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Turbine meters are used in compressed natural gas (CNG) stations in abundance to measure the volumetric flow rate of the inlet
gas. ,ese types of meters are very sensitive to oscillating and pulsating flows. When the station’s reciprocating compressor starts
to work, due to the piston and valve performance, pulsating flow will create in the suction line and downstream of turbine meter.
,is pulsationmakes false pulses in themeter and finally makes difference between the measured gas flow from themetering of the
gas company and the amount of gas that has been sold at the station. In this study, numerical simulation of dampeners has been
investigated after turbine meter and before entering gas to compressor.,e goal is eliminating or reducing the effects of operating
compressor in CNG station on turbine meter and reducing measurement errors. Numerical simulation of dampener was in-
vestigated by Ansys-Fluent CFD software for a CNG station with the gas inlet pressure 250 psi, inlet and outlet pipe diameter of 2
inches. In this study, several parameters such as (1) height-to-diameter ratio in the cylinder, (2) distance between dampener and
compressor, and (3) volume-to-minimum volume ratio according to API 618, have been checked.,e numerical results show that
by increasing height-to-diameter ratio up to 3, the pulsating amplitude on Plane 1 will be reduced, and this is the best ratio
according to the present results. Also, by increasing the outlet pipe length, the pressure pulsation amplitude decreases from 3.4%
of pressure line in 2m length to 0.7% in 5m length. Moreover, the results showed 2.4% increase and 1.9% decrease in the
maximum and minimum pressure for CV� 1 and CV� 16.7, respectively. Comparing fluent numerical method with previous
studies shows less than 2% difference that demonstrates the validity and reliability of present investigation.

1. Introduction

Lower cost and lower destructive environmental effects in
comparison to gasoil and gasoline caused natural gas, in
different forms, to be used as one of the common automobile
fuel types in many points of the world for the last few
decades. One of its most widely used types is compressed
natural gas (CNG) which is mainly formed by methane
[1, 2]. ,is increasing trend in the use of CNG attracted
much attention of experts and scientists working in this area

to do experimental, numerical, and analytical research
studies.

Naturally, compressors are employed for producing
CNG.,e compressors commonly used in CNG stations are
positive displacement and reciprocating models. In positive
displacement compressors, pulsations may be created in
charging and discharging lines due to the gates opening and
closing movements [3, 4]. Clearly, these pulsations affect the
accuracy of the measurement. A comprehensive study has
been investigated by Farzaneh-Gordi et al. [5] to decrease the
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compressor effects on measurement accuracy utilizing a
snubber between the turbine flow meter and the recipro-
cating compressors. Detailed information about compres-
sors pulsations and controlling methods and especially their
expansion properties could be found in literature [6–8]. In
the last years, much research has been conducted for finding
novel and efficient methods of reducing CNG compressors
pulsations and omitting their flow pulsations. In this con-
text, Majic et al. [9] investigated the effects of discharge
section port shape of screw compressors on their pulsations.
Presenting a mathematical model, they showed that dis-
charge track surface function is an important and effective
parameter in creating pulsation flow and modifying this area
pulsation flow could be reduced. Wu et al. [10] simulated
discharge pressure pulsations in twin screw compressors and
solved one-dimensional equation of unsteady-state gas flow
which presents the discharge pressure pulsations in com-
pressors by employing Lax-Wendorff two-stage numerical
solution method. Qian et al. [11] simulated the pressure
pulsations of Francis turbines with air suction numerically
and analytically. ,ey, actually, presented a three-dimen-
sional simulation of the unsteady multiphase flow through a
hydraulic Francis turbine and showed that suction air re-
duces pressure difference in horizontal section of draft
conduit.

