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Abstract 

This paper explains about numerical modeling of gas flow passing through a snubber, pulsation damper, in a hydro-
gen gas compressor system. The verification of the preliminary model was done successfully by comparing it with 
experimental results. Numerical analysis for various snubber dimensions is the focus of this present study. Thirty mod-
els of snubber were created by varying snubber height and buffer angle, and then simulated with the real working con-
dition of a hydrogen gas compressing system. The CFD code package used was a Star CD with transient analysis and 
k- / high Reynolds number as the turbulence model. The study was done by comparing pressure loss and pressure 
pulsation, since these two parameters are the objective functions in snubber optimization. The best snubber is the one 
that has the minimum pressure loss and pressure pulsation. Numerical result shows that the pressure loss grows with 
the increment of snubber volume. To the contrary, however, the pressure pulsation is decreased. Determining the buffer 
angle as the adjusted variable, the minimum pressure loss occurred at 30o. But pressure pulsation trend was escalating. 
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1. Introduction 

The use of hydrogen as a transport fuel has been 
investigated for a number of decades, but in the past 
10 years the number of research and pilot projects has 
escalated. This increased interest and investment has 
been stimulated by a perceived need to replace fossil 
fuels for environmental and/or security of supply 
reasons. The recent hikes in the price of oil have also 
added impetus to the movement towards hydrogen 
and other alternative fuels [1]. The main motivation 
of all research in the hydrogen energy development 
field is how to make it economically feasible to use. 
There are two approaches to minimize the production 
cost of hydrogen energy: a holistic approach and a 

particular approach. The intention of the holistic ap-
proach is to find the most optimum process route 
from “well to wheel.” a methodology for the inte-
grated production planning and reactive scheduling in 
the optimization of a hydrogen supply network like 
the one proposed [2]. Meanwhile the aim of the par-
ticular approach is improving separately each process 
of the hydrogen production chain.  

The compressing system plays an important role in 
the whole system, because its function is to increase 
the gas pressure, which is very important for transfer-
ring and storing the hydrogen gas. The hydrogen 
compressor used was a positive-displacement recip-
rocating type. A schematic drawing of the hydrogen 
compressing system is shown by Fig. 1. From that 
figure, the snubbers applied to each compressor stage 
can be seen clearly. There, four snubber units are used 
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for each inlet and outlet at the first and second stage. 
A positive-displacement compressor produces pres-
sure pulsations due to their cyclic operation. The 
analysis of pressure pulsations in the exhaust pipe is 
important for various reasons: they directly affect the 
quantity of energy required for medium compression 
due to dynamic pressure charging, or inversely, dy-
namic suppression of suction and discharge proc-
esses; they cause mechanical vibrations of a com-
pressed gas piping network; they cause aerodynamic 
and mechanical noise; they affect the dynamics of 
working valves in valve compressors, and they inten-
sify the process of heat convection in heat convection 
in the heat exchangers in the gas network [3]. Other 
researches about the presence of fluctuating pressure 
and its effect have been published [4] and [5]. More 
details about pressure pulsation, especially its flow 
and propagation characteristics, are discussed [5] and 
[6].  

In order to restrain the manufacture of snubbers, 
one should consider the design of pulsation and vibra-
tion control for hydrogen compressor system re-
quirements in the API Standard 618 book [7]. There 
is written the basic means used to control detrimental 
pulsations and vibrations. They are: (1) pulsation 
suppression devices such as pulsation filters and at-
tenuators (including those of proprietary commercial 
designs based on acoustical suppression techniques), 
volume bottles without internals, choke tubes, orifice 
systems, and selected piping configurations; (2) sys-
tem design based on studies of the interactive effects  

Fig. 2. Detailed and cut-away view of a snubber. 

of pulsations and the attenuation requirements for 
satisfactory piping vibration, compressor performance, 
and valve life; and (3) mechanical restraints such as 
type, location, and number of pipe hold-downs. 

Based on that guidance a snubber is designed and 
used. Moreover, in order to enhance the damper per-
formance due to pressure pulsation, a flat plate, called 
a buffer, is inserted inside the snubber. The installa-
tion of a buffer inside a snubber can be seen in the 
cut-away view shown schematically in Fig. 1 and in 
actuality in Fig. 2 (the right side figure). An experi-
ment to find the effect of buffer presence in a snubber 
was conducted [8]. This resulted in the fact that a 
snubber with a buffer has better performance. 

For several parameters in the low pressure range, 

Fig. 1. Schematic drawing of a hydrogen gas compressing system. 
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hydrogen gas has the same character with atmos-
pheric air. Especially, to observe the pressure from a 
physical approach (without considering the chemical 
character), pressured air can be used to represent hy-
drogen gas. Modeling a hydrogen compressor by 
using an air compressor unit brought a good agree-
ment with the CFD simulation. After that, the study 
was focused on numerical analysis to achieve the 
optimum dimension for a snubber. This paper ex-
plains the effect of varying buffer angle to the pres-
sure characteristics. They are pressure loss and pres-
sure pulsation. Three model groups, distinguished by 
the volume, are compared.  

