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Abstract  

Speed measurements in the test section based on the RPM setting configuration of the open-type subsonic wind tunnel with a 
turbular test section to obtain the properties of the airflow in the test section based on the RPM setting configuration in the 
open-type subsonic wind tunnel. The simulation process is carried out using software Computational Fluid Dynamics (CFD) , 
ANSYS Fluent. The simulation process is carried out by the method Moving Reference Frame (MRF) that the fluid 
phenomenon is moved to move the fan in the wind tunnel to obtain airflow properties in the turbular test section, open-type 

subsonic wind tunnel. In the testing process, airflow velocity measurements were carried out in the turbular test section of the 
open-type subsonic wind tunnel using an air velocity measuring instrument, namely anemometer and hotwire. The software 
Computer Aided Design (CAD), Solidworks, serves to create the geometry of the open-type subsonic wind tunnel and has a 
turbular test section inspired by the Didacta Italia PN21 D open-type subsonic wind tunnel. The properties that occur in the test 
section based on the configuration of the RPM setting in the open-type subsonic wind tunnel turbular test section are expected 
to achieve results to obtain the value of the velocity distribution, pressure distribution and turbulence intensity value so that it 
is useful and supports the operation and testing process to be carried out in an open-type subsonic wind tunnel with a turbular 
test section.  

Keywords: wind tunnel, fluid computation, fan simulation, moving reference frame, test section. 

1. Introduction  

The use of wind tunnels today has clear uses and wide 

applications in various scientific fields, especially in the 
field of transportation and aerodynamics. When wind 

tunnels first appeared, aerodynamicists began to 

understand the factors that control airflow velocity in 

wind tunnels. Wind tunnels have the role and ability to 

recognize the aerodynamic forces and moments that act 

on the conditions inside the wind tunnel and the objects 

in it [1]. 

In general, the fan in the wind tunnel is driven by a motor 

to move the fan with RPM settings adjusted as needed. 

The speed of the airflow produced by the fan is very 

influential because the RPM setting on the motor to 
move the fan in accordance with the RPM is set [2][3]. 

This requires a maintenance process as well as a periodic 

measurement process to keep the wind tunnel working 

optimally, to achieve ideal test conditions. 

This study will conduct a speed measurement that flies 

one setting on the blade angle on the wind tunnel fan and 

four variations of rotational speed on the fan with RPM 

settings, at RPM 500, RPM 750, RPN 1000, and RPM 

1250 airflow to obtain airflow properties in the turbular 

test section, in an open-type subsonic wind tunnel with 

variations in fan rotational speed in the wind tunnel. In 

the test section of the wind tunnel using an analytical 

approach with CFD (Computational Fluid Dynamics) 

simulation with the moving reference frame (MRF) 
method and testing with airflow velocity measurements in 

the wind tunnel to measure the speed of the turbular test 

section based on the RPM configuration in an open-type 

subsonic wind tunnel inspired by the Didacta Italia PN21 

D wind tunnel. 

Thus, this study will obtain the value of the velocity 

distribution in the airflow in the wind tunnel test section, 

the value of the pressure distribution in the airflow in the 

wind tunnel test section and the value of the turbulence 

intensity in the airflow in the wind tunnel test section. 

By obtaining these data, steps to facilitate the operation 
of the wind tunnel are needed by setting the RPM in the 

wind tunnel. 
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2. Research Methods 

 

 

Figure. 1 Flow chart 

 

2.1 Measurement of Wind Tunnel Dimensions 

 

Figure. 2 Didacta Italia PN21 D Wind Tunnel 

Take measurements of the wind tunnel that meet the 

needs in the design process for reference to the 3D model 

of the wind tunnel. The subsonic wind tunnel is open 
type and has a turbular test section inspired by Didacta 

Italia PN21 D. In the process of measuring dimensions 

in the wind tunnel using measuring instruments such as 

a meter, vernier caliper, ruler. 

