Pasnen 3 Cydosbie onepeenuyeckue YCmanosKu, CUCeMbl U yempoicmsa

YK 504.3.054: 621.43.068.4
DOI: 10.34046/aumsuomt105/32

INSTALLING A HYBRID ENERGY BALANCE SYSTEM
ON A PORT-CONTAINER SHIP

Mihail-Viad VASILESCU, A. Epikhin

Maritime transportation developed environmental pollution issues nowadays. For this reason "International
Maritime Organization (IMO)" gived different amendments in order to reduce the polluting emissions produced
by ships.There is a natural and continuous concern to reduce marine pollution and to implement the require-
ments stipulated by Annex VI of the International Convention for the Prevention of Pollution of the Marine
Environment - MARPOL; The emission of carbon dioxide C0O,, in the gases resulting from naval propulsion
engines, has alarming values, considering that €O, is the main negative factor in producing the greenhouse
effect and implicitly global warming. Shipbuilders are aware that ship engines emit harmful exhaust gases and
certain chemical compounds that are dangerous to human health and to the environment. One way for reducing
pollution is by using unconventional energies captured from the marine environment, outside the ship, like solar
or wind, which lead to the saving of a part of the fossil fuels and lubricants consumed on board the ships.
Indirectly in this way earth's fossil fuel reserves can also be preserved. In this paper, we have studied a hybrid
system formed from non-conventional electricity generating systems (a Flettner Balloon and four large vertical
wind turbines) and a conventional one which uses fossil fuel. The non-conventional electricity generating sys-
tem captures and uses the wind energy. The existence of two systems on board, the reactive, classical and the
active, coming from wind energy, gives the possibility that in the event of failure of one of them, the other can
be used. Also, the existence of the two independent electricity generating systems makes it possible to carry
out overhauls and repairs without the ship being stationary or adrift during them; The article main points are:
the elements of the hybrid energy system, placing the Flettner helium Balloon on a container ship as an alter-
native power source of energy, placing four large vertical wind turbines on a container ship as an alternative
source of energy, energy balance of electricity generating systems, from non-conventional sources, connecting
conventional and non-conventional power sources to the ship's main power bar, electrical load of the ship's
consumers, conclusions.

