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Summary

Modern requirements for the environmental friendliness of ships require an
increasing involvement of rotor sails. Rotor sails are an effective tool to save fuel
and reduce carbon emissions. In article researched the possibility of rotor sails
depending on the wind direction and wind speed in the region. For the experiment were
taken 2 ships and wind force moments.

The world's leading supplier of auxiliary wind power plants Norsepower Oy Ltd.
successfully inserts rotwk sails on vessels of various types.

Thanks to this technology, the vessel can significantly save fuel and reduce emissions.
According to the analysis carried out by Norsepower and Sea-Cargo, new installation
on board the ship “SC Connector” can provide a reduction in fuel consumption and its
cost, as well as carbon dioxide emissions to 25%. the appropriate wind, the vessel will
maintain a constant speed only by sail.

In the process of decarbonizing the world fleet and achieving the IMO goals for 2030
and 2050, the marine industry is actively looking for solutions to reduce emissions,
so the developments of the past are useful. Rotor sail Norsepower — it is an upgraded
version of flatner rotor or "turbosail”, which rotates based on the Magnus effect, using
wind energy to move the vessel

Modern development is fully automated, the system itself determines when the
direction and speed of the wind is sufficient to provide fuel savings and the necessary
thrust, after which the rotor sails start automatically.

The article discusses sea passages across the oceans, wind phenomena and features
of rotor sails work during these passage. Rotor sails are original and very effective in
terms of fuel economy by ship power plant. Proposed the best variation of localization
rotor sails depending on the ship construction features. This article is a theorical base
for the installation of rotor sails on large vessels.

Key words: theoretical effectiveness, rotor sails, ship power plant, relative
wind speed.
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Anomauisn

CyuacHi aumoau w000 eKono2ivHOCMi CyOeH 8UMa2aroms 6ce DIIbULO020 3AYUeHHs
pomopuux eimpun. Pomopui eimpuna € egpexmuenum incmpymeHmom O/ eKOHOMIl
nanuea ma 3HUNCeHHs BUKUOIG gyaieyio. Y cmammi 00CAiOHCYIOMbCA MONCIUBOCHI
POMOPHUX BIMPUTL 8 3ANEHCHOCHI 810 HANPAMY | WUBUOKOCMI 6IMpPY Y OAHOMY DeiOHI.
na excnepumenmy bepymoca 2 cyOHa ma MOMEHmU CUTL 8iMpY.

1Ipogionuil cimosuii nNOcmMadaibHUK OONOMINCHUX BIMPOEHePeMUUHUX YCTNAHOBOK
Norsepower Oy Ltd. ycniwno écmanogioe pomopri 6impuia Ha CyOHA PisHUX MUNIE.

3asoaxu yiti mexHonozii cyOHO Modice 3HAYHO 3eKOHOMUMU NAIUBO I CKOPOMUMU
suxuou. Tax, 32i0Ho ananizy, npogedenozo Norsepower i Sea-Cargo, H08a YCMAHO8KA
Ha 6opmy cyona «SC Connectory modice 3a0e3neuumu 3HUNCEHH GUMPAM NAIued i
020 eapmocmi, a maxoxc ukudig gyeneyro 00 25%. Ilpu ionogionomy eimpi cyouo
0yOe niompumyeamu ROCMIUHY WEUOKICIb PYXY MITbKU 8IMPUTOM.

Y npoyeci dexapbonizayii ceimogozo gromy i docsaenenns yinet IMO na 2030 i
2050 poxu, mopcvka 2any3b AKMUBHO WYKAE PIULeHHS OJisl CKOPOUEHHSA 8UKUOI8, MOMY
PO3POOKU MUHYI020 cmatomb Yy npu2odi. Pomopue eimpuno Norsepower — ye mooepHi-
308ana eepcis pomopa Premmuepa abo «mypoosimpuay, wo 00epmacmscsi Ha OCHOGI
epexmy Maenyca, suxopucmosyrouu eHepeiro 6impy 0iisi pyxy CyoHd.

CyuacHna po3pobKka NOSHICMIO ABMOMAMU308AHA, CUCTNEMd CAMA GU3HAYAE, KOIU
Hanpam eimpy nioxoosuwuil, da tio2o WeUOKicms 00CMAamus, wob 3ade3neyumu eKkoHo-
Mit0 nanuga i HeoOXiOHy M2y, NiCasA Y020 POMOPHI IMPUNA 3aNYCKAIOMbC A8MOMA-
MUYHO.

Y ecmammi poszensioaromscs MopcwbKi nepexoou uepes oKeau, 8imposi Aguua ma
ocobausocmi pobomu pomopHux Simpun nio yac yux nepexodis. Pomopni eimpuna €
OPUIHAILHOIO T OYJice eqheKMUBHOI 3 MOUKU 30pY eKOHOMII Naauea cyOHO80I0 eHepae-
MUYHOK YCMAHOBKOH. 3aNnponoHo8aHO HAUKPAWULl 8apianm po3MilyeHHs POMOPHUX
BIMPUIL 8 3A1EAHCHOCTIE 810 KOHCMPYKMUBHUX ocobaugocmeti cyona. Cmamms € meope-
MUYHOI 6A3010 0151 BCINAHOBIEHHS POMOPHUX 8IMPUIL HA 8eUKE CYOHA.

Kntrouosi cnosa: meopemuuna echekmusricmns, pomopui 6impuia, cyoHo8d enepee-
MUYHA YCMAHOBKA, 8IOHOCHA WBUOKICMb 8IMpY.
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1. Introduction

To stop climate change need to reduce emissions of CO-, that is the main engine
of climate change. According to the analysis carried out by Norsepower and Sea-
Cargo, new installation on board the ship “SC Connector” can provide a reduction in
fuel consumption and its cost, as well as carbon dioxide emissions to 25%. The basis
of the work included research [1-3]. The calculation of the vessel’s courses is carried
out according to the algorithm from the article [3]. Constructively, the authors focused
on the DNV GL requirements [4].

DNV GL contains requirements, principles and permissible criteria for objects,
personnel, organizations and/or operations [4]. The document contains certain design
requirements, without which certification of rotor sails is impossible. 2018, the IMO
approved a strategy to reduce emissions of harmful gases. According to the adopted
strategy, emissions should be reduced by 40 percent by 2030, by 2050 on 70% [5]. Finnish
company NORSEPOWER offers alternative ship power plants [6-8], significantly
reduce emissions of harmful gases into the atmosphere.

Rotor sails are a great solution to this problem under three ship conditions:

— has necessary places on deck;

— effective speed meets the requirements of the charter;

— weather conditions favorable.

The development of rotor sails is gaining new relevance due to environmental trends
and overall technological progress.

2. LITERATURE ANALYSIS AND FORMULATING THE PROBLEM

At work [1] described the need to reduce the amount of harmful emissions not only
by optimizing ship power plants, also due to the optimization of route planning, port
logistics, weather analytics and design of ship hulls in general.

For example, medium-tonnage tankers are taken and the economic component
of the economy is described. Also, attention is paid to the placement of rotor sails
and their effectiveness depending on the layout scheme.

In the article [3] the algorithm for calculating the course (bearing) on the rhumb
line is proposed. The algorithm contains 6 real variations of calculation, which are
effectively used in calculating rates in this work.

DNVGLSTO511 [4] — this is a set of standards, without which certification of rotor
sails is impossible.

“The objective of this standard is twofold.

It may serve as an independent technical standard for the design and construction
of a wind assisted propulsion unit.

It also serves as procedural and technical basis for wind assisted propulsion systems
to be installed on board ships, and more specifically for ships applying for the additional
class notation WAPS.” [4]

Paper [5] is the initial IMO strategy, which forms a general vision of the development
of the world merchant fleet in the context of environmental.

