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BFS Synthetic Jet Case Definition

Case coordinators: Prof. LI Dong, NPU
Prof. MING Xiao, NUAA
The included test cases were conducted by NPU WP2 team, three of the cases used NUAA wind tunnel, and two used NPU wind tunnel. Many thanks for Prof. Ming to provide the experiment conditions.

Baseline Setup
The NPU BFS wind tunnel test case
· Step height h = 40 mm

· Spanwise length = 18h
· Wind tunnel height = 5h before the step, the origin of the x-y axis is at the top of the step.

· Distance from inlet to the step is 2000mm.
· Velocity at the inlet of the test section is 14.8 m/s.

· Reynolds number (based on h) = 40,000.

· According to experimental observations, the reattachment length is 6.5h without control.
The NUAA BFS wind tunnel test case
· Step height h = 30 mm

· Spanwise length = 10h
· Wind tunnel height = 16h before the step, the origin of the x-y axis is at the top of the step.

· Distance from the inlet of the test section to the step is 2000mm.
· Velocity of the test section is 13.8 m/s.
· Reynolds number (based on h) = 30,000.

· According to experimental observations, the reattachment length is 5h without control.
Case Definition
CASE 0
NPU BFS wind tunnel test case without synthetic jet control

CASE 1

[image: image1.png]



Figure 1  NUAA experimental case 1
CASE 2
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Figure 2  NUAA experimental case 2
CASE 3
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Figure 3  NUAA experimental case 3
CASE 4

[image: image4.png]



Figure 4  NPU experimental case 4
CASE 5
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Figure 5  NPU experimental case 5

Synthetic jet (hole)
The electromagnetic synthetic jet actuator shown in Figure 6 is composed of three parts: the electromagnetic part, the connection part and the cavity part. By turning the threads, the distance between the electromagnetic part and the connection part can be adjusted. The diameter of the jet vent is 1.5mm and the volume is Φ22mm×1mm.
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Figure 6  Electromagnetic synthetic jets installed upstream of the step
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(a) Response curve of mean peak velocity VS frequency
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(b) Response curve of velocity VS frequency

Figure 7  Frequency response curve of electromagnetic synthetic jet

When the positive and negative voltage of the driving power are ±24V, those of the sine signal of the signal generator are ±3V(the magnification of the power amplifier is 15) and the hot wire probe is placed at the 2mm upstream of the jets, the response curve of the mean velocity and output frequency is shown in figure 7.
The geometrical setup of the synthetic jet (hole) can be seen in Figure 8-11.
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Figure 8  Synthetic jet setup of Case 1
[image: image13.png]



Figure 9  Synthetic jet setup of Case 2
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Figure 10  Synthetic jet setup of Case 3
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Figure 11  Synthetic jet setup of Case 4
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Figure 12  Synthetic jet setup of Case 5
Optimisation problem

The aim for the optimisation of the actuation is to change the Reynolds Stress distribution in the shear layer downstream the step.
Design parameters:
	Parameter
	Range

	Frequency, f
	10Hz < f < 300Hz

	Angle of jet(based on free stream )   
	0°, 30°, 90°, 150°

	Peak of jet velocity                             
	5~35m/s


