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 3.4 O

il F
low

 V
isu

alisation
 

3.4.1 C
lean

 W
in

g 

 
Figure 3.14 - O

ilflow V
isualisation - Clean W

ing Complete and E
dge 

The above im
age and Figure 3.15 show

 the resultant particle distribution on the surface of the 

Clean W
ing from

 a run at h/c =
 0.09 and 1 degree angle of attack.  This residual flow

 

visualisation show
s that the w

ing profile w
as designed w

ith a separation bubble along the span 

of the w
ing.  This design feature is included to trip the boundary layer from

 lam
inar to 

turbulent so that the profile can further resist separation.  This effectively fixes the transition 

point of the w
ing.  H

ow
ever, there are som

e sections w
here the fluid passes through the 

designed separation bubble and lam
inar flow

 is retained until further dow
nstream

 on the w
ing 

surface.  A
 large separation region exists at the trailing edge of the w

ing and it appears to 

separate into regions of vortical flow
.  A

n edge vortex is present at the extrem
ities of the w

ing 

and this provides the additional energy to w
ithstand separation tow

ards the w
ing tips. Turbulent 

Boundary Layer 

Lam
inar 

Boundary Layer

E
dge V

ortex 
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 2.3.2 P

h
ysics of C

F
D

 Solver - R
A

N
S 

The RA
N

S solver is used for CFD
 analysis throughout this dissertation as it is the m

ost 

accurate m
ethod for the tim

e and com
putational resources available.  The aim

 of the RA
N

S 

solver is to solve the Reynolds A
veraged N

avier-Stokes equations as set out below
. 

ത௜ݑ߲
ݔ߲

௜ ൌ
0 

ത௜ݑ߲
ݐ߲

൅
ത௝ݑ ത௜ݑ߲

௝ݔ߲
ൌ

െ
ߩ1

ҧ݌߲
ݔ߲

௜ ൅
௝ݔ߲߲ ቆߥ

ത௜ݑ߲
௝ݔ߲ െ

ݑ
௜ ᇱݑ

௝ ᇱቇ 

This equation contains the ݑ
௜ ᇱݑ

௝ ᇱ term
 w

hich represents the 6 com
ponents of the Reynolds 

Stress and so introduces an additional 6 unknow
n variables as opposed to the single unknow

n 

before the Reynolds A
veraging process w

as applied to the N
avier-Stokes equations.  To solve 

for the Reynolds Stress a turbulence m
odel m

ust be used to close the equation set.  The m
ost 

com
m

on m
ethod for this is to use an E

ddy V
iscosity/Boussinesq m

odel.  A
n E

ddy V
iscosity 

turbulence m
odel introduces a Turbulent V

iscosity variable (ߥ
் ) that is a function of the flow

, 

not the fluid, and is used to close the equation set by defining the relationship betw
een the 

turbulence and the m
ean flow

.  O
ne dow

nfall of the E
ddy V

iscosity m
ethod is that it results in 

a scalar eddy viscosity (isotropic) w
hen in actual fact it is a tensor and the turbulence is non-

isotropic.  N
on-E

ddy V
iscosity m

odels (tensor) can also be used to close the equation set and 

are m
uch m

ore accurate but m
any tim

es m
ore com

putationally expensive and so are not 

com
m

only used and require a m
uch m

ore refined grid to accurately resolve the turbulence in 

all directions w
ithout diverging. 

 2.3.3 M
esh

 R
eq

u
irem

en
ts - R

A
N

S 

To solve the flow
field the solver requires a discretised dom

ain.  The dom
ain m

ust first be 

generated in a softw
are package such as Pointw

ise G
ridgen and include the geom

etry that is to 

be analysed and the relevant external dom
ain or internal details.  There are num

erous w
ays to 

discretise the dom
ain and each has a different effect on the solver and the accuracy of the 

results.  The m
esh generation process is critical to obtaining a CFD

 result that is com
parable to 
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