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Abstract

This report describes the simulation of the flow of air around the RRS
Discovery, using the Computational Fluid Dynamics package "“Vectis”.
Two simulations were made; the first for a wind speed of 6 m/s and the
second for a wind speed of 20 m/s, The effects of the disturbance to the air
flow, caused by the ship’s hull and superstructure, are calculated for an
anemometer sited on the foremast platform of the ship. These results are
compared to those from an earlier simulation with a wind speed of 14 m/s.
In all cases, the ship was modelled for an air flow directly over the bows,
l.e. “head-to-wind".
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YECTIS REPORT NUMBER 3,1/11 END 3.1/12
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‘ WIND SPEED

B. I. Moat and M. J. Yelland
February 1996

1. Introduction

The Computational Fhid Dynamics package “Vectis” was used to model the effect of air
flow distortion, caused by the hull and superstructure of the ship, on wind speed
measurements made from the RR.S. Discovery. The Vectis runs 3.1/11 and 3.1/12 considered
in this report simulate logarithmic wind speed profiles, witn the wind blowing directly over the
bows of the ship, where Ul0 = € m/s and 20 m/s respectively, The Vectis runs 3.1/11 and
3.1/12 use the model linkage calculated in Vectis phased run 3.1/7, with the logarithmic profiles
specified in the phase5 MAIN.INP files.

Section 2 describes the model of the airflow over RR.S. Discovery at a mean 10 m wind
speed of 6 m/s (Vectis run 3.1/11}, and calculates velocity errors at anemometer locations for
cruises D199-D201 and D213-D214. The fully logarithmic profile was changed to a mean 10 m
wind speed of 20 m/s (Vectis run 3.1/12), and the velocity errors for D108-D201 and D213-D214
are presented in section 3.  Section 4 compares these results to those from an earlier
sirmulation with a wind speed of 14 m/s (Moat et. al, 1996).

2. Discovery run 3.1/11

2.1 Introduction

This section describes the modelling of the airflow over the R.R.S. Discovery at 0
degrees to the flow, le. head to wind. The profile used is fully logarithmic with a mean 10 m
wind speed of 6 m/s. Section 2.2 describes the wind profile used, the model convergence,
free stream checks and profile checks (section 2.3). Velocity errors are then calculated for
anemometer positions on crulses D199-D201 (section 2.4), and cruises D213-D214 (section 2.5).

2.2 Description of model

2.2.1 Introduction

This section briefly describes the wind profile used and the model convergence,




2.2.2 Wing profile used

The friction velocity, U#*, can be related to the neutral 10 m wind speed, Ujp, by an

empirical relationship such as that given by (Smith, 1880) .
uxY
1000 *| — | =0.61+0.063 *U,, (1)

Hy

For a neutral 10 m wind speed of 6 m/s, & friction velocity of 0.1886 m/s is implied.

2.2.3 Model convergence

The velocity and pressure were moniiored at six positions within a standard size wind
tunnel (Moat et al, 1996). -

1) (-200,20,100) MON.0
2) {0, 20,100) MON.1
3) (-200,10,100) MON.2
4) {0, 10, 100) MON.3
5) (200, 10, 100) MON .4
8) (33, 17, -2) MON.5 (close to the Solent sonic anemometer position)
Ty (200, 20, 100) MON.8

A graph of total velocity against time step is shown in Figure 1. A file containing atl
output variables was examined for the last 400 time steps. All values had steadied to the third
significant figure.

The phaseb run time was from 14/11/95 - 22/11/85

2.2.4 Conclusions
The run was shown to converge and a post processing file was written for the extraction

of data.

4.3 Data extraction from phase6 of Vectis

2.3.1 Introduction

A post processing file was written at time step 180 seconds and checks were performed
to validate the free stream velocity abeam of the ship. The shape of the profile was examined.
2.3.2 Checks on the {ree stream velocity

Lines of horizontal velocity data were extracted along the tunnel (-250 £ x < 250, y=10
y=20 y=30 y=50, z=100) and are shown in Figure 2. The middle section of the tunnel only is
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shown in Figure 3, which displays velocity data directly abeam of the ship (-B0 < x £ 50, y=10
y=20 y=30 y=50, z =100). These figures show that free stream flow exists on a plane at z=100
m, le. that the ship is not causing the flow to be blocked. The difference between velocity at
the inlet and outlet is 0.0114 m/s at a height of10 m, -0.0222 m/s at 20 m, -0.0268 m/s at 30 m and
-0.0276 m/s at 50 m.

