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Abstract:  

Buildings in cities generate complex flows, with high velocity gradients and turbulence 

intensities that can make complex the helicopter landing and take-off maneuvers for 

pilots. Specifically, heliports at buildings are usually placed at the roof, where a big 

recirculation bubble is formed. Then, helicopters can be affected by the turbulent flows 

generated by the non-aerodynamic surfaces that compose the geometry of a building, 

and the aerodynamic interferences generated must be analyzed in detail. 

This study analyses the interaction between the aerodynamic patterns generated by a 

building and those generated during the operation of the helicopter. The results are 

provided by a 1:170 scaled model building, and a six-component internal balance 

(HELIBAL) designed at INTA and integrated in a scaled helicopter model. During the wind 

tunnel tests, an automatic positioning system is used for placing the helicopter in 

different positions around the building. Particle Image Velocimetry (PIV) and smoke 

visualizations tests are shown to analyze the interaction between building and 

helicopter aerodynamics during its operation around the building, and revealed clearly 

interference between them. Measurements of mean forces and moments when the 

helicopter is hovering in multiple positions close to the building are also presented at 

0.50D from the roof and 0.65D from the rear and side walls of the building. Above the 

roof, thrust force increases notably when the helicopter approaches the upwind corner, 

increasing a 57% when it is positioned towards the side corner. On the rear wall, when 

the helicopter is covered by the building, there are low changes on the thrust force, pitch 

and roll coefficients. Next to the side wall, the helicopter forces magnifies a 65% as the 

helicopter moves to a higher altitude, and up to 100% when it moves closer to the 

upwind corner.  
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1. Introduction 

The most relevant capability of helicopters is to hover close to objects and structures, 

allowing complex emergency, police, surveillance, and transport operations in cities. 

However, this kind of helicopter operation can be complex for pilots who has to keep 

close to structures such as buildings [1], oil rigs [2], military frigates [3], or aircraft 

carriers [4]. This is because these non-aerodynamic structures generate flow 

detachments, high velocity gradients and turbulence intensities that can have a direct 

effect in the helicopter stability.  

The specific case of aerodynamic flow around military ships is a widely analyzed topic 

[5-12], including different studies about the structure of the air wake generated [5, 6], 

numerical and experimental simulations of the wake unsteadiness [7-9], velocity data 

[10, 11], and turbulent flow measurements on the wake [12]. In general, they use 

Computational Fluid Dynamics to create models of the helicopter-ship dynamic 

interference [13, 14] or extract experimental data from wind tunnel, taking velocity 

measurements with PIV (Particle Image Velocimetry) to investigate the ship airwake and 

rotor downwash flow field [15-17], or using balances to measure aerodynamic forces 

and moments [18-22].  

 

Fig. 1: Schematic representation of flow around a cube-shaped building. 

Civil aerodynamics is the part of aerodynamics in charge of the study of bluff bodies with 

sharp edges such as buildings or bridges. These configurations present flow 

detachments and non-stationary aerodynamic structures. Hence, predictions are 

extracted by wind tunnel investigations using scaled models. Wind loads generated on 

building roofs and walls, or aerodynamic studies also determine the proper operation of 

ventilation systems, which control the building temperature and humidity [23].  
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A wide range of studies demonstrate that a massive flow separation with large 

recirculation regions is formed when the incoming flow interacts with buildings. Figure 

1 shows this flow pattern around a cube-shaped building [24]. Considering a wind 

direction perpendicular to the upwind face, it leads to a recirculation bubble in the lower 

part, flow acceleration in the upper part and a stagnation point between them. 

Furthermore, the sharp edges cause a great detachment on the roof where low-velocity 

recirculation bubbles appear, affecting the operation of helicopters landing at the 

heliport at the roof (Figure 2).  

As the flow is highly three-dimensional, when the wind incidences non-perpendicular to 

the wall, strong conical vortices appear on the roof [25, 26, 27] characterized by high 

speeds which cause large negative pressures near roof corners. And the peak of high 

suction generated on the roof can be estimated using a simple approximation, 

𝑐𝑝~1/√𝑑, with 𝑑 is the distance to the corner. 

