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Table 1
cr molecular | density i a"“i,l“blc heat of - m;?:fn.:l]nr
Oxidizers weight glee oi(vylgzn mxlt;f::;])g decomposition products Y,ﬁgﬂﬁcg
NH,NO, 80.05 1,73 19,5 87.93 N,, 2H,0, 0.50, 22,8
KClO, 138.55 2,52 46,2 99.24 KCl, 20, 46.1
NH,CIO, 117,50 1.95 34,2 78.3 HCI, 1.5H,0, 0.5N,, 1.250, 27.6
LiClO, 106.40 2,43 60,1 106,13 LiCl, 20, 35.5
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2LiCl(solid or gas) +H,0=Li,0(solid)-+2HCI
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l_ Cro I So |ill(°cal"mole
LiCl (solid) 12.4 1480 — 97.7
Li;O (solid) 13,5 68 —112.4

C,—é 748.4% 10~ 4T|44 6' — 22,1

HCl (gas)
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Table 2 Caleulated equilibrium constants K, and K,

K, for 2LiCI(s)+H,0(g) =Li,0(s)+2HCl(g)
K, for 2LiC!(g)+II,().—I.i;()(s)-i—zHCl{g)

T° K | log Ky= LUG | for e PBOL
pugo | Puz0*pLICI?
1,400 7.33 3.14
1,600 6,49 6.79
1,800 5.36 6.50
2,000 3,05 .25
2,200 4,60 . €.03
2,400 3.05 . 7.84
2,600 3.41 7.67
2,800 3.72 7.51
3,000 3.92 7.37
3,200 2.20 7.24
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Ly,=v/g (g I3Biimakne)
I hRER, “Offiiz s XAEE (0.95) %Y S &
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4z, 1oL 2O CKEN AT L HYE Y

59 AOYFEFEOR B LB L L L, H:OD OH
Ty H, ~ofs otz Hy oHET-~ofils
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Table 3 Theoretical performance of lithium perchlorate propellants
under the conditions of p.=80, pr=1latm.
Fuel-binder=polyester C,H,0, heat of combustion 6,8CCcal/g

No. Oxidant wt 9% | m . Te °K ! Ty °K f H:J,f’ 1 Isp sec | Isp* sec
1 LiClO, 77.9 37,3 3,760 1,906 659 | 239 227
2 | LiClo, 70 30.4 2,760 1,430 522 213 202
3 | LiClO, 6.2 27.8 2,315 1,352 502 209 159
4 | NHCIO, 86.1 29,2 3,570 1,700 764 258 245
5 NH.CIO, 70 22,6 2,140 815 829 215 204

7 : mean molecular weight of products at T,

Te : adiabatic combustion temperature
Ty : temperature at nozzle exit

H¢—Hy : enthalpy diflerences between at T and at T

I.5 ¢ specific impulse in sec,
Iio* ¢ I1px 0,95 (mozzle coefficient)

Table 4 Compositions of combustion products of lithium perchlorate propellants at' 7% and T

Gas solid
No. original composition ' —
H,, CO, H.0, Co,, LiCl = [Lich
Iat T¢=3,780] O 0 2.00 4.00 e 2.25 0
1 C.H,0+2.25LiClIO,
lat 7,=1,908 o 0 2.00 4.00 2,25 0
[at Te=2,760] 0.42 2.58 1.58 1.42 1.50 0
2 CH,0+1.5LiClO,
lat Tr=1,430 0.64 2.36 1.36 1.64 1.27 0.23
at Tc¢=2,315 0,82  3.18 1,18 0.82 1.25 0
3 C,H,0+1,25LiClO, {
at Ty==1,352 099 301 1.01 0.99 0.51 0.74
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Calculation of Combustion Parameters of Lithium Perchlorate Propellants

Tsutomu Hikita and Ken Kubo

Superiority of lithium perchlorote to
ammonium perchlorate in its specific gravity
and available oxygen content is clear in
table 1. However, the performance as a
propellant may not be necessarily better.
Here we try some calculations with lithium
perchlorate propellants. Table 2 shows the
result of calculation with equilibrium between
lithium chloride and lithium oxide. Formation
of lithium oxide is negligible under the
ordinary condition of combustion. Table 3
shows the combustion parameters for typical
compositions and table 4 shows the compo-

sitions of gaseous and solid products.

Against expectations, lithium perchlorate-
gives no big increase in specific inpulse..
This is because of its high mean molecular-
weight of products and because of its high
temperature at the nozzle exit in spite of
the high combustion temperatures. Solidific--
ation of lithium chloride appears on way of
expansion and becomes remarkable in case-
of lower percentage of lithium perchlorate:
content. In conclusion, as to the lithium
perchlorate propellants, a high pressure com-
bustion or a high expansion ratio is desirable
in order to fully utilsze its enthalpy values.
(Faculty of Engug., Univ. of Tokyo)
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