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Abstract 
A wind tunnel is an important tool used in aerodynamic field to investigate the effects of airstream moving through solid objects. In this paper, a low-speed wind tunnel with a cross section of 50(250mm of working area and a free low velocity from 0 up to 27 m/s was considered. This model includes 30 differential pressure sensors, allows us to measure the pressure along the tunnel. In order to operate the system, a human-machine interface (HMI) in LabVIEW environment has been built. It allows us to modify the experimental parameters as well as display and collect the data. A number of tests with the model are carried out. The study shows that the results obtained from the experimental model are well agreed with the fluid dynamic theory. It shows that the low-speed wind tunnel proposed in this research can be used to study flow phenomena as well as to investigate the aerodynamic charateristics of  testing objects.
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1. Introduction
Wind-tunnels represent a useful tool for investigating various flow phenomena. An advantage of using wind-tunnels is that experiments there can be performed under well controlled flow circumstances compared to experiments in the open environment. In general, a wind tunnel consists of a tubular passage with the object under test mounted in the middle. Air is made to move past the object by a powerful fan system or other means. The test object, often called a wind tunnel model, is instrumented with suitable sensors to measure aerodynamic forces, pressure distribution, or other aerodynamic-related characteristics.
The earliest wind tunnels were invented towards the end of the 19th century, in the early days of aeronautic research, when many attempted to develop successful heavier-than-air flying machines. The wind tunnel was envisioned as a means of reversing the usual paradigm: instead of the air standing still and an object moving at speed through it, the same effect would be obtained if the object stood still and the air moved at speed past it. In that way a stationary observer could study the flying object in action, and could measure the aerodynamic forces being imposed on it.
Nowadays, there are many types of wind-tunnels and they can be classified by e.g. flow speed dividing them into four groups:
• Subsonic or low-speed wind-tunnels

• Transonic wind-tunnels

• Supersonic wind-tunnels

• Hypersonic wind-tunnels

Subsonic or low-speed wind-tunnels are the most common type and the wind tunnel described in this paper is of this type. Besides, this model has open-circuit structure. The main advantage of the open-circuit tunnel is in the saving of space and cost. It also suffers less from temperature changes and the performance of a fan fitted at the upstream end is not affected by disturbed flow from the working section.
In this paper, a low-speed wind tunnel with a cross section of 50(250mm of testing area and having a free low velocity from 0 up to 27 m/s will be considered. Accordingly, all technical specifications as well as the structure of the model are described first. Then, several tests will be set up under different conditions. To obtain the experimental data, a human- machine interface is built in LabVIEW environment. The obtained results will be analyzed and compared with the fundamental theories. Finally, a conclusion is pointed out to confirm that the considered model can be used to study flow phenomena and testing aerodynamic characteristics of models.
2. Low-speed wind tunnel testing system
2.1. Description 

The Computer Controlled Aerodynamic Tunnel system consists of three main parts (Fig .1):
+ A low-speed wind tunnel unit;
+ A measurement system including 30 differential pressure sensors typed 26PCAF6D,  two data acquisition cards (NI PCIe-6321) and 01 computer, data management software, and connection cables;
+ A control system allows setting up the parameters for the whole system.
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Figure 1: The computer controlled aerodynamic tunnel system
a) Wind-tunnel unit
Wind tunnel unit is the main part and plays an important role in creating a appropriate air flow environment for considering and analyzing the aerodynamic phenomena. This unit includes three main parts: an inlet part, working part and an outlet part.
Inlet part including lips, a haven section, and a perfectly studied contour curve with the 8:1 contraction ratio to ensure well developed airflow through the working area.

Working part has an area of 50 x 250 mm to assemble and test the different models. This part has a pitot static tube mounted on the top to observe the static pressure, dynamic pressure and total pressure of the air flow passing through this area.

Outlet part with a diffuser that allows to avoid the generation of turbulences, which can cause damages to the quality of the flow in the working part. A fan is placed at the end of this part. This fan is controlled by a computer with the speed range from 0 to 2500 rpm, providing a 0 – 27m/s air flow in the working area respectively.
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Figure 2. The wind tunnel unit
b) Differential pressure sensor
The system uses 30 sensors (symbol SPD1-SPD30), typed 26PCAF6D to measure the pressure along the tunnel. The sensor has a sensitivity of 16.7 mV/psi, with temperature compensation and calibration features. To measure the static pressure in the walls of the tunnel, or of an aerodynamic object, it is enough to place a tapping perpendicular to the surface of the body in the point where we want to determine the pressure. The tapping is connected to other tube, which goes to the pressure sensor. Then, the output voltage signals of the pressure sensors are amplified and recorded by two data acquistion cards.
[image: image3.jpg]



Figure 3. Pressure sensor, 26PCAF6D
c) Data acquisition card
Each NI PCIe-6321 card is used, with 24 digital inputs/outputs, 16 analog inputs and 02 analog outputs.

+ Sampling rate up to: 250 KS/s (kilo samples per second).