The combination of building and helicopter aerodynamics has gain attention in the last 

years as the concept of Urban Air Mobility (UAM) has received wider attention in the 

last years. Many companies have already developed prototypes of Personal Air Vehicles 

(PAV). However, the requirement of the PAV needs to be defined and some agent-based 

simulations have been performed to define them [28]. The definition of the 

requirements for the UAM infrastructure location is not an easy task. In the past, Kinley 

[29] studied the heliport placement in city areas leading to the conclusion that the roof 

of some building would be the best option and provided indications of the requirements 

of these buildings. However, if the urban air mobility became a more extended mean of 

transport, many placements for landing and taking off would be necessary. Additionally, 

the new concept of vehicles could need new requirements. For example, Fadhil et al. 

[30] propose different possible potential locations for UAM infrastructure locations: 

rooftops, barge over water, inside highway clover, overtop highway, overtop road, 

overtop rails, atop of a parking lot and atop of high-rise building.  

 

 

Fig. 2: a) Helicopter flying in a city. b) Heliport at the rooftop of a tower 
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Operating helicopters inside unsteady flows requires accurate pilot corrections for 

controlling the aircraft, increasing its workload. Lee and Zan [15, 31] demonstrated that 

low frequency oscillations (0.2 to 2 Hz) are the ones that most affect the proper 

helicopter operation.  Evaluate the effect on pilot workload can be made through the 

feedback from real pilots performing landing maneuvers during real situations or using 

high-fidelity helicopter flight simulators [32-36, 37, 38]. For example, the results 

contained in [33] show the influence of different motion cues, airwake conditions, and 

ship motion states on the pilot’s overall workload.  

However little information is found in the literature regarding flow around buildings and 

the interaction with helicopter operations. Using wind tunnel tests with scaled models 

of the building and helicopter equipped with an internal balance for force 

measurements, the main goal of this paper is to obtain aerodynamic forces and 

moments experienced by the helicopter during hovering on different points around the 

building. Different wind conditions are simulated. Standard deviations during 

acquisition are also registered and commented. Additionally, Particle Image Velocimetry 

and smoke visualizations are shown to improve understanding of the aerodynamic 

problem.  

The structure of this paper is divided into the following sections. Section 2 will describe 

the experimental set-up, including the wind tunnel and Particle Image Velocimetry 

system used for obtaining the results. The helicopter and cube-shaped building models 

will be also described, including the six-component components internal balance 

(HELIBAL) to measure forces and moments with the helicopter, and the flow similarity 

between the real and scaled helicopter achieved. Section 3 will present the results of 

the flow visualizations around the building and aerodynamic forces and moments 

measured using HELIBAL on each point around the building. 

2. Experimental set-up 

Wind Tunnel and Particle Image Velocimetry (PIV) 

The experiments were conducted in a low-speed wind tunnel at INTA, Spain (Figure 3 a). 

It is a closed-circuit type with an open and elliptical test section of 2 x 3 m2. Operating 

at maximum power of the engine (420 kW), the airspeed during tests can reach up to 60 

m/s with turbulence intensity lower than 0.5%. At the wind tunnel test section, there is 

a platform that simulates the ground near the building. Streamlined leading and trailing 

edges were installed to minimize the interference of the platform in the flow field.  

