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Abstract— The  helicopter  is  a  revolutionary  machine  

which  is  developed  with  a  high  degree  of  complexity  

and  remarkable  capabilities  when  comparing  with  a  fixed  

wing  aircrafts.  Bell  212  is  a  medium  utility  helicopter  

with  15  seats  capacity  of  one  pilot  and  14  passengers.  

It  has  twin  engine  and  a  two  bladed  main  rotor  and  two  

blade tail  rotor.  Main rotor diameter is 14.69m (48ft).  Max 

thickness 12% at 30% chord (C).  Chord  length  of  the  

NACA  (National  Committee  for  Aeronautics)  0012  is  

23.38  inches.  A  1:1  main  rotor  of  bell  212  was  designed  

in  ANSYS  design  modeler  was  used  to  generate  

computational  mesh  and  subsequent  computational  fluid  

dynamics  (CFD)  simulations  were  performed  mainly  with  

ANSYS  Fluent.  Gurney  flaps  are  micro  tabs  which  are  

used  for  lift  enhancement  by  attaching  it  at  the  end  of  

the  trailing  edge  of  the  airfoil.  The  gurney  flap  height  

of  3%  of  the  chord  and  thickness  of  0.33%  C  at  45 º  

angle  is  used  for  its  efficient  lift  increment.  The  project  

work  is  been  analyzed  with  two  cases,  forward  flight  for  

determining  coefficient  of  lift  (CL)  and  drag  (CD)  and  

hovering  flight  for thrust  has  been  performed.  The  two  

cases  of  flight  has  been  analyzed  for  both  main  rotor  

with  and  without  gurney  flaps  and  compared  to  determine  

the  better  results.  It  is  expected  to  increase  the  coefficient  

of  lift  to  drag  ratio  with  gurney  flaps  attached  to  overall  

span  of  the  helicopter  main  rotor. 
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I. INTRODUCTION 

Gurney flaps are the micro tabs which are attached at the 

trailing edge into the pressure side of the wing. It has been 

proposed by an American aero dynamist Dan Gurney as a 

spoiler in the race cars at the rear. It is one of the simplest 

devices which is used to enhance the performance and as it is 

easy to design, it attracts the attention of engineers, designers, 

analyze and manufacturers. The Gurney flaps are extensively 

used on helicopters horizontal stabilizer such as Apache AH-

64, Sikorsky S76, and Euro-copter AS355. The Gurney flap 

increases the maximum lift coefficient, decreases the angle of 

attack for zero lift, and increases the nose-down pitching 

moment, which is consistent with an increase in camber of 

the airfoil. It also typically increases the drag coefficient, 

especially at low angles of attack, although for thick airfoils, 

a reduction in drag has been reported. A net benefit in overall 

lift-to-drag ratio is possible if the flap is sized appropriately, 

based on the boundary layer thickness. The Gurney flap 

increases lift by altering the Kutta condition at the trailing 

edge. The wake behind the flap is a pair of counter-rotating 

vortices that are alternately shed in a von Karman vortex 

street. In addition to these span wise vortices shed behind the 

flap, chord wise vortices shed from in front of the flap become 

important at high angles of attack. The increased pressure on 

the lower surface ahead of the flap means the upper surface 

suction can be reduced while producing the same lift. 

Generally coefficient of lift increases with the increase in the 

height of the gurney flap. In comparison with clean airfoil and 

airfoil with gurney flap at a specified angle of attack, we can 

notice 10 degree increase in lift coefficient, with gurney flap 

height of 1%, 2% and 3% of the chord which tends to increase 

lift coefficient of 34%, 54%, 62%, respectively. 