2.3.3 Checks on the logarithmic profile

Vertical velocity profile data were extracted at the inlet and the outlet of the tunnel as a
means of examining the degeneration of the initial velocity profile along the tunnel.

Profile data were extracted at a free siream plane close io the inlet (x=250, 0 £ y <150,
z=100) and close to the outlet (x=-280, 0 £ v <150, 2=100) and are shown in Figure 4. Figure 5
shows the difference between theTinlet and outlet profiles. There is a maximum of 0.9 m/s at
an approx. height of 0 m, but over most heights the difference is less than -0.04 m/s which
shows that the profile changes very litlle aleng the tunnel,

2.3.4 Conclusions

Checks on the free stream velocity at y=10 m, y=20 m, y=30 m and y=50 m, 100 m
abeam of the ship, showed that a free stream velocity plane existed and that the ship was not
blocking the air flow in the tunnel. Free stream velocities abeam of the anemometer positions
were used to calculate velocity errors at the anemometer sites. The wind profile does not
degrade down the tunnel.

4.4 Discovery cruises D199-D201

2.4.1 Introduction

This section examines the error in the wind speed measurements from a Solent sonic
anemometer, located on the bow foremast, and a propelier anemometer, located on the
monkey island, as used on Discovery cruises D199, D200 and D201. The run is at 0 degrees to
the wind profile, ie. head to wind.

2.4.2 Anemometer positions and lifting of the airflow

The locations of the anemometer sites, using the Vectis model coordinates, are :
Solent scnic anemometer x =33.3m, y(height) =1876m, z=23m
ship's anemometer X = 1.25 m, y (height) = 15627 m, 2z=-5m

For a full description of the method used to calculate the vertical displacement of the air
and the free stream height, refer to (Moat et al., 1996)




The vertical planes (K planes) of data may not coincide exactly with the plane of the
anemometer. The centre plane of the model is X24.

K26 is closest to the Solent sonic.

location x (m) v (m) z (m)
Solent sonic 33.3 18.76 2.3
Zanemom 33.345 18.786 1.8508
Solent-Zanemom -0.048 -0.026 0.3084
Zorigin 190.18 17.564 1.9906
Zanemom‘zorigii -156.835 1.222 0

Table 1. Table showing the amount the air is raised when if reaches the Solent sonic

anemometer site

For the Scolent sonic anemometer, the air flow has been raised by 1.2 m from it's
original height before it reaches the anemometer location.

iocation X (m) v {m) z ()
ship's anemometer 1.25 15.274 -5
Zanemom 1.2624 15.295 -5.0108
ship's-Zanemom -0.0124 -0.021 0.0108
Zorigin 165,12 12,080 -5.0108
Zanemom-iorigii -187.86 3.025 0

Table 2. Table showing the amount the air is raised when it reaches the ship's

anemometer site

For the ship's anemometer, the air flow has been raised by 3.025 m from it's original
height before it reaches the anemometer location.

2.4.3 Free stream velocities

Figure 6 shows the free stream profile directly abeam of the Sclent sonic anemometer,
at (x=33.3, 0<y<180, z=100), which gives a free stream velocity of 6.280 m/s at y=(18.76-
1.222)=17.538 m. Figure 7 shows the free stream profile directly abeam of the ship's

anemometer, at {x=7.25, 0<y<150, 2=100), which gives a free stream velocity of 6.064 /s at
y=(15.274-3.205)=12.065 m.

2.4.4 Velocities at anemometer locations

For the method of extracting velecity data refer to (Moat et al., 1986).

The percentage wind speed error is given by:

average velocity “IJ £100

error = [ ()

freestream velocity
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Figure 8 and 9 show the lines of data through the Solent sonic and ship’s anemometer
gites respectively.,

The results for both anemometers are summarised in Table 3.