Keywords: Flettner Balloon, environment, hybrid system, green energy

YCTAHOBKA THBPHTHOM CYI[OBUOI?'I CUCTEMBI DHEPT'OBAJIAHCA
HA KOHTEUMHEPOBO3E

Muxaun-Brao BACHJIECKY, A. H. Enuxun

Tlepes MOPCKOH TPaHCIIOPTHOM OTPACIBIO B HACTOSITIEE BPEMS OCTPO CTOUT IpoOiIeMaMH 3ar ps3HEHHS OKpY-
sKarortie cpespl. 1o stolt npuumHe «MexryHapoiHas Mopckasi opranuszarus (MMO)» BHecTa pa3IuyuHbIe 110-
IIPaBKH, YTOOBI YMEHBIIUTH BRIOPOCHL 3arPS3HSIONMX BEIIECTB, [IPOM3BOMMBIE cyaamu. CyIecTByeT ecre-
CTBEHHA& U IIOCTOSIHHAS 3a00Ta O COKPAIEHUH 3arpsi3HEHUST MOPCKOM Cpejibl U BHIIOMHEHUH TpeOOBaHMIA,
mpexycMoTpeHHbIX [lprmioskennem VI k. MexyHapoHOH KOHBEHIIMM II0 OXpaHE OKDYKaloIlel Cpejpl.
IIpenoTBpariienue 3arpszHeHUs] MOPCKO cpejibl - MAPIIOJL, Omuccus ByokucH yriiepoja CO2 B razax, 00-
Pa3yIONMXCs B pe3ylibTare paGoThl CYAOBBIX JBUraTeNeH, MMeeT TPEBOKHBIE 3HAUSHHS, yunuThiBas, uro CO2
SIBJISIETCS. OCHOBHBIM HET'aTHBHBIM (QakTOPOM BOZHUKHOBEHHSI IIAPHUKOBOTO 3 deKTa U KOCBEHHOTO TII00aTh-
Horo notervieHus. CyI0CTPOUTENU 3HAIOT, YTO CY/IOBBIE JBUIATENH BBIJICISIOT BPE/HBIC BBIXIIOIHBIE Ta3bl U
HEKOTOPbIE XUMUYECKHUE COCIMHEHNS, OlIacHbIE IS 3/I0POBbS UENIOBEKa U OKpY-Karommel cpeapl. OMHuM U3
c110c060B YMEHBITIEHHUS! 3arPsi3HEHMS! SIBJISIETCS] HCTIONb30BaHHE HETPa/MITMOHHBIX UCTOYHUKOB SHEPIUH, 110-
JTy4aeMBIX 13 MOPCKON CPeJIbl 3a IpeIeliaMy Cy/THA, TAKUX KaK COTHEUHAas SHEPIUs WM BETEp, UTO IIPUBO/UT
K 5KOHOMHHU YacTH UCKOIIAEMOT0 TOIUIMBA M CMA30UHBIX MATEpUalIoB, MOTpeOIsieMbIX Ha GopTy cynoB. Koc-
BEHHO TaKUM 00pa30M MOKHO TakKe COXPAHHUTH 3aIlachl HCKOIIAeMOTo TOIUIMBA Ha 3emiie. B 3Toi craThe MBI
M3YYMIHA TUOPHJTHYIO CUCTEMY, COCTOSIIYIO M3 HETPa MU OHHBIX CHCTEM IIPOM3BO/ICTBA HIIEKTPOSHEPI MU (BO3-
JyNIHBIH map OreTTHepa U yeThipe CONBINNX BEPTUKAIBHBIX BETPSHBIX TYPOUHBI) U TPATUITMOHHOM CHCTEMBI,
HCIIOJB3YIONIEH HeKoTIaeMoe TOINMBO. HeTpa IuIMoHHasE cHcTeMa IIPOU3BO/ICTBA JIIEKTPOSHEPT U YIIaBIUBAET
U UCTIONB3YET 3HEPruto Berpa. Hammume Ha GopTy JBYX CHCTEM, PEaKTUBHOM, KIIACCUUECKOH U aKTUBHOM, I10-
CTYIAIOIIEH OT HEPIHH BeTpa, JaeT BO3MOKHOCTD B CIIydae BBIXOJA U3 CTPOS OJHOHN U3 HUX HCIOIH30BaTh
Jpyryio. Taxxke HaIMuKe JBYX HE3aBUCHMBIX CUCTEM BBHIPAGOTKH SIIEKTPOSHEPIMH [I03BOJISIET IIPOBOIUTH Ka-
IMTaIbHBIE U PEMOHTHBIE PaGoThl €3 OCTAHOBKM WITH Jipetida cyHa Bo BpeMst HUX. OCHOBHBIE IOJIOKEHUS
CTaTBH: SIIEMEHTHI TUOPHHOH SHEPreTHIECKONH CUCTEMBI, pa3MellleHHe TeleBoro mapa PrneTTHepa Ha KOH-
TEHHEPOBO3€ B KAUECTBE aIbTEPHATUBHOI'O UCTOUHHKA SHEPTUH, pa3MelleHHe YeThIpeX COJIBIIHMX BEPTUKAIIb-
HBIX BETPSIKOB Ha KOHTEHHEPOBO3€ B KauecTBE albTEPHATUBHOI'O HCTOYHMKA SHEPIHUH, SHEPreTHYecKHil OaaHe
CHCTEM BBIPaOOTKH SIIEKTPOSHEPTHH, 0T HETPAJUITHOHHBIX HCTOUHUKOB, TIOIKITIOUEHHE TPaIUIIMOHHBIX U He-
Tpa/IIOHHBIX HCTOYHUKOB 3JIEKTPOSHEPTHH K CYIOBOM TJIABHO SIIEKTPOCETH, SNEKTPHYecKasl Harpy3Ka cy-
JIOBBIX ITIOTPECHUTENEH, BBIBOJIBL.

KiroueBble citoBa: Bo3/yHEL miap OreTTHepa, OKpyKaromias cpejia, THOpUIHAas cCUcTeMa, 3eNeHas SHEPIHs.
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1. Introduction

Technical characteristics of the port-container
ship where we are installing the hybrid system:

L= 168,56m

l=294m

Capacity = 1638 TEU

GT = 19795 ¢

D =39449 ¢

4 Diesel generators

P=2000 kW each

Where:

L=Ship length;

1=Ship width;

D=Displacement

2, The elements of the hybrid energy sys-
tem, which uses non-conventional energy

I will install on the port-container with the
above features, the following devices:

» A Flettner rotor with helium;

» 4 large vertical wind turbines on the main
deck of the ship;

2.1 Placing the Flettner helium Balloon on
a container ship as an alternative power source of
energy

2.1.1 Flettner Balloon

The Flettner Balloon has an acrodynamic pro-
file, with two stabilizers, with the role of maintaining
its position in the air. It is positioned in an air current
at a certain altitude, at which the wind direction and
speed are approximately constant. The balloon re-
mains in a fixed position relative to the ship to which
it is attached, regardless of the different angles from
which the wind blows and the direction of movement
of the ship. During all this time it will generate elec-
tric current. The stronger the wind, the faster the bal-
loon will spin and generate more electricity.

