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Study on Leakage Measurements of Oxygen and Helium

Using Standard Gas Flow Rates in a Orifice Flow
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Korea Aerospace Research Institute*, Chungnam National University**
ABSTRACT

In this study, correlation equations were arranged about mass flow rates of oxygen
and volume flow rates of helium using a mouthpiece method. The mouthpiece
method can reduce examination cost by using similar empirical formula. Instead of
liquid oxygen, in the mouthpiece method, gas helium can be measured in order to
determine the leakage amount of liquid oxygen conveniently. Experiment was
conducted and compared to understand leakage amount relation between the helium
and the oxygen for prototype item under a room and a cryogenic temperature
conditions. The leakage volume flow rate [A.m{/s] of the helium was 174 times higher
than mass flow rate [g/s] of the oxygen leakage at liquid state. The derived
correlation equations were verified using data from the National Institute of Standards
and Technology (NIST).
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Table 1. Oxygen properties under
atmospheric pressure[12]
o= U [kg/m’] Abef
(K]
90.19 1141.2 liquid
90.19 4.467 vapor
173.15 2.263 vapor
288.15 1.354 vapor

Table 2. Helium properties under
atmospheric pressure[12]

2=

> U [kg/m’] Abef
88.15 0.552 vapor
173.15 0.281 vapor
288.15 0.169 vapor
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Table 3. Oxygen properties under 0.16 Mpal12]

=25 | 3

K] 2= [kg/m’] AbEf
88.15 1151.4 liquid
94.8 1118 liquid
94.8 6.799 vapor
173.15 3.583 vapor
288.15 2.140 vapor

Table 4. Correlation of flow rates

A B C
22 oS oS 45
@95 K, @288 K, @288 K,
0.16 MPa | 0.1 MPa | 0.1 MPa
[k%l/i_s] 1118 1.354 0.169
mey
T 0.058 0.058 0.0072
[o/s]
H &
Tk 0.000185 0.15312 0.15333
[S.m*n]

Table 5. Correlation with liquid oxygen

and helium
M| LA FEE dE 7Y
[g/s] [mé/s]
0.006 1
0.058 10
0.115 20
0.576 100

m=pQ (11)

Table 4] AZFFIZFE 2 @)X HEFFZFH

71718 BIZIA S ol &8t vEhd § Qo

Fig. 79 d3dZdxet siydxzte] HI& <6

Fig. 791 &€& 10 ml/s AR #AF AH=
Table 40l ERHTH

10 me/s®] FAol A PYs FAIS AFo]

173 K& fr&A 9] &9to]l 0.16 MPa o|t}. o]
o] A4 FHL 2 3)F o]&3td A Fig.
73 o] AbAie] ARFHEFS o 0.058 g/s (Fig.

£ ¢ 1,118 kg/m’(Table 4)°]v, < 2|9
He FEFE QA G vk HAsid
Fes 58 43 VgEa 2F
I b 843u1 7t =
7bat A elth. Table 40141 A9] A 2| f-7Fel] 843wl

Bl AL ¢k 0156 m’/holn, BFAFEHZ

% = o
2+ A= (Fig. 7)¢ 0153 Sm’/h thH] 2%9
22E BAS & F dth

Table 404 Z¥ BE RW 7|Ai47F &£
e feoz T A

S, 4" A e 2
8268 2] Z}olZ HolA Huh ey HEgH
Zgovg FEAEHZE 2EE A= Z4H A9}

o AHFEFS 2os ¢ F AW o9k "HE
jus
-

o {1 FN
o o ox

AR AFFFS HA
g oo wHA B

B, Co| RERT ZHe Tttt webr S
< 10 me/se] AF A

Al ¢F 0153 Sm’/h otk I EZ Fig. 79 x3
100 mé/so)slell = Test A= Ht 23]H

3l
Figure 13 o] AAIEFS AAHa7F ALY
710 ZA71A & F R LdFS 7Hstste vl
S22 o R FAY AFste
Aot AFo AT AARE A st Table 5
o} 2t} Table 5014 AAFE| 9] kA 4 o]
1 g/solgbd FY T4 AFFHFS 174 ml/s
719 vl &S et

el

dF7te] A AT S
27t 2 3 AAAS A
ol g3l AHFFHS AF
o]l A 2 S

ko] A BAE A

.
T U

k
i
o
> E P2



43 B B 12 5%,

2015. 12. 2324 7119 BERBS 0§ Bast A TAF -

1115

1 dsde o) an ARfdg/sle F AF
3 [Ame/s]<] 0.000489H) o).

2. FesdEe] Aba AH R FHA/s]S BF o
A 2 FFHAme/s] <] 3.94) o]t

3. AAFele] Az Ao tid AR g/
AFo] FA A HFHAnl/s]9] 1749 o]},

4 AL HF FHINEEFLNN AN G
AaE AR ASSHA

5. REfY AYa3e] JgE FudAE
olg3tal TR VA % EE FAY
#AE AR AGolr)

References

1) Shnyakin, V., Documentation

Technical Specification and Analyses of the Lox

Design

Supply System and Its Components for
Cryogenic L.R.E, YUZHNOYE Design Office,
2009.

2) Lee, J Y. T. K., “The
Developing Trend of valves for Liquid Rocket
Engine”, Journal of the Current Industrial and
Technologic Trends in Aerospace Vol. 2, 2009,
pp-14~24.

3) EMERSON. Process
Curves and Calculations, Technical Information

and Jung,

Management, Flow

of Tescom Regulator, 2012.

4) Lee, J. Y., Conversion of Volumetric Flow
at Gas Flow, CSG-L]JY-04-012, Design Memo,
2004.

5) Miller, D. S, Internal Flow System, The
Fluid Engineering Centre, Inc., 1990.

6) McCloy, D., Martin, H. R, Control of
Fluid Power :
& Sons, 1980.

7) Jamnes E. John, A., Gas Dynamics, Allyn
and Vacon, INC., 1984.

8) Lee, ]J. Y. and Lee, S. Y. “Experiment
and Performance Prediction on Inherent Flow
Coefficient of a Solenoid Valve”, Journal of the
Aerospace Engineering and Technology, Vol. 1,
Jun. 2011, pp.70~78.

9) Lee, J. Y., Leakage Test of Oxygen and
Helium, CSG-L]JY-11-010, Design Memo, 2011.

10) Lee, J. Y., Using a Cryogenic Fluid Heat
Exchanger Valve Leakage Measuring Device,
Patent Number 10-1445751, 2014.

11) Huh, H. 1, Study of
Similarity between Helium Leakage Volume

Analysis and Design, John Wiley

Experimental
and Liquid Oxygen Leakage, Researches
Commissioned by a KSLV-II, 2013.

12) http://webbook.nist.gov/chemistry/