Velocity from Average Free stream
Anemometer each direction Velocity Vetocity % Error
(m/s) (m/s} (m/s)

6.268 (x)

Solent sonic 6.268(y) 6.2686 6.290 -0.3392
6.270 (z)
8.502 ()

ship's 6.528 (¥) 6.504 6.064 7.2559
6.482 {z)

Table 3. Velocity error estimates at the anemometer sites

2.4.5 Rates of change of velocity at the anemometer sites

This sectionn examines the rate of change of velocity around the anemometer site using
This gives an indication of the accuracy of the wind speed errors and of the
The rate of change of

Figures 8 and 9.
suitability of the location for taking reliable wind speed measurements.
velocity is given in terms of change per cell and per meter in Table 4.

Rate of change of Rate of change of
Anemometer Velocity data line velacity per meter velocity per cell
(ms” 1/rn) {ms‘ilcell)
along (x) 0.002 0.0034
Solent sonic up (v) 0.02 0.0040
across (z) 0.003 0.00580
along (x) 0.008 0.0077
ship's up {y) 0.321 0.0749
across {(z) 0.13 0.0222
Table 4. Rate of change of velocity clese to the anemometer sites

The rate of change of velocity per meter is very small around the Solent sonic
anemometer site which illustrates that the anemometer is mounted in a well exposed position.
The wind speed error would change from -0.34 % to -0.28 % or -0.77 % if the anemometer
location was changed by a meter in the z direction (a velocity change of 0.48 m/s). The ship's
anemometer (located above the bridge) gives very high rates of change of velocity, This
ariemometer is in a region of high airflow distortion due to the size and proximity of the
surrounding structures: it is a bad site for measuring wind speed and the results extracted

from the model may also be affected.

2.4.6 Conclusions

For the Solent sonic location the wind speed was reduced by 0.34 % and the air was
displaced upwards by 1.2 m. There was very little change in velocity in all three directions
close tc the anemometer site, which suggests that the results are reliable and that the

anemometer is in a well exposed position.
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For the ship's anemometer, the wind was increased by 7.26% and lifted by 3.0 m.
There were large changes in velocity in all three directions close to the anemometer. Any
small discrepancies in the phasef data extraction, the anemometer position or the local
geometry could lead to significant changes in the results. The site is not well exposed and is
not suitable for obtaining good wind speed measurements,

2.5 Discovery cruises D213 and D214

2.5.1 Introduction

On Discovery cruises D213 and D214 the Solent anemometer position was 0.3 m lower
than on cruises D199 to D201,

Solent sonic position for D213 and D214: (x =333, y=1846, z = 2.3)

All validation: of the wind profile and free stream wvelocity is shown in section 2.4. This
section just gives a brief summary of the amount the air is raised and the velocity error at the
new Solent sonic anemometer site.

2.5.2 Height air raised and velocity errers

The plane used is the same as in section 2.4.2, ie. XK26. The air is raised 1.2 m from a
location 131.8 m upstream of the anemometer (Table5)., The velocity at the Solent sonic
anemometer site for D213-D214 is reduced by 0.23 % compared to the free stream value (Table
6). ‘Table 7 shows the rates of change of velocity around the anemeometer site,

location X (m) v () z (m)
Solent sonic 33.3 18.46 2.3
Zanemom 33.3309 18.443 1.9908
Solent-Zanemom -0.0309 -0.017 0.3094
Zorigin 165.15 17.244 1.9906
Zanemom-Zorigin -131.82 1,199 0

Table 5. The amount the air is raised when it reaches the Solent sonic site.

Anemometer Velocity from Average Free stream
each direction Velocity velocity % Error
{m/s) (m/s) (m/s)
8.2678 (x)
Solent sonic 8.2850 (y) 8.2670 6.2818 -0.2314
8.2690 (=)

Table 6. Velocity erroxr estimates at the Solent sonic anemometer site.




Rate of change of Rate of change of
Anemometer Velocity data line velocity per meter velocity per cell
(ms1/m) (ms*l/cell)
along (x) 0.002 0.00330
Solent sonic up () 0.013 0.00400
across (z) 0,002 0.00590

Table 7. Rate of change of velocity close to the anemometer site

2.83 Conclusions

With the ship head to wind, for cruises D213-D214, the Solent sonic under-estimates
the wind speed by 0.23 % and the airflow is raised by 1.2 m. There is very little change in
velocity aroundd the anemometer site, which suggests that the results are reliable and that the

anemometer is in a well exposed position,

a.6 Sumumary

The model was shown to have converged. Quality control checks on the free stream
conditions abeam of the ship showed that there was no blockage of the flow in the tunnel. The
wind profile did not degrade significantly down the length of the tunnet.

