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Abstract - The purpose of this paper is to design an S‐duct intake for Aircraft and Automobile applications with good 

efficiency in a wide range of operating conditions. A fully‐parametric 3‐D CAD model (Catia) of the intake was constructed in 

order to produce different intake configurations, within specific geometric constraints, and to study the influence of geometry 

cross sectional variation on efficiency. Cylindrical‐type, Rectangle- type and Ellipse- type blocking methodology was adopted 

in order to construct the block‐structured mesh of hexahedral elements, used in the simulations. The commercial CFD code 

ANSYS‐CFX was used to compute the flow field inside the flow domain of each case considered. The CFD analysis finds are 

Pressure, velocity, Kinetic energy, Density, Drag and lift forces. By shortening the axial length the flow separation after the 

first turning becomes more pronounced and the losses are increasing. For very long ducts the increased internal wall area 

leads to increased wall friction and, consequently, to increased loss production. The adoption of Gerlach‐shaped profiles for 

the design of the S‐duct resulted in a low pressure loss level for the optimal shape, although more uniform distribution of total 

pressure losses resulted for ducts longer than the optimal one, which should be taken into account in the design process.  

 INTRODUCTION 

          A curved diffuser called an S-duct or S-bend is used 

to route air from the side of the flight vehicle to the other 

side.The nose of the F1 car to enhance its aerodynamic 

performance.In 2013 Sauber F1 team(C23) & Redbull F1 

team(RB9) used this radical design on their respective 

cars. The cross sectional shape of an inlet can transition 

from rectangular, Circular, oval, etc. The duct centre line 

curvature can have different turning angles and shapes. 

The design varies depending upon the complete flight 

vehicle configuration.  

THE PROBLEM  
Whenever air flows over a surface, it loses energy, which 

causes the flow to slow down and become turbulent or 

‘dirty’. One of the main areas where this occurs is around 

the front wing. As air flows through the gap between the 

underside of the nose, the upper surface of the front 

wing and the inner faces of the front wing pillars an 

expanding tube of turbulent air is created. To make 

matters worse, the air that impacts the top corners of the 

nose then accelerates round and rolls underneath; 

adding to this turbulent tube of air that then continues 

downstream. The air flowing through the area is 

turbulent and to mitigate it's effect, the F1 S-duct was 

developed  

F1 S-DUCT INLET  

        The inlets for the F1 S-duct are usually NACA ducts. 

This is a type of inlet which allows the air to be drawn in 

with high efficiency and minimal drag.  

To achieve this, NACA ducts are usually placed parallel to 

the local airflow and in locations where the boundary 

layer is relatively thin.  

The geometry of the NACA duct is essential in inducing 

air efficiently.  

The shape and design of these NACA ducts encourages 

vortices to form, reducing static pressure and enhancing 

the efficiency of the flow through the inlet.  

As air flows towards the narrow end of the duct, it flows 

down the gentle slope and into the inlet.  

F1 S-DUCT OUTLET  

       Once the air has entered the S- ducts on the side of 

the nose, it is channelled through to the F1 S-duct outlet 

which is situated at the bridge of the nose.  
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This outlet can often be misinterpreted as a device to 

help avoid flow separation.  

However, this outlet simply allows for the turbulent 

airflow surrounding the nose to be extracted and 

directed towards the cockpit where it will do the least 

damage to the overall car’s aerodynamic performance.  

APPLICATION 

External aerodynamics:  

• Aircrafts (involving subsonic, trans-sonic and 

supersonic wing design, spoilers, tailplane, Nose 

cone, landing gear etc), 

• Launch vehicles/missiles (nose, fins etc)  

• Spacecraft design (planetary missions to 

heavenly bodies with atmosphere, example 

Mars missions involving entry descend and 

landing) or capsules involving Earth re-entry 

missions (example Space shuttle, Orion, asteroid 

sample return missions)  

Benefits and drawbacks 

 The S-duct was invented as a solution for 

positioning the central engine on trijets. The S-

duct was easier to service than alternative trijet 

designs. Most trijet designs opted for the S-duct 

layout. Only the McDonnell Douglas DC-

10 and MD-11 trijets' designers chose not to use 

the S-duct and go with a "straight-through" 

layout.  

 The straight-through layout leaves the engine 

high above the ground, making access difficult. 

