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Executive Summary 

 This project purpose a design and performance test of an 1:20 scale model of airborne jet 

train (AJT) that would glide on a soft porous track (SPT) and demonstrate the validation of the 

proposed new theory explaining the generation of pressure and lift forces in a random soft 

fibrous media layer under dynamic compaction. The governing equation of model for the 

pressure distribution is Brinkman equation which is modified form of Darcy equation. The 

boundary condition for the solution of the Brinkman’s equation is that the fiber is confined 

between two planar sides (no slip walls) on either side where there is no pressure drop by viscous 

shear effect of or leakage, an infinite horizontal lower boundary and incline upper boundary that 

is within lubrication limit. 

 The numerical solution of the governing differential equation for velocity of the 1:20 

scale train was evaluated keeping the mass and thrust as variable and the drag coefficient of the 

body as 0.2. This parametric velocity solution was then incorporated in the non-dimensional 

solution of Brinkman equation with variable Darcy’s permeability given by Carman–Kozeny 

equation. Finally thorough an iterative process and legitimate consensus was reached between 

the mass to generate compaction and thrust to produce required speed to generate lift of the 

model. 

 Using polyester fiber as fibrous porous material with permeability 3.4*10
-9

 m
2
, and the 

compression ratio of 1.5 i.e. ratio of the thickness of porous material at leading edge and the 

trailing edge. Numerical results showed that for a 20 kg mass of the train powered with 8N thrust 

produce a speed of 0 to 4 m/s in 10 sec and the lift was observed at speed of 1.52 m/s. The 

pressure center was found to be constant at 0.7 m from trailing edge of the SKI which is off from 

mass center by 0.1 m to the trailing side which attributed a pitching moment. This moment can 

be compensated by counter moment produced by NACA 0012 airfoil at 15 degree angle of attack 

at the steady state speed of 42 m/s. However, due to the limitation of the resources and scope of 

the experiment the idea was proposed to manufacture the train in the way that the mass center of 

the train coincidence with the pressure center eliminating any moment and the numerical results 

showed the lift occurs at 1.72 m/s with the limit of the track length of 15 meter. 
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1. Introduction 

1.1 Project description 

 

 
Figure 1.0 Concept Model of Air Jet Train 

 A proof concept of 1:20 scale model of an Airborne jet train (AJT) with a SKI 

underneath as shown in figure 1.0 is to be purposed which can demonstrate the lift force 

generate during dynamic compaction of the fibrous porous medium in a laboratory setup. 

Initially the train wheels support the train in the track and as the train is propel by the 

thruster, the ski glides over the porous material at a very small angle of attack such that 

the trailing edge push the air through the void which eventually created a dynamic pore 

pressure as predicated by the Brinkman’s  equation 
[1]

. While the ski of the train will be 

sliding over a high compressible fibrous material the dynamic pressure builds up under 

the SKI of the train generates dynamic lift forces. Our goal is to exams these dynamic lift 

forces being generated.  Furthermore we will be checking the design and the performance 

of this train as well. The supposed length of the track will be around 15-20 meters and it 

will be made sure that the proposed design would allow lift-off velocities within this 

limit.  

 

1.2 Motivation 

 The concept of this design project emerged from the motion of red blood cells 

through capillaries. Figure 2 describes the effect of increasing velocity of red blood cells 

through capillaries.  
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©2001 by American Physiological Society 

Figure 2.0 Motion of red blood cell in capillaries 

 It can be observed from the above figure that as the velocity of the red blood cells 

increases, it shrinks along the y-axis and elongates in the x-axis. This behavior occurs due 

to the presence of glycocalyx which is a soft porous material. As the velocity of the red 

blood cells increases, the compression forces exerted by this material on the red blood 

cell increases. To explain this phenomenon in which a red blood cell quickly lifts off 

from the surface and glides near the edge of glycocalyx, a new theory was required to 

explain. This need gave arise to convergence of lubrication theory and Brinkman’s 

equation to describes the flow of fluids (liquids and gases) in a geometry in which one 

dimension is significantly smaller than the other and pressure variation along the motion 

of the boundary layer. 