3. Discovery run 3.1/12

3.1 Intreduction

This section describes the modelling of the airflow over the Discovery at 0 degrees to
the flow, ie. head to wind. The profile used is fully logarithmic with a mean 10 m wind speed
of 20 m/s. Section 3.2 describes the wind profile used and the model convergence, Free
stream checks, profile checks (section 3.3) and velocity errors are then calculated for
anemormeter positions on cruises D199-D20! (section 3.4), and cruises D213_D214 (section 3.5).

3.2 Description of model

3.2.1 Introduction

This section briefly describes the wind profile used and the model convergence.

3.2.2 Wind profile used

The profile specified at the inlet was calculated from Egn. 1, ie. for a 10 m neutral wind
speed of 20 m/s, the corresponding friction velocity would be 0.865 m/s. However, as
descibed in section 3.3.3, the wind profile degraded along the tunnel and became more linear
with distance from the inlet.




3.2.3 Model convergence

Monitoring positions are as in section 2.4.3. A graph of ictal velocity against time step
is shown in Figure 10, A file containing all output variables was examined for the last 400 time
gsteps.  All values had steadied to the third significant iigure.

The phaseS run time was from the 30/11/95 to 13/12/95

3.2.4 Conclusicns

The run was shown to converge and a post processing file was written for the extraction
of data.

3.3 Data extraction from phaseb of Veclis

3.3.1 Introduction

A post processing file was written at time step 1600.33 seconds and checks were
performed to validate the free stream velocily abeam of the ship. The shape of the profile was
examined and compared to a real surface layer profile.

3.2.2 Checks on the free stream velocity

Lines of horizontal velocity data were extracted along the tunnel at (-250 £ x < 2850,
y=10 y=20 y=30 y=50, 2=100), shown in Figure 11. The graph is shown in greater detail in
Figure 12, giving velocity data at (-50 < x < 50, y=10 y=20 vy=30 =50, z =100), i.e. directly
abeam of the ship. This shows that a free stream flow exists on a plane at z=100, The
difference between velocity at the inlet and outlet is -0.905 m/s at 10 m, -0.2501 m/s at 20 m,
-0.034 m/s at 30 m and -0.098 m/s at 50 m. The relatively large differences below 30 m could
imply that the profile is becoming less logarithmic down the length of the tunnel.

3.3.3 Checks on the logarithmic profile

Vertical velocity prefile data were extracted at the inlet and outlet of the tunnel as a
means of examining the degeneration of the initial velocity profile along the tunnel.

Profile data were extracted at a free stream plane close to the inlet (x=250, ¢ < y <150,
z=100) and close to the outlet (x=-250, 0 < y <150, z=100) and are shown in Figure 13. Figure
14 shows the difference between the inlet and outlet profiles. There is & maximum of -2.0 m/s
at a height of about 2 m. The shape of the profile 100 m abeam of the Solent sonic anemometer
site was examined in order to determine the corresponding surface layer profile (Moat et al,,
1895, section 3.4). A straight line fit to the graph (Figure 15) of Ug against LN(Z) gives;

U, =16.377 +1.8041 *LN(Z) )




which imples a friction velocity of 0,7216 m/s and a Ujgn of 17.45 m/s. Hence the free stream
profile abeam of the ship represents a relative 10 m wind speed of 20.477 m/s which is the
resultant of a ship speed of 3.027 m/s and a true wind speed of 17.45 m/s (Table 8).

u# U10

(m/s) (m/s)
Tunnel profile 0.722 20477
True profile 0.722 17.45
Ship speed - 3.027

Table 8. The velocity prefile characteristics.

3.3.4 Conciusions

Checks on the free stream velocity 100 m abeam of the ship showed an increase in
velocity down the tunnel for heights less than about 40 m, and a slight decrease in velocity
above 40 m. It is not known whether this was due to the turbulent mixing parameterisation,
the roughness length ascribed to the "sea”, or some other reason. Bowever, the mode! had
converged to a steady solution and the change in the free stream velocities were not caused by
blockage from the ship. The shape of the velocity profile abeam of the Solent anemometer

location is equivalent to Discovery steaming at 4.87 m/s intc a true 10 m wind of 17.45 m/s,
giving an apparent U)g of 22.324 m/s.

