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ABSTRACT 
 
Experiments regarding vortex-induced motions (VIM) of floating 
circular cylinders with low aspect ratio, 𝐿/𝐷 = 2.0, and different heave 
plate configurations were carried out in a recirculation water channel; 
where 𝐷 is the diameter and 𝐿 is the submerged length of the cylinder. 
The floating circular cylinders were elastically supported by a set of 
linear springs to provide low structural damping on the system. Twelve 
different heave plate conditions were tested combining three heave plate 
diameters, 𝐷(, and four heave plate heights, 𝐻(. The geometry 
conditions were 𝐷(/𝐷 = 1.2, 1.6 and 2.0, and 𝐻(/𝐷=0.0, 0.2, 0.4, and 
0.6. Additionally, a single-cylinder case without a heave plate was 
experimented, i.e., 𝐷(/𝐷 = 1.0.  These different heave plate conditions 
were selected to promote changes in the structures shedding around the 
free end of the cylinder. The aim was to understand the heave plate 
effects on the VIM amplitudes. The range of Reynolds number covered 
3,000 < 𝑅𝑒 < 24,000, and the reduced velocity ranged 2 < 𝑉1 < 15. 
The increase in the heave plate dimensions decreased the VIM 
amplitudes. The increase in the heave plate height decreased the drag 
force. The heave plate may be a reasonable solution to mitigate the VIM 
of offshore single column systems and perhaps of multi-column floaters. 
 
KEYWORDS: vortex-induced motions, floating model, circular 

cylinder, heave plate, model tests. 
 
NOMENCLATURE 
 
𝐴5 nominal amplitude for the motions in the in-line direction 
𝐴6 nominal amplitude for the motions in the transverse direction 
𝐶8 additional mass coefficient  
𝐶9 drag coefficient 
𝐷 diameter of the cylinder subjected to vortex shedding 
𝐷( diameter of heave plate 
𝑓; natural frequency of the transverse motion in still water 
𝑓;5 natural frequency of the motion in the in-line direction in still 

water 
𝑓;6 natural frequency of the motion in the transverse direction in 

still water 
𝐹𝐻5====== mean of the hydrodynamic force in the in-line direction 
ℎ distance of cylinder free end to the bottom of the channel  
𝐿 column height above the heave plate to the free surface  
𝐻 height of the channel 
𝐻( height of the heave plate 
𝑘 spring stiffness parameter 
𝐾𝐺 distance from keel to center of gravity 
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𝐿B length of the rectangular support 
𝑚8 additional mass 
𝑚 total mass of the model 
𝑇;6 natural period in still water 
𝑇;6 natural period of the transverse motion in still water 
𝑇;5 natural period of the in-line motion in still water 
𝑆 column area exposed to the current 
𝑈 incident current velocity 
𝑉1 reduced velocity 
𝑊B width of the rectangular support 
𝑥 x-axis of the coordinate system inthe free- surface section  
𝑦 y-axis of the coordinate system inthe free- surface section  
𝜌 water density 
𝜁L structural damping 
𝜁M hydrodynamic damping coefficient in still water 
 
INTRODUCTION 
 
The vortex-induced motions (VIM) is an issue that concerns the offshore 
industry. Since the new projects reach large dimensions of single and 
multi-column systems, these systems are exposed to the ocean 
environment as current incidence, and they are subject to VIM 
amplitudes. New floating offshore wind turbines (FOWTs) have 
demanded dimension changes to meet the turbine limits of working time 
as the acceleration of the nacelle of the rotor and inclination angles of the 
tower. Different FOWT platform configurations have been studied, as 
can be seen in Liu et al. (2016), Lemmer et al. (2018), Suzuki et al. 
(2019), and Mello et al. (2019). However, few works addressing the VIM 
phenomenon could be found in the literature; the ones encountered were 
reported by Carlson & Sadeghi (2017) and Gonçalves et al. (2019) for a 
single and a multi-column FOWT, respectively. 
 
A usual solution for minimizing the vertical response in waves of FOWT 
was the introduction of the heave plates. The heave plate is a plate 
attached to the column bottom aiming to increase the added mass and 
damping of the system and, consequently, decreasing the vertical 
response in waves of the FOWT. The benchmarking FOWT semi-
submersible type (OC4 phase II) presents this device to improve the 
hydrodynamic behavior, as can be seen in Robertson et al. (2014). 
 
