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Short Description

For an axial compressor, to increase the pressure rise per stage, it is necessary to increase the blade speed and provid...



Description


International Journal of Engineering Trends and Technology (IJETT) – Volume 4 Issue 6- June 2013



CFD Analysis of Swept and Leaned Transonic Compressor Rotor Nivin Francis#1, J. Bruce Ralphin Rose*2 #1



Student, Department of Aeronautical Engineering& Regional Centre of Anna University Tirunelveli India *2 Assistant Professor, Department of Aeronautical Engineering& Regional Centre of Anna University Tirunelveli India



Abstract- For an axial compressor, to increase the pressure rise per stage, it is necessary to increase the blade speed and provide high deflection to fluid. Increasing the blade speed springs up the formation of transonic compressor, which has a lot of advantages, such as reduction in weight, cost, and noise etc. The pressure rises in transonic compressor are mostly through shock diffusion. But the shock interacts with phenomenon such as boundary layer, secondary flows, and tip leakage vortex creating instability to the compressor. The shock interaction reduces the efficiency, such that it is lesser than that produced by a subsonic one. The shock interaction, also limits the working range of transonic compressor. So by changing the shock position the stability can be increased. The improvements in compressor performance can be done with several techniques such sweep, lean, casing treatments, air ingestion and bleeding. Several computational and experimental analyses have been done by providing sweep and lean techniques alone and achieved good results. Here sweep and lean in a combined mode is applied on Rotor 35, an experimental model of transonic compressor built by NASA, and analysed computationally. The results are compared and found improvements. Keywords-Transonic compressor, Shock interaction, Sweep and Lean, Boundary layer.



I. INTRODUCTION Transonic compressors are nowadays widely used in aircraft engines to obtain maximum pressure rise per stage. This directly reduces the number stage to achieve the required pressure ratio, indirectly reduce the engine weight, operational cost, investment, etc. Hence recent interests of researchers were to increase the pressure rise per stage without sacrificing the efficiency. For a transonic compressor the static pressure rise is achieved mainly through shock diffusion. The normal shock so formed interacts with various other flows reducing the efficiency of rotor. Hence transonic compressor had been under several types of study and analysis. Several techniques had been developed so far, out of which three-dimensional blading techniques have been used to counter the shock wave losses and secondary losses. The philosophy behind the three dimensional blading techniques were to vary the shock position to reduce the shock interaction losses, but not to avoid shock, as most of the pressure rise occurs due to the presence of shock[1].
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Many research efforts were spent in sweep and lean direction for improvements and many hopeful results can be found in literature. Some success has been claimed for the approach but little has been published. The most detailed results shows that forward sweep produced better results than backward sweep despite the fact that the flow was expected to be less swept relative to the shockwave[2]. But some results shows that the efficiency of conventional, back swept and forward swept fans was very similar with the main differences being that the forward swept fan had better stall margin and the back swept one worse stall margin than the conventional fan[2]. Depending on rotor geometry and operating condition, the shock can develop in different ways. So using sweep and lean blading techniques shock position can be altered, which could reduce shock interaction with various secondary flows and boundary layers. Thus we could optimize a transonic blade shape to provide high pressure rise per stage with better stall margin, without affecting the efficiency. Here we study the aerodynamic impact on the compressor blade of Rotor 35, by giving sweep and lean in combined mode. The new aerodynamic data will be compared with that of the original solution, this will be carried out by analysing in detail the computed flow within the blade passage of the original and the new blades. II. APPROACH Shock development and position depends on rotor geometry and operating condition. Sweep and lean blading techniques (Fig-1) alters the geometry of rotor. Thus shock position can be altered, so as to reduce shock interaction loss and improve the aerodynamics of blade to provide high pressure rise per stage with better stall margin, without affecting the efficiency. In this work we were mainly concerned with aerodynamic impacts on blade when we provide back sweep in backward direction and lean in direction of rotation of rotor. The sweep and lean were applied to Rotor 35, by varying the position of blade sections from root to tip in a linear way. The modified blade cascade analysis was done for four different inlet conditions. Then results were compared with Rotor 35 cascade flow results.



http://www.ijettjournal.org



Page 2524



International Journal of Engineering Trends and Technology (IJETT) – Volume 4 Issue 6- June 2013 designed for transonic inlet stage uses low aspect ratio blades, by NASA. It was designed to study the effect of aspect ratio with other Rotors 36, 37, 38. The design point different parameters were summarized in Table I. The NASA Rotor geometry for work was modelled with the help CAD software Pro\ENGINEER wildfire 4.0. Using data from two of NASA’s technical paper, the 11 blade section profiles were drawn. They were arranged to create a radially stacked Rotor 35. TABLE I ROTOR 35 PARAMETERS



