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ABSTRACT: Renewability and pollutant free energy source makes hydrogen energy popular 

rapidly. Hydrogen gas pressure which is after passing through reciprocating compressor part 

has high pulsation wave form. A unit, snubber is used as compressor components to reduce 

the harmful pulsation waveform and to remove the impurities in the hydrogen gas. An 

experiment has been conducted to investigate the pulsation reduction performance of a steel 

pipe used in snubber system.  The amplitude of pressure reduction were varied from 0.054 

～ 0.321 kPa for 10 hz to 60 hz motor speed. Compressor operation by motor with 10 to 60 

hz were resulted in reduction of pressure pulsation from 16.415% to 35.151%. Pressure losses 

were varied from 0.001% ～ 0.759%, and pressure drop per centimeter of the steel pipe were 

varied from 0.0160 ～ 16.031 Pa.
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 Nomenclature 

 RMS :   Root mean square

 FFT :   Fast fourier transformation

 Pin  :   Input pressure, kPa

 Pout :   Output pressure, kPa

 Pred :   Pressure reduction (%)

 Ain  :   Input pressure amplitude, kPa

 Aout :   Output pressure amplitude, kPa

 Ared  :  Amplitude reduction (%) 

1. INTRODUCTION

During the last century fossil fuels became 

popular for their very useful properties not 

shared by non-conventional energy sources 

(such as solar). Unfortunately, fossil fuels are 

not renewable.(1) In addition, the pollutants 

emitted by fossil energy systems (e.g. CO, 

CO2, CnHm, SOx, NOx, radioactivity, heavy 

metals, ashes, etc.) are greater and more 

damaging than those that might be produced 
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by a renewable based hydrogen energy 

system.
(2)
 Harmful effects on environment for 

fossil fuel production and consumption stress 

scientists towards new alternative sources. The 

green energy based hydrogen system can be 

one of the best solutions for accelerating and 

ensuring global stability and substantiality. 

Therefore, the production of hydrogen from 

non-fossil fuel sources and the development 

and application of green energy technologies 

are becoming crucial in this century for better 

transition to hydrogen economy.
(3)
 A scenario 

study has been reported incorporating a 

complete set of new technologies (including 

hydrogen production) to reduce CO2 emissions 

by the year 2040.
(4)
 Hydrogen production by 

different approaches for splitting water have 

been summarized by Bockris as follows: 

electrolysis, plasmolysis, magnetolysis, thermal 

approach (direct, catalytic and cyclic 

decomposition of water, as well as 

magmalysis), use of light (photosensitized 

decomposition using dyes, plasma induced 

photolysis, photoelectrolysis, photo-aided 

electrolysis, the indirect path towards hydrogen 

by photoelectrolysis: the photoelectrochemical 

reduction of CO2 and photovoltaic electrolysis), 

biocatalytic decomposition of water, radiolysis 

and other approaches.
(5)
 The assertion of 

"hydrogen is considered a promising future fuel 

for vehicles" is based on three main 

arguments: the potential reducing greenhouse 

gases from the transport sector, greater energy 

supply security, i. e. hydrogen can be produced 

from many energy sources and hence the risk 

of shortage of supply may be reduced; the 

potential of zero local emissions with the use 

of fuel cells. The absence of hydrogen 

infrastructure is seen as major obstacle to the 

introduction of hydrogen fuel cell vehicles. A 

full scale hydrogen infrastructure with 

production facilities, a distribution network and 

refueling stations is costly to build. The 

venture of constructing a hydrogen refueling 

infrastructure constitutes long-term, 

capital-intensive investment with great market 

uncertainties for fuel cell vehicles. Therefore, 

reducing the financial risk is major objective of 

any long-term goal to build hydrogen 

infrastructure.
(6)

One of the most important processes in the 

hydrogen gas handling is the compressing 

system. This process is needed in all step of 

hydrogen gas energy utilization: production, 

storage, distribution until using.
(7)
 In addition 

since hydrogen will replace the role of fossil 

fuel, so all approach done in this field should 

be rewarded. In industrial application, hydrogen 

gas compressing system is frequently used as 

the transferring or storing force device. It 

needs to be in high pressure condition; 

therefore high working compressors are 

required. For this purpose, usually reciprocating 

type is used. The reciprocating compressor can 

generates higher pressure. There developed 

pressure pulsation inherently due to 

reciprocating compressor mechanism. It needs 

remove the pulsation for its harmful effects. 

Snubber buffer can be used to turn down to a 

allowable limit.  In order to damp the pressure 

fluctuation a flat plate is inserted inside the 

snubber. The single snubber is not sufficient 

for damping fluctuation. There needs more 

than one snubber. Steel pipe of specific 

diameter and length connect the snubbers. 

These pipe act as cooling chamber of 

temperature that develope during high pressure 

generation.  This research is taken to study 

the gas flow phenomena inside the steel pipe. 