2.2 Design of the 3D Wind Tunnel Model 

In the process of designing a 3D wind tunnel model 

using CAD (Computer Aided Design) software, namely 

Solidworks. In the process of making 3D model by 

making open-type subsonic wind tunnel parts by 

drawing parts of the wind tunnel that refer to and are 

inspired by the results of dimensional measurements on 

the Didacta Italia PN21 D wind tunnel that have been 
carried out. The process of making wind tunnel 

geometry includes parts, bellmouth / contraction cone, 

test section, diffuser, blade of the fan, and hub on the fan. 

2.3 Wind Tunnel Model Meshing Process 

The meshing process is carried out using ANSYS 

software. The meshing process aims to divide the plane 

into small elements that can be studied in numerical 

simulations, the method used in this simulation is the 

multi-block method where the geometry meshes 
individually based on its volume. This method is also 

used to provide different mesh variants at each geometry 

level as required and as a solution for complex geometry 

parts such as fans. Different mesh types are selected 

based on their respective geometries and customized to 

the shape of the geometry as needed [2]. 

2.4 Determination of Wind Tunnel Boundary 

Definitions 

The process of determining the definition of boundary 

physics in an open-type subsonic wind tunnel. There is a 

predetermined domain, namely the moving fluid domain 
and the stationery fluid domain, at the boundary type is 

the determination of input data which is the boundary of 

the flow modeling area in the fluid. At the boundary inlet 

with the boundary type, namely pressure inlet, input 

pressure data is 1 bar (mean sea level). Available in 

Table. 1 

Table. 1 Boundary Condition Windtunnel 

Domain Boundaries Type 

Moving 

Fluid 

Boundary - Casing Fan 2 Wall 

 Boundary - Default 

Interior 012 Moving 

Fluid 

Interface 

 Boundary - Fan 35 

Degree 

Wall 

Stationery 

Fluid 

Boundary - Bellmouth Wall 

 Boundary - Casing Fan 1 Wall 

 Boundary - Default 

Interior 012 Stationery 

Fluid 

Interface 

 Boundary - Inlet Pressyre 

Inlet 

 Boundary - Junction Pipe Wall 

 Boundary - Outlet Pressure 

Outlet 

 Boundary – Test Section Wall 

 

2.5 Wind Tunnel Testing Process 

The testing process was carried out to obtain the airflow 

velocity distribution in the test section at a pitch angle 

on the blade attached (35°) to the fan blade shaft in the 

Didacta Italia PN21 D wind tunnel. In the Didacta Italia 

PN21 D wind tunnel using four RPM settings at RPM 
500, RPM 750, RPM 1000, RPM 1250 on the fan drive 

motor in the PN21 D wind tunnel and setting four RPM 

variations are involved in the simulation process. 
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2.6 Measurement of Velocity Distribution Using an 

Anemometer 

The use of an anemometer to measure the velocity 

distribution of airflow in the test section of the PN21 D 

wind tunnel is carried out at several points along the y-

axis of the test section. These points include positions 
near the bottom wall, the middle of the test section, and 

near the top wall. The wind tunnel's RPM settings are 

adjusted to 500 RPM, 750 RPM, 1000 RPM, and 1250 

RPM. This is done to measure the velocity distribution 

across the cross-section of the wind tunnel test section. 

2.7 Measurement of Velocity Distribution Using a 

Hotwire 

Measurement of Airflow Velocity Distribution in the test 

section of the PN21 D wind tunnel is conducted to serve 

as a comparison and validation of the hotwire 

measurements. This process involves setting the RPM at 
500 RPM, 750 RPM, 1000 RPM, and 1250 RPM. The 

hotwire is positioned at the same three points as the 

anemometer, aligned with their respective positions near 

the bottom wall, middle of the test section, and near the 

top wall.  

2.8 Conclusion 

The process of drawing conclusions gets the results of 

the testing process in the form of airflow velocity 

distribution values in the wind tunnel test section. The 

results of the simulation process will produce properties 

that occur in the airflow in the wind tunnel test section. 

The airflow properties are the airflow velocity 
distribution value, the airflow pressure distribution and 

the turbulence intensity value in the airflow.  