3.4 Discovery cruises D1589-D201

3.4.1 Introduction

This section examines the error in the wind speed measurements from a Solent sonic
anemometer, located on the bow foremast, and a propeller anemometer, located on the
monkey island, as used on Discovery cruises D189, D200 and D201, The run is at 0 degrees to
the wind profile, ie head to wind.

3.4.2 Anemometer positions and lifting of the airflow

For anemometer positions refer fo section 2.4.2.  For the Sclent sonic anemometer
site, the air flow was raised by 0.657 m from it's original height before it reached the
anemometer location (Table 9). For the ship's anemometer, the air flow was raised by 2.669 m
(Table 10).

location X (m) vy (m) z (m)
Solent sonic 333 18.76 2.3
Zanemom 33.346 18.783 1.9906
Solent-Zgnemom -0.046 -0.023 0.3084
Zorigin 220.62 18,126 1.9906
Zanemom-Zoridin -187.274 0.657 0
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Table 8. The amount the air is raised before reaching the Solent sonic site.

lccation X (m) v (m) z (m)
ship's anemometer 1.25 15.274 -3
Zanemom 1.261 15,280 -5,0108
ship's-Zanemom -(.011 -0.006 0.0108
Zorigin 190.07 12,611 -5.0108
Zanemom-Zorigin ~182.809 2.669 0

Table 10. The amount the air is raised before reaching the ship's anemometer site.

3.4.3 Free stream velocities

Figure 16 shows the free stream profile directly abeam of the Sclent sonic anemometer,
at (x=33.3, O<y<150, 2=100}, which gives a free stream velocity of 21.406 m/s at a height of
18.1 m (Zorigin). Figure 17 shows the free stream profile directly abeam of the ship's
anemometer, at (x=7.25, 0<y<150, 2=100), which gives a free stream velocity of 20.883 m/s a

height of 12.608 m (Zorigin).
3.4.4 Velocities at anemometer locations

Figure 18 and 19 show lines of data through the Sclent scnic and ship's anemometer
sites respectively. The resulis for both anemometers are summarised in Table 11.

Velocity from Average Free stream
Anemometer each direction Velocity Velocity % Error
(m/s) (m/s} (m/s)

21.238 (%)

Solent sonic 21.251(y) 21,243 21,406 -0.758
21.242 ()
21.720 (%)

ship's 21.888 (y) 21.768 20.883 4.238

21.686 (7)

Table 11, Velocity error estimates at the anemometer sites

3.4.5  Rates of change of velocity at the anemometer sites

This section examines the rate of change of velocity around the anemometer site using
Figures 18 and 19. This gives an indicaticn of the accuracy of the wind speed errors and of the
suitability of the location for taking reliable wind speed measurements. The rate of change of
velecity is given in terms of change per cell and per meter in Table 12.
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Rate of change of Rate of change of
Anemometer Velocity data line velocity per meter velocity per cell
(ms~1/m) (ms~L/cell)
along {x) 0.014 0.00785
Solent sonic up (y) 0.0775 0.02985
across (z) 0.0035 0.0089
along (%) 0.804 0.7422
ship's up {y) 1.284 (.0887 -
across (=) 0.276 0.0393 b

Table 12. Rate of change of velocity close to the anemometer sites

3.4.6 Conclusions

For the Solent sonic anemometer site the wind speed was reduced by 0.76 % and lifted
by 0.66 m. There was very liftle change of velocity in all three directions close to the
anlemometer site, which suggests that the results are reliable and that the anemometer is in a
well exposed position.

For the ship's anemometer, the wind was increased by 4.24 % and lifted by 2.67 m.
There were large changes in velocity in all three directions close to the anemometer site.  Any
small discrepancies in the phase6 data extraction, the anemometer position or in the local
geometry could lead to significant changes in the results. The site is not well exposed and is
not suitable for obtaining good wind speed measurements.

3.5 Discovery cruises D213 and D214

3.6.1 Introduction

On Discovery cruises D213 and D214 the Solent anemometer position will be 0.3 m lower
than on cruises 13199 to D201,

Solent sonic position for D213 and D214; (x =333,y =18.46, z = 2.3)

All validation of the wind preofile and free stream velocity is shown in section 3.4. This
sectlon just gives a brief summary of the amount the air is raised and the velocity error at the
new Sclent scnic anemometer site.

