
MAE 6530 - Propulsion Systems II

Homework 4.2

@ Sea Level

Assume Nozzle 
Optimized for Sea 
Level
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Homework 4.2 (2)

7. Mean L/D for (Sea Level) Cruise Conditions

Assume	Stagnation

Launch Weight = 2,150 kg

hfuel = ηcombustor ⋅QR

Stephen Whitmore
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Solution
1976 US Standard Atmosphere:

1) Inlet Air Massflow:

2) Exhaust Velocity:

psea
level
=101.325kpa

Tsea
levl
= 288.15K

ρsea
level
=1.225

kg /m3

!mair = ρsl ⋅ Ainlet ⋅V∞ = = 31.9725 kg/sec

Fthrust = !mair ⋅ Vexit−V∞( )→Vexit =
Fthrust
!mair
+V∞ =

= 248.81 m/sec

1.225 0.145 180· ·

2200
31.9725

180+

Stephen Whitmore
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Solution (2)

3) Maximum Temperature Inside Engine:
First use given Exhaust Temperature to Calculate Engine air/fuel Ratio

!mfuel ⋅ηburner ⋅QR+ !mair ⋅ CpairT∞+
V∞
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Solution (3)

3) Maximum Temperature Inside Engine:
Use given Exhaust Temperature to Calculate Engine air/fuel Ratio

f =
ηburner ⋅QR− CphTexhaust +

Vexhaust
2
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→

ηburner = 0.9

QR = 40 ⋅10
6
J /kg

Cpair =1005J /kg−K
Cpair =1120J /kg−K
T∞ = 288.15K
V∞ =180m/sec
Texit = 735K

Vexit = 265.482m/sec
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Solution (4)

3) Maximum Temperature Inside Engine:
Now use Combustor Enthalpy Balance to Calculate Combustor Stagnation Temperature

ηburner ⋅QR+ f ⋅ CpairT∞+
V∞
2
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0.9 40 106· · 64.0924 1005 288.15· 1802

2
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⎝ ⎠
⎜ ⎟
⎛ ⎞

+

64.092 1+( ) 1120
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Solution (5)

3) Maximum Temperature Inside Engine:

4) Maximum Pressure Inside Engine:

à Stagnation Pressure Loss Across Combustor ….
à Maximum Pressure is freestream stagnation pressure

Alternate Method .. Assume isentropic properties down stream of combustor

T0combustor =T0exit =Texit +
Vexit
2

2
= =	762.64	K

P0∞ = p∞ 1+
γ−1
2
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Solution (6)

5) Thrust Specific Fuel Consumption:

6) Average Range:

TSFC=
!mf

Fthrust
=
!mair / f
Fthrust

=

TSFC=
!mf

Fthrust
=
!mair / f
Fthrust

=
32.7555kg /sec / 63.5874

2800N
= 0.000184 kg /sec

N

TSFC= 0.000184 kg /sec
N

×
1

2.204 lbm
kg

×4.4495 N
lbf

×3600sec/hr =1.3371lbm−hr
lbf

R=V∞ ⋅Tburn =
180m/sec ⋅1800sec
1000m/km

= 324km

0.0022675 
kg/N-sec

= 0.0022675 kg/N-sec
31.9725

2200 64.0924·
= 1.64797 lbm-hr/lbf

Stephen Whitmore
0.00022675

Stephen Whitmore
0.00022675

Stephen Whitmore


Stephen Whitmore
8.00521
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Solution (7)

7) Mean L/D for (Sea Level) Cruise Conditions

Breguet Range Equation

R=V∞ ⋅Tburn =
180m/sec ⋅1800sec
1000m/km

= 324km

R= Isp ⋅
L
D
⋅V∞
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⎟⎟⎟⎟⋅ ln

Minitial

M final

⎛

⎝

⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟

Isp =
Fthrust
g0 ⋅ !mfuel

=
Fthrust

g0 ⋅
1
f
!mair
= sec

2200

9.8067 31.9725
64.0924

= 449.707 sec           
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Solution (8)

M final = Minitial− tburn ⋅
1
f
!mair =

=	1252.07	kg				

R= Isp ⋅
L
D
⋅V∞
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449.707 180 2150
1252.07⎝ ⎠
⎛ ⎞ln⎝ ⎠

⎛ ⎞·
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Homework 4.3, Part 1

Assume ∞ = a

Stephen Whitmore
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Homework 4.3, Part 1 (2)

2

• Oblique Shock wave, q= 15o, M∞ = 1.7 …. Compute shock 
wave angle b, Properties behind oblique shock

b = 55.98o

M1=1.1221

P01
P0∞
= 0.955896
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Homework 4.3, Part 1 (3)

3

• Now compute properties across normal shock wave at cowl 
throat 

P01
P0∞
= 0.955896

P02
P01
= 0.998125

→
P02
P0∞
=
P01
P0∞
⋅
P02
P01
=

Stagnation Pressure Recovery
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Homework 4.3, Part 1 (4)

4

• What is detachment Mach number of 15 degree ramp: 1.6143

Stephen Whitmore


Stephen Whitmore
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Homework 4.3, Part 1 (5)

5

b = 55.98o

z= r ⋅sinβ→ r= z
sinβ

x= r ⋅cosβ= z
sinβ

⋅cosβ= z
tanβ

= cm

Stephen Whitmore
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Homework 4.3, Part 1 (6)

6

θOPT ≈12.4
O

Stephen Whitmore
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