Experimental and theoretical research has been per-
formed to determine the pulsation effects on turbine flow
meters’ measurement accuracy. Atkinson [12] solved the
turbine rotor motion equation and employed the magnetic
pickup registering the passing of a rotor blade to compute
the real volume flow. ,is approach should only be
employed if the amplitude of the pulsations is detectable by
the turbine signal. By the rapid reduction of the amplitude of
pulsation in the turbine meter signal due to an increase in
frequency, it was difficult to forecast the real flow in the cases
of pulsations with high frequency. Lee, Cheesewright, and
Clark [13] developed another software tool called the
“Watchdog System”. A comprehensive transient numerical
calculations using CFD are carried out under different
number of impeller blades for the flow field within a cen-
trifugal pump under single-phase and cavitation condition
[14, 15]. Vetter and Schweinfurther [16] assessed pressure
pulsations in piping section of reciprocating pumps and
presented accurate patterns for various installation config-
urations of this type of pump employing a calculation
method and comparing their experimental and computa-
tional data. Notzen [17] then tried to find applicable pul-
sation reduction methods for high-pressure reciprocating
pumps. He proposed various methods for this objective and
analyzing the pulsations numerically showed how to control
and optimize the decreasing effects.

Jeong et al. [18] accomplished a numerical analysis on
different models of pressure pulsation dampers at hydrogen
compressors outlet. ,ey compared pressure pulsations and
pressure drop through pulsation dampener in laminar and
turbulent flows by employing Star CD code and demon-
strated that the best pulsation dampener is the one which
presents the lowest pressure drop and pressure pulsations.
Al-Obiadi investigated the effects of different turbulence

models on three-dimensional unsteady cavitating flows and
pressure fluctuations within an axial flow pump under
transient flow pattern [19–21]. ,e numerical results reveal
that the SSTturbulence model was closer to the experimental
results in predicting head. In addition, the pressure variation
trend for the 10 models is very similar which increases and
then decreases from the inlet to outlet of the pump along the
streamline. ,e SST k-ω model predicts that the perfor-
mance of the pump was more accurate than other turbulent
models. Furthermore, the results also found that the error is
the least at design operation condition 300 (L/min), which is
around 1.98% for the SSTmodel and 2.14% and 2.38% for the
LES and transition omega model. ,e use of various tech-
niques such as vibration and acoustic analyses can provide a
more robust detection of cavitation within the pump. ,e
flow structure within a pump is very complex due to the
presence of a rotating impeller and its interaction with the
volute casing and mostly due to the occurrence of cavitation.
Several researchers carried out an experimental investigation
using acoustic analysis technique to determine the pump
performance and detection of cavitation within a centrifugal
pump [22, 23].

,e most important component of a CNG station is a
reciprocating compressor. In a CNG station, the pressure of
the gas must be increased from approximately 0.5MPa to
about 20 to 25MPa. A multistage compressor is employed
to achieve this pressure increment. ,e largest share of the
current and initial costs of the stations depends on the
reciprocating compressor [24]. Turbine gas meters (TGMs)
are employed plenty for measuring volumetric flow rate of
inlet gas in the CNG stations [25, 26]. ,e rotational speed
of the turbine wheel is proportional to the mean gas velocity
and, therefore, to the gas flow rate [27]. ,e number of
rotations is a measure of the gas volume that has flown
through. ,ese types of meters are inferential meters and
therefore dependent on the direction, distribution, and
homogeneity of the gas flow, and they must be used in
steady flows [28]. Turbine meters have acceptable accuracy
in engineering applications, but because of the inertia of the
rotor, they are effective to the pulsation flows. You can find
pulsation flows in charging line of positive displacement
compressors that commonly used in CNG stations. Sun
et al. [29] studied pressure flows in suction chamber and
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Figure 1: Comparison of flow registered by turbine and actual flow
during time due to compressor [30].
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presented that in compressors, pulsation amplitude is
about 5% of line pressure and pulsation were nearly
sinusoidal.

