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13.47 mm / s RMS, the fifth compressor is 13,220 mm / s RMS, and sixth compressor
already damaged. This research will discuss the nitrogen compression process in terms of
the characteristics of the output fluid flow from the compressor using computational fluid
dynamics. The first piping system shows that the standby compressor's flow has a higher
pressure reaching 10.72 - 11.82 Pa but it is still acceptable. The second piping system with
two compressors in operation shows that the pipeline flows in the opposite direction with
high pressure. Flow turbulence occurs, resulting in a higher speed. The highest pressure
in the pipeline reaches 44.79 Pa, mostly at the fifth and sixth compressors. The conclusion
from this research there is high pressure backflow when one compressor stops and
another compressor start running. Prevents direct pressure to the compressor or the
condensed fluid from the gas flowing and entering the compressor used valve addition.
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1. Introduction

Oil and gas energy production supports the needs of all people and societies in the world.
Production process support systems are very complex because it is composed of many types of
equipment and components such as electric motor, pump, valve, piping, and other. These constituent
components require precise design that is continuous from one component to another. The precision
of design and calculation will significantly affect the performance of equipment and system, which
can cause the expected rate cannot be reach. One of the supporting systems for the oil and gas
production process is the compression system [1-2]. The compression system in a plant aims to make
the gas have a smaller volume with the same amount so that the transfer process from one place to
another is more efficient.

The piping system on the nitrogen compressor shows that there is possibility backflow to the
standby equipment [3-4]. Besides, the phenomenon of turbulence in pipe flow caused by boundary
condition on pipe-wall and also appears confluence of two flows and the influence of flow velocity
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[5-12]. The pressure on the backflow flow is very high, and it will cause nitrogen gas leading to
standby equipment being condensate [13-16]. In addition to the condensation of nitrogen gas,
nitrogen fluid gas provides high pressure to the screw on the compressor to affect the material life
of the screw compressor and also can be caused of leakage [17-20]. Another consequence of the
nitrogen gas condensing into liquid is contamination in the compressor, where it should only
compress the gas. In this condition, there is liquid nitrogen causing an impact pressure on the
compressor material, causing friction after the liquid nitrogen damages the previous material [21].

Hypothesis above found that operating conditions indicate that the nitrogen compressor has a
high vibration value above-normal conditions based on the standard measurements made on the
high-pressure stage compressor and low-pressure stage compressor and the respective inboard and
outboard bearings [22,23]. High vibration can cause by high impact and friction at screw compressor
and also flow turbulence-cavitation. Damage can occur due to the high impact on the constituent
parts of the compressor, which causes more significant potential and greater friction between
components. The amount of this impact value will accelerate each part wear and tear other parts.
The case study that becomes the reference is the engine vibration value measured at maximum
engine load conditions.

This research will discuss the nitrogen compression process in terms of the characteristics of the
output fluid flow from the compressor. Analyzing the fluid flow characteristics of the existing piping
system and make suggestions regarding the design of the piping system or valve system. Compressor
output configuration can be changes the piping system or other methods to solve the problem.

2. Methodology

Vibration data was collected using CSI 2130/2140 equipment and vibration analysis software AMS
Machinery Manager. Vibration data collection at the compressor side with several measurement
points: bearing male low-pressure compressor, bearing female low-pressure compressor, bearing
male high-pressure compressor, and bearing female high-pressure compressor. Each male and
female compressor collection data on the drive end and non-drive end bearing positions.
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Fig. 1. Research Flow Chart
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Load Route is the process of sending domain data and configuration analysis setup for the process
of retrieving vibration data of electric motors on inboard motors and outboard motors. Dump data
is the process of sending data after vibration measurements are made and stored in the machine
vibration analysis software.

Testing the pipe flow model is carried out by simulating the model using computational fluid
dynamics software. Data analysis is obtained from pipe flow testing with several input flows with a
fixed output. Then look at the flow and pressure that goes to the standby equipment as a parameter
to analyze.

3. Case Study
3.1 Equipment Vibration Data

Table 1 show the condition of the compressor has high vibration with the following maximum
data. The first compressor is a maximum overall of 9,813 mm / s RMS, the second compressor is a
maximum overall of 7,439 mm / s RMS, the third compressor is a maximum overall of 7,430 mm /s
RMS, the fourth compressor is a maximum overall of 13.47 mm / s RMS, and the fifth compressor
overall, 13,220 mm / s RMS. Based on the recommended standards for compressors, the maximum
upper limit of the vibration value is 12 mm / s RMS.