 

3.  Results and Discussion 

3.1 Wind Tunnel Modeling Results 

Measurement results of the wind tunnel geometry 

inspired by the open-type subsonic wind tunnel Didacta 

Italia PN21 D, featuring a tubular test section. The 

dimensional results are presented in Table. 2.  
Table. 2 Measurement Results of Wind Tunnel Modeling 

Part Dimension Information 

Bellmouth Length : 993 mm  

 Width : -  

 Thickness : 9,55 mm  

 Diameter : 300 mm Rear 

Diameter  

 Diameter : 920 mm Front 

Diameter 

Test 

Section 

Length : 2000 mm 

Width : - 

 

 Thickness : 7 mm  

 Diameter : 300 mm  

Drive 

Section 

Length : 300 mm  

 Width : -  

 Thickness : 7 mm  

 Diameter : 300 mm  

Hub 

Assembly 

Length : -   

 Width : -  

 Thickness : 40 mm  

 Diameter : 140 mm  

Blade Length : 53,43 mm  

 Width : 76 mm  

 Thickness : -  

 Diameter : 30 mm Hub Blade 

In creating the wind tunnel geometry using CAD 

software such as SolidWorks, the process typically starts 

with sketching, followed by creating individual parts and 

then assembling them. In the fan assembly, detailed 

drawings show fasteners attached to the shaft, 

connecting the hub assembly. This approach ensures a 
comprehensive design of the wind tunnel model, as 

illustrated in the figure. 

 

Figure. 3 Results of 3D Wind Tunnel Model Design 

 

Figure. 4 Results of 3D Wind Tunnel Model Design 

 

Figure. 5 3D Model of Fan Assembly in the Wind Tunnel 

3.2 Wind Tunnel Modeling Meshing Results 

In the process of meshing the open-type subsonic wind 

tunnel model, the workflow involves importing the 

geometry designed in CAD software into CFD software 

using an IGS file format. Therefore, it is necessary to 

simplify the geometry shape, particularly in the main 

components of the wind tunnel, without involving the 

detailed modeling as done in CAD software. This 

simplification may lead to a new definition of geometry. 

In the bellmouth, test section, and diffuser sections, 

hexahedral, tetrahedral, and triangular meshing 

techniques are utilized. Figure 6 illustrates the overall 
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meshing results, while Figures 7 to 9 provide detailed 

views of the meshing outcomes of the wind tunnel. 

 

Figure. 6 Results of Wind Tunnel Meshing 

 

Figure. 7 Results of Hexahedral Meshing on Bellmouth 

           

Figure. 8 Results of Hexahedral and Tetrahedral Meshing 

 

Figure. 9 Results of Tetrahedral Meshing on the Fan Casing 

 

Figure. 10 Results of Tetrahedral Meshing on the Fan 

3.2.1 Results of Determining Boundary Definitions 

The process of determining the definition of boundaries 

and conditions that occur in the simulation is listed in the 

table. 

Table. 3 Boundary Conditions 

Boundary 

Conditions 

Model Information 

Domain 

Moving 

Fluid 

Cell  

Domain 

Stationery 

Fluid 

Cell  

Model 

Viscous 

k-epsilon  

Model 

Turbulent 

Intensity and  

Hydraulic Diameter 

Intensitas 

Turbulensi : 

5% 

Inlet  Pressure Inlet Pressure 

Gate (P_g)  : 

0 

Outlet Pressure Outlet Diameter 

hidrolik : 

Bellmouth : 

920 mm 

Test Section 

: 300 mm 

Casing Fan : 

300 mm 

Blade (Moving Reference 

Frame) MRF 

RPM 500, 

RPM 750, 

RPM 1000, 

RPM 1250 

Blade Wall V : 0 

   

 

3.2.2 Wall Y Plus Value Simulation Results 

Figure 11, it shows the wall y plus values along the open-

type subsonic wind tunnel, indicating the mesh quality 

near the walls improves with smaller mesh sizes. In the 

bellmouth section, an optimal wall y plus value ranges 

from 0 to 2, while in the test section, it ranges from 4 to 

6. A significant difference occurs in the fan area where 

the highest wall y plus values are observed. This 
discrepancy is due to meshing adjustments that 

accommodate the complexity level of the geometry, 

particularly in the fan region. 

