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ABSTRACT 

 
The use of Short Take-Off and Landing (STOL) aircraft with an 

upwardly opening semi-cylindrical channel, known as a channel-wing, is one 

of the best candidates for short-haul flights. The channel-wing utilized the 

entrainment of airflow on the inside of the wing channel, enhancing the 

pressure difference on the wing surfaces, boosting the generation of lift. The 

present study is aiming to acquire the aerodynamic performance for a new 

design; the propulsion unit is position behind the wing. The analysis is done 

experimentally with a 3D-printed model. The aircraft wing model is 

constructed with NACA 4412 profile, a wingspan of 400 mm, and a U-shape-

channel diameter of 68 mm. Tested in an open loop wind tunnel at speed of 

up to 22 m/s, and angle of attack of up to +20 degrees. The result shows the 

lift coefficient can reach beyond 3, higher than those obtained by the 

conventional wing design. Also, it can delay the wing stall; the lift can be 

maintained beyond which the usual state (angle of attack) where the typical 

wing begins to stall. Indeed, the new channel-wing design is a good option to 

be considered, offers higher lift, and rises with speed. It generates more lift 

than conventional aircraft equipped with modern high-lift systems and 

outperforms the existing traditional channel-wing design, which is 

advantageous for short-haul flight. 
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I. INTRODUCTION 
 

Air transport is the fastest mode of transportation; 

facilitate movement of resources and wealth between 

regions, countries, and city centers. The demand for air 

transport has shown a significant growth in recent years 

[1-2]. Inevitably, the statistic [3] has shown that both in the 

US and EU, the percentages of flight delay is ranging 

between 15 to 20 percent each year, and most of it is the 

short-haul flight. In addition, as highlighted by some 

studies [4-6], in the US for an example, the airline flight 

delay has incurred a staggering direct operating cost of 

about 8 billion USD per year. There are several factors that 
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could lead to this problem, and one of them is most hub 

airports are heavily congested. This signifies a serious 

problem, especially to those who took the connecting 

flight, consequently, the airlines will suffer additional 

delay compensation costs. 

At present, there are wide range of research have been 

carried out to mitigate these problems. Some are looking 

into possibilities to optimize the taxiway capacity and 

runway separation by developing a model that could help 

in simulating the problem of airline flight delay 

management which constraints by several factors, 

including the runway capacity [7-8]. And others are 

looking into minimizing the impact of aircraft wake vortex 
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generated by the other aircraft during arrival and departure. 

This eventually helps in optimizing the usage of runway 

capacity at any given time [9-13]. While there are also 

studies to consider some new elements in the design for 

future aircraft [14-20], includes the propulsion system and 

the geometrical shape of the aircraft, to make it more 

aerodynamic and cost effective in the long run.  

Altering the conventional wing is the key for future 

aircraft design, it brings a greater option to alleviate some 

of the present problems, including the issues of short-haul 

flight. As the existing wing design limits the potential and 

capability in generating lift. The integrations of active flow 

control technology to enhance the aerodynamic 

performance of the wing is one of the best option to be 

considered [21-24].  

This design, so called channel-wing aircraft (Figure 

1), utilized the airflow entrainment to increase the 

generation of lift. Unlike conventional fixed wing aircraft 

that rely on the speed of the aircraft to generate lift, in 

contrast, the channel-wing utilized the airflow velocity 

passing over the wing; the airflow entrains on the inner 

part of the wing channel, induced by the high-speed 

rotating propeller. In return, boosting the generation of lift, 

by increasing the pressure difference between the inner 

(upper) and outer (lower) part of the wing, even when the 

aircraft is at stand still [25].  

 

 
 

Figure 1 Front view of the 3D-printed channel-wing aircraft model in the wind tunnel 
 

Previously, an experimental study has been carried 

out to assess the effect of wing sizing (chord length) on the 

aerodynamic lift and propulsive thrust performances of 

channel-wing aircraft at stand still conditions [26]. The 

analysis was done on three wings, namely small, medium, 

and large, which categories by the differences in the wing 

chord length. From the analysis, the larger wing is superior 

at energizing the lifting force, and the wing able to extract 

about 30% of the lift from the thrust. 

 Additionally, from the study perform at Georgia 

Tech Research Institute [23], it has shown the channel-

wing could produce lift that is almost double than the 

conventional aircraft which is equipped with slotted flap. 

And, based on this, they have predicted that the channel-

wing aircraft could perform take-off at under 100 ft of 

ground rolls, relatively very low compared to the 

conventional aircraft.  

