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Abstract—The paper presents the numerical and 

experimental results obtained with the use of the FLUENT 

software for analyzing the carrier (NACA4412) motion 

through an air tunnel. This study will be considered as an 

alternative and promise way of goods transportation. The 

carrier (NACA4412) made as a particular shape of a cube 

which present the main body and two rectangular wings 

attached at the middle of the cube. The airfoil section is 

(NACA4412). Both Experimental and numerical work has 

been investigated for the motion of the carrier inside the 

air tunnel. The experiment conducted at the flow speed of 

19.59 m/s which is at the inlet station. The flow problem 

considered as an internal turbulent flow and the standard 

     turbulence model has been applied, and the 

condition of a constant temperature gave at that flow 

speed at entry station. The pressure ratio between the inlet 

and outlet of the air tunnel is 235     . The numerical 

results are compared with experimental 

data.Understanding the feasibility of delivery of goods 

through this system by using such a carrier is the main 

object of this study. 
 

 
Key Words—Experimental study; Numerical simulation; 

Aerodynamics; Internal flow; rigid body. 

 

I. INTRODUCTION 

ransfering goods and people inside the urban cities are 

playing very important rule. therefore developing the 

ways of transport is a main object of this study to reduce 

the congestion and accident. The transportation quality 

influences the desirability and attraction of urban 
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infrastructure cities [1]. Indeed, the improvements in the way 

of transport will not come with no cost to provide a smooth 

mobility of goods. 

Today the urban cities are facing the arising of transport 

problems, so providing efficient way of transport needs a new 

way as not as a traditional way  as railway systems and to 

ensure a perfect life. Nowadays, the world recognized that the 

new transportation ways are needed to make the economic 

growth. So this study is  presenting a new way for the future 

transportation. Numerous of researching conducted in the 

aircraft industry to define a appropriate wings. NACA 4412 

airfoil has been chosen in this study based on previous studies 

has been done to know its aerodynamics properties [2, 3, 4, 5, 

and 6]. The aerodynamic forces and fluid flow on NACA 4412 

has been studied by Kandwal & Singh (2012) [7]. 

Furthermore, the study of variety of pressure distribution on 

the NACA 4412 airfoil has been done by Pinkerton (1938) [8]. 

In addition, a comparative study has been done between two 

airfoils and the investigations gave that lift and drag ratio of 

NACA 4412 is better than NACA 6409 [9]. The idea of using 

a carrier designed as cube attached with NACA 4412 airfoil 

cross section can led as an alternative and promised way of 

transport. The investigations was carried out for the carrier 

NACA 4412 through the air tunnel experimentally and 

evaluated by using CFD software. This work uses a FLUENT 

software version 16.1 with turbulence modeling is standard 

   .  Turbulence modeling represents the most well-known 

turbulent model, simple and has capability for capturing 

turbulence transport occurrence [10]. 

II. DESCRIPTION OF TUNNEL AND CARRIER  

The cube shape and wings attached at the middle of its body 

as seen in figure 1. The dimensions of cube as 0.1 m × 0.1 m × 

0.1 m. The chord length of the wing is 0.05 m. The wing 

incidence angle is 18°. The total mass of the carrier is 100 

grams.  
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Fig. 1 Prototype of the carrier, and the wing with NACA 4412 airfoil cross 

section 
 

The length of the air tunnel is 3 m and with diameter of 

circular cross 0.3 m as shown in figure 2. 
 

 
Fig. 2 3D  of the air tunnel 
 

The dimensions of the domain are           , and the 

carrier (NACA4412) is located at the center as seen in figure 

3.  

 
Fig. 3 Dimensions of the domain of testing carrier (NACA4412) 

III. CFD PROCEDURES  

Incompressible fluid governing equations for unsteady flow 

are: 

      (1) 
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Where 

  : density;  : force,  : molecular viscosity,  : vector 

operator,  ̅: time-averaged velocity components,  ̅: time-

averaged pressure, and   : fluctuating velocity components.  

Equations (1) and (2) are the well-known Time-Averaged 

Navier-Stokes equations.     

Comparative study was done to investigate the accurate 

turbulence model and found that k – ε model is robust one [11, 

12].  

Like this approach had been applied to study the motion of 

carrier through the air tunnel as presented in Ref. [13]. A 

SIMPLE scheme (Semi-Implicit Method for Pressure-Linked 

Equations) was presented. 

A. Boundary Conditions 

Boundary condition of this case as follow: 

1) Figure 4 shows that, two end side as inlet and 

outlet of the pressure, the moving carrier and air 

tunnel are considers as wall. 

2) The pressure inlet was constant and set to 235 

     higher than the atmospheric pressure. 

 
Fig. 4 Air tunnel and carrier (NACA4412) boundary ondition 

B. Mesh construction 

The enough fine mesh has been applied to the model and the 

air tunnel as well, which is very considerable mesh in the 

regions of gradients. An average orthogonal quality is 0.86, 

tetrahedral mesh is applied because its flexibility see figure 5. 

The number of mesh grids counted 1767272. 

