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Abstract  

The flow above delta wing is complicated and 

dominated by a very complex vortex structure. 

This study investigates the effects of propeller 

locations on the aerodynamic characteristics 

above a 55° sharp-edged non-slender delta 

wing UAV model. The experiments were 

conducted in a closed circuit UTM-LST wind 

tunnel at speeds of 20 and 25 m/s. In this project 

the propeller is located at three different 

locations namely; front, middle and rear. The 

result obtained from this experiment was 

compared with the clean wing configuration.  

The effects of propeller locations, angle of 

attack, Reynolds number and propeller advance 

ratio on the aerodynamic characteristics of this 

generic UAV model are discussed in this paper. 

The experimental data highlights an impact of 

propeller locations on lift, drag, moment and 

vortex system of the UAV. The results also 

showed that the propeller advance ratio, J 

influence the vortex system above UAV wing.  

1  Introduction  

Development of UAV was prompted by the 

manned aircrafts limitations [1]. As there are 

limitations for the piloted aircraft, application of 

the UAV in civil purposed has increased. The 

UAV is widely used in various applications 

such as in agriculture, map building, traffic 

surveillance, construction, film industry, safe 

and rescue mission and weather forecasting. 

 Delta wing UAVs generate more lift 

compared to the conventional design [2]. Delta 

wing UAVs produced strong vortex flow on its 

upper surface. The primary vortex developed on 

the upper surface increases the wing lift in non-

linear manner [3]. This makes delta wing is 

favourable in lift generation compared to the 

conventional wings.  

Propeller is the best propulsion system for 

fixed-wing UAV [2]. Commonly, fixed-wing 

UAV is driven by either tractor or pusher 

propeller. Both tractor and pusher have their 

respective advantages and disadvantages [4][5]. 

In 2004, Galiński et al. have placed the 

propeller in the middle part of UAV to 

overcome the limitations of tractor and pusher 

configurations. Therefore, this project has 

emphasized on the wind tunnel experiment of 

the UAV model with three different propeller 

positions; namely front, middle and rear.  

2  Wind tunnel experiments 

The model has been designed to place the 

propeller at three different locations, i.e. front, 

middle and rear. Fig 1 (a-d) shows the generic 

delta-winged UAV model tested in this project.  

The model has been manufactured using 

aluminium has an overall length of 0.99 meter 

and overall width of 1.062 meter. To measure 

the surface pressure, 102 pressure points were 

placed on the upper surface of the wing. The 

location of pressure taps is shown in Fig 1e. 

This model has been designed based on several 

previous delta winged UAVs [1][2][4].  

 The experiments were conducted in 

1.5m×2.0m×6m UTM-LST wind tunnel. The 

installation of the UAV model is shown in Fig 2 

a & b. The tests were carried out at speeds of 20 

and 25 m/s that corresponding to Reynolds 

number of 0.6×106 and 0.8×106 based on the 

mean aerodynamic chord (MAC) of the wing 
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model. EMAX brushless out-runner motor has 

been chosen to run the propeller. During the 

experiments, the propeller speed was controlled 

by a servo controller, which both instruments 

were connected each other. The system was 

powered using DC power supplied unit. For this 

project, the propeller speed was set at 6000 

RPM for all test cases. In this experiment, two 

measurement techniques were employed on the 

wing. For first experiment, the steady balance 

data were recorded for all test conditions. The 

model is mounted to 6 axis balance 

measurement system located underneath the test 

section; this is shown in Fig 2c. For the last 

experiments, intensive surface pressure 

measurements were captured using UTM-LST 

pressure scanner.  

 

 
(a) Clean 

 
(b) Front propeller 

 
(c) Middle propeller 

 
(d) Rear propeller 

 

 
(e)  

Fig.1 Test configurations 
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(c) 

Fig.2 Installation of UAV model in UTM-LST 

3  Results and discussion 

3.1 Steady data   

3.1.1 Effects of Reynolds number (Clean 

configuration)  

Fig 3 shows the effects of Reynolds number on 

the steady balance data for the clean wing 

configuration.  The CL-α plot shows that the lift 

coefficient increases to about 1-4% when the 

Reynolds number is increased from 0.6 million 

to 0.8 million. The CD-α plot shows that the 

drag coefficient is not affected by the Reynolds 

number. At a higher angle of attack, the gradient 

of the CM-α curve decreases if the Reynolds 

number is increased.  The effects of the 
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Reynolds number on the balance data are 

relatively small. This may be related to the 

vortex burst occurred on the wing[6]. 
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(c) 

Fig.3 Effects of Reynolds number for clean 

configuration 

 

3.1.2 Effects of propeller locations  

The effects of propeller locations on lift, drag 

and moment coefficients are shown in Fig 4. 

From the figure, there are obvious differences 

between the data at constant Reynolds number. 

Generally, lift coefficient increases if the 

propeller is installed on the model. These results 

can be linked with the increases in the 

magnitude of the primary vortex compared to 

clean wing configuration. From the CL - α plot, 

the highest lift is recorded when the propeller is 

installed at the rear position.  At α=0 to 6°, only 

slight differences in lift coefficients can be 

observed. After α=6°, the middle and rear 

propeller location has an obvious improvement 

on lift coefficient. At higher angle of attack, α ≥ 

18°, the lift decreasing for all propeller 

locations.  This is because the vortex generated 

by the leading edge has become dominant. 

The drag coefficient plot in Fig 4b shows 

that drag coefficients is increased if the 

propeller is installed. This showed that higher 

drag is induced at higher lift. From the 

observation, the middle propeller configuration 

has recorded the highest drag coefficient. 