3.8.2 Height air raised and velocity errors

The plane used is the same as in section 2.4.2, ie K26. The air is raised 0.95 m from a
location 94.8 m upstrearn of the anemometer (Table 13). Table 14 shows that the velocily at the
Solent sonic anemometer site is low by 0.58 %. Table 15 gives the rates of change of velocity,
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location X (m) v (m) z (m)
Solent sonic 33.3 18.46 2.3
SOlent-Zg_I;lemom -0.044 -0.071 0.3094

Zorigin 128.13 17.582 1.9906
Zanemom—zori@ -04.786 0.949 0

Table 13. Amount the air is raised when it reaches the Solent sonic anemometer site

Velocity from Average Free stream
Anemometer each direction Velocity velocity % Error
(m/s) (1r/s) (m/s)
21.237 (®)
Solent sonic 21.278 (y) 21.235 21.357 -0.5480
al.241 (2)
Table 14. Velocity error estimates at the Solent Anemometer site
Rate of change of Rate of change of
Anemometer Velocity data line velocily per meter velocity per cell
(ms'l/m) (ms‘llcell)
along (%) 0.002 0.00820
Solent sonic up (¥) 0.013 0.02990
across (2) 0.002 0.00885

Table 15. Rate of change of velocity close to the anemometer site

3.5.3 Conclusions

With the ship head to wind on cruises D213-D214 the Solent sonic under estimated by
0.23 % and the airflow was raised by 1.2 m. There was very little change in velccity in all three
directions close to the anemometer site, which suggests that the resulis are reliable and that

the anemometer is in a well exposed position.

3.8 Sumnmary

The model was shown te have converged. The wind profile degraded slightly down the
length of the tunnel.
showed that there was no blockage of the flow in the tunnel.

However, checks on the free stream conditions abeam of the ship

4. Summary of results for Discovery runs 3.1/7, 3.1/1l and 3.1/12.

The Discovery model was run using three different logarithmic wind profiles;

1) Newlogl 3.1/7 UG = 13.8 m/s (10.87 m/s true, plus 2,91 m/s ship speed)
2) Newlog2  3.1/11 Ulo = 6.0 m/s (ne ship speed component)
3) Newlog3 3.1/1a Ulo = 22.3 m/s (17.45 m/s true, plus 3,03 m/s ship speed)

It can be seen that the small
velocity error at the Solent sonic anemometer site is increasing with wind speed, while the

The results for each Vectis run are summarised in Table 16.
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velocity error for the ship's anemometer is decreasing. The vertical displacement decreases

with increasing wind speed,

When the friction velocity to wind speed relationship is considered, it is found that, for

the Solent sonic site,

speed error,

the change in vertical displacement compensates for the change in wind

e

Vectis Run | Anemometer Average Free stream Error Height air
(D199-D201 Velocity velocity raised
J10 positions) (m/s) (rm/s) (%) {m)
3.1/11 Solent sonic 6.269 8.290 -0.339 1.222
6.0 m/s Ship 6.504 6.064 1.256 3.025
3.1/ Solent gonic 14.250 14.322 -0.503 1.034
13.8 m/s Ship 14.800 13.992 5,175 3.034
3.1/12 Solent senic 21.243 21,408 -0.758 0.657
20.5 m/s Ship 21.768 20.883 4.238 2.669
Table 16. Summary of velocity exrors from three profiles run over R.R.S. Discovery
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Figure 1. The total velocity for each monitoring location in Vectis run 3.1/11 (10 m wind
speed of § m/s).




15

8 Trre[ryrrJjvrrrrrrrer I rel reresr T rrerroryry r T T prr oy

Velocity {m/s)

R RN R R ER R NN ERE AT RS REIEE NS CNENE ENNES EEIER

4
-250 -200 -150-100 -50 © 5¢ 100 150 200 250

- x coord {m)

mefipe Velocity y=10m {m/s)
—¢—  Velocity y=20m (m/s)
——  Velocity y=30m {m/s)
memergpeee glociy y=50m {m/s)
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Figure 8 ¢). Velocity of 6.268 m/s through the Sclent sonic anemometer site on D189-

