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Abstract. The purpose of this study is to explain the comprehensive process of designing 

and analysing a low-speed open-circuit table-top wind tunnel. All of the preceding 

research work's principles were followed in the creation of this wind tunnel. The wind 

tunnel is constituted of a contraction chamber, a test section, and a diffuser. This design 

contains a square test section with a side length of 340mm and an on-design velocity of 

10m/s inside the test section. The overall pressure loss inside the table-top wind tunnel 

is computed, as is the minimum power sufficient to run the system. The 2D axis-

symmetric modelling is done in "CATIA V5" design software, while the numerical flow 

simulation is done in "ANSYS Fluent". 

INTRODUCTION 

A wind tunnel is a tool for analysing the flow pattern formed by the object's body inside the 

test section. It is also used to monitor the pressure, temperature, and flow velocity 

surrounding the object. The table-top wind tunnel is an open-circuit wind tunnel, which 

means that the room's ambient air enters from the Contraction chamber and leaves from the 

Diffuser after passing through the tunnel. These wind tunnels have their practical 

applications such as anemometer calibration and analysing of the thermal characteristics of 

heat-producing items such as circuit boards and electronic components. They can also be 

used for aerodynamic studies on a smaller scale than their larger counterparts. 

Bell et al. [1] tried to create an optimum contraction chamber for a small-scale low-

speed wind tunnel. The VSAERO computer software is used to calculate the wall pressure 

distribution and the wall velocity whereas the PDMINT boundary code is utilised to calculate 
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the generation of separation bubbles in the contraction chamber. In his investigation, he 

discovered that contraction ratios between 6 and 10 are best suited for small slow-speed 

wind tunnels. The conclusion was reached that the contraction's length to inlet height ratio is 

almost equal to one. 

Maurya et al.[2] examined the design and fabrication of the low-speed wind tunnel, 

concluding the significance of the shape, size, and material chosen for flow analysis, i.e. 

calculating lift and drag on the object. The study also concludes that to improve the 

performance of the airfoil structure inside the test section, we must maximize the lift force 

while minimizing the drag force. Siddique et al. [3] redesigned a low-speed open type wind 

tunnel which was used for experimental inspection and demonstration of a compressed flow 

phenomenon. The design of the wind tunnel was designed that can operate in a test section 

of 84mph in (200 mm X 200 mm). The model of the wind tunnel in CFD was created and 

analysed in Fluent13 using RNG K-epsilon turbulence model with the scalable wall function. 

Hussain et al. [4] done calculations for the design, construction, and testing of a low-speed 

wind tunnel with measuring and inspection equipment. The planned wind tunnel features a 

test section with a cross-section area of 0.7 m X 0.7 m and a length of 1.5 m. The greatest 

speed for an empty test segment was around 70 m/s, with a contraction ratio of 8.16. Mauro 

et al. [5] attempted to design, construct, and calibrate a small-scale open circuit wind tunnel. 

They used a 5 cm X 5 cm test segment with a wind velocity of 6 m/s to detect turbulence, 

which was roughly 0.4 percent. The experiments were carried out using the NACA 0012 

aerofoil to check the wind tunnel's compatibility with the aerodynamic design and scientific 

literature.  

Shahrukh et al. [6] has also done outstanding work in the design, fabrication, and testing 

of a small-scale low Reynolds number table-top wind tunnel. They built a table-top wind 

tunnel with a maximum flow velocity of 7m/s and a Reynolds number of 71000. They created 

the model in CATIA V5, which has a honeycomb structure and a sequence of displays, and 

then simulated it in ANSYS fluent. The entire table-top wind tunnel was made of mild steel 

for cost effectiveness and ease of use, and the test section was made of transparent acrylic 

glass for flow visibility. The pitot-static probe was used to calibrate the test portion. 

Magryta et al. [7] conducted a study in an open circuit wind tunnel to investigate the lift 

force generated by an air foil with a velocity range of up to 28 m/s. According to the findings, 

active airflow has little effect on lift and drag force. The first step of his research includes 

testing without active air flow to validate the simulation computation, and the second phase 

of research assumes wind tunnel testing to fully utilise bench testing of active airflow at 

various overpressure and vacuum values. 

