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Abstract >> This study analyzes pressure distribution and pressure drop in the re-
ceptacle used in charging system of hydrogen fuel cell vehicles. The objective is
to minimize receptacle-induced pressure drop by redesigning internal flow 
channels. Through numerical simulations, three receptacle variants are com-
pared with a baseline case. Results show reduced pressure drop in the filter 
section. However, the check valve section exhibits higher pressure drop, requir-
ing further improvement. By increasing throat diameter, pressure drop is de-
creased by 28% between inlet and outlet of the receptacle. This study shows the
relationship between dynamic pressure and pressure drop, providing a guideline
for receptacle performance optimization. The redesigned receptacle offers po-
tential for enhancing hydrogen charging efficiency.
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(차압), Filter(필터), Check valve(체크밸브)

497
2023 The Korean Hydrogen and New Energy Society. All rights reserved.

1. Introduction

Rising global concerns over the emissions of pol-

lutants from classical internal combustion engines 

have prompted implementation of stricter exhaust 

emission regulations1,2). As a result, there has been a 

growing demand for environment-friendly vehicles to 

replace conventional internal combustion engine vehicles. 

Hydrogen fuel cell electric vehicles (FCEVs) have 

emerged as a promising alternative by utilizing hy-

drogen as a clean energy source. The purity and 

cleanliness of the hydrogen fuel are essential to main-

tain the optimal performance and longevity of fuel 

cell systems in FCEVs3,4). International standards and 
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Fig. 1. Geometric models and internal flow paths of the base-
line receptacle and a receptacle variant

regulations have been established to address this issue 

to govern the quality of hydrogen gas used in refuel-

ing systems5). Various purification and filtration tech-

nologies, including receptacles equipped with filters, 

are employed to remove or reduce these impurities 

and ensure the delivery of high-quality hydrogen fuel 

to FCEVs. Consequently, extensive study has focused 

on improving receptacle performance by optimizing 

refueling efficiency.

The receptacle plays a crucial role as a critical 

component in hydrogen refueling systems. Its internal 

configuration significantly influences fluid behavior 

during refueling. Ye et al6,7). investigated the effect of 

the spool-head angle and shape of receptacles on the 

movement performance of the valve spool and flow 

field characteristics. The structural optimization of 

the check valve was conducted by them. To minimize 

the vibration and noise induced by the receptacle, 

Lee et al8). employed two different valve models and 

conducted numerical analyses under varying flow 

conditions. They successfully demonstrated that alter-

ations in the channel shape led to reduced vibration 

and noise levels. Choi et al9). studied the internal 

flow of the receptacle and found that reducing the di-

ameter of the poppet is advantageous for improving 

performance. These studies collectively establish sig-

nificant influence of internal variations on the per-

formance of the receptacle.

In this study, the objective is to investigate the 

pressure drop caused by the receptacle. The research 

aimed to reduce the pressure drop by analyzing the 

pressure distribution within the internal flow channel. 

A comparison is made between the re-designed var-

iants and the baseline receptacle to assess the differ-

ences in pressure drop. Additionally, the relationship 

between the cross-sectional area of the flow channel, 

dynamic pressure, and pressure drop is examined and 

discussed. The outcomes of this study offer valuable 

insights and serve as essential reference criteria for 

optimizing the performance of the receptacle, thereby 

contributing to advancements in hydrogen refueling 

technology.

2. Numerical methodology

2.1 Geometry and mesh grids

Fig. 1 illustrates the geometric models of the exist-

ing baseline receptacle, its variant, and their internal 

flow channels. High-pressure hydrogen gas is sup-

plied through the inlet, passes through the receptacle, 

and enters the vehicle's hydrogen storage tank10). The 

filter section accommodates a filtration mesh to re-

move contaminants from the supplied hydrogen gas. 

After filtering, the gas flows through the check valve 

and is injected into the storage tank. As the flow 

passes through the filter and check valve section, the 

significant pressure drop occurs due to the variations 

of cross-section area and flow direction. Consequently, 

these two components require particular attention and 

consideration when redesigning the receptacle.

