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Improvement of the experimental separation-condensation unit for drying compressed air using throttle devices
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Abstract ( The paper proposes the improvement of an experimental installation for drying compressed air based on throttle devices. The goal is to achieve a stable mode of heat exchange between two heat carriers and to achieve the dew point of the compressed air quality to the level of the 4th class according to ISO 8573-1:2010.
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Introduction
In modern industrial production, the most common source of energy for powering pneumatic equipment and tools is compressed air [1]. Compressed air is also very often part of the technological process of transporting loose materials, abrasive surface treatment, cooling of cutting tools and cutting zones on metalworking machines, blowing and cooling of various types of semi-finished products. Compressed air is produced using various types of compressor equipment, which is considered a relatively simple and safe process compared to other types of energy sources. The ability to accumulate, store in high-pressure tanks and transport with the help of pipeline systems over considerable distances also give compressed air significant advantages in industrial applications [2].
The compressed air after the compressor is warm and contains a significant amount of moisture, the level of which depends on the temperature and relative humidity of the surrounding air. In pneumatic pipelines, compressed air gradually cools, which is accompanied by the release of a large amount of condensate, which is harmful to the technical condition of pneumatic equipment, and also spoils or changes the chemical state of products/raw materials with which it comes in contact [3]. Therefore, in addition to basic parameters such as volume flow and pressure, compressed air must meet the established standards that are defined for certain types of equipment or technological process.
The quality of compressed air is usually classified according to the international standard ISO 8573-1:2010 [4]. This standard provides for 6 quality classes corresponding to a certain level of compressed air humidity and regulated by the dew point temperature. The lower the humidity level and, accordingly, the lower the dew point temperature, the higher the quality class of compressed air.
To remove moisture from compressed air in modern production processes, special equipment is used, which includes cyclone separators, air aftercoolers, refrigeration type dryers, membrane dryers, as well as adsorption dryers with cold or hot regeneration [5]. The use of one or another equipment for drying compressed air depends on technological requirements or economic feasibility. Most industries use refrigeration type dryers, which allow to obtain compressed air of the 4th class in terms of humidity level, which ensures a dew point temperature of +3 °C.
Refrigeration type dryers use the principle of cooling compressed air with the subsequent process of condensation of water vapor and its transformation into a liquid, which is removed from the pneumatic system using cyclone separators. However, the main disadvantages of this type of dehumidifiers include the use of ozonating refrigerants R134 or R404 [6].
In the article [7], the authors proposed a model for drying compressed air based on the principle of a refrigeration type dryer, but instead of gas refrigerants, it is suggested to use cooled compressed air with a temperature below 273K as a coolant. To implement the process of reducing the temperature of compressed air below 0℃, the Joule-Thompson method was used, which allows you to reduce the temperature of the gas during its adiabatic expansion, or throttling. An ordinary ball valve was used as a throttle. The authors managed to achieve a short-term decrease in the temperature of the auxiliary compressed air flow after the throttle to a temperature of -18.8°C, and the temperature of the main compressed air flow after the heat exchange process briefly decreased to the level of +6.8℃, which is close to the temperature values that are reached in conventional refrigerating type dryers.
But the presented method of cooling and drying the compressed air needs to be refined, as the expansion is short-term and cannot be used for a long-term process. Therefore, it is necessary to improve the test stand by replacing the throttle with a device that will allow to receive a constant flow of cooling air with a temperature below 0°C.
In the presented paper, it is suggested to use the Rank-Hildsch tube as an expansion device [8]. It is expected that such refinement will allow reaching a stable mode of heat exchange in a plate heat exchanger between two heat carriers, and ultimately determine the optimal modes for obtaining the desired temperature of +3°C, which will allow to ensure the quality of compressed air at the level of the 4th class according to the standard DIN ISO 8573- 1.
Research Methodology
The authors in the article [7] proposed to modernize the refrigerating dryer, but instead of gas refrigerants, they used cooled compressed air, as a cooling coolant, with a temperature below 0℃. To implement the process of reducing the temperature of compressed air below 0℃, the method of cooling compressed air using the Joule-Thompson effect was used, which allows reducing the temperature of the gas during its adiabatic expansion, or throttling.
The developed experimental stand is presented in Fig. 1 [7], which operates from two screw compressors.
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Fig.1. Scheme of the test bench (1—screw compressor WAN-NK60; 2—screw compressor CompAir START-031; 3—vertical receiver РВ 300.600; 4—ball valve 1 ½”; 5—plate heat exchanger FUNKE TPL 01-K-60-22); 6—microprocessor controller COMCONT-M.
The developed test bench is powered by two screw compressors. The first screw compressor WAN-NK60 (item 1, Fig. 1) is used as the main compressor to supply warm and humid compressed air with the parameters Q = 2.37 m3 /min, P = 6.2 bar, and T3 = 28.8 °C–29.4 °C to the plate heat exchanger (item 5, Fig. 1). The second CompAir START-031 screw compressor (item 2, Fig. 1) is used to fill the receiver (item 3, Fig. 1) with compressed air. The volume flow rate at which the receiver is filled is Q = 2.44 m3 /min. The receiver with a volume of V = 0.33 m3 is filled with compressed air to a pressure of P2 = 0.906 MPa, and the air temperature in the receivers is T = 26 °C.
After that, the ball valve is fully opened (item 4, Fig. 1) and the compressed air leaves the receiver, throttled and cooled to a temperature T2. In the heat exchanger, heat is exchanged between the compressed air T3 and the cooled air T2. At the outlet of the heat exchanger, the reduced temperature of the main compressed air stream T1 is obtained. All parameters of T1, T2, T3, T4, and P2 are recorded by the COMCONT-M microprocessor controller and stored in an Excel table [7].
The result of the experiment, on the above-described stand, was that it was possible to briefly reduce the temperature of the air after the throttle T2 to −18.8 °C, which in turn contributed to the decrease of the temperature T1 to +6.8 °C, this temperature was in temperature range of compressed air provided by refrigeration dryers with refrigerants R134 or R404. But such a result was achieved only due to the rapid reset of the entire volume of compressed air from the receiver and the drop in the air pressure P2 in the receiver to a value of 0.041 MPa.
Air expansion during the experiment was short-lived and depended on the volume of compressed air in the air receiver. After the air pressure in the receiver dropped to atmospheric pressure, the throttling process no longer occurred. Therefore, the presented method of cooling and drying compressed air needs improvement to achieve a stable heat exchange regime in a plate heat exchanger between two heat carriers.
The improvement of the test bench is offered by replacing the ball valve, which performs the function of a throttle expander, with a Rank-Hildsch vortex tube Fig. 2. A Rank-Hilsch vortex tube is a mechanical device that separates compressed gas into hot and cold streams. The gas exiting the hot end can reach temperatures of 200 °C (390 °F), while the gas exiting the cold end can reach −50 °C (−60 °F).
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Fig.2. Scheme of the test bench with Ranque-Hilsch vortex tube (1—screw compressor with air receiver; 2— pre-cyclone moisture separator; 3— Ranque-Hilsch vortex tube; 4— plate heat exchanger; 5— final cyclone moisture separator.