Given the remarkable performance of the channel-

wing, Chang et al. [27] proposed and explored a different 

setup of the design, employing tandem channel-wing 

configurations for the electric vertical take-off landing 

aircraft (eVTOL). The results demonstrate that the 

aerodynamic performance is good; nevertheless, the 

downwash effect from the front wing influences the rear 

wing. This emphasizes the importance of uninterrupted 

airflow to ensure the aircraft's stability. 

 

(a) front wing lower than rear wing                  (b) front wing upper than rear wing 

 

Figure 2 Sketch of the tandem channel-wing configuration. Adapted from Ref. [27] 
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Figure 2 Position of propulsion unit (old vs new) 
 

 

Gunther et al. [28] investigated the aerodynamic 

performance characteristics of channel-wing, comparing 

experimental results to the theoretical model published by 

Blick & Homer [25]. Their findings demonstrated that the 

theoretical model, for a range of test, could not predict 

channel-wing performance characteristics well. Moreover, 

data indicate that the performance of a channel-wing drops 

with increasing flight speed. This might, however, be 

owing to the influence of the propulsion unit, which was 

located on the inside and relatively closer to the channel-

wing surface. The region (gap) between the propulsion 

unit and the channel-wing is narrow, and the blockage 

effect grows as speed increases, analogous to biplane 

aircraft conditions [29-31]. Aerodynamic interference 

occurs when the high-pressure air beneath the propulsion 

unit and the low-pressure air above the channel-wing 

interact. It has a major effect on both attached flow and lift 

production, which both decrease as the wings move closer 

together. This would have a significant impact on the 

formation of a low-pressure region on the inside of the 

channel-wing. 

Indeed, from the aerodynamic performance point of 

view, channel-wing design is a good option to be 

considered and implemented for future STOL aircraft 

[32,33]. Nevertheless, the undisturbed airflow on the 

inside of the wing channel is critical and further analysis 

is required. In particular for the current design, i.e. with 

relocation of the propulsion unit to the rear part of the wing. 

The existing channel-wing design used the inner section to 

mount/locate the propulsion unit, while the current design 

model relocates and places it on the outside part behind the 

propeller (as illustrates in Figure 2 and shown in Figure 5 

for the actual test model). This could improve entrainment 

and maintain the airflow from the leading-edge to the 

trailing-edge of the wing undisturbed, enhancing the 

formation of a low-pressure region for greater lift output. 

Expanding form earlier work [26], this paper will be 

focusing on the analysis of the new design (propulsion unit 

behind the wing) of channel-wing aircraft performance for 

a range of flight speed at different angle of attack. The goal 

is to expand understanding of the channel-wing lift 

performance characteristics on the new design for future 

short-haul flight applications. 

The test model is design using CAD software, consist 

of several main components to form the aircraft model. All 

the parts are made of PLA material, fabricated using the 

3D printer, and assembled with metal (rod) insert. The 

study is performed for free-stream speeds up to 22 m/s and 

angles of attack up to +20 degrees; beyond this range, the 

wing vibrates (flutter). This problem limits the analysis, 

may cause damage to the wing structure, and may pose a 

risk to the wind tunnel itself. The experimental test setup 

is like the one presented earlier, i.e., here, a scaled-down 

model of the actual aircraft is used, with the propulsion 

unit is repositioned behind the wing. 

 

II. SETUP AND METHODOLOGY 
 

The analysis is done for Reynold number range of 

between 12k and 100k. Flow chart for the experimental 

analysis of the channel-wing aircraft model is shown in 

Figure 3 below, 

 

In this experiment, the fuselage is design with a ratio 

of 
𝟐

𝟒𝟓
 from the original aircraft size [25]. The original size 

of the fuselage is 9000 mm, which later reduced to a length 

of approximately to 400 mm. Scaling of the model is done 

to get a good proportion to the cross-sectional area of the 

wind tunnel test section. This helps in minimizing the 

blockage effect, and it was position higher (40 cm) from 

the floor of the wind tunnel test section, mainly to prevent 

ground effect. The general dimension of the test model is 

given in Table 1. 

 

Model Design 

 

Table 1 General dimension of the model 
 

Part Dimension 

Fuselage 
▪ Length: 395mm 

▪ Max. Diameter: 59mm 

U-shape-wing 
Section 

▪ Diameter: 68mm 

▪ Chord Length: 77mm 

Wing 

▪ Wingspan: 400mm 

▪ Aspect Ratio: 11 

▪ Root-Chord: 77mm 

▪ Tip-Chord: 38 mm 
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The CAD model of the channel-wing aircraft is 

shown in Figure 4; top left is the front view, bottom left is 

the isometric view of the channel-wing section, top right 

is the side view, and bottom right is the 3D view of the 

channel-wing aircraft model. The main body parts of the 

channel-wing aircraft model were divided into several 

smaller sections, and the whole aircraft geometry is based 

on the sizing given in Ref. [25]. 

