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Hotspot related problem can be detrimental to Sulphur Recovery Unit (SRU) material 
lifespan. One of the causes of the hotspot is susceptible high vibration level of multi 
components in SRU. In this project, the vibration level of the sulphur recovery unit was 
experimentally measured.  The main objective of the measurement is to technically 
assessed the unit for maintenance management purpose. Two types of measurements 
were performed. Firstly, bump tests were conducted to accurately determine the 
natural frequency of the oxygen intake pipeline. Secondly, the vibration level is then 
mapped to various components in the system according to the process conditions. By 
analysing this map, the correlation between the vibration levels, natural frequency and 
process conditions that can cause excessive vibration of the SRU can be specifically 
verified.  
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1. Introduction 
 

In oil refining process, there are various method developed for removing acidic gases. Hydrogen 
Sulphide (H2S) and Carbon Dioxide (CO2) are the examples of the acid gases that are generated in 
large quantities from the results of desulphurization of natural gas [1,2]. Meanwhile, a small 
quantities of impurities such as N2, NH3, CS2, COS and hydrocarbons are also derived from these gases 
[3]. H2S and CO2 can be converted into syngas in order to remove these acidic gases. The element of 
sulphur from these acid gases can be recovered by various methods such as direct oxidation, Unisulf, 
Takahax, Selectox and Claus process [4,5]. Claus process generally is the most popular method to 
maximize the elemental sulphur production from acid gases [6].  

Sulphur Recovery Unit (SRU) is the most commonly utilized in the relevant oil and gas industry to 
process acid gases in the natural gas processing units [1]. The acid gas that is Hydrogen Sulphide (H2S) 
is sent to SRU to produce elemental sulphur [7,8]. The main components of SRU are a burner, a 
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reaction furnace, a waste heat boiler (WHB) and a train of sulphur condensers. In SRU, the stream of 
acid gas at specified pressure is supplied to the reaction furnace burner together with the correct 
ratio of air. The function of this stream of air is to oxidize the feed of contaminates. Then, the acid 

gases will be combusted at temperatures ranging from 975 to 1300 C in the reaction furnace [9]. 
Combustion noise and vibration can be detrimental to engines, reactors and combustors lifespan. 

Among key factors that affects the combustion noise and characteristics are the heat release rate 
(HRR) and combustion duration [10-14]. In this research, the vibrational level for two Sulphur 
Recovery Units (SRU) were experimentally examined. The first SRU is referred as SRU Train-1 while 
the latter is named as SRU Train-2. Generally, the geometry of the SRU is shown in Figure 1. Prior to 
the measurement, Computational Fluid Dynamics (CFD) simulations were performed to provide 
overall condition of combustion and air velocity inside the SRU. The sample of results is shown in 
Figure 2. In this project, two types of measurements were performed. Firstly, the bump test was 
conducted to accurately determine the natural frequency of the oxygen intake pipeline. Secondly, 
the vibration level is then mapped to various components in the system according to the process 
conditions. The main objective of the measurement is to technically assessed the unit for 
maintenance management purpose. It is widely known that vibration-based fault diagnosis played a 
critical role in preventive maintenance of important machineries [15].  
 

 
 

Fig. 1. Image of Sulphur Recovery Unit 
 

 
 

Fig. 2. Computational Fluid Dynamics (CFD) simulation results 
of velocity contour of the SRU  
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2. Research Methodology 
2.1 Process Conditions 
 

The process load was varied in order to observe the vibration level on each load. The load of each 
train was set to 80, 110, 130 and 153 Metric Tonnes per Day (MTD). It is observed that the intake 
oxygen is direct relationship with the set load as depicted in Figure 3. 

 

 
Fig. 3. Process load with respect to the oxygen flow mass for two trains 

 
2.2 Experimental Setup 
 

Three units of ICP 100 mV/g CTC industrial accelerometers were utilized to record the vibration 
amplitude. The conversion of analog to digital signal was performed using VABBIT PRO MDS 2124 XT 
4-channel data acquisition system. For the bump test, ICP 0.25 mV/N Dytran Impulse Hammer was 
used while to measure  the noise level,  ICP 50.7 mV/Pa ROGA Instrument Microphone was utilized. 
The overall value and the vibration level in frequency spectrum was measured in root mean square 
(RMS) velocity unit (mm/s) while the frequency range was set from 0 to 400 Hz. The line resolution 
was set at 1600 lines (frequency solution of 0.25 Hz) with hanning windowing type. The data was 
averaged with ten linear averages. 
 
