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Civil aircrafts can be made smaller by increasing the lift force produced by the horizontal tail while shortening the distance to the aircraft's centre of mass. Smaller aircrafts would be easier to manoeuvre and more efficient than conventional aircrafts. Thus, the application of constant mass flux jet blowing to symmetric airfoils is investigated in this reference. An experimental study is done to quantify the changes in lift and drag forces experienced by the wing, which are further compared with results calculated from numerical simulations.Further, smoke flow visualisation was used to qualitatively understand the flow physics and observe the flow separation and reattachment on jet blowing actuation. Future work on pulsating jet flows and application to high-lift devices and delta wings are discussed.

INTRODUCTION

Active Flow Control (or AFC) is a highly active area of research in fluid mechanics and aerospace engineering. With growing concerns about climate change, the world is rushing towards an era of mobility engineering focussed on greener ways to move. In such a scenario, there has been a surge of interest in ways to make the aircraft greener aerodynamically. The industry has been investing substantially to make aircrafts more efficient. One of the many possible approaches to make aircrafts greener is the use of jet blowing on the airfoil surface to suppress stall, improve post-stall characteristics, and increase in pre-stall regime. C L Blowing on the airfoil's surface adds high momentum air on the boundary layer, thus re-energizing the flow near the surface. This helps overcome the adverse pressure gradient which is essential to avoid flow separation or suppress stall.

The jet blowing used can be parameterised by the non-dimensional coefficient Cμ, which gives an idea about the amount of momentum the jet adds to the boundary, non-dimensionalised with respect to the freestream.

By definition,

C μ = 2mu jet /⍴v 2 1020_2001-1

NUMERICAL SETUP AND RESULTS

The software used for the numerical simulations is Siemens STAR CCM+ ( CCMcomputational continuum mechanics ) . The application employs a client server architecture to solve problems from a lightweight computer like a laptop, while the computationally expensive mathematics is done on a remote machine.

For the CAD Model, A NACA0015 and a Wind tunnel model was imported into the CAD Viewer and scaled to the accurate dimensions of the test section of the wind tunnel in the Aerodynamics Lab and the dimensions of the Airfoil used and a cut out for the constant mass flux jet to blow horizontally

Initial Set-up

The imported CAD model is then added as a Geometry Part and then the Part Surface of the Wind Tunnel and the airfoil was split by patches, specifying the input, outlet, wall and symmetry plane on the wind tunnel and the Trailing edge and the jet cutout of the airfoil.

Then the part surfaces are assigned regions, The Input is assigned Velocity Inlet, The outlet is assigned Pressure Outlet, and the Mass flux jet cutout is assigned as Mass Flow inlet, Symmetry plane was assigned as a Symmetry plane and rest every surface is assigned a wall.

The Mesh operation is an Automated Mesh, The Mesh models used are -Surface Remesher -Polyhedral Mesher -Prism Layer Mesh

Base size -0.3; Minimum Surface size -3%; Number of Prism Layers -12; Prism Layer Stretching -1.2; Prism Layer Total thickness (relative to base) -15%

The mesh obtained using just this will yield a mesh which is really coarse at the Trailing edge so a Custom control is created on the Trailing edge of the airfoil and the Target Surface size is changed to have custom values and then the custom value is set to be 3% relative to base

The mesh is then updated, a much refined version of the mesh at the trailing edge can be observed. Then the initial conditions for the simulation are provided, like giving input for the velocity inlet and mass flow inlet same as in the experimental setup in the lab, the turbulence intensity is kept at 0.01

To visualise the flow field over the airfoil, we use the vector scene with the Line Integral Convolution model activated. Line Integral Convolution is a type of scientific visualisation technique to visualise vector fields -which is the case here. All experiments were done in a low-speed suction type wind tunnel with a test section measuring 45cm x 45cm. It had an electronically controllable suction fan after the diffuser which produced the required pressure difference to allow for airflow.

The wind tunnel consists of an inlet, followed by honeycombs and meshes, which reduce the turbulence intensity in the airflow and eliminate large-scale vorticular structures. It is followed by a settling chamber where the flow is allowed to settle and it is assumed that the fluid flow is at rest in the settling chamber. Thereafter, there is a converging section, and then it has the test section. The test-section is where the model is mounted. The wing was mounted in test-section using a six-component sting balance set-up which measures forces in six directions. The sting balance works on the principle of strain gauges and the forces are measured in a DAQ. The two normal forces and axial forces are noted down which are further used to calculate net lift and drag force.

Initially, a ready-made wing already used in the lab for demonstrations was used to qualitatively observe the effect of jet blowing on flow physics. The wing was made out of wood and one of the pressure ports was used to observe the effect of blowing in the airfoil. Later, a new wing was made using styrofoam. Hot-wire cutting was used to manufacture the wing in the Aeromodelling Lab.

1020_2001-4 Figure 8 : Initial Styrofoam wing A hole was made in the cross-section and a pipe was passed through the hole from the surface of the airfoil to a compressor.

Figure 9 : Compressor The valve was set so that air is released from the compressor at a static pressure value of 30 PSI. Pressure values couldn't be adjusted higher than that because of limitations of the set-up, which would break away at higher pressure values.

Figure 10 : Inside the test section The styrofoam wing with the balsa end plates to avoid downwash.
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SMOKE FLOW VISUALISATION

The visualisation technique used for our experiment was Smoke Flow visualisation, For smoke flow visualisation, the smoke should be injected into the flow such that the streamlines form a plane at the midspan of our airfoil, to get this we use another airfoil (symmetric) at the beginning of the test section kept vertically (spanwise) with the smoke injectors kept along the trailing edge of the airfoil, this accounts for any disturbances in the flow when entering the test section, which might affect the smoke flow visualisation. It was experimentally verified that jet blowing helps suppress stall and increases lift, especially in the post-stall region. In the pre-stall region, an increase of 37% was observed after jet-blowing while a considerable increase of 120% was observed in the pre-stall region. The graph shows that the stall is delayed as well. vs α C L 1020_2001-7

Clearly, steady blowing helps in suppressing stall and increasing lift. However, considerable work can be done to extend this research. For instance, one could shift to pulsating blowing instead of steady jet blowing, increase the no. of jet ports in spanwise direction and study the dependence of lift improvement on position of jet blowing port. More insightful studies on the flow physics can be done using PIV or numerical data.
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Figure 1 :

 1 Figure 1 : Mesh scene ; The mesh is refined at the TE

Figure 3 :

 3 Figure 3 : CAD model showing the protrusion as it was in the real model

Figure 4 :

 4 Figure 4 : Scalar scene (Pressure contours) and Vector scene (visualised using Line integral Convolution)

Figure 6 :

 6 Figure 6 : Vector Scene with blowing, the separation bubble has been completely eradicated with the help of blowing with a constant mass flux jet at velocity half of the inlet velocity

Figure 7 :

 7 Figure 7 : Airfoil with Pressure measurement ducts

Figure 11 :

 11 Figure 11 : Smoke visualisation of Initial testing of the blowing mechanism, the flow separates from the airfoil surface near the leading edge of the airfoil
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 13614 Figure 13 : Circulation in the flow when it passes over the airfoil, when there is no blowing