Brochures [6-7] describe the technical features of rotor sails NORSEPOWER, their
dimensions and tonnage, maximum power.

Presentation [8] — it is a presentation containing not only the technical specifics
of rotor sails NORSEPOWER, but also specific vessels where they were installed,
and features of their installation. well as a description of the design of the rotor sail.
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In the context of all read, you can determine several advantages and disadvantages
of rotor sails. Advantages: high energy efficiency, easy to use. Disadvantages: for
large vessels, for example, container ships, the dimensions of rotor sails will increase
significantly, with improper location can make it difficult to load the vessel.

There is a great prospect of developing rotor sails for large vessels, but it is necessary
to calculate all the details of the work of rotor sails for such vessels, to show an analytical
and graphic justification for their use.

3. METHODS AND MATERIALS

In the study of the effectiveness of rotor sails and their possible use on large
container ships, it is profitable to use the method of numerical experiment
and the method of selection. Optimization of any technical device requires numerical
digital approximation, so mathematical modeling is the tool that can suggest the right
solution to the problem in the absence of a live experiment.

The material for the study is the technical documentation [5-7] of finnish company
NORSEPOWER, which describes the dimensions and technical characteristics of their
rotor sails. Pilot charts with wind directions and speeds were also used. Ship routes
are laid on electronic charts OpenCPN 5.2.4. Technical documentation of vessels
“UMM QARN” and “MSC EMMA” was processed to determine suitable places for
installation.

To ensure the charter speed of these vessels, the propeller thrust is usually sufficient
1700000 N. The calculation of the efficiency of rotor sails is carried out taking into
account fuel savings by the main engine, that is, the thrust of the rotor sail compensates
for the thrust of the propeller. Taking into account the required thrust of the propeller, it
was determined the need to install 6 rotor sails with a diameter of 5 meters and a height
of 30 meters.

Calculating the thrust of roto sails, we use the formula that characterizes the Magnus
Effect: P=0,57(d-H)v- ®-pair;

pair =1,2041-10-*ton/m* (air density);

v — course wind speed (Vy), m/s;

® — cylinder speed, s-!

d = 2R — diameter of cylinder, m;

H — cylinder height, m.

Accepted, that ®=2.5-v, then

P=1.25xn(d-H)-v?-pair (D

From technical documentation of NORSEPOWER Co. [5,6] is known, that maximum
working thrust of one cylinder with height 30 metres and 5 metres in diameter under
favourable conditions 300000N, therefore, the mathematical modeling of the cylinders
is adjusted taking into account these fuses.

The maximum number of revolutions per minute is 180 rpm, foundation height
3 meters, foundation weight 17 tons, rotor sail weight without foundation 38 tons.
Nominal power of the electric motor 115 kW.

4. AIM AND TASKS

The aim: to explore the design capabilities of rotor sails and their effectiveness
depending on the route of transition for large vessels.
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Tasks:

— calculate thrust and relative efficiency of rotor sails on all segments of the passage
on four routes;

— calculate fuel economy depending on the time of year of the ship’s route;

— options for the location of rotor sails on selected vessels.

5. RESEARCH RESULTS

To study the effectiveness of rotor sails for large vessels, 4 passages were worked out
on the routes Barcelona-Karachi, Nantes-Gibraltar, Murmansk-Puerto Cabello, Karwar-
Nishtun. The passage from the port of Barcelona to the port of arachi (Fig.1) consists
of four parts: the Mediterranean Sea, the Suez Canal, the Indian Ocean.

~

o1 |
.

Fig. 1. Passage from port of Barcelona to port of Karachi

Passage from the port of Barcelona to the port of Karachi (Fig.1) has many turning
points, which causes changes in the efficiency of rotor sails on this route. Tables 1, 2,
3 show the corresponding passage taking into account the wind direction, the course
of the vessel and the wind speed.

Charter speed of the vessel 17 knots, the time spent on the passage is calculated
at this speed. The direction from which the wind blows is indicated in the tables as WD,
the course angle of the wind is indicated as WCA. The course of the vessel between
turning points is calculated on the basis of the algorithm from the article [3]. Course
angle is calculated on the basis of the calculated courses of the vessel and the wind
direction. The course angle of the wind is calculated by the formula in MS Excel:

=ABS(ABS(SC i-WD i) + IF(ABS(SC_i-WD 1)>180;-360;0)), (2)
where SC_i — course of the vessel on this segment,
WD _i — direction from which the wind blows for this segment.
To calculate the thrust of the rotor sail is not taken absolute wind speed V (WS), but
taken relative wind speed, namely Vy, that calculated by the formula:
Vy=Vesin(WCA-n/180) 3)
WCA - this is the angle between the wind direction and the diametrical plane