 

1.3 Background 

 Feng and Weinbaum [J. Fluid Mech. 422, 282 (2000)] have shown a similarity 

between red blood cell gliding on endothelial surface and glycocalyx(Porous Media)  and 

a human snowboarding on fresh powder snow(Porous Media) and their corresponding 

pressure gradient along the contact surface. However the classical lubrication theory was 

not able to explain this phenomenon hence a new theory was proposed and experiment 

were conducted to verify the pore pressure generated during compaction. 
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 Modeling fluid flow in porous heterogeneous materials with more than one 

typical pore size is a challenge. One approach is to divide the medium into two regions 

i.e. larger pores and homogeneous regions of smaller pores.  

In larger pores, the Stokes equation for incompressible flow holds 

                        

  where 

   is the pressure 

  is the fluid velocity  

  is the fluid viscosity 

 In smaller pores, the flow is described by Darcy’s law. The boundary conditions 

to be satisfied at the pore/permeable medium interface are continuity of fluid velocity and 

shear stress. Darcy’s law alone is not sufficient to satisfy these boundary conditions. The 

Brinkman equation, a generalization of the Darcy’s law, fully satisfies the above 

mentioned flow. Brinkman’s equation is  

        
 

 
      

   

  Where, 

     = effective viscosity parameter 

 This theory is valid in the limit where the structure is so compressible that the 

normal forces generated by elastic compression of the fibers are negligible compared to 

the pressure forces generated within the porous layer. 

 

1.4 Literature search 

 

 Theoretical Methods:  

  This study begins with a brief introduction of basic flow geometry for 

planar lifting surface. Afterwards fundamental of boundary conditions, variable Darcy’s 

permeability and dimensionless parameter parameterization of pressure function with 

generalized and simplified governing equation. 
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      (a) 

 

 

 

 

 

 

 

 

 

 

 

 

           

        (b) 

Figure 3.0 Basic Flow geometry for planar lifting surface. (a) 3D Representation SKI 

over track. (b) (x, y) coordination system of Flow field. 

 

Introducing the dimensionless variables 
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A typical drag coefficient is given by,    
 

          
  

 

                                                                                 
 

By Newton’s second law, 

            

  
  

  
                                                                

 

The compression of the fibers varies linearly for thickness difference of 0.4, 

 

 

Figure 4.0 Experimental result of quasi compaction of porous material 
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2. Problem statements and objective 

2.1 Objectives 

 To examine the generation of dynamic lift forces due to the dynamics pressure 

distribution under the  moving SKI plan form due to the compaction of highly 

compressible fibrous materials. 

 A 1:20 scale model design and performance of an airborne jet train (AJT) that 

would glide on a soft porous track (SPT). 

 The proposed design would allow lift-off at velocities within the limit of length of 

the track. 

 

2.2 Customer requirements 

2.2.1 Product Design Specifications 

Air Jet Train 

Parameters Estimated 

The thrust used for propulsion (N)  10-15 

  Propulsion System Solid state fuel Rocket 

  Mass of the train (kg)  15-25 

  Airfoil at the front of train  Yes 

  Aerodynamic Body (body drag  coefficient) 0.2 

  Soft Porous Track  

 

Parameters  Estimated  

 

Length of the track (m)  

 

15-20  

  Lateral air leakage form side boundary  

 

No 

  Thickness of porous material 

            length of the ski  

 

            << 1  

  Polyester Fiber Darcy Permeability (m^2)  

 

3.4*10^-9 

Table 1.0 Product Design Specification and Client requirements 
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2.2.2 Design Process 

 

 

 

 

 

 

 
 

 

 

 

Figure 5.0 Design optimization and Requirement Assessment flow Diagram 

 

Figure 6.0 Free Body Diagram of forces 

 In figure 5.0, the flow diagram shows the primary needs of the project is to 

develop an technique to measure novel lift force generated during dynamic loading  

condition which requires a steady state velocity for compensate the pitching moment due 

to unsymmetrical pressure development. Figure 6.0 show the statically determinant FBD 

of the forces acting on the system at any given time frame, which satisfy the needs of 

Identify Problem
& Needs

Determine
Requirements

Do
requirements
satisfy needs?