For the single column platforms, studies regarding the heave plate 
structure focused on the hydrodynamic effect, especially on heave 
motion reduction. For example, numerical analyses were performed in 
Thiagarajan et al. (2002) and Tao & Cai (2004) to optimize the heave 
plate geometry. An experimental example of the investigation of heave 
plate hydrodynamic characteristics can be seen in Li et al. (2013).Both 
works confirmed that the heave plate structures could be used to reduce 
heave motions, and they can also be applied to multi-column systems. 
 
The increase of the heave plate height can cause an additional drag due 
to the current and wave incidences; thus, the geometry of the heave plate 
must be carefully understood. For example, the works by Moreno et al. 
(2015), Pavon & Iglesias (2015), Barrio et al. (2019), and Mello et al. 
(2019) presented a comparison of experimental and numerical analyses 
for different heave plate configurations to find the best geometry to 
reduce the hydrodynamics in waves with low increase of the drag forces. 
 
In Mello et al. (2019), an analysis of the use of heave plates with height 
to improve the FOWT performance in waves was presented. The work 
was developed for designing a FOWT to operate in Brazilian waters. The 
multi-column system presented four vertical columns. Heave plates were 
positioned at the bottom of each column, and the use of heave plate 
height was analyzed to help to tune the natural periods in heave, roll, and 

pitch, without further increasing the diameter of the plates. A 
combination of three heave plate diameter, 𝐷(, and three heave plate 
heights, 𝐻(, were studied. Decay tests for heave, pitch, and surge were 
performed to evaluate the added mass and damping levels. Further, 
regular and irregular wave tests were performed to validate a numerical 
model using the potential theory. 
 
Following the same geometry parameters investigated by Mello et al. 
(2019), the present work aims to investigate the effect of the heave plate 
geometry subject to the incidence current and, consequently, the VIM 
amplitudes on a single floating cylinder/column. Results regarding VIM 
amplitudes in the in-line and directions are presented for each 
configuration, as well as the drag force coefficient. 
 
EXPERIMENTAL SETUP 
 
All the experiments were carried out in a recirculating water channel at 
the Fluid & Dynamics Research Group Laboratory (NDF), facility of the 
University of São Paulo (USP), Brazil. The dimension of the test section 
is 7,500x700x700mm, and the flow has low levels of turbulence (less 
than 2%). The pump system can operate properly with free-stream 
velocities up to 0.40m/s. Further details concerning the water channel 
can be found in Assi et al. (2006). 
 
The floating cylinder was elastically supported by a set of four springs 
with the same stiffness parameter, 𝑘 = 0.73N/m, distributed in 0º, 90º, 
180º, and 270º; The springs were fixed on a rectangular support with 
𝐿B = 1,090mm in length and 𝑊B = 610mm in width, respectively; as can 
be seen in Fig 1. The mooring configuration provided a resultant stiffness 
coefficient in the in-line and transverse directions of 𝑘5 = 2.49N/m and 
𝑘6 = 2.31N/m. The water height of the channel was kept constant 
during the tests, 𝐻 = 536mm. The distance between the cylinder free end 
and the bottom of the channel was ℎ = 286mm. 
 
 

 

 
 

Fig 1. Experimental setup and dimensional parameters of the water 
channel and model. 
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The cylinder was free to move in the 6dof.The motions were measured 
using an optical motion capture system, Qualisys®. A view of the 
experimental apparatus can be seen in Fig 2. 
 
The models were made of Polyvinyl Chloride (PVC) with diameter 𝐷 =
125mmwith low aspect ratio, 𝐿/𝐷 = 2.0, where 𝐿 is the submerged 
length of the cylinder. Twelve different heave plate conditions were 
tested combining three heave plate diameters, 𝐷(, and four heave plate 
heights, 𝐻(. The geometry conditions were 𝐷(/𝐷 = 1.2, 1.6 and 2.0, and 
𝐻(/𝐷=0.0, 0.2, 0.4, and 0.6. Additionally, a single-cylinder case without 
a heave plate was experimented, i.e., 𝐷(/𝐷 = 1.0. Different views and 
all configurations of the cylinders experimented can be seen in Fig 3 to 
Fig 5. 
 

