin νexit −ν x + µx( )
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tanφx =
R e− Rx

X x

→φx = νe −ν x + µx →

X x =
R exit− Rx

tan νe −ν x + µx( )

Rx = R exit 1−
sin νe −ν x + µx( )
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Note “Square Root”!
Sign!
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Include 2-D Spike Contour on Plot !!!

14!

• 3-D “flow!
relief” effect!
Allows conical !
Aerospike to!
“turn corner”!
faster than 2-D!
spike and still!
preserve isentropic!
flow!
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Physical Aspects of Cone Flow (Anderson)!

• Three-dimensional!
  “relieving” effect!

• Cone shock wave is !
Effectively weaker !

  Than shock wave for!
              Corresponding wedge angle!

15!