The Flettner helium Balloon, positioned at
about 300 m above the container ship, will generate
approximately 1000 kWh.[1]

To calculate the volume, mass and lift of the
Flettner helium Balloon, we likened it to an airship.

2.1.2 Constructive characteristics of the
balloon
Ly =245m
V, = 200 000 n°
m, =5000kg =5¢
pa =129 kg/m?3

g =98 m/s*

P =1000 kW

U= 690V = 0,69 kV

F, = psVpg = 1,29 x 200000 x 9,8 = 2528400N =

25284 kN D
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Where:
L, = Balloon length;

v, = Balloon volume;

m, = Balloon mass;

p, = Air density;

g = Gravitational acceleration,

P =Power generated by the rotor,

U = Voltage of the electric current generated;
F « = Ascent force of the balloon.

2.1.3 Calculation of the intensity of the elec-
tric current through the power cable:
P =+/3Ulcos¢

2)
Where:
cos)=1=>
[ b _o00kw
T VBU T VBx069kW
837,74= 8384

3)
=> From the tables of the electric cable manu-
facturers, it follows that for an intensity current of 838
A, we need two three-phase cable systems, with a
minimum section of 300 #m> . For safety 1 will
consider 6 single-phase cables of type CYY(-F) with
an upper section of 1 x 400 s;zm? .[2] This type of
cable has an outer diameter of 38 mm, a copper mass
of 4000 kg/km and a total mass of 4030 kg/km.
=> for a cable length of 300 m = 0.3 km, the

total mass of a cable M, is:

m, =4030x 0,3 = 1209 kg = 1,209¢ €))]

The total mass of electrical cables m_, that the
Flettner helium Balloon must support is:

my=6xm,=6x1209¢t = 7,254¢ (5)

2.1.4 Anchoring the Flettner Balloon with
helium

To anchor the balloon I will use 4 anchor lines,
made of polypropylene and polyester fiber.

From the data provided by the manufacturer
we can see:
d=80mm
m, = 0,31 m/kg
Fp =1225kN = 1225000 N

Where:

d= Diameter of line;

my= Weight of the line

Fr=Resistance force of the line

2.1.4.1 Advantages of spinning polypropyl-
ene and polyester fiber ropes:

» They do not absorb water;



Pasgen 3 CyfoBble 3HepPre TUYECKNe YCTaHOBKYU, CUCTEMbI MYyCTpoiicTBa

> High heat resistance;

> Great flexibility in time;

> Easy to handle.

2.1.4.2 Calculation of the mass of a 300 m
line (m p308):

Tpsoo = 300 mx Wp = 300 mx 0,31 m/kg = 93 kg (6)
2.1.4.3 Calculation of the mass of the 4 lines
(mpt):
mpt = Mp3oox 4 = 93 kgx4 = 372 kg = 0,372t (7)
2.1.4.4 Calculation of the resistance forces
of the 4 lines (FRT:
FrT = 4x Fr = 4x 1225 kN = 4900 kN (8)
2.1.4.5 Comparison of the ascent force Fa
with the total drag force of the lines FRT

Fa = 2528,4 kN
Frt = 4900 kN
It can be seen that FRT > Fa meaning that the
lines resist in the process of anchoring the balloon.
From the previous calculations we can see that
the Flettner helium rotor must support a mass of
12.626 t.
m = mect+ mpe+ mo = 7,254+ 0,372 + 5= 12,626 t 9)

215 Calculation of the minimum lift force

ra required for the balloon to stay suspended in
the air

Figure 1: Forces that occur and influence rotor lift

~“"Fy = Fa - GHe - GB - Gcp (10)

Where:

GHe = helium weight;
GB = balloon weight;

Gep= weight of cables and lines.

(1)

0=F'-G.

Gr- Gp (12)

Fa= cHe+ 6B+ ccp=m Heg + m bg + m (13)
THE = PHE”B = 0,179x200000 = 35800 kg

Fa = 35800x9,8 + 5000x9,8 + 7626x9,8 =
4745748 N = 474,5748 kN

From the above calculations we can see that
the minimum required ascent force

Fa = 474,5748 kN, is much lower than the
ascent force

Fa = 2528,4 kN that the balloon can lift.