 
 

Fig 2. Experimental arrangement of the optical motion capture system 
and the floating cylinder elastically supported by a set of four springs. 
 

 
Fig 3. Main dimension parameters of the cylinders. 

 
The natural frequencies in still water in both directions were practically 
the same for each condition, 𝑓;5 𝑓;6⁄ ~0.99; it is thus possible to 
consider 𝑓;5 = 𝑓;6 = 𝑓;. The damping coefficient in still water was 
inferior to 𝜁M~5.5% in all the cases. The structural damping was low 
around 𝜁L = 0.1%. The blockage effect coefficient was about 8.33% for 
all the tested conditions. 
 
At least 35 velocity conditions were carried out for each configuration 
tested. The reduced velocity range performed was 2 < 𝑉1 < 15, and the 
Reynolds number (𝑅𝑒 = 𝑈𝐷/𝜐, where 𝜐 is the kinematic viscosity of the 
water) range was 3,000 < 𝑅𝑒 < 24,000, which corresponds to current 
incidences of 0.02 < 𝑈 < 0.22m/s. Table 1 presents details about the 
conditions tested. 
 
The Froude number (𝐹𝑟 = 𝑈/V𝑔𝐷) tested was lower than 0.2. As 
reported in Sakata et al. (2019), the free-end and the free-surface effects 
can be neglected for low aspect ratio cylinders for 𝐹𝑟 < 0.5.  

 
Fig 4. Illustration of the top view of the cylinders with different heave 

plate configurations. 
 

 
Fig 5. Illustration of the perspective view of the experimented cylinders 

with different heave plate configurations. 
 
Table 1. Matrix of the conditions carried out. 

𝑫𝒑

𝑫  
𝑯𝒑

𝑫  𝑻𝟎 
[s] 

𝜻𝒘 
[%] 

𝒎 
[kg] 

𝑪𝒂 = 
𝒎𝒂/𝒎 

𝑲𝑮 
[m] 

1.0 0.0 9.70 3.94 3.07 1.79  0.125 
1.2 0.0 9.81 3.66 3.12  1.81  0.122 
1.6 0.0 9.98 3.75 3.16  1.84  0.120 
2.0 0.0 10.13 3.42 3.20  1.88  0.117 
1.2 0.2 9.92 3.69 3.14  1.83  0.121 
1.6 0.2 10.07 4.09 3.20  1.85  0.117 
2.0 0.2 10.35 4.97 3.28  1.91  0.114 
1.2 0.4 10.03 3.79 3.18  1.85  0.120 
1.6 0.4 10.38 4.89 3.27  1.93  0.114 
2.0 0.4 10.78 5.49 3.35  2.03  0.111 
1.2 0.6 10.12 3.73 3.22  1.86  0.119 
1.6 0.6 10.81 4.51 3.33  2.05  0.113 
2.0 0.6 11.36 4.75 7.55 2.23  0.109 
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METHODOLOGY 
 
The 6dof were measured during the tests. The VIM response was 
analyzed through the standard deviation (std) of displacements in the in-
line and transverse directions. Moreover, as commonly found, 
dimensionless values, 𝐴5/𝐷, and 𝐴6/𝐷, were presented using the 
diameter of the column, 𝐷.  
 
The reduced velocity 𝑉1 = 𝑈/𝑓;6𝐷 was defined as a function of the 
incident current velocity, 𝑈, the natural frequency of the transverse 
motion in still water, 𝑓;6, and the diameter of the column, 𝐷.  
 
The mean drag force coefficient was calculated as: 
 

𝐶9 = 2𝐹𝐻5======/(𝜌𝑆𝑈e) 
 
where 𝐹𝐻5====== is the mean of the hydrodynamic force in the in-line direction, 
𝜌 is the water density, and 𝑆 is the column area exposed to the current 
without the heave plate as 𝑆 = 𝐿𝐷. 
 
RESULTS 
 
The discussion of the results was divided into two groups to present the 
effect of the heave plate diameter and the heave plate height separately. 
All the results were compared with the fundamental case, i.e., the 
cylinder case without the heave plate. 
 
The discussions were focused in the in-line and transverse directions, due 
to the low amplitudes observed in the other degrees of freedom (vertical 
and angular). 
 