 Bell 212 helicopter is a medium utility helicopter 

with 15 seats capacity of one pilot and 14 passengers. It has 

twin engine, a two bladed main rotor and two bladed tail 

rotors. It was chosen as a project model due to its easy data 

accessibility. Main rotor is the major component of any 

rotorcraft. It gives main rotational power to aircraft to 

generate lift and aid to make it fly. Main rotor helps to do all 

the rotor maneuvers such as hover, vertical and forward 

flight. Main rotor diameter of Bell 212 helicopter is 14.69m 

(48 ft.) with the maximum thickness of 12% at 30% chord 

and the chord length of NACA 0012 is 23.38 inches. ‘It has 

two bladed, semi rigid flapping type main rotor’ [1]. ‘Each 

blade is connected to a common yoke by a blade grip and 

pitch change bearings with tension straps to carry centrifugal 

forces’ [1]. ‘Allowing rotor to flap, main rotor has a mast with 

a bearing mounted trunnion’ [1]. Blade pitch change is 

accomplished by movement of collective and a series of 

controls terminating at blade grip horn. Ascending helicopter 

is done by upward movement of collective, which help to 

increase angle of attack of rotor blades. ‘Downward 

movement of collective causes descending the helicopter’ [1]. 

‘Movement of cyclic controls the tilting of the helicopter’ [1]. 

Tail rotor has a two bladed system, mounted on right side of 

vertical fin. ‘Helicopter main rotor is the major component of 

any rotorcraft which gives the main rotational power to the 

aircraft to generate the lift force.and make it fly’ [13]. ‘Also 

it helps to do all the rotorcraft maneuvers such as hover, 

vertical and forward flight in its operation’ [13] 

 
Fig. 1: Helicopter main rotor blade 

II. LITERATURE SURVEY 

Pramith Perera, “Helicopter Main Rotor aerodynamic 

simulation with CFD”- 2018: The primary objective of this 

research project is to evaluate the aerodynamics behavior of 

the Bell 212 main rotor in hovering, forward and vertical 

flight by conducting Computational Fluid Dynamics (CFD) 
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analysis and make comparison with the theoretical solutions 

in both Blade Element and Momentum theories. The CFD 

simulations have been done in subsonic flight regimes only. 

As a means of validating the results, the CFD analysis has 

been done with turbulence model. Several deviations have 

been observed after comparing the results with the real data 

calculations for the respective helicopter. This happened due 

to non-consideration of the fuselage weight and effects of the 

tail rotor in the CFD simulations. General flow patterns and 

pressure velocity distributions have been recorded by using 

the same RPM value (324RPM) for Forward flight and Hover 

flight.  

 Manjunatha Patil, Mr.Jatadhara, Dr.V.Ramesh, 

“Gurney Flap Studies on Lift and Drag of an Aerofoil 

NACA0012” – 2017: In this performance we have executed 

the computational analysis on aerofoil to determine the effect 

of gurney flap on lift and drag performance of naca0012. A  

Gurney flap is a flat plate of order from 1 to 2% of the aerofoil 

chord length, aligned vertically to the chord length and 

positioned on the aerofoil pressure side at the rear end. This 

work involves a steady state, in-compressible Navier-Stokes 

equation solver and two dimensional CFD calculations for 

subsonic flow over a  naca0012 aerofoil at different angle of 

attack and maintained at high Reynolds number at 3x are 

conferred using the unique equation spallart-allamaras 

turbulence model. Adopting a 3.0% chord length Gurney flap 

enhances the coefficient of lift gurney flap height preferred. 

The computed solutions display the detail picture of the flow 

system at trailing edge and give a feasible evidence for the 

enhanced aerodynamic function. 

III. MODELING METHODOLOGY 

The project work has been analyzed with following cases:  

 Case–1: vertical flight (with and without gurney flap)  

 Case–2: forward flight (with and without gurney flap)  

The CAD geometry model is generated using ANSYS Design 

Modeler software. 

