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ABSTRACT 
 
The objective of this project is to investigate the nature of flow 
separation on a generic SME MD3 160 light aircraft model. The 
experiment was conducted in UTM low speed tunnel to 
investigate the flow separation behavior of a 15% scaled down 
two-seater light aircraft model, Malaysian made SME MD3-160 
aircraft. The model has overall length of 1.3m and wingspan of 
1.5m. It is designed for external balance and surface pressure 
measurement studies.  The experimental works were conducted 
at three speeds of 30m/s, 35m/s, 40m/s corresponding to 
Reynolds numbers which are 0.414, 0.515, 0.519 million with 
angle of attack ranging from -6°to 23°. Flaps were deflected at 
5° 10° 20° during testing. Steady balance and surface pressure 
data were recorded simultaneously. It showed that flaps 
promoting stall at 12° and at angle of attack 14° pressure 
recovery was hindered resulting to a dramatic change of 
pressure on the surface. 
 
KEY WORDS: Light Aircraft Model; Flow Separation; Low 
Reynolds Number. 
 
 
NOMENCLATURE 

AR Aspect Ratio                                                                                                    
b     Wing Span 
c     Mean Aerodynamic Chord 
Sref  wing reference area 

α     Angle of attack 
X/c  Chordwise position 
Ρ   Density 
V   Freestream Velocity 
CP  Pressure Coefficient 
Re  Reynolds number based on mean aerodynamic chord 
 
 
1.0 INTRODUCTION 

Aerodynamic performance of light aircrafts is reduced by 
separated and vortical flows. The premise to this 
deficiency is such that these aircrafts fly at low speed 
regions and its Reynolds number is low typically 103 - 
105. Flows at low Reynolds number has enormous 
amount of viscous forces and it is typified by smooth 
constant fluid motion. This flow over light aircrafts 
separates when velocity of the boundary layer decreases 
as the kinetic energy of fluid particles is inadequate to go 
against pressure gradient. Such phenomenon responsible 
for this inability is the adverse pressure gradient and 
accounts for the loss of lift, thrust generated; making it 
more difficult to solve as a result of strong viscous force 
[1-4]. In worst case scenarios, it can cause unrecoverable 
stall that indicates complete loss of lift leading to failure 
of the aircraft performance. On the other hand lift 
generation can be achieved by either changing the shape 
or its projected area of the wing. A flap being a lift 
enhancing mechanism adds up to the complexity of the 
wing, increases weight and reduces fuel efficiency. Both 
the complexities associated with flaps on the wings and 
weight undermines the improvement of aerodynamic 
performance. Recent designs make laminar wing 
technology more effective by using active flow control 
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system [12]. Notwithstanding, single flap was suggested 
to avoid or minimize flow separation but was unable to 
avoid flow separation at large flap deflection angles [5-8]. 
Consequently, reducing flow separation effects air flow 
must be energized so that it could compensate for 
viscosity effects and adverse pressure gradient 
encountered [9]. 

In contrast, the present paper shows that when flaps 
deflected at larger angles, flow attaches to the wing 
surface. The experiment is carried out on a Malaysian 
made aircraft SME MD3 160 light aircraft. It has been 
used as a test bed to provide a detailed description of flow 
physics for the control surface and its effect on flow 
separation. 
 
 
2.0 EXPERIMENTAL METHODS  
2.1 Experimental Facility 
The facility used for these experiments was the Low 
Speed Wind Tunnel located in Universiti Teknologi 
Malaysia. The wind tunnel is a closed return type where 
its test section sized of 2.0m × 1.5m and 5.5m in length 
with maximum speed of 80m/s.  Its flow quality is 
impeccable as its contraction ratio is 9:1 with solid walls 
delivering high accurate and good repeatability of wind 
tunnel test results. The specification of UTM LST is 
given in Table 1.0 below. 

