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Abstract— The present work deal with the design and 

performance analysis of NACA0018 airfoil with the use of 

viscous laminar model of FLUENT and also comparative 

analysis with standard experimental results. It also 

comprises the various angle of attack (00,40, 80) with 

respective variation in coefficient of lift (CL) and coefficient 

of drag (CD). In this numerical study we use low Reynolds 

number Airfoil design method. 

Key words: NACA0018, CFD FLUENT, Attack angle, 

Pressure difference, Shape Design, Analysis of Airfoil 

I. INTRODUCTION 

As we know that a moving body in air having four forces. 

Out of four two are most important one in lift force and 

other one is Drag force they depend on the wing structure. 

Airfoil is a shape in which two edges one is leading and 

other trailing edge when air moves through airfoil, air split 

into and passes above and below the wings the upper surface 

is the shaped so the air speed is high as compare to lower 

surface due to this pressure gradient a lift force induced 

upward direction. This is the basic principal of generation of 

lift force .the value of lift force increasing with respective 

increasing  of aircraft[1] .in this study we mainly focus on 

the analysis of NACA0018(National Advisory Committee 

for Aeronautics) airfoil at various angle of attack .also we 

use low Reynolds number method for design of airfoil. 

airflow over the wing we take it as like flow over a flat plat 

case thats why Reynolds number  for laminar flow is less 

than 3х105 flow near the boundary are laminar. We use 

FLUENT program for design and performance analysis. 

NACA four digit airfoil coordinate calculate by empirical 

relation [7] 

 𝑌𝑐 =
𝑚

𝑝2
[(1 − 2𝑝) + 2𝑝𝑥 − 𝑥2]     (1.1) 

from x=0 to x=p 

𝑌𝑐 =
𝑚

(1−𝑝)2 [(1 − 2𝑝) + 2𝑝𝑥 − 𝑥2]    (1.2) 

from x=p to x=c   

Where x= coordinates along the length of the 

airfoil from 0 to c (which stands for chord length) 

±𝑌𝑡 = (
𝑡

0.2
) [0.2969 𝑥0.5 − 0.1260 𝑥2 − 0.3516 𝑥2 +

0.2843 𝑥3 − 0.101 𝑥4 ]  (1.3) 

Determine the final Coordinate for the airfoil upper 

surface (Xu ,Yu )&lower surface (XL,Yu) using the following 

relationships 

Xu = X- Yt sinø      (1.4) 

              Yu= Yc-Ytcosø         (1.5) 

              XL= X+Ytsinø             (1.6) 

              YL= Yc–Ytcosø        (1.7) 

              ø = 𝒂𝒓𝒄 𝒕𝒂𝒏(
𝒅𝒀𝒄

𝒅𝑿
) 

 
Fig. 1: NACA0018 2D model 

 
Fig. 2: NACA0018 3D model 

II. GOVERING EQUTION  

The governing equation are RANS (Reynolds Averaged 

Navier Stokes) [1] and continuity equation without the 

gravity and the body force item in Cartesian tensor from 

             
𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢𝑖)

𝜕𝑥𝑖
= 0          (2.1) 

 
𝜕(𝜌𝑢𝑖)

𝜕𝑡
+

𝜕(𝜌𝑢𝑖𝑢𝑗 )   

𝜕𝑥𝑗
= −

𝜕𝑃

𝜕𝑥𝑖
+

𝜕

𝜕𝑥𝑗
(𝜇

𝜕𝑢𝑖 

𝜕𝑥𝑗
− 𝜌𝑢𝑖

′𝑢𝑗
′) + 𝑆𝑖  (2.2) 

Where  𝜌 is the density ui the velocity component 

of i direction p pressure, 𝜇 dynamic viscosity of the fluid 

, 𝜌𝑢𝑖
′𝑢𝑗

′ the Reynolds stress and 𝑆𝑖 the generalised source 

term. 
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III. MESH GENERATION 

 
Fig. 3: C-type grid                                                                   

                                                                    
Fig. 4: Highly Dense Mesh Near Airfoil 

Fig. 5: contours of pressure coefficient 

A. Low Reynolds Number 

The most obvious effect of operation at very low Reynolds 

number (Re) [1] is a very large increase in the section drag 

coefficient. In the Re 103 operating range the drag increase a 

full order of magnitude. There high drag values are in line 

with theoretical laminar plate drag. Which is inversely 

proportional to square root of the Reynolds Number the 

increase in drag is unfortunate not reciprocated in lift. Lift 

coefficient remain of order one resulting in a large reduction 

in the L/D ratios. The definition of boundary layer thickness 

becomes more and more pronounced .the definition of 

boundary layer at such low Re in a fully viscous fluid field 

is an in exact notion. 

B. Angle of Attack 

Angle of attack (AOA) [3] is the angle between the 

oncoming air or relative wind and a reference line on the 

airfoil.the reference line is a line connecting the leading 

edge and trailing edge at some average point on a wing.  

Empirical Relation [6] show the relation between 

variation of AOA with coefficient of lift Cl 

𝐶𝑙 =
𝑑𝐶𝑙

𝑑𝛼
= 1.8𝜋(1 + 0.8

𝑡𝑚𝑎𝑥

𝑐
 )         (3.1) 

Where  
𝑡𝑚𝑎𝑥

𝑐
 is the maximum thickness to chord 

ratio of airfoil. 

 
Fig. 6: Cd variation with AOA ( 𝛼⁰) 

 
Fig.6 Cl variation with AOA (𝛼⁰) 

 
Fig. 6: Cl /Cd   variation with AOA (𝛼⁰) 

IV. CONCLUSION 

This work deals with the aerodynamic behaviour of 

NACA0018 airfoil at different angle of attack. low Reynolds 

number flow is unsteady and is not easy to be researched in 

quantitative experiments numerical simulation can calculate 

the aerodynamic characteristics with an desirable 
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accuracy[5]. A symmetric pressure distribution was obtained 

along the section of airfoil at zero angle of attack and 

maximum pressure is obtained at 4%of chord length and 

also pressure difference is higher when AOA is 80. After 

CFD analysis of NACA0018[4] airfoil based on results we 

can conclude that the zero angle of attack there is no lift 

force generated the value of AOA[3] increases with 

respective increase the value of lift force amount of drag 

force also be increase but the value of drag coefficient is 

quite lower compare to lift force. 
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