SL No Input parameter Value Unit 

1. Main rotor diameter 14.96 M 

2. Chord length 0.5938 M 

3. Gurney height 0.011876 M 

4. Gurney thickness 0.00196 M 

5. Gurney mount angle 45 Deg 

Table 1: blade sizing parameters 

A. Bell-212 Specifications: 

Main rotor diameter of Bell 212 helicopter is 14.69m (48 ft.) 

with the maximum thickness of 12% at 30% chord and the 

chord length of NACA 0012 is 23.38 inches. 

 Capacity: 14 passengers 

 Length: 57 ft 1.68 in (17.4163m) 

 Height: 12 ft 6.83 in (3.8311m) 

 Empty weight: 6,529 lb (2,962kg) 

 Max takeoff weight: 11,200 lb (5,080 kg). 

B. Meshing and Solver settings  

Mesh generation is one of the most important steps in the 

entire process of CFD analysis. The entire calculation in 

Fluent is based on the mesh and hence it is of immense 

importance that the mesh generated is accurate. A coarse 

mesh at certain places where there is a large gradient in flow 

properties could result in an incorrect solution and a fine 

mesh in places of steady flow would result in longer 

calculation time with no additional benefit to the problem. 

Hence meshing is given due attention and is an intricate 

process with options of different mesh styles, mesh elements 

as well as quality of mesh as discussed in the following 

paragraphs. 

C. ANSYS work bench mesh settings  

The following Figure 2 shows the model detailed in the 

ANSYS WORKBENCH GUI. All flow analysis were carried 

out by using “Fluent Analysis System”. Once the 

computational domain was created, it was exported to 

ANSYS workbench meshing. The next step is to create the 

local meshing parameters to capture the geometric features.  

 Red colour : Rotating Domain 

 Blue colour : Stationary Domain 

 Once the local meshing parameter selection was 

completed, boundary naming selection was given to reach 

faces; the following boundary conditions were selected.  

 Inlet : Velocity Inlet 

 Outlet : Pressure Outlet Helicopter 

 Blade : Wall boundary 

 The Upper red colour indicates the inlet boundary, 

and lower red colour indicates the outlet boundary. The wall 

boundary was assigned to the helicopter blade (red colour 

inside the rotating domain). 

 
Fig. 2: Local Meshing Parameters 

 The following Table shows the local mesh setting 

for the complete domain. The minimum element size selected 

was 0.025m meter for the both body of influence. The 

element size of 0.85 was selected for the complete outer 

domain with minimum element. The minimum element size 

and the curvature selection with proximity settings were 

selected are also shown in the Table 2.  

Display 

Display style Use Geometry setting 

Defaults 

Physics Preference CFD 

Solver Preference Fluent 

Element Order Linear 

Element Size 900.0 mm 

Export format Standard 

Export Preview surface mesh No 

Table 2: Element Settings_01 
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Sizing 

Use Adaptive Sizing No 

Growth Rate Default (1.2) 

Max. Size Default (1800.0 mm) 

Mesh Defeaturing Yes 

Default size Default (4.5 mm) 

Capture Curvature Yes 

Curvature Min Size Default (9.0 mm) 

Capture Normal Angle Default (18.0”) 

Capture Proximity No 

Bounding Box Diagonal 46368 mm 

Average Surface Area 1.6019e+008 mm2 

Minimum Edge Length 25.0 mm 

Quality 

Inflation 

Assembly Meshing 

Advanced 

Statistics 

Nodes 515870 

Elements 2808694 

Table 3: Element Settings_02 

 

 
Fig. 3: Meshing for Vertical flight and Hovering 

 
Fig. 4: Meshing for Forward Flight 

 Once the mesh was generated, the mesh was 

exported to ANSYS WORKBENCH Fluent for flow analysis 

airflow (vertical and forward flight). The solver settings and 

boundary conditions are discussed in the following sections. 

