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Abstract:  This work aims to study the potential aerodynamics issues and a substantial 

reduction in aerodynamic resistance or drag for marathon runners while followed by a car. 

However, This experiment will discern and authenticate in Computational Fluid Dynamics 

(CFD) simulations to assess one, three, and five marathon runners to drag reduction with 

separation distance D= Isolate, 1 and 3m(meters) when followed by a car. The Runner and 

Car models are created in Make Human Community, Fusion 360, and Catia V5 Software. 

This study reinforces the necessity not only to avoid accidents but also to avoid unwanted 

aerodynamic benefits. 

 Key Word:   Computational Fluid Dynamics, Make Human Community, Fusion 

360, Reynolds-averaged Navier–Stokes, Drag Reduction. 
 

 

I. INTRODUCTION 

The Marathon is a long-distance foot race, with a full marathon distance of 42km (26 miles) and a half marathon is 

21km (13 miles). A Marathon runs either as a road race or an off-road race. In most sports involving the race against other 

participants for time, drag plays a crucial role. It is defined as the aerodynamic force acting in an axial direction on the marathon 

runner as he or she moves against the surrounding fluid, such as air. In that, the car in it goes behind the particular marathon 

runners with different varying distances, so it will reduce drag for a particular person as shown in Figures 1(a), & 1(b). As the 

result, the greatest potential for improvement in running speed is aerodynamics. At marathon running speeds (about 20 km/h or 

5.5 m/s in time trails), the aerodynamic resistance or drag is about 90% of the total resistance. 

 

 .                                 

                                           Figure 1(a)                                                                                     Figure 1(b)  
FIGURE 1(a),&1(b) are Marathon runners followed by a car. 

This experiment will discern and authenticate in Computational Fluid Dynamics (CFD) simulations to assess one, three, and five 

marathon runners to drag reduction with separation distance D= Isolate, 1 and 3m(meters) when followed by a car. Aerodynamic 

drag can be investigated by numerical simulation by Computational Fluid Dynamics (CFD).. 

II.LITERATURE REVIEW 

● Lukas Schickhofer and Henry Hanson (2021) (1) have done a study on “Aerodynamic effects and performance 

improvements of running in drafting formations” and this research was published in the Journal of Biomechanics, Issue-

12, April-2021. 

http://creativecommons.org/licenses/by/4.0/
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The purpose of this paper is drafting as a process to reduce drag and to benefit from the presence of other competitors 

is                  applied in various sports. In this study, the aerodynamics of a realistic model of a female runner is calculated 

by computational fluid dynamics (CFD) simulations. Based on the CFD simulation drag acts on the single runner is 

6.25N which is reduced to 1.96N in double runner and 1.58N in triple runner formation.                                                                                                                                                

●  Bert Blocken, Yasin Toparlar, and Thomas Andrianne (2016) (2) have done a study on “Aerodynamics Benefit For 

a             Cyclist by the Following Motorcycle” and this research was published in the Journal of Wind Engineering and 

Industrial Aerodynamics, Issue-27, April-2016.                                                                                                                         

The persistence of this paper is to analyze the accidents and the potential aerodynamics issues that have impelled the 

present authors to perform dedicated wind-tunnel measurements and Computational Fluid Dynamics (CFD) simulations 

to assess cyclist drag reduction when followed by one, two, or three motorcycles. The Drag reduction is 61% and 

potential speed increases by 35.5 % and time gains by 17.5s for the distance of 1.32m. 

● Bert Blocken, and Yasin Toparlar (2015) (3) have done a study on “A Following Car Influences Cyclist Drag: CFD 

Simulations and Wind Tunnel Measurements” and this research was published in the Journal of Wind Engineering and 

Industrial Aerodynamics, Issue-25, June-2015. 

This study presents the results of CFD simulations and wind tunnel measurements to ascertain and quantify the upstream 

effect of the following car on the drag of the marathon runner. The drag reduction (DR) in percent as a function of 

separation distance d between runner and car. 1m - 3.67%, 3m - 3.71%, 5m - 1.44% in without car and  1m - 3.67%, 

3m - 3.71%, 5m - 1.44% in with a car. 

 

● Bert Blocken, Thijs Van Druenen, Yasin Toparlar, Et all. (2018) (4) have done a study on “Aerodynamic Drag in 

Cycling Pelotons: New Insights by CFD Simulation and Wind Tunnel Testing” and this research was published in the 

Journal of Wind Engineering and Industrial Aerodynamics, Issue-21, June-2018. 

This study is for the cycling peloton is the main group of cyclists riding closely together to reduce aerodynamic drag 

and energy expenditure. In the literature, it is stated that the aerodynamic drag in a cycling peloton can go down to 70 

or even 50% of that of an isolated cyclist riding at the same speed 

● Katsuya Hirataa, Takafumi Okayamaa, Takahiro Teraoka, and Jiro Funaki (2012) (5) have done a study on 

“Precise aerodynamics measurements of a track runner using a wind-tunnel moving-belt system” and this research was 

published in the International Sports Engineering Association (ISEA), Issue-6, March-2012. 