The wind tunnel is equipped with force measurements systems, and a Particle Image 

Velocimetry system (PIV) [39-42] for obtaining flow visualization and velocity contours 

around the models. For the proper working of the PIV system (figure 3 b), small tracer 

particles of ~ 1 μm in diameter are seeded in the flow and illuminated using two 

neodymium-doped yttrium aluminum garnet Nd:YAG pulsed lasers with a maximum 

energy output of 190 mJ per pulse. Synchronizing the laser pulses with the capture of 
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pairs of photographs, the particles positions are recorded with a digital camera and a 

2048 × 2048 pixels Charged Coupled Device (CCD) sensor. And as the time between the 

first and second image of the pair is known (Δ𝑡 = 25 us), a cross-correlation process 

that uses a 2D Fast Fourier Transform (FFT) algorithm can determine the particles 

displacement and velocity in small interrogation windows selected of 32 × 32 pixels with 

a 50% window overlap following the Nyquist sampling criteria. During the tests, the field 

of view was 460 mm. All the velocity contours presented at the end of this study were 

obtained from a total of 100 instantaneous image pairs and represented in non-

dimensional velocity contours using Tecplot360 software. 

 

Fig. 3 a) Wind Tunnel T-1 INTA b) Scheme of Particle Image Velocimetry (PIV) system. 

 

Building and helicopter scaled models 

The building model consisted of a wooden cube of 60 x 60 x 60 cm3. It represents a real 

building of 42 m in height with cube-shaped and sharp corners which could have a 

rooftop heliport. During wind tunnel tests the model was placed in the middle of the 

wind tunnel section above the platform to simulate the ground effect. The total front 

area of the model was on the order of 0.36m2, which is less than the 10% of the cross 

section of the wind tunnel to avoid blockage effect. The Reynolds number was 1.9 × 105, 

which is above the critical Reynolds number for bluff bodies of 105 [43]. A photograph 

of the experiment is shown in Figure 4 with the scaled model of the building placed in 

the middle of the platform.  

The helicopter model used in wind tunnel tests is also 1:70 scaled. Despite their small 

size, the original external geometries of the NH Industries NH-90 helicopter are 

accurately represented in the scaled model thanks to the 3D printing manufacturing. 

The helicopter has an internal balance (HELIBAL) and the full assembly is fixed to an 

automatic positioning system.  

Then, force and moment measurements are obtained using HELIBAL, a six-component 

internal balance designed at INTA. It measures 3 aerodynamic forces (𝐹𝑧 - thrust, 𝐹𝑦 - 

lateral, and 𝐹𝑥 drag) and 3 moments (𝑀𝑥 - roll, 𝑀𝑦 - pitch, and 𝑀𝑧 - yaw). Its structure is 
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made of aluminum and strain gauges connected in 7 Wheatstone bridges measure 

deformations, which are translated to force values by a calibration matrix.  

 

Figure 4. Building model placed at the wind-tunnel test section. 

The 3D scheme displayed in Figure 5 shows the different components of the helicopter 

scaled model. The HELIBAL is inside a frame that fix the engine and the helicopter 

fuselage. The Axi 2204/54 brushless motor moves the five blades helicopter rotor of 𝐷 =

230 mm of diameter. Finally, the steel sting bar holds the full scaled helicopter assembly 

during the wind tunnel tests.  

 

Fig. 5 Full assembly of the helicopter model. 

To ensure the validity of the tests using the described helicopter assembly, it is necessary 

to ensure the main rotor flow similarity. This similarity can be guaranteed when the 

values of thrust coefficient (𝐶𝑇) and advance ratio (𝐽) of the real helicopter are achieved 

for the scaled model. The full-scale helicopter has a thrust coefficient during hovering 

flight of, 

𝐶𝑇 =
𝑇𝑖𝑜

1
2 𝜌(ΩR)2𝑆

= 9.24 × 10−3 

 

(1) 

where 𝑀 = 7900 kg kg, 𝑇𝑖𝑜 = 𝑊 = (𝑀 × 𝑔) 𝑁, 𝜌 = 1.225 𝑘𝑔/𝑚3, Ω = 300 rpm, R =

8.15 m, 𝑆 = 208.7 m2, and 𝑔 = 9.81 𝑚/𝑠2.  
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The same value of thrust coefficient was obtained for the model operating at 25 W (10 

V and 2.5 A), resulting in a scaled rotor speed of Ωs = 4,350 rpm and a similar thrust 

coefficient of the model of 𝐶𝑇 = 9.24 × 10−3 measured with HELIBAL.  