2. Mathematical formulation 

The purpose of deriving a mathematical model in 
CFD is to find the appropriate relation between each 
fluid flow property. The transient, three dimensional, 
compressible, turbulent flow of the gas in the test 
problems is governed by partial differential equations 
that express the principles of conservation of mass 
and momentum. Since temperature analyses were not 
included in this study, therefore the energy conserva-
tion equation was not used. In this paper, the turbulent 
model chosen was k-  with high Reynolds number.  

2.1 The continuity and momentum equation 

The concept of mass conservation or continuity 
equation is balanced between incoming, outgoing and 
changing of mass in a control volume. This can be 
written in a mathematical expression as stated below. 

( )i
m

i

u s
t x
+ =                    (1) 

where ix , iu , 1,2,3i= , , t ,  and ms are the 
Cartesian coordinates, the Cartesian velocity compo-
nents, the density of fluid, time and mass source, re-
spectively. 

For momentum balance analysis, the momentum 
equation is used. The general form of this second 
concept can be written in:  
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where p and is  are the pressure and momentum 
source component. And stress tensor component ij

is described as 
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where μ  and ij  are the fluid viscosity and the 
Kronecker delta, is unity when i j=  and zero oth-
erwise, respectively. The rate of strain tensor ijs is 
given by    
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2.2 Turbulence model 

One of the most important decisions in computa-
tional fluid dynamics is the choice of an appropriate 
turbulence model. The principal goal of any turbu-
lence model is to provide a method for calculating the 
influence of turbulence fluctuations on the mean flow 
field. In this study, observation was proposed to get 
the fluid flow general characteristics inside the closed 
channel. Therefore, the k-  model of turbulence was 
chosen to represent the turbulence effect in this study. 
The turbulent kinetic energy balance can be written as 
the following equation: 
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where k  and  are the turbulence kinetic energy 
and the turbulence dissipation rate, respectively. 

In the equation above P, PB and PNL are defined as 

i
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and the turbulence viscosity tμ  is shown as 

2

t

C k
f μ
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Meanwhile, the turbulent dissipation rate balance 
obeys the following equation: 
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and all of the coefficients whose values are written as 
1 2 31.44; 1.92; 1.44; 1.22; 1.0; 0.09kC C C Cμ= = = = = = .

2.3 Pressure characteristics analysis 

The main functions of the snubber are to reduce the 
pulsation and (at the same time) to maintain the pres-
sure magnitude [8]. For that reason, the three follow-
ing equations are derived: 

in outP P P= , 100%TL
in

PP
P

= ×   and     

100%
2F

mean

PP
P

= ×
×

     (11, 12 and 13) 

In these equations, Pmean P, Pin, Pout, PTL, PF and 
are pressure difference, inlet pressure, outlet pressure, 
total pressure loss, pressure pulsation and mean pres-
sure value, respectively. Reducing the pulsation 
means reducing PF value, while keeping the pressure 
magnitude means keeping the PTL value as low as 
possible. 

3. Numerical validation 

The computational code used was Star CD (Ver-
sion 3.24) [9], which solved the full 3D time depend-
ent Navier-Stokes, continuity and energy equations 
using the finite volume method. This commercial 
code is widely used in the numerical simulation of 
different flow conditions in various complex geome-
tries and was chosen in this study because of its 
proven capability and validity. The turbulent flow in 
this investigation is considered to be transient, in-
compressible, viscous, Newtonian and isotropic.  

The numerical solution involves splitting the ge-
ometry into many sub-volumes and then integrating 
the differential equations over these volumes to pro-
duce a set of coupled algebraic equations for the ve-
locity components, and the pressure at the center of 
each volume. The solver guesses the pressure field 
and then solves the discretized form of the momen-

tum equations to find new values of the pressure and 
velocity components. This process continues, in itera-
tive manner, until the convergence criterion is satis-
fied. In this study, simulation was started by verifying 
the numerical result with the experimental result. This 
was done and gave good agreement. Afterward, a 
simulation series for different snubber models was 
conducted. 

3.1 Modeling and grid system 

The model used for validation was made with di-
mensions shown in Fig. 3. The geometry was drawn 
by using a CAD commercial software package and 
then imported to pro-Surf (Star CD’s surface mesh 
generator) as an Initial Graphics Exchange Specifica-
tion file (IGES). The surface mesh file was generated 
by using pro-Surf and the triangular surface mesh file 
was then transferred to pro-am (Star CD’s volume 
mesh generator) to create the trimmed hexahedral cell 
volume mesh for the model. In order to reduce the 
cell number so the calculation work was also reduced, 
the model was built in a one-half type, and then the 
symmetry boundary condition was applied on the 
cutting plane. This is regarding the symmetrical shape 
of the snubber. The computational mesh consists of 
about 50,000 trimmed hexahedral cells.  