2. Apparatus and test procedure

Four sensor holding structures for pressure 

measurement were made with acryl material. 

The 500 mm steel pipe was attached to these 

sensor structures through small PVC pipe with 

clamp tightly. The pictorial view is like Fig. 1.  

The experimental set up block diagram of the 
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experiment is shown in Fig. 2.  The setting of 

different parts was attached to a frame to 

resist vibrations. The experiment conducted by 

running the compressor and setting motor 

frequency at 20 Hz, 30 Hz, 40 Hz and 50 Hz. 

Pressure from two points were taken at a 

time. Pressure values were measured by 

pressure sensors amplified and recorded them 

using data logger in a computer.

Fig. 1 Photographic view of experimental set 

up.

Fig. 2 Block diagram of experimental set up. 

In Motor driven reciprocating pump was 

used in this experiment. The rotation of motor 

was controlled by its frequency regulator. The 

maximum motor rotation was 1800 rpm at 

maximum frequency (60 Hz). Relationship 

between compressor and motor pulley rotation 

were found as in equation 1.  

]/[84.12][][ HzrpmHzfrpm setcomp ×=ω     (1) 

Then piston in the cylinder will move 

proportionally with the rotation. The 

compressing frequency can be written as in 

equation (2).                

214.0]Hz[f]Hz[f setcomp ×=           (2)

Fig. 3 Composite pressure wave.

The periodic action of propelling gas through 

a pipe by the to and fro movement of the 

piston in the cylinder in reciprocating 

compressor caused pulsation. The 

piston-crank-valve mechanism generates a 

variable pressure, which over time creates a 

composite pressure wave in the suction and 

discharge pipe. This composite wave is made 

up of a number of waves (Fig. 3). Due to 

periodic wave generation, multiple frequencies 

of pulsation are created that causes the force 

of vibration in the whole system.

Fig. 4 Basic theory of pressure fluctuation.
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Pressure produced by a piston in 

reciprocating compressor is fluctuating. Simple 

description of fluctuating notation is shown in 

Fig. 4. From this figure, pressure value and 

pressure amplitude can be derived as equation 

(3) and (4).

2
minmax pp

p
+

=
                          (3)

2
minmax ppA −

=
                         (4)

Same with the other gas line utilities, gas 

that passing through a snubber will be reduced 

in pressure and reduced in pressure fluctuation. 

It is related to the amplitude of pressure. The 

pressure reduction or loss and amplitude 

reduction can be expressed in the percentage 

by the equation (5) and (6), respectively. 

%100
P

PP(%)P
in

outin
red ×

−
=

                   (5)

%100
A

AA(%)A
in

outin
red ×

−
=

                 (6)

Experimental data at every section were 

collected using data logger and analyzed them.  

The RMS values of input and output of 

pressure were used for pressure loss. FFT 

analysis was done to on data to find out 

amplitude values of the pressure waves along 

the snubber. The resultant value of the 

variables was calculated by taking square root 

of summation of squares of all values [8]. The 

pressure loss was obtained by equation (5) and 

the pressure pulsation reduction was calculated 

by equation (6) using data from experiment. 

Model for simulation is made regarding the 

fluid passage in the steel pipe. The model was 

built considering the fluid area only in CATIA. 

The grid was generated using Pro-Surf and 

Pro-Am (Auto Mesh). Model was finally 

composed of trim cells of 12816 (Fig. 5). 

Fig. 5 Grids in steel pipe model.

The CFD solver used in this study is STAR 

CD version 3.24. In the present study, the 3D, 

unsteady state, finite volume method was used.  

Then the gas flow through the line can be 

assumed, at a very sort time, as a steady state 

with both inlet and outlet boundary condition. 

The flow also was assumed as compressible 

fluid. SIMPLE (Semi  Implicit Method for 

Pressure-Linked Equations) algorithm was 

employed with max residual 0.001, for linked 

variables. Material applied was air. For 

turbulence modeling, k - ε high Reynolds 

number model, explained in mathematical model 

part, was used. Boundary conditions set in this 

study, accordingly data obtained from 

experiment at point 1 and point 4 which is 

shown in Fig. 7.   

3. Results and Discussion

The Fig. 6 shows the relationship between 

the motor frequency and compressor frequency. 

When motor frequency increases compressor 

frequency also increase. It depends upon the 

diameter of the motor pulley and compressor 

pulley. The frequency that transformed from 

motor to compressor were 2.14 hz, 4.28, hz, 

6.42 hz, 8.56 hz, 10.7 hz, 12.84 hz with 

corresponding motor frequency 10, 20, 30, 40, 

50, 60 hz.

Fig. 7 is the graph showing instantaneous 

pressure values against times for inlet point1 

and outlet point4. The pressure cycle for outlet 

covered 104.7004 kPa and 102.3283 kPa 

maximum and minimum pressure, respectively. 