Yes

No
 To develop an 

experiment technique 

for measure novel lift 

force generated during 

dynamic loading. 

• Use pressure transducers or 

load cell to measure the 

pressure development 

underneath the ski. 

• Steady state velocity. 

• Velocity for Pitch compensation 
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project such that pressure underneath the SKI can be measure by using pressure 

transducers and co relate with data with velocity profile to validate the theory. 

 

2.2.3 Gantt Chart 

 

 

Figure 7.0 Gantt Chart Project work flow diagram 

 

 This Gantt chart represents the project management, goals sets and accomplished 

milestone throughout the time period of the research and experimentation. The project 

stated with concept research and literature review and followed by the product design 

specification meeting the customer requirement. 

 The design concepts were developed and evaluated throughout the period of this 

semester to come up with proof of concepts. For this a CAD model was developed, the 

mathematically governing equation were numerically solved and the parametric model 

was reformulated as per the model satisfaction and the design requirement and finally the 

final design was selected and verified theoretically. 

 This chart also represents a tentative prospect of future milestones to achieve 

when the model is actually subjected to real physical test beyond the mathematical and 

numerical evaluation.  
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3. Design Concepts 

3.1Decomposition into Subsystems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.0 Subsystem and Detail Component (data acquisition systems not include) 
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3.2 Synthesis of subsystems 

3.2.1 Mathematical Evaluation 

 Substituting the equations 1-4 and 6-7 into pressure equation 5, 

 

       
      

      
 

  
 

 
 
  

 
 
  

 
  

 
  

       
 

 

 

   

   
  
  

 

  
 

 
 
  

 
 
  

 
  

 
  

       
 

 

 

 
  

   

   
  
  

 

 
 
  

 
 
  

 
 
  

 
  

 
  

       
   

 
  

 
 

 

                                    

 

        
 

  

       
 

 

                                                                                                                        

 

Taking moment about mass center, from equation 10 and 12 

   
                      

   
                                                                              

 
                                                                                                                                 

  
Assumption, 

 

• Negligible change in pressure due to change in height as pressure is function 

of ratio of differential height over initial thickness. 

 

• Pressure remains constant as soon as the lift occurs, that is air escape at the 

same rate as the rate of air pushed through the porous materials, and total flux 

is constant. 

 

• No shear or viscous effect is considered. 

 

• Reynolds number not taken into account for any flow measurement.  

 

• Fibers are aligned perfection in the direction parallel to the flow and hence no 

accumulation due to viscous effect of flow. 
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3.2.2 Design Concepts 

 

 
 

Figure 7.0 Design concepts I (with airfoil) 

 

 
 

 

Figure 8.0 Design concepts II (without airfoil) 
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3.2.3 Decision Matrix 

 

Air Train 

Parameter Design I  Design II  

Manufacturing +  -  

Maintenance -  +  

Cost -  +  

Weight (+) 1  2  

Weight (-) -2  -1  

Total Weight -1  +1  

  

  Table 2.0 Decision Matrix  

 

 

 The concept was evaluated in especially three major categories, 

manufacturing maintenance and cost. For manufacturing the design I was easy as 

the symmetric body is easy manufacture than design II which need to be model 

such a way that the mass center is predefine and will be major challenge to be 

achieve. For maintenance and cost design II is evaluated as easier and better 

because of the presence of airfoil in design I which yield extra. The total weight 

was evaluate for both the concept and with close marginal different and space 

limitation design II was selected as the winner and proposed for the 

experimentation of the purpose design. 
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4. Proof of Concepts 

4.1CAD Model 

 

 
 

Figure 9.0 3D CAD model of complete Assemble for Design concepts II (without airfoil) 

 

4.2 CAD drawing of subsystems 

 

 
Figure 10.0 2D Sketch of complete Assemble for Design concepts II (without airfoil) 
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4.3 List of Materials 