,e turbine wheel slows down after the flow has stopped
by means of a valve, and the measured gas volume is always
higher than that which has actually flown through the gas
meter. In pulsation gas flow, the error of gas turbine is
positive because the extra-rotation of the rotor produces an
overestimated gas volume. Figure 1 shows that flow regis-
tered by turbine is always more than actual flow [30]. ,is
error makes difference between the amount of gas that have
registered by Gas Company and sold by CNG station. It
should also be noted that there are two alternative CNG
measurement methods which Cascetta et al. [31], carried out
a comparison between these flow measurement approaches
(volumetric versus mass flow metering), and 10% deviation
was observed.

Standard API 618 [32] covers the minimum require-
ments for reciprocating compressors in oil, gas, and pet-
rochemical industries. One of the most important issues
addressed in this standard is pressure pulsationmade in such
compressors which may cause sharp pulsations and serious
damages to the compressor suction part belongings as well as
causing limitation for higher pressures [33]. In addition,
according to former paragraph, such pulsations at the
suction part can make considerable uncertainties in mea-
surement systems of the CNG station. ,erefore, according
to API 618, installing appropriate pulsation dampeners at
reciprocating compressors inlet for high pressures is vital.
Figure 2 shows a schematic of the dampener position be-
tween the compressor and turbine meter and illustrates the
direction of flow. Although API 618 clearly proposes the
lowest required volume and minimum allowable pressure
pulsation compared to pressure line for the dampener, it
does not give any information about the optimal value of
height-to-diameter ratio (H/D) of the device and for finding
optimal volume for dampener, the lowest required volume
and minimum allowable pressure pulsation must be in-
vestigated. ,is study, therefore, aims to find the optimal
value of H/D and pulsation dampener volume which the
lowest rate of pressure pulsations, at a specific and constant
pressure difference, could be achieved. It is worth men-
tioning that Ansys-Fluent software is used for simulating
and analyzing the problem in this work.

2. Materials and Methods

In this section, the mathematical model, that is, governing
equations, associated with the understudy system, are pre-
sented so that finally it could find an appropriate relation
between the fluid flow properties and operational condition
of the system. For this objective, momentum and continuity
equations, for a 3D turbulent compressible unsteady gas flow
through the damper, are presented. Also, k-ε is the chosen
turbulent model for modelling the fluid flow in this work.

Continuity equation for the gas flow could be written as
follows [34]:

zρ
zt

+
z ρui( 

zxi

� sm, (1)

where, xi, ui, ρ, t, and sm are Cartesian coordinate, ve-
locity vector, fluid density, time, and mass source, respec-
tively. Momentum equation, also, could be given as follow
[34]:

z ρui( 

zt
+

z ρuiuj − τij 

zxj

� −
zp

zxi

+ si, (2)

where p and si are pressure and momentum source, re-
spectively. τij is also tension tensor which is defined as
follows [34]:

τij � 2μsij −
2
3
μ

zuk

zxk

δij − ρuiuj. (3)

In the aforementioned equation, μ and δij are fluid
viscosity and Kroenker delta, respectively. Strain tensor (sij)
could also be given as follows [34]:

sij �
1
2

zui

zxj

+
zuj

zxi

 . (4)

A very important issue in computational fluid dynamic
(CFD) is selecting an appropriate turbulent model.,emain
objective of a turbulent model is providing a method for
calculating the effects of turbulent pulsations on the flow. In
this study, the overall properties of the fluid in a closed
channel were assessed; therefore, the turbulent model k-ε has
been chosen to show the effect of turbulence.,e turbulence
kinetic energy balance could be written as follows [35]:

Gas Inlet Unit of measurement in CNG station
Turbine Meter

Dampener
Cylindrical Volume

Unit of compressing in CNG station
Reciprocating Compressor

Figure 2: Schematic of flow direction and dampener position between turbine meter and compressor.
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where k and ε are turbulence kinetic energy and turbulence
diffusion rate and the parameters P, PB, and PNL are given as
follows [35]:
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where turbulence viscosity (μt) can be calculated by the
following equation [35]:

μt � ρ
Cμk

2

ε
. (7)

Turbulence diffusion rate balance is also in the following
format [35]:
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In this equation, Cε1 � 1.44, Cε2 �1.92, Cε3 �1.44,
σε � 1.22, σk � 1.00, and Cμ � 0.09.

