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UEW H(needle valve)= HlS ToFo| 3|44 =

Abstract >> A cryogenic valve is designed to accommodate working fluids such as
liquid nitrogen and liquid hydrogen. At cryogenic temperatures, changes in gas-
ket tolerance due to the hardening of packing materials can lead to leakage. To
address this issue, an extended bonnet structure is typically employed to posi-
tion the packing as far from the flow path as possible, thereby preventing the
hardening of the packing material. However, the increased length of the ex-
tended bonnet poses significant challenges for valve installation in confined
spaces. As an alternative, a compact-type valve with a significantly shorter ex-
tended bonnet is being developed using heat sinks. In this study, a heat transfer
analysis for the compact-type needle valve was conducted to evaluate the extent
of packing freezing, which can cause leakage, and to optimize the heat sink de-
sign to minimize freezing. Case studies were performed to analyze the effects of
various design variables on the temperature increase of the packing. The results
demonstrated that the thickness of the heat sink significantly influenced the
temperature increase of both the packing and the stem top, effectively con-
tributing to the prevention of leakage and valve operation failure.

Key words : Compact-type needle valve(ZHE T L|S¥ H), Heat sink(3|E4 3),
Heat transfer analysis(@ M2 s M), Liquid hydrogen(i &| 4 4 ), Size
optimization(X| 4= £ ™ })
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Handle
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Disk
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Body

Fig. 1. Cross-section view of compact-type needle valve

Heat
conduction

Flow of
(| liquid hydrogen

Fig. 2. Schematics of heat transfer and detailed configuration
of heat sink
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Table 1. Material properties of used materials

Thermal
. Thermal .
. Density . .. | expansion
Parts name | Material 5 |conductivity .
glem Wim « K coefficient
/K
Body
Bonnet
Stem P
- SUS 316 8.0 16.20 18.2x10
Disk
Handle
Heat sink
Upperflower | pppp |5 020 | 7.0x10°
packing
Packing gland| PEEK 1.3 0.25 5.0x10”
Packing | Graphite 2.3 25.00 25.0x10°
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Fig. 4. Results of heat transfer analysis of compact-type needle
valve. (a) Contour plot of temperature distribution. (b) Temperature
variation from the center of flow path in vertical axis of y.

Vol. 35, No. 6, December 2024

701

ozt
[N}
ol

u
ok

=
[S)

fo
J.t-.'
44
rior

A B S A Ho ofsjo] 28

HA|4=40] &%= o] 30C
O & A% & & Aok obgEl Wn F4E 719
AE g FEHA oA A= iR
AHg] oJslo] $2 FARAA oD ol
3 sl=4ze] g
Zofld 7MY w8 257 UER: g s|EAAY
47 el e @R AUE Hsb] Sl
Fig. 40)ol WHo] $2 2458 /j20 ol y-
Wpe) £ wake Uehfole SIEAEY X8
85 ﬁﬂ’“’] AAE ol9 Ast + {‘ W 40C o]
7} keiRe o]—

. or 2
2 epgl éﬂom Fig. Sty 3|E470] L8
Hxe AR s|E4a BREAe] L7 100
AuEd q%@_m LE 3 RS AL A 5
Qle}. ol dile} el sl=Aa wRe] i A
g s et %%;m Hit Hgaeq o]

o A dxigo] 7H 7%471] ‘/PEH(W] i RCA
| Qlet. Fig. S(b)= i 5ol o Biaz 24 &
L o290l 71 A Ada) Azse 2)H o]
7] FW=oA -117CE Vepgrh o) w7 2
T 9] 479l PEEKO] &4 2% %279] -150CE qt
Z3|A|qF oFA o] 3(safety margin)@] F=£0 2 ARE-
AZEe] 7ol g sj7 iXHA ﬁg}i Ohﬂoq
Ao] olFAo] 9l Ao

¢

A5} olet ‘5};— ;l% 2H %%94 %E E‘*
Fig. 5(c)¢t 2t} A5 Bt 25 38CE WA
ojafo|A|uk AE] Atho] 2w vl o]sl& LjefLt
Sdo] AT Z o7 oA mEkA s =
9 2N FAE WAE] $lete] S|EAA g4

Journal of Hydrogen and New Energy <<



702 3N AUEH LSUHO| 5IENT X4 HHSIS 93t A
L]

The highest temperature
;Cc'ggg at valve
-5.9375 x‘_
-13.909
-21.88
-29.852

-37.823

-45.794 -
-53.766
-81.737

(a)

-59.005
-65.435
-71.865
-78.295
-84.726
~ 91156
97586 The lowest temperature
-104.02 " at packing
-11045
-116.88

o
(b)

E . 1
\ The lowest temperature

38420 at operating part
31948
25468
18088
12507
060271
-0.04532
-0.60335

a2
-1.3414
-1.9804

()
Fig. 5. Contour plot of temperature distribution at (a) upper
heat sink, (b) packing, and (c) operating part
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