 

 
 

Figure 3 Flow chart for the experimental analysis of 
the channel-wing aircraft model 

 

 

Figure 4 The CAD model of the channel-wing 
aircraft 

Model Fabrication 

Next, once all 3D CAD data has been exported to the 

3D printer slicer software, the model fabrication process 

can begin. The slicer software is used to generate the G-

Code. A thin layer of filler is used to cover all 

imperfections and close unneeded surface gaps. A small 

metal rod is inserted to each part and epoxy glue is applied 

to join all part sections, ensuring permanent bonding and 

rigidity. The test model fitting before assembly process is 

shown in Figure 5. 

 

Figure 5 The test model fitting before assembly 
process 

 

A customized extension of mounting stand is built to 

keep the channel-wing aircraft model stable inside the 

wind tunnel test section. This extended mounting stand is 

made of three layers of metal that were joined together 

with metal epoxy and attached to the lower part of the 

fuselage. They were later installed on the mounting base 

in the wind tunnel's test section for the following process: 

integration with electronic systems and cables to control 

the motor propeller. 

 

Wind Tunnel Setup 

 

 
 

Figure 6 A scale model of the actual  
open-loop wind tunnel 

 

The open loop wind tunnel used for this test section 

is shown in Figures 6 (specification of the open-loop wind 

tunnel is given in Table 2), with ambient air sucked from 

the front opening of the wind tunnel inlet section (through 

the 5 layers of mesh) by a set of 10 bladed propellers at the 

rear end (outlet) of the wind tunnel. First, a series of 

calibration tests are performed prior to wind tunnel testing. 

This is done to ensure the accuracy and repeatability of the 

measured results, as well as to determine the correlation 

between the speed of the wind tunnel propeller blades and 

Wing 

channel 

section 

Rear section of 

the fuselage, no 
tail 

Propulsion unit 

mounting 

section 

Front 
section 

of the 

fuselage 
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the speed of the airflow inside the wind tunnel test section. 

The six-component force balance system is used to 

measure lift force. It is done over a predetermined angle of 

attack range of -10 to +20 degrees, by pitching the aircraft 

model. Data were collected at 5-degree intervals. 

 

Table 2 Specification of the open-loop wind tunnel 
 

Test section 1000 x 1000 x 2500 mm 

Max. speed 50 m/s 

Power available 75 Hp 

Anti-turbulent screen 4 sheets 

Number of blades 10 blades 

Overall length 14.5 meters 

Overall height 4 meters 

 

 The airflow speed inside the test section of the wind 

tunnel is measured at two locations using two digital 

manometers: positions at the front and in the middle of the 

test section. The calibrated airflow speed is measured by 

varying/adjusting the wind tunnel propeller speed from 0 

up to 40 Hz. This is done to get a good correlation of wind 

tunnel propeller speed and the average airflow speed 

inside the test section of the wind tunnel. The calibrated 

data is plotted in Figure 7, showing the relationship 

between speed of wind tunnel propeller blades (Hz) and 

the speed of airflow (m/s) inside the test section.  

 

 
 
Figure 7 Correlation between the speed of the wind 

tunnel propeller blades (Hz) and the airflow 
speed (m/s) inside the test section 

 

There are a few procedures to follow for the wind 

tunnel test section air flow speed calibration test. 

 

1. To begin, two pitot tubes are placed in the test section, 

one at the front of the wind tunnel's test section and 

another at the middle of the test section. The pitot tubes 

are connected to the digital manometer (Testo 510 

Differential Manometer); measure the airflow speed, 

determined from the differences between the total 

pressure and the static pressure inside the wind tunnel 

test section. 

2. Then, each pitot tube is connected to a digital 

manometer, which will show the velocity of airflow, 

measured in m/s. Other important experimental data are 

recorded, such as the air density, 1.225 kg/m3. 

 

 

 

 

 

 

 

 

                                  

 

 

 

 

 

 

 

Figure 8 Schematic diagram for the electronic 
connection. 

 

In this experiment, there are two propellers installed 

and used to induce the airflow towards the inner-front 

section of the wing channel, alike the one performs at 

Georgia Tech Research Institute [23]. The size of the 

propeller is 4 cm in diameter, it is attached to a small 

coreless DC motor (rated at 3.7 Volt, 0.1 Amp) that 

provides thrust force. As shown in Figure 8, there are two 

small electric motors connected to each of the propeller. 

