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ABSTRACT 
 
The purpose of this study is to investigate the flow separation on 
UTM half model at 3 different Reynolds number which is 0.5 x 
106, 1.0 x 106 and 1.5 x 106 which corresponds to speed, V = 20 
m/s, 45 m/s and 65 m/s using pressure distribution method and 
flow visualization.  The study was done to observe the flow 
separation for three different Reynolds number. The pressure 
distribution at 50% wing span was measured and plotted to 
observe the flow characteristic at angle of attack from 0 deg to 24 
deg at three different Reynolds number. The pressure distribution 
on the wing was reduced to local lift coefficient and this data was 
compared to lift coefficient obtained from the balance data to 
study when the model reaches stall. 
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1.0 INTRODUCTION  

This experiment is conducted to visualize the phenomena of flow 
separation that occurs on a generic transport aircraft model.  The 
model which is going to be tested is a 9% scaled semi-span model 
of a generic passenger aircraft or called UTM half model.  From 
the fundamental of aerodynamics, a particular wing will provide 
lift until a certain angle of attack, beyond this angle of attack the 
wing is said to reach stall where the flow on the top surface of the 
wing is said to be separated.  Many factors affect the flow 

separation on a wing, for example the thickness of the wing 
section will contribute to leading edge stall (thin airfoil) or 
trailing edge stall (thick airfoil) but this is not our main interest.  
Instead, the experiment is conducted to investigate the effect of 
Reynolds number on flow separation.  The experiment will be 
conducted under 3 different setting of velocity corresponding to 
0.5 x 106, 1.0 x 106 and 1.5 x 106 Reynolds number. The flow 
separation test will be carried out in UTM LST (Low Speed 
Tunnel) itself.  The model of 0.983m wing-span will be mounted 
in the wind tunnel test section with cross section of 1.5m height 
by 2m width.  In order to visualize the flow around the wing of 
the semi-span model, pressure around the local chord at 50% span 
will be measured  

 
2.0 LITERATURE REVIEW 

2.1 Boundary Layer 
Prandtl states that in order for flow separation from the wall to 
take place, the following condition must be satisfy which is 
increasing in pressure or adverse pressure gradient. Going 
downstream, a small amount of momentum and energy along the 
body surface is lost as they are used up to overcome pressure and 
friction. The downstream velocity and momentum are small near 
the body surface due to presence of viscosity. At one point, the 
fluid particle will lose all the momentum and brought to a halt, 
further downstream will cause the fluid particle to leave the 
surface and there will be a presence of reversed flow [1]. 

 
2.2 Reynolds Number 
Reynolds number is a dimensionless parameter which is a 
measure of the ratio of inertia forces to viscous forces in a flow. 
In flow separation, Reynolds number is a dominant factor in 
transition to turbulent flow and we define it as critical Reynolds 
number, Recr. It is difficult to predict the exact value of Recr for 
a given body under specified conditions. Recr is approximated 
500,000 as a rule of thumb in practical application, if the value of 
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Reynolds number is above 500,000 then the flow is said to be 
turbulent and if the Reynolds number is less than 500,000 then 
the flow is said to be laminar [2]. 

 
2.3 Laminar Separation 
If the path line of the fluid element smooth and regular then the 
flow is laminar. Consequent to the previous statement, the layers 
are very thin and the form drag is small too [3]. Even though the 
velocity is large enough to give significant viscous stress but it is 
yet moderate and the skin friction is small too. Laminar boundary 
layer is prone to transition in adverse pressure gradient so it is 
hard to predict whether transition or flow separation occurs first. 
During laminar separation, the flow separates, transition and the 
reattaches back and this phenomenon is called laminar separation 
bubble as shown in the figure. As the angle of attack is increased, 
the adverse pressure gradient will be more severe and the 
separation bubble will burst and cause airfoil to stall. 
 