The similarity of the advance ratio is also achieved. The wind condition represented is 

𝑈∞ = 20 m/s. As the angular velocities of the real and scaled helicopter are known (Ω =

300 rpm, Ω𝑠 = 4,350 rpm, and the rotor radius are 𝑅 = 8.15 m, and 𝑅𝑠 = 0.115 m, 

the advance ratio similarity, 

𝐽 =
𝑈∞

ΩR
=

𝑉𝑡𝑢𝑛𝑒𝑙

ΩsRs
 

(2) 

 

results in a 𝑉𝑡𝑢𝑛𝑛𝑒𝑙 = 4.10 m/s to satisfy the advance ratio similarity.   

 

3. Results 

Flow visualization: Particle Image Velocimetry (PIV) and smoke tests 

Visualization results based on velocity contours around the building obtained with PIV 

tests in the wind tunnel, and building-helicopter smoke visualization tests will be 

presented in this section.  

 

Fig. 6 PIV non-dimensional velocity contours around the building model. 

Aerodynamics around the entire building is shown in the velocity contour of Figure 6 on 

the left. It can be observed that a recirculated region is formed in front of the building 

up to a height where a stagnation point is observed. In the upper part, the streamlines 

show the main flow detachment that starts on the upwind corner and the flow go 

upwards generating a big recirculation area above the roof. This flow may interfere with 
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the aircrafts on the rooftop heliport. A more detailed velocity contour of the flow at the 

edge of the building is shown in Figure 6 on the right. 

To get a visual idea of how the aerodynamics of the building interfere with the 

helicopter, visualization studies using smoke with the scaled helicopter model operating 

at different points around the building are presented. Figure 7 shows photographs taken 

during tests, showing the aerodynamic interference at positions of the helicopter at 0.50 

diameters (D) above the roof, and 0.65D to the rear wall and the side wall.  

 

Fig. 7 Smoke visualization tests for building and helicopter aerodynamics 

interference. 

When the helicopter is positioned on the roof, it is completely immersed in the detached 

area generated by the upwind corner. In addition, the edge of the shear region has been 

marked using a red dotted line. This shear layer appears to be at its maximum height in 

the center of the building (and the rotor), and is then reduced again, probably due to 

the effect of the flow absorbed during the main rotor operation. 

The following case corresponds to the helicopter positioned on the rear wall. In this 

situation, the helicopter hovers in a completely detached region, generated by the 

detachment of the roof and side walls. Thus, the helicopter is in an area where there is 

low velocity recirculation, which has been represented by the red lines as seen in the 
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frames of the video recorded during the visualization tests. The last case analyzed 

corresponds to the helicopter hovering close to the side wall. The flow deflected by the 

upwind corner of the sidewall bends and impacts directly against the helicopter rotor 

and fuselage. 

Mean aerodynamic forces and moments 

Using an automatic positioning system, the helicopter is placed in different points close 

the building walls and roof, with the helicopter always facing to the upcoming wind 

direction. Forces and moments are presented in non-dimensional terms as, 

𝐶𝐹𝑖 =
𝐹𝑖

1

2
𝜌(ΩR)2𝑆

           𝐶𝑀𝑖 =
𝑀𝑖

1

2
𝜌Ω2𝑅3𝑆

 (3) 

 

where 𝑖 = 𝑥, 𝑦, 𝑧 corresponds to the different force and moments measured, 𝜌 is the air 

density, Ω is the angular speed, 𝑅 is the main helicopter rotor radius and 𝑆 is the rotor 

surface. 

In the first phase of tests, three helicopter positions with respect to the building were 

chosen, with the helicopter centered on the face of the building above the roof, on the 

rear wall and on the side wall. In each of them, the helicopter was positioned at different 

distances on the roof (between 0.35D and 2.00D), on the rear wall and on the side wall 

(0.65D-2.35D), with 0.05D differences between them. Figure 8 shows the results of the 

aerodynamic forces through vertical (𝐶𝐹𝑧) and longitudinal (𝐶𝐹𝑥) force coefficients acting 

on the helicopter in all the positions analysed. The helicopter distance to the roof or 

walls is plotted dimensioned with the rotor diameter (D) for each case.  