Using a custom-designed mounting stand, the aircraft 

is installed inside the test section (as shown in Figure 9). 

During the experiment, the airflow velocity is digitally 

controlled by a knob on the right-side of the wind tunnel. 

The measured correlation (done during calibration) 

between the speed of the wind tunnel propeller blades (Hz) 

and the speed of the airflow (m/s) inside the wind tunnel 

test section is used to calculate the airflow speed. All the 

measured forces are displayed on a computer linked to the 

wind tunnel's balance system. The data on the monitor 

shows force and moment measurements for all three axes, 

with the two forces from the X- and Z-axes representing 

drag and lift, respectively. 

 

 
 

Figure 9 Test model in the wind tunnel test section 
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III. RESULTS AND DISCUSSION 
 

The aerodynamics lift performance characteristics of 

a channel-wing model are investigated at various wind 

speeds (ranging from zero to 22 m/s) and angles of attack 

(ranging from -10 to +20 degrees, with a 5 degree 

increment). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Lift at different AoA (motors OFF) 
 

The results shown in Figure 10 depict the 

characteristics of the lift produced at various AoA when 

both electric motors are turned off. The depicted data is 

similar to the NACA 4412 airfoil lift performance data. 

The overlapping lines demonstrate that the lift coefficient 

is independent of free-stream airflow speed. The highest 

lift coefficient emerges at 10 deg., and everything appears 

to decrease after that. This is consistent with many 

established research data; wing with NACA 4412 airfoil 

profile typically stall above 15 degrees (AoA). 

 
 

Figure 11 Lift at different free-stream  

airflow velocity (motors OFF) 
 

Figure 11 depicts the characteristics of the lift 

produced (when both electric motors are turned off) at 

various free-stream airflow velocity. The graph shows the 

value of the lift coefficient remains unchanged and stable 

across the range of measured free-stream velocity. It 

demonstrates that the highest lift coefficient emerges at an 

angle of attack of +10 degrees, while the lowest is 

observed at -10 degrees; this fits with reported 

measurement data for a wing with a NACA 4412 airfoil 

profile. 

 

 

Figure 12 Lift at different AoA (motors ON) 
 

Figure 12 depicts the characteristics of the lift 

produced at various AoA when both electric motors are 

activated. The data appears similar to that given in Figure 

10, with each line crossing at the same point (on the 

horizontal axis), at an AoA of around -3 degrees. However, 

unlike the trend lines for conditions when the electric 

motors are turned off, the lift coefficient appears to 

increase further for AoA greater than +10 deg. This is 

because of the suction force produced by the high-speed 

rotating propeller blades, air is entrained to the inner 

section of the wing's channel. The largest lift coefficient 

can be observed at AoA of +20 degrees, with the lift 

coefficient reaching 3.5 for a speed of 14.3 meters per 

second. Following that are 18.3 m/s, 10.5 m/s, 22.2 m/s, 

6.6 m/s, and the lowest at 2.6 m/s with a lift coefficient of 

2.4.  

It is important to note that the low free-stream airflow 

speed could result in higher lift and appear to delay wing 

stall. The findings also revealed that the greatest 

magnitude of airflow does not ensure the greatest lift. This 

is because increased free-stream airflow velocity reduces 

flow-turning effects at the trailing edge of the channel-

wing. As the magnitude of the free-stream increases, the 

differences between it and the entrainment caused by the 

suction from the rotating propeller become less. As a 

consequence of this, the development of low-pressure 

region (negative pressure) inside of the channel-wing is 

reduced; giving an unfavorable affects to the generation of 

lift. Therefore, a careful consideration to the specific 

design and sizing of channel-wing is indeed crucial. 

 

 

Figure 13 Lift at different free-stream 
airflow velocity (motors ON) 
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From the graph in Figure 13 above, it shows the 

characteristics of the lift produced at different free-stream 

airflow velocity; when both electric motors are turned on. 

The air is entrained to the inner part of the wing channel; 

this is due to the suction effect comes from the high-speed 

rotating propeller blades. Unlike in Figure 11, the trend 

lines for each plotted value is different. The magnitude of 

the lift coefficient produced at any AoA is greater and 

changing with the free-stream airflow speed. As the 

electric motor is turned on, the propeller entrained more 

air to the inside of the channel-wing section. This 

eventually reduces the pressure along the chord of the 

channel-wing (promotes low-pressure region on the inside 

of the channel-wing).  