Fig. 2 shows the mesh grids of the baseline re-

ceptacle and receptacle variants generated for numer-

ical simulations. Polyhedral-type meshes are utilized 

for all grids. Mesh refinement was employed in re-

gions of significant flow variations, such as the throat 

preceding the filter and the head of the check valve. 
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Fig. 2. Mesh grids of the baseline receptacle and a receptacle 
variant generated for numerical simulations

Table 1. Boundary conditions for the numerical simulation

Parameter/Variable Value

Inlet pressure inlet [MPa] 70

Outlet mass flow rate [g/s] 52.5

Inlet temperature [K] 233.15

Throat diameter [mm] 3.0, 3.8, 4.0

Table 2. Models adopted for calculation of hydrogen properties

Properties of hydrogen Model

Density [kg/m3] Soave-Redlich-Kwong real gas law

Cp [J/(kg･K)] NASA 9-piecewise polynomial

Thermal conductivity 
[W/(m･K)]

Polynomial

Viscosity [kg/(m･s)] Polynomial

The total number of cell grids is approximately 2.46 

million. Before conducting numerical simulations, a 

grid dependency analysis was performed, revealing 

that the pressure variation at the receptacle outlet 

caused by differences in the mesh was within 0.5%. 

It shows that the mesh grids used in this study can 

provide reasonably accurate results.

2.2 Boundary condition

The design condition for the receptacle is set at 70 

MPa and -40℃. Therefore, the inlet condition of the 

receptacle is specified as a pressure inlet at 70 MPa, 

while the outlet condition is set as a mass flow outlet 

to calculate the pressure variation. All the information 

is listed in Table 1.

The throat, located between the inlet and filter sec-

tion, is where the gas experiences the first flow varia-

tion due to a reduction in the path diameter. Therefore, 

the impact of throat diameter on pressure drop is 

studied. The baseline receptacle has a throat diameter 

of 3 mm, while the three variants have throat diame-

ters of 3, 3.8, and 4 mm, respectively.

As shown in Table 2, the density of hydrogen is 

calculated using the real-gas law. Other properties, 

such as specific heat capacity, thermal conductivity, 

and viscosity, are determined using known poly-

nomial models11).

2.3 Numerical model

The continuity, momentum, and energy equations 

are summarized in generalized vector forms as fol-

lows:




 ∇ ∙   (1)



  ∇ ∙  ∇

 ∇ ∙    

(2)




 ∇ ∙   

 ∇ ∙ 

 
(3)

where  is density,   is time,   is velocity,   is 

the static pressure,   is the stress tensor,   is the 

gravitational body force,   is external body force, E 

is the total energy,  and   are the enthalpy and 

mass flux of species j, and   is the source term.
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Fig. 3. Total pressure distributions of the baseline receptacle 
and three variants

Fig. 4. Pressure variation along the streamline from receptacle 
inlet to outlet

To simulate turbulent flow, the above equations 

(1)-(3) are transformed to Reynolds-averaged Navier-

Stokes equations, which form is well known on the 

basis of k-ω turbulent models. All simulations in this 

study are conducted using the general-purpose com-

putational fluid dynamics code12). The shear stress 

transport k-ω turbulent model is adopted. For spatial 

discretization of the partial differential equations, the 

second order upwind scheme is employed.

3. Results and discussion

3.1 Total pressure distribution

Fig. 3 shows the total pressure distribution from 

the receptacle inlet to the outlet. Both the baseline re-

ceptacle and the three variants exhibit the same pres-

sure variation process. The color representing pres-

sure magnitude reveals that pressure drops occur at 

the throat firstly, where the flow passage diameter 

abruptly decreases. Furthermore, after passing through 

the filter section, a pressure reduction is observed. 

And the pressure further decreases as the fluid con-

tinues through the check valve section. After the 

check valve, there is a final pressure drop before 

reaching the receptacle outlet.

Fig. 4 provides a detailed depiction of the pressure 

drop process along a streamline from the receptacle 

inlet to the outlet. To describe the pressure changes, 

several specific positions are defined: the inlet, before 

the filter (BF), after the filter (AF), before the check 

valve (BC), after the check valve (AC), and the 

outlet. From Fig. 4, it is seen that the pressure changes 

from the inlet to BF are relatively minor. However, 

a sharp pressure drop occurs after BF. Subsequent 

pressure reductions are observed at AF, BC, and AC. 