D. Analysis Fluent Solver Settings  

The accuracy of the Computational Fluid Dynamics analysis 

is dependent on the spatial Discretization methods and 

selection of boundary conditions. For the present work 

ANSYS FLUENT 19.2 software has been used for numerical 

analysis which is based on RANS equations. The selection of 

turbulence model and boundary types with proper boundary 

condition is a crucial procedure. The flow field variables at 

the inlet of the domain duct are below the Mach number of 

less than 0.3 (low subsonic speed, inlet velocity of 35 m/s was 

selected) giving rise to the characteristics of incompressible 

flow phenomena, hence pressure-based solver setting are well 

suited for the problem stated. In general solver deal with, how 

the conservation and momentum equations are discredited in 

the grids. The segregated solver is recommended for 

incompressible flow, i.e. low speed flow though duct hence 

ensuring right solver for the problem defined. ANSYS fluent 

was used to solve the numerical problem. This code uses the 

finite volume method to solve the governing equations 

describing the fluid flow and heat transfer under given 

boundary conditions. The realizable k-e turbulence model 

with enhanced wall treatment was applied for turbulence 

modeling. Enhanced wall treatment is a method to model the 

near wall region that combines a two-layer model with 

enhanced wall functions. 

E.  Material Selection  

The working fluid for this simulation was selected as “air” an 

ideal gas and assumed that the main rotor operating in the 

standard atmospheric conditions. It was considered the 

standard values as 101325 Pa and 300 K temperature.  

F. Turbulence Models Selection  

The selected turbulence model for running the simulation for 

hover was realizable k - ɛ with pressure based solver. The 

flow was selected as steady state by assuming the flow 

properties were not changing with respect to the time. The 

velocity formulation was set as “Absolute” to get the results 

independently for each aerodynamic force. In the CFD solver 

set-up selection of appropriate turbulence model is an 

important step. A mesh with high quality grid could result 

inaccurate solution with selection of inappropriate turbulence 

model, even though the problem is well posed. For the turbine 
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inlet boundary geometry Realizable k-e turbulence model has 

been considered. By nature realizable k-e turbulence model is 

suitable to handle the inlet geometry, which has capable of 

handling the near wall as far-wall effects. On the other hand 

realizable k-e predicts the location of flow separation at the 

bend sections and boundary layer separation. The study of 

flow over the sail plane has been done at sea level conditions. 

Other condition including steady state solver as required by 

the defined problem and least square sell based method 

suitable for Finite Volume Method formulation. For the 

solution method a simple pressure-velocity coupling scheme 

has been selected with constant under-relaxation factors, 

which may be varying to accelerate or slow down the 

convergence to solve stability issues. The following Table 4 

represents the selection of solver settings and boundary 

condition for the ANSYS Fluent analysis. 

Sl 

No 

Solver Settings 

Solution 

Setup/Boundary 

Conditions 

Methods 

 General Methods  

1 Orthogonal quality 0.153562 

2 Solver Pressure-Based 

3 Viscous Model 
Realizable k-ε 

turbulence model 

4 Material Fluid (at sea level) 

5 Inlet boundary Velocity-Inlet 

6 Outlet boundary Pressure-Outlet 

7 Serpentine duct wall 
Wall (No-Slip 

condition) 

8 Operating pressure 101325 Pa 

9 Pressure-Velocity Simple scheme 

 Spatial Discretization  

1 Gradient Least square based 

2 Pressure Standard 

3 Momentum 
Second ordered Upwind 

scheme 

4 
Turbulent Kinetic 

Energy 

Second ordered Upwind 

scheme 

5 
Specific Dissipation 

Rate 

Second ordered Upwind 

scheme 

 
Under Relaxation 

Factor 
 

1 Pressure 0.3 

2 Density 1.225 

3 Body force 1 

4 Momentum 0.7 

5 Turbulent Viscosity 1 

6 Initialization Method Hybrid Initialization 

7 Mach No Less than 0.3 (35 m/s) 

Table 4: Solver settings 

G. Solution Iterate 

The Iteration window provided all the information on 

iterations prior to start the simulation running.  