 

Figure. 11 Wall Y Plus Value in Wind Tunnels 
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3.3 Simulation Results of Air Flow Visualization in an 

Open Circuit Subsonic Wind Tunnel 

The simulation results for the open-type subsonic wind 

tunnel with a tubular test section were conducted at RPM 

500, RPM 750, RPM 1000, and RPM 1250. As shown in 

Figure IV.5, the visualization illustrates varying airflow 
velocities in different sections and depicts the direction 

of airflow. As the airflow approaches the fan, its pattern 

becomes conical. When the fan rotates, the airflow 

around the fan becomes turbulent, differing from the 

airflow in the bellmouth and along the test section before 

reaching the fan. The wind speed increases after passing 

through the fan due to the fan's rotation. Figure 12 shows 

the visualization of streamlines airflow in the diffuser 

and fan regions. 

 

Figure. 12  Wind Tunnel Air Flow (Streamline) Visualization 

3.4 Simulation Results of Air Flow Velocity 

Distribution in an Open Circuit Subsonic Wind 

Tunnel 

The airflow velocity simulation results for the open-type 

subsonic wind tunnel with a tubular test section involve 

four RPM configurations (RPM 500, RPM 750, RPM 

1000, and RPM 1250). Figure 13 shows the airflow 

velocity in the wind tunnel using cross-sections along 

the X, Y, and Z axes. It can be observed that the 

bellmouth section has a lower velocity compared to 

other parts of the wind tunnel. The airflow velocity at the 

inlet of the bellmouth for all four RPM variations tends 

to be low, ranging from 0 m/s to 3 m/s. As the airflow 

progresses towards the test section, the velocity 

increases at each RPM. In the test section, the velocity 
reaches 6 m/s at RPM 500, 8 m/s at RPM 750, 10 m/s at 

RPM 1000, and 13 m/s at RPM 1250. 

 

Figure. 13 Speed Distribution Values in Wind Tunnels 

3.5 Simulation Results of Pressure Distribution in an 

Open Circuit Subsonic Wind Tunnel 

The results of pressure distribution in an open-type 
subsonic wind tunnel with a turbular test section involve 

4 RPM variations, namely at (RPM 500, RPM 750, RPM 

1000, RPM 1250). Can be seen in Fig. 14 shows the 

pressure distribution that occurs, the results show the 

lowest pressure distribution value found in the wind 

tunnel test section. The pressure distribution along the 

wind tunnel at 4 RPM variations is 1 bar. 

 

Figure. 14 Pressure Distribution Values in Wind Tunnels 

3.6 Simulation Results of Turbulence Intensity in an 

Open Type Subsonic Wind Tunnel 

 

Figure. 15 Turbulence Intensity Values in Wind Tunnels 
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The wind tunnel is designed to produce high velocities 

with laminar airflow conditions. Additionally, the test 

section of the wind tunnel must have low turbulence 

intensity. The simulation results for turbulence intensity 

in the open-type subsonic wind tunnel with a tubular test 

section show values below 5% across the four RPM 
settings. This is illustrated in Figure 15, which shows the 

turbulence intensity in the wind tunnel with an isometric 

view on the (X, Y, Z) plane. 

3.7 Air Flow Velocity Distribution Curve in an Open 

Type Subsonic Wind Tunnel 

 

Figure. 16 Air Flow Velocity Profile in a Wind Tunnel 

In Figure 13, the contour of airflow velocity distribution 

in the wind tunnel is shown with four RPM variations 

and a fan angle of 35 degrees. Figure 16 displays the 

velocity distribution profile of the airflow in the wind 

tunnel, comparing the results of the airflow velocity 

distribution simulation with the wind tunnel's 

dimensional coordinates. The curve results show that at 

RPM 1250, the highest velocity in the test section 

reaches 14 m/s. At RPM 1000, the velocity in the test 
section is 11 m/s. At RPM 750, the velocity in the test 

section is 8.5 m/s, and at RPM 500, the velocity 

distribution in the test section is 5.5 m/s. As the RPM 

increases, the airflow velocity distribution produced also 

increases. 

