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1923 40~100 Experimental Goddard
Up to 1939 150~2000 Sounding rockets Goddard
1936 3,000 A-3, A-5 test vehicle German Army
1939 54,300 German V-2 engine and missile German Army
1947 57,800 Soviet RD—100/R-1 SRBM Energomash
1948 81,900 Soviet RD-101/R-2 SRBM Energomash
1948 99,000 Soviet RD-103/R5-M MRBM Energomash
1953 120,000 Navaho G-26/Boost—glide missile Rocketdyne
1955 135,000 Early Atlas booster/ICBM Rocketdyne
1955 184,000 Soviet RD—-107/R-7 ICBM Energomash
1960 320,000 Soviet RD-111/R-9A ICBM Energomash
1963 1,520,000 U.S. F-1/Saturn V Booster Rocketdyne
1977 1,640,000 Soviet RD—170/Energiya Energomash
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« Above the critical point, fluids behave like dense gases and the mixing in coaxial injection is driven by turbulence

diffusion processes along with thermodynamic non-idealities and transport anomalies

« At subcritical pressure, the atomization process is more influenced by surface tension
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Typical classes of hydrocarbons in aviation fuels

Typical aviation fuel properties

Compound class Typical structure Name
n-paraffin (n-alkane) CH3—(CH,),,—CH4 n-dodecane
_(|: —
iso-paraffin _C_C_C_C‘_Ci iso-octane

—C= ==

Naphthene (CH,); —CH; butyl
(cycloparaffin) cyclohexane
Aromatic @ toluene

Alkene CH:=CH—CH2_CH2_CH3 1-pentene

Property JP-4 JP-5 JP-7 JP-8 (Jet A/A-1) RP-1
Approx. formula CgsHy7 C,Hyp CoHps CHyy CioHyy
H/C ratio 1.99 1.87 2.02 1.91 1.98
Boiling range, F 140-460  360-495  370-480 330-510 350-525
Freeze point, F —80 54" —47 —60 JP-8/Jet —=55
A-1; =50 Jet A

Flash point, F —10 147 140 127 134
Net heating value, BTU/Ib 18,700 18,530 18,700 18,580 18,650
Specific gravity 60 F 0.76 0.81 0.79 0.81 0.81
Critical T, F 620 750 750 770 770
Critical P, psia 450 290 305 340 315
Avg composition

Aromatics, vol% 10 19 3 18 25

Naphthenes 29 34 32 20 58

Paraffins 59 45 65 60 39

Olefins 2 2 — 2

Sulfur, ppm 370 470 60 490 20

T2 5 AH=2A 992 EM(Edwards and Maurice, 2001)
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LE31 QJ= FZIA|o]AL Saturn V, Zenit rocket,

R-7, Soyuz, Saturn I, Atlas rocket, Falcon 1,
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