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Experimental Study on the Test Method for Liquefied Hydrogen Valves
Under Demonstration Conditions

HYEOK CHOI, JI-WON CHOI, CHANG-WOO JUNG, SANG-MIN KIM'

R&BD Center, PK Valve & Engineering Co., Ltd. 80 Gongdan-ro Seongsan-gu, Changwon-si 51567, Korea

Corresponding author :
smkim@pkvne.com Abstract >> Liquefied hydrogen (LH,) service near 20 K can cause boil-off gas

_ generation, pressure rise, and seat leakage in cryogenic valves under heat
EESZZZd ﬁjzsf';g? ingress. Liquid nitrogen testing at 77 K cannot fully represent LH, conditions,
Accepted 16 July, 2026 while direct cryogen testing is limited by cost, system complexity, and safety

requirements. This study developed a cryogen-free test method for LH, globe
valves using a Gifford-McMahon cryocooler, vacuum-insulated chamber, cop-
per-block conduction cooling, helium pressurization, and helium leak detection.
ANPS 2 (DN50) Class 150 globe valve was evaluated through room-temperature
verification, Liquefied nitrogen (LN,) testing, 20 K indirect cooling, and post-test
recovery verification. The full sequence was repeated three times, and un-
certainty was analyzed for helium leak detector-based seat leakage data. The
system provided stable 20 K-class conditions and quantitative micro-leakage
assessment without direct LH, handling.

Key words : Liquefied Hydrogen(2i3}4=4), Liquefied Hydrogen Valve(i 344 HiH),
G-M cryocooler(G-M '-c',*57| Seat Leakage(A| E54), Hydrogen Safety
(424 QHHA), Valve Test(H H A|H)
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Table 1. Temperature sensing points

No. Sensing points

#1 Cooler head

#2 Cooler head

#1 Cooler Valve Body

Valve Extension

#2 Cooler Valve Body

Inlet

N || B W N~

Outlet

Table 2. Test valve specification

Description Globe

Class Class 150

Size NPS 2 (DN50)

Shell A182-F316L

Stem 316L

Material

Disc seat PCTFE

316L

Body seat
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20 ok HIBO| EJAE w0 CiEt 413 0172

Table 3. Valve leakage and operation test conditions

No. Procedure Test pressure | Detection method
2.9 MPa Sniffer mode/
1 | Shell pressure test . .
(5 min) | Vacuum monitoring
M li
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2 L - (3 min) Flowmeter or
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. 1.2 MP. .
3 Operation test (10 cycl:s) Functional check
Mass Cylind
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Table 4. Repeatability of cool-down performance

3 8- AKIY - HES 4R 321

Table 5. Repeatability of thermal response after helium gas supply

Test Time to reach| Stabilized Temperature
No. 20 K-class | temperature deviation
1 14.8 h 194 K 0.20 K
2 17.1 h 20.8 K 0.18 K
3 17.0 h 20.8 K 042 K
Mean+SD | 16.3+1.31 h [20.3+£0.79 K|0.27+0.14 K

50 T T T T
— #1 Cooler Head
#2 Cooler Head Helium supply
— #1 Cooler Valve Body
—— #2 Cooler Valve Body
40 [ | — mlet T
Outlet
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© 30 1
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0 I 1 - 1 I 1 1
18 18.5 19 19.5 20
Time (h)

Fig. 7. Temperature-time graph during helium gas supply

Test |nitial stabilized| P | RE-stabilization
No. temperature X time
He supply
1 19.6 K 325 K 42.9 min
2 20.5 K 342 K 44.0 min
3 20.5 K 36.8 K 48.2 min
Mean=+ SD [ 20.2+0.48 K |34.5+2.15 K [45.0 £2.84 min

S AA ];G oz x}-éo].d 01/].

33 WFEAIY HFoA A ARE o5 ThA] 20 K
ooz mjstlc Ayst Ak
Table 5} Zro] HF 45.0 min, E—i—ﬁ#i} 2.84 minS
Slol & q Z 71 A Helium leak

= 2l
454 A AT 2
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Fig. 72 20 K 244 =4 SHS al &5 7F 20 K A1F A AR 24T} 20 K WYzF A=
A5 FUYE o 2r SHS YERdth dF 7t Helium leak detectorE ©]-&3to] A|EXR )i =4
Table 6. Leakage and operation test results
Time step Detection method Test 1 Test 2 Test 3 Evaluation
Initial Proving Test No leakage/ No leakage/ No leakage/
Tabl P
@ Ambient Temp. See Table 3 Good Good Good ass
Cryogenic Test No leakage/ No leakage/ No leakage/
Tabl P
@ 77 K See Table 3 Good Good Good ass
20 K Test .
@ Ambient Temp. See Table 3 See Table 7 See Table 7 See Table 7 Quantitative
20K T
0 st See Table 3 See Table 7 See Table 7 See Table 7 Quantitative
@ 20 K
Recovery Test No leakage/ No leakage/ No leakage/
@ Ambient Temp. See Table 3 Good Good Good Pass
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Table 7. Uncertainty analysis of repeated seat leakage measurements using helium leak detector (Unit: Pa-m®/s, except CTV)

Mean
Condition Pres§1'1re Test 1 | Test 2 | Test 3 = s cVv uy Ug u, U
condition Q
0.9 6.2 1.8 8.1 9.1 . 53 2.0 5.3 +1.1
Pre-20 K Low «0° | x105 | x10% | w10 | x10% | PP xq05 | x10® | x10% | x10®
@ Ambient 47 5.8 1.9 8.4 95 5.5 2.0 55 1.1
+
emp High x10° | x10% | x10* | x10° | x10° 13% x10° | x10? | x10% | x10*
0.8 3.3 3.0 1.0 1.7 9.9 2.0 9.9 +2.0
0,
20 K Low 0% | <105 | <107 | x107 | x107 | 0% g0t | x10° | x10* | x10°
@ 20 K . 1.4 24 2.1 7.1 1.2 7.0 2.0 7.0 +1.4
High x10° | x10* | x10% | x103 | x10? 170% x10% | x10° | x107 | x102
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