Fig 6 presents the non-dimensional amplitudes for the motions in the 
transverse direction, 𝐴6/𝐷, for the cases with the heave plate without 
height, i.e., 𝐻(/𝐷 = 0.0. All the results revealed to be similar. The 
amplitudes for the motions in the transverse direction started to rise 
around 𝑉1 = 3 and reached the maximum value around 𝑉1 = 10. 
Reduced velocities larger than 10 could not be carried out for these cases 
due to the high values of the drag coefficient and the apparatus limitation. 
The maximum amplitudes in the transverse direction observed were 
approximately 𝐴6/𝐷 = 1.3. 
 
The presence of the heave plate height anticipated the rise of the 
amplitudes in the transverse direction. And the increase of the amplitudes 
was higher the larger the heave plate diameter was. Therefore, the effect 
was not meaningful. 
 
The behavior started to change once the heave plates with height were 
included. For a constant value of heave plate height, as can be seen in 
Fig 7 to Fig 9, the increase of the heave plate diameter triggered a 
decrease in the amplitudes in the transverse direction and also a 
desynchronization of the VIM phenomenon with a significant drop of the 
amplitudes. This behavior could be a characteristic of the lower branch 
region. 
 
The drop in the amplitudes of the motions in the transverse direction was 
related to the end of the synchronization range, i.e., the vortex shedding 
and the motions did not present the same frequency. The results of the 
PSD of the motions in the transverse direction, see Fig 27, showed that 
the start of the amplitude decrease was related to the loss of energy. The 
synchronization range started from 𝑉1 = 5 for all the cases and finished 
earlier the larger the heave plate diameter was for the same heave plate 
height. The frequency of the motions 𝑓6/𝑓;noticeably had almost a linear 
behavior along with the reduced velocity; thus, the behavior presented a 

constant "Strouhal-like number," as commented by Gonçalves et al. 
(2018). 
 
The high values of amplitude in the transverse direction,𝐴6/𝐷, were due 
to the presence of more than one degree of freedom. The possibility of 
oscillation in the in-line direction and also synchronized with the 
transverse one promoting high amplitudes was reported by Jauvtis & 
Williamson (2004). The presence of the free-end effects due to the three-
dimensional structures, e.g., the arch-type vortex, included another low-
frequency structure that contributed to high amplitudes as discussed by 
Gonçalves et al. (2015, 2018). It is important to highlight that that the 
system had a small mass ratio due to the floating characteristic, i.e., 𝑚∗ =
1; and, in this case, the high amplitudes can be found as explained by 
Jauvtis and Williamson (2004). 
 
Fig 10 to Fig 13 present the non-dimensional amplitude results for the 
motions in the in-line direction, 𝐴5/𝐷, for the cases with the constant 
heave plate heights, 𝐻(/𝐷 = 0.0, 0.2, 0.4, and 0.6, respectively. The 
behavior was the same as the one discussed for the motions in the 
transverse direction. The maximum value observed was 𝐴5/𝐷 = 0.5, 
which was lower than the one presented for motions in the transverse 
direction. 
 
The PSD results of the motions in the in-line direction, see Fig 28, 
showed reasonable energy in the synchronization range. However, the 
ratio of frequencies in the in-line direction,𝑓5/𝑓;, was twice the value of 
the one in the transverse direction,𝑓6/𝑓;, i.e., the frequency of the in-line 
motion was twice the frequency of the transverse motion; thus, 𝑓5/𝑓6 =
2. The double frequency of the in-line motion is a typical value 
encountered for systems with 2dof and small mass ratio, as discussed in 
Jauvtis & Williamsom (2004), Blevins & Coughran (2009), and 
Gonçalves et al. (2013). 
 
The synchronization of the motions in the in-line and transverse direction 
characterized by the ratio 𝑓5/𝑓6 = 2 was responsible for the higher 
values of the mean drag in that range of reduced velocity in the 
synchronization range. Fig 14 to Fig 17 present the mean drag force 
coefficient, 𝐶5===, for the cases with the constant heave plate heights, 
𝐻(/𝐷 = 0.0, 0.2, 0.4, and 0.6, respectively. All the values were 
presented using the projected area of the fundamental cylinder case, i.e., 
𝑆 = 𝐿𝐷. The increase of the drag inside synchronization range is known 
as dynamic amplification of the drag, as reported by Blevins (1990) and 
Jauvtis & Williamson (2004). 
 