As it was mentioned earlier, the dampener must reduce
amplitude pressure pulsations (A) where,

A(%) �
Pmax − Pmin

2Pline
× 100. (9)

In which, Pmax, Pmin, and Pline are maximum pressure,
minimum pressure in one cycle, and inlet line pressure,
respectively. ,e lowest required volume of dampener in
reciprocating compressor suction part has been addressed as
follows [32]:

Vs � 8.1 × PD
cTs

M
 

(1/4)

, (10)

Vs ≥ 0.03m3
. (11)

In this equation, Vs, c, Ts,M, and PD are respectively the
minimum required volume of pulsation dampener, com-
pressibility factor, gas temperature in suction side (K), and
molar mass and displaced net volume of cylinders. For
calculating PD, the following equation has been proposed
[36]:

PD �
π
4

× D
2

  × L × N. (12)

In which, D, L, and N are cylinder diameter, stroke
length, and number of cylinders, respectively.

,e maximum allowable pressure pulsation of damp-
eners (P1) can be calculated by the following equation [32]:

P1 �
4.1

Pline( 
(1/3)

%. (13)

According to this equation, for 17.1 bar pressure line, P1
is 1.6% of pressure line.

3. Numerical Simulation

Here, to simulate the gas flow through the dampener, the
computational code of Ansys-Fluent Version 17, by which
time-dependent 3D continuity and Navier–Stokes equations
by finite-volume method may be calculated, has been used.
,is code has widely been used for numerical simulation of
various complicated geometries with different flow condi-
tions. In this study, the gas flow is considered as an unsteady,
compressible, viscous, and Newtonian flow, and the gas itself
is assumed pure methane as an ideal gas.

,e geometry includes an inlet pipe 2 inches in diameter
and 1 metre in length with an outlet pipe 2 inches in diameter
in different lengths. In addition, a cylinder has been inserted
between the two pipes with different diameters and heights.
To find a suitable dampener design, several geometric pa-
rameters are investigated. ,ey are the ratio of height to
diameter of the cylinder, the length of outlet pipe, and the
effect of volume increasing. A view of the geometry and its
component is shown in Figure 3. Used geometric layout,
parameters location, and placement of plane 1 at the inlet pipe
can be seen in Figure 4. ,e results of the pressure pulsation
in this plane at a distance of 10 cm from the cylinder wall are
examined. In fact, this plane has been chosen for assessing the
pulsation reduction purpose in the dampener.

Outlet

Outlet pipe

CylinderInlet pipe

Inlet

Figure 3: A view of geometry and its components.
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After the geometry has been created, it is time for
meshing. Grid quality is essential for solving the right
problem. Coarse grid leads to high numerical error, and very
small grids make calculations too time-consuming and
cumbersome, so finding a suitable mesh is essential.
Meshing on the geometry, which is carried out by the same
software, is also shown in Figure 4. As can be seen, this
computing grid is combination of organization and non-
organization mesh. At a distance from the wall, the grid is a
pyramid-shaped organization and near the pipe wall and
cylinder, the grid is minimized, and a squared organization
grid is used. It should be noted that in order to reduce
computation time and the number of mesh, a symmetry
plane is used in the x-y plane. For finding a suitable mesh,
several meshing is carried out on geometry with taking the
dampener’s fixed volume equal to the minimum volume, the
outlet pressure amplitude of 4% of pressure line and outlet
pipe length of 1m when the height to diameter ratio is 2.
Besides, as can be seen in Figure 5, the number of meshes
more than 200,000 does not have any effect on the results,
which shows that this is the suitable number.