 

Train: Balsa wood 

• Low density 

• Easy to workability 

• Atheistic finishing surface 

• Cheaper  

 

Wheels: Rubber 

• Better grip on the surface 

• Cheaper and easily available 

• Atheistic finishing surface 

 

Track Side Rail: Aluminum 

• Expensive but durable  

• Non- corrosive 

• Dimensional stability 

• Less shear resistance at side wall with porous material  

 

Porous Material: Polyester Fibers   

• Easily availability  

• Cheap 

• High permeability  

• Fibrous and high void fraction even during compaction 

• Small solid compression force 

 

Mesh: Teflon 

• Cheap and easily availability 

• High porous in respect to mesh surface area 

• Low coefficient of friction 
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5. Results and Discussion 

4.1Numerical Results 

 
 

Graph 1.0 Pressure distribution underneath the SKI 

 
Graph 2.0 Pressure Center plot for pressure curve for different velocity 

 

 From the graph 1 above we can see that the pressure distribution curve has a 

asymptotic solution after time 4 sec which implies that the lift occur for the given design 

configuration and parameters. The maximum pressure obtain is 800 Pascal with is 

sufficient enough to lift the train out the track. In graph 2.0 we can see the constant value 

of the pressure center which depicts that the pressure center in not symmetric but is 

constant throughout the experimentation period hence the design concept II employed the 

concept to model the train such that the pressure center and mass center coincidence and 

eliminate the pitching moment. 

0 0.5 1 1.5 2 2.5 3 3.5 4
0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

0.7056

Velocity (m/sec)

C
en

tro
id

 p
os

iti
on

 fr
om

 re
ar

 w
he

el
 (m

)



ME 473 Senior Design 1 – Air Bourne Jet Train  
 

20 
 

 
Graph 3.0 Reaction forces plot for different velocity 

 

 
 

Figure 11.0 State of Operation 

 

 From the graph 3, we can see plots of reaction forces and normal forces produce 

during the dynamic condition. From the graph we can see that the air force is increasing 

linearly to value close to the weight of the train and as the value get over the weight of 

the train with move with a constant steady state value. Similarly the reaction forces also 

decrease linearly and the air force reach the constant value the reaction force also 

maintain steady state value. The graph also show that the reaction forces on the front 

wheel is not zero unlike the rear wheel where the reaction force is zero, which is due to 

the unsymmetrical pressure distribution curve which produce lift on the rear wheel first. 
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This produces a pitching moment which can be seen on figure 11 where this pitching 

moment is compensated by the lift produce by the air foil at the front. 

 
Graph 4.0 Reaction forces plot for different velocity 

 

 
Figure 12.0 State of Operation 

 

 From the graph 3, we can see plots of reaction forces and normal forces produce 

during the dynamic condition for design concept II which employs the no airfoil concepts 

however its mass center coincidence with pressure center hence eliminating pitching 

moment as show in figure 12.0 . From the graph 3 we can see the reaction forces also 

decrease linearly is zero, and there occur on offset value between two forces.  
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4.2 FEM analysis 

 

 

 

Figure 1.0 Flow in Porous Media Simulation in COMSOL Multiphysic  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The numerical result evaluated with numerical solution of equation 10 was crossed 

checked with computer simulation software COMSOL 3.4, for flow in porous medium package.  

The geometry of the section of the track covered by the ski at any instance was modeled. The left 

and right were setup as the outlet boundary as zero gauge pressure. Bottom wall was setup as no 

slip wall boundary condition and top wall was setup as moving wall at the speed of 1.7 m/s 

parallel to the ground. This speed was found from the numerical solution as lift speed. A fine 

triangular mesh size was used to generate mesh. The model took 12 sec to provide the solution, 

and is as shown in the figure above. The result was off by 50 Pascal as for numerical solution 

yield 800 Pascal. The software used Brinkman’s equation to solve the model and hence uses 

slightly different approach to the problem; however it is still yet to be verified with experimental 

result that if the numerical and simulation results make any sense to real world situation. 
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6. Conclusion and Recommendations 

Design Concepts: 

 After careful consideration of the numerical results, we felt that two design 

concepts best suited the clients’ expectations.  The first design incorporates airfoils in the 

front and back of the model.   The second alleviates the need for airfoils by shifting the 

center of gravity over the point of maximum pressure.  Figure 11& 12  shows difference 

between the two designs.  Both models, in theory should meet the design requirements so 

our decisions came down to three parameters; cost, maintenance and manufacturing.  