Table 1

Compressor vibration data value

1st Compressor Valve System 2nd Compressor Valve System

Compressor 1 Compressor2  Compressor3  Compressor4  Compressor 5
Point mm/s Point mm/s Point mm/s Point mm/s POINT mm/s

RMS RMS RMS RMS RMS
CiH 4921 C1H 3.374 Ci1H 7.322 C1H 15.4 CiH 5.128
Civ 3.09 C1v 3.89 C1v 3.469 C1V 7.071 C1Vv 4.368
C1A 4871 C1A 3.528 Ci1A 6.127 C1A 8.715 C1A 5.596

C2H 8.666 C2H 2.85 C2H - C2H 12.7 C2H 9.485
Cc2v 6.167 C2v 4374 C2V - c2v 11.37 C2Vv 8.662
C2A 7.214 C2A 4.153 C2A - C2A 8.176 C2A 7.395

C3H 6.682 C3H 5.975 C3H 7.021 C3H 5.501 C3H 3.836
Cc3v 6.814 C3V 4988 C3V 4.255 C3V 6.003 C3V 5.278
C3A 8.051 C3A 3.308 C3A 7.43 C3A 8.202 C3A 5.178

C4H 7.925 C4H 6.097 C4H - C4H 8.557 C4H 12.07
cav 7.097 C4v 4472 C4V - cav 7.791 C4av 6.038
C4A 7.783 C4A 3.274 C4A - C4A 10.2 C4A 5.946

C5H 6.582 C5H 2.938 C5H 4.624 C5H 14.97 C5H 13.22
C5v 6.741 C5V 2.822 C5V 3.868 C5V 12.58 C5V 6.779
C5A 5.698 C5A 2.945 C5A 3.319 C5A 13.47 C5A 8.802

C7H 8.18 C7H 6.424 C7H - C7H 7.386 C7H 8.857
c7v 4549 C7V 6.788 C7V - c7v 5911 C7V 7.402
C7A 5.438 C7A 4.232 C7A - C7A 7.945 C7A 6.01

C8H 5.197 C8H 5.97 C8H 5.061 C8H 6.261 C8H 10.88
c8v 6.858 C8V 7.439 C8V 5.192 C8V 6.417 C8V 7.401
C8A 9.813 C8A 2.959 C8A 5.427 C8A 9.449 C8A 3.631

In the following data, the spectrum display combines the x-axis as frequency and the y-axis as
amplitude. The frequency itself will later use as a tool to detect the mechanical movement of the
compressor system. While the amplitude determines how much the vibrational motion of the
mechanical compressor system is between its parts. Machine vibration has several general terms
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including amplitude, frequency, spectrum, waveform, and many other terms. Amplitude is a measure
of the magnitude of the force of the vibration, its size can be in the form of displacement (microns or
mils), velocity (mm/s), and acceleration (G's or mm/s?). Frequency is the number of movements or
cycles in a certain time span. Frequency units include revolutions per minute (RPM), revolutions per
second (Hz). The waveform is a graph of the movement of components with the y-axis as amplitude
and the x-axis as time. The last is the spectrum which is the result of the Fast Fourier Transform
calculation of the waveform and produces a graph of the ratio of the amplitude (y-axis) and frequency
(x-axis). The spectrum in the data below has the y-axis as the amplitude with the unit used is mm/s
RMS, while the x-axis shows the frequency in Hz. Several parameters that must be set to process
analog signals into digital signals include the maximum frequency, the number of lines, and several
other parameters.

Figure 2 shows cascade view of the velocity spectrum of vibration on compressor 1 in the piping
system one has a dominant screw pass frequency in the low-pressure compressor. Screw pass
frequency captured at 416.6 Hz (16.84 Order) and highest screw pass frequency amplitude 6.449
mm/s RMS. It is acceptable condition from compressor vibration standard.
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Fig. 2. Low-Pressure Compressor 1

Figure 3 shows cascade view of the velocity spectrum of vibration on compressor 1 in the piping
system one has a dominant screw pass frequency in the high pass compressor. Screw pass frequency
captured at 416.66 Hz (16.81 Order) and highest screw pass frequency amplitude 3.820 mm/s RMS.
It is acceptable condition from compressor vibration standard.
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Fig. 3. High-Pressure Compressor 1
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Figure 4 shows cascade view of the velocity spectrum of vibration on compressor 2 in the piping
system one has a dominant screw pass frequency in the low-pressure compressor. Screw pass
frequency captured at 416.66 Hz (16.67 Order) and highest amplitude 6.449 mm/s RMS. It is
acceptable condition from compressor vibration standard.
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Fig. 4. Low-Pressure Compressor 2

