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Wax hybrid rocket Basic research on improving combustion efficiency

Koki Yasuda(Tokai university Graduate School of Engineering) , Ichiro Nakagawa(Tokai University Faculty of

Engineering Department of Aerospace Science)

Abstract

We are conducting research on improvement of combustion efficiency of hybrid rocket (HR). In recent years, the demand for

rocket launch has increased year by year in both private and government missions, and HR is attracting attention as a next

generation rocket that realizes safe and cheap space transportation. HR is a type of chemical propulsion rocket that combines

liquid oxidizer and solid fuel, it is safe, low cost and excellent in environmental compatibility, but problems such as lower thrust

due to low fuel retraction speed (fuel consumption rate) It has not been put into practical use yet. As a solution to this problem,

research has shown that the fuel retraction rate increases about 3 times by using Wax fuel, but confirms a new problem of

lowering combustion efficiency due to liquid phase of Wax doing. This is clear from the visualization experiment of the flow,

and if it can not secure the time to vaporize the fuel, most of it will be discharged unburned and it is considered not to add it to

the thrust accordingly. Therefore, in this research, we aim at improving the combustion efficiency of HR by installing baffle

plate (BP).
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Fig. 1 Flow chart of Hybrid rocket combustion analysis
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oxidizer 02 wt4=100.00 t(k)=268.1

fuel Hi-Nic-209 € 44.00 H 90.00 b, cal=-259783
wt=02.5 t(k)=288.1

fuel ~ C18.00 H36.00 02.00 h cal=-179392
w15 t(k)=268. 1

prob rocket p(atm)=10.2830 pi/p=10.2830 o/f=2.09
output calories massf

end

Fig. 2 CEA application and input data
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Fig. 4 External view of FGC plus BP

Table.1 Dimensions of HRF-5

Port diameter
40[mm]

Out diameter
74[mm]

Length
135[mm]
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Fig. 6 Thrustchamber of this combustion test

Table2. Thrust chamber standard value

Thrust chamber | Thrust chamber | Nozzle throat Characteristic
Inner diameter full length diameter | exhaust length(L”
O80[mm] 280[mm] O14[mm] 0.7[m]
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Table3. Schematic diagram of solution preparation

Item Baffleplatel Baffleplate2
Number of holes &) 7
Diameter oh holes 6[mm] 7[mm]
Diamete 84[mm] 84[mm]
Total cross section 254.34[mm?] 254.34[mm?]
Thickness 10[mm] 10[mm]
Thermal conductivity 0.23[W/m-K] 0.23[W/m-K]
Material phenolic resin phenolic resin

Fig. 8 Baffle plate drawing and appearance chart used in this combustion test

HARBRERERICEFDav 7409 L— 3

RS ICARESRTEASN-FEBOMRREZTY.
EROMRBERBRICEVNTRIALSDEREZZFE L (THIE,
RGBT CTUTORENIES SN D.

Table4. Configuration in this combustion test

Base Confignation
Trem Value Trem Value
Oxidant mass flow rate 0.066[kg's] Buming time 3.0[sec]
Fuel mass flow rate 0.032[kgfs] Combustion prresure 1.031[MPa]
Propellant mass low rate 0.098[kg/s] OF 2093
Fuel retraction speed 1.773[mm/s] Net thrust 194573]N]
Gpl 388,766 [kg/s-m2] Total thrust 583.720[N - sec]

3. MR ERE R

PRIGEERERRTRD BP ONMVERIRIZR 9 (TR9. S, TL
— FREANRIELEBEGE DTS LMD, Ff-, it
STz Wax BRBOMTEL, TBRELTWAILEHREL-
10 [FEAFHZ K YEHR S N-BRMEBRURISE D B K U5
EENOBEEEEZRLI-LDOTHD. FS57hD, ThE
NRELIIAEENYZRLTHEY, HBRICKIEEER
Ranigh otz F1-, BERTHRICEERC2A 325
THTLTHEY, 75y MEENSIGRETICH 1 HEEL
TWBI LD D, RICHBHENICK Y BoN-RiEEZE
5 1R BAERIBHEE, MBEEEEA T T TS L
EHEE Ao 7=, BP (&9 3 FREIDBEIC L > T 10[gf2EFEL
=0, BGHFICK B 5 vV ISR INT, RIS £,
FRIZBLWTETORBILRAENS LHIITES. Fiz.
PREFENR(ITFNEN 89.3[%], 932[%]ZER L1=. &IE OF B
BHITIRVRIEERT BP2 DRBEIZEM Y 4[%)] LEISHER
Lot ThiZBPI MAEMBP2 EHELTHELDT,
BERIRECENBLREZFFR L= L. F=, BP2 OFlIEH
DBYICEBESATEY, DDISREERZSZ AN
MBI, REEBIRICEREFEALEEZOND.

=
e

Fig.9 Appearance of baffle plate before and after burning (1)

Fig.9 Appearance of baffle plate before and after burning (2)
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Table5. Each parameter obtained by combustion analysis

Hem BafMeplatel Baffieplate2 [3] George P Sutton Rocket propulsion engineering
ER{LH 4G FEH [MPa] 3.51 3.43
WABEZE [E 71 [MPa] 0.88 0.90
HEN[N] 168 169
HAERS R [Sec] 2.97 2.81
BPIAFERE g] 10.01 11.1
1A 3R 32K FE [mm/s ) 2.08 1.72
HEEE R BT BT [ Key/s) 126 125
O/F[-] 2.18 2.11
Gpl[Kg/s - m?] 468.7 463.7
Isp[Sec] 207.0 212.0
C* [m/s] 1643.3 1675.7
C;, (RIEZh=R) %) 89.3 93.2
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