of the vessel. The horizontal coordinate system of the vessel coincides in directions
with the coordinate systems of the cylinders.
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Table 1
Basic table of passage “Barcelona — Karachi”
No Latitude Longitude Dist. Course d H n p P (req.) :];:Zill Time
1 41°20.0'N  002°14.0’E - [m] [m] item [kg/m’] [N] [knots] [hours]
2 38°17.0'N 009°29.5°E 381.8° 118.7° 5 30 6 1.204 1700000 17.00 22.46
3 35°35.9°N  014°15.8’E 280.3” 125.2° 5 30 6 1.204 1700000 17.00 16.49
4 31°41.0'N  032°17.0’E 930.4° 104.6° 5 30 6 1.204 1700000 17.00 54.73
5 31925.0°N 032°20.0°E 16.2° 170.9° 5 30 6 1.204 1700000 17.00 0.95
6  31°194°N 032°224°E 6.0’ 159.9° 5 30 6 1.204 1700000 17.00 0.35
7 31°06.0°N  032°18.5’E 13.8° 194.0° 5 30 6 1.204 1700000 17.00 0.81
8  30°48.5’N  032°19.I'E 17.5 178.3° 5 30 6 1.204 1700000 17.00 1.03
9  30°42.9°N 032°20.6’E 5.8 167.0° 5 30 6 1.204 1700000 17.00 0.34
10 30°42.0°N 032°20.7’E 0.9’ 174.5° 5 30 6 1.204 1700000 17.00 0.05
11 30°37.0'N  032°194’E 5.1° 192.6° 5 30 6 1.204 1700000 17.00 0.30
12 30°35.4’'N 032°18.5°E 1.8° 205.8° 5 30 6 1.204 1700000 17.00 0.10
13 30°34.3’'N 032°18.2°E .17 193.2° 5 30 6 1.204 1700000 17.00 0.07
14 30°33.3’N  032°184°E 1.0 170.2° 5 30 6 1.204 1700000 17.00 0.06
15 30°32.5°N 032°18.9’E 0.9’ 151.7° 5 30 6 1.204 1700000 17.00 0.05
16 30°31.0’N 032°20.2°E 1.9° 143.3° 5 30 6 1.204 1700000 17.00 0.11
17 30°28.5°’N  032°20.7’E 2.5 170.2° 5 30 6 1.204 1700000 17.00 0.15
18  30°26.3’N  032°21.2°E 2.2 168.9° 5 30 6 1.204 1700000 17.00 0.13
19 30°21.5’N 032°22.2°E 4.9 169.8° 5 30 6 1.204 1700000 17.00 0.29
20 30°16.8’N 03226 4’E 5.9 142.4° 5 30 6 1.204 1700000 17.00 0.35
21 30°15.3’N 032°31.5’E 4.7 108.8° 5 30 6 1.204 1700000 17.00 0.27
22 30°14.5°N 032°32.4’E 1.1 135.8° 5 30 6 1.204 1700000 17.00 0.07
23 30°12.5°N 032°33.7°E 2.3 150.7° 5 30 6 1.204 1700000 17.00 0.14
24 30°11.6’N  032°34.1’E 1.0° 159.0° 5 30 6 1.204 1700000 17.00 0.06
25 30°03.7’N  032°34.3’E 79 178.7° 5 30 6 1.204 1700000 17.00 0.47
26 29°58.4’N 032°35.2°E 5.4 171.6° 5 30 6 1.204 1700000 17.00 0.32
27 29°57.2°N  032°35.0°E 1.2’ 188.2° 5 30 6 1.204 1700000 17.00 0.07
28  29°56.I’N  032°34.1’E 1.4 215.3° 5 30 6 1.204 1700000 17.00 0.08
29 29°552°N 032°32.9°E 1.4 229.1° 5 30 6 1.204 1700000 17.00 0.08
30 29°54.0’N 032°32.8’E 1.2’ 184.1° 5 30 6 1.204 1700000 17.00 0.07
31 29°51.2°N 032°33.2°E 2.8 172.9° 5 30 6 1.204 1700000 17.00 0.17
32 29°46.6°N  032°31.0’E 5.0° 202.5° 5 30 6 1.204 1700000 17.00 0.29
33 29°35.0’N 032°30.5°E 11.6° 182.1° 5 30 6 1.204 1700000 17.00 0.68
34 29°10.0°N  032%43.6’E 27.5° 155.5° 5 30 6 1.204 1700000 17.00 1.62
35 28°45.0'N 032°54.0’E 26.7 160.0° 5 30 6 1.204 1700000 17.00 1.57
36 28°15.0°’N 033°13.6’E 347 150.1° 5 30 6 1.204 1700000 17.00 2.04
37 28°06.9°’N 033°21.4°E 10.6° 139.7° 5 30 6 1.204 1700000 17.00 0.63
38 27°474°N  033%45.0’E 28.6° 133.1° 5 30 6 1.204 1700000 17.00 1.68
39 27°289'N 034°04.2°E 25.2° 137.4° 5 30 6 1.204 1700000 17.00 1.48
40  25°00.0°N 036°00.0’E 181.9° 145.1° 5 30 6 1.204 1700000 17.00 10.70
41 19°00.0°N  039°00.0’E 397.5° 155.1° 5 30 6 1.204 1700000 17.00 23.38
42 15°30.0'N  041°41.8’E 261.2° 143.7° 5 30 6 1.204 1700000 17.00 15.36
43 14°02.0°N 042°49.0’E 109.6° 143.6° 5 30 6 1.204 1700000 17.00 6.45
44 13°13.0°’N 043°01.7’E 50.6° 165.9° 5 30 6 1.204 1700000 17.00 2.98
45 12°36.0'N  043°19.3’E 40.9° 155.1° 5 30 6 1.204 1700000 17.00 2.40
46 12°03.9°'N  044°13.8’E 62.3 121.1° 5 30 6 1.204 1700000 17.00 3.66
47 15°00.0°N 052°09.0’E 495.2° 69.1° 5 30 6 1.204 1700000 17.00 29.13
48  17°38.0°N  057°57.3’E 370.4° 64.7° 5 30 6 1.204 1700000 17.00 21.79
49 24°233’'N  066°34.6’E 631.2° 50.0° 5 30 6 1.204 1700000 17.00 37.13
50 24°44.9°'N 066°57.2°E 29.9 43.6° 5 30 6 1.204 1700000 17.00 1.76
Distance 4511.0° Cons = 1105.63mt
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Table 2

Estimates of the efficiency of rotor sails in January and April for the passage
from the port of Barcelona to the port of Karachi

WD

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
135.0°
135.0°
90.0°
90.0°
90.0°
90.0°
90.0°
90.0°
90.0°

WCA

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°

85.9¢

130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
169.9°
155.1°

8.7°
8.6°

75.9°

65.1°

31.1°

20.9°

25.3°

40.0°

46.4°

W3

[m/s]
12.9
12.9
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3

JANUARY
{Vy} P
[m/s] [N]
3.61 554481
220 205571
520 1149498
6.03 1547940
433 797312
8.81 1800000
7.05 1800000
545 1265585
6.54 1800000
8.68 1800000
9.71 1800000
8.74 1800000
593 1496460
296 371741
148 92776
593 1495967
574 1400140
5.87 1465791
132 73675
454 876289
0.15 918
2.78 328490
418 743266
7.11 1800000
6.13 1601381
8.23 1800000
10.13 1800000
10.25 1800000
7.77 1800000
632 1699979
9.50 1800000
7.54 1800000
3.59 549374
434 803193
268 306676
0.84 29879
034 5005
043 7910
135 77877
432 794772
1.55 101930
153 99594
9.97 1800000
9.33 1800000
531 1198936
3.66 570626
439 821419
6.61 1800000
7.45 1800000

Effect.
%
32.62
12.09
67.62
91.06
46.90
105.88
105.88
74.45
105.88
105.88
105.88
105.88
88.03
21.87
5.46
88.00
82.36
86.22
4.33
51.55
0.05
19.32
43.72
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
3232
47.25
18.04
1.76
0.29
0.47
4.58
46.75
6.00
5.86
105.88
105.88
70.53
33.57
48.32
105.88
105.88
Econ
%

Cons.
[mi]
30.52
8.31
154.20
3.62
0.69
3.59
4.55
1.05
0.24
1.33
0.46
0.29
0.22
0.05
0.03
0.55
0.45
1.03
0.06
0.59
0.00
0.11
0.10
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.03
2.04
45.54
3.84
1.57
13.14
10.60
10.77
40.74
43.86
163.81
7.75
572.25
51.76%

WD

0

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
0.0°
0.0°
135.0°
45.0°
45.0°
45.0°
45.0°
45.0°
45.0°
45.0°

WCA

o

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°
85.9°
130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
145.1°
155.1°
143.7°
8.6°
120.9°
110.1°
76.1°
24.1°
19.7°
5.0°
1.4°

W3

[m/s]
12.9
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7

APRIL

Wy}
[m/s]
3.61
1.76
5.20
6.03
4.33
8.81
7.05
5.45
6.54
8.68
9.71
8.74
5.93
2.96
1.48
5.93
5.74
5.87
1.32
4.54
0.15
2.78
4.18
7.11
6.13
8.23
10.13
10.25
7.77
6.32
9.50
7.54
3.59
4.34
2.68
0.84
0.34
0.43
5.88
4.32
6.09
1.53
8.82
9.65
9.98
4.20
3.47
0.89
0.19

[
IN]
554481
131566
1149498
1547940
797312
1800000
1800000
1265585
1800000
1800000
1800000
1800000
1496460
371741
92776
1495967
1400140
1465791
73675
876289
918
328490
743266
1800000
1601381
1800000
1800000
1800000
1800000
1699979
1800000
1800000
549374
803193
306676
29879
5005
7910
1471810
794772
1579304
99594
1800000
1800000
1800000
751764
510995
33785
1557

Effect.

