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A Numerical Study on the Thermo-Fluid Characteristics for Assessing
the Applicability of Natural Gas Pressure Regulators in Hydrogen-Only
Environments
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TCorresponding author :
ijnwang@kict.re.kr Abstract >> This study conducts a computational fluid dynamics analysis to com-

_ pare the performance of a conventional natural gas pressure regulator when op-
gzszzzd 12 gz;’z:}zz igzi erated with hydrogen and methane, respectively. Using a 3D RANS model and
Accepted 12 December, 2025  NIST real gas model, internal flow characteristics are simulated. Based on the

numerical results, the flow fields for different opening rates are discussed. Then,
the results show that overall thermofluid characteristics between methane and
hydrogen are similar, while distinct differences are found near the outlet section.
Hydrogen flow induces a steeper pressure gradient and higher turbulent kinetic
energy compared to methane, implying a higher risk of thermal stress and
flow-induced noise within the regulator. While the mass flow rate of hydrogen is
lower than methane under the same inlet and outlet pressures and opening rate,
the heating energy rate of hydrogen is superior to that of methane with an open-
ing rate of 10%.

Key words : Hydrogen pipeline(£=4 i), Pressure regulator(%g 24 7|), Computational
fluid dynamics(M ARG 7| 218t), Real gas model(A | 7|H 2 ),
Compressible flow(YE4 §5)
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Table 1. Thermophysical properties of methane and hydro-

gen at 20C

Fluid |Pressure| Density | Viscosity | Thermal | Specific

[bar] | [kg/m’] | [uPa-s] |conductivity | heat
[mW/m-K] | [kJ/kg-K]

13.8 9.32 11.10 34.16 2.30

Methane
14 0.92 10.92 33.30 222

13.8 1.13 8.81 185.03 14.32

Hydrogen
1.4 0.12 8.80 183.44 14.29

Vol. 36, No. 6, December 2025

T, =

o
3 2, 4)

A B)olM e p= e AFT oUAZ, oS

Edys )

2
E=n-24 2 (5)

o 2
AA7VoM= Aot S 7F 2 oY Zorh
AYSE 4= glom, YRo| eejui 1RE 7= 4]
et webA, 2EaAlE ey Lo ue €Y
shA EAJo] Wit} B A= o) Qof mE
2e-aA1el /4 ALz 918l National Institute

of Standards and Technology (NIST)2] AlA| 7]
wE(Real gas model)S Z-g3{ck. o mHLE o]
& B9 gl sl Qsta BAS EPehe
REFPROP go|gj#o]AME 7|uto 2 25679
=4S EASIT) Table 12 20°C2} 13.8 W 1.4 bar
o] mght axe) Wi, 4, AHEs, TI2al

H@e Lepdih

2 Ao BE A2 A 2ollA s
t} 5 SH4S Q3] realizable k-¢ A3} scalable ¥
42 Atk o)d ATEe] My UE my
o whe 4AIe Ak ke Helel B, 4%

kg Wdlo] Heheol ALE Hl-g- SHoA A
Zeng 5V& Alo] WHo| tfgl 7oA realizable
k-£2} Shear Stress Transport (SST) & 2dl-S- ZHz}h
RANS®} Detached Eddy Simulation (DES)o] -85}
11, 3l Ak =g SRSt 15 realiz-
able k-¢ A& ARG DESQ] 37| 71 =3ko
, E3] realizable k-¢ E-S A3 RANSE 5% ©]

Journal of Hydrogen and New Energy <<



814 TVIAS HAY|9 o4 TR BH MY WIS PR ERS

3] QAR & HEEE 1S HusgE Duan
5192 realizable k-g, SST k- 29l 5] & 67}4]
o] s R WHO Jmgof whE R[4
Aafe) Hews zAEIch 15 Howrt my
7t 9o| fE-gof aef gk 4= QA4 realizable
ke elo] A0 R A1 ke S 0tE BYlS
3}215}93t}. Kobielski 5% 4|3 WH o) 4] standard
k-¢, realizable k-¢, standard k-o, realizable k-0 =&
o Fe=g BRIkl o, ke HHo| k-o KA}
A 24 gk o HEe) 5T elekick

2 delde 4 e siAES Sl den-
sity-based solverE& ARESIGICE ESE W o kSIS
A3l formulation, flux, gradient, flowoll+= Z}Z} im-
plicit, Roe-FDS, Least Squares Cell Based, Second or-
der upwindE AMESFA O, W U A] Bl Ak
+ First order upwind& #8313tk

SR 49 2AL WE Wl e A}
1047} §]3, 9 9 E70) fraol A wlolek.
A4 A, oF 12,0003] ©]AF9] iterationo| A ¢

T8 BT Gl YW FUS ALk
2.3 He7| B4

Fig. l(a)= & dFolA oA ez A=t
BelGAS A}0] P627 A¢l7]o] 122 Hojzr) 2HsE
FA= AU71Y AR Solet eduAg Fatst
of AEE U "k AlEof| HeEl= oot gl

] ), 2, FHE Sl tholojz @ Y
o5 AMEAE A A Helol whet F9]
BEol FAE AHTA AET} ol 5dto] f-=27 7N
w3, AEAE &2 olssH "ok

2 AFtolAe 27HA] A=golA wWE pas
AR sl F 4709 Ao|AF arEfRlt) Fig.
1(b)2t (o)= 22 7H=&0] 10%2} 100%Y |, A=
9 e ejuas o) oy 25 Wt 48] yehd
o ek &t 272 1917254 mm)oliL, 2]
A0 ZAHL 0.521%](12.7 mm)olct ZHE 270

il

=
=
Fal

ot
lo

[k o
oo

ot [
o
il
-
2
4,
2
19
N
ox
T
fu
X
W
i,
)
i)

o 1o

ANX

FUWS

%
o

o,

o

> SRS UNOIR[3E] =2

I‘ Range spring

Diaphram

Stabilizer
Outlet

Pusher Lever

Stem  |nlet

(b)  Stabilizer Stem

Inlet Quitlet

Qutlet

Fig. 1. (a) Structure of natural gas regulator; cross-sectional
view near seat with a opening rate of (b) 10% and (c) 100%
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lation on regulator
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Table 2. Comparison of mass flow rate for coarse, fine, and
very fine grid systems

Grid |Number of] D Gcel Mass flow Rel.atl.ve
svstem cells number to fine e [T variation
Y grid system [%]
Coarse | 570,975 0.836 0.2278 -
Fine 683,155 1.000 0.2271 031
Very fine| 1,085,465 1.589 0.2272 0.04
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Table 3. Comparison between flow rates provided by maker
and obtained from numerical result
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Fig. 3. Mach number and streamline distributions within regu-
lator for methane with an opening rate of (a) 100% and (b) 10%.
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Fig. 4. Pressure distribution within regulator for methane with
an opening rate of (a) 100% and (b) 10%; and for hydrogen with
an opening rate of (c) 100% and (d) 10%
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with an opening rate of (c) 100% and (d) 10%
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Fig. 8. Turbulence kinetic energy distribution within regulator for
methane with an opening rate of (a) 100% and (b) 10%
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Fig. 9. Turbulence kinetic energy distribution within regulator for
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