Higher drag recorded by middle propeller is 

mainly due to the body-slot located in the 

middle part of the wing.  The effects of body 

slot on the UAV model has been discussed by 

Galiński [7]. 

The pitching moment characteristic is 

shown in Fig 3c. Front propeller exhibits lower 

nose down pitching moment values. This 

observation may suggest that accelerated flow 

from the propeller can increase the size of the 

primary vortex in the apex region. The front 

propeller has pressurized the flow in the leading 

area and creating the pitching-up moment on the 

model [4]. For the rear and middle propeller 

configurations, the moment coefficient is 

increased at higher angle of attack. This 

suggests that greater primary vortex developed 

when the propeller is installed. The hypothesis 

made in this section will be supplemented by 

the surface pressure measurement data.  

 

3.1.3 Effects of advance ratio, J (Propeller 

configurations)  

Fig 5 discusses the effects of the propeller 

advance ratio, J. For this paper only the data at 

front location is discussed.  It can be observed 

that all coefficients are greater when the value 

of J is lower. As the value of J is increased, the 

effects of the free stream become more 

dominant compared to the propeller flow. 
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(c) 

Fig.4 Effects of propeller locations on lift, drag 

and moment coefficient 

3.2 Surface pressure measurement  

3.2.1 Effects of Reynolds number 

This section discussed the surface pressure 

measurement obtained on the upper surface of 

the wing. Fig 6 shows the effects of Reynolds 

number on surface pressure measurement for 

the clean wing at α=12°. From the plot it can be 

observed that the pressure distribution above the 

wing has a small effect if the Reynolds number 

is increased.  The data showed a small changed 
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(c) 

Fig.5 Effects of advance ratio on balance data 

 

in vortex trajectory, this happened because the 

flow already reached the asymptote state [8]. 

The results contrast with the previous 

publications (Ol & Gursul [9][10]) who showed 

that the vortex breakdown is promoted if the 

Reynolds number is increased on non-slender 

delta wing. The results obtained here in UTM 

may suggest that at higher Reynolds number, 

the vortex structure above non-slender delta 

wing is similar to slender delta wing flow 

topology. More experiments are needed to 

confirm this hypothesis.  
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Fig.6 Effects of Reynolds number on pressure 

distribution 

 

3.2.3 Effects of advance ratio, J  

The effects of the advance ratio on the vortex 

system are shown in Fig 7. For this paper only 

the data at front and middle locations are 

discussed. It can be observed that the 

installation of propeller has significant effects 

on the data for all test cases. By increasing the 

advance ratio, the suction peak of the primary 

vortex is reduced. This is because the effects of 

free stream velocity have become dominant 

compared to the energy induced by the 

propeller. The vortex enhancement is increases 

when the propeller speed is increased [14][15]. 

The increase in vortex strength at lower J is 

consistent with the increase of lift and drag 

coefficients.  

 

3.2.1 Effects of propeller locations 

The effects of propeller locations on the vortex 

system above the wing are shown in Figs 8, 9 

and 10. The primary vortex starts to develop in 

at the apex region for all wing configurations. 

The sharpness of the wing caused the primary 

vortex is developed in this case [11-13]. Fig 8 

discussed the vortex system if the propeller is 

located in front position. It can be noticed that 

the size of the primary vortex is increased. The 

size of the primary vortex is increased 

significantly for the first three pressure taps 

locations, i.e. Y/Cr=0.1, 0.2, 0.4. Downstream 

from the apex, no changes were observed. This 

suggests that the additional momentum toward 

the vortex structure incapable to maintain vortex 

consistency. The accelerated flow from the 

propeller has pushed the vortex toward the 

leading edge of the wing.  

 The effects of vortex properties if the 

propeller is been place around the middle of the 

model are discussed in Fig 9. At this position, 

the primary vortex is developed in the apex 

region. The size of the primary vortex is 

increased in the region behind the propeller. In 

the region near to the apex or at Y/Cr=0.1, 0.2, 

0.4, the primary vortex core is located at slightly 

inboard of the wing; this is because the 

propeller has created a suction effect to the 

vortex system. Further aft from the propeller, 

the primary vortex is pushed slightly towards 

the leading edge. This can be seen in the surface 

pressure plots at Y/Cr=0.65, 0.75 and 0.9. More 

experiments are needed to verify this.  

 Fig 10 presents the effects on the vortex 

system if the propeller is positioned in the rear 

region. The results show that primary vortex is 

bigger starting from the apex of the wing. In 

downstream region, higher suction peak is 

developed and this is consistent with the 

previous researches (Ji et al. & Traub[14][15]). 

The downstream suction created by the rear 

propeller pulled the vortex core slightly inboard 

of the wing. 

 In general, the propeller has increased the 

absolute value of pressure coefficient and 

improves the vortex strength. The propeller has 

accelerated the flow above and lower pressure 

region is created on the wing. However, the 

development of the vortex is not able to prevent 

the formation of vortex breakdown at a higher 

angle of attack. Taken example at α=16° and 

20°, the vortex breakdown is observed at 

Y/Cr=0.65 for all propeller configurations. In 

the trailing edge region (Y/Cr=0.9), the 
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influence of the propeller is diminished by the 

vortex breakdown.  

4  Conclusions 

The results presented in this paper show that the 

installation of the propeller has influenced the 

lift, drag and moment coefficients. It is found 

that the propeller advance ratio plays important 

roles in the development of primary vortex 

above delta-winged model.  Higher value of J 

has reduced the influence of the vortex on the 

wing.  
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Middle propeller configuration 

 

Fig.7 Advance ratio effects on pressure distribution 
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Fig.8 The effects of front propeller on vortex properties 
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Fig.9 The effects of middle propeller on vortex properties 
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Fig.10 the effects of rear propeller on vortex properties 
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