2.3 Measurement Locations 
 

Three main locations were measured. These locations are the oxygen intake pipe, combustion 
chamber and surrounding machineries (air supply pump and SRU downstream incinerator). The 
following tri-axial coordinate system has been used during the measurement. 

 
i. X- Horizontal, Perpendicular to the combustion vessel 
ii. Y- Vertical, Perpendicular to the combustion vessel (in line with gravity) 
iii. Z- Axial, Parallel to the combustion vessel 
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Particularly, for the oxygen intake pipe (and other pipes), the agreement for the coordinate is as 
follows 
 

i. X- Horizontal, Perpendicular to oxygen flow 
ii. Y- Vertical, Perpendicular to oxygen flow 

 
For ease of use, if one is facing the pipe, the x-axis is directed perpendicular to the height of the 

observer. This view is also parallel with the flow of the pipe. For the vertical pipe, both x- and y-axis 
were directed towards the radius of the pipe, which is still perpendicular to the flow. Figure 4 
illustrates the axis of measurement at the pipes while Figure 5 and Figure 6 shows the location of the 
measurements.  

Fig. 4. Axis of measurement at the pipes 

 
Fig. 5. Location of measurement at the oxygen intake pipe 
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Fig. 6. Location of measurement at the combustion chamber and vessel 

 
3. Results and Discussions 
3.1 Vibration level of Oxygen Intake Pipe 
 

Meanwhile, Figure 7 shows the overall vibration amplitude along the oxygen intake pipe in radial 
directions (x and y axes) for different process loads at SRU Train 1. It can be obviously seen that high 
vibration (> 10 mm/s) occurs at process load of 130 and 153 MTD (both processes had similar 
vibration level). Below these loads that are 80 MTD and 100 MTD respectively, the vibration was 
relatively low. The x-direction recorded greater vibration amplitude than the y-direction. At SRU Train 
2 the vibration amplitudes were lower than those at SRU Train 1 as seen in Figure 8. However, the 
greatest amplitude was recorded at the lowest process load, which is 80 MTD. The vibration of the 
pipe at this process load was observed to be intermittent, where the pipe had relatively low vibration 
at certain time range, and then followed by high vibration excitation also at certain time range. This 
event was repeated at irregular time interval. The results shown in in Figure 8 was recorded during 
the high vibration. During low vibration, the measured signal was lower than 5 mm/s.  
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Fig. 7. Overall vibration amplitude of the oxygen intake pipe at Train 1 for different process loads 

  

 
Fig. 8. Overall vibration amplitude of the oxygen intake pipe at Train 2 for different process loads 

 

3.2 Overall Vibration of Combustion Chamber and Vessel 
 

Measurement were also taken at some locations on the combustion chamber and vessel. The 
locations of measurement are as shown in Figure 6. Point 1 and 2 were the measurement taken at 
the right-side of the combustion chamber in x-direction while point 3 was taken at the front of the 
chamber at z-direction. Point 4 was measured at the surface of the combustion vessel. The overall 
vibration amplitude are presented in Table 1 and Table 2, respectively. From the results, it can be 
seen that there is consistency with results from oxygen pipe vibration level shown in Figure 7 and 
Figure 8. This consistency suggests that the occurrence of vibration in the chamber results to the 
vibration of the oxygen pipe or vice versa.  
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Table 1 
Overall vibration level (in mm/s) on 
combustion chamber and vessel for SRU 
Train 1 
Point 
No 

80 
MTD 

110 
MTD 

130 
MTD 

153 
MTD 

1x 0.9 0.49 9.3 N/A 
2x 0.6 0.4 N/A N/A 
3z 0.4 0.0 7.35 N/A 
4x 0.0 0.0 0.0 1.6 
4z 0.0 0.0 0.0 0.8 

 
Table 2  
Overall vibration level (in mm/s) on 
combustion chamber and vessel for SRU 
Train 2 
Point 
No 