Figure 5 shows cascade view of the velocity spectrum of vibration on compressor 2 in the piping
system one has a dominant screw pass frequency in the high pass compressor. Screw pass frequency
captured at 416.6 Hz (16.84 Order) and highest amplitude 3.274 mm/s RMS. It is acceptable condition
from compressor vibration standard.
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Fig. 5. High-Pressure Compressor 2

Figure 6 shows cascade view of the velocity spectrum of vibration on compressor 3, piping system
two, which has a dominant screw pass frequency in the low-pressure compressor. Screw pass
frequency captured at 453.63 Hz (18.64 Order) and highest amplitude 1.184 mm/s RMS. It is
acceptable condition from compressor vibration standard.
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Fig. 6. Low-Pressure Compressor 3
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Figure 7 shows cascade view of the velocity spectrum of vibration on compressor 3, piping system
two, which has a dominant screw pass frequency in the high pass compressor. Screw pass frequency
captured at 453.63 Hz (18.34 Order) and highest amplitude 3.944 mm/s RMS. It is acceptable
condition from compressor vibration standard.
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Fig. 7. High-Pressure Compressor 3
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Figure 8 shows cascade view of the velocity spectrum of vibration on the compressor 4, piping
system two has a dominant screw pass frequency in the low-pressure compressor. Screw pass
frequency captured at 452.29.6 Hz (17.96 Order) and highest amplitude 2.108 mm/s RMS. It is
acceptable condition from compressor vibration standard.
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RMS Velocity in mm/Sec
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Fig. 8. Low-Pressure Compressor 4

Figure 9 shows cascade view of the velocity spectrum of vibration on the compressor 4, piping
system two has a dominant screw pass frequency in the high pass compressor. Screw pass frequency
captured at 452.29 Hz (17.95 Order) and highest amplitude 4.966 mm/s RMS. It is acceptable
condition from compressor vibration standard.
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Fig. 9. High-Pressure Compressor 4
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Figure 10 shows cascade view of the velocity spectrum of vibration on compressor 3, piping
system two has a dominant screw pass frequency in the low-pressure compressor. Screw pass
frequency captured at 454.66 Hz (18.19 Order) and highest amplitude 7.541 mm/s RMS. It is near
limit of compressor vibration standard.
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Fig. 10. Low-Pressure Compressor 5

Figure 11 shows cascade view of the velocity spectrum of vibration on compressor 3, piping
system two has a dominant screw pass frequency in the high pass compressor. Highest frequency
captured at 252.79 Hz (10.11 Order) with amplitude 4.663 mm/s RMS. It is acceptable condition from
compressor vibration standard.
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Fig. 11. High-Pressure Compressor 5

There is no data on the 6th compressor because it has suffered heavy damage and cannot
operate.

4. Numerical Simulation
4.1 CFD Model

The first system has one equipment operating, and one equipment is in standby condition,
compressor first and compressor second. In the second system, two equipment operates;
compressor third and compressor 4th and two equipment standby; compressor fifth and compressor
sixth. The nitrogen compressor comprises two components: an electric motor and two levels of a
compressor, low pressure and high pressure. These two components connect to the bull gear, where
the equipment's condition is in one product package.

There are two systems analyzed shown in Figure 12. The first compressor systems have a
configuration of 2 compressor outputs combined into one with the condition of 1 valve after the
combination of the two compressor outputs.
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Discharge

Fig. 12. 1st Compressor Piping System

Figure 13 shows that the second system has four compressor outputs combined into one with
one valve after combining the four compressor outputs.

Fig. 13. 2nd Compressor Piping System

5. Results and Discussions
5.1 1°t System 2 Compressor, 1 Running

As shown in Figure 14 and Figure 15, the first piping system shows that the first and second
compressors reverse each other when operating or when standby. The flow in the standby
compressor has a higher pressure reaching 10.72 - 11.82 Pa. The picture above shows a backflow that
will later contribute to the lifetime of the equipment due to pressure and condensed gas.
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Fig. 14. 1st Valve System inlet A Pressure Contour Fig. 15. 2nd Valve System inlet B Pressure Contour