In this study, dampener volume has been investigated for
CNG stations with gas inlet pressure of 250 psi. Based on the
CNG compressor type, the minimum volume of dampener
in the suction is calculated using equation extracted from the
standard API 618. Minimum volume size is given in Table 1.
,e dampener geometry is considered in three dimensions
and the solution procedure is totally unsteady as pressure
pulsations strongly depend on time. It is assumed that the
inlet and outlet temperatures are constant and equal to
303.15K. Moreover, the process is adiabatic. Employing the
data given in Table 1 and considering equations (10) and
(11), the minimum value for the required volume of pul-
sation dampener is obtained as equal to 0.06m3.

,is problem has boundary conditions with constant
velocity in inlet plane, pressure pulsation in the output
plane, symmetry for applied symmetry plane to the x-y and
finally wall for the cylinder, inlet and outlet pipe walls.
Boundary condition in the inlet is constant velocity (velocity
inlet), and it is considered in line with the axis of the inlet
pipe. According to the type of CNG stations (with input
pressure 250 psi), the volume flow rate measured by the

meter turbine in normal conditions is 950m3/hr. Owing to
the inlet pipe diameter (2 inches) and equaling the mass flow
rate of fluid in normal conditions and real conditions,
constant speed will be 8.42m/s on the inlet. It should be
noted that condition is normal when the fluid pressure equal
to one atmosphere and the temperature is equal to 15°C, and
the condition is real when fluid pressure is 250 psi and
temperature is 25°C. ,e summary calculation of the fluid
velocity in inlet is in Table 2.

Outlet boundary, which is connected to the source of
pressure pulsation or compressor, follows the pressure outlet
boundary condition. To enter the amount of pressure pul-
sation as sine time-dependent function, a UDF (user-defined
function) is used (Figure 6).,e amount of the base pressure
is 250 psi that the issue is solved for three ranges of am-
plitude 5 psi, 10 psi, and 25 psi equivalent to 2%, 4%, and

H
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Lout

D

Plane 1

Lin

din

Figure 4: Schematic of meshing, dampener’s geometric symptoms, and the location of plane 1.
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Figure 5: An analysis on the number of meshes.

Table 1: ,e minimum cylinder size obtained according to API
618.

Description Symbol Unit Value
Piston displacement in one stroke PD m3/rev 0.0031
Compressibility factor c — 1.312
,e gas temperature in suction Ts K 303.1
Molar mass M kg/mol 17.57
,e minimum volume of dampener Vs m3 0.06
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10% in the pressure line. As the rapidly rotating compressor
crankshaft is equal to 1200 r/min, we can see that every
compressor cycle happens in 0.5 seconds. Boundary con-
dition at the internal wall of the cylinder and pipes are no-
slip condition, meaning that gas adjacent to the border has a
zero velocity.,is condition is used for solving the equations
of continuity, momentum, turbulence kinetic energy and
turbulence dissipation rate turmoil of fluid.

Residual values are the best factor for adjusting the
convergence criterion in a numerical solution. ,ese re-
siduals are including the remains of the equations of con-
tinuity, momentum in the x, y, and z, energy, k and ε. In this
study, if the total residues amount for each time step in the
equation gets less than 10−5, the convergence condition
according to the nonpermanent flow will be satisfied. It
should be noted that for converging, maximum 300 repeats
in each time step is proposed.

Simulation by dividing the geometry to the small vol-
umes and solving differential equations based on these small
volumes, acquires algebraic equations coupled velocity and
pressure in the center of each volume.,e solutions will start
with an initial guess at the pressure for solving the
Navier–Stokes equation to achieve the new values of pres-
sure and velocity. ,is process continues until the conver-
gence criterion is satisfied.

4. Validation of Numerical Simulation

4.1.AGlance onFormerStudies. Jeong et al. [18] performed a
numerical simulation in the hydrogen gas compressors
output by using Star CDCode with unsteady flow conditions
and k-ε turbulence model in 2008. ,eir result was com-
pared with the experimental results of Akbar et al. [37].