For the cases without the heave plate height, the mean drag coefficient 
was higher than the cylinder without the heave plate, and the value for 
the largest heave plate diameter was the highest. The maximum 
amplitude was 𝐶5===~5.5 for the case without the heave plate height and 
𝐶5===~4.0 for the cylinder without heave plates. 
 
For the cases with heave plate height, the mean drag coefficient was 
lower than the column without heave plates. The increase of the heave 
plate diameter promoted a decrease in the drag force. In the high values 
of the reduced velocity, where the lower branch and no synchronization 
was observed, the mean drag coefficient was similar to the fixed cylinder 
case 𝐶5===~1.0 as reported by Gonçalves et al. (2015). 
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Fig 6. Non-dimensional amplitude for the motions in the transverse 

direction for 𝐻(/𝐷 = 0.0 and different heave plate diameters. 
 

 
Fig 7. Non-dimensional amplitude for the motions in the transverse 

direction for 𝐻(/𝐷 = 0.2 and different heave plate diameters. 
 

 
Fig 8. Non-dimensional amplitude for the motions in the transverse 

direction for 𝐻(/𝐷 = 0.4 and different heave plate diameters. 

 
Fig 9. Non-dimensional amplitude for the motions in the transverse 

direction for 𝐻(/𝐷 = 0.6 and different heave plate diameters. 
 

 
Fig 10. Non-dimensional amplitude for the motions in the in-line 

direction for 𝐻(/𝐷 = 0.0 and different heave plate diameters. 
 

 
Fig 11. Non-dimensional amplitude for the motions in the in-line 

direction for 𝐻(/𝐷 = 0.2 and different heave plate diameters 
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Fig 12. Non-dimensional amplitude for the motions in the in-line 

direction for 𝐻(/𝐷 = 0.4 and different heave plate diameters. 
 

 
Fig 13. Non-dimensional amplitude for the motions in the in-line 

direction for 𝐻(/𝐷 = 0.6 and different heave plate diameters. 
 

 
Fig 14. Mean drag force coefficient for 𝐻(/𝐷 = 0.0 and different 

heave plate diameters. 

 
Fig 15. Mean drag force coefficient for 𝐻(/𝐷 = 0.2 and different 
heave plate diameters. 
 

 
Fig 16. Mean drag force coefficient for 𝐻(/𝐷 = 0.4 and different 
heave plate diameters. 
 

 
Fig 17. Mean drag force coefficient for 𝐻(/𝐷 = 0.6 and different 
heave plate diameters. 
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Aiming to understand the heave plate height effect on the VIM, the 
results can be presented using a constant value of heave plate diameter 
and changing the heave plate height. 
 
Fig 18 presents the non-dimensional amplitudes for the motions in the 
transverse direction, 𝐴6/𝐷, for the cases with different heave plate 
heights and a constant diameter, 𝐷(/𝐷 = 1.2. All the results showed to 
be similar until the end of the synchronization. The amplitudes of the 
motions in the transverse direction started to rise around 𝑉1 = 3. The 
heave plate height affected the end of the synchronization. The end of 
the synchronization was earlier the larger the heave plate height was. 
 
The same behavior can be observed for 𝐷(/𝐷 = 1.6 and 𝐷(/𝐷 = 2.0, as 
presented in Fig 19, and Fig 20, respectively. The effect of the heave 
plate height was more significant the larger the heave plate diameter was. 
The decrease of the amplitudes was substantial for the cases with 
𝐷(/𝐷 = 2.0 compared to the cylinder without a heave plate.  
 
The same behavior can be observed for the motions in the in-line 
direction, as presented in Fig 21 to Fig 23, for 𝐷(/𝐷 =1.2 to 2.0, 
respectively. 
 
The presence of the heave plate height added a second characteristic 
diameter to the column span. The second diameter may be responsible 
for desynchronizing the vortex structures around the column. It can be 
possible to promote the early existence of the drop of the amplitudes or 
lower branch. The increase in the heave plate height caused a significant 
modification on the amplitude values in the transverse direction. 
 
The new aspect ratio of the cylinder due to the presence of the heave 
plate could be calculated as 𝐴𝑅( = (𝐿 −𝐻()/𝐷. The behavior followed 
the results presented by Gonçalves et al. (2018), in which the results 
allowed concluding that the amplitudes in the transverse direction 
decreased with the decrease of the aspect ratio.  
 