The straight layout also increases total 

aircraft aerodynamic drag by 2–4%. 

 Compared to an "in tail" design like on the DC-

10 and MD-11, the S-duct allows a shorter fin 

and a rudder closer to the longitudinal axis. 

 On the Lockheed L-1011 TriStar, engineers were 

able to maintain engine performance 

comparable with straight-through designs by 

limiting the curve of the S-duct to less than a 

quarter of the radius of the engine intake 

diameter.   

 The S-duct design also reduced the total empty 

aircraft weight. The research undertaken during 

the design of the L-1011 indicated that losses of 

using an S-duct were more than compensated 

for by the above savings.  

 Experimental works 

        In order to investigate the importance of the various 

geometric parameters on the flow quality inside and 

outside an S-duct, a fully-parametric 3D CAD model of 

the intake was constructed, using CATIA V5 CAD 

software. In this parametric model the duct is 

constructed around a reference curve, which will be 

called centre line. This curve consists of three parts; the 

central one is a quadratic B-Spline curve, defined by four 

control points. Its control polygon is shown , using a 

dashed line. A straight line extension is added at the end 

of the B-Spline curve, tangent to it. Additionally, a 

circular arc is added at the beginning of the B-Spline 

curve , also tangent to the B-Spline curve. The circular 

arc radius, the B-Spline control points’ coordinates and 

the length of the B-Spline extension, are defined in a non-

dimensional form, using as reference lengths the 

horizontal and vertical distances between the first and 

last control points of the B-Spline curve. These lengths 

will be correspondingly called reference axial length L 

and offset O during the rest of the paper. 

The offset (Oef) is fixed during the design procedure, as 

it is determined by the diameter of the UAV fuselage and 

the position of the jet engine . The maximum allowable 

value of the reference axial length (Lax,ref) is also 

predetermined and provided as a design constraint . The 

minimum allowable value of the reference axial length 

(Lax,ref) is defined by the requirement the S-bent of the 

duct to fit into the flow diverter, positioned between the 

cowl and the UAV fuselage. Additionally, a very sharp 

bend will considerably increase the total pressure losses 

https://en.wikipedia.org/wiki/McDonnell_Douglas_DC-10
https://en.wikipedia.org/wiki/McDonnell_Douglas_DC-10
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-11
https://en.wikipedia.org/wiki/Aerodynamic_drag
https://en.wikipedia.org/wiki/Lockheed_L-1011_TriStar
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and the flow distortion at the engine face, as it will be 

demonstrated in the following sections. 

Nomenclature 

A = duct cross-sectional area 

C = sonic velocity 

CP = static pressure coefficient 

CPO = total pressure coefficient 

d = inlet duct diameter 

H = boundary layer shape factor (S1&/S2) 

M = Mach number 

 

                  Fig: Nomenclature of S- Duct 

 Mach number 

o M = 
   

 
 

 Total pressure coefficient 

o Cpo = 
      

         
 

 Static pressure coefficient 

o Cp = 
     

         
 

Along the B-Spline curve several duct profiles are 

constructed, at planes normal to the curve. Their 

position is non-dimensionally defined as a fraction of 

curve’s length. In  four such profiles are plotted, with the 

first and last corresponding to the 0 and 100 percent of 

B-Spline’s length, respectively. The first profile is 

transported along the circular arc, in order to form the 

profile at the duct entrance. A last (circular) profile is 

defined at the end of the straight line extension of the B-

Spline curve, which corresponds to the jet engine’s face. 

Various profile types can be used, such as rounded 

orthogonal, rounded trapezoidal, circular, elliptical, or 

special profiles defined by B-Spline curves. All the 

profiles are defined using geometric parameters, non-

dimensionalized with the duct radius at the engine face. 

In this way, the scaling of the duct, in order to fit to a 

different engine’s face, becomes a fully automated 

procedure. The internal surface of the S-duct is 

constructed, using as reference curves the 

aforementioned profiles. 

  The throat Mach number Mt,d is needed in order to 

determine the throat area At of the intake. The latter 

corresponds to the profile at the start of the centre line. 

