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ABSTRACT

Considering the increase of interest in HxO, as a rocket propellant, a test facility and a rocket engine
have been developed to research in areas of H>O. mono-propellant propulsion. A detailed design-study of
a H>O, mono-propellant rocket engine of 100-N thrust is presented. Several firings attempted in early stage
had some problems with misfire and chamber pressure decrease. Low environmental temperature and
impurities included in hydrogen peroxide were considered to be the reasons. Addressing these points

resulted in successful firing of the rocket engine and obtained thrust about 100 ~ 107-N.
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2. Engine Design
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Table 1  Theoretical rocket performance characteristics of the hydrogen peroxide engine assuming
frozen composition
WT FRACTION ENERGY STATE TEMP
CHEMICAL FORMULA CAL/G-MOL DEGK
FUEL H 2.00000 O 2.00000 0.900000 -44880.000 L 298.15
FUEL H 2.00000 O 1.00000 0.100000 -68317.400 L 298.15
CHAMBER THROAT EXIT

Dolbe 1.0000 1.8188 15.000
p(MPA) 2.0 1.01 0.133

T(K) 1029.54 906.39 559.65

_m( kg/ kgmol) 22.105 22.105 22.105

¥ 1.2648 1.2764 1.3158
u(kg/m—35)x10 —4 0.42755 0.38113 0.23851

¢ (J/kg— K) 1796.6 17371 1567.1
PRANTL NUMBER 0.8256 0.8421 0.8880
A/A, 1.0000 2.6713
c*(mls) 940 940

Cc% 0.702 1.338

I, (N—s/kg) 1176.5 1424.9

Iy . (N—s/kg) 1128.9 1297.7

u (m/s) 659.7 1257.5
MOLE FRACTIONS

H20 0.70757 O2 0.29243

PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS
WERE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CONDITIONS

H; HO2; H2; H202; O; OH; 03; H20(S); and H20(L)
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C*expf=940 ><O9=846-Z;L (1)
Cp  =11338+ A”( no L )— 1.3808  (2)
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7334,
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= 1.3117 % 846 = 1109.7 A;;s @)
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Propellant flow rate,
100 kg
= 1007 0.09013—5— (5)

A9 HF massfluxE 200kg/m>s ki 7}
A3}HA catalyst bed?] AF ,

A =4.5063% 10" *m? (6)
= D=0.02395m = 25mm

dad &,

T, =1029.4x /0.9=976.6K %)

a4 gas-density,

_ 2> 10° B kg

P= (83143/22.105) % 0766 4073 ®)
44 gas velocity,

u= 0.09013 =33.72m/s 9

(7r/4) % 0.025% x 5.445
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catalyst-bed?] Zole ThEH
L=33.72X0.0015 =0.0506m = 55m (10)

Injector Orifice

Injector® %3} Moz FFdte HO, o &
2.2 Chamber ¥Z Rt 0.7MPa &2 #< A
Fat i Orifice 9]
coefficientE 082 7}48H mass flow-rate”}
0.090 kg/s ©JEE injector orifice® 273&
1.8mmZ A A, B dFANXE injector
orifice A7 W& AA FF ATE HdA 2
g3 AAL 14mm HE 2mm7tA] 0.2mm%
Z7IA A AFsigden, AW g s
gz HasEe A4 A5 WrYgEE dst
24 st '

Injector discharge

Nozzle Dimensions
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- 112 -



Bed5 <l #Ej7l o™ Screen Bed HHE 7}
T 2EEHYU WY F Sbelth[2][3][9] Screen
Bed®] AANA 71 F83 A= BedE F
FHate BE AFaFTH BE HIAgoI B
AtollM e CatalystZ 20-mesh (0.356 mm 3
)8 & Screend AHE-3lY  Screen BedE Al
Z3tgnh. Catalyste Aol 3 do AL &
A3} Samarium Nitrate §Ho 2 FHAHZE 3
o FA4E Pk 1209 Silver Screens
ol 55mm¢e] Catalyst BedS THESIOH
Catalyst Bed 73, sl F4ol 4mmSFA g
2| 3& 743 Catalyst Bed? A9} EAL"
Hx0:¢] Catalyst Bed WA & F4to] &
J=E AT

Figure 1% <& Screen® 2 A %3 Catalyst
Pack®] AtZlo]¥, Fig. 2& AAIE A9 =Y

M

+

Zo]i Table 2& dFe] F2 AYE e
o},
Fig. 1 Silver Catalyst Pack
147mm
Injector N Nozzie
—_— /ua:a!yslaed //_“
% / 2, // \v\
e
[ P - B ! 60mm: {HEX FLAT)
i L
% /am SN

N Pressuie poris 7

Fig.2 Hydrogen peroxide engine of 100 N thrust

Table 3 Specifications of the H0» engine and its facility

Engine thrust =100 N
Estimated specific impulse = 1110
N-s/kg

Regulated H>O: tank pressure = 3.75 MPa
Injector pressure drop = 0.70 MPa
Injector orifice diameter = 1.8 mm

Nozzle entry stagnation pressure = 2.0 MPa

Propellant flow rate = 0.090
kg/s

Catalyst bed-length = 5bmm
Approximate thrusting time =12s
Nozzle throat diameter =7 mm
Nozzle exit diameter = 12 mm

Propellant Tank Pressure

200 kg/m’-s$] mass-flux2 Catalyst BedE 7|
FoEAM Arle dEdste o 085 MPaZ o
738 A k9] WEkA Catalyst Bed Aete] 32
2.0+0.85= 2.85MPa. 7} ¥t} Injector Orificeol
o3 k&3 0.7MPa &exo]B B 2%
2 243171 0.2MPac] 22 propellant tank ¢} St
ge 375MPacl B2 ¥ 5 Utk 2@ &
H7}8 IMPag 11238t pressure regula{tor—g—
FEg o2 pressure regulatord T ¢
4.75MPac]t},

Hydogen peroxide distillation
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R 710t}
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Fig. 3 Hydrogen peroxide distillation Unit

Test Facility
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Fig. 4 Hydrogen peroxide rocket engine facility

Hot Test
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