80 
MTD 

110 
MTD 

150 
MTD 

153 
MTD 

1x 0.9 0.49 9.3 N/A 
2x 0.6 0.4 N/A N/A 
3z 0.4 0.0 7.35 N/A 
4x 0.0 0.0 0.0 1.6 
4z 0.0 0.0 0.0 0.8 

 
3.3 Noise from Combustion Chamber 
 

Measurement of radiated sound pressure (noise) from the combustion chamber was also taken 
to investigate its relation with the measured vibration. The ROGA ICP acoustic microphone was used 
as the sensor. At Train 1, the measurement was conducted with the microphone facing the chamber 
at distance of around 1.5 metre as shown in Figure 9. At Train 2, additional measurement was taken 
at the side of the combustion chamber. The observer was on ground, the sensor was at the height of 
ear with distance around 3 metres. The frequency component of 63 Hz with its harmonics can be 
observed from the measured data, which was also found in the measured vibration data.  

 

 
Fig. 9. Location of acoustic microphone to measure the radiated 
sound pressure from the combustion chamber 
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The sample of the results are presented in Figure 10. This finding suggests that the source of 
vibration is most likely due to the process inside the combustion chamber. The sound pressure 
produced from the inner combustion process excites the body as well as the oxygen pipe, which 
then vibrates these structures with frequency of 63 Hz. 
 

 
 
Fig. 10. Sample measured data of radiated sound pressure at the combustion chamber 
(for Train 1, 130 MTD) 

 
3.4 Measuring Natural Frequencies of Oxygen Pipe 

 
Measurements were performed to determine the natural frequency of the oxygen pipe. The 

purpose of this measurement is to rule out whether the pipe is vibrating at its natural frequency that 
can cause large vibration due to resonance. The sample of the results for the frequency spectrum 
obtained from the bump test at the respected location is shown in Figure 11.  From the obtained 
results, the natural frequencies are mostly at lower frequencies below than 63.5 Hz. Hence, the pipe 
was not vibrating at its natural frequency.  
 
4. Conclusions 

 
At high process load of 130 and 160 MTD, the level of vibration of the oxygen intake pipe at Train 

1 was significantly greater compared to those at Train 2. At lower process loads of 80 and 110 MTD, 
Train 1 has lower vibration level than Train 2. For both trains, the vibration is dominant in x-direction. 
At Train 2, irregular event of large vibrations was recorded at low process load of 80 MTD. Across the 
measurement points and with different process loads, the main frequency of vibration was at 63.5 
Hz followed by the harmonics. This frequency component was not found in Train 1 for loads 80 and 
110 MTD. The combustion chamber exhibited vibration level which was consistent with the vibration 
of the oxygen pipe (large vibration of pipe recorded large vibration at the chamber body). 
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Fig. 11. Sample of the results for the measured spectra (bump test) 

 
  
The same component of 63.5 Hz was also recorded at both x- and z-axis. Low vibration level was 

recorded at the combustion vessel. Apart from that, the measurement data of the radiated noise 
from the combustion chamber reveals the frequency component of 63.5 Hz. This is the frequency of 
the sound pressure resulting from the combustion, which indicates the source of vibration is most 
likely comes from the burning process inside the chamber. This frequency might coincide with the 
acoustic mode of the chamber or the natural frequency of the chamber structure that excite the body 
of the chamber, where the vibration energy is then transferred to the oxygen line. This single 
frequency dominant vibration in the furnace is termed as combustion-driven oscillation. The factors 
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that influence the oscillation are the firing rate, fuel type, fuel/air ratio, the acoustic lengths of the 
burner and the vessel, and the acoustic damping [16].  

Lastly, the bump test shows that the main natural frequency of the oxygen pipe are below 63.5 
Hz, indicating that vibration of the oxygen line was not in resonance. However, the ideal bump test 
as well as the frequency response function (FRF) should be conducted when there are no external 
forces in the pipe structure.  
 
Acknowledgement 
The authors gratefully acknowledge the support by Malaysian Refining Company Sdn Bhd and 
Universiti Teknikal Malaysia Melaka (UTeM). 
 
