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Heat Transfer Characteristics with Boiling of the Propellant (N,O,) for Spacecraft Propulsion
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Abstract

LI
MATSUURA Yoshiki

MON3 is used as a propellant for the bipropellant thruster in the spacecraft

propulsion. MON3 is Nitrogen Tetroxide (N,Hs) with 3wt% solution of NO. Heat transfer
characteristics with boiling of the MON3 have been measured. The critical heat transfer was
identified when the superheat temperature was around 50 °C (degree C) under different flow
parameters. Pressure vibration from 8 to 22Hz frequency was observed in the specific flow
parameters during the boiling of MON3. These frequencies are in good agreement with that of
combustion perturbations observed in the test injector which simulated the actual bipropellant

thrusters.

Keywords: Heat transfer with boiling, Critical heat transfer, Nitrogen Tetroxide, Bipropellant

thruster, Spacecraft propulsion
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Fig. 1 “Kounotori” 3rd (HTV-3) and its thrusters.
Thrust level is 490N class.
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Fig. 2 Schematics of bipropellant thruster.
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Fig. 3 Experimental apparatus for heat flux

measurement.
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Fig. 4 High temperature block for measuring the heat flux. Thermo couples T, and T, are located at Imm

and 2mm from inner wall surface respectively.
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Fig. 5 Schematic of experimental diagram.
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Table 1 Parameter settings for MON3 heat flux with boiling

Case Diameter (mm) Flow velocity (m/s) | Pressure in the tube | Initial wall temperature
No. (MPa abs), target (C), target

1 0.75 9.4 1.0 270

2 0.75 18.8 1.0 270

3 0.75 4.7 1.0 270

4 0.75 9.4 0.4 270

5 2.00 2.6 1.0 270

6 2.00 53 1.0 270

7 2.00 2.6 0.4 270
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Fig. 6 Preliminary measurement to estimate the heat
loss without fluid flow.
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Fig.7 Measurement result for case 1.
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Fig. 8 Heat flux vs. superheat temperature of MON3.
(a) is first time measurement and (b) is second
one. This result shows good repeatability.
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Fig. 9 Heat flux vs. superheat temperature

comparison with each case.
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during boilng of MON3 in case 7.
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Nomenclature
A : Surface area [m?]
¢ : Specific heat [J/(kg * K)]

m : mass of Al block [ke]
0O, : Heat flux of liquid [J/(m? + s)]
Oout : Heat flux to outer system [J/(m? + s)]
Ttk : Average temperature of Al [C]
block

T, : Wall temperature [C]
T, : Boiling temperature [1C]
ATsat  : Superheat temperature [C]
ZE 3
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