201,
Q
E
2
©
L
O
>
4.;..I...-I-..;I-..- PR SR T 200 S S S TS N S T A S N T T
-9 -8 -7 -6 -5 - 4 -3 -2 -1
z coord (m)
Data from "lin.ship.ac.c” —&——  Velocity (m/s)
Figure 9 a). Velocity of 6,482 m/s across the ship's anemometer site on D189-D201.
R s i B L e B WA
—_ Stern Bow
9
E
2
£ 5
o [
é’ 5k ..
4!IIj]llli|!llllllll (PRI ST ST ST TS AT Sr S T A i
3.25 4.25 5.26 86.25 7.25 8.26 9.25 10.25 11.25
X coord (m)
Data from "lin.ship.al.c" T Velocily (m/s)

Figure 9 b}, Velocity of 6.502 m/s along the ship's anemometer on D199-D201,

I e B M L L B B L B
o~ . Below Up
E r ]
: E = e T T o} o .
= 6F ~
Q [ 2
L ! ]
§ 5 \{ "
4 : aase o boe g s 0 1 g afe 1y g2 P W B S VST VAT T D I AT AN B A A A1 :
11.274 12,274 13.274 14.274 15.274 16.274 17.274 18.274 19.274
y coord (m)
Data from "lin.ship.up.c" ——  Velocity (m/s)

Figure & ¢). Velocity of 6.528 m/s through the ship's anemometer on D199-D201.




20

P e L B S S B L SR B B
22 |- g
» o s W T
IS T
=
3 2ir .
@
>
20 .
.tg e Toagaa s d oo b s a1 ea o baaaa b 1l aaaa a2 ¢
2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500
step ———  0(-200,20,100)
1(0,20,100)

, 2(-200,10,100
Discovery 3.1/12 ( )
U10=20m/s 30.10,100)

e 4(200,10,100)
5(33,17,-2)
6(200,20,100)

Figure 10, The total velocity for each monitoring location on Vectis run 3.1/12, with a 10
m wind speed of 22 m/s.




24

23

22

21

Velocity (m/s)

20

19

18

2l

TTT [ F T I T[T T T[T

rrr-preeererreeerrrrrrrrygrrrr T rrrrrrrrrrrrrr

T T[T
= £
3 £
I £
o &
+ &>
i &
i

I T T S [T T T S TR TR JHAY AR S VUK TN W0 JC DU DU N0 O SO U DUV HC TN T N N NN T N AN T T

oLl

|

[EENEERERS FIRENEENE EE N1 W R

Velocity 10m (m/s)
Velocity 20m {m/s)
Velocity 30m (m/s)

-200 -150 -100 -50 0 50 100 150 200
) x coord (m)
- I
_.—
—_ﬁ_
mﬂ_@mﬂmu

Velocity 5¢ {m/s)

Figure 11. Free stream velocities at heights of 10 m, 20 m, 30 m and 50 m.

24

23

22

21

Velocity (m/s)

20

19

18

TTIT [T T T T[Ty rrrrrrrorrrrrrerTT oo

30 40 50

s d o pa o Ue s e Ly st s oo By s g laay
-50 -40 -30 -20 -10 O 10 20
x coord (m)
v—ﬂ—ww-
n——w——n’w-—
-—-—-ﬁ—
W

Velocity 10m {m/s)
Velocity 20m (m/s)
Velocity 30m {m/s)
Velocity 50 (m/s)

Figure 12. Free stream velocities abeam of the ship on Vectis run 3.1/12.




3.1/12.

Velocity (m/s)

22

4 ]
0 10 20 30 40 50 60 70 80 90100110120130140150

Height {m)

—&-- inlet (m/s)
—+——  Quflet (m/s)

Figure 13, Wind profile ¢lose to the inlet (<260, 0< y< 150, 100) and close to the outlet
(<280, 0< y< 150, 100), for run 3,1/12.

inlet-Outlet (m/s)

'3 1 N 1 1 i
0 50

Height (m)

Data from "lin.inlet.c"

Figure 14,

The difference between the velocity

100 - 150

—— Inlet-Outlet (m/s)

at the inlet and outiet on Vectis run




S e T e e e I IR B e e
E v = 16.377 + 1.8041x RA2 = 0.990

Velocity (m/s)

——= Velocily (m/s)

Figure 15, A logarithmic fit to the boundary profile abeam of the Salent sonic
anemometer on Vectis run 3.1/12.