This Paper is about developing a moving-belt system for fundamental and accurate wind-tunnel experiments concerning 

the ground effects and has shown its basic performance such as the distribution of time mean flow velocity and 

turbulence intensity above the moving-belt. 

III.CFD METHODOLOGY 

1. Numerical Method: 

                           For the computation of the flow field variables and the resulting aerodynamic forces on the runner one, three 

and five with Isolate, 1 and 3m(meters) when followed by a car, computational fluid dynamics (CFD) using the finite-volume 

method is applied. The Navier–Stokes equations describing the conservation of momentum are discretized in their Reynolds-

averaged (RANS) form. 

2. Geometry and Meshing:     

                            FLUENT requires high quality mesh to avoid numerical diffusion. Several Mesh Quality Metrics are involved 

in order to quantify the quality; however the skewness is the primary metric. The aspect ratio and cell size change mesh metrics 

are also very important. In worst scenarios and depending on the solver used (density based or Pressure based) FLUENT can 

tolerate poor mesh quality. However some Applications may require higher mesh quality, resolution and good mesh Distribution. 

The location of poorquality elements helps determine their effect. Some overall mesh quality metrics may be obtained in Ansys 

Meshing under the Statistics object. Additional mesh quality metrics may be retrieved in FLUENT GUI under Mesh/Info/Quality 

from the menu, or using the TUI commands ‘mesh/ quality.      

● Mesh quality requirements for fluent: 

                                 The most important mesh metrics for Fluent are, Skewness, Aspect Ratio Cell Size Change (not implemented 

in Ansys Meshing). For all/most applications, Poor mesh quality may lead to inaccurate for all/most applications, For Skewness: 

For Hexa, Tri and Quad it should be less than 0.8 For tetrahedral: it should be less than 0.9 lead to inaccurate solution and/or 
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slow convergence For tetrahedral: it should be less than 0.9. For Aspect Ratio: It should be less than 40, but this depends on the 

flow characteristics. Some applications may require even lower Skewness than the suggested value the flow characteristics More 

than 50 may be tolerated at the inflation layers. For Cell Size Change: suggested valueA-8 It should be between 1 and 2.          

● High skewness values are not recommended: 

                                     Generally try to keep maximum skewness of volume mesh < 0.95. However this value is strongly related 

to type of physics and the location however this value is strongly related to type of physics and the location of the cell. FLUENT 

reports negative cell volumes if volume mesh contains degenerate cells. 

·        Classification of the mesh quality metrics based on skewness: 

 

·        In some circumstances the pressure based solver in Fluent can handle meshes containing a small percentage of cells 

with skewness ~0.98. 

● Meshing using ansys mesh tool (ICEM CFD): 

                   Now create a mesh using ICEM   CFD software. Unlike the structured approach for meshing, the unstructured 

meshing algorithm is more or less an optimization problem, wherein, it is required to fill-in a given space (with curvilinear 

boundaries) with standard shapes (e.g. triangle, quadrilaterals - 2D; tetrahedral, hexahedra’s, polyhedral, prisms, pyramids –3D) 

which have constraints on their size. The basic algorithms employed for doing unstructured meshing are: 

● Octree (easiest from the user's perspective; robust but least control over the final cell count which is usually the highest) 

●   Delaunay (better control over the final cell count but may have sudden jumps in the size of the elements) 

●  Advancing front (performs very smooth transition of the element sizes and may result in quite accurate but high cell 

count) 

 Using Octree, 

●  Perform volume meshing. 

●  Improve the quality of the volume mesh using Edit Mesh options. 

●  Create prism layers for boundary layer near the walls. 

●  And creating a named section for inlet, outlet, wing wall and test section wall. 

●  Creating a prism layer near the wing wall to capture the boundary layer effect using the inflation command.  

·     



 
 
CFD simulation on the drag of the marathon runner by the following car 

492 | P a g e  

 

     ·        

·      ·       ·                        Figures 3(a)                                                                                         Figures 3(b) 

     Example, marathon runner followed by car (at a distance d=1m(meter)) unstructured mesh is used for this analysis as shown 

in Figures 4(a) & 4(b). 

3. Solver: 

                      Using this approach, an equation for each component of the momentum equation and then the continuity 

equation are solved sequentially. Once the three components of velocity have been calculated for each cell using this 

sequential system the velocities may not satisfy the continuity equation and so a “Poisson-type” equation for a pressure 

correction is derived from the continuity equation and the linearized momentum equations. However pressure does not 

appear explicitly in the continuity equation for incompressible flows (which are the only flows considered in this report) 

and so a procedure must be devised to introduce pressure into this equation. Fluent provides methods based on the 

SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) family of algorithms to do this. The basic SIMPLE 

algorithm uses a relationship between velocity and pressure corrections to enforce mass conservation and to obtain the 

pressure field. 