32.62
7.74
67.62
91.06
46.90
105.88
105.88
74.45
105.88
105.88
105.88
105.88
88.03
21.87
5.46
88.00
82.36
86.22
433
51.55
0.05
19.32
43.72
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
0.47
86.58
46.75
92.90
5.86
105.88
105.88
105.88
44.22
30.06
1.99
0.09
Econ
%

Cons.
[mi]
30.52
532
154.20
3.62
0.69
3.59
4.55
1.05
0.24
1.33
0.46
0.29
0.22
0.05
0.03
0.55
0.45
1.03
0.06
0.59
0.00
0.11
0.10
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.03
38.59
45.54
59.47
1.57
13.14
10.60
16.16
53.68
27.28
3.07
0.01
494.71
44.74%
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Table 3

Estimation of the efficiency of rotor sails in July and October for the passage

from the port of Barcelona to the port of Karachi

WD

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
225.0°
225.0°
225.0°
225.0°
225.0°

WCA

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°

85.9°

130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
177.6°
169.9°
159.9°
171.3°
171.4°
149.1°
159.9°
103.9°
155.9°
160.3°
175.0°
178.6°

WS
Vi
[m/s]
10.3
7.1
7.7
7.7
7.7
7.7
7.7
7.7
7.1
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.1
7.7
7.7
7.7
15.4
15.4
15.4
15.4
12.9

JULY

{Vy} P
[m/s] [N]
2.89 354868
1.32 74006
390 646592
452 870716
325 448488
6.61 1800000
529 1190547
4.09 711891
491 1025380
6.51 1800000
7.28 1800000
6.55 1800000
445 841759
222 209105
1.11 52186
445 841482
430 787579
440 824507
0.99 41442
3.40 492913
0.11 516
2.08 184775
3.13 418087
533 1209498
6.13 1601381
8.23 1800000
10.13 1800000
10.25 1800000
7.77 1800000
6.32 1699979
9.50 1800000
7.54 1800000
3.59 549374
434 803193
2.68 306676
0.84 29879
0.34 5005
0.32 4449
1.35 77877
2.65 299941
1.16 57336
1.15 56022
396 665674
2.65 299481
14.97 1800000
6.30 1691469
520 1149738
1.34 76017
0.32 4325

Effect.

%
20.87
4.35
38.03
51.22
26.38
105.88
70.03
41.88
60.32
105.88
105.88
105.88
49.52
12.30
3.07
49.50
46.33
48.50
2.44
28.99
0.03
10.87
24.59
71.15
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
0.26
4.58
17.64
3.37
3.30
39.16
17.62
105.88
99.50
67.63
4.47
0.25
Econ
%

Cons.

[m]
19.54
2.99
86.74
2.04
0.39
3.59
3.01
0.59
0.13
1.33
0.46
0.29
0.12
0.03
0.01
0.31
0.26
0.58
0.04
0.33
0.00
0.06
0.06
1.38
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
0.02
2.04
17.19
2.16
0.89
4.86
1.76
16.16
120.77
61.39
6.92
0.02
372.90
33.73%

WD
o

315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
315.0°
0.0°
0.0°
0.0°
135.0°
135.0°
180.0°
90.0°
225.0°
0.0°
0.0°
0.0°
0.0°

WCA
o

163.7°
170.2°
149.6°
144.1°
155.1°
121.0°
136.7°
148.0°
140.5°
122.4°
109.2°
121.8°
144.8°
163.3°
171.7°
144.8°
146.1°
145.2°
172.6°
153.8°
179.2°
164.3°
156.0°
136.3°
143.4°
126.8°
99.7°
85.9°
130.9°
142.1°
112.5°
132.9°
159.5°
155.0°
164.9°
175.3°
178.1°
137.4°
145.1°
155.1°
8.7°
8.6°
14.1°
65.1°
103.9°
69.1°
64.7°
50.0°
43.6°

WS
V3
[m/s]
10.3
10.3
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7

OCTOBER

%% P

[m/s] [N]
2.9 354868
1.8 131566
39 646592
4.5 870716
32 448488
6.6 1800000
53 1190547
4.1 711891
49 1025380
6.5 1800000
7.3 1800000
6.6 1800000
44 841759
22 209105
1.1 52186
4.4 841482
43 787579
44 824507
1.0 41442
3.4 492913
0.1 516
2.1 184775
3.1 418087
7.1 1800000
6.1 1601381
8.2 1800000
10.1 1800000
10.3 1800000
7.8 1800000
63 1699979
9.5 1800000
7.5 1800000
3.6 549374
43 803193
2.7 306676
0.8 29879
0.3 5005
52 1158867
44 827893
32 447059
1.2 57336
1.1 56022
1.9 150928
7.0 1800000
7.5 1800000
7.2 1800000
7.0 1800000
5.9 1483300
53 1202123

Effect.

%
20.87
7.74
38.03
51.22
26.38
105.88
70.03
41.88
60.32
105.88
105.88
105.88
49.52
12.30
3.07
49.50
46.33
48.50
2.44
28.99
0.03
10.87
24.59
105.88
94.20
105.88
105.88
105.88
105.88
100.00
105.88
105.88
32.32
47.25
18.04
1.76
0.29
68.17
48.70
26.30
3.37
3.30
8.88
105.88
105.88
105.88
105.88
87.25
70.71
Econ
%

Cons.

[mi]
19.54
5.32
86.74
2.04
0.39
3.59
3.01
0.59
0.13
1.33
0.46
0.29
0.12
0.03
0.01
0.31
0.26
0.58
0.04
0.33
0.00
0.06
0.06
2.05
1.24
0.32
0.35
0.36
0.31
0.69
1.29
3.02
2.18
3.09
1.53
0.05
0.02
4.21
21.71
25.62
2.16
0.89
1.10
10.60
16.16
128.52
96.11
134.99
5.18
588.97
53.27%
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In the Mediterranean Sea and the Suez Canal in January, the northwest wind prevails,
and after leaving the Suez Canal, the wind changes to the north and later to the southeast,
on the final segments of the route, the wind changes to the east. Figure 1 illustrates
a graphic plan for the passage from the port of Barcelona to the port of Karachi.

In April, on segments of the route, lying in the Indian Ocean, the wind direction
changes to the northeast, which reduces the efficiency of rotor sails. In July, wind speed
decreases on Mediterranean segments, and the direction in the Indian part of the route
changes to the southwest, that reduces the theoretical total efficiency of rotor sails
to 33.73% in July. In October, the wind speed in the Indian Ocean decreases, but
the direction on the corresponding segments changes to the north, which positively
affects the efficiency of rotor sails. The theoretical efficiency of rotor sails in October
reaches 53.27%. All changes in the efficiency of rotor sails are shown graphically in
the figure 2.

Rotor Sails Effectiveness BARCELONA
KARACHI

60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

=@-=Rotor Sails Effectiveness BARCELONA KARACHI

Fig. 2. Efficiency of rotor sails on the route “Barcelona — Karachi”

Analyzing tables 2, 3 and the graph of Figure 2, we can conclude that the least
efficiency of rotor sails on the route “Barcelona — Karachi” on summer, and the largest
in autumn. Each ribbon of tables 2 and 3 responses a specific segment, therefore,
if necessary, you can change the turning points and calculate possible changes in
the efficiency of rotor sails.

The passage “NANTES — GIBRALTAR” characterized by frequent changes of wind
direction. Table 4 shows the underlying data for this passage.

From table 4 take fuel consumption engine without using rotor sails. In tables 5,
6 shown fuel economy, achieved through rotor sails in January and April and July
and October respectively.