Significant pressure drops are observed between BF 

and AF, as well as between BC and AC. Therefore, 

detailed observations and analysis of the filter and the 

check valve section are necessary.

3.2 Flow inside the filter and check valve 

sections

Fig. 5 illustrates the streamline and pressure varia-

tions in the filter section. It can be observed that 

there is a pressure gradient starts from the throat. 

After entering the filter, two recirculation zones, RZ1 

and RZ2 are formed. RZ1 exhibits a more pronounced 

pressure gradient distribution. RZ2 is formed as the 
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Fig. 6. Streamlines and pressure distribution in the check valve 
section

Fig. 5. Streamlines and pressure distribution in the filter sec-
tion of the baseline receptacle and three receptacles

fluid passes through the filter, but the pressure change 

in this region is minimal.

Similarly, the streamline and pressure variations in 

the check valve section can be seen in Fig. 6. The 

upstream fluid pushes the valve, causing it to open 

and form a flow passage. Velocity changes occur 

when the check valve head is impacted, resulting in 

corresponding pressure gradient distributions. Three 

variants exhibit more pronounced pressure gradient 

distributions, as their cross-sectional areas of the 

check valve section are smaller than the baseline 

receptacle.

3.3 Analysis of pressure drop

For a horizontal pipe, the Darcy-Weisbach equa-

tion can be used to calculate the main pressure drop 

as follows13):

   ∙ 


∙



 (4)

   
  (5)

where f is the friction factor, l is the pipe length, 

d is the diameter,  is the fluid density,   represents 

fluid velocity,  , the Reynolds number, and  /D is 

the relative roughness. 

For a valve, the additional pressure drop associated 

with flow is a common minor loss, can be calculated 

with the following equation13):

   ∙ 


 (6)

where KL is the loss coefficient.

From equations (4) and (6), it can be seen that if 

the f and KL are constant values, the pressure drop 

will exhibit a direct proportionality to 1/2ρv2, which 

is the dynamic pressure term of Bernoulli’s equa-

tion13). In this study, the pressure and temperature are 

the same for all cases, and the geometries of the 

baseline receptacle and variants are also similar. 

Therefore, it can be assumed that there is not much 

difference in f and KL. Thus, the pressure drop main-

ly comes from the variation in dynamic pressure.

Fig. 7 illustrates the percentage of dynamic pres-

sure contribution to the total pressure in each receptacle. 

It can be observed that the percentage of dynamic 

pressure at BF is relatively high, corresponding to the 
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Fig. 8. Pressure variation after fluid through the (a) filter region 
and (b) the check valve region

Fig. 7. Distribution of dynamic pressure (DP) as a percentage 
of total pressure (TP)

Fig. 9. Area-averaged total pressure at six positions in four re-
ceptacles: inlet, before filter (BF), after filter (AF), before check 
valve (BC), after check valve (AC), and outlet

significant variations in pressure shown in Fig. 5. 

Among the three variants, when the throat diameter 

increases, the decrease in velocity change and the re-

duction in dynamic pressure result in a lowered pres-

sure drop near the throat. Moreover, it's evident that 

in the AF position of the receptacle, the dynamic 

pressure in all three variants is lower compared to the 

baseline. However, at the check valve, the cross-sec-

tional areas of the variants’ BC and AC are smaller 

than that of the baseline receptacle, resulting in high-

er pressure drops.

Fig. 8 presents the magnitude of pressure drop 

through the filter and check valve sections. From Fig. 

8(a), it can be observed that the pressure drop gen-

erated by the variant’s filter section is lower than that 

of the baseline. The filter section of variant 1, which 

has the same diameter as the baseline, results in a 

33.8% lower pressure drop than baseline. Furthermore, 

as the throat diameter of variants increases, the pres-

sure drop decreases. Modifying the filter section's in-

ternal flow channels and increasing the throat diame-

ter can reduce the pressure drop from the initial 1.42 

to 0.33 MPa.