Akbar et al. [37] examined a dampener of acrylic with an
inlet pipe, an outlet pipe, and a cylinder. Figure 7 presents
closed set-up in the foregoing study. Experimental results
are obtained for the compressor in the engine speed with 20

Motor frequency
regulator

PC unit

1 2 3

Snubber
Reciprocating compressor

Signal amplifier

Data logger

4 5 6

Pressure transducer

Figure 7: Block diagram of experimental setup by Akbar et al. [37].

Table 2: ,e inlet velocity calculated in real condition.

Description Symbol Unit Value
Inlet flow rate in normal condition QN m3/hr 950
Methane density in normal condition ρN kg/m3 0.7158
,e area of the inlet pipe Ain m2 0.002027
Methane density in real condition ρR kg/m3 11.07
Inlet velocity VR m/s 8.42
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6 International Journal of Chemical Engineering



This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 2
 (k

Pa
)

Crank Angle (Deg)

20Hz

(a)

This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 2
 (k

Pa
)

Crank Angle (Deg)

60Hz

(b)

This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 3
 (k

Pa
)

Crank Angle (Deg)

20Hz

(c)

This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 3
 (k

Pa
)

Crank Angle (Deg)

60Hz

(d)

This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 4
 (k

Pa
)

Crank Angle (Deg)

20Hz

(e)

This work

Jeong et al. [12]

Akbar et al. [22]

90

95

100

105

110

115

120

125

130

0 30 60 90 120 150 180 210 240 270 300 330 360

Pr
es

su
re

 at
 P

oi
nt

 4
 (k

Pa
)

Crank Angle (Deg)

60Hz

(f )

Figure 10: Continued.
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and 60Hz frequencies. Input boundary condition is shown
in Figure 8. ,ey specified four points for measuring the
pressure in the input and output pipe, and a flat-screen plate
with defined height, width, and thickness in the cylinder at a
right angle to the horizontal. Geometry and position of these
points are shown fully in Figure 9. Inlet pipe is connected to
the compressor and outlet pipe discharges into the atmo-
sphere. Pressure values were recorded on a data logger by
pressure sensors installed on the target computer.

4.2. Verification. Figure 10 has been plotted to compare our
results with previous investigations.,e pressure fluctuation
changes in all measurement points are in accordance with
the aforementioned authorities, and the difference is less

than 2% that shows the validity of the current numerical
simulation and next results. Besides, according to Figure 10,
as the frequency increases, the amplitude of the pulsation
grows. From point 2 to point 5, pulsation decreases, and
most of this decrease happens between points 3 and 4.

5. Results and Discussions

5.1.@eEffects of theHeight toDiameterRatioof theDampener
Cylinder. ,is parameter has been examined in four modes
(the ratio of height to diameter of 1, 2, 3, and 4), by taking the
dampener’s fixed volume equal to the minimum volume, the
outlet pulsation amplitude of 4% of pressure line and outlet
pipe length of 1m. API 618 states that for a single-cylinder
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Figure 10: Comparison of present study with experimental (Akbar et al.) and numerical (Jeong et al.) works for special case of hydrogen gas
with compressor’s motor frequency of 20Hz and 60Hz, at measurement points 2 to 5. ,e effects of the length of outlet pipe dampener.
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Figure 11: (a),e amplitude pressure percent in plane 1, versusH/D obtained for 4% pressure pulsation in outlet and (b) pressure pulsation
in plane 1, versus time for different Lout.
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dampener, the height to diameter ratio should not exceed
greater than 4. As shown in the Figure 11(a), by increasing
height to diameter ratio up to 3, the pulsation amplitude on
plane 1 will be reduced. After that until H/D� 4, slightly
increases.,eminimum pulsation amplitude percent is near
2.1%, which happens when H/D� 3 and this is the best ratio
according to the present results. We can find these results by
changing pressure over time for six cycles in Figure 11(b).
Pressure and velocity changes for inlet, plate 1 and outlet
within 0.3 second after the compressor starts to work in H/
D� 3 has been presented in Figure 12. As pulsation spends a

little time inside the dampener to reach the inlet, time phase
difference occurs at the beginning. ,e maximum pressure
difference between plate 1 and outlet according to figure is
116 kPa. After the second cycle until the compressor works,
the pulsation behavior is unchangeable and the maximum
and minimum amounts in all cycles are similar.