We concentrated on determining the total pressure loss within the table-top wind tunnel 

and the least power required to drive the system using the previously applied method in this 

study. Furthermore, the paper is divided into sections, with section 2 containing the 
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methodology that discusses the wind tunnel design. Section 3 has the calculations, followed 

by the results and conclusions, and the last section contains the references.  

METHODOLOGY 

Test Section 

The most significant portion of the wind tunnel is the test section (fig.1 (a)), which is where 

all of the experiments take place and where the object is positioned. It is the initial system 

component to be designed. The test section design includes the geometry of the test 

chamber, its basic dimensions, and the intended wind velocity (table 1). The size of the test 

section is determined by the object that will be placed inside it. The length of the test section 

must be 0.5 to 3 times the hydraulic diameter of the section for uniform intake airflow [8]. If 

the length of the test section is less than 0.5 times the hydraulic diameter, boundary layer 

separation will occur at the exit of the test section, while lengths greater than 3 times the 

hydraulic diameter will result in an increase in boundary layer thickness inside the test 

section. 

The hydraulic diameter (Dh) is calculated by the formula – 

 Dh= 2 √
ΩTS

π
 (1) 

where, ΩTs
 is the cross-section area of test section. 

 

Table 1. Specification of test section 

Inlet cross section area 150mm X 150mm 

Outlet cross section area 150mm X 150mm 

Length 340mm 

Hydraulic diameter 169mm 

Velocity 10m/s 

 

Contraction Chamber 

This component's purpose is to accelerate the flow of wind into the test section chamber and 

produce a uniform flow velocity profile. It is the most difficult aspect of the system. The 

contraction chamber should be designed (fig. 1 (b)) to meet all of the relevant standards 

while being as short as possible (table 2). The ratio of the cross-section area of the 

contraction chamber's intake and exit should be between 6 and 10. If the ratio is less than 6, 

the contraction chamber has substantial pressure loss, whereas a ratio larger than 10 

indicates that the entrance cross section dimension is excessive [1]. The ratio of the length 

to the side-length of the contraction chamber should be between 0.667 and 1.79. If the ratio 
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is less than 0.667, an air flow detachment will occur just before the contraction outlet cross-

section, whereas a ratio greater than 1.79 will result in a rise in boundary layer thickness [1]. 

 

Table 2: Specifications of contraction chamber 

Inlet cross section area 400mm X 400mm 

Outlet cross section area 150mm X 150mm 

Length (L0) 400mm 

Area ratio 7.1 

Length and side-length ratio 1 

Diffuser 

The diffuser's purpose is to produce a vacuum inside the test section, which aids in 

increasing or reducing the speed of the wind within the test section. The diffuser also reduces 

the stress on the driving system by lowering the velocity of the wind across the shortest 

feasible distance. The geometry of the diffuser chamber is determined by the area ratio and 

the diffuser angle (table 3). The area ratio should be less than 2.5, and the diffuser inclination 

should be between 5° and 7° [8].The diffuser chamber length (L) is calculated with the help 

of diffuser angle formula- 

 
θe = tan−1 (

1

2
 

√AR−1
L

Dh1

) (2) 

where, AR is the area ratio of the diffuser, Dh1 depicts inlet section hydraulic diameter of the 

diffuser and θe is the half of the included angle of the diffuser cone. Figure 1(c) shows the 

design of the diffuser. 

 

Table 2: Specifications of contraction chamber 

Inlet cross section  150mm X 150mm 

Outlet cross section 200mm X 200mm 

Length 490mm 

θe 6° 

Inlet cross section  150mm X 150mm 
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(a) (b) 

  

(c) (d) 

Figure 1. (a) Test section, (b) Contraction cone, (c) Diffuser and (d) Tabletop wind tunnel 

designed in Catia v5 

 

Driver System 

The wind flow inside the test section is maintained by the driver system, which compensates 

for pressure loss in the wind tunnel circuit. The driver system consists of an axial fan with a 

high efficiency and low turbulence air flow and a motor. An axial fan has a diameter of 180 

mm and a wind speed of 8.84 m/sec at the fan section. The speed of wind at the fan section 

is calculated by the formula- 

 Fan section speed = 
V X A

0.25 X π X D2 (3) 
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where, V is the velocity of wind in test section, A is the cross-section area of test section and 

D is the diameter of the fan. 

