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Trade-off Evaluation due to Application of Mixing Chamber for Hybrid
Rocket-Propulsion System

Hakchul Kim' , Keunhwan Moon' , Heejang Moon' and Jinkon Kim""

'Dept. of Aerospace and Mechanical Engineering, Korea Aerospace University

Abstract : The intermediate mixing chamber is one of various methods for improving the regression rate and
combustion efficiency of the hybrid rocket. The mixing chamber with its non-combustible material makes the
propulsion performance increase, but it leads to a low fuel-loading density in the combustion chamber;
therefore, this performance-related trade-off between the mixing chamber and the low fuel-loading density was
studied. In this study, the trade-off was conducted by comparing the intermediate-mixing-chamber case with a
w/o-mixing-chamber case. The small hybrid-sounding rocket is designed with internal ballistics for comparing
the rocket length to the weight. In addition, an external ballistic analysis was conducted for comparing the
performances of the w/- and w/o-mixing-chamber cases. As a result, the intermediate-mixing-chamber case
shows that the length and the weight were decreased to 12 % and 8 %, respectively; furthermore, when
compared with the normal cases, the estimated altitude result of the w/-mixing-chamber case was increased to

approximately 75 m.
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Fig. 1 Schematic of the hybrid experimental system

g]

1

tolp = 27

o

o 29

=

=

sla ¥4 Ay
= AdA

S|
ay



Fig. 2 Configuration of Fuel Grain

Table 1 Specification of the Combustion Test

W/0 W/
Function Mixing Mixing
Chamber | Chamber
Oxidizer Gas oxygen
HDPE
Fuel (High Density
PolyEthylene)
Solid Fuel Density (kg/m3) 950
Burning Time (sec) 10
Initial port
Diameter 10
(mm)
Solid Fuel . Out
. . Diameter 50
Configuration
(mm)
200 100
Length (mm) +
Inner
Diameter - 40
Mixing (mm)
Chamber Out
Configuration Diameter - 50
(mm)
Length (mm) - 30
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Fig. 3 Averaged Oxidizer Mass Flux vs. Regression
Rate
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Regression rate .
. r aG{)(H(
equation g
variable = a, n
Fuel type a n R?
L¢ = 200 mm 0.03059 | 0.51866 | 0.98953
= 230 mm 0.02331 | 0.5718 | 0.99332
100 mm
+
0.0219 | 0.63896 | 0.9965
100 mm
w/ Lpe = 30 mm
variable = a, n = 0.5(constant)
Fuel type a n R?
L¢ = 200 mm 0.03383 0.99093
L¢ = 230 mm 0.03449 0.98032
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Fig. 4 Regression-rate curve by non-linear curve
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Table 3 Specification of Internal Ballistic Table 4 Results of Internal Ballistics
Common design condition Case 1 | Case 2 | Case 3
Chamber pressure (bar) 30 Oxidizer mass
Oxidizer tank pressure (bar) 50 flow rate 0.145
Injector discharge coefficient (C,) 0.5 (kg/sec)
O/F 34 Fuel mass flow
Fuel d 'S[Olctk/ %) 950 rate 0043
uel density (kg/m (ka/sec)
Thrust (kgf) 50 Fuel length (mm) | 730 977 954
Burning tlme (SeC) 3 Nozzle throat
Initial port diameter (D,) (mm) 10 diameter 11.6
CEA results (mm)
Nozzle expansion ratio(4,/4,) 5.6108 Nozzle exit
Thrust coefficient (C)) 1.514 diameter 27.5
Specific impulse (Z,,) (sec) 266.5 (mm)
Theoretical characteristic velocity
(') (m/sec) 1726.9
theo ) \M/SEC Table 5 Specification of Hybrid Rocket Engine
Specification of Mixing chamber (Case 1)
- Case 1 | Case 2 | Case 3
Inner Diameter (mm) 40 5 ;i 5
Out Diamoter (mm) 50 Total mass.(kg) 9.16 10.10 10.021
L a— 30 Consumption
ene mm propellant mass 0.5628
(kg)
FEE A3 9o AL Ed =29 slolngs = Diameter of
Engine 60
Aol Wete A7 A3t= Table 49 2o Table 5 (mm)
= Ugx A4 Z3E vtge= jkgA 9aEs x3g length of oxidizer
3k slolrEE 24 dF AA AA AFES Yl tank and engine | 1402.86 | 1619.51 | 1601.33
Aolth. W A7 An HE F¥3 OfF7} £Us (mm)
7 wge aPHE AsA 9 Auw, vz dge 3.2 BT §4
TYsith. ¥H 7 Aol =E FE & Y2V uE 9letw 84S vl Apogee componentAlol A 7Y
of Am ZAoJollA xfo]E Holal glom o] Iaf <l e oee 4] 2R 9l RockSim 9[14]8 o] &
L HA Y A Do)zt ztolrt HAS A Hh £33} sto] FAS Fastgltt. uE A AAE 3ol
A4S XLk Case 12 30 mm, 87g9 &3 A4 vel= 27 dXe] Ay & Ad A3H[15,16]15
A T3P LolE Case 29 Hl&} Zdo] 13%, & T A AF stolHE ALY 2] 9 F A
e 9% kel FolEATh WM FULES wolel 98 ogaie] AAggden 7 Case W HA LEE
3 T3 Aad dolrEs duz BT Case 3 Hlaskeleh, e AJ2~® SHTES 1Egh HaE ¢
+ Case 2 |3 o] 1%, & A= 0.8%7F 743} d FE5S 1 m/secE FHA3F dteo] F&d 93 o
2 Aol ggs FA & . mee Hnshd B A4S FYsen
Figure 62 3]Xd] Al&% slo]B = ALY 27
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. Selected stage mass 13237618 kg

TG 870,35 mm, CP: 195007 mm, Margin: 3.01 Overstable

Length: 2600,00 rm , Diarmeter 893.00 mm , Span_ diametar! 216,60 mm
Engines: [hckim=3-None, ]

Mass 13237519 kg
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