 The numbers of iterations were set as 7000 to be 

performed for all three simulation processes. The 

Convergence has occurred at average value around 6500 in 

all three simulations for Drag, Lift and Momentum graphs 

against the iterations. Residuals were set at 1x10-6. 

IV. RESULT AND DISCUSSION 

A. Solution for Forward Flight 

After setting the flow properties and boundary conditions for 

forward flight conditions the simulation was run in Fluent. 

The contour displays of pressure and velocity were obtained. 

Flow properties and boundary conditions allocated for the 

domain were same as Hover flight except the velocity and 

mass flow rate. The forward flight also happened in standard 

atmospheric conditions. The Flapping angle was set as 2 

degrees. 

 

 
Fig. 5: pressure counter with and without gurney flap 

 

 
Fig. 6: velocity counter with and without gurney flap 
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Simulation 
Convergence 

Started at 

Total 

Iteration 

Run 

Absolute 

Criteria 

Forward 

flight 
1000 2150 1×10-6 

Vertical 

flight 
4000 7000 1×10-6 

Table 5: Convergence values 

B. Solutions for Vertical Flight 

The CFD results we obtained from this analysis were based 

on a 1:1 scaled solid model of the main rotor designed by 

using CATIA V5, 3D mesh developed by using ANSYS 

workbench and the CFD simulations run in the Fluent The 

vertical flight characteristics obtained for 324 RPM was 

studied by using the CFD software ANSYS FLUENT 19.2 

and the parameters like velocity and pressure were obtained 

after simulation. For the vertical flight computational 

analysis, thrust generation from the rotor blade was 

monitored; the Figure 20 shows the pressure counter and 

velocity counter for the rotor blade CFD analysis. . 

 

 
Fig. 7: Pressure counter with and without gurney flap 

 

 
Fig. 8: Velocity counter with and without gurney flap 

V. CONCLUSION 

A computational approach carried out on the effects of 

Gurney flap on the aerodynamics performance of helicopter 

blade with NACA0012 airfoil without and with Gurney flap 

of height of 1 to 3% airfoil chord has been studied. ANSYS 

Fluent CFD code with two equation Realizable k-ε turbulence 

model is used for analysis at zero angles of attack up to from 

these computed results; the following major conclusions are 

drawn. General flow patterns and pressure velocity 

distributions have been recorded by using the 324 RPM value 

for Forward flight and Hover flight. Post processing for 

power and thrust for the selected rotorcraft were computed. 

For forward flight a considerable increment in coefficient of 

lift is obtained from gurney flap with in slight charge in drag 

coefficient. The maximum coefficient of lift compared with 

the rotor blade without GF increased by 20.6%, 3% chord 

height Gurney flaps. Results describes that Gurney flaps 

provides a positive increase in coefficient of lift, a negative 

shift in the lift at zero angle of attack and a drag enhancement 

compared with those obtained for clean airfoil, anyway these 

increments are non-linear in comparison to height of flap. The 

pressure distribution over rotor blade surface, results prove 

that the Gurney flap increases the upper surface suction and 

the lower surface high pressure; this is the motivation why the 

lift can be improved. The wake velocity profile with flow 

stream at the locality of the trailing edge shows that the 

presence of the Gurney flap causes in a downward turning of 

the flow field in the rear end of rotor blade, so that the Gurney 

flap increases the effective camber of the complete blade 

profile. This study further shows that helicopter wing design 

in forward flight designed with Gurney flap used to 

effectively improve the aerodynamic performance i.e., 

increasing coefficient of lift as well as the lift to drag ratio. At 

the same time, vertical flight with gurney flap needs certain 

shape optimization to increase the thrust. 

Parameters 
Theoretical 

Results 
CFD Results 

CL for FWD flight 0.0884628 0.19 

CL for Vertical flight 0.0094685 0.0324 

Table 6: Results Comparison 
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