● Turbulence: 

               Unsteady, irregular (non-periodic) motion in which transported quantities (mass, momentum, scalar species) 

fluctuate in time and space Identifiable swirling patterns characterize turbulent eddies Enhanced mixing (matter, 

momentum, energy, etc.) results Fluid properties and velocity exhibit random variations Statistical averaging results in 

accountable, turbulence related transport mechanisms This characteristic allows for turbulence modeling Contains a wide 

range of turbulent eddy sizes (scales spectrum)The size/velocity of large eddies is on the order of the mean flow Large 

eddies derive energy from the mean flow Energy is transferred from larger eddies to smaller eddies In the smallest eddies, 

turbulent energy is converted to internal energy by viscous dissipation. 

● Overview of computational approach: 

❖ Direct Numerical Simulation (DNS): Theoretically, all turbulent (and laminar / transition) flows can be simulated by 

numerically solving the full Navier-Stokes equations Resolves the whole spectrum of scales. No modeling is required But 

the cost is too prohibitive!  Not practical for industrial flows Large Eddy Simulation (LES) type models. Solves the 

spatially averaged N-S equations. Large eddies are directly resolved, but eddies smaller than the mesh are modeled. Less 

expensive than DNS, but the amount of computational resources and efforts are still too large for most practical 

applications. 

❖   Reynolds-Averaged Navier-Stokes (RANS) models:  Solve time-averaged Navier-Stokes equations All turbulent 

length scales are modeled in RANS Various different models are available This is the most widely used approach for 

calculating industrial flows There is not yet a single, practical turbulence model that can reliably predict all turbulent 

flows with sufficient accuracy. 

● Turbulence Models: 

❖ K-Omega Model:  One of the advantages of the k-w formulation is the near wall treatment for low-Reynolds number 

computations. Here “low-Reynolds” refers to the turbulent Reynolds number, which is low in the viscous sub-layer, not 

the device Reynolds number. In other words “low-Reynolds number computations” means the near wall mesh is fine 

enough to resolve the laminar (viscous) part of the boundary layer which is very close to the wall. A low-Reynolds number 

k-w model only requires y+ <= 2If a low-Re k-e model were available, it would require a much small y+ . In industrial 

flows, even y+ <= 2 cannot be guaranteed in most applications and for this reason, a new automatic near wall treatment 

was developed for the k-w modelsThe Automatic wall treatment for the k-w models switches between a low-Reynolds 
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number formulation (ie. direct resolution of the boundary layer) at low y+ values and a wall function approach at higher 

y+ values. This lets you take advantage of a fine near-wall mesh when present. 

❖ Shear Stress Transport (SST) Model:  The SST model is based on the k-w model and has the same automatic wall 

treatment It accounts for the transport of the turbulent shear stress and gives highly accurate predictions of the onset and 

the amount of flow separation This is a good default choice When using the SST or k-w models y+ should be <300 so that 

the wall function approach is valid This will not take advantage of the low-Reynolds formulation, which is necessary for 

accurate separation prediction However, the model can still be used on these coarser near-wall mesh and produce valid 

results, within the limitations of the wall functions. 

 

●  COMPARISION OF SST RESULT VS K-ε: 

To take full advantage of the low-Reynolds formulation y+ should be < 2. 

 

Pressure coefficient on the main runner for one, and five in without a car. 

 

Velocity distributed on the main runner for one, and five in without a car. 
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Turbulence Kinetic energy on the marathon runner for one, and five in without a car. 

 

Pressure coefficient on the main runner for one, and five in with a car. 

 

                Velocity distributed on the main runner for one, and five in with a car.  
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Turbulence Kinetic energy on the marathon runner for one, and five in with a car. 

IV.RESULTS 

 

Drag Without Car With Car 

One Man 98.6865 86.316 

Three Man 88.099 81.187 

Five Man 77.843 67.2808 

 

A Table column and graph is between drag value vs one, three, and five marathon runners in without and with a car. 

 DRAG 1-Meter Distance 3 Meter Distance 5 Meter Distance 

ONE MAN 86.316 79.0819 78.9145 

Three MAN 81.187 76.2512 76.2065 

Five Man 67.2808 59.975 58.031 

 

A Table column and graph is between drag value vs one, three, and five marathon runners in 1m, 3m, and 5m (meter). 
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V.CONCLUSION  

When overall results shows a less than or more than 10% drag reduction is appears on the one, three, and five  marathon 

runners followed by a car with a varying distances D (meter)= 1m, 3m, and 5m. 
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