5.2 2" System 4 Compressor, 2 Running

As shown in Figure 16 and Figure 17, the second piping system with the third compressor and the
fourth compressor operating. Analyze shows that the pipeline flow to the fifth and sixth compressors

is higher than the gas discharge flow. Pressure under operating conditions as above produces
pressures up to 42.80 Pa.
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Fig. 16. 2nd Piping System 3™ and 4™ Compressor

Fig. 17. 2nd Piping System 3" and 4 Compressor
Running Streamline

Running Contour

As shown in Figure 18 and Figure 19, the second piping system with the third compressor and the
fifth compressor operating. Analyze shows that the pipeline flow to the sixth compressor is higher
than the gas discharge flow. The pressure in the pipeline to the fourth compressor is more stable
with a pressure ranging from 27.77 - 33.22 Pa. Pressure under operating conditions as above
produces the highest pressure on the sixth compressor up to 44.12 Pa.
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As shown in Figure 20 and Figure 21, the second piping system with the third compressor and the
sixth compressor in operation shows that the pipeline flow to all compressors is equal. The pressure
after the third compressor's output experiences a drastic pressure drop because there is a confluence
of two flows so that turbulent flow occurs, resulting in a higher speed. The pressure at each pipeline
to the compressor ranges from 34.27 - 39.40 Pa.
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Running Streamline Running Contour

As shown in Figure 22 and Figure 23, the second piping system with the fourth compressor and
the fifth compressor in operation shows the pipeline flow to all sixth compressors, in the opposite
direction of flow with higher discharge. The pressure after the fourth compressor's output
experiences a drastic drop in pressure because there is a confluence of two flows so that turbulent
flow occurs, resulting in a higher speed. The pressure on the third compressor is relatively more

minor, ranging from 4.4 - 9.78 Pa. The highest pressure in the pipeline to the sixth compressor
reaches 47.32 Pa.
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As shown in Figure 24 and Figure 25, the second piping system with the fourth compressor and
the sixth compressor in operation shows that the pipe flow to all compressors is evenly distributing
in the fourth, fifth, and sixth compressors. The pressure after the fourth compressor's output
experiences a drastic drop in pressure because there is a confluence of two flows so that turbulent
flow occurs, resulting in a higher speed. The pressure on the third compressor is relatively more
minor, ranging from 2.4 - 7.48 Pa. The highest pressure in the pipe flow reaches 42.66 Pa.
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Fig. 24. 2nd Valve System 4% and 6™ Compressor Fig. 25. 2nd Valve System 4™ and 6™ Compressor
Running Streamline Running Contour

As shown in Figure 26 and Figure 27, the second piping system with the fifth compressor and the
sixth compressor in operation shows that the pipeline flow to all compressors is smaller in the third
and fourth compressors. The pressure after the fifth compressor output experiences a drastic drop
in pressure because there is a confluence of two flows, so that flow turbulence occurs, resulting in a
higher speed. The third and fourth compressors' pressure is relatively more minor, ranging from 2.17

- 5.27 Pa. The highest pressure in the pipeline reaches 44.79 Pa, which is at the fifth and sixth
compressors operating.

105



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 88, Issue 1 (2021) 94-108

Velocity Pressure

Streamine 1 ANSYS Contour 1 ANSYS
. 1.030e+001 R18.1 4.479¢+001 R18.1

| q 3.984e+001

3.489e+001

> 2.993e+001

7.727€+000 \\\ | 2.498e+001

: 2.003e+001

| 1.508e+001

| | 1.012e+001

| 5.151e+000 B | ‘ 5.170e+000

| 2.576e+000 -1.464e+001
: i -1.959e+001

" -2.455e+001
' -2.950e+001
0.000e+000 -3.445e+001

[m s*-1] [Pa]

0 1.000 2,000 (m) ‘ﬂ 0 1.000 2.000 (m) >I
—

0.500 1.500 0500 1.500

Fig. 26. 2nd Valve System 5" and 6™ Compressor Fig. 27. 2nd Valve System 5™ and 6™ Compressor
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6. Conclusions

High pressure in the gas flow will cause the gas to compress and possibly condense also give a
high impact on the standby compressor-further experiments related to the possibility of
condensation in this flow system. In the first system, the two compressors are in good condition, but
this does not rule out the possibility that the compressor with longer standby will be damaged more
quickly. While the dual system, four compressors, is in standby condition more quickly to severe
damage, especially at the sixth compressor due to more backflow and pressure to the line.

The recommendation regarding backflow and condensation flow is to add a valve at each
compressor outlet. This recommendation prevents direct pressure to the compressor or the
condensed fluid from the gas flowing and enter the compressor.
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