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Experimental research of Pressure-Volume-Temperature mass
gauging method using instantaneous analysis under cryogenic
homogeneous condition

MR EASRR, FOIAP

Mansu Seo'’, Sangkwon Jeong?®, Young-suk Jung®, Donghun Ku* Dongjin Ji®

Abstract: In the extreme conditions of launch T AR "o LAAS vl FE T FXA ZFF
vehicle in a space, such as cryogenic temperature < ASst FAY HAAIEF S gofste Aol F
and low-gravity environment, the mass gauging of g3ty ®E3F ol FZAl Al=®l  (bipropellant
remaining propellants becomes a difficult problem. system)olA = FF FHE oLl F3 A A

Pressure - volume -temperature (PVT) method is ZAAE Aeldog sigte] A9t AskAle AH &
one of the attractive mass gauging methods under 58 24T F 7] dWid HF F1A4 FFE =0
low-gravity due to its simplicity and reliability. o, HPPAE 5D F AdT(1]. o9 B2 o|FER
PVT gauging experiment with various mass flow Adste] T HA F31A ZAY v F FA] FF
rates of helium injection is carried out with the A 842 AxHn Jdu. AFE AeHAM=
experimental apparatus creating cryogenic A goll A ot G fAe 72y, &34, 3H 4Y 5
homogeneous condition as the condition of o] A2 Aol S & JdFE nAEZ FA H
low-gravity. Experimental results are analyzed by a A ] E TFtrbaet shE AA FXA 7 E EshAl
novel PVT gauging analysis method which e HA v (2). T3 IAA A AMEE = AA
considers all instantaneous changes of pressure and FAAE dtdor AL FAE =7 S @
temperature in the ullage volume with small time o} W 7kt VAR AleE e dES A = V)
intervals. It is observed that the gauging error from dE 12 HAEHE FYHER g3 JRdAs €4
the novel PVT gauging analysis is - 0.11% with 2 B]H & (thermal non-equilibrium) AEl7} Lojviy o]
slpm mass flow rate of helium injection. = AL FAAY #AY AFE OS5 oA¥A I
o9} o] dwrAQl FYH, A F&FH w§ 2 A
Key Words: Mass gauging, PVT mass g, FAY 22 I AFoAe FAA HEF =
gauging, low gravity, microgravity. e 71 BHY g2 S ol 48 oo gt
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Lo tigk FFAQA 7ol AAIHA ol AAHA
FRA ] oAM= FAVE AT

2 dAFME AFYH A= i H8d &
Q= MAE PVT 2 SHHE S AAIstaA} e, o]
2 Y& PVT =W =23 242 d YA = &8
2 EAEE 2] 9% Hdy HEE QA 5
S B3 AL v &k 219 AE 3 A
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SteAE #HES Y. 3 dF FY FH, AR ¥
A e " Wl gy PVT &4 LAE 4%
HAog FAMste AF7HA AFHA EUd PVT =
A o LAl e TSt ol & uiEgez I
g FFE AT AR e A 7IHe PVT 3t
Z =W (instantaneous analysis of PVT mass
gauging method)S AAlte] 7IAE #F SAHS
stk
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2.1. PVT & S8

PVT &% 549 dg= =3 2v(6). 4 F
FTHoR SHstuA st A BHIA WFY I F
A H3, V, & A% B2 JA 7Y, V,, ¢

B3 f5e Z1AFe §3 (ullage volume), V,,
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Fig. 1. Schematic diagram of PVT

experimental apparatus: (a) assembly of
whole experimental apparatus (b) detailed locations
of temperature sensors in the tank.



40 sEENz-NeIss=2%], 143, 1£, 20124 38

A B, 7IA dF Y FE, 4" AA,
71 Hol &= AN, 94 A fF3FA, 2=
=22 (feedthrough) 2 FAEY. F24 A
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Fig. 2. Transient curves of PVT gauging error by
the helium injection with various mass flow rates.
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Fig. 3. Curves of pressure increment and helium
mass flow rate near initial state.
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Fig. 4. Calculation during a one small time step for
instantaneous PVT mass gauging method.
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Fig. 5. PVT gauging error by instantaneous analysis.
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Fig. 7. Transient vertical temperature profile
by the helium injection with different mass
flow rate: (a) 2 slpm (b) 10 slpm helium injection.
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