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ABSTRACT  ARTICLE INFO 

Fiber Bragg grating (FBG) is an optical sensor component that has better 
performance than other optical and electronic components. FBG has a 
very high sensitivity to changes in temperature and strain, is small in 
size, and is resistant to electromagnetic wave interference and 
multiplexing. In this study, FBG is used to monitor the fluid flow rate in 
a pipe by analyzing changes in the output power generated by the FBG. 
This research was designed by varying the pipe diameter, measurement 
position, and fluid flow rate. The diameters of the pipes used are 5.95, 
7.01, 8.79, and 10.32 mm. The fluid flow rate that passes through each 
pipe is also varied. The measuring position is placed at 1/3 2/3, and 3/3 
pipe diameter. The fluid flow rate and the output power generated by 
this FBG are measured using an anemometer and optical power meter 
respectively. The FBG used in this study has a center wavelength of 1310 
nm and 1550 nm. In this study, the value of power generated from pipe 1 
of position 1 FBG with a wavelength of 1550 nm is 15.1 dBm, while at a 
wavelength of 1310 nm is -26.23 dBm which indicates that the power 
generated from FBG with a wavelength of 1310 is the biggest. The speeds 
obtained at pipe position 1 from the anemometer measurements are 
0.79, 1, 1.82, and 2.22 m/s which are directly proportional to the power 
generated at the 1550 wavelength FBG, -15.1, -15.12, -15.47, and -15.43 
dBm, respectively. So it can be concluded that the greater the speed 
generated by the fluid flow, the greater the power generated. 

 Article history: 

Received Sep 7, 2023 
Revised Oct 14, 2023 
Accepted Oct 21, 2023 

Keywords: 

Fiber Bragg Grating 
Fluid Flow 
Sensor 
Speed 

This is an open access 
article under the CC BY 
license. 

 

* Corresponding Author 
E-mail address: saktioto@lecturer.unri.ac.id 

1. INTRODUCTION 

In the oil and gas industry, technology is needed that can monitor the speed of fluid flow in 

pipes and can also monitor problems that occur in pipes [1]. Oil and gas pipelines experience problems 

such as gas leaks [2], blocked flow [3], and other problems that can disrupt fluid flow in the pipe [4]. 

Because of this problem, fiber optic technology, especially fiber Bragg gratings (FBG), can be used as 

an alternative solution in monitoring fluid flow conditions in gas pipes. FBG sensors can detect 

temperature [5] and strain [6] for even very small changes. Apart from that, FBG also has advantages 

such as small size [7], resistance to electromagnetic interference [8], multiplexing [9], long-distance 

sensing [10], very sensitivity to environmental changes [11], and very fast sensing when compared to 

electronic sensors [12] 

Several researchers have developed FBG sensors for many applications such as simultaneous 

temperature and strain sensing [13, 14], high temperature sensing [15, 16], extreme weather sensing 

[17], cryogenic temperature sensing [18 ], and sensing for biomedical applications [19]. in processing 

FBG signals it has also been reported by many researchers to provide sensitive and accurate optical 

signals such as providing an apodization profile on the FBG [20-22]. apodization is a technique to 
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narrow the full-width half maximum and also increase the difference between sidelobe left and 

sidelobe right [23]. 

FBG consists of a core, cladding and usually also coated with a coating [24-26]. What 

differentiates FBG from ordinary fiber is the presence of a lattice whose refractive index changes 

periodically. FBG lattices also have many sizes such as slanted lattices, chirps, superstructures, etc 

[27-29]. The use of FBG as a sensor has been widely reported by many researchers, but very few have 

applied it to fluid flow. Changes in fluid flow that are not uniform make it difficult to determine the 

characteristics of the resulting optical signal [30-32]. 

In this paper, experiments were carried out to determine the characteristics of the output signal 

produced by the FBG due to changes in fluid flow speed. The fluid flow speed is measured using an 

anemometer and then a hole is made in the pipe to insert the FBG inside. Next, the output power 

results are measured using an optical power meter (OPM). 

2. LITERATURE REVIEW 

Optical fiber is a light transmission medium whose constituent material is glass or plastic. 