CALCULATIONS 

Reynolds numbers are commonly utilized for scaling fluid dynamics problems and can be 

used to distinguish between two different scenarios of fluid flow. 

 Re= 
ρ X V X Dh

μ
 (4) 

where, ρ is the density of air while μ represent the dynamic viscosity of wind. After the 

calculation the Reynolds number comes out to be 110472. 

 

Pressure Loss in Wind Tunnel Circuit 

For the calculation of pressure loss inside the wind tunnel is done by the formula: - 

 ki =
ΔPi

q0
⁄  (5) 

where, qo is dynamic pressure inside the test section and given by qo =
1

2
ρoV0

2 . 

 

Pressure Loss in Test Section 

The pressure loss coefficient inside the test section is calculated by the formula: - 

 Kt = f × L
Dh

⁄  (6) 

where, f is friction loss coefficient. 

 

Pressure Loss In Contraction Section 

The pressure loss coefficient inside the contraction section is given by- 

 Kc=   
f

4
 X 

L0

Di−D0
 X ( 1 −

D0
4

Di
4 ) (7) 

 

Pressure Loss In Diffuser Section 

The pressure loss inside the diffuser section is caused by two main factors: the first is skin 

friction loss, and the second is expansion loss. The total pressure loss inside the diffuser 

section is the sum of skin friction loss and expansion loss, as calculated by the formula- 

 Kd=Kf+Kexp (8) 

where, Kf depicts the pressure loss due to skin friction while Kexpis the pressure loss due to 

expansion loss. The pressure loss coefficient due to skin friction is calculated by the formula: 

- 

 Kf=(1 −
1

Ar2) X 
f

8sinθe
 (9) 

where, Ar is the ratio of the inlet and outlet cross section are of the diffuser section and f is 

the friction coefficient. 
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The pressure loss coefficient due to expansion is calculated by the formula: - 

 
Kexp=Ke X θe X (

Ar−1

Ar
)

2

 (10) 

where, θe= Expansion angle. The value of Ke is calculated by formula, Ke=A3+B3θe, where 

the value of A3= (-0.0132) and B3= (0.05866). 

 

RESULTS AND DISCUSSION 

Numerical Analysis 

 

“CATIA V5” designed software is used for modeling the 2D axis symmetric model of the 

tabletop wind tunnel and the mesh modeling is performed in “ANSYS FLUENT” for the 

numerical flow analysis of the model as shown in figure 2. For saving time and easing the 

work for analysis of the entire model 2D axis symmetry model has been used. the parameter 

taken for the analysis has been given in table 3. 

 

Table 3: Ansys parameters and models used for turbulence modeling 

Parameter Condition 

Types of symmetry Axis symmetry 

Viscous model K-epsilon (2eqn) 

Pressure-Velocity coupling SIMPLE 

 

 
(a) Pressure contour 
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(b) Velocity contour 

 

Figure 2. (a)Pressure and (b) velocity contours of the Wind Tunnel on post-processing done 

in Ansys. 

 

Total Pressure Loss 

 

Total pressure loss = Ki X q0 + Pressure loss at fan section, 

Where Ki= 0.3989, qo= 61.25 and pressure loss at fan section = 47.86 Pa. 

The total pressure loss inside the wind tunnel comes out to be = 72.297 Pa 

 

Table 4: Tunnel pressure loss coefficient at test section velocity 10m/s 

Tabletop wind tunnel section Pressure loss coefficient 

Contraction chamber 0.00602 

Test section 0.03486 

Diffuser 0.358 

Total 0.3989 

 

Power Required To Operate The Wind Tunnel 

 

The power required to operate the wind tunnel is calculated by the formula: - 

 P=Q X ∆Pa = (A X V) X ∆Pa (11) 
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The power required after the calculation is 16.26 Watt. 

CONCLUSION 

The characteristics and theories relevant to the design and construction of a tabletop wind 

tunnel have been reviewed in this study. In this paper, we also examine the different types 

of wind tunnels, how Reynolds numbers are utilized in wind tunnel design calculations, and 

the necessity of dimensional analysis in wind tunnel design calculations. 

We also talked about how to design and build a contraction chamber, test section, and 

diffuser. The paper also discusses the measurement of hydraulic diameter and test section 

length for effective test section design so that it has practically uniform intake air flow and 

can avoid boundary layer separation at the test section exit. 
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