In Fig. 8(b), it can be seen that the pressure drop 

caused by the check valve in the baseline config-

uration is 0.37 MPa, whereas the pressure drop across 

the check valves of three variants is approximately 1 

MPa. It can be concluded that the baseline check 

valve performs better. This implies that when im-

proving the variants in the future, special attention 

should be given to the flow passage at the check 

valve section.

The variation of the area-averaged total pressure at 

six positions (inlet, BF, AF, BC, AC, and outlet) in 

the receptacle is shown in Fig. 9. The baseline re-

ceptacle exhibits a significant pressure drop in the fil-

ter region and a smaller pressure drop at the check 

valve region, resulting in a total pressure drop of 
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Fig. 10. The relationship between pressure drop, throat diame-
ter and dynamic pressure

Fig. 11. Velocity distribution along the radial direction near the 
end of the throat

1.91 MPa from inlet to outlet. In variant 1, the pres-

sure drop in the filter region is slightly smaller than 

that of the baseline receptacle, but the pressure drop 

at the check valve region is higher, resulting in a to-

tal pressure drop of 2.18 MPa, which is higher than 

the baseline. In variant 2 and variant 3, the pressure 

drop in the filter section is further reduced with an 

increase in throat diameter. As a result, even though 

the pressure drop in the check valve region remains 

the same as in variant 1, the total pressure drops in 

variant 2 and variant 3 are lower than the baseline, 

which are 1.63 and 1.56 MPa, respectively. Comparing 

variant 3 with variant 1, by increasing the throat di-

ameter by 1 mm, the total pressure drop is reduced 

by 0.62 MPa, representing a 28% reduction.

Fig. 10 illustrates the inverse relationship between 

dynamic pressure and pressure drop with throat 

diameter. This observation provides validation for the 

earlier notion that the pressure drop mainly comes 

from the variation in dynamic pressure. As the throat 

diameter increases, the cross-sectional area of the 

flow passage expands, leading to a reduction in fluid 

velocity. 

Additionally, the reduced angle of the flow pas-

sage at the filter head results in a gentler change in 

fluid direction, contributing to the velocity reduction. 

This can be observed from Fig. 11. In the baseline 

case, there is a noticeable rapid rise and decline in 

velocity changes in the radial direction, and a largest 

peak value. However, in the variants, by adjusting the 

angle of the flow path at the rear of the throat, the 

velocity changes become smoother, and with larger 

throat diameters, the velocity changes become even 

gentler. These alterations in velocity magnitudes and 

distributions contribute to reducing pressure losses. 

The decrease in flow velocity indicates a gradual 

diminution of dynamic pressure. As per Equation 6, 

it can be deduced that pressure drop decreases in line 

with the reduction in dynamic pressure, consistent 

with the trend shown in Fig. 10. Based on this trend, 

further research can focus on optimizing the check 

valve's flow passage to enhance the receptacle's 

performance. By carefully designing and adjusting 

these parameters, it is possible to achieve reduced 

pressure drop and improved overall efficiency. 

4. Conclusion

In this study, the internal flow passage of the re-

ceptacle was redesigned based on the baseline re-

ceptacle as a reference. The pressure drop between 

the baseline receptacle and the variants was compared. 

The findings are as follows:

1) The results demonstrate that the performance of 
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the variant's filter outperforms the baseline receptacle. 

However, there is still room for improvement in the 

check valve compared to the baseline. Under the 

same throat diameter, the pressure drop in the var-

iant's filter region is 33.8% lower than that of the 

baseline receptacle.

2) After adjusting the throat diameter, the total 

pressure drop at the inlet and outlet of the variant is 

reduced by 28% compared to the baseline receptacle. 

3) It was also observed that the pressure drop is 

directly proportional to the dynamic pressure. When 

the flow passage area increases, the velocity variation 

of the fluid becomes uniform, leading to a decrease 

in both the dynamic pressure and friction generated 

by the flow, resulting in a reduced pressure drop.

Although this study focused solely on adjusting the 

throat diameter, the obtained results and the observed 

trend in pressure drop variations provide valuable in-

sights for future optimization of the internal flow pas-

sage in the receptacle.
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