Optical fibers have various diameters, consisting of a core and a cladding. Optical fibers are used in 

many applications such as optical communications, optical sensors, and optical monitoring. An 

American scientist was the first to introduce optical fiber with the name Charles Kao, in his 

extraordinary discovery he received the Nobel Prize in Physics in 2009. Since the discovery of optical 

fiber, developments in the world of telecommunications have experienced very rapid developments 

starting from alternative uses of materials and uses. in all scientific fields [20]. 

Optical fibers are composed of a coating, core, and cladding with different refractive indices. 

The refractive index of the core has a value greater than the refractive index of the sheath so light is 

always reflected in the core and light refraction does not occur. As in Figure 1 below, the structure of 

an optical fiber is shown [21]. 

  

 
Figure 1. Optical fiber structure 

 

This jacket layer functions to protect the optical fiber from external pressure and also protects it 

from damage. Apart from that, the jacket also functions to reduce light coming out of the core and 

sheath into the surrounding environment. This part is not involved in the process of transmitting light 

which is an electromagnetic wave. The core is a vital part of an optical fiber. Most of the light is 

transmitted through this layer. The core is made of plastic or glass materials such as silica (SiO2), 

Topaz cyclic olefin copolymer [20], and others. The fiber optic core has a diameter of about 8 to 200 

µm. and a refractive index that is greater than the refractive index of the sheath. The sheath is a layer 

that covers the core with a lower refractive index compared to the core. The function of the sheath is to 

reflect electromagnetic waves which limit light from escaping into the environment [22]. 

Approximately, the layer of this casing can be made of glass or plastic material which has a 

lower refractive index than the core refractive index. The sheath has a diameter of over 250 – 400 µm. 

Based on the mode, optical fiber can be divided into 2, namely single-mode fiber (SMF) and multiple 

mode (multimode fiber). SMF has one mode which has a core diameter of around 8 µm to 12 µm and 

a sleeve diameter of 125 µm. SMF has a small distribution time and fewer losses compared to other 

types of distribution. This SMF can only transmit signals in one mode because it only transmits signals 

in the main mode to prevent chromatic dispersion [23]. Multimode fiber has a cable core of around 50 

to 200 µm, using a wavelength of 850 or 1300 nm. It is called multi-mode because this type of optical 

fiber allows hundreds of modes of light to be spread through the fiber simultaneously. This type of 

fiber usually has poor transmission performance, narrow bandwidth, and small transmission capacity. 
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2.1. Development of Optical Fiber 

As time goes by, the development of fiber optics begins to be seen, from those initially used 

only in the field of telecommunications but can also be used as sensors known as fiber optic sensors, 

fiber optic sensors can be grouped into extrinsic fiber optic sensors, intrinsic fiber optic sensors and 

evanescent sensors which in general The working principle of a fiber optic sensor is that the nature of 

the optical fiber is photoelastic so it is very sensitive to changes in the environment. The quantities that 

can usually be measured in a fiber optic sensor are strain and temperature [20]. 

 

2.1. FBG 

FBG is an optical fiber with a refractive index that changes periodically due to the presence of a 

grating at a certain distance. This is because the optical fiber is photosensitive, that is, the refractive 

index of the core can change with exposure to ultraviolet light which is large enough. The basic 

material in manufacturing FBG is germanium. The following Figure 2 shows the schematic of an 

FBG, where the FBG acts like an optical filter, namely reflecting the central wavelength or Bragg 

wavelength and transmitting the rest [21]. 

 

 
Figure 2. Working principles of FBG 

 

FBG has a lattice whose refractive index changes periodically, because of this the FBG can 

reflect certain wavelengths, a working system like this makes FBG used in optical technology, such as 

in optical communications to filter signals for temperature and strain monitoring. 

3. RESEARCH METHODS 

In the initial stages of the research, clamps and stands were prepared to support the pipe and 

anemometer so that they remained static. The pipes used are 4 pipes which have different dimensions 

with diameters of 5.95 mm, 7.01 mm, 8.79 mm, and 10.32 mm respectively, and the length of each 

pipe is 1 meter, the pipes are given a small hole in the middle of each pipe which functions to insert 

the FBG into the pipe and adjust its position. Pipe selection is based on the availability of experimental 

equipment and is also adjusted to the dimensions of the FBG that will be associated with the tool. 

In this hole, the FBG is inserted by making a notch right on the FBG and then covering it again 

with paper tape, one end of the FBG will be attached to a laser and the other end will be attached to an 

OPM to determine the laser output power. This system will later be varied based on fluid speed, 

position of the FBG, and type of FBG. At the base of the pipe, fluid will flow which will be assisted 

by an air pump, and at the other end of the pipe, an anemometer will be attached to measure the speed 

of the fluid. 