In view of the results, when the helicopter is placed on the roof, positions lower than 

1.00D of the rotor, translate into a significant variation of forces. Specifically, as the 

helicopter moves away from the roof, the forces increase by up to 80% in 𝐶𝐹𝑧, and then 

remain at a more or less constant value. For this reason, 0.50D is taken as the distance 

to be analyzed, as the helicopter is still deeply affected by the building aerodynamics.  

The following case with the helicopter on the back wall shows effects of the building on 

the aerodynamic forces of the helicopter up to larger distances (1.75D). Especially the 

effects are observed on the longitudinal force coefficient (𝐶𝐹𝑥) with fluctuations in the 

coefficient value of up to 66 %. The thrust coefficient is less affected in these cases, with 

maximum variations of less than 10%. 

Finally, the case of the side wall, the aerodynamic coefficients also undergo significant 

variations up to distances of 2.00D. In fact, the longitudinal force (𝐶𝐹𝑥) goes from 

practically zero near the wall (0.65D) to −5 × 10−3 (2.00D) when the building does not 

protect the helicopter from the wind. Thus, it is established that the distance to evaluate 

the effect of the building and its interaction with the helicopter aerodynamics on the 

lateral walls is analyzed at the minimum distance of 0.65D. 
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Fig. 8 Aerodynamic forces of the helicopter at different positions around the 

building. 

Figures 9, 10 and 11 show the mean values (obtained from an average of 10 seconds 

acquisitions on each point analyzed) of the vertical or thrust force (𝐶𝐹𝑧), and the pitching 

(𝐶𝑀𝑦) and rolling (𝐶𝑀𝑥) moments at different points near the building. Above the roof at 
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distance 0.50D (figure 6), behind the rear wall at distance 0.65D (figure 7) and on the 

side wall at distance 0.65D (figure 8). 

 

Fig. 9 Helicopter mean forces and moments at different positions above the roof 

(0.50D rotor height) 

Starting with figure 9, the results are shown for 28 different positions above the roof. 

The positions over the center are shown using blue points, and the following positions 

closer to the side corner of the roof are in red, green and purple, respectively. The 

position of the helicopter with respect to the upwind corner is shown as a position on 

the X-axis, corresponding to -3 for the leeward corner, 0 for the central positions and +3 

for the corner on which the wind is blowing (𝑈∞). The step size between positions 

corresponds to a distance L/6, where L is the characteristic size of the building. 

Thrust force coefficient (𝐶𝐹𝑧) increases appreciably when the helicopter approaches the 

upwind corner (position 3). For example, in the cases where the helicopter is centered 

on the building (blue and red lines), it doubles its value, and when it is positioned 

towards the side corner (green and lilac lines) it suffers a smaller but significant increase 

of up to 57%. The pitching coefficient (𝐶𝑀𝑦) follows the same trend, most likely caused 

by increased thrust, with constant values of 𝐶𝑀𝑦 = 0.4 × 10−3, for all points at positions 

between -3 and 0, but with significant increases as the helicopter approaches the 

upwind corner (positions 0 to 3). Finally, the rolling coefficient (𝐶𝑀𝑥) remains with a zero 

or very low values along positions -3 to 0, but again, when approaching the upwind side, 
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it changes to negative values. More importantly, the increase in 𝐶𝑀𝑥 is greatest in the 

case closest to the side corner of the roof, with values of 𝐶𝑀𝑥 = −0.82 × 10−3. 

Figure 10 shows the results of aerodynamic forces and moments recorded at 36 

positions at a distance of 0.65D on the rear wall. In this figure, the coefficients are shown 

at 9 different heights (from -2 to 6), which 6 are covered by the building (from -2 to 3), 

and 3 above the building roof (from 4 to 6).  