216 Calculation of the minimum volume

of the Flettner Balloon - if it is filled with helium

Fa = 35800x9,8 + 5000x9,8 + 7626x9,8
= 474574,8N = 474,5748KkN

Fa = PAvVBg (15)
Fa = PN~BHe3 (16)
474574,8=1,29)v BHex9,8 17)
474574,8 4745748
= 37539,5349 m3
9,8x1,29 12,642
= 37540m3

The minimum volume of the balloon filled
with helium is de 37540 m 3 for the Flettner Balloon

to be buoyant.

217 Calculation of the minimum ascent

force r a necessary for the balloon to stay in the
air, when it is full of hydrogen

AFy = Fa - GH- GB- Ggp (18)

Where:
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G H = hydrogen weight;
GB = balloon weight;

ch = weight of cables and lines.

If:
Ero=r (19)
0=FR_ _GCS_Gyp (20)
fa = GH+ G + Gp = mH5 + mb" + mep
1)
FR'=+m”"+m " )
mH = pH\VS = 0,0899x200000 = 17980 23

Fa = 17980x9.8 + 5000x9.8 + 7626x9.8
= 299938.8 W= 299,9388 ftV
From the above calculations we can see that
the minimum required ascent force of the balloon
filled with hydrogen Fa is 299,9388 kN which is
much lower than the ascent force Fa = 2528,4 fcW,
which the balloon can lift. [3]

2.1.8 Calculation of the minimumvolume of
the Flettner Balloon - if it is filled with hydrogen

F” = 299,9388 fclv = 299938,8 N

Fa = Aavs5 (24)
Fa = Aa”BH5 (25)
= A
299938.8 = 1.29 x x9,8 (26)
299938,8 299938,8
WR, = = 23725,5814 m3
1,29x9,8 12,642
= 23726 m3

The minimum volume of the balloon filled
with hydrogen is 23726 m 3 for the Flettner Balloon
to be buoyant.

2.1.9 Calculation of the dimensions of the
Flettner Balloon if it is filled with helium or hydro-
gen compared to the initial volume:

VS = 200000 m3
WoHe = 37540 m3
VoH = 23726 m3
\5 200000

=5327=5
Vs,e 37540

v, _ 200000
VeH © 23726 T

Ls = 245 m
3,i4x252
4

/\§ —- = = 490,625 m2 (27)

245
=— =49m

\SHe = 37540 = 40000 m3

490,625

ASHe =" = 98,125 m2

4AB 4x98,i25 _
ASHp = n 34 - 11,18 m (28)
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245
ASH = ~§~ = 30,625 = 31m

VB4 = 23726 = 25000 m3

_ aen 461328 _
= a4 =883m  (29)

2.2 Placing four large vertical wind tur-
bines on a container ship as an alternative
source of energy

2.2.1 Vertical wind turbines

For positioning the 4 large vertical wind tur-
bines on a port-container ship, we will have to sacri-
fice two bays, more precisely, two turbines will be lo-
cated in the first bay in the bow, port/starboard, and
two other turbines at the stern of the ship port/star-
board. [4]

The foundation of each turbine has a diameter
of 4 m. Bearing in mind that around the foundation
there will have to be an access road and a space for
connection and subsequent maintenance, we will
consider that the area required to place a foundation
is 25 m2.

50=25 m2
Where:
51/ area required for the foundation of a turbine.
We will build a 10 m high metal foundation to
benefit from stronger winds with an area of 25m2 on
which the 24 m high wind turbine will be positioned.

Figure 2: Positioning scheme of 2 of the 4 large vertical
wind turbines installed in the bow of the port-container
ship

From the above diagram we can see that the 2
turbines located in the bow of the ship, they will oc-
cupy the spaces of 2 containers each. A 45-foot con-
tainer with the dimensions L= 13.76; I= 2.5 m;
H=2.58 m. The space between the 2 turbines located
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atthe bow ofthe ship, along its width, will be left free,
for good wind circulation.
51=19,4x5 =97 m?2

The space behind the rotors towards the stern
of the ship will also be left free.
52 = (14 - 5)x29,4 = 9x29,4 = 264,6 m2

5m 19,4 m 5m
| 1 1. 1
Vertical Vertical
i wind
wind
i turbine
turbine
. 29,4 W
' 1

Figure 3: Positioning scheme 0f2 ofthe 4 large vertical
wind turbines in the stern ofthe port-container ship

222 Constructive characteristics of the

vertical wind turbines

The turbine is made of glass fiber reinforced
plastic/carbon fiber reinforced polymer. This being a
light and resistant material.