Design point performance & Geometric parameters Total pressure ratio Fig-1 Sweep and Lean definition



A. Requirement of work The project is depending mainly on softwares for, modelling of the blade, meshing the physical domain, analysis of the cascade flow. There were a lot of software available in industry, but few are available for common. With this restriction, but without sacrificing the accuracy needed for the work, new version of software tool are used. The tools used are given below. 1) Modelling tool: Pro/ENGINEER- Creo Elements/Pro formerly called Pro/ENGINEER PTC's parametric, integrated 3D CAD/CAM/CAE solution, is used by discrete manufacturers for mechanical engineering, design and manufacturing. The capabilities include Solid Modelling, Surfacing, Rendering, Data Interoperability, Routed Systems Design, Simulation, Tolerance Analysis, and NC and Tooling Design. In this work the software was used to create Rotor 35 and different modified rotor and control volume. 2) Meshing tool: ANSYS ICEM CFD- ANSYS ICEM CFD is meant to mesh a geometry already created using other dedicated CAD packages. There are some very powerful geometry creation, editing and repair (manual and automated) tools available in ANSYS ICEM CFD which assist in arriving at the meshing stage quickly. Here we use, to create unstructured mesh throughout the control volume. 3) Analysis tool: ANSYS CFX- The software is a highperformance, general purpose fluid dynamics program that has been applied to solve wide-ranging fluid flow problems. ANSYS CFX has advanced solver technology, which helps to achieve reliable and accurate solutions quickly and robustly. Because of these advanced features, we chose it for the solution of our flow problems. III. NASA ROTOR 35 NASA Rotor 35 was the raw model used here for investigating aerodynamics impacts when we provide sweep and mean in combined mode. The compressor rotor was
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Rotor 35 1.865



Total temperature ratio Adiabatic efficiency Mass flow



1.225 0.865 20.188 kg/s



RPM Tip speed Hub-Tip ratio



17188.7 454.456m/s 0.7



Rotor aspect ratio



1.19



Number of blades



36



IV. PROFILE MODIFICATION The work here was to access aerodynamic impact on Rotor when its sections are linearly swept and leaned along the span. The sweep and lean were applied to blade through angle. The angle varies in the range from 6 to 15 degrees. The span of blade was held constant. The angular distance was converted to linear distance for each angle. Then tip blade section was moved first keeping the hub section intact. Rest of sections were arranged accordingly to create swept and leaned blade. The distance, tip section was moved at different angles were given in the Table II. TABLE II SWEEP AND LEAN DISTANCE



Sl no



Blade



1 2 3 4



Rotor 6SL Rotor 9SL Rotor 12SL Rotor 15SL



Distance tip section moved(mm) 7.85 11.83 15.84 20.01



V. COMPUTATIONAL ANALYSIS The use of Computational Fluid Dynamics can be of great help in giving insights on the flow structures and several examples of CFD calculations on transonic rotor blades can be found in literature. Here we use a well-known commercial CFD code ANSYS-CFX to compute the flow within cascade of a transonic rotor, NASA Rotor 35 and its modified blade cascades. The aerodynamic effects of compressor rotor blades were clearly understood when cascade was analysed. The shock wave pattern and the shock interaction with the main flow as well as with wall boundary can be clearly view in this



http://www.ijettjournal.org



Page 2525



International Journal of Engineering Trends and Technology (IJETT) – Volume 4 Issue 6- June 2013 analysis. In this work three blades were used for cascade analysis. The cascade was placed inside a control volume. Air was blown from inlet to outlet of control volume at relative velocity, which was found out from velocity triangle for different working conditions. Steady state analysis type was used. SST turbulence model was used with physical time stepping of 2 seconds is used. A. Computational domain The computational domain comprises of control volume and cascade place inside it. The domain was meshed in unstructured format. ICEM CFD 14.0 was used for meshing the physical domain. The meshing provides a total number of 23, 16,087 elements. Around cascade, mesh density is provided to get detailed flow through it. The computational domain is shown in Fig-2. The Table III shows the statistics of mesh used in the computational domain.



temperature at all condition were 1.0133e5 Pa and 288K respectively. The inlet velocity was found out from velocity triangles at tip section for different working conditions. The Table IV shows the different inlet conditions. TABLE IV INLET CONDITIONS