38



Ne 3(10), 2021

PO3BUTOK TPAHCIIOPTY

Jw
¥9°'LYC

wo
£€9°0
0Ll
11°6
(4N
969
1291
6L°0
v6'1¢
99°0
[sanoy]

oy,

A4S E

= Su0)

0°LI
0°LI
0°LT
0°LI
0°LI
0°LI
0°LI
0°LI
0°LI
0°LT
[s1ouy]

poads
[9SSoA

00000L1T
00000L1
00000L1
00000L1
00000L1
00000L1
00000L1
00000L1
00000L1
00000L1
[N]

(‘bax) g

Y0C'1
0Tl
Y0C'1
0Tl
0Tl
v0T'1
0Tl
0Tl
0Tl
Y0C'1

O O O v v v O v O

9

[(w/BY]  won

d

u

0€
0¢€
0¢€
0¢
0¢€
0¢
0¢
0¢
0¢€
0€
[w]

H

v v . N N N wn N n

[w]

p

o0°¢l
06'0L
o0'L8
oC'SO1
ol9¢l
08991
00081
06°'50C
0§'6¢ET
08°SYC

9sIn0))

90101

0TL
€L01
F88C
88VS1
8ELI
JE8IT
OV'SLT
9eel
FO6'TLE
LTI

oueIsIig

«AVLIVIAID — SALNVNS,, ?3essed jo d[qe) disegq

oouelsI(]

M.07TCS00
M.0YTS00
M5 9€S00
M.0CTe900
M0°LTo600
M0°CE600
M.0900010
M.0900010
M.0"850600
M.0CPeC00
M.0°LToC00

opmiSuog

N.079009€
N.0'6S0S€
NS 'SSoSE
N.O¥SoSE
N.S¥€9¢
N.O'LYo9E
N.0"Cro8E
N.O'LTotY
N.0'6Cott
N.0'000L¥
N9¥00LY

opmye]

[
—

- N o T v O >~ 0 &

ON

39



Ne 3(10), 2021

PO3BUTOK TPAHCIIOPTY

%0¥'LY
8CLIT
L8]
L0
S00
689
ISy
86'¢
000
So'1
8L96
60
Jut

‘u0og
'Suo))

%
wouooq
88501
LT8¢
Lo
SI'81
8801
IL¢l
000
0€08
88601
8C°¢EE
%

10954

0000081 00T
78508y €
L0TTI $0
18680€ LT

0000081  t'L
8€0€E€T €T

0 00
6£0SS8  S¥
000008T S8

TILS9S  9¢€

IN] [sm]
d {AA}
TrdY

ol
€0l
€0l
€0l
€01
€0l
€0l
€0l
€0l
€0l

[sym]

{A}
SM

o0°€01
06091
o0'LLT
o8 V91
06°Cel
08991
00081
ol '¥PS1
oSVCI
oC6S1

VoM

o0LT
o0LT
o0LT
o0LT
o0LT
o0
o0
o0
o0
oSY

am

%7999
L6'VI1
L8]
vL0
S00
61°0Y
(%
0L0¢
6v'1L
9’1
[4x4!
el
Jut

‘uoog
'Suo))

%
wouooq
88601
LT8¢
Lo
88°G01
88601
88601
88501
Vv
69°¢l
00°CS
%

P d

0000081 00T
78508t e
L0TTI S0
0000081 6'8
0000081 €01
0000081 L8
0000081 €L
12195 Ty
T9LTET €T
976£88 9y
IN] [sw]
{AN}
AAVONVI

€0l
€0l
€0l
€01
€01
€01
€01
6Cl1
6Cl
6Cl
[syw]

{A}
SM

o0°€01
06091
o0'LLT
0C'09
ol'T6
o8°ICI
o0°S¥
ol'61
0§01
080T

0

VoM

o0LT
o0LT
o0LT
oSt
oSt
oSt
0STT
0STT
oSCT
oSTT

am

Jeyfeaqro) jo 3aod ayy 03 sayue) jo 110d ay) woay dgesssed ay) 10j [L1dy pue Arenue ul S[Ies 0301 Jo AU 3Y) JO UONBWINSH

¢ 9lqeL

40



Ne 3(10), 2021

PO3BUTOK TPAHCIIOPTY

%8159 % %9€ 9 %
91791 wouody 8E'6S1  WOU0dY
L8T  88'SOT 0000081 ~ 00L €01  o0°€0l 0L | IET STy 10€T9T1  ¥'S €01 0TE  oSP
8L'C  88'S01 0000081 L6 €01  o60L o0 8L'C  88'SOT 0000081 L6 €01  o60L o0
6Y'L  88'SOT 0000081 €01 €0  o0L8 o0 6V'L  88'SOT 0000081 €01 €01  o0L8 o0
610y 88'SOT 0000081 66 €01  oTSOL o0 | 6I'0F  88'SOT 0000081 66 €01  oTSOL o0
ISP 88601 0000081  I'L €01  ol'9€T 0 IS 88601 0000081  I'L €01  oI'9€l 0
86'¢ ILEl 8L0EET €T €01 8991 o0 86'¢ IL€l 8E0EET €T €01 8991 o0
00°0 00°0 0 00 €0l o008 <0 00°0 00°0 0 00 €01 <0081 0
o'l 0€0S  6£0SS8 ST €01 oI'¥ST o0 91 0€°08 6£0SS8 S €01 oI¥ST o0
8L'96  88'SOL 0000081 S8 €01  oS¥Cl o0 | 896  88'SOI 0000081 S8 €01  oSHTl o0
16T 88'SOI 0000081 96 €01  oT69  oSIE | 690 90'ST  9L6STY  TE UL oT¥T  o0LT
1 % IN] [spw] — [syu] 0 0 T % IN] [spu] — [spu] 0 0
MMMW 10959 d UAF IATSM VOM  dm Mmmw 109 d UAF AT SM VOM  dM
¥IIOLO0 X10r

Jejpeaqio) jo yaod 3y 03 sapue) jo 3iod ay) woay dgessed dy) 10J 13q03d(Q) pue AN Ul S[IES 0J0.1 JO AU IY) JO UOHBWNST

9 9198l

41



PO3BUTOK TPAHCIIOPTY
Ne 3(10), 2021

As you can see, the winds on this route are very changeable: in January, southwest,
northeast and westerly winds prevail, in April — western. This causes the lowest efficiency
of rotor sails in April and the highest — in January. In July and October, efficiency is
quite high due to the northerly winds.

ROTOR SAILS EFFECTIVENESS FOR
"NANTES-GIBRALTAR"

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%

10,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

—#—ROTOR SAILS EFFECTIVENESS FOR "NANTES-GIBRALTAR"
Fig. 3. Efficiency of rotor sails on the route “NANTES — GIBRALTAR”
Figure 3 understands that the efficiency of rotor sails as a ship power plant on

the route “NANTES — GIBRALTAR” is generally stable except in spring. Figure 4 shows
the graphical plan of the passage from the port of NANTES to the port of GIBRALTAR.

-~

Fig. 4. Passage NANTES-GIBRALTAR
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Passage from the port of Nantes to the port of Gibraltar (Fig. 4.) explains changes in
wind direction if you impose it on meteorological wind maps.

To assess the capabilities of rotor sails in northern latitudes, the effectiveness of their
work was calculated for the passage “Murmansk — Puerto Cabello”. The initial data is
written in a table 7.