Fig 24 to Fig 26 present the mean drag coefficient, 𝐶5===, for the cases with 
the constant heave plate diameter, 𝐷(/𝐷 =1.2, 1.6, and 2.0, respectively. 
In general, the drag force coefficient decreased by increasing the heave 
plate height for a constant heave plate diameter, and the drag force 
coefficient for the case without heave plate height was higher than the 
one for the cylinder without the heave plate. 
 

 
Fig 18. Non-dimensional amplitude for the motions in the transverse 
direction for 𝐷(/𝐷 = 1.2 and different heave plate heights. 

 
Fig 19. Non-dimensional amplitude for the motions in the transverse 
direction for 𝐷(/𝐷 = 1.6 and different heave plate heights. 
 

 
Fig 20. Non-dimensional amplitude for the motions in the transverse 

direction for 𝐷(/𝐷 = 2.0 and different heave plate heights. 
 

 
Fig 21. Non-dimensional amplitude for the motions in the in-line 
direction for 𝐷(/𝐷 = 1.2 and different heave plate heights. 
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Fig 22. Non-dimensional amplitude for the motions in the in-line 
direction for 𝐷(/𝐷 = 1.6 and different heave plate heights. 
 

 
Fig 23. Non-dimensional amplitude for the motions in the in-line 
direction for 𝐷(/𝐷 = 2.0 and different heave plate heights. 
 

 
Fig 24. Mean drag force coefficient for 𝐷(/𝐷 = 1.2 and different heave 
plate heights. 

 
Fig 25. Mean drag force coefficient for 𝐷(/𝐷 = 1.6 and different heave 
plate heights. 
 

 
Fig 26. Mean drag force coefficient for 𝐷(/𝐷 = 2.0 and different heave 
plate heights. 
 
CONCLUSIONS 
 
Experiments were carried out in a recirculating water channel regarding 
the VIM of floating single circular cylinders with heave plates. 6dof 
motions were recorded using an optical capture system. The model was 
supported elastically by four linear springs that kept similar stiffness in 
the in-line and transverse direction. The Reynolds number range was 
3,000 < 𝑅𝑒 < 24,000 that comprised a reduced velocity range of 2 <
𝑉1 < 15. 
 
The aim was to verify the effects of the heave plate dimensions, namely 
diameter, 𝐷(, and height, 𝐻(, on the VIM amplitudes. Results of 
amplitudes and PSD for the in-line and transverse directions, as well as 
the drag force coefficient, were evaluated. 
 
In general, the increase in the heave plate dimensions decreased the VIM 
amplitudes. The presence of the heave plate was responsible for 
including the end of the synchronization range or lower branch behavior. 
The drop in the amplitudes could not be observed for the column without 
the heave plate and also for the cases with the heave plate without the 
heave plate height. 
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For the mean drag coefficients, the results with heave plate without heave 
plate height, 𝐻(/𝐷 = 0.0, were higher than for the cylinder case without 
the heave plate, with the highest value, 𝐶5===~5.5, for the largest heave 
plate height, 𝐻(/𝐷 = 1.6. However, the drag results decreased with the 
increase of the heave plate height, and the same results were lower than 
the column without the heave plate. 
 
The presence of the heave plate height was an excellent feature to 
decrease VIM amplitudes and also the drag force around a single 
cylinder. It may be a useful feature for mitigating amplitudes for single-
column floater systems. Those findings can be used in the design of the 
platform systems from the flow structure interaction point of view. 
Studies to understand the effects of heave in waves were conducted to 
choose the best geometry of the heave plates and to obtain an optimized 
multi-column FOWT system, as in Mello et al. (2019). The VIM 
behavior of multi-column systems with heave plates must be investigated 
to understand if the conclusion herein can be extrapolated from the single 
to the multi-column cases. 
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FIGURES 
 

 
Fig 27. PSD of the motion in the transverse direction as a function of 𝑉1 for different values of heave plate diameter 𝐷(/𝐷 (horizontal axes) and 
different values of heave plate heights 𝐻(/𝐷 (vertical axes). 
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Fig 28. PSD of the motion in the in-line direction as a function of 𝑉1 for different values of heave plate diameter 𝐷(/𝐷 (horizontal axes) and different 
values of heave plate heights 𝐻(/𝐷 (vertical axes). 
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