Numerical Simulation of Fluid Flow Characteristics at Oxygen Gas Tank with Variations Compressibility Values using OpenFOAM
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Abstract. Oxygen gas tank is one application of the decompression tank, which is filled with oxygen with a certain pressure. Oxygen storage tubes is very vital in the health sector, both at the clinic and at the hospital, because most people who are sick or who will undergo surgery in desperate need of clean oxygen. In this study the decompression tank was analyzed using numerical simulation methods using OpenFOAM software. Three different compressibility values of oxygen gas (6.90e-03, 6.90e-04, and 6.90e-05) varied in this study. This is done to find out the results of the pressure distribution and velocity in the tank. From the results of the study with variations in oxygen gas compressibility values, we can know that each compressibility value has different pressure distribution and velocity characteristics even though with the same time and the smaller the compressibility value, the pressure distribution and velocity produced are wider and faster propagating 
Introduction 
In the modern era, the use of decompression tanks in everyday life has grown rapidly. This decompression tank is widely used in the industrial sector, as well as health or medicine sector. Oxygen gas tank is one application of the decompression tank, which in this tank is filled with oxygen with a certain pressure. The use of oxygen storage tank is vitally important to the health of the world, both in the clinic and in the hospital[1]. This oxygen tank is used as a breathing aid when someone is lacking oxygen in the body. The pressure inside the decompression tank, especially oxygen cylinders, can cause corrosion in parts of the outlet when used continuously, and if the pressure is in the decompression tank is too high then the outlet valve or anchoring is not able to withstand the pressure that can cause damage or explosion that is very dangerous when used. In this study a computational fluid dynamics (CFD) is used because of the method has advantages compared to experiments [2] including: time and cost efficient for a new model / design, control experiments that are difficult or very impossible to do then the CFD can be used, to study the system under dangerous conditions experimentally then CFD can do it all. Some studies have used CFD and have been successful, including: [3,4 and 5].
Research on decompression tanks has been carried out by many researchers including research conducted by Lubis Asnawi et.al. [6]. In this study, the strength and volume of expansion of the toroidal tank with an elliptic cross section were analyzed using computational methods with variations in internal pressure. The results of this study indicate that the internal pressure limit is strongly influenced by the ratio of toroidal tank cross sections. Where the limit pressure value will decrease with increasing ratio of toroidal tank cross section. In another study, the character of the pressurized water tank was analyzed by varying the internal pressure using OpenFOAM analyzed by Syamsuri [7]. In this study, the water pressure inside the tank varied with compressibility values 4.54e-06, 4.54e-07, and 4.54e-08. The results of the study show that with increasing compressibility the pressure distribution area produced will be wider and more rapidly spread.
Research on the decompression tank is very dangerous if there is an error when setting the output section, so the research on decompression tank is usually performed by computational methods or numerical simulation. One of the numerical simulation software used is OpenFOAM. The use of OpenFOAM software has many advantages, including that the software is open source status or open to the public so users do not need to buy a license for this software. On the other hand, OpenFOAM is also capable of being used to simulate various turbulence models, simulate multiphase flow and others [8-13]. So that this OpenFOAM software is used in this research.
The aim of this study is to determine the characteristics of the pressure distribution and flow velocity that occur in the tank with variations in compressibility values. In addition, the area around the output pipe is also analyzed to determine the flow and pressure characteristics that occur. 
     
Research methods
To find out the characteristics of the pressure distribution and flow velocity that occur in the tank and the area around the output pipe, the test is done by varying the value of compressibility of 6.90e-03 s2/m2, 6.90e-04 s2/m2, dan 6.90e-05 s2/m2. The fluid used in this study is oxygen gas with density 1.429 kg/m3 at a pressure of 1 bar, while the dynamic viscosity is 1.95e-05 MPa.s. The boundary conditions in this study are also regulated, as well as the nozzle is set as a pressure outlet which P = 0 and the time of data collection used includes t1 = 0.005 s, t2 = 0.0075 s, t3 = 0.01 s. For the initial conditions in this research set with U = 0 m/s dan P = 100 bar. The domain used in this study is displayed in a 2-dimensional form where the domain consists of a tank that has a small pipeline on one side as an outlet as shown in Figure 1. 

Figure 1. Tank specifications with output pipelines
This research was conducted by numerical simulation method using the Computation Fluid Dynamic (CFD) program, OpenFOAM. OpenFoam itself uses C ++ programming language to operate it and to solve problems that exist in this study, it is done with an approach with the Navier-Stokes equation [14, 15].