 

Fig. 10 Helicopter mean forces and moments at different positions above the roof 

(0.65D rotor distance) 

When the helicopter is positioned behind the building, it is protected from the incidence 

of the wind, so the most relevant changes occur when the helicopter is above the height 

of the building. This effect is clearly observed in the thrust force (𝐶𝐹𝑧), with values for all 

cases around 𝐶𝐹𝑧 = 4 × 10−3, but whose value increases by 20 % from position 3 to 4, 

30 % from position 4 to 5, and 40 % from position 5 to 6. Similarly, the pitch and roll 

coefficients (𝐶𝑀𝑦 and 𝐶𝑀𝑥) show that their values oscillate around 0 for the cases where 

the helicopter is covered by the building, but they increase significantly in positions 3 to 

6. In particular, the pitch (𝐶𝑀𝑦) is zero or slightly positive when the building 

aerodynamically covers the helicopter (positions -2 to 2), becoming clearly positive 

when the helicopter exceeds the height of the roof. The rolling moment (𝐶𝑀𝑥) is zero or 

slightly negative at low positions (-2 to 2) but becomes positive due to the effect of the 

wind on the roof. This implies that if an ascent is made along the rear wall, the helicopter 

may be immersed in flow instabilities generated by the building over the roof.    
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Figure 11 shows the results obtained with the helicopter operating on the side wall of 

the building at a distance of 0.65D to the center of the rotor. Since the problem on the 

side is not symmetrical, a larger number of points (63 points) were recorded. In this case, 

the helicopter is not covered by the building and all points are directly affected by the 

incident wind. As a result, there are not as large fluctuations from one position to 

another as in the previous case. 

 

Fig. 11 Helicopter mean forces and moments at different positions above the roof (at 

0.65D rotor distance) 

In the case of the thrust coefficient (𝐶𝐹𝑧), it is observed that as the helicopter moves to 

a higher altitude (position Z), there is an increase in the coefficient. This increase is 

smooth for almost all cases between positions -1 and 2. However, as the helicopter 

approaches and overpass the roof (positions 3 to 6), the increase is more pronounced. 

Another observable trend is that as the helicopter is positioned closer to the upwind 

corner, the thrust coefficient also becomes larger, being minimum at the positions 

downstream of the incident wind (light blue squares) and maximum at the corner 

positions (dark blue triangles). In conclusion, different helicopter positions at the same 

height cause differences in helicopter traction of up to 65%. And different helicopter 

heights can cause changes in traction of up to 100%, for example, doubling values from 

position 0 to position 6. Note also that at position 6 all cases show an equivalent thrust 

value, since the helicopter is outside the aerodynamic influence of the building. 
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Regarding the pitching moment (𝐶𝑀𝑦), there is a similar tendency as in the case of thrust. 

Its values are around 0 for low altitude positions (between -2 and 2) only if the helicopter 

is close to the downwind corner of the building (light blue, red and green curves). In all 

cases, higher positions (3 to 6) indicate a clear increase in the value of the pitch 

coefficient, tripling the value for downstream positions and increasing by up to 25 % for 

positions in the upwind corner with respect to the downstream corner of the flow. 

Finally, several trends are observed in the rolling coefficient (𝐶𝑀𝑥). All the curves at 

positions near the downwind corner (blue, red, green and purple) show slightly positive 

values of balance, indicating a tendency for the helicopter to rotate towards the wall. 

However, as positions approach the upwind corner (light blue, yellow and dark blue 

curves), 𝐶𝑀𝑥 is negative causing the helicopter to have a tendency to move away from 

the wall. In general, the reductions in 𝐶𝑀𝑥 as height increases are up to 54% for cases of 

the helicopter in downstream positions, and up to a 65% increase for cases near the 

upwind corner. 

4. Conclusions 

The combination of building and helicopter aerodynamics are in the spotlight since the 

concept of Urban Air Mobility (UAM) has received wider attention in the last years. 