 
Table 1.0 UTM LST Specification 

`  
 
2.2 Test Model 
The model used for this experiment is a 15% scaled down model 
of Malaysian SME MD3 aircraft and has thirty (30) pressure 
tabs connected by plastic tubing located on its wing and 
fuselage. Fourteen tubes are located on the wing whilst the 
remaining are on the fuselage. The wing pressure tabs are 
located at seven chord wise wing sections and connected to 
electronically scanned pressure transducer with scan rates up to 
250HZ. Table -2 shows the location of pressure tabs on the 
wing. 
 
 
 

Table-2 Pressure Tabs location 
No. of Pressure taps Suction Surface X/c 

1 4.5 0.019984 

2 13.5 0.059952 

3 22.5 0.09992 

4 36 0.159872 

5 56.3 0.250022 

6 90.1 0.400124 

7 135.1 0.599964 

 
2.3 Experimental setup 
A comprehensive wind tunnel experiments were carried out on 
UTM MD3-160 light aircraft model. Steady balance data such 
as force, moment, pressure measurement data were captured 
during the experiment. The experiments were conducted at three 
different speeds 30m/s, 35m/s, 40m/s corresponding to 
Reynolds number Re =  0.44 million, Re = 0.515 million, Re = 
0.59 million respectively at various angle of attack (α = -6°, -4°, 
0°, 4°, 8°, 14°). It was done in conjunction with the deflection of 
control surfaces where the angle of flaps and elevators were 
deflected at 5°,10° 20°. Data was recorded for forces, moments 
and pressure measurement using a 6-component external 
pyramidal balance with virtual balance moment and a FKPS 
30DP electronic pressure scanner respectively. All the data were 
recorded simultaneously. UTM MD3-160 model was mounted 
on three struts support system and installed in 
UniversitiTeknologi Malaysia Subsonic Wind tunnel as shown 
in Fig 1.0 (i). The experiments at several pitching and yawing 
incidences are shown in Figure 1.0 (ii) and Figure 1.0 (iii).  
 
 

 
i) Model at angle of attack α = 0° 

 
 
 
 
 
 
 

Date Built:  2001 (operational)
T/Section Dimensions: 2m (W) x 1.5m (H) x 5.8 m (L)

Wind Speed: 80m/s (Mach = 0.23)

Reynolds Number: 1.0 x 10^6

Circuit Type: closed return

Heat Exchanger: Yes
Power: 430 kW a.c.
Computer: PC-DELL, Windows 2000/NT Servers
Data Acquisition: PI 6000 Series, 120 channels
Balances:  6-component external, internal, semi-span balance
Ground Effects: No

Test Types: Aeronautics, Ground vehicles

Air Supply System: 10 bar
Planned Improvements: Test section with moving ground system, open jet testing
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(ii) Model at angle of attack, α = -2°           

 

(iii) Model at angle of attack α= 20°,and yawing angle of attack 
ψ =15° 

Fig 1.0 ii) showed the model at negative angle of attack while 
Fig 1.0 iii) showed the model at yawing 5° 

 
 

3.0 RESULTS 

This section presents results obtained from the current 
experiment carried out in UTM low speed tunnel. As can be 
seen in Fig 2.0 shows lift been computed at various Reynolds 
number. Result showed that at low Reynolds number with flaps 
on, it promoted stall of the aircraft and flow separates at angle 
10°. However, at increasing Reynolds number, flow was moved 
downstream showing that at larger increasing Reynolds number 
lift increases CLmax = 1.14 and it shows that at larger flap 
deflection flow would be attached as shown in Fig 2.0.  
Comparison was carried out between aircraft model at clean 
wind and with flaps on. At clean wind, CLmax is 0.921 at stall 
angle 14° and with flaps on, CLmax is 1.10 at stall angle 12° 
which shows that the aircraft lift coefficients is increased. It was 
also noticed that at very low Reynolds number 0.414 million lift 
increases CLmax at flap 10° at angle of attack 6°. This is 
consistent with previous research by kiedaisch and Melton[5-8]. 
At the stall angle of the aircraft, the coefficient of drag increases 
considerably as shown in Figure 3.0.Pitching moment becomes 
negative with increasing angle of attack which implies a stable 

nosedown behavior as shown in Fig. 3.0. 