Result and Discussions
3.1. Validation
Before performing deeper analysis on this study, the validation is done in advance so that the results obtained did not stray too far. In this validation, the compressibility value used is 4.54e-07, The value used to be used for comparison with previous studies that research conducted by Syamsuri [7]. In that research an independent grid test with variations in grids of 184, 244, 309, and 344, and the results of the grid test showed that the grid variations did not have a significant difference in pressure values, and this resulted in the resulting contour pressure having similarity with previous research. This is the basis for making of that research as a benchmark problem. Comparison of the results of the present study with research conducted by references [7] shown in Figure 2. 

Figure 2. Validation of pressure distribution
In Figure 2, a plot of data is obtained from the pressure distribution along the Y axis on the axis  X=  0.075  m. In the figure it can be seen that the highest pressure dominates at the top of the tank, while the lowest pressure dominates at the bottom of the tank. From the Figure data above also formed a pressure distribution pattern along the Y axis on the axis X= 0.075m approaching the same between the current research and the research conducted by Syamsuri. In general, this research has the same results as the research conducted by previous research. Thus the simulations carried out at this time can be declared feasible to carry out simulations with different variations.
3.2. The results of the pressure distribution comparison with variations in compressibility values
The pressure distribution obtained from this study is strongly influenced by the value of the compressibility of the fluid. As shown in figure 3 which in the figure shows the effect of variations in the value of compressibility on the pressure distribution at the time t = 0.005 s, t = 0.0075 s and 
t = 0.01 s. In Figure 3a, it can be seen that with the compressibility value of 6.90e-03, the high pressure area dominates the entire area of the tank at all times tested because the distribution of the pressure distribution is very small. High pressure oxygen gas exits through the output pipe due to the pressure difference between the tanks and the pressure at the end of the output pipe. This can be seen clearly at, when t = 0.01 s, at the end of the pipe the output pressure is lower than the pressure in the tank. In experiments with the compressibility value of 6.90e-04 shown in Figure 3b, indicates that there is a change in pressure contour in the tank. At t = 0.005 s the high pressure area dominates 75% of the entire tank area and only the area close to the output pipe has a low pressure. At t = 0.0075 s the high pressure area dominates 60% of the entire tank area. Whereas at t = 0.01 s the high pressure area dominates 40% of the entire tank area.  From the third time with a value of compressibility 6.90e-04, the lowest pressure lies in the output pipe of the tank. As is the case with the compressibility value of 6.90e-04, the experiment with the compressibility value of 6.90e-05 indicates that of the three data retrieval times, the lowest pressure lies in the output pipe as shown in figure 3c. But at t = 0.005 s the high pressure area dominates 40% of the entire tank area. Whereas when t = 0.0075 s the high pressure area dominates 35% of the entire tank area. But when t = 0.01 s the high pressure area dominates 30% of the entire tank area.

Figure 3. Pressure contours on the decompression tank with variations in the value of compressibility

3.3. Results of comparison of speed distribution with variations in compressibility values
With reference to the Bernoulli equation, which if the pressure increases, the speed will decrease and vice versa as in the results of this study, as shown in Figure 4. The figure shows the effect of variations in the value of compressibility on the speed distribution at time t = 0.005 s, t = 0.0075 s and t = 0.01 s.  In the Fsigure 4a shows that the value compressibility 6.90e-03 shows the change in velocity contours, wherein the output end of the pipe when t = 0.01 s highest speed increase compared to any other time. In experiments with the compressibility value of 6.90e-04 shown in figure 4b, shows that from the third time the data collection is the highest speed in the output pipe which in this area has a low pressure. This is indicated by the measurement data, which at time t = 0.005 s shows that the high speed region propagates by 25% from the tank area to the output, then when t = 0.0075 s the high-speed area propagates 40% of the entire tank area, while when t = 0.01 s the high pressure area propagates 70% of the tank area. Similar to the results obtained with the compressibility value of 6.90e-04, the result of the compressibility value of 6.90e-05 shows a similar result, where the highest velocity region is in the output pipe. But with variations in the compressibility value of 6.90e-05, the high velocity area has a wider area of experiment with compressibility values of 6.90e-04. Which at t = 0.005 s the high speed region propagates by 60% of the tank area. For t = 0.0075 s the high-speed area propagates 65% of the entire tank area. For t = 0.01 s the high pressure area propagates 70% of the tank area. 

Figure 4. Speed contours on the decompression tank with variations in the value of compressibility

Conclusions
From the results of data simulations carried out to determine the phenomenon and characteristics of pressure distribution and speed of the decompression tank with Oxygen fluid, it can be concluded that:
Each compressibility value has different pressure distribution and speed characteristics even at the same time.
With the compressibility value of 6.90e-05 the pressure distribution and the resulting velocity are wider and faster propagating than the compressibility values of 6.90e-03 and 6.90e-04.
The highest speed distribution occurs in the output pipe but the distribution of pressure is low at each compressibility value.
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