2.4 Turbulent Separation 
In turbulent boundary layers, the flows are not steady and smooth 
but eddying. Since the flow is eddying and not smooth, the 
boundary layer will be thicker compared to the laminar flow 
which results in greater form drag [3]. Turbulent flow separation 
can’t be analyst analytically as laminar flow separation so 
experimental results are used for its solution. 
 
2.5 Flow Separation on Swept Wing 
Swept wing usually produces less lift compared to a straight wing 
with similar area and chord at all speed. The main problem of a 
swept wing aircraft is stall occurs at the tip due to the span wise 
airflow which is aggravated by the leading edge vortexing. 
Leading edge vortexing occurs when the air from the bottom of 
the wing jumps to the top of the wing and moves to the wing tip 
[4]. The stream wise growth of the boundary layer tends to cause 
early stall near the tips. Consequently the boundary layer gets 
more and more tired and less capable of surviving the adverse 
gradients without separating [5]. The leading edge vortexing, 
span wise flow and tip stalling tendency increases as the angle of 
attack of the aircraft is increased. 
 
 
3.0 MODEL EXPERIMENT 

3.1 UTM Half Model Specification 
Table 1 shows the specification of the UTM half model which is a 
semi span model of a transport aircraft that is going to be tested 
for flow separations. The data are obtained from the 
manufacturer’s blueprint as in Figure 2. Figure 1 shows a photo 
of the UTM Half Model, as it can be seen, it is a semi span 
model.  
 

 
 

Figure 1: UTM half model 
 
 

Table 1: Dimensions of the UTM half model 
 

Symbol Meaning Dimension
S Wing Area 0.252 m2

c Mean Aerodynamic Chord 0.339 m
b/2 Half-Span 0.983 m
Vwing Wing Volume 0.00072 m3

Vfuselage Fuselage Volume 0.058 m3

 
 

 
 

Figure 2: The dimension of the UTM half model 
 

The pressure tabs are located 507mm from the wing tip or 50% 
wing span. The purple line in Figure 3.2 shows the pressure tap at 
50% wing span. There are 18 ports of pressure tab where 9 ports 
on the upper surface of the wing and the remaining 9 port is 
located at the bottom surface of the wing. This pressure tabs will 
used to calculate the local pressure distribution. Table 2 shows the 
location of the pressure tap at 50% wing span. 
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Table 2: Location of pressure taps in x/c from the local leading 
edge. 
 
No. of Pressure 
Taps 

Suction Surface 
(x/c) 

Pressure Surface 
(x/c) 

1 0.0227 0.0227 
2 0.0626 0.0626 
3 0.1026 0.1026 
4 0.1625 0.1625 
5 0.2523 0.2523 
6 0.3022 0.3022 
7 0.4020 0.4020 
8 0.6017 0.6017 
9 0.9012 0.9012 
 
3.2 Wind Tunnel Testing 
The semi span model is installed in the UTM Low Speed Wind 
tunnel as in Figure 3.  The angle of attack of the model is varied 
from angle of attack of 0 deg to 24 deg (which is the maximum 
angle of attack that the model can go when attached to the semi 
span balance). The test were conducted at 3 different velocities 
corresponding to its respective Reynolds number of 0.5 x 106, 1.0 
x 106 and 1.5 x 106 to understand the effect of Reynolds number 
on flow separation.  

The first flow visualization method that was used in conducting 
this experiment was by measuring the pressure distribution 
around the surface of the UTM Half model wing.  Taking the data 
on the pressure distribution will give a clearer view where 
adverse gradient occurs on the wing.  
 