Observing the trends of each line (as shown in Figure 

11 and Figure 13), it shows that if the airflow speed is 

further increased, the lift force produced seems unchanged 

for condition when the electric motors is turned off. While, 

for condition when the electric motors are turned on, the 

lift is reduced for positive AoA, and in the opposite for 

negative AoA. Noted that, beyond the highest free-stream 

speed of 22.2 m/s, the tested model experiencing 

unfavorable conditions, in which the model tends to 

vibrate excessively; thus, limiting for testing at much 

higher air speed.  

 

 

Figure 14 Comparison for cases with different 
positioning of propulsion unit; inside of the 
channel-wing (blue, grey), and behind the 
channel-wing (orange, amber) 
 

Figure 14 compares Gunther et al. [28] data to the 

current design (for conditions with 10- and 20-deg. AoA). 

To provide a baseline for comparison, free-stream airflow 

speeds are defined as low, medium, and high, which 

correspond to recorded free-stream airflow speeds of 

about 6 m/s, 13 m/s, and 18 m/s, respectively. 

For current design, the model has the propulsion unit 

positioned behind the channel-wing, whereas Gunther et 

al. [28] have it on the inside of the wing channel. Due to 

the positioned on the inside, it produces less lift, and 

steadily decreasing with speed (Figure 14). This is caused 

by the region (gap) between the propulsion unit and the 

channel-wing. It is narrow, causing a blocking effect that 

worsens with speed, similar to biplane aircraft [29-31]. In 

this condition, airflow interference is unavoidable; the 

high-pressure air beneath the propulsion unit interacts with 

the low-pressure air above the channel-wing surface. 

Limiting the formation of a low-pressure region inside the 

channel-wing. In contrast with the present design, the 

airflow is uninterrupted, the lift is higher, and it rises with 

speed; the trend is the same in both cases (10- and 20-deg. 

angles of attack). 

 

IV. CONCLUSIONS 
 

Present study is aiming to acquire the aerodynamic 

performance for short-haul flights. Analysis is done 

experimentally with a 3D-printed model. The aircraft wing 

model is constructed with NACA 4412 profile, wingspan 

of 400 mm, and U-shape-channel diameter of 68 mm. 

Tested in an open loop wind tunnel at speed of up to 22 

m/s, and angle of attack of up to +20 degrees. 

Comparing between electric motors on and off 

conditions, when it is turned on, lift force can still be 

produced even beyond the +10 deg.; delaying the 

separation of airflow and maintaining the lift beyond 

which the usual state (at higher AoA) where the typical 

modern wing would stall. The result shows at +20 degrees 

AoA the lift coefficient can reach beyond 3, higher than 

those obtained by the conventional wing design.  

Furthermore, data suggests that the highest free-

stream may not necessarily yield the greatest lift. This is 

because an increase in free-stream diminishes flow-

turning effects at the channel-wing's trailing edge. With 

increasing free-stream, the local velocity on the inside of 

the channel-wing is reduced, and the formation of the low-

pressure region is gradually shrank. As a result, the 

generation of lifts is decreased.  

The current design also demonstrates that the 

positioning of the propulsion unit is crucial. Strongly 

influences the generation of lift (or formation of a low-

pressure region on the inside of the wing channel). With 

the propulsion unit placed behind the channel-wing, the 

narrow gap obstruction that may impair airflow is no 

longer a concern. The formation of low-pressure regions 

on the inside of the wing channel surfaces is enhanced, 

resulting in higher lift and rises with speed. This could also 

underline the significance of uninterrupted airflow in 

ensuring the aircraft's stability. As a result, appropriate 

guidelines must be set to guarantee that the lift is fully 

optimized for the design of channel-wing aircraft. 

 In conclusion, it is vivid that the results gained 

interprets that the new channel-wing aircraft design is the 

most suitable candidates for STOL application. It had the 

ability to produce greater lift than conventional aircraft 

equipped with modern high-lift systems, and it 

outperformed the traditional channel-wing design. 

Furthermore, the channel-wing aircraft has a superior take-

off ability at low speed and could perform maneuver at 

higher AoA. 

The amount of data and repeatable runs that could be 

taken was constrained by tunnel duration and technical 

challenges. Future study should include a more extensive 

analysis that considers various parameters as well as new 

design considerations. Since the model in this study was 

produced via 3D printing, some modification has to be 
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made to improve the rigidity of the test model. So that, it 

can be tested to its absolute limits (which comprises wing 

stall characteristics). The current work adds to the 

understanding of the aerodynamic performance of 

channel-wing aircraft designs, notably the influence of 

repositioning of the propulsion unit. 
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