24

24 .l LB L3 ! 1 T Ly li L) T F L4 ! T L] 1 LEBE LN ! L3 L) T | LI ) Lo ' T T 'lh
— Below Above 1
()] L N
""g 23F -
2  a2oF .
8 I ]
o A i
2 e ]
20 :n IS B BE A SN R T B AR S T EN B ST A PEETEEEEr A A T B B IS E N SR R T T
13.538 14.538 15.538 16.538 17.538 18.538 10.538 20.538 21.538
y coord (m)
Data from "lin.son.free.c" ——  Velocity (m/s}

Figure 16. TFree stream velocity of 21.406 m/s for the Solent sonic anemometer on
D169-D201, Vectis run 3.1/12.

24 pre T T T T T T T T ]

—_ Below Above

iz L E

£ 23 .

2  2F ]

O [ -

o ! ]
20 :n PSR TR WK TV TN NN M S N T SN W TN AN O O rax a3 ta g e 31l g0 3 3 F 3 s 3 l-
8.065 9.065 10.06511.06512.06513.06514.06515.06516.065

y coord {m)
Data from "lin.ship.free.c" —&—  Velocity (m/s)

Figure 17. Free stream velocity of 20.883 m/s for the ship's anemometer on D199-D201,
Vectis run 3.1/12,




24 proT T T T T T T T T T T T T T T T T
—_ Port Stb ]
i - J
'“é 23 .
Z  22f R A -
o " o a e
L oS o Ol e e EFEHCHT I
= 21 ]
20 S TTE I I ST ST (Y N0 WU I T A N R A PRI BRI S B G S NS N I A
-1.7 -0.7 0.3 1.3 2.3 3.3 4.3 5.3 6.3
z coord (m)
Data from_"lin.son.ac.c" —&=—— Velocily (m/s)
Figure 18 a). Velocity of 21.242 m/s across the Solent sonic anemometer on D199-D201.
24 prr T T T T T T T T T T T T T T T Y T T T T T R T
— Stern Bow
7 i 3
'"é 23 F .
2 22 ]
3 s ]
ke —n ]
2y pe—o—a—a O
20 :1 PORE N T T T T SN N0 SN N S TN I N N 1 fx ¢ a3 bages o b33 v by 5
29,3 30.3 31.3 32,3 33.3 34.3 353 356.3 37.3
X coord (m)
Data from "lin.son.al.c" ——&— Velocity (m/s)
Figure 18 b). Velocity of 21.238 m/s along the Solent sonic anemometer on D189-D201.
24 3 1] I T 1 11 ll L l LI R L) [ ¥ [ LS B et | i T TE i
= - Below Above
£ 23 | .
L ]
2 2F .
© L
2 o r D a <] o b
2 21 ]
1 I i i 1 1

20 -l Lk L LT S . L Ty 3 Lk, Ll Lk T2 S I | L | £ I 1 l-
14.76 15.76 16.76 17.76 18.76 19.76 20.76 21.76 22.76
y coord {m)

——  Velocity (m/s)

Data from "lin.son.up.c"

Figure 18 c).
D201.

Velocity of 21.251 m/s through the Solent sonic anemometer on D188-




28

Velocity (m/s)

z coord (m}

—&—-  Velocity {nvs)

Data from ‘lin.ship.ac.c"

Figure 19 a). Velocity of 51.696 m/s across the ship anemometer site on D199-D201.

24 T T T LAS BAALELELE BLEL AL LS N
—_ Stern Bow 1
o L ..
£ 28r -
2  2oF .
(5] L o
o - ]
S 21F 1

20:||rc|||u-|||:|l:;: o s 0 I3 33

3.25 5.26 6.25 7.25 8.25 9.26 10,25 11.25

x coord (m)

—+—  Velocity (m/s)

Data from "lin.ship.al.c"

Figure 18 b). Velocity of 21.720 m/s along the ship anemometer sire on 2199-D201.

O I S LN S0 et i i L A e e
o~ Below Above ]
s 23 | ]
2  o22F .
O [ i r N 1~ L]
2 ) L] ]
s af ]

20 :1 PN S T ST ST T S (] FONE S0 S0 T N TR T T S N A S O S0 N

11.274 12,274 13.274 14.274 15274 16.274 17.274 18.274 19.274
y coord (m)

—==f—  Velocity (m/s)

Data from "lin.ship.up.c”

Figure 19 ¢). Velocity of 21.888 m/s through the ship anemometer site on D199-D201.