 

3.8 Air Flow Pressure Distribution Curve in an Open 

Circuit Subsonic Wind Tunnel 

 

Figure. 17 Pressure Distribution Profile in Wind Tunnel 

In Figure 17, the pressure distribution profile of the 

airflow in the wind tunnel is shown with four RPM 
variations and a fan blade angle set at 35 degrees. Figure 

14 displays the pressure distribution contour in the wind 

tunnel. It can be seen that Figure 17 shows the pressure 

distribution values, particularly in the test section of the 

wind tunnel, where the highest pressure is observed at 

RPM 500. At RPM 1250, despite having the highest 

velocity, the pressure distribution is the lowest. This 

relates to the theoretical foundation discussed in Chapter 

2 concerning the continuity equation for incompressible 

fluids, which have a constant fluid density. Therefore, 

based on the results of the airflow velocity distribution 

and pressure distribution along the wind tunnel, it can be 

concluded that these two variables are inversely related. 

3.9 Wind Tunnel Experiment Results 
3.9.1 Results of measuring air speed values against 

RPM using an anemometer 

 

 

Figure. 18 Air Flow Velocity Measurement Position on Test Section 

Cross-Section 

Air velocity measurements during the wind tunnel 
testing were conducted using an anemometer in the test 

section. Measurements were taken at four RPM 

variations: RPM 500, RPM 750, RPM 1000, and RPM 

1250, with the testing process referencing anemometer 

positions as shown in Figure 18. The purpose of 

measuring airflow velocity at these three points is to 

determine the velocity distribution across the cross-

sectional area of the wind tunnel test section. Below are 

the results of the airflow velocity measurements using an 

anemometer in the test section at the three anemometer 

measurement positions. 

 

Gambar. 19 Measurement Results Using Anemometer Position 1 

In Figure 19, the measurement results using an 

anemometer at the first position, 5 cm from the wind 

tunnel wall along the positive y-axis, close to the test 
section wall, are shown. The airflow velocity 

measurements obtained are 1.65 m/s at RPM 500, 1.69 

m/s at RPM 750, 2.93 m/s at RPM 1000, and 4.6 m/s at 

RPM 1250. 

The measurements at the second anemometer position 

are shown in Figure 20, where the anemometer is 15 cm 

from the test section wall along the positive y-axis, 

positioned at the center of the x-axis or the midpoint of 

the circle. The results obtained are 1.63 m/s at RPM 500, 
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1.68 m/s at RPM 750, 2.92 m/s at RPM 1000, and 4.57 

m/s at RPM 1250. 

 

Figure. 20 Measurement Results Using Anemometer Position 2 

In the third position in the measurement of air flow 

velocity in the wind tunnel test section using an 

anemometer placed at a distance of 10 cm towards the 
negative y axis adjacent to the wind tunnel wall. Can be 

seen the measurement results in the third position of the 

anemometer in Fig. 21 shows that at RPM 500 the 

airflow velocity result is 1.58 m / s, at RPM 750 it is 1.68 

m / s, at RPM 1000 it has an airflow velocity value of 

2.85 m / s and at RPM 1250 it has a velocity value of 

4.56 m / s. The results of the three measurement 

positions using an anemometer can be seen in Figure 21. 

The results of the three measurement positions using an 

anemometer are relatively the same in each of the four 

RPM variations, there is an increase in the value of air 

velocity as the RPM setting changes. The greater the 
RPM setting, the greater the value of the resulting air 

velocity. 