Design I, most accurately represents the full scale Jet train concept, and initially was our 

only consideration.  However, when implementing cost and maintenance parameters it 

was concluded to be disadvantageous when compared to Design II.  Cost would be 

slightly higher when accounting for the extra material and hardware associated adjustable 

mounts.   Maintenance is a concern as well, considering the fragility of the airfoil and the 

potential for high vibration during acceleration.  In addition, the model is expected to 

endure numerous experiments and any break or shift in the airfoils could give inaccurate 

results.   Design II show greater potential in cost and maintenance due to less material 

and no upkeep associated with the airfoils.  Manufacturing could be a concern due to the 

effort involve with shifting the center of gravity, but overall seemed less significant.   

 

Material Selection: 

 The material selected for our design is based on the design specification and 

numerical calculations.  Explicit details about all the parts are hard to determine at this 

time, and won’t be apparent until we consider manufacturing procedures.  Consequently 

we can only identify materials for five major components; train body, wheels, track side 

rails, porous material and meshing for the track.   The train body must weigh 20 kg and 

should be easy to machine.  Wood was chosen to be the best option, specifically Balsa 

Wood because it falls within the 20kg range given the specified dimension.  Aluminum 

was selected for the track side rails.  Steal was considered but due the higher weight and 

corrosive properties aluminum seems superior.  The expected vibration during testing 

makes it obvious for the needs of damping within the wheel assemble.  Designing a 

damping system, such as a shock absorber over-complicates the model so the need for 

and softer material, such as rubber, as chosen for the wheels.  The porous material, which 

was considered from previous studies, is a polyester fiber.  Lastly, meshing that allows 

air to move freely is needed to cover the porous material.  Based on the results, Teflon 

was that material of choice because of its low friction coefficient and breathability. 

 

Thrust and Pressure: 

 Proper acceleration and velocity is required to generate the desired 800 Pascal of 

air pressure underneath the SKI Planform.   Given the space stated in the design 
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specification, thrust was major concern with our design.  Initially a small jet engine was 

considered for acceleration and velocity requires but cost, safety and complexity of such 

a component didn’t seem feasible.   Solid state disposable rockets generating around 8 N 

forces was a better option, however still debatable.  In any case, we expect lift to occur at 

1.7 [m/s] after 3.7 [m] displacement and need to base the propulsion system on these 

results. 

 

Future Concepts 

 Future concepts are entirely based upon the success of the experiment that we are 

designing for.  If testing accurately reflects theoretical literature then further experiments 

with more advanced scale models will be necessary.  Longer test tracks with train designs 

that explore real world conditions can be expected and ultimately leading up to a full 

scale Jet train prototype.      
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8. Appendix 

 

% High Speed AJT 
% Group Name: Transrapid Racer 

  
clear all 
close all 
clc 

  
prototype_length_train = 40;     % meters 
prototype_width_train = 4;       % meters 
prototype_height_train = 4;      % meters 
prototype_length_ski = 30;       % meters 
prototype_width_ski = 3;         % meters 

  
% Model Specification 
scale_factor =1/20;                                           % Geometric 

dimensional scale factor 
model_length_train = scale_factor*prototype_length_train;     % m 
model_width_train = scale_factor*prototype_width_train;       % m 
model_height_train = scale_factor*prototype_height_train;     % m 
model_length_ski = scale_factor*prototype_length_ski;         % m 
model_width_ski = scale_factor*prototype_width_ski;           % m 
coff_drag=0.2;                                                % sphere 
model_cross_sec_area=model_width_train^2;                     % assuming 

spherical cross section 

  
% Environment 
temp=20;                                                      % Celcius 
density_air=1.117;                                            % kg/m^3 
viscosity=1.78*10^-5; 