50% design speed



Inlet conditions Subsonic



Normal speed(m/s) 256



2



80% design speed



Supersonic



412



3 4



90% design speed 100% design speed



Supersonic Supersonic



463 513



Sl no



Operating condition



1



The commercial CFD code Ansys CFX was used to predict accurately the aerodynamic behaviour of transonic compressor rotors blade cascade. Steady state analysis was preferred. Air as ideal gas was used as material for fluid with a reference pressure of 1 atmosphere. Shear Stress Transport, turbulence model was used with automatic wall function. Turbulence intensity was set, medium (5%) for subsonic conditions and high (10%) for supersonic conditions. For every analysis, the convergence criterion was established when normalized RMS (root mean square) residuals were less than 10-4. All simulations were run by Intel core i5 processor.2.50 GHz, 4GB RAM. Average time for one simulation is 1 hour. VI. RESULTS AND DISCUSSIONS



Fig-2 Computational domain



TABLE III MESH DATA



Sl no 1 2 3 4



Mesh Data Total number of Tetrahedrons Total number of Prisms Total number of Nodes Total number of Triangles



Nos. 1845278 12 32 117064



5 6 7



Total number of Lines Total number of Pentagons Total Elements



2533 351168 2316087



B. Boundary conditions and solvers The computational domain created had six boundaries. They were Inlet, Outlet, Hub, Casing, Wall, and Cascade. All the solid boundaries such as Hub, Casing, and Wall were given free slip and adiabatic conditions. For Cascade, No slip wall, Adiabatic, rough wall with a sand grain roughness of 0.5e-6 was given. The outlet, subsonic condition with static pressure 0Pa condition was given. The inlet condition varies from supersonic to subsonic. The different conditions of inlet are given in table below. The inlet total pressure and total
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The modified rotor blades and Rotor 35 blade were analysed for four different working conditions (50, 80, 90, and 100 percent of design speed). Out of all, analysis of four modified blades (Rotor 6SL, 9SL, 12SL and 15SL) has been discussed. The Table-5 to Table-8 gives the increment in Mach number; it gives the amount of enhancement in outlet Mach number from that of inlet. From table we can infer that out of the four modified rotors Rotor 15SL having the most of improvement in aerodynamic parameters than Rotor 35. Different contours were plotted evaluate the flow field. The best result was provided by Rotor 15SL. The Mach contours at 100 percent design speed were presented here for Rotor 35 and Rotor 15SL to differentiate the flow field improvements (Fig3-Fig-8). Graphs were plotted to show the Mach number variation along the chord inside the cascade (Fig-9&Fig-10). It shows the Mach number variation from the inlet to outlet of cascade at three different locations, hub, median and tip. From the graph we can infer that there was a normal shock at inlet of hub region and median for Rotor 35 while there was no normal shock formation for Rotor 15SL. In the tip region there was not that much difference between two, but a little improvement in Mach number for Rotor 15SL. TABLE V INCREMENT IN MACH NUMBER (50%)



Sl no



Rotor



1



Rotor 15SL



Increment in Mach number 20%



2



Rotor 12SL



12.6%



3



Rotor 9SL



10.1%
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Rotor 35



9%



5



Rotor 6SL



6.9%



TABLE VI INCREMENT IN MACH NUMBER (80%)



Sl no



Rotor



1



Rotor 6SL



Increment in Mach number 7.5%



2



Rotor 15SL



5.2%



3



Rotor 12SL



4.8%



4



Rotor 9SL



4.5%



5



Rotor 35



4%



Fig-3 Mach contour of Rotor 35-Hub region



TABLE VII INCREMENT IN MACH NUMBER (90%)



Sl no



Rotor



Increment in Mach number



1



Rotor 15SL



0.37%



2



Rotor 35



0.15%



3



Rotor 12SL



-0.2%



4



Rotor 9SL



-0.29%



5



Rotor 6SL



-0.44%



TABLE VIII INCREMENT IN MACH NUMBER (100%)



Sl no



Rotor



Increment in Mach number



1



Rotor 15SL



-3.5%



2



Rotor 12SL



-3.9%



3



Rotor 6SL



-4.1%



4



Rotor 9SL



-4.3%



5



Rotor 35



-8%



Fig-4 Mach contour of Rotor 15SL-Hub region



Fig-5 Mach contour of Rotor 35-Median region
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Fig-6 Mach contour of Rotor 15SL-Median region



Fig-9 Mach number variation along chord of Rotor 35



Fig-7 Mach contour of Rotor 35-Tip region



Fig-10 Mach number variation along chord of Rotor 15SL



VII.



CONCLUSIONS



The analysis of Rotor 35 and Rotor 6SL, 9SL, 12SL and 15SL have been done. From the analysis of results, we found that there improvement in Mach number for swept and leaned rotors than Rotor 35. There was only a little restriction to the flow through swept and leaned rotors. Thus boundary layer growth was minimized. The shock patterns also changed giving attached shock which is a sign of increased stall margin and working range.
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