References  
[1] Mahmoodi, Bayazid, Seyyed Hossein Hosseini, Goodarz Ahmadi, and Abhijeet Raj. "CFD simulation of reactor 

furnace of sulfur recovery units by considering kinetics of acid gas (H2S and CO2) destruction." Applied Thermal 
Engineering123 (2017): 699-710.  

[2] Manenti, G., Davide Papasidero, Flavio Manenti, G. Bozzano, and Sauro Pierucci. "Design of SRU thermal reactor 
and waste heat boiler considering recombination reactions." Procedia Engineering 42 (2012): 376-383.  

[3] Ibrahim, Salisu, and Abhijeet Raj. "Kinetic simulation of acid gas (H2S and CO2) destruction for simultaneous syngas 
and sulfur recovery." Industrial & Engineering Chemistry Research55, no. 24 (2016): 6743-6752.  

[4] Zarei, Samane, Hamid Ganji, Maryam Sadi, and Mehdi Rashidzadeh. "Thermo-kinetic modeling and optimization of 
the sulfur recovery unit thermal stage." Applied Thermal Engineering 103 (2016): 1095-1104. 

[5] Cover, A. E., D. A. Hubbard, S. K. Jain, K. V. Shah, P. B. Koneru, and E. W. Wong. "Review of Selected Sulfur Recovery 
Processes for SNG Production." Gas Research Institute, Houston, Texas (1985). 

[6] Groisil, M., S. Ibrahim, A. K. Gupta, and A. AlShoaibi. "Numerical examination of acid gas for syngas and sulfur 
recovery." Energy Procedia 75 (2015): 3066-3070.  

[7] Lins, V. F. C., and E. M. Guimaraes. "Failure of a heat exchanger generated by an excess of SO2 and H2S in the sulfur 
recovery unit of a petroleum refinery." Journal of Loss Prevention in the Process Industries 20, no. 1 (2007): 91-97.  

[8] Lavery, Christopher B., Juan J. Marrugo-Hernandez, Ruohong Sui, Norman I. Dowling, and Robert A. Marriott. "The 
effect of methanol in the first catalytic converter of the Claus sulfur recovery unit." Fuel 238 (2019): 385-393.  

[9] Monnery, Wayne D., William Y. Svrcek, and Leo A. Behie. "Modelling the modified claus process reaction furnace 
and the implications on plant design and recovery." The Canadian Journal of Chemical Engineering 71, no. 5 (1993): 
711-724.  

[10]  Patel, Chetankumar, Avinash Kumar Agarwal, Nachiketa Tiwari, Sanghoon Lee, Chang Sik Lee, and Sungwook Park. 
"Combustion, noise, vibrations and spray characterization for Karanja biodiesel fuelled engine." Applied Thermal 
Engineering 106 (2016): 506-517.  

[11] Satsangi, Dev Prakash, and Nachiketa Tiwari. "Experimental investigation on combustion, noise, vibrations, 
performance and emissions characteristics of diesel/n-butanol blends driven genset engine." Fuel 221 (2018): 44-
60. 

[12] Munir, F.A., Muazzam, M.I., Gader, A., Mikami, Saputro, M. H., Fitriana, L. "Effects of wall thickness on flame 
stabilization limits for combustors with wire mesh." Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences 49, no 1 (2018): 11-17. 

[13] Du, Dahua, Erming He, Daoqiong Huang, and Guangxu Wang. "Intense vibration mechanism analysis and vibration 
control technology for the combustion chamber of a liquid rocket engine." Journal of Sound and Vibration 437 
(2018): 53-67.  

[14] Munir, Fudhail Abdul, and Masato Mikami. "A numerical study of propane-air combustion in meso-scale tube 
combustors with concentric rings." Journal of Thermal Science and Technology 10, no. 1 (2015): JTST0008-
JTST0008. 

[15] Qu, Lei, Yuhe Liao, Jing Lin, and Ming Zhao. "Investigation on the subsynchronous pseudo-vibration of rotating 
machinery." Journal of Sound and Vibration 423 (2018): 340-354. 

[16]  Putnam, Abbott, and Lynn Faulkner. "Overview of Combustion Noise." Journal of energy 7, no. 6 (1983): 458-469. 