3.2 Boundary condition 

In order to solve the partial differential equations 
described in section 2, appropriate boundary condi-
tions must be declared for all boundaries of the com-
putational domain. The boundary conditions associ-
ated with the computational domain are inflow, out-
flow and symmetry plane.  

The inflow was set to the pressure value taken from 
measured data form the experiment. The data is tran-  

Fig. 3. Dimension of computational model with observed 
points positions. 



 H. M. Jeong et al. / Journal of Mechanical Science and Technology 22 (2008) 761~769 765

sient and waving within the maximum and minimum 
limit. The pressure value is different for each motor 
frequency. Fig. 4 shows the inflow data as the bound-
ary condition for motor frequency 20, 40 and 60 Hz. 
The boundary condition for the outflow was set to the 
atmospheric pressure value, 101.325 kPa. The dimen-
sion of the model is depicted in Fig. 3. In this figure 
the four points where the sensors were placed also are 
pointed out. So the corresponding location in the CFD 
model must be the observing objects. 

3.3 Verification of the computational method 

The simulation was run for three simulations, ac- 

Fig. 4. Inlet boundary condition for numerical simulation. 

cording to different motor frequency. During the 
simulation running, pressures at the measuring points 
were recorded. From the data acquired, the graph was 
plotted as Fig. 5. All of those graphs show the same 
trend between CFD and the experimental result. Then 
the mean pressures of each case were compared as in 
Fig. 6. There can be seen the pressure drop with the 
increasing distance from the compressor and also 
lowering the motor frequency. To measure the differ-
ence between those data, a difference ratio should be 
calculated. Then, good agreement can be said regard-
ing the relatively small difference ratio with a maxi-
mum of only 0.55 %. Fig. 7 shows the difference ratio 
between CFD and experimental data. 

Fig. 6. Mean pressure value for each motor frequency: 20 Hz, 
40 Hz and 60 Hz. 

                     

                      

Fig. 5. CFD and experimental result at each point. 
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Fig. 7. CFD to experiment difference ratio. 

4. Numerical analysis 

The appropriate modeling and simulation setting 
described in the previous discussion are the basis for 
extending the investigation for various dimensions of 
snubber. The purpose is to find its optimum design. In 
designing a snubber several dimensions such as snub-
ber height (H), snubber diameter (D), buffer width 
(W) and buffer angle ( ) must be defined. Fig. 8 illus-
trates all of the geometrical variables mentioned 
above and also the monitoring points (P-1 and P-2). 
Each model requires a specific grid system as shown 
in Fig. 9. Like the simulation to get verified data, a 
trimmed-hexagonal cell also was used. The half-
symmetry model was used to reduce the cell number. 
Therefore, the calculation job would be reduced. Spe-
cial treatment of meshing was applied to the area near 
the wall. In these areas the mesh size was made much 
smaller, so accurate calculations could be made. Fig. 
9 (the right side figure) shows the detailed cross sec-
tion of the model. 

The objective of this work was to solve real prob-
lems occurring in a hydrogen gas station. Therefore, 
in this simulation real dimensions and conditions 
were used. The model with H/D = 3.82 with 0.0147 
mm3 is the one which is used in industry; in this paper 
this is referred to as the standard model. Two other 
models were studied as the benchmarks to get the 
parameter trend based on varying volume. One model 
taken had a bigger volume than the standard model 
and the other had smaller one than the standard. The 
simulation run in this paper occupied three groups of 
snubber volume: H/D = 3.23, H/D = 3.82 and H/D 
=4.41. The volume size for each model was 0.0124 
mm3, 0.0147 mm3 and 0.0170 mm3 respectively. The 
complete dimension parameters are listed in Table 1. 

Fig. 8. Model Geometry and monitoring point positions. 

Fig. 9. Grid system of the models. 

To produce a comparable result to the real condition, 
so the boundary condition, material properties and 
numerical setting were adjusted to approach reality. 
The inlet pressure for the boundary condition was set 
to a high enough value representing the operational 
pressure in a real hydrogen gas plant. This mean pres-
sure value was 10 MPa with pulsation factor of 2 
MPa. Fig. 10 shows this inlet boundary condition. On 
the other hand, the pressure outlet boundary condition 
was set at steady 10 MPa. Hydrogen gas properties 
applied into this computation were taken from the 
Star CD material database. The computation was set 
with transient condition, compressible flow and using 
a k-  high Reynolds number turbulent model. Upwind 
scheme was chosen to execute the calculation for all 
variables, such as mass, U, V, W momentum, pres-
sure and turbulent kinetic energy. 

