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- Overall LEnergy Conversion in Laser Propulsion MiSSioll'

n= propulsion efficiency (jet kinetic e'n'érgy to vehicle kinetic energy) |

& = expansion efficiency (internal propellant energy to jet kinetic energy)

. B. = absorp t’i‘on‘ efficiency (lasér energy
Y= trz'msr;n".ssion‘efﬂcicncy (laser energy
5= laser efﬁciency (electric energy to laser
: “$500 worth of electricity to put 1 kg into LEO.” .
At $0.10/KWH, $500 buys 18,000MJ (I KWH=3.6 MJ); 1 kg at 10 km/s — Er=
Phipps, Reilly, Cam pbc!l-, Laser & Particle !Ia(m‘ls-l_S (2061) 66,1 ;695 : |

Pirri, Monsler, Nebolsine, AIAA Journal 12 (1974) 1254-1261
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CONSTANT MOMENTUM COMPARED TO CONSTANT SI’EC]FIC IMPULSE MJSSION

l"he Constant Specific Impulse MlSSlOll

mdm -
—= 1jdv
. Mg H‘] Vjct Vo
m v-y =Av
f=—=exp—-(-—29) =exp—2Y
me, - P ‘ (.Vjct ) P Vjet

The Constant Momentum Missioi '

mdm _ vdy

o m v ¥

o ,
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At the same mass fraction, = 0 2 m/E;q; for LOIlSldllt momcntum mission is 23% greater than

¢ - ‘ | o . Conclusions

When Py, /m, ~ 0.05 MW/kg small payloads (2 to 4 kg) may bc launched into low carth orbit,
Av ~ 10,000 m/s. |

for constant specific xmpulse mission.

For Av= 10 000 m/s, m /l jot = 20 kg/MW f=0.2, v, =0, the mission time for constant specific '
nnpulse propulsion is ~ 315 sec. ' ’ -

For Av=10,000 m/s, m /Ilet =20 k;,/MW £=10.2, v, = 2000 m/s, the mission time for comt‘mt
momentum propulsxon is ~ 155 see.

At the same m/Ejee = 0. 013 kg/M J and Ay, I(constant momentum) = 0.35, and f(constant
specific impulse) = 0.20. -

Based on measured I, Ey, and ablated mass, overall cnergy conversion efficiencies (laser
energy to jet kmetxc energy) of af ~50% were obtained with Delrin propellant in lhe laser
lightcraft.

Jet exit velocitics of ~2000 m/s with Delrin (b.mcd on measurcd mass) and ~ 3000 m/s with air-
(based on estimated mass). ‘
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THE COUPLING COERFICIENT AND THE SPECIFIC IMP ULSE
| | =BE,/m
vEm=%HK#>?ame=@mﬁ

I =m<v>

AC<v>=opd <1

 _PL=®ELA
F=0B,C

v'/le<V> - apd P

1F<v>
0]

Pier = —dBPL

: (OLB‘(D)aplparent = O(,(D(ﬁ + mAuc|,c,,,/EL)

o/
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Coupling Coefficient (N-s/MJ)

Tabll 1. Notmalized 1bsorptxon vohxmc forairat 1.18 kg/m asa

function ofmlcunl energy and laser energy.

u

Vans/B, normalized absorption volume, em?

Mlkg B=50] E=100J E=1507 E.=2007 E=3007 E;=400J

I

42,3 84.7 127.1 169.4 254.2 338.9

~ 10 g Deirin Focus
~7em®

Parabolic
. Optic

Figure 1. Cross-sectional view of Myrabo Laser - Lighteruft, todel 200- -3/,
The maximum dlameter. of the test article gt the shrotid is ~ 10 cm The
indicated ring of Delrm weighs ~ 10 g and has a volume of ~ 7 eni® rm(l
asuirface area ~ 25 cn’. The idealized plug nozule exit area is ~ 350 end®,
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Figure 15, Mollier diagram for equilibrium air withoutions. Numbers adjacent to intersections of isobars and
isotherms indicate average molecular weight. Upper heavy line is a constant density = 1.18 kg/m® line. three
isenlropes from u = 4e7 and 2e7 J/kg represent equilibrium blowd: 1 Jor the indicated area ratios, 1 to 32768
The P = 1 atm isobar is reached with an arearatio ~ 8 from the inifial u = de7 and ~ 4 from the u = 2e7 Jkg

slate, respectively. The exil velocities Jrom these two expansions are ~ 5000 and 3000 m/s, respectively.
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_ “Isentropic expansions from u = 4e7 and 27 J/kg and 1.18 kghn3 to 1 atm produce exit velocities of 5000 and
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Thennodyharnic properties of Mach 5 air at stagnation density,

- .
S

p =5.90 kg/m’.

u T P h s ;,, M X)) va cfey
Mikg 1°K  bar Ml/kg KIkgK KikgK kg/kinql' km/s
0.102 0560 9.492 0263 6.864 1.042 28965 0 0471 138

1 16 271 15 77 125 2897 4el3 077 130

226 432 27 82 145 2895 6E-11 096 125
3 33 565 40 86 185 2873 2E-08 1.08 121

4 39 677 51 89 233 2819 3507 117 120

5 44 782 63 . 91 265 2746 2E-06 126 120

6 48 889 75 93 271 2669 6E-06 135 122

7. 53 1003 87 95 261 2596 2505 145 123

8 58 1124 99 97 ° 255 2532 4E-05 153 1.23
9 . 631245 IL1. 99 269 2479 8E-05 161 122

10 67 1358 123 100  3.04 2432 1E-04 167 121

IS 82 1820 181 107 549 2219 6E-04 191 118
20 9.2 222.3 23.8 11.2 736 . 20.32 I.E-O3 2.11 1'18.
30° 108 3049 352 122- 805 1741 3E-03 249 130
40 127 4049 469 131 552 1545 LE-02 2.92 124
50 156 5348 590 138 428 1433 3E-02 339 127
60 184 6679 713 144 520 1354 8E02 378 126
©70 208 7946 835 149 632 1281 LE0I 413 127
80 228 9199 956 154 726 12.14 2E-01 445 127

246 1046.6 1077 158 799 1152 2B-01 476 128
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Figure 10. Comparison of Equilibrium expansion and frozen expansion of uir. The circles and nearby crosses represent the blowdown quantities
obtained from initial [u~u"]* states of 2E3, and 1E4 Jkg for the frozen expansion and 2E3, 6E3, 1E4, and 4E4 kJ/kg for the equilibriunt expansion.
The results of the to _frozen blowdown integrutions to Pey = 1 bar are plotted with those of the equilibrinm blowdown to show that the differences in
alpha are small i.e., at low energy (2E3) 0.30 und 0.29 and at high energy (1E4) 0.32 and 0.27 for equilibrium and frozen blowdown, respectively.
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Iz‘igure 11. Comparison of Equilibriun expansion from laser heated STP® air (1.18 kg/n') and Mach 5 air at stagnation density (5.9 kgin'). Inthe
STP air diugram (on left), the circles and nearby crossés represent the blo wdown quantities obtained from initial [ -n°]* states of 2E3, and 1E4 J/kg
for the frozen expansion and 2E3, 6E3, J E4, and 4E4 kJ/kg for the equilishrium expansioi. : ‘
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