In fact, the length of outlet pipe dampener (Lout) is the
distance between dampener and compressor or source of
pressure pulsation.,is parameter has been examined in five
modes (the length of outlet pipe dampener of 0.2m, 0.5m,
1m, 2m, and 5m), by taking the dampener’s fixed volume
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Figure 12: ,e effect of pulsations versus time for H/D� 3: (a) pressure pulsation and (b) velocity pulsation.
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Figure 13: (a),e amplitude pressure percent in plane 1, versus Lout obtained for 4% pressure pulsation in outlet and (b) pressure pulsation
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equal to the minimum volume, the outlet pulsation am-
plitude of 4% of pressure line and H/D� 3. ,is parameter
was investigated to prove that by increasing the distance,
pulsation effects on turbine meter could be decreased.
Figure 13(a), shows that by increasing the outlet pipe length,
the pressure pulsation amplitude on the inlet plane 1 will be
reduced, so that this amplitude from 3.4% of pressure line in
2m length, reaches to 0.7% of pressure line in 5m length.
According to API 618 and equation (13), maximum al-
lowable pressure pulsation of dampeners is 1.6% of pressure
line, which happens when the Lout is more than 1.5m. ,is
result also suggests that pulsation can be significantly

reduced by increasing the distance of the compressor with a
small volume equal to minimum volume. We can find these
results by changing pressure over time for six cycles in
Figure 13(b). ,e results are not in same phase because
pulsation needs more time to affect the inlet of dampener by
increasing length. Pressure and velocity changes for inlet,
inlet plate 1 and outlet within 0.4 second after the com-
pressor starts to work in Lout � 2m has been presented in
Figure 14. After the fourth cycle until the compressor works,
the pulsation behavior is unchangeable and the maximum
and minimum amounts in all cycles are 1745.5 kPa and
1704.7 kPa, respectively.
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Figure 14: ,e effect of pulsations versus time for Lout � 2m: (a) pressure pulsation and (b) velocity pulsation.
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5.2. @e Effects of Dampener Volume. Another important
parameter that was analyzed is the effect of the dampener
volume increasing in reducing the pressure pulsations. ,is
parameter has been examined in five modes (the volume
ratio CV of 1, 2, 5, 10, and 16.7 than the minimum size), by
taking the outlet pulsation amplitude of 2%, 4%, and 10% of
pressure line, H/D� 3 and outlet pipe length of 1m.
Figure 15(a) shows by increasing dampener volume, the
pressure pulsation amplitude on the inlet plane 1 will be
reduced, while for the outlet pulsation amplitude of 10% of
pressure line, this amplitude from 4.1% of pressure line in
CV� 1, reaches to 0.25% of pressure line in CV� 16.7.
According to equation (13), the maximum allowable pres-
sure pulsation of dampeners is 1.6% of pressure line, which
happens when the CV is more than 3. We can find these
results by changing pressure over time for six cycles in
Figure 15(b). As shown in this figure, after the second cycle
until the compressor works, the pulsation behavior is un-
changeable and the maximum and minimum amounts in all
cycles are similar. ,e maximum and minimum pressure
when CV� 1, respectively, are 1773 kPa and 1695 kPa then
their difference is 78 kPa while these amounts for CV� 16.7,
are 1731 kPa and 1728 kPa with difference 3 kPa. Pressure
and velocity changes for inlet, inlet plate 1, and outlet within
0.3 second after the compressor starts to work in CV� 5 and
4% pressure pulsation in outlet have been presented in
Figure 16.

