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Investigation on Temperature Drop during Pressurant Discharging
from Pressurant Tank of Liquid Rocket Propulsion System (II)

Yonggahp Chung* - Ohsung Kwon* - Namkyung Cho* - Sangyeop Han* - Inhyun Cho*

ABSTRACT

Propellant pressurization system in liquid rocket propulsion system plays a role supplying
pressurant gas at a controlled pressure into the ullage space of propellant tanks. The most
important design parameter for such propellant pressurization system is the temperature of
pressurant gas fed from pressurant tank, which is placed inside of cryogenic propellant tank. Such
pressurant is gaseous state, of which density is very sensitive to the temperature of pressurant.
Previous investigation dealt with thermal correlation of pressurant and external fluid at room
temperature. This study investigates the temperature variation of cryogenic pressurant (GHe) at the
time when the pressurant is coming out of pressurant tank, which is submerged in a liquid

oxygen, experimentally as well as numerically.
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NOMENCLATURE

A : area D : diameter
E : system energy Grp : Grashof number
h : specific enthalpy k : thermal conductivity
I : thickness M : mass
m : mass flowrate Nup : Nusselt number
p : pressure Pr : Prandtl number
Q : heat transferred into a system Q : rate of heat transferred into a system
Rap : Rayleigh number T : temperature
t : time V : volume
Subscript
in (out) : input (output) w : wall
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Fig. 1 Pressurant tank immersed in external fluid

Table 1. External fluids and pressurants

External fluid Pressurant
Calculation Air & LOX GN; & GHe
Air GHe
Test
LOX GHe
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Table 2. Pressurant tank specifications

Pressure, Temperatare and

| Heat wansfer estimation Ra, Ny, Pr, efc. Parameter Value
- I Material SUS 304
e T Cylinder 0.04063
Volume
IM 3 Sphere 0.00375
(m’]
— J Total 0.04438
Pressure and Temperature
; of Pressurant, te. Cylinder length [m] 0.8776
Fig. 3 Pressurant discharging analysis procedure Inner radius [m] 01214
Outer radius [m] 0.1365
L Wall thickness 151 mm
3. HEER g Y
Agwye HEAY GHeE 220 bargZ 7H§t

2 A Bae) s A gave) exvt @
A3 ARl ARAXY, A FF 3 A 228 F M E3 ARl £

!
(@)}
—

|



HAch 1o A BIAANN ESSHE 7}

FAe 9 d2dolHE T3 f 405 barg

2 13 ZsHA "ok 13 72E sk Ae &
FA} e, 2= AlA Fol X8 IFHVE
A4 F, A 2EIis Syol=glE F
o2 2gstd 23 AFA 7T o3 4=
dHoz ZgAo =HA Eoh Table 3 A3
Al F8 z7olt}

Table 3. Test conditions

Parameter Value
Initial pressure about 220 barg
Initial temperature about 90 K
External fluid LOx (1 atm.)
Pressurant GHe
Orifice for discharge 4.990 ~ 10.206
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Table 4. Analysis and test conditions

Test no. |Diameter (mm)] A and T
Test01 3.482 A
Test02 4990 AT
Test03 5.989 AT
Test04 7.031

Test05 7.975 AT
Test06 9.016 A
Test07 9.594 A
Test08 10.206 AT
Test09 10.794 A
Test10 11.382 A

A : analysis, T : test
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