For the determination of At we use one-dimensional 

calculations, from the far upstream to the throat. As the 

static flow quantities far upstream are known for the 

specified flight Mach number and altitude (assuming 

Standard Atmosphere), the corresponding total flow 

quantities can be computed, using free stream Mach 

number. The throat total temperature is defined by 

assuming adiabatic flow between the far upstream 

position and the throat. The throat total pressure is 

defined by assuming a pre-specified total pressure loss 

between the far upstream and the throat, equal to 0.2 

percent. Using isentropic relations and the predefined 

throat Mach number, the static flow quantities pt, Tt, rt 

can be computed along with the speed of soundat at the 

throat, and the mean flow velocity. Subsequently, using 

the engine mass flow rate and the continuity equation, 

the throat area At can be easily derived. The capture area 

Ac at the lip face can be specified if a contraction ratio CR 

¼ At/Ac is assumed between the lip and the throat. A 

value of CR around 0.75 was selected, in order to obtain 

a compromise design for both high and low flight speeds. 

By assuming such a value for the contraction ratio, the 

possibility of lip separation at zero speed is minimized.  
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Fig: Diagram of Cross sectional view of  Circular S- 

Duct. 

The latter is an essential request in the case of a 

UAV; the lip separation results in a reduction of the 

intake efficiency, and consequently the engine thrust 

during the UAV’s launching phase, when the maximum 

available thrust is needed. As it was mentioned before, 

the internal lip profile is an elliptical one with the major 

axis in the flow direction. An ellipse major to minor axis 

ratio a/b equal to 3.0 was used in the present design. By 

defining the small axis and the throat profile, the capture 

area is automatically computed and the resulting 

contraction ratio is verified. The most significant design 

parameters are summarized .The intake profile at the 

engine face is a circular one, defined by the engine face 

diameter Def . The previous one  is also a circular one; in 

general its diameter is specified in such a way to produce 

a convergence rate at the last part of the intake almost 

the same to the one at the engine inlet  

 

Fig: Diagram of Cross sectional view of    Rectangular 

S- Duct 

In our case this profile was set to have the same 

diameter with the one at the engine face. The intake 

convergence and the corresponding flow acceleration 

are needed in order to minimize the flow distortion at 

the engine face; the straight line extension of the B-

Spline curve is adopted for the same reason. A 

rectangular cross-section with rounded corners was 

adopted for the throat section. This selection was the 

result of the requirement to keep the vertical height of 

the cowl as low as possible. An additional reason for the 

selection of a rectangular cross-section was the 

horizontal separation of the secondary vortices that this 

configuration can provide , which leads to a more 

uniform flow field at the face of the compressor. 

Imposing an elliptic profile for the internal surface of the 

lip of the intake , a similar rounded rectangular cross-

section resulted for the capture plane. 

 

Fig: Diagram of Cross sectional view of Ellipse S- Duct 

In order to materialize a Gerlach area shaping 

for the duct and provide a smooth and controllable area 

variation between the throat and engine face, two 

additional cross-sectional profiles were defined in planes 

normal to the B-Spline part of the centre line. These 

profiles correspond to positions 2 and 3 and are defined 

in planes normal to the centre line; their position is 

provided as a fraction of B-Spline’s curve length. At the 

first bend of the duct, due to the pressure gradient 

existing between inner and outer walls , the boundary 

layer from the outside of the first bend moves towards 

the inside of the duct. As a result some swirl is generated 

at the engine face (Seddon and Goldsmith, 1999). Gerlach 

shaping consists of designing the duct cross-section so 

that velocity is increased at the outer wall and decreased 

at the inner wall of the first bend. This is realized by 

narrowing the duct at the outer wall and widening it at 
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the inner wall, with respect to its cross-section at the 

throat. As a result, the pressure gradient between the 

walls is reduced, along with the extended of separation, 

without changing mean flow velocity. 

Methodology 

      The main flow domain of the S-duct (from duct inlet 

to the engine face) was modelled in CATIA V5, as 

described earlier, and imported to ANSYS ICEM CFD 

commercial mesh generation software. An additional 

cylindrical part, common to all cases considered, 

containing engine inlet and the corresponding engine 

bullet, was constructed  

 The rounded of the bullet was constructed using a 

spherical sector, in a way to maintain curvature 

continuity between the sphere and the cone at their 

interface.  

 Rectangle section axial length Lax,eng was set equal to 

500 mm. The rectangle with a base diameter length L is 

65.4 mm breadth B 30 mm and a height Lax,bul equal to 

1.288B.  