After the system is designed and implemented. OPM is used to measure the output power of 

each variation, such as different speeds and different positions. and the OPM will display the output 

power for each different speed and the output power for different positions will be measured. The 

FBG outputs power for 3 different positions on the pipe and 4 air speeds on the FBG. From this data, 

you will be able to see a graph of the FBG output power for a certain position and speed. 
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4. RESULTS AND DISCUSSIONS 

Pipe 1 has a diameter of 5.95 mm, and is the smallest pipe diameter among the other pipes. On 

pipe 1, four-speed variations were measured, respectively, the speed results obtained by the 

anemometer were 0.79 m/s, 1 m/s, 1.82 m/s, and 2.22 m/s. When measuring speed variations, power 

monitoring is carried out at 3 positions, after being exposed to laser light with a power of 1 mW on 

Pipe 1 for 3 different positions, the output power for the FBG is obtained with a wavelength of 1310 

nm and 1550 nm in Figure 3. experiments were carried out by ensuring the same speed for different 

positions and pipes. The output power is measured using OPM. The distribution of output power 

produced in pipe 1 for 2 different positions can be seen in Figure 3. 
 

 
FBG 1310 nm 

 
FBG 1550 nm 

(a) Pipe 1 Position 1 diameter 5.95 mm 

 
FBG 1310 nm 

 
FBG 1550 nm 

(b) Pipe 1 Position 2 diameter 5.95 mm 

 
FBG 1310 nm 

 
FBG 1550 nm 

(c) Pipe 1 Position 3 diameter 5.95 mm 
 

Figure 3. Output power for pipe 1: (a) position 1; (b) position 2; and (c) position 3 
 

Figure 3 (a) on pipe position 1 which forms a graph of the comparison of ΔP to v, shows that 

the faster the speed produced by the fluid, the greater the power produced by the FBG on pipe 1 

position 1. The resulting power data is -15.43 dBm at a speed of 2.22 m/s The speed obtained is based 

on the fluid from the pump which is getting bigger due to the small dimensions of the pipe. In contrast 

to the power produced from a wavelength of 1550 nm at a wavelength of 1310 nm the power is less 

constant, this condition can be seen in the table where at speeds of 0.79 m/s, 1.82 m/s, and 2.22 m/s we 
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get the same power is -26.23 dBm and at a speed of 1 m/s, the power is -26.72 dBm. When the 

experiment was carried out the FBG was less responsive to the given speed. 

In Figure 3 (b) in pipe position 2 which forms almost the same graph, all the power is produced 

from a wavelength of 1310 nm with different speeds at a speed of 1.22 m/s the power produced by the 

FBG is -26.16 dBm while for The other 3 speeds get a power of -26.17 dBm, respectively, the speeds 

obtained are 1.55m/s, 2.14 m/s, and 2.41 m/s. In the process of fluid speed, the power value produced 

is not much different, causing a very slight comparison, but if rounded to two decimal places after the 

comma it becomes the same value. At a wavelength of 1550, the power obtained significantly 

increases when the speed also increases. Based on the image above, the speed and power obtained are 

a speed of 1.22 m/s with a power of -15.25 dBm, then 1.55 m/s with a power of -15.34 dBm, 2.14 m/s 

with power of -15.31 dBm, and 2.41 m/s with power of -15.33 dBm. 

Furthermore, in Figure 3 (c), precisely at position 3 at the base of the pipe there is no different 

value from position 1 at the end of the pipe because the pipe is cylindrical. When the pipe is rotated 

there is no significant difference in position of the pipe. This is the same situation at these two 

wavelengths and there is a significant difference in the power produced because the power 

determination is different from that carried out in this experiment due to the FBG being less stable. 

5. CONCLUSION 

After conducting a study and analysis of the data from the research conducted, it can be 

concluded that the speed produced by the fluid flow in the cylinder tube affects the power value 

obtained in the FBG with speeds of 0.79 m/s, 1 m/s, 1.82 m /s, and 2.22 m/s affect the FBG with a 

wavelength of 1550 nm by -15.1 dBm, -15.12 dBm, -15.47 dBm and -15.43 dBm and this also 

indicates that the greater the speed value the greater the power produced. 
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