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1. Introduction 

Small-scale wind tunnels are quickly developing into an 

important research tool used in aerodynamic studies to 

examine the effects of air passing solid objects [1, 2]. The 

contraction, test section, and diffuser section are the three main 

parts of a wind tunnel [3]. To make sure the flow into the test 

area is uniform, the contraction section is employed. 

Contraction ratios in small wind tunnels typically range from 

6 to 9 [4]. Since power consumption does not significantly 

affect overall building costs, the majority of small research 

tunnels fall into the open-circuit category. The second kind is 

a closed-loop wind tunnel, where air circulates repeatedly 

while being susceptible to directional changes. This type of 

wind tunnel's advantage includes greater flow quality control 

via corner turning vanes and screens [5]. The aim in most wind 

tunnel is achieving a flow in the test section that is as similar 

to a parallel steady flow as is feasible, with a constant speed 

throughout the test section [6]. In contrast, each design is 

constrained by limitations such as the maximum cost, the 

available space, and the knowledge that is currently available 

[7]. At the Royal Institute of Technology's newly built 

laboratory for aeronautical sciences [8], the first wind tunnel 

was finished in the summer of 1932. It had a closed circuit and 

an open jet test section, meaning that there were no walls in 

the test area. The test part was spherical in shape, with a length 

of roughly the same and a diameter of about 1.6 meters. It was 

mainly utilized for gauging forces on scale models of airplanes 

and airfoils. It had an axial fan and basic guide-vanes on the 

corners composed of bent plates shaped like 14 circles. 

According to Malmer (1933), the contraction ratio was around 

5 and the test section's top speed was at 50 m/s. It was later 

changed, adding a closed test section among other things, and 

was still in use just a few years age [9]. Depending on the use, 

there are numerous distinct wind tunnel design types. 

According to the fluid's speed in the test chamber, wind tunnels 

are categorized as subsonic, transonic, supersonic, and 

hypersonic [10]. It makes sense to try and lower the turbulence 

in wind tunnels. Several techniques, including the use of 

honeycombs or separating plates after test sections [1, 3, 11] 

The specifications and standards must be in line with the 

applications for wind tunnels because they are closely related 

to the design criteria [12]. The specifications of a wind tunnel 

have a strong bearing on its construction and maintenance 

expenses, which are simply a result of the applications that are 

anticipated [13]. Moonen et al. created a numerical method for 

simulating the flow conditions in a closed-loop wind tunnel 

[14]. To reduce power losses and increase the likelihood of 

achieving a higher Mach number, closed circuit wind tunnels 

create a closed loop of the airstream in the chamber [15]. Wind 

tunnels are tools that make it possible to examine how objects 

interact with the airflow around them [16]. To investigate the 

processes that happen when a flow passes by a researched 

object, they create a flow at the desired speed. Low turbulence 

levels, flow uniformity in the test chamber, and manageable 

operational expenses are the major criteria for Low-Speed 

Wind Tunnels [17]. Figure 1 illustrates the key components of 

this sort of wind tunnel: 

• Diffusers 

• Corners 

• Contraction 

• Fan 
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• Test section 

• Splitting plate  

 

 

Fig. 1 Wind Tunnel Setup layout.  

The purpose of this study is a part of the project intends to 

design and construct a new closed-loop wind tunnel to be 

installed in the mechanical department of the engineering 

collage in Basrah university. Therefore, this paper will focus 

only on the design configuration of the suggested wind tunnel 

and study its performance using CFD analysis.  

The governor equations used in the analysis to simulate 

aerodynamic flow are based on: 

1. Conservation of mass (continuity equation). 

2. Conservation of momentum; second law of Newton. 

3. Conservation of energy and First Law of Thermodynamics.  

For more detail the reader can refer to the reference [7]. 

2. Wind tunnel model description 

The wind tunnel system shown in Fig. 1 will be powered 

by a fan to provide constant air speed. A smooth transition 

from a circular to a 1.45 × 0.9 m2 rectangular duct is present 

behind the fan. In the upper upstream elbow 10 guide vanes 

where guide vane diameter was 0.1 m. The trailing edge of the 

vanes are extended with 0.1 m and distributed with 0.12 m 

spacing to reduce the flow separation occurring it the turn, in 

lower upstream elbow 12 guide vanes with extended trailing 

edges are positioned in the lower upstream elbow where the 

lower upstream elbow driving the flow to be parallel to the test 

section center line and to enhance the uniformity of the flow 

before the contraction. The contraction section is designed 

with a 5.8:1 ratio with a length of 1.3 m. Also, a square cross-

sectional area of 0.6 × 0.6 m2 and 1.25 length duct is allocated 

for the test section. The diffuser section, which slows the air 

current to minimalize the loss of flow kinetic energy, locates 

downstream of the test section. In order to prevent these 

occurrences, special care is taken to prevent flow separation in 

the diffuser, which can drastically lower the wind turbine's 

overall performance, 3 horizontal splitting plates with 0.22 m 

spacing and 3 vertical splitting plates with 0.22 m spacing. In 

lower and upper downstream elbows has 10 guide vanes with 

0.1 m extended trailing edges and 0.12 m distance between the 

vanes to mitigate the flow separation encountering in the turn. 