 

Figure. 21 Measurement Results Using Anemometer Position 3 

3.2.1 Results of measuring air speed values against 
RPM using Hotwire 

 

Figure. 22 Testing Positions Using Hotwire 

The results of measuring the value of air velocity against 

RPM using a hotwire were carried out on the test section 

with three hotwire measurement positions during the 

test. In Fig. 22 shows the three positions in the direction 

of the y-axis, in the first position shows the position of 

the hotwire 5 cm from the wind tunnel wall, namely on 
the positive y-axis adjacent to the wall of the wind tunnel 

test section. In the second position, 15 cm away from the 

wall of the wind tunnel test section from the positive y-

axis, coinciding with the middle position of the x-growth 

or at the center of the circle point. And in the third 

position, which is 10 cm away towards the negative y 

axis adjacent to the wind tunnel wall. 

 

Figure. 23 Measurement Results Using Hotwire Position 1 

In Figure 23, the results of airflow velocity 

measurements using a hotwire at the first position, 

located 5 cm from the test section wall along the positive 

y-axis, show that at RPM 500, the airflow velocity was 

0 m/s, indicating very low airflow conditions that were 

undetectable by the hotwire. At RPM 750, the airflow 

velocity increased to 4 m/s, indicating an increase in 

airflow velocity at this RPM setting. At RPM 1000, the 
airflow velocity remained constant at 4 m/s, which was 

consistent with the results at RPM 750 and RPM 1250. 

The measurement process was conducted at the second 

position using a hotwire in the wind tunnel test section, 

precisely at the center point of the test section circle, 

located 15 cm along the positive y-axis. The velocity 

measurement results at the second hotwire position can 

be seen in Figure 24. At RPM 500, the airflow velocity 

was 0 m/s, similar to the first hotwire position. At RPM 

750, the airflow velocity was 4 m/s, consistent with the 

results at RPM 1000 and RPM 1250. 

 

Figure. 24 Measurement Results Using Hotwire Position 2 
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During the testing, the placement of the hotwire at the 

third position resulted in airflow velocity measurements. 

At RPM 500, the airflow velocity was recorded as 0 m/s, 

which remained constant across all three positions. The 

airflow velocity at RPM 500 was very low, so low that 

it could not be detected by the hotwire. At RPM 750, the 
velocity increased to 4 m/s from its previous 0 m/s. At 

RPM 1000, the airflow velocity decreased to 3 m/s 

despite an increase in RPM, and the same result was 

observed at RPM 1250, where the airflow velocity 

remained constant at 3 m/s, similar to RPM 1000. 

Figure. 25 illustrates these findings. 

 

Figure. 25 Measurement Results Using Hotwire Position 3 

Table. 4 Results of Airflow Velocity in Test Section 

RPM Anemometer Hotwire Simulation 

500 0 m/s 1,63 m/s 5,5 m/s 

750 4 m/s 1,68 m/s 8,5 m/s 

1000 4 m/s 2,92 m/s 11 m/s 

1250 4 m/s 4,57 m/s 14 m/s 

4.  Conclusion 

1. With the difference in RPM can provide an 

increase in the value of airflow velocity at 

setting the blade angle in the wind tunnel 35 
degrees and setting the RPM at RPM 500, RPM 

750, RPM 1000, RPM 1250. 

2. The simulation process results in an increase in 

the airflow velocity value in the wind tunnel 

test section as the RPM setting increases. The 

result of airflow velocity in the wind tunnel test 

section at RPM 500 is 5.5 m/s, RPM 750 is 8.5 

m/s, RPM 1000 is 11 m/s and RPM 1250 is 14 

m/s.  

3. The tubulence intensity value generated 

through the simulation process is 4% in the 
wind tunnel.  

4. The pressure distribution value produced by the 

simulation process shows a decrease as the 

RPM increases due to the increase in air flow 

velocity so that the pressure decreases. The 

pressure distribution results generated from the 

simulation process are at RPM 500 of 1.0142 

bar, RPM 750 of 1.0117 bar, RPM 1000 of 

1.0117 bar and RPM 1250 of 1.0130 bar. 
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