The average inlet pressure was 103.5107 kPa. 

The maximum and minimum pressure were 

107.8629 kPa and 102.7823 kPa for inlet 
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pressure of the pipe. The average 104.9275 kPa 

was found in the inlet for 50 hz. 

Fig. 6 Relationship between motor frequency 

and compressor frequency.

Fig. 7 Pressure in the pipe at inlet and outlet 

for 50Hz [P1&P4].

Fig. 8 Comparison of pressure between CFD 

and experimental at point 3 for 50 hz.

As can be seen in Fig. 8, three peaks of 

each experimental and simulation pressure are 

presented. The trend of the simulated pressure 

was similar. The maximum and minimum 

values were almost same and the intermediate 

small peaks are also found in simulation 

results. At point 3 the experimental pressure 

had peaks like 105419, 105412, 105412 Pa where 

as CFD simulated corresponding pressure 

peaks were 105039, 105058, 105108 Pa. 

The measured pressure and simulated 

pressure were compared at point 2 ( Fig. 9). 

There it is shown that the best match between 

them with little difference. The experimental 

unsteady pressure follows the route along with  

102902, 102886, 102773 Pa three minimum 

peaks and 107273, 107313, 107302Pa three 

maximum peaks. The superimposing the two 

curve it can be concluded that the CFD 

simulated pressure can be accepted. 

Fig. 9 Comparison between experimental and 

CFD simulation at point 2 for 50 hz.

Fig. 10 Amplitude pressure at the two ends of 

the pipe.

After FFT calculation, the fluctuation of 

pressures at different speed were arranged as 

in Fig. 10.  Compressor generates 0.327, 0.814, 

0.997, 0.971, 0.915, 0.912 kPa at point 2 and 

0.273, 0.632, 0.789, 0.762, 0.663, 0.592 kPa at 
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point 3 for the speed 10, 20, 30, 40, 50, 60 hz. 

It had positive relations with speed that forms 

curve. The harmful amplitudes drop in the 

steel pipe were varied with speed from 1.0740, 

3.640, 4.161, 4.1813, 5.053, 6.413 Pa/cm. The 

percentage of amplitude reduction for 10, 20, 

30, 40, 50, and 60 hz were 16.415, 22.342, 

20.857, 21.529, 27.605, 35.151% in the 13mm 

diameter 500 mm steel pipe. It had not specific 

pattern but increasing trends. 

Fig. 11 Flow phenomena of pressure (RMS) at 

the two ends of the pipe.

Fig 11 contains the RMS values of pressure 

in the 500 mm steel pipe corresponding to 

different motor speed for compression of air in 

reciprocating compressor. RMS pressure for 

point2 forms almost straight line as the motor 

speed increase from 10 hz to 60 hz it was 

similar pattern for point 2 but less in straight 

line slopes. At point 2 10.639, 102.330, 102.870, 

103.598, 104.540, 105.676 kPa RMS pressures 

were reported against 101.639, 102.192, 102.619, 

103.192, 103.948, 104.874 kPa at point 3 as the 

motor run for 10, 20, 30, 40, 50, 60 hz, 

respectively. In the steel pipe the pressure drop 

due to its wall and passage and fluid flow 

phenomena were calculated as 0.0160, 2.765, 

5.030, 8.118, 11.841, 16.031 Pa/cm for the 

speeds of the compressor. It had a positive 

correlation with the compressor speed i.e. 

pressure drop/cm increases with speed. Very 

small amount of percentages of RMS pressure 

loss were found in different compression speed 

varying from 0.001% to 0.759%. 

(a) time step 0.006 s.

(b) time step 0.011 s.

(c) time step 0.013 s.

(d) time step 0.020 s.

(e) time step 0.040 s.

(f) time step 0.045 s.

(g) time step 0.048 s.
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(h) time step 0.051 s.

(i) time step 0.060 s.

(j) time step 0.080 s.

(k) time step 0.10 s.

Fig 12 Numerical pressure values at different 

time step covering one cycle. 

Detail pressure inside the pipe at any point 

can be found from the numerical study. The 

wall pressure as well as central line pressure 

can also determined. Length wise or radially 

pressure and velocity are readily available for 

observation. The pressure along the length in 

central line are shown here in detail in the Fig 

12.   

4. CONCLUSIONS

The 500 mm length and 13mm diameter 

steel pipe pressure characteristics study has 

shown in this experimentally and numerically. 

In brief they are: 

1. The amplitude of pressure reduction were 

varies from 0.054 ～ 0.321 kPa.  Compressor 

operation by motor with 10 to 60 hz were 

able to down the pulsation varies from 

16.415% to 35.151%.

2. Pressure losses are varied from 0.001% ～ 

0.759%, and pressure drop per centimeter of 

the steel pipe are varied from 0.0160 ～ 

16.031 Pa.

3. The numerical analysis gave the flow 

phenomena inside the pipe clearly in details.
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