After the downstream, a smooth transition of a rectangular 

duct to a circular cross-section, that will match the fan 

dimension, takes the flow into the fan. 

 

 

 

 

Table 1. Wind tunnel sections. 

Name section Description of component 

Test section 

Square test section, cross-sectional 

dimensions of 60 × 60 cm and 1.25 m 

length. 

Fan 
A 0.9 m diameter 4.6 kW axial variable-

revolution fan 

Diffuser 3 
Diffuser area ratio of 2.25:1 and the 

included angle of 6° 

Diffuser 2 

 

Contraction ratio of 5.8:1, 1.45 m × 1.45 

m (inlet) / 0.6 m × 0.6 m (exit) and 1.3 m 

(length) 

Diffuser 1 
circle 0.9 m diameter (inlet)/ Rectangular 

1.45 m × 0.9 m (exit) 

duct 
Square 0.9 m × 0.9m (inlet)/circle 0.9 m 

diameter (exit) 

Elbow 1, 2 
0.9 m × 0.9 m (inlet) / 0.9 m × 0.9 m 

(exit) 

Elbow 3 
1.45 m × 0.9 m (inlet) / 1.45 m × 0.9 m 

(exit) 

Elbow 4 
1.45 m × 0.9 m (inlet) / 1.45 m × 1.45 m 

(exit) 

 

3. Numerical methodology       

The closed-loop subsonic wind tunnel's flow 

characteristics were predicted using Fluent numerical code. A 

uniform boundary condition of the calculated pressure and 

velocity was set to 20 m/s (inlet velocity) 

Instead of using the traditional method, where just the flow 

in the test portion was modeled, a full-scale CFD model of the 

complete wind tunnel was taken into consideration. Four 

distinct wind tunnel configurations were looked into 

throughout the design phase. The reference configuration, 

which had no guide vanes, was the initial model. Three 

different configurations were compared to this one: one with 

only guide vanes at the upstream, one with only guide vanes at 

the downstream, and one with combined upstream and 

downstream guide vanes. The research assessed the effect of 

guide vanes on the test section's flow quality, including the 

uniformity of the velocity flow field, flow angularity, and 

turbulence intensity. 

The assumption adopted in this analysis is the fan is 

providing a uniform flow with constant velocity and there is 

no passive effect from the return flow. Moreover, the flow rate 

will remain constant regardless the increasing in the pressure 

drop. 

4. Results and discussion 

Investigations were conducted on four alternative wind 

tunnel arrangements. The benchmark configuration, which had 

no guide vanes, was the initial model. Three different 

configurations were compared to this one: the first one is 

testing the effect of having only guide vanes at the upstream, 

while the second one will consider the guide vanes at the 

downstream, and the other case with having both the upstream 

and downstream guide vanes. The study assessed the effect of 

guide vanes' presence on the test section's flow quality by 

presenting the velocity contour at the various wind tunnel cross 

sections.  
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4.1. No guide vanes 

The test section's velocity was 40 m/s, and the result in Fig. 

2 shows the air velocity profile inside the wind tunnel with no 

guiding vanes at an entrance velocity of 20 m/s. Between the 

test portion and the lower upstream turn, the speed rose to 34 

m/s. It is possible to see the inconsistent flow in the test section 

that was brought on by flow separations in the upstream and 

downstream sides of the wind tunnel corners.   

 

Fig. 2 Contours of velocity magnitude for configuration no guide vanes. 

4.2. Upstream guide vanes 

The flow profile inside the wind tunnel with upstream 

guide vanes is shown in the Fig. 3, the test section's velocity 

was lower than in the case with no guide vanes. As anticipated, 

after the integration of the guiding vanes, the average velocity 

in the test section was decreased to 35 m/s. The flow 

separations at the upper and lower corners were greatly 

reduced by guide vanes in the upstream section. There was 

better uniformity and symmetry in the air flow entering the test 

region. But it was discovered that the velocity profile was not 

constant; it fluctuated throughout the test segment. Due to the 

up-flow that was present in the top half of the test section exit, 

a highly disturbed flow was seen at the downstream. At the test 

section's departure, there was a significant flow separation that 

was brought on by the erratic flows in the downstream corners. 