 

  
Fig. 5 Grid section of the carrier (NACA 4412) and circular cross section of 

air tunnel 

Figure 6 shows the grid size of the domain, including the 

carrier (NACA4412) is 1012218 which is fine enough. 
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Fig. 6 The grid size of the domain 

IV. EXPERIMENT PROCEDURES 

All the setup and the installation of equipment's have been 

assembled at the University Tun Hussein Onn Malaysia 

UTHM aerodynamic lab. The real air tunnel and carrier as 

seen in figure 7-a. 

The air pump connected to the pipe line as air source, the 

position of the carrier in the pipe is 2.5 m after the air pump. 

The pipeline was made from clear acrylic material to make the 

tracking of the carrier inside the pipe easy by using high speed 

camera. The difference of pressure between inlet and outlet is 

235 N/m
2 

 
Fig. 7-a: The real air tunnel  

  
Fig. 7.b: Blower Pump and the carrier inside the pipes 

V. RESULTS AND DISCUSSION 

The motion of the carrier (NACA4412) was recorded 

experimentally at various times with a high-speed camera. 

Figure 8 shows the results showing that the trajectory of the 

carrier (NACA4412), as written in the picture, was not scaled 

at different times as previously described. 

Zoom in on these results and compare with the numerical 

results obtained. Dimensions in the photo are given in meters.  

Figure 8 shows that the carrier levitates at different heights 

and different velocities. 
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Fig. 8. Flying carrier (NACA 4412) inside the air tunnel 

 

Figure 9 shows The motion of the carrier (NACA4412) 

inside the air tunnel by numerical simulation. Flow pattern at 

different station was shown in figure 14 using contours 

pressure.  
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Fig. 9 Pressure contours of the flow field around the carrier in various 
positions in the X-direction, XY-plane 

 

Based on these results, we can conclude that: The carrier 

(NACA4412) travels until in 0.032 s he reaches a velocity of 

0.52 m/s, then between times t = 0.32 s and t = 0.247 s the 

carrier travels approximately the same as the altitude. increase. 

Start time. However, the model can change the height of the 

beam, as the aerodynamic moment acts more in the near future 

on increasing the speed in the tunnel. As a condition, the angle 

of attack can be gradually increased so that the lift applied to 

the carrier is less than the weight of the carrier. Movement in 

the X direction is followed by carrier movement in the Z 

direction. The carrier touched the ground at time t = 0.364 s. 

At this time, the carrier was moving at a velocity of 4.02 m/s 

and traveled 1.46 m in the X direction. These results led to the 

possibility of a mechanism for transporting such carriers 

through air tunnels. A comparison between the experimental 

and numerical results is expressed by the relationship between 

the velocity of the carrier (4412) and the distance traveled in 

the X direction, as shown in Fig. 10. The carrier velocity is 

plotted against time as presented in figure 11. 

 
Fig. 10  The carrier motion in the X-direction versus velocity magnitude (u) 

 
Fig. 11  Velocity magnitude of the carrier with respect to time 

 

Figure 10 shows that the velocity magnitude of the carrier at 

the beginning (0.096 s) was 1.53 m/s for the numerical result 

which is higher compared to experiment result.  

While from time of 0.319 s showed 99% of the results 

matched each other for both experimental and numerical 

results to reach 1.36 m at a time of 0.348 s. The last point in 

the graph shows that the distance covered is 1.46 m in X-

direction numerically at the time of 0.364 s. Figure 11 shows 

the motion time of the carrier with the speed. 

Figure 12 shows the different time moving of the carrier. 

Figure 13 shows the tracking carrier in X and Y directions for 

both results. 

 
Fig. 12 The distance traveled by the carrier (NACA4412) in the X-direction 

versus the time 

 
Fig. 13 Trajectory of Carrier (NACA4412)  

 

Figure 13 shows the motion comparison of carrier along the 

X-direction.  
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From the figure showing the high-flying carrier 

(NACA4412), it is very clear that the carrier motion behaves 

the same from the start of flight to 0.76m in the X direction, 

with a small error of less than 0.76% counted. This changed 

the height of the beam, as you can see, and triggered a new 

vortex-induced phenomenon in which the beam rolled slightly 

to the right. This unstable rolling can be clearly seen in Figure 

8, where the error was counted at 0.73%. The beam then rolled 

to the right as it was unstable and unbalanced. A higher force 

acting on the left side is created by a continuous vortex acting 

on the motion of the beam. We also see that at a distance of 

1.46 m in the X direction, the numerical results likely landed 

the carrier, whereas the experimental results indicate that it 

probably did not and landed at 1.36 m in the X direction. On 

the wing side, as you can see from the figure, the above 

phenomenon caused the line to swell. Landing was therefore 

on the wing side of the carrier, the error was greater, and 

between both results he reached 4.64.  A moving beam picked 

up by pressure  as explained in figure 14. 

    
                                                            

    
                                                                    

    
                                                                  

 

    
                                                           

   
                                                            

Fig. 14 Pressure contours of the flow field around the carrier in various 
positions in the X-direction, YZ-plane 

 

VI. CONCLUSION  

This paper elaborated the possibility of the motion of carrier 

(NACA4412) through the air tunnel using the FLUENT 

software and experiment work. There is a good agreement was 

seen by comparing both results and has similar behavior. The 

distance covered numerically is 1.36 m by floating up inside 

the air tunnel and 1.46 m experimentally which is 45.33% and 

48.67% of the air tunnel’s length respectively. 
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