The study was focused on pressure at point 1 and 
point 2 as the monitoring points. These points, both at 
inlet and outlet pipe, are located 50 mm from the  
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Table 1. Geometrical data for various snubber models. 

Parameters (mm) H/D 3.23 H/D 3.82 H/D 4.41

Body diameter, D 170 

Body height, H 550 650 750 

Inlet pipe diameter, din 30 

Outlet pipe diameter, dout 30 

Inlet pipe length, lin 100 

Outlet pipe length, lout 500 

Inlet pipe position form 
bottom, hin

175

Outlet pipe position form 
bottom, hout

310

Buffer width, W 60 

Buffer thickness, t 10 

Buffer angle,  10˚-50˚ (increase with 5˚)

Volume (m3) 0.0124 0.0147 0.0170 

Grid cells number 65,000 75,000 85,000 

Fig. 10. Inlet boundary condition. 

snubber wall. These points were chosen in order to 
analyze damping phenomena inside the snubber. 

5. Results and discussion 

The simulation produced the mean pressure values 
at point 1 and point 2. The mean pressure at point 1 is 
shown by Fig. 11, meanwhile at point 2 by Fig. 12. At 
point 1, inlet pipe, the mean pressure decreased with 
the increasing snubber volume. For all snubber vol-
ume models, the trends are quite similar based on 
varying buffer angle. For H/D = 3.23, starting from 
10 deg up to 30 deg, the pressure was quite constant. 
Then it started to increase when  = 30 deg until 50 
deg. For H/D = 3.82, starting from 10 deg up to 35 
deg, the pressure was quite constant. Then it started to  

Fig. 11. Mean pressure at point 1. 

Fig. 12. Mean Pressure at point 2. 

increase when  = 35 deg until 50 deg. The unique-
ness occurred in H/D = 4.41, the pressure declined 
from 10 deg until 25 deg and smoothly inclined from 
25 deg until 35 deg then drastically inclined from 35 
deg to 50 deg. Pressure without buffer is bigger than 
pressure with 45 deg buffer for all models. At point 2, 
outlet pipe, the mean pressure also indicates a unique 
pattern. All models show smooth increasing from 10 
deg until 50 deg. 

Applying Eq. 12 and 13, Fig. 13 and Fig. 14 can be 
made. These two graphs depict the objective func-
tions. As known before, PTL and PF are the pressure 
characteristics which become the optimization pa-
rameters. The goal of this optimization was to mini-
mize both of those values. As can be seen in Fig. 13, 
PTL is increasing with increasing snubber volume. All 
models show a curved-like trend with minimum value 
at 35 deg. For H/D = 3.82 and H/D = 4.41, the value 
declines smoothly starting from 10 deg until 35 deg, 
after that inclining with very small changes. And for 
H/D = 3.23, the value decline smoothly starts from 10 
deg until 40 deg, after that inclining up to 50 deg.  

Fig. 14 shows phenomena similar with Fig. 12. The  
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Fig. 13. Pressure loss variation. 

Fig. 14. Pressure pulsation variation. 

PF is increasing from 10 deg until 50 deg for all mod-
els. According to the fact discussed above, the opti-
mization faces a problem where the minimum value 
for both parameters does not occur at the same buffer 
angle. Therefore, an advance study to determine the 
optimum value must be developed. This should con-
sider not only minimizing mean pressure loss and 
pressure pulsation but also minimizing the snubber 
volume. 

6. Conclusions 

The present study has shown that computational 
fluid dynamics (CFD) can be applied to study pres-
sure characteristics through a snubber. The numerical 
analysis on the snubber has been done and given in-
formation that can be summarized as follows: 

The objective in optimizing a snubber dimension is 
to make the mean pressure loss and pressure pulsation 
as minimum as possible. In this case, consideration of 
the points stated by the API is a necessity. 

A simulation using CFD commercial code with de-
scribed numerical setting can result in a good repre-

sentation of real conditions. This is proved by the 
very small difference ratio, which value is not more 
than 0.55 %. 

The mean pressure both at inlet and outlet pipe 
shows a unique characteristic shown by Figs. 11 and 
12. At point 1 and point 2 the mean pressure is de-
creasing with increment of the snubber volume size. 
Generally, the mean pressure is increasing when 
buffer angle is added. 

The pressure loss grows when snubber volume size 
is enlarged. Regarding the varying buffer angle, the 
minimum value of mean pressure loss PTL occurs 
when buffer angle is about  = 35o. Decreasing or 
increasing the buffer angle will increase the mean 
pressure loss PTL.

The pressure pulsation drops when snubber volume 
size is enlarged. By varying the buffer angle, the 
minimum value of pressure pulsation PF in this study 
occurred when buffer angle  = 10 o. Increasing the 
buffer angle will increase pressure pulsation PF.
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