  
% Material 
mass_train=20;                                                % kg 
weight_train=mass_train*9.81;                                 % N 

  
% Propulsion System 
No_iteration=1000; 
final_time=10; 
step_size_time=(final_time-0)/No_iteration; 
t=0:step_size_time:final_time; 

  
% Propulsion System 
thrust=8; 
velocity=sqrt(thrust/(0.5*coff_drag*density_air*model_cross_sec_area))*tanh(s

qrt(0.5*coff_drag*density_air*model_cross_sec_area*thrust)*t/mass_train); 
velocity_final=velocity(1,No_iteration+1); 

  
% SPT Model 
permeability_poly=3.4*10^-9;                                                                                     

% material used as porous media polyester k_p (m^2) 
SPT_thickness_leadingedge_ski=.06;                                                                               

% height of uncompressesd track (m) 
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SPT_thickness_trailingedge_ski=.04;                                                                              

% height of uncompressesd track (m)                                                                                                 

% width of uncompressesd track (m) 
angle_attack=atan((SPT_thickness_leadingedge_ski-

SPT_thickness_trailingedge_ski)/model_length_ski);              % slope of 

ski 
angle_attack_degree=angle_attack*180/pi; 
compression_ratio 

=SPT_thickness_leadingedge_ski/SPT_thickness_trailingedge_ski;                                 

% compression ratio 

  
% Dimensionless parameter 
% Length of SKI 
step_size_ski=(model_length_ski-0)/No_iteration; 
Length_step_size=0:step_size_ski:model_length_ski; 
dimless_length=Length_step_size./model_length_ski; 

  
% Thickness of SPT 
compressed_thickness=(SPT_thickness_leadingedge_ski-

SPT_thickness_trailingedge_ski).*dimless_length+SPT_thickness_trailingedge_sk

i; 
dimless_thickness=compressed_thickness./SPT_thickness_leadingedge_ski; 

  
% Permiability of Material 
permiability_material_uncompressed=3.4*10^-9; 
void_fraction=0.995; 
dimless_permiability=dimless_thickness-

(dimless_thickness.*log(dimless_thickness))/(log(1-void_fraction)); 

  
% Pressure 
a_int=SPT_thickness_trailingedge_ski/SPT_thickness_leadingedge_ski; 
a_fin=SPT_thickness_leadingedge_ski/SPT_thickness_leadingedge_ski; 
step_size_coff=(a_fin-a_int)/No_iteration; 
coff_step_size=a_int:step_size_coff:a_fin; 
Coff_1=trapz(coff_step_size,-

1./dimless_permiability)./trapz(coff_step_size,1./(dimless_permiability.*diml

ess_thickness)); 

  
% Pressure Distribution 
Pressure_1=(viscosity*model_length_ski.*velocity)./(permiability_material_unc

ompressed); 
Pressure_2=(-

(Coff_1+dimless_thickness)./(dimless_permiability.*dimless_thickness)).*SPT_t

hickness_leadingedge_ski/(SPT_thickness_leadingedge_ski-

SPT_thickness_trailingedge_ski); 
pre_1(1,1)=0; 
for a=1:1:No_iteration 
    

pre_1(1,a+1)=pre_1(1,a)+step_size_coff*(Pressure_2(1,a)+Pressure_2(1,a+1))/2; 
end 
pre_1(1,No_iteration+1)=0; 

  
Pressure_3=Pressure_1'*pre_1; 

  
for b=1:1:No_iteration+1 
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    test_pressure=Pressure_3(b,1:No_iteration+1); 
    

centroid(1,b)=trapz(Length_step_size,test_pressure.*Length_step_size)/trapz(L

ength_step_size,test_pressure); 
    Pressure_int(1,b)= trapz(Length_step_size,test_pressure); 
end 

  
delta_height=(SPT_thickness_leadingedge_ski-

compressed_thickness)./SPT_thickness_leadingedge_ski; 