+ Resolution = 16 bits.
+ Input/output voltage range= ±10 V.
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Figure 4. NI PCIe 6321 Card
2.2. LabVIEW interface

LabVIEW software is used for designing and programming human-machine interface. The interface allows to display measured data as well as establish operating parameters of the system. The completed interface is shown in Fig. 5, including: 
+ The channel settings to read measured signals from the analog inputs from data acquisition cards.
+ The fan speed control.
+ The sampling time settings.
+ The probe calibration.
+ The block of calculation and display for measurement results.
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Figure 5. The HMI  for the experiment system
3. Theory
It is assumed that the contraction of the tunnel is a nozzle, with the flow almost one-dimensional. The air entering the tunnel is in rest and follows an ideal process, without drop of pressure. The speed profile passing through each traverse section of the conductor is approximately uniform. Let’s suppose that we are taking data at a point where the static pressure is p and the speed is V. The relation between the static pressure and the average velocity in each section is given by the Bernoulli's equation:
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with p is the static pressure, 
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 is the dynamic pressure. The sum of the static and dynamic pressure is called total pressure. In this case, the total pressure is equal to the atmospheric pressure p0.

The continuity equation has applied to the incompressible flows which have the same density. According to this, the product of inlet section and the average speed of the air flow is preseved, we have:
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where, A and V are the area and the average velocity in the transversal section, respectively.

Next, we consider the speed of the air flow in the working area. The drop of the pressures between the inlet and the outlet of the contraction area is measurable, we have:
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Then, we can apply Bernoulli's equation, which shows the relationship between pressure and velocity:
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The output velocity can be calculated as shown in the following equation:
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In this tunnel, we have:
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with c = 8.2 is the contraction ratio between the inlet and outlet section of the conraction part, that is: 
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We will suppose that the speed in the working area without assembled model is V∞. Then, if we adimensionalise the gage pressure there, we obtain what is called the pressure coefficient at the measure point. That is:
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As the result, by taking the reduced relation between speeds and pressures shown by Bernouli’s equation, the pressure coefficients can be calculated indirectly through the  measurement of the speed of the fluid.
4. Experiment results and discussion

a) Experiment setup

Several experiments have been carried out to consider and analyze the phenomena happening inside the wind tunnel when having an air flow passing through under two cases: with and without a testing object. The experimental parameters are set up on the LabVIEW interface and sent to the system. Sensors are used to measure the air pressure. Signals from the sensors will be collected through the NI PCIe 6321 Card and displayed on the computer.
In the first experiment, the basic characteristics of wind tunnel will be verified. An air flow with constant speed is generated inside the tunnel. Its speed will be controlled by a fan at the end of the tunnel (Fig. 6). Pressure along the air flow will be measured by 30 sensors which are distributed evenly along the tunnel.
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Figure 6. Speed of the air flow in working area

Second test considers the aerodynamic characteristics of a model of an airplane wing (Fig. 7) under the effect of the moving air flow. 17 sensors placed on the surface of the wing are used in order to measure the air pressure around the wing.

.[image: image16.jpg]



Figure 7. Model of an airplane’s wing

b) Results
The typical characteristics of the tunnel are presented in Fig.8 and 9.
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Figure 8. Pressure at a specific point
Accordingly, Fig. 8 shows the value of pressure at one point in the flowMeanwhile, Fig. 9 expresses the values of pressure at all considered point alond the tunnel
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Figure 9. Pressure at all measuring points

It can be seen that at the section near the entrance of contraction area, the air flow is uniform and the air pressure at which is approximate to the atmospheric pressure.
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Figure 10. Drop of the pressure along the contraction area

Inside the contraction area, the velocity of the air flow increases from entrance to the exit and from the outside to the centre. At the end of contraction part, a contrary phenomenom happened. In the centre of the air flow, the speed is nearly zero, while  toward the edge of the tunnel, it is increasing. In working area, the speed of the air flow trends to be unifrom and stable. This speed was calculated through the drop of the pressure between the entrance and the exit of contraction part (Fig. 6).
At a specific speed, the pressure decreases from the entrance to the exit of the contraction part. It can be explained because of the fact that the contraction part has the cross section narrowed, the average speed of flow inside thus will increases gradually. As a result, the pressure decreases along the contraction part (Bernoulli’s principle). Besides, the drop of the pressure is also bigger when the speed of air flow increases gradually (Fig.10). The reason can be considered as the effect of dynamic noise on the air flow.
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Figure 11. Distribution of the pressure around the wing model

Fig. 11 shows the distribution of the pressure on the wing model. The red columns represent for the values of pressure on the bottom of the wing, while the blue represent for the upper of the wing. It is clearly that the pressure on an airplane wing are not uniformly under a stable air flow over the chord of wing section. The pressure around the wing is almost negative except at the top.
Normally, the pressure on the upper side of the wing are lower than the bottom. It is absolutely suitable to the aerodynamic theory.
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Figure 12. Distribution of pressure coefficient around the wing model
5. Conclusions 

Wind tunnels are more and more extensively used in research institutes, universities, industry, and governmental agencies and play an important role in aerodynamic research. In this study, a low-speed wind tunnel has been considered. All working data of this model are collected and compared with the theory. The results show that this wind tunnel work well and can be used to test aerodynamic models and study air flow phenomena.
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