 Ellipse section axial length Lax,eng was set equal to 500 

mm. The ellipse with a base diameter length A is 20.8 

mm breadth B 30 mm and a height Lax,bul equal to 

1.288A.  

 Cylindrical section, Rectangular section and Ellipse 

section blocking methodology was used in order to 

construct the mesh, used in our simulations; the mesh 

consists of hexahedral elements.  

 The adopted blocking strategy consists of making blocks 

for the primitive and general geometrical features and 

continuing to the most detailed and smaller parts of the 

geometry.  

 A complicated block-structured topology was used for 

the grid construction, resulting in 39 different blocks. 

The blocking topology. The adopted topology enabled 

the construction of a fine mesh near the engine bullet 

wall at the engine inlet region. 

 Appropriate associations were applied between the 

blocks and the corresponding geometry surfaces or 

curves in order to keep the surface representation and 

the mesh density variation as smooth as possible.  

 The structured grids used in this study contained about 

approximately 490,000-640,000 hexahedral elements, 

according to the length of the discretized duct.  

 The number of elements in each cross-section of the duct 

was kept almost constant in all cases, with the number of 

elements in the longitudinal direction varying with the 

axial length of the duct. 

Cylindrical Type S- Duct 

Area of cross section (Circle Type) 

Ac = π r2                                            

 

 

Fig: CAD Model of Circular S- Duct Design 

Rectangular Type S- Duct 

 Area of cross section (Rectangular Type )     Ar = L x 

B 

 

Fig: CAD Model of Rectangular S- Duct Design 
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Ellipse Type S- Duct 

Area of cross section (Ellipse Type) 

Ae = πAB 

 

Fig: CAD Model of Ellipse S- Duct Design 

CFD ANALYSIS 

 

Fig: CFD analysis of Circular S-Duct Static Pressure 

 

Fig: CFD analysis of Rectangular S-Duct Static Pressure 

 

Fig: CFD analysis of Ellipse S-Duct Static Pressure 

 

Fig: CFD analysis of Circular S-Duct Turbulent Kinetic 

Energy (k) 

 

Fig: CFD analysis of Rectangular S-Duct Turbulent 

Kinetic Energy (k) 
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Fig: CFD analysis of Ellipse S-Duct Turbulent Kinetic 

Energy (k) 

 

Fig: CFD analysis of Circular S-Duct Velocity Magnitude 

 

Fig: CFD analysis of Rectangular S-Duct Velocity 

Magnitude 

 

 

Fig: CFD analysis of Ellipse S-Duct Velocity Magnitude 

 

Fig: CFD analysis of Circular S-Duct Density 

 

Fig: CFD analysis of Rectangular S-Duct Density 

 

Fig: CFD analysis of Ellipse S-Duct Density 
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Fig: CFD analysis of Circular S-Duct Drag force 

 

Fig: CFD analysis of Circular S-Duct Lift force 

 

Fig: CFD analysis of Rectangular S-Duct Drag force 

 

Fig: CFD analysis of Rectangular S-Duct Lift force 

 

Fig: CFD analysis of Ellipse S-Duct Drag force 

 

Fig: CFD analysis of Ellipse S-Duct Lift force 
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CONCLUSIONS 

 A parametric CAD model of an S-duct was 

initially constructed in order to identify the 

optimal parameters for a duct design for Aircraft 

and Automobile application.  

 The three different shaped design was adopted 

in order to decrease the strength of the 

secondary vortices, which proved to be a good 

choice.  

 Current study Circular section, Rectangular 

section and Ellipse section S- Duct CAD 

modelling is drawn as per test required 

parameters. 

 The cross sectional areas are same in all shape 

of S- Duct. 

 The CFD analysis conducted on all designs 

(Static Pressure, Kinetic Energy, Velocity, 

Density, Drag and Lift) 

 After the CFD analysis complete the results 

shows the Ellipse section S-Duct is give better 

results than Circular and Rectangular section S- 

Duct. 

 Because of the shape of ellipse is make better 

results output, that’s make good down (drag) 

force. This down force will prevent cars lifts 

from road to air. 

 Finally the Ellipse section S- Duct is best for 

Automobile and other transport applications. 
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