Table 7
Base table of the passage “MURRMANSK — PUERTO CABELLO”
No Latitude Longitude Dist. Course d H n p P (req.) :,;:Zfll Time
1  68°59.5°’N  033°%03.2°E 0 [m] [m] item [kg/m’] [N] knots [hours]
2 68°59.6°N  033°02.8’E 0.2’ 3049° 5 30 6 1.204 1700000  17.0 0.01
3 69°02.0'N  033°03.3’E 2.4 4.3° 5 30 6 1.204 1700000  17.0 0.14
4 69°03.1’'N  033°04.0’E 1.1 128° 5 30 6 1.204 1700000  17.0 0.07
5 69°03.8°'N  033°09.0’E 1.9 68.6° 5 30 6 1.204 1700000  17.0 0.11
6  69°04.8°'N  033°19.2°E 3.8 747° 5 30 6 1.204 1700000  17.0 0.22
7 69°07.5°N  033°28.6’E 43 512° 5 30 6 1.204 1700000  17.0 0.25
8  69°10.2’N  033°32.8’E 3. 29.0° 5 30 6 1.204 1700000  17.0 0.18
9  69°11.9°N  033°32.6’E 1.7 357.6° 5 30 6 1.204 1700000  17.0 0.10
10 69°17.9°'N  033°32.1’E 6.0° 3583° 5 30 6 1.204 1700000  17.0 0.35
11 69°19.7°N  033°35.5°E 2.2 337° 5 30 6 1.204 1700000  17.0 0.13
12 70°05.0'N  033°35.5’E 45.4° 0.0° 5 30 6 1.204 1700000  17.0 2.67
13 70°47.0°'N  032°00.0’E 529 3227° 5 30 6 1.204 1700000  17.0 3.11
14 71289°'N  029°05.0'E 705" 306.5° 5 30 6 1.204 1700000  17.0 4.15
15 71°45.0°'N  025°50.0’E 637" 2847° 5 30 6 1.204 1700000  17.0 3.75
16  71°32.0°N 022°18.0’E 68.1°  259.0° 5 30 6 1.204 1700000  17.0 4.01
17 71°01.9°N  018°49.0’E 73.6> 2458° 5 30 6 1.204 1700000  17.0 433
18 68°12.0°N  010°00.0’E  250.77 227.3° 5 30 6 1.204 1700000  17.0 14.74
19  67°28.0°'N  008°58.5’E 498  207.8° 5 30 6 1.204 1700000  17.0 2.93
20 60°55.0°'N  002°04.4’W  487.0° 216.1° 5 30 6 1.204 1700000  17.0 28.64
21 60°34.5°N  002°25.0'W 22.9°  2062° 5 30 6 1.204 1700000  17.0 1.35
22 58°58.0'N  004°58.0'W  123.7°  218.6° 5 30 6 1.204 1700000  17.0 7.28
23 57°58.2’N  006°16.4°W 72,6  2144° 5 30 6 1.204 1700000  17.0 4.27
24 57°54.0°'N  006°30.1’W 8.4 240.0° 5 30 6 1.204 1700000  17.0 0.49
25 57°43.6'N  006%46.3°W 135> 2197° 5 30 6 1.204 1700000  17.0 0.80
26 56°21.1'N  007°30.4°W 86.1° 196.2° 5 30 6 1.204 1700000  17.0 5.06
27  56°11.0°'N  007°30.4°W 10.1° 180.0° 5 30 6 1.204 1700000  17.0 0.60
28 55°23.8°'N  00627.4°W 59.1”  143.1° 5 30 6 1.204 1700000  17.0 3.48
29  55°20.9°'N  006°08.1"W 114 104.8° 5 30 6 1.204 1700000  17.0 0.67
30 54°41.5°N 005°13.7°W 50.3’ 141.6° 5 30 6 1.204 1700000  17.0 2.96
31 53924.0°N  005°19.0°'W 7777 1823° 5 30 6 1.204 1700000  17.0 4.57
32 52°10.0°N  006°07.0°'W 79.6>  2014° 5 30 6 1.204 1700000  17.0 4.68
33 51°03.5°N 008°23.0'W  107.7° 231.8° 5 30 6 1.204 1700000  17.0 6.33
34 50°55.0'N 008°48.8°W 184> 2424° 5 30 6 1.204 1700000  17.0 1.08
35 39°17.3°’N 031°02.7’W  1166.3° 233.3° 5 30 6 1.204 1700000  17.0 68.61
36 18°39.0'N  063°36.0°'W  2095.1° 233.8° 5 30 6 1.204 1700000  17.0 123.24
37 10°30.0'N  068°01.0°'W  553.0° 207.7° 5 30 6 1.204 1700000  17.0 32.53
38 10°29.1’'N  068°00.8°W 0.9’ 167.7° 5 30 6 1.204 1700000  17.0 0.05
39 10°29.0’N  068°00.5°W 0.3 108.7° 5 30 6 1.204 1700000  17.0 0.02
Distance 5745.6° Cons.= 1408.2 mt
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From the calculations of Table 7 it turns out that without the use of rotor sails, fuel
consumption on the route “Murmansk — Puerto Cabello” will reach 1408.2 mt. Further
performance calculations will be based on this figure. Tables 8, 9 calculated efficiency
for this route at different times of the year.

Table 8
Estimation of the efficiency of roto sails in January and April for the passage
from the port of Murmansk to the port of Puerto Cabello

JANUARY APRIL
WS Cons. WS Cons.
WD  WCA v {Vy} P Effect. Econ. WD  WCA Vi {Vy} P Effect. Econ.
0 o [m/s]  [m/s] [N] % [mt] o o [m/s]  [m/s] [N] % [mt]

225°  79.9° 12.9 12.65 1800000  105.88 0.0 | 180° 1249° 7.7 632 1702003 100.12 0.0
225°  139.3° 12.9 8.39 1800000  105.88 0.6 |180° 175.7° 7.7  0.57 14006 0.82 0.0
225°  147.8° 12.9 6.84 1800000  105.88 03 | 180° 167.2° 7.7 1.71 124602 7.33 0.0
225°  156.4° 12.9 5.15 1127232 66.31 03 | 180° 111.4° 7.7 7.18 1800000  105.88 0.5
225°  150.3° 12.9 6.36 1719944 101.17 0.9 |180° 1053° 7.7  7.44 1800000  105.88 1.0
225°  173.8° 12.9 1.38 80831 4.75 0.1 180° 128.8° 7.7  6.01 1534615  90.27 1.0
225°  164.0° 12.9 3.55 535562 31.50 02 | 180° 151.0° 7.7 373 593622 34.92 0.3
225°  132.6° 12.9 9.46 1800000  105.88 0.4 |180° 177.6° 7.7  0.32 4414 0.26 0.0
225°  133.3° 12.9 9.35 1800000  105.88 1.6 | 180° 178.3° 7.7 023 2204 0.13 0.0
225°  168.7° 12.9 2.51 269155 15.83 0.1 180°  146.3° 7.7 428 779342 45.84 0.2

225°  135.0° 12.9 9.09 1800000  105.88 11.8 | 180° 180.0° 7.7  0.00 0 0.00 0.0
225° 97.7° 129 1273 1800000  105.88  13.7 | 135° 172.3° 103 1.38 81016 4.71 0.6
225° 81.5° 129  12.71 1800000  105.88 183 | 135° 171.5° 103 1.52 97819 5.75 1.0