As can be seen in Fig. 3, the operation of the vortex tube begins with the flow of high-pressure compressed air in a tangential line through the nozzle into the tube, which involves a strong circular motion at high speeds, as well as a centrifugal force. Consequently, there is an expansion of air inside the pipe, which causes a decrease in pressure. This results in a difference in air velocity in the center of the pipe, and the outer edge close to the pipe wall receives a transfer of kinetic energy from the air flow in the center of the pipe to the air flow along the pipe wall. The temperature is reduced by the air flow along the central axis, while the temperature of the air flow along the pipe wall increases, and a layer of thermal energy is separated inside the pipe. In addition, the tube design includes a central hole and a cone-shaped valve located at the outlet of the tube, where the hot air is released, causing flows of cooler air in the middle of the tube, which moves back to the central hole, and exits the vortex tube at the opposite end of the flow hot air [9].
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Fig.3. Working principle of a vortex tube.

The use of the Rank-Hildsch vortex tube in the test bench will allow to reach constant temperature regimes of the cooling air flow, and will also allow to stabilize the heat exchange process in the middle of the plate heat exchanger. Further experiments will consist in changing the parameters of the compressed air that will pass through the vortex tube, namely, the change in air flow per unit of time and the change in air pressure at the entrance to the vortex tube, as well as the adjustment of the cone-shaped valve of the vortex tube to change the temperature and air flow on the outlet side cold air. These actions will allow changing the temperature modes of heat exchange between the main flow of compressed air after the compressor and the flow of cooling air after the vortex tube. The result should be finding the optimal ratio of temperature, pressure and flow of compressed air after the compressor and air after the vortex tube to obtain a dew point temperature of compressed air at the level of +3°C, which will ensure the quality of compressed air at the level of the 4th class according to the DIN standard ISO 8573-1.
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Conclusion

This paper presents the concept of modernizing the compressed airdrying model using throttle expanders. The improvement of the test bench is offered by replacing the ball valve, which performs the function of a throttle expander, with a Rank-Hildsch vortex tube. It is expected that such refinement will allow reaching a stable mode of heat exchange in a plate heat exchanger between two heat carriers, and ultimately determine the optimal modes for obtaining the desired temperature of the dew point at the level of +3°C, which can ensure the quality of compressed air at the level of the 4th class according to ISO 8573-1:2010. The purpose of this article was to describe the further actions that will be taken to achieve the implementation of the compressed airdrying model based on the principle of a refrigeration dryer, but without the use of environmentally harmful gas refrigerants R134 or R404.
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