  
Solid_pressure=142.5*(model_length_ski*model_width_ski).*delta_height; 

  
Solid_force=trapz(Length_step_size,Solid_pressure.*(model_length_ski*model_wi

dth_ski)); 

  
Air_force=Pressure_int.*(model_length_ski*model_width_ski); 

  
% Moments About the Centroid 

  
Reaction_front=(2*weight_train*model_length_ski+model_length_ski.*Air_force-

6.*Air_force.*centroid-model_length_ski.*Solid_force)/(4*model_length_ski); 
Reaction_rear=weight_train-Air_force-Reaction_front-Solid_force; 

  
for c=1:1:No_iteration+1 
    if Reaction_rear(1,c)>=0 
        Reaction_rear(1,c)=Reaction_rear(1,c); 
        p=c; 
    elseif Reaction_rear(1,c)<0 
        Reaction_rear(1,c)=0; 
        Reaction_front(1,c)=Reaction_front(1,p); 
        Air_force(1,c)=Air_force(1,p); 
        Pressure_3(c,:)=Pressure_3(p,:); 
    end 
end 

  

lift_speed=velocity(1,p); 
lift_time=t(1,p); 
velocity_max=velocity(1,No_iteration); 
distance_lift=0.5*lift_speed*lift_time; 
distance_final=0.5*velocity_final*final_time; 

  

  
disp('************* AIR TRAIN ********************************') 
disp('The  scale factor of the model is'),disp(scale_factor) 
disp('The Length of the 1/20 scale model of train is:(meters) 

'),disp(model_length_train) 
disp('The width of the 1/20 scale model of train is: 

(meters)'),disp(model_width_train) 
disp('The height of the 1/20 scale model of train 

is:(meters)'),disp(model_height_train) 
disp('The Length of the 1/20 scale model of ski is:(meters) 

'),disp(model_length_ski) 
disp('The width of the 1/20 scale model of ski is: 

(meters)'),disp(model_width_ski) 
disp('The mass of the 1/20 scale model of train is:(kg)'),disp(mass_train) 
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disp('The lift speed of the air train is: (m/s)'),disp(lift_speed) 
disp('The time to reach lift speed'),disp(lift_time) 
disp('The distance cover by the model at lift'),disp(distance_lift) 
disp('The distance cover by the model'),disp(distance_final) 
disp('The maximum velcoity reached'),disp(velocity_max) 

  

  
disp('************Soft Porous Track Model*************************') 
disp('The permeability of the material: (m^2) '),disp(permeability_poly) 
disp('The width of the 1/20 scale model of train width is: 

(meters)'),disp(model_width_ski) 
disp('The height of the SPT at front end of ski 

(meters)'),disp(SPT_thickness_leadingedge_ski) 
disp('The height of the SPT at rear end of ski (meters) 

'),disp(SPT_thickness_trailingedge_ski) 
disp('The angle of attack for ski is: (degrees)'),disp(angle_attack_degree) 
disp('The compression ratio of the train: '),disp(compression_ratio) 

  
figure(1) 
plot(t,velocity,'r-') 
grid on 
xlabel('Time(sec)') 
ylabel('Velocity (m/s)') 
title('Velocity of 1/20 scale model of AJT') 

  
figure(2) 
% Length of SKI 
surf(Length_step_size,t,Pressure_3,'EdgeColor','none') 
title('Pressure Distribution') 
xlabel('Length of the ski (m)') 
ylabel('Time (sec)') 

  
figure(3) 
% Force Balance 
plot(velocity,Air_force,'r-',velocity,Reaction_rear,'g-

',velocity,Reaction_front,'b-',velocity,Solid_force,'c-') 
grid on 
xlabel('Velocity (m/sec)') 
ylabel('Force (N)') 
legend('Air Force underneath the track','Reaction at  Rear wheel','Reaction 

at  Front wheel','Solid Compression Force') 

  

  

  

 

 

 

 

 

 

 


