Launch Vehicle Trajectory Analysis

e Gravity turns
e Estimating gravity and other losses

e Full launch trajectories (coming soon!)
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Gravity Turn Trajectories

e Keep thrust vector aligned with velocity vector
e Let gravity affect the trajectory as it will

e Aim for insertion state appropriate to the desired mission
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Sounding Rocket Analysis
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Gravity Turn Trajectories
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Estimating Gravity Losses

Start trom conservation ot energy
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Gravity Loss by Energy Conservation (cont.)

Ve +— 1. . h
final init
AVorayiosssL = A || = ) =+ |12 | ———=
G ( Vinit" final ) r O(r 0T h)

Iz =8’”2=8ng

2807/ 280h
Avgmv loss,SL — i
’ ro+ h 1 + hlr

@ ARREA RN o Sounding Rocket Trajectory Analysis

MARYLAND 6 ENAE 791 — Launch and Entry Vehicle Design




Gravity Loss by Energy Conservation (cont.)

2807/ 280h
Avgmv loss,SL — —
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Falcon 9 launch into 200 km insertion orbit

2(0.0098 km/sec?) 200 km km
Avgmv loss,SL — = 1.950
’ 1 + (200 km/6378 km) sec

This approach 1s conservative - a better estimate would be to multiply by 0.8
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Gravity Loss by Exact Methods

Z}Cinal

Ay g sin ydt

oravity loss = j

lo
e This equation would be numerically integrated throughout the

launch trajectory

e Minimizing gravity loss = get flight path angle to 0
(horizontal flight) as soon as possible

e But that might conflict with aerodynamic losses!

@ ARREA RN o Sounding Rocket Trajectory Analysis

MARYLAND 8 ENAE 791 — Launch and Entry Vehicle Design




Drag Losses

|
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e ¢, changes with Mach number, and is
usually assumed to be a traction of ¢,

from Edberg and Costa, Design of Rockets and Space LLaunch Vehicles
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Steering Losses

e When thrust is misaligned with
velocity vector, there is an impact on

Ay

e Sources could be angle of attack a or
thrust steering angle 6

AV steering loss
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Av Summary for Saturn V Launching to LEO

‘\.\‘) ) 7':‘, A o
e % oy iy, 28
PRt S

P AT e T
Ty TR
X, 2 LA 2 A BN

from Edberg and Costa, Design of Rockets and Space Launch Vehicles
CUNIVERSITY OF Sounding Rocket Trajectory Analysis

4 MARYLAND ENAE 791 — Launch and Entry Vehicle Design




Sample Summary of Launch Vehicle Av Losses

Saturn V Launch to Translunar Injection
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Av Summaries for Several Launch Vehicles
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