 
 
Figure 3: The installation of UTM half model attached to a semi 
span balance in UTM LST 
 

Next flow visualization method that was used is tuft, where 
strips of yarn are attached on the surface of the UTM half model 
as in Figure 4.  During the test, this tufts are recorded to study the 
flow features such as boundary layer separation and 
reattachments on the model.  Tufting is a technique of flow 
visualization that is used in the aeronautics filed main to study air 
flow direction, strength and boundary layer properties 

 
 
Figure 4:  Threaded tuft used as a flow visualization method 
 
3.3 Experimental Flow Chart 
 

 
 

Figure 5: Experimental setup 
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4.0 ANALYSIS 

4.1 Reynolds Number and speed approximation 
The objective of this experiment is to test the UTM half model 
under three different Reynolds number which are 0.5 x106, 1.0 x 
106, 1.5 x 106. The ratio of inertial forces or resistant to motion to 
viscous forces can be expressed by the Reynolds number. 
Reynolds number can be expressed in equation as below 
 

              (1) 
  

After deciding the Reynolds number, the wind speed that was 
tested in the wind tunnel can be found using the Reynolds number 
formula as shown below 

 
   

 
           (2) 

 
where V is velocity, l is mean aerodynamic chord of the model 
and ν is kinematic viscosity. The known value of the air density, 
mean aerodynamic chord and kinematic viscosity is constant and 
by adjusting the formula, certain value of the wind speed can be 
calculated for certain value of Reynolds number. 
 
Table 3: Approximate wind speed for the wind tunnel 
experiments 
 

Reynolds number Wind Speed, V 
0.5 x 106 20 m/s 
1.0 x 106 45 m/s 
1.5 x 106 65 m/s 

 
4.2 Data Calculation 
The obtained results are received from the Micro Craft MC-
10.8.0-A semi span balance. The raw data have to be reduced to 
the wind axis in the following manner. Figure 4.1 shows the 
process from taking the raw data until converting it to the wind 
axis force coefficients: 

L = FZ cos α + FX sin α 

D = FX cos α – FZ sin α 

FY = 0 (  MC-10.8.0-A does not measure side force) 

Coefficient of pressure is a parameter for studying 
incompressible flow and it is a dimensionless number which 
describes the relative pressures throughout a flow field in fluid 
dynamics.  The formula for coefficient of pressure, Cp, is stated 
below: 

 
   

          (3) 

 
Where P is the pressure at the where pressure coefficient is 
calculated,  is the free stream pressure,  is the free stream 
air density and  is the free stream velocity of the fluid. 
 

 

 

 
Figure 6: Flow chart for data reduction 

 

5.0 RESULTS AND DISCUSSION 
Figure 7 shows the measured pressure coefficient distribution 
around the UTM Half model at 50% wing span or the local chord, 
from an angle of attack of 0 deg to 24 deg at Reynolds number 
0.5 x 106.  The surface pressure distribution on the lower surface 
or the pressure surface of the wing notably does not change much 
after angle of attack 6 deg but the surface pressure distribution on 
the upper surface or the suction surface of the airfoil was found to 
significantly vary from angle of attack of 0 deg to 8 deg.  From 
angle of attack of 10 deg to 24 deg, the surface pressure 
coefficient of the suction surface seems to be stagnant where it 
doesn’t change much even though the angle of attack varies. As 
the angle of attack increases from 0 deg to 2 deg, it is notice that 
there is a region of nearly constant pressure at x/c ≈ 0.10 to 0.16 
and from angle of 4 deg to 6 deg the constant pressure region 
moves forward to x/c ≈ 0.06 to 0.10.  A sudden increase in 
surface pressure coefficient was found following the constant 
pressure region.  Further downstream, the surface pressure 
coefficient gradually recovers back.  This kind of characteristic of 
surface pressure profiles relates to laminar flow separation and 
the formation of laminar separation bubbles. As the angle of 
attack of the model is increased, the location of the separation 
point to the reattachment point is moving forward towards the 
leading edge of the wing. 

Figure 8 and Figure 9 shows the coefficient of pressure for 
Reynolds number 1.0 x 106 and 1.5 x 106 respectively, both the 
flow shows that the pressure distribution on the pressure surface 
of the wing does not change much after angle of attack of 8 deg.  
Both the flows also show constant pressure distribution on the 
suction surface of the wing after angle of attack of 10 deg.  
Compared to the flow with Reynolds number 0.5 x 106, the flows 
with higher Reynolds experiences flow separation after angle of 
attack of 8 deg but the flow with Reynolds number 1.5 x 106 
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