225° 59.7° 129 11.09 1800000  105.88 16.5 | 135° 149.7° 103 5.19 1146808  67.46 10.5
225° 34.0° 12.9 7.18 1800000  105.88 17.7 | 135° 124.0° 103 8.52 1800000 105.88 17.7
225° 20.8° 154 5.48 1279344 75.26 13.6 | 135° 110.8° 103 9.61 1800000 105.88 19.1
225° 2.3° 15.4 0.61 15965 0.94 0.6 |135° 92.3° 103 10.27 1800000  105.88 65.0
180°  27.8° 15.4 7.19 1800000  105.88 12.9 0° 152.2° 129 599 1528848  89.93 11.0
180° 36.1° 154 9.10 1800000  105.88  126.4 | 225° 8.9° 103 1.58 106476 6.26 7.5
225° 18.8° 129 415 733242 43.13 24 |225° 18.8° 103 332 469275 27.60 1.5
225° 6.4° 129 143 87540 5.15 1.6 | 225° 6.4° 103 1.15 56026 3.30 1.0
225° 10.6° 129 236 236290 13.90 2.5 | 225°  10.6° 103 1.89 151225 8.90 1.6
225° 15.0° 129 332 470398 27.67 0.6 |225° 15.0° 103 2.66 301055 17.71 0.4
225° 5.3° 129  1.19 60315 3.55 0.1 225° 5.3° 103 0.95 38602 2.27 0.1
225° 28.8° 129  6.19 1629451 95.85 20.2 | 225° 28.8° 10.3 495 1042849  61.34 12.9
225° 45.0° 129  9.09 1800000  105.88 2.6 | 225° 45.0° 103 7.27 1800000  105.88 2.6
225° 81.9° 129 12.72 1800000  105.88 153 |225°  81.9° 10.3  10.18 1800000  105.88 153
225° 120.2° 129  11.11 1800000  105.88 2.9 |225° 120.2° 10.3 889 1800000  105.88 2.9
225° 83.4° 129 12.76 1800000  105.88 13.1 |225° 834° 10.3  10.21 1800000  105.88 13.1
225° 42.7° 129 871 1800000  105.88  20.2 | 225° 42.7° 103 6.97 1800000 105.88 20.2
225° 23.6° 129 514 1124530 66.15 12.9 |225° 23.6° 103 4.11 719699 42.34 8.3
225° 6.8° 129 1.52 97954 5.76 1.5 | 225° 6.8° 103 1.21 62691 3.69 1.0
225° 17.4° 129 384 626553 36.86 1.7 | 225° 17.4° 103 3.07 400994 23.59 1.1
225° 8.3° 154 223 211740 12.46 35.6 | 270° 36.7° 103 6.14 1604932  94.41 269.9
90° 143.8° 103 6.07 1566346 92.14  473.1 | 90° 143.8° 103 6.07 1566346  92.14 473.1
90° 117.7° 103 9.11 1800000  105.88 1435 | 90° 117.7° 103  9.11 1800000 105.88  143.5
90° 77.7° 103 10.04 1800000  105.88 0.2 90° 77.7° 103 10.04 1800000  105.88 0.2
90° 18.7° 103 3.30 463543 27.27 0.0 90° 18.7° 103 330 463543 27.27 0.0
Econ. 986.2 Econ. 1104.2
% 70% % 78%
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from the port of Murmansk to the port of Puerto Cabello

Table 9
Estimation of the efficiency of rotor sails in July and October for the passage

WD

135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
135°
90°
90°
90°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
270°
270°
270°
270°
270°
225°
90°
90°
90°
90°

WCA

169.9°
130.7°
122.2°
66.4°
60.3°
83.8°
106.0°
137.4°
136.7°
101.3°
135.0°
172.3°
171.5°
165.3°
169.0°
155.8°
2.3°
17.2°
8.9°
18.8°
6.4°
10.6°
15.0°
5.3°
28.8°
45.0°
81.9°
120.2°
128.4°
87.7°
68.6°
38.2°
27.6°
8.3°
143.8°
117.7°
77.7°
18.7°

WS
1\
[m/s]
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
7.7
7.7
7.7
7.7
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
9.0
9.0
10.3
10.3
10.3

JULY
{Vy} P
[m/s] [N]
135 77939
5.84 1452573
6.53 1800000
7.06 1800000
6.70 1800000
7.67 1800000
741 1800000
522 1159286
529 1190235
7.56 1800000
545 1264864
1.03 45571
114 55023
260 288452
196 164252
421 754041
0.41 7095
3.04 393102
1.19 59893
249 263967
086 31514
141 85064
2.66 301055
095 38602
495 1042849
727 1800000
10.18 1800000
8.89 1800000
8.06 1800000
10.27 1800000
9.57 1800000
6.36 1721381
477 967011
130 72050
531 1199233
9.11 1800000
10.04 1800000
330 463543

Effect.

%
4.58
85.45
105.88
105.88
105.88
105.88
105.88
68.19
70.01
105.88
74.40
2.68
3.24
16.97
9.66
44.36
0.42
23.12
3.52
15.53
1.85
5.00
17.71
227
61.34
105.88
105.88
105.88
105.88
105.88
105.88
101.26
56.88
4.24
70.54
105.88
105.88
27.27
Econ.
%

Cons.
Econ.

[mi]
0.0
0.5
0.3
0.5
1.0
1.1
0.8
0.3
1.0
0.6
8.3
0.3
0.6
2.6
1.6
8.0
0.3
2.8
42
0.9
0.6
0.9
0.4
0.1
12.9
2.6
153
29
13.1

20.2

20.7

26.7
2.6
12.1

362.2

143.5
0.2
0.0

672.8

48%

WD  WCA WS {V}

0

225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
180°
180°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
225°
270°
90°
90°
90°
90°

o

79.9°
40.7°
32.2°
156.4°
150.3°
173.8°
16.0°
132.6°
133.3°
11.3°
45.0°
97.7°
81.5°
59.7°
34.0°
20.8°
2.3°
17.2°
36.1°
26.2°
6.4°
10.6°
15.0°
5.3°
28.8°
45.0°
81.9°
120.2°
83.4°
42.7°
23.6°
6.8°
17.4°
36.7°
143.8°
117.7°
77.7°
18.7°

[m/s]
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
10.3
12.9
12.9
7.7
7.7
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
12.9
10.3
10.3
10.3
10.3
10.3

OCTOBER
{Vy} P
[m/s] [/N]
10.12 1800000
6.71 1800000
547 1275430
412 721429
5.09 1100764
1.10 51732
2.84 342760
7.57 1800000
7.48 1800000
2.01 172259
7.27 1800000
10.19 1800000
10.17 1800000
8.87 1800000
575 1405018
3.66 568597
0.51 11087
3.80 614222
4.55 880253
3.40 491503
1.43 87540
236 236290
332 470398
1.19 60315
6.19 1629451
9.09 1800000
12.72 1800000
11.11 1800000
12.76 1800000
8.71 1800000
5.14 1124530
1.52 97954
3.84 626553
6.14 1604932
6.07 1566346
9.11 1800000
10.04 1800000
330 463543

Effect.

%
105.88
105.88
75.03
42.44
64.75
3.04
20.16
105.88
105.88
10.13
105.88
105.88
105.88
105.88
82.65
33.45
0.65
36.13
51.78
2891
5.15
13.90
27.67
3.55
95.85
105.88
105.88
105.88
105.88
105.88
66.15
5.76
36.86
94.41
92.14
105.88
105.88
27.27
Econ.
%

Cons.
Econ.

[mi]
0.0
0.6
0.2
0.2
0.6
0.0
0.2
0.4
1.6
0.1
11.8
13.7
18.3
16.5
13.8
6.0
0.4
4.4
61.8
1.6
1.6
2.5
0.6
0.1
20.2
2.6
153
2.9
13.1
20.2
12.9
1.5
1.7
269.9
473.1
143.5
0.2
0.0
11343
81%

The direction of the wind varies according to the navigation region and the time
of year. In January, southwest and east wind prevails, in April — southeast, east wind.
April and October for this passage are the most effective periods of rotor sails. Figure 5
shows a graph of efficiency.
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Rotor Sails Effectiveness for route MURMANSK
PUERTO CABELLO
90%
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0 1 2 3 4 5 6 7 8 9 10 11 12

==@-=Rotor Sails Effectiveness for route MURMANSK PUERTO CABELLO
Fig. 5. Efficiency of rotor sails on the route MURMANSK — Puerto Cabello

As can be seen from Figure 5, the most unfavorable winds for this route blow in
July, and the most favorable in April and October. In July, the theoretical effectiveness is
the lowest — 48%. And the largest theoretical effectiveness in April — 78% and October —
81%. The most difficult for calculations is the segment between the points 34 i 35, since
the prevailing wind is very volatile here, you have to focus on the general wind trends
in the North Atlantic Ocean.

Figure 6 shows graphically the route of the passage from the port of Murmansk to
the port of Puerto Cabello, which allows you to match it with pilot charts and check
the correctness of the wind recorded for calculations.

D A wu‘_—)“‘“"‘
oLy A |

Fig. 6. Passage “MURMANSK — PUERTO CABELLO”
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Figure 6 clearly shows that the vessel must pass the most inconvenient place for
calculating the wind.
On figure 7 shows changes in the efficiency of rotor sails depending on the time
of year. The most difficult for calculations is the segment between 40° and 30° N, how

much the wind is there is the rotational nature of movement.