 
i) CLvs α at 0.414 x 106   

 
ii)  CLvs α at 0.515 x 106 

 
iii)  CLvs α at 0.515 x 106 

Figure 2.0 Lift coefficients versus Angle of attack at varying 
Reynolds number 

 

 
iv) CDvs α at 0.414 x 106   
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v)  CMvs α at 0.414 x 106  

 
Figure 3.0 Drag coefficient & Pitching moment versus Angle of 
attack 
 
Fig. 4.0 details the surface pressure distribution around the SME 
MD3160 model with pitch angle from -6°at different Reynolds 
number. A significant change occurred at the upper surface as 
the angle of attack increases while there are no significant 
changes were noticed at lower surface. At lower angle of attack, 
the surface pressure profiles reached negative peaks closely 
towards its leading edge, at the upper surface pressure was 
recovered till its trailing edge. Furthermore, unique 
characteristics of CP showed a region of constant pressure at 
25% of the chord as its angle of attack increases from 8° to 12°.   

i) 
0.414 x 106 Reynolds number 

 
ii) 0.515 x 106 Reynolds number 

 
iii) 0.59 x 106 Reynolds number 

 
Figure 4.0 Surface pressure profile at pitching angle -6° at 
varying Reynolds number (flaps) 

 
Figure 5.0 shows the measured pressure coefficient at angle 10°. 
At low Reynolds, flow attaches to the wing and 0.25% of the 
mean aerodynamic chord, flow separates and reattaches. 
Afterwards, it separates and manifested the separation bubble. 
As its Reynolds, it has enough energy to counter the adverse 
pressure gradient and separates at 75% of the chord. 
 

 
0.515 x 106 Reynolds number 

 

 
ii) 0.515 x 106 Reynolds number 

 

 
iii) 0.59 x 106 Reynolds number 
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The flow characteristics at higher angle of attack, taken example 
at α = 14°The flow was fully separated at angle of attack = 14° 
and at angle of attack 10°, the formation of separation bubble 
was noticed when flaps was deflected at 20°. The surface 
pressure profile depicts laminar flow separation and formation 
of separation bubble on low Reynolds number [8]. 

 

 
i)  0.414 x 106 Reynolds number 

 

 
ii)  0.515 x 106 Reynolds number 

 

 
iii)  0.59 x 106 Reynolds number 

 
Figure 6.0 Surface pressure profile at pitching angle 14° at 
varying Reynolds number (flaps). 
 
3.1 Flow visualization 
Experimental flow visualization using tufts is also performed on 
the model. Images of the result are shown in Figure 7 at several 
angle of attack α = -6°, 6° and 14°. In figure 7, it can be noted 
thst no flow separation is observed at low angle of attack of -6°. 
As the angle of attack increases to -6, it can be seen that the 
flow remains attached to the wing surface except at the trailing 
edge area. At higher angle of attack of α = 14°, it can be seen 
that the separated flow covers the whole wing area. 

 
i) α = -6° 

 
ii)  α = 6° 

 
iii)  α =14° 

Figure 7.0 Flow visualization using wool tufts techniques at 
several angle of attack of α = -6°, 6° and 14°. 
 
 
 
4.0 CONCLUSION 
The test was conducted with the aim of providing a detail 
explanation of flow physics for flap effects on SME MD3 160 
aircraft as well as increasing the knowledge of control surfaces 
at low Reynolds number aerodynamics. It is deduced that when 
flaps deflected at larger angle, its flow was still attached and its 
lift increases with an increasing angle of attack. Relatively the 
coefficient of drag was small. At the end, it contributed 

Fully separated 
flow 

Attached flow 
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immensely to improve the design of the aircraft and increased 
the knowledge of flow physics of separation on SME MD3 160 
light aircraft.  
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