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ABSTRACT 
The aim of this paper is to analyze incompressible mean flow field around the ducted fan for Unmanned Aerial Vehicle using 
Computational Fluid Dynamics (CFD). The specific computational system solves the Reynolds-Averaged Navier-Stokes (RANS) 
equations using an element based finite volume method in the ducted fan rotor. The mass, momentum and energy equations are 
simultaneously solved over an unstructured finite volume based mesh system.  To start with, the duct has been designed and its 
performance calculations at varying speed and Angle of Attack (AOA) are analyzed. Consequently, prediction of propeller 
performance for a ducted fan model is calculated and their flow field properties are studied.Finally, both the duct and the propeller 
are coupled together and their corresponding aerodynamic flow calculations have been discussed. 
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INTRODUCTION 

  

UAV is the abbreviation of Unmanned Aerial Vehicle which has been in existence since tens of years ago. 

Compared with manned aircraft UAV has the same ability as robotic aircraft that are computerized and 

autonomous without an on-board pilot by using a digital and electronic system, thus there is no risk of loss of 

life and is easier to maintain than manned aircraft. With the development of technology and requirements of 

industry, UAVs have matured enough for widespread use as they can be remote controlled or autonomously 

complete missions, not only in civil roles, but also in military operations such as reconnaissance for firefighting 

and natural disaster, suspect monitoring and strategy attack. 

There are three primary functions of a fan duct. The first and foremost will be to provide safetyfor the 

personnel handling the UAV by preventing any physical contact betweenthe human and the propeller rotating at 

high speed. Other than that, the duct also serves to protect other parts of the aircraft structure. For instance, in 

the event that the UAV lose control and crash to the ground, the fan duct can absorb most of the impact and 

protect the propeller blade from damage. At the same time, the fan duct also helps to prevent the spinning 

propeller from damaging other part of the aircraft structure. 

Secondly, the inclusion of fan duct into the propulsion system may aids in reducing the noise produced 

from the propeller. This can be useful especially in commercial aircraft industry whereby noise level have to be 

kept below certain limit. Nevertheless, as noise is not the primary concern for this project, it is not considered as 

one of the main design factor. 

The third function of fan duct is to provide thrust augmentation for the propulsion system. There are 4 

principal parameters that determine the effectiveness of the duct in thrust augmentation.These include: (1) Blade 
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Tip Clearance (2) Inlet Lip Radius (3) Diffuser Angle (4) Diffuser Length, which are defined as shown in the 

Figure 1 

 

 
Fig. 1: Principal duct parameters affecting shrouded-rotor performance Diffuser angle (θd), diffuser length (Ld), 

inlet lip radius (rlip) and blade tip clearance (δtip), throat diameter (Dt) 

 

II.  Propeller Physics: 

For an open propeller configuration (Fig 2), flow passing through the propeller (slipstream) may experience 

natural contraction, causing an increase in the far wake velocity, which translates to additional power losses.  

 

A. Diffuser angle & Diffuser Section: 

Diffuser section of the fan duct helps to reduce this power loss by restraining the contraction of the 

slipstream (Fig 2). Theoretically, the expansion ratio (which depends on both diffuser angle and length) can be 

increased without limit to attain maximum performance benefit. However, in practical, the performance benefit 

ceases to grow at some point when the flow can no longer withstand the adverse pressure gradient in the diffuser 

and start to separate. 

 

 
 

Fig. 2: An open propeller with slipstream contraction & Ducted propeller with diffuser section 

 

B. Blade Tip Clearance: 

Blade tip clearance refers to the tiny gap between the duct wall and the tip of the propeller blade. It is best 

to keep the tip clearance as small as possible in order to minimize the tip vortex effect (which may lead to 

undesirable flow separation and extra drag) 

 

C. Inlet Lip Radius: 

The circular inlet lip of the duct aids in delaying flow separation as it allows the flow to turn in more easily. 

The larger the inlet lip radius, the better the effect in delaying flow separation. However, the benefit comes with 

penalties such as increased size and weight, as well as increased skin friction drag. 

 

III. Mathematical Formulation: 

The equations governing the fluid motion are the three fundamental principles of mass, momentum, and 

energy conservation.  