Additionally, the results show that the is no improvement in 

the flow characteristic at the wind tunnel's downstream side. 

 

Fig. 3 Contours of velocity magnitude for upstream guide vanes. 

4.3. Downstream guide vanes 

Figure 4 presents the flow profile of the wind tunnel with 

the case of downstream guide vanes. The test section's velocity 

was higher than it was in the case 2 with upstream guide vanes. 

Significantly reducing the flow separations and circulations at 

the top and lower corners were guide vanes in the downstream 

section. However, compared to upstream guide vanes, the 

inclusion of downstream guide vanes did not significantly 

improve the test section's airflow homogeneity. This 

demonstrates that the quality of the flow at the tunnel's 

upstream section had a greater influence on the uniformity of 

the airflow at the test section's intake. Hence, the test section's 

first two upstream corners, particularly the one parallel to its 

center line, were crucial for achieving a consistent airflow. 

 

Fig. 4 Contours of velocity magnitude for downstream guide vanes. 

4.4. Downstream and upstream guide vanes 

The flow profile within the wind tunnel is shown in the Fig. 

5 with combined upstream and downstream guide vanes, the 

test section's velocity was much lower than in other examples. 

Subsequent the integration of the guide vanes in the tunnel 

corners, the average speed in the test segment was decreased 

to 38 m/s. As anticipated, a more symmetrical, uniform flow 

was seen along the whole length of the test segment, with good 

airflow distribution throughout the full wind tunnel circuit. 

The velocity vectors inside the elbows crossing the vanes are 

shown in Fig. 6.  

 

Fig. 5 Contours of velocity magnitude for guide vane. 

4.5. Splitting plate 

Initial CFD simulations were conducted to examine the 

impact of the splitting plate. Without the splitting plate as 

shown in Fig. 7, the flow separated at the downstream portion 

of the diffuser; however, the separation was significantly 

reduced after the integration of the splitting plate Fig. 8, as 

demonstrated by the uniformity of the flow field at the diffuser 

exit (velocity variation was reduced from 30% to 5% following 

the addition of horizontal and vertical splitting plates). 

Fig. 9 and Fig. 10 show the cross-section velocity 

throughout the test section. 
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Fig. 6 velocity vectors inside the elbows crossing the vanes. 
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Fig. 7 Comparison of flow in the wide-angle diffuser: without and with 

splitting plates. 
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Fig. 8 Comparison of flow of cross section at outlet diffuser:  without and 

with splitting plates. 

 



94             R. M. Ali and A. A. Alsahlani / Basrah Journal for Engineering Sciences, Vol. 24, No. 1, (2024), 90-96                              

 

case A B 
N

o
 g

u
id

e 
v

an
e 

  

U
p

st
re

am
 g

u
id

e 
v

an
e 

  

D
o

w
n

st
re

am
 g

u
id

e 
v

an
e 

  

w
it

h
 g

u
id

e 
v

an
e 

  

Fig. 9 Summary of velocity flow distribution in test section for the different guide vane configurations: (A) vertical (B) horizontal 
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Fig. 10 Cross section in center of test section for the different guide.  

 

 

 

5. Conclusion 

Computational Fluid Dynamics (CFD) was used to conduct 

a numerical examination of the design and flow modeling in a 

closed-loop subsonic wind tunnel Fig 10. The necessary intake 

fan velocity was established using an analytical velocity 

model, where the test section's inlet conditions were derived 

by applying the Reynolds number equation and assuming that 

the Reynolds number was 500,000. Instead than using the 

traditional method, a full-scale CFD model of the complete 

wind tunnel was taken into consideration. This made it 

possible to improve the flow quality throughout the entire wind 

tunnel, not just in the test part. Through the use of guide vanes 

with extensions, the study created a more straightforward 

method for flow improvements that will undoubtedly increase 

the up-flow, cross-flow, and turbulence in the test section. 

Also, the airflow homogeneity was increased by 36% by 

adding guide vanes to the wind tunnel's upstream corners, and 

by combination of upstream and downstream guide vanes, it 

was increased by 65%. Only 10% of the uniformity was 

improved when only the downstream guide vane was present, 

making the situation worse than when only the upstream guide 

vane was present. This clearly shows that the flow condition 

in the upstream part had a greater impact on the test segment's 

flow quality than it did on the downstream section. When 

constructing the guiding vane at the upstream corners, special 

attention must be paid to the portion that is parallel to the test 

section. The velocity variations at the diffuser outlet were 

significantly decreased from 30 to 5% by the insertion of 

splitting plates at the diffuser section. 

 

Fig. 11 Typical Wind Tunnel Setup 
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