6. Conclusion

Axial TGMs are well known and appreciated instruments
for custody transfer metering, when used at suitable
conditions (steady-flow). In anomalous flow conditions
such as pulsating flows or intermittent flows, the

metrological performance of turbine meter can dramat-
ically decay, inducing remarkable systematic errors. In
pulsation gas flow, the error of gas turbine is positive
because the extra-rotation of the rotor produces an
overestimated gas volume. ,is error makes difference
between the amount of gas that have been registered by
gas company and sold by CNG station. ,erefore,
according to API 618, installing appropriate pulsation
dampeners at reciprocating compressors inlet for high
pressures is vital. ,erefore, in the present investigation,
an analysis of cylindrical dampener effects on turbine
meters’ accuracy in a pulsating CNG suction line has been
performed. Governing equations modelling was done for
compressible fluids, viscous flows, turbulent, and non-slip
condition at the walls. Numerical simulation of dampener
was investigated by Ansys-Fluent CFD software for a CNG
station with the gas inlet pressure 250 psi, inlet and outlet
pipe diameter of 2 inches. Our results have been con-
firmed by good agreement obtained between fluent nu-
merical method with previous studies in a special case. It
is worth mentioning, although standard API 618 clearly
proposes the lowest required volume and minimum al-
lowable pressure pulsation compared to pressure line for
the dampener, it does not give any information about the
optimal value of height to diameter ratio (H/D) of the
device. Besides, for finding optimal volume of dampener,
the lowest required volume and minimum allowable
pressure pulsation should be investigated before design
process. Briefly speaking, this study has acquired the
optimal value of H/D and also the pulsation dampener
volume by which the lowest rate of pressure pulsations, at
a specific and constant pressure difference, could be
achieved. ,e conclusions drawn from the study can be
summarized as follow:
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Figure 16: ,e effect of pulsations versus time for CV� 5 and 4% pressure pulsation in outlet: (a) pressure pulsation and (b) velocity
pulsation.
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(i) By increasing height to diameter ratio up to 3, the
pulsation amplitude on plane 1 will be reduced.
After that until H/D� 4, slightly increases.

(ii) ,e minimum pulsation amplitude percent is near
2.1% that happens when H/D� 3 and this is the best
ratio according to present results.

(iii) As pulsation spends a little time inside the damp-
ener to reach the inlet, time phase difference occurs
at the beginning.

(iv) By increasing the outlet pipe length, the pressure
pulsation amplitude on the inlet plane 1 will be
reduced 80% in 2m length respect to 5m length.

(v) ,e numerical results showed 2.4% increase and
1.9% decrease in the maximum and minimum
pressure for CV� 1 and CV� 16.7, respectively.

(vi) Pressure and velocity changes for inlet, inlet plate 1
and outlet within 0.4 second after the compressor
starts to work in Lout � 2m.

Nomenclature

A: Amplitude pressure pulsation
D: Cylinder diameter
k: Turbulence kinetic energy
L: Stroke length
M: Molar mass
N: Number of cylinders
P: Pressure
P1: Maximum allowable pressure pulsation
PD: Displaced net volume of cylinders
Pline: Inlet line pressure
si: Momentum source
sij: Strain tensor
sm: Mass source
t: Time
Ts: Gas temperature
u: Velocity vector
Vs: Minimum required volume
x: Cartesian coordinate

Greek Symbols
c: Compressibility factor
δij: Kroenker delta
ε: Turbulence diffusion rate
μ: Fluid viscosity
ρ: Fluid density
τij: Tension tensor

Subscripts
in: Inlet
m: Mass
max: Maximum
min: Minimum
N: Normal condition
out: Outlet
R: Real condition

s: Suction
t: Turbulence
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[25] D. Świsulski, R. Hanus, M. Zych, and L. Petryka, “Methods of
measurement signal acquisition from the rotational meter for
frequency analysis,” EPJ Web of Conferences, vol. 143, Article
ID 02124, 2018.

[26] J. Slǔse, R. Maury, A. Andreas, F. Olsen, J. Geršl, and
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