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Overall Energy Conversion in Laser Propulsion Mission 
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Definitions and Energy Conservation 

Propellajit Kinetic Energy: Ep = '/2mp<Ve^> = ap EL 
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^ for Bimodal velocity distribution 

Chunfo of propellant, f...„, „,ass fraction, v^,,, velocity 
not gases, f,ij,,,t mass fraction, vn.^, velocity 
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Conclusions 

When P,a5er/m„ ~ 0.05 MW/kg small payloads (2 to 4 kg) may be launched into low earth orbit, 
Av~ 10,000 m/s. 

.    At the same mass fraction, f = 0.2, m/Ej„t for constant momentum mission is 23% greater than 
for constant specific impulse mission. 

For Av = 10,000 m/s, m„/Pjet = 20 kg/MW, f = 0.2, v„ = 0, the mission time for constant specific 
impulse propulsion is ~ 315 sec. 

For Av = 10,000 m/s, m„/Pjot = 20 kg/MW, f = 0.2, v^ = 2000 m/s, the mission time for constant 
momentum propulsion is ~ 155 sec. 

At the same m/Ejct = 0.013 kg/MJ and Av, f(constant momentum) = 0.35, and f(constant 
specific impulse) = 0.20. 

Based on measured I, EL, and ablated mass, overall energy conversion efficiencies (laser 
energy to jet kinetic energy) of ap ~ 50% M-erc obtained with Delrin propcllant in the laser 
lightcraft. 

Jet exit velocities of- 2000 m/s with Delrin (based on measured mass) and ~ 3000 m/s with air 
(based on estimated mass). 

. Approved for piihlic release; distribution unlimited. 
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Q* = pEt/m 

Ejct = V2 m<vV = ttmQ^ = a(3EL 

1= m<v> 

c I 

EL   • 

'/2C<V> = apO < 1 

PL = fflEL 

•■    F = ©ELC 

i/2F<v> = apO PL 

"-F <v>      „  = aP 

(aPO)app„rent   = 0!.O(P + mAUd,e,„/EL) 
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Table 1. Normalized absorption volume for air at 1.18 kg/m as a 
funclioii of-iiUcma! energy and Inser energy. 

u ViJB. nonnalizcd nbsornlioii volume, cm' 
Ml/kg Ei,=50J EL-IOO J EL=150J EL-=200J Et,=300 J Ei,-400 J 

1 42.3 84.7 127.1 169.4 254.2 338.9 
2 21.1 42.3 63.5 84.7 127.1 169.4 
3 H.l 287 42.3 56.5 84.7 112:9 
4 lO.S 21.1 31.7 42.3 63.5 84.7 
5 8.47 '   16.9 25.4 33.9 50.8 67.8 
6 7.06 14.1 21.1 28.2 .42.3 56.5 
7 6.05 12.1 18.1 24.2 36.3 48.4 
8 5.30 10.5 15.8 21.1 31.7 42.3 
9 4.71 9.42 14.1 18.8 28.2 37.6 
10 4.24 8.47 12.7 16.9 25.4 33.9 
15 2.82 5.65 8.47 11.3 16.9 22.6 
20 2.12 4.24 6J6 8.47 127 16.9 
30 1.41 2.82 4.24 5.65 8.47 11.3 
40 1.06 2.12 3.18 4.24 6.36 8.47 
50 0.85 1.69 2.54 3.39 5.08 6.78 
60 0.71 1.41 2.12 2.82 4J4 5.65 
70 0.61 1.21 1.82 2.42 3.63 •    4.84 
80 0.53 1.06 1.59 2.12 3.18 4.24 
90 0.47 0.94 1.41 1.88 2.82 3.77 
100 0.42 0.85 1.27 1.69 •   2.54 3J9 
110 0.39 0.77 1.16. 1:54 2.31 3.08 
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Shroud 

FOCUS 

Parabolic 
Optic 

Figiire I. Cross-seclional view ofMyrabo Laser liglilcrafl, Model 200-3/4. 
ne maximum diamcler. of lite test article at tlie shroud is -10 cm. Vie 
indicated ring ofDelrin weighs -10 g and lias a lioltmie of- 7 cm' and ^ 
a surface area - 25 cm'. The idealized ping nozzle exit area Is ~ 350 cm. 
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EquBbrium expansion EquHbrium expansion = 5SI<Q/m' 

Figure 11. Comparison ofEquilibrUmi aqyansionfrom laser heate4STF air (1.18 kg/m') and Mack 5 air at stagnation density (5.9 kg/n^).  In the 
STP air diagram (an lift), Hie circles and nearby crosses represent the bhwdomt quantities obtained from iitUial [u^ii'/* slates of2E3, and 1E4 J/kg 
for thefrmen expansion and 2E3, 6E3,1E4, and 4E4 kJ/kgfor the equilibrium expansion. 
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