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Numerical Simulation of Oxidizer Flow inside a Hybrid Rocket Engine and
Prediction of Flow Rate
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A hybrid rocket engine is a safe rocket engine that uses solid fuel and
liquid oxidizer, and can be used for artificial satellite launch vehicles and spacecraft. The thrust
force can be controlled by adjusting the flow rate of the liquid oxidizer, but there are many
uncertainties in the flow rate characteristics passing through the injector that injects the
oxidizer into the combustion chamber. Therefore, we clarified the flow rate characteristics of the
liquid oxidizer (nitrous oxide) passing through the injector using computational fluid dynamics.
Additionally, we experimentally achieved constant thrust force by constructing a control system to
regulate the flow rate of the nitrous oxide through the injector.



Nitrous oxide: N.O

309.52K

VOF Volumeof Fluid

OpenFOAM®  interFoam

HEM

Homogeneous Equilibrium Model

OpenFOAM®
cavitatingFoam

cavitatingFoam

CFD

Inlet pressure

293K

184.67
5MPa

Outelet pressure

Injectors Combustion
chamber

—
Plenim ghamber

8 x¢ldmm
mnjectors



GN:

‘Super Charge

Paan
Tiane L & Teank 6

CcV
Pinj
PID
P.
L/D 3.57
VOF
Cd
0.37
0.38
L/D
L/D=3.57
3mm L/D=2.14
mm L/D=5

L/D=2.14

@r

Injector & Chamber

Flexible tubing

—%— Hand valve
&) 5
— X}~ Solenoid valve (2 way)

—[E— Pneumatic valve

-
—\J}— Checkvalve

% Regulator

@P Pressure gauge

@ Thermocouple

[ a Control valve

Time: 0.0100

0.3

L/D

VOF
5MPa

HEM

5 mm

3MPa 5m/s
1.4mm
L D
P2 P,/ Py
5 mm
2 mm
2mm 7
L/D=5

L/D=3.57

L/D=2.14



L/D=3.57

2
L/D=3.57
L/D=5
P, 3.0 MPa
P,
2.8 MPa
P,/ P1
PID
Dukler 15%

0.9
08
0.7
06

< 05
04
03
02
0.1

L/D=5

3

L/D=3.57 L/D=5

0.2 0.4 0.6 0.8 a
Pressure ratio p2/p1[-]

—— Thrust

Thrust(50pt.ave)




2 2 0 0

Takuya Tada, Kazuki Yasuda, Hiro Okano, Hikaru Eguchi, Masaharu Uchiumi, and Daisuke Nakata -

Flow-Pattern lIdentification and Pressure-Drop Measurement in a Self-pressurized Flow of Nitrous 2024
Oxide

Transaction of JSASS -

DOl
Yasuda Kazuki, Nakata Daisuke, and Uchiumi Masaharu 143
Experimental Study on Temperature Change by Cavitation Accompanying Self-Pressurization of 2021

Propellant for Small Rocket Engines

Journal of Fluids Engineering 121103

DOl
10.1115/1.4051729

N20

2023

2023

2023

2023




2023

66

2022

65

2021

Rikio Watanabe, Yoshiki Shimizu, Kazuki Yasuda, and Daisuke Nakata

Numerical Estimation of Discharge Coefficient of Nitrous Oxide Flow inside an Injector for Hybrid Rocket Engine

33rd International Symposium on Space Technology and Science

2021




Kazuki Yasuda, Tatsuhiko Shiina, Daisuke Nakata, and Masaharu Uchiumi

Experimental Study onFilling and Discharging Characteristics of Nitrous Oxide to Spacecraft Tanks

33rd International Symposium on Space Technology and Science

2021

3
2021 2022

PID
4
2021 2022
0

(Nakata Daisuke)
(90571969) (10103)