Operate aircraft around buildings involve challenges because the aerodynamic flows 

they face are complex, non-stationary and turbulent. Wind tunnel studies that combine 

buildings and aircraft could provide the necessary information to fully understand the 

problem. In this study, wind tunnel tests with scaled models of a simple building and a 

NH Industries NH90 helicopter have been performed. The Particle Image Velocimetry 

(PIV) and smoke visualization tests have been used to introduce the aerodynamic 

problem. Later, as the helicopter is equipped with an internal balance, the mean 

aerodynamic forces and moments measured have been analyzed with the helicopter 

hovering at different points around the building.  

The conclusions extracted from visualization tests are: 

 PIV visualization around the building displayed an important flow detachment 

on the upwind corner and a huge recirculation region above the building roof 

that may interfere with the aircrafts on the rooftop heliport.  

 

 Smoke visualization tests showed that when the helicopter is positioned on the 

roof, it is completely immersed in the detached area generated by the upwind 

corner, and the shear layer is curved due to the effect of the main rotor 

operation. The helicopter placed next to the rear wall reveals that the 

operation is performed inside a low velocity and recirculation flow behind the 

building. And the deflected flow by the frontal face of the building impacts 

directly to the aircraft that hovers close to the lateral wall. 
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The results with the helicopter centered above the roof, back and side walls, and at 

different heights revealed that above the roof, significant variations in aerodynamic 

forces for positions closer than 1.00D. On the rear wall, longitudinal force coefficient 

experiences fluctuations of up to 66%, and thrust coefficient of less than 10%, and the 

distance for significant aerodynamic effect for the helicopter is determined to be 0.65D 

from the wall. Finally, on the side wall, the aerodynamic coefficients vary significantly 

up to a distance of 2.00D from the wall. And the distance selected to assess the building's 

aerodynamic impact on the helicopter was established again at 0.65D. 

The conclusions obtained from the mean forces and moments of helicopter can be 

summarized as follows: 

 0.50D above the roof: Thrust force (𝐶𝐹𝑧) increases notably when the helicopter 

approaches the upwind corner, doubling the value when the helicopter is 

centered on the building, and increasing a 57% when it is positioned towards the 

side corner. The pitching coefficient (𝐶𝑀𝑦) follows the same trend, and the rolling 

coefficient (𝐶𝑀𝑥) change to negative values as the helicopter approach the 

upwind side. 

 

 0.65D to the rear wall: when the helicopter is covered by the building, smooth 

changes are experienced. Relevant changes occur when the helicopter is above 

the height of the building. Thrust force (𝐶𝐹𝑧), increases by 20 %, 30% and 40% 

between different positions in height. Pitch and roll coefficients (𝐶𝑀𝑦 and 𝐶𝑀𝑥) 

show null values when the helicopter is covered by the building, but they 

increase significantly with the height. This implies that if an ascent is made along 

the rear wall, the helicopter may be immersed in flow instabilities generated by 

the building over the roof.    

 

 0.65D to the side wall: Thrust coefficient (𝐶𝐹𝑧) magnifies as the helicopter moves 

to a higher altitude and closer to the upwind corner. Different helicopter 

positions at the same height cause differences in helicopter thrust of up to 65%., 

but different helicopter heights can cause changes up to 100%. Pitching moment 

(𝐶𝑀𝑦) behavior is similar to the thrust. Its values are null for low altitude, tripling 

the value for downstream positions and increasing by up to 25 % for positions in 

the upwind corner with respect to the downstream corner of the flow. Rolling 

coefficient (𝐶𝑀𝑥) revealed a tendency for the helicopter to rotate towards the 

wall, and a contrary tendency when it approaches the upwind corner. 

This kind of studies should be carried out in wind tunnels using detailed models of 

buildings to ensure safety for helicopters during emergency operations in the vicinity of 

buildings, or to ensure the operational safety for future aircraft operating in cities. 
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