Continuity Equation 
𝜕𝑝

𝜕𝑡  
+ ∇. (𝜌𝑣) = 0 

 Momentum Equation 

 

𝜌
𝐷𝑉

𝐷𝑡
= ∇. 𝜏𝑖𝑗 

 

Energy Equation 
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𝜌
𝐷𝑒

𝐷𝑡
+ 𝑝(∇. 𝑣) =

𝜕𝑄

𝜕𝑡
− ∇𝑞 +  ∅ 

 

 

Where P is the fluid density, V is fluid velocity vector, F is the body forces, e is the internal energy, Q is the 

heat source term, t is time,  is the dissipation term, and . q is the heat loss by conduction.  Fourier’s law for heat 

transfer by conduction can be used to describe q. 

 

𝑞 = −𝑘∇T 

 

Where k is the coefficient of thermal conductivity, and T is temperature.  Depending on the nature of 

physics governing the fluid motion one or more terms might me negligible.  Presence of each term and their 

combination determines the appropriate solution algorithm and the numerical procedure.  

 

IV.   Boundary Conditions: 

The governing equation of fluid motion may result in a solution when the boundary conditions and the 

initial conditions of specified.  The form of boundary conditions that is required by any partial differential 

equation depends on the equation itself and the way that it has been discretized.  Common boundary conditions 

are classified either in terms of the numerical value that have to be set or in terms of the physical type of 

boundary condition.  For steady stated problems three types of spatial boundary conditions that can be specified 

 

i) Dirichlet boundary condition 

∅ = 𝑓(𝑥, 𝑦, 𝑧) 

ii) Newman Boundary Condition 
𝜕∅ 

𝜕𝑛
= 𝑓2(𝑥, 𝑦, 𝑧) 

iii)   Mixed Type Boundary Condition 

𝑎∅ + 𝑏
𝜕∅

𝜕𝑛
= 𝑓3(𝑥, 𝑦, 𝑧) 

 

IV. Principle Design Characteristics: 

 
Table 1: Characteristic design Parameters 

Chord 0.4167 ft 

Lift Curve Slope 4.712 /rad 

Min Lift Coefficient -1.1 

Max Lift Coefficient 1.1 

Drag Coefficient Gain 0.9 

Drag Coefficient Offset 0.9 

Duct Moment Coefficient 0.8 

 

V.   Design Consideration: 

Symmetrical section of duct considered and domain created around it with following dimensions. Fig 4 

represents Semicircular domain around duct. 

 

Upstream distance   – 3 x Diameter of duct 

Downstream distance   – 7 x Diameter of duct 

Height of domain   –3 x Diameter of duct 

 

 
 

Fig. 3: Duct Model 
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Fig. 4: Duct with semi circular domain 

 

 
 

Fig. 5: Propeller without duct 

 

 
 

Fig. 6: Propeller with duct 

 

VI Mesh Creation: 

Unstructured mesh type is used for the duct i.e. Tetra and Prism mesh. Tetra mesh is used around the entire 

duct and Prism mesh is used near the duct to capture boundary layer.  

 
Table 2: Mesh details 

Mesh type Hybrid mesh (tetra/prism) 

Global element size 0.04 

Prism mesh 0.004 

Prism mesh layers around duct 6 

Total mesh elements 5,48,446 

Mesh nodes 95,317 

 

 
 

Fig. 7: Domain with mesh generated 
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Fig. 8: Mesh around Moving reference frame 

 

VII Result Analysis: 

After a finite element model has been prepared and checked, boundary conditions have been applied, and 

the model has been solved, it is time to investigate the results of the analysis. This activity is known as the post-

processing phase of the finite element method. 

 

 
Fig. 9: Lift and Drag coefficients of Propeller 

 

 
Fig. 10: Lift coefficient for ducted Propeller 

 

 
Fig. 11: Drag Coefficient for ducted Propeller 
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Conclusion: 

L/D ratio: From the Lift and Drag coefficients plots following results are generated. 
 
Table 3: Result Analysis 

L/D ratio for duct 3.686 

L/D ratio for ducted propeller 3.862 

 

Velocity and Pressure Variation: The velocity gradually increases after the propeller blade.  The pressure is 

constant upto the propeller and it suddenly raises at propeller and it settle down at the downstream 
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