Now let’s calculate the theoretical efficiency of rotorsails for the Indian Ocean, for
this we will take the passage from the port of Karwar to the port of Nishtun. Table 10
describes the basic data for the passage from the port of Karwar to the port of Nishtun.
Tables 11, 12 show the effectiveness of rotor sails depending on the time of year for
the passage “KARWAR — NISHTUN”.

No

0 N N kA WN

Base table of the passage plan “KARWAR — NISHTUN”

Latitude

14°48.1°’N
14°48.6’N
14°48.7°’N
14°48.8°’N
15°05.0°N
15°20.0’N
15°35.0’N
14°49.1°’N

Longitude Dist. Course d
074°06.9’E m
074°07.1’E 0.5° 21.1° 5
074°06.4’E 0.7’ 278.4° 5
074°03.3’E 3.0° 271.9° 5
068°15.0'E  337.5° 272.8° 5
062°23.0’'E  340.6° 272.5° 5
056°30.0’E  341.2> 2725 5
052°12.3’E 253.3° 2595 5

Distance 1276.8°

30
30
30
30
30
30

n

item  [kg/m’]

[ 3K i) Nie e e NN

p

1.204
1.204
1.204
1.204
1.204
1.204
1.204

Table 10
P (req.) Zg:izl Time
[/N] [knots]  [hours]
1700000 17.0 0.0
1700000 17.0 0.0
1700000 17.0 0.2
1700000 17.0 19.9
1700000 17.0 20.0
1700000 17.0 20.1
1700000 17.0 14.9
[ Cons= 312.9mt |

From table 10 follows, that without the help of rotor sails, fuel consumption will be
312.9 mt. Total Passage Duration 75.11 hours. With a standard calculation for 6 rotor
sails, it becomes clear that the capacity of this ship’s power plant is more than enough
for the Indian Ocean. And this can be clearly seen in tables 11 and 12.

Table 11
Calculations of the efficiency of rotor sails in January and April for the passage
from the port of Karwar to the port of Nishtun

WD

o
0
0°
0°

45°

45°
45°

WCA

21.1°
81.6°
88.1°
87.2°
132.5°
132.5°
145.5°

WS
1\
[m/s]
7.7
7.7
7.7
10.3
10.3
10.3
10.3

JANUARY
{Vy} P

[m/s] [N]
28 329106
7.6 1800000
7.7 1800000
103 1800000
7.6 1800000
7.6 1800000
58 1445913

Effect.

%
19.36
105.88
105.88
105.88
105.88
105.88
85.05
Econom
%

Cons.
Econ.

mt
0.03
0.18
0.78
87.59
88.39
88.54
52.81
318.31
101.71%

WD

315°
315°
315°
315°
315°
315°
225°

APRIL
WCA ?\//S} {Vy} P
° [m/s]  [m/s] [N]

66.1° 7.7 7.1 1800000
36.6° 1.7 4.6 899042
43.1° 7.7 5.3 1180548
422° 7.7 52 1143362
42.5° 7.7 52 1153368
42.5° 7.7 52 1153550
3450 17 4.4 813326

Effect.

%
105.88
52.88
69.44
67.26
67.85
67.86
47.84
Econom
%

Cons.
Econ.

mt
0.14
0.09
0.51
55.63
56.64
56.74
29.71
199.46
63.74%
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Table 12
Calculations of the efficiency of rotor sails in July and October for the passage
from the port of Karwar to the port of Nishtun

JULY OCTOBER
WD WCA X,S} (Vi P Effect E?SE WD WCA ;"\’,S} VP Effect. gsgs
0 0 [m/s]  [m/s] [/N] % mt 0 0 [m/s]  [m/s] [/N] % mt
270° 111.1° 129 12.0 1800000 105.88 0.14 0° 21.1° 7.7 2.8 329106 19.36 0.03
270°  8.4° 12.9 1.9 150156 8.83 0.01 0° 81.6° 7.7 7.6 1800000 105.88 0.18
270°  1.9° 15.4 0.5 11253 0.66 0.00 0° 88.1° 7.7 7.7 1800000 105.88 0.78
270°  2.8° 12.9 0.6 16248 0.96 0.79 315 87.2° 1.7 7.7 1800000 105.88 87.59
225°  47.5° 15.4 11.4 1800000 105.88 88.39 315°  87.5° 7.7 7.7 1800000 105.88 88.39
225°  47.5° 154 11.4 1800000 105.88 88.54 315°  47.5° 7.7 5.7 1376178 80.95 67.69
225°  34.5° 12.9 7.3 1800000 105.88 65.74 225°  34.5° 7.7 4.4 813326 47.84 29.71
Econom 243.62 Econom 274.36
% 77.85% % 87.67%

The highest efficiency of rotor sails at the Karwar-Nishtun crossing in January,
the smallest in April. Figure 7 shows a graph of changes in the efficiency of rotor sails
depending on the time of year.

ROTOR SAILS EFFECTIVENESS FOR
"KARWAR-NISHTUN"

120,00%
100,00%
80,00%
60,00%
40,00%
20,00%

0,00%
0 1 2 3 4 5 6 7 8 9 10 11 12

=0-=ROTOR SAILS EFFECTIVENESS FOR "KARWAR-NISHTUN"

Fig. 7. Effectiveness of rotor sails on the route “KARWAR — NISHTUN .

According to the figure 7 the highest effectiveness is in January, and the lowest in April.
Figure 8 shows a graphical plan for the passage from the port of Karwar to the port

of Nishtun.

T
s t
o——o— o

il

Fig. 8. Passage “KARWAR — NISHTUN”
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Fig. 8 reveals the graphical features of the passage from the port of Karwar to
the port of Nishtun. On Fig. 9 and 10 depicted prevailing winds on the planet depending
on the time of year. The route of the vessel can be changed taking into account the time
of year, if it is economically profitable.

e B AN |
0 A= NNy >

Teet a0 00 40° 500 400 .30 200 D0 O

Fig. 9. Perennial prevailing winds in January (left) and April (right)

AP A
— it

80" 80" 70" H0° -S5O

Fig. 10. Perennial prevailing winds in July (left) and October (right)

When viewing the wind directions, you can check that the selected wind directions
are correct, and you can also use the PILOT CHARTS and check the wind speed.

To install rotor sails, it is proposed to select the company’s equipment NORSEPOWER
[6-8] and container ships “UMM QARN” and “MSC EMMA”.
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Main characteristics m/v “MSC EMMA” LOA: 366.32m, LPP: 350.00m, Breadth: 48.2 m.
Main characteristics m/v “UMM QARN” LOA: 368.52m, LPP:352.00m,

Breadth:51.00m

From article [2] was selected the variate of cylinder locations “6.1”, since it is

the most effective in terms of thrust and safe in terms of the requirements of the SOLAS
convention apparently for container carrier ship visibility (Fig.11.).

Fig. 11. Cylinder localization scheme from source [2]

This location option is suitable as for a container carrier “MSC EMMA” as same as

for a container carrier ship “UMM QARN™.

6. CONCLUSIONS
Based on the selected vessels, this option of positioning six rotor cylinders with

adiameter of 5 meters will make it possible to significantly save fuel by reducing the load
on the engine. The mathematical experiment allowed to calculate the possibilities
of an alternative ship power plant on different routes. Such a ship power plant will
be able to reduce carbon emissions into the atmosphere by 50% even before the IMO
deadlines [5].

Thrust can also be increased if you strengthen the design of rotor sail. Modern

technologies and old tested ideas can change world marine industry in amazing way.
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