The weight of a rotor together with the foun-
dation is about 40 t.

Table 1: Data sheet of a large vertical wind turbine
adapted for a port- container ship:

Model 24 x4

Turbine

Hight x diameter(m) 24 x4

Material glass fiber reinforced
plastic/
carbon fiber reinforced
polymer

Rotor Speed (rpm) 0-225, variable

Structure
Tower Cylindrical - made of steel
Foundation height (m) 10

Rotor and foundation 40
weight (t)

Components

Electric motor

Ambient conditions
Operating Temperature
Wind speed required for
operation

Resistance to wind force 70 m/s

90kW, 50/60 Hz IE4,IP55

+50--30 C
0-25 m/s

Table 2: Energy generated by a large vertical wind
turbine
Ship Speed : 19 Nd

True wind power Direction true Generated
(m/s) wind energy
© (kwh)
10 60-130 8 230-300 500
22 105-135 8i225-255 2000

From the table above, we can see that at a ship
speed of 19 Kn and a wind of 10 m/s, a single large
vertical wind turbine can generate 500 kWh, and for
awind of 22 m/s, it can generates 2000 kWh.

Following the installation of the 4 turbines, at
a ship speed of 19 Kn and a wind of 10 m/s we will
be able to generate approximately 2000 kWh, and for
awind of 22 m/s approximately 8000 kWh.

2.3 Energy balance of electricity generating

systems, from non-conventional sources

Table 3: Energy balance of electricity generating sys-
tems, from non-conventional sources

Device Energy performance E (kWh)
Wind at 10 m/s  Wind at 22 m/s

Flettner helium 1000

Balloon

4 Large vertical 2000 8000

wind turbines

The two systems can together generate energy
between E = 2000 kWh and E = 8000 kWh. Dur-
ing crossings, the ship uses only one generator, of
E = 2000 kWh.

From the above calculations, it follows that we
can use non-conventional energy systems to cover the
minimum energy requirementE = 2000 kWh, thus
reducing pollution and lowering the cost of fossil
fuels.

Due to international legislation, the ship will
use fossil fuel propulsion near and inside the ports. [5]
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Figure 4: Connection diagram of the hybrid energy system to a port-container ship

Figure 5: Image of the port-container ship with the hybrid energy system installed

24 Connecting conventional and non-conven-

tional power sources to the ship’s main power bar

The ship will be supplied with energy as fol-
lows:

> On the port side we will find:

* Generator 1 (G1 - AC450V 3PH 60 Hz
2000 kVA)

* Generator 2 (G2 - AC450V 3PH 60 Hz
2612.5 kVA)

« Flettner Balloon (B - AC450V 3 PH 60 Hz
1000 kVA)

e Vertical wind turbine 1 (FR1 - AC450V 3
PH 60 Hz 2000 kVA)

e Vertical wind turbine 2 (FR2 - AC450V 3
PH 60 Hz 2000 kVA)

> Onthe starboard we will find:

* Generator 3 (G3 - AC450V 3PH 60 Hz
2612.5 kVA)

* Generator 4 (G4 - AC450V 3 PH 60 Hz
2612.5 kVA)

« Vertical wind turbine 3 (FR3 - AC450V 3
PH 60 Hz 2000 kVA)

172

. Vertical wind turbine 4 (FR4 - AC450V 3

PH 60 Hz 2000 kVA)

Both the four vertical wind turbines installed
on the main deck of the ship and the Flettner helium
Balloon generate a continuous current. [6] To be able
to connect these non-conventional energy sources, to
the ship's main power bar, we had to bring the current
to 450V AC and 60 Hz.

For this we used 5 current inverters: one
690/450V 1500kV A marked T1 on the electrical dia-
gram for the Flettner Balloon [7] and four 690/450V
2500 kVA marked T2, T3, T4, T5 for each ofthe four
vertical wind turbines FR 1, FR2, FR3, FR4.

The line on whichthe ACB is located is called the
line offorce. ACB is a power circuitbreaker, withthe role
of connecting the generator to the main power bar.

ACONIS 2000 PMS stands for Power System
Management. It is used for the automatic coupling of
energy sources, being located on the command and
control line. ACONIS also has the role of supervising
currents, protection and load distribution.
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Figure 6 : Hybrid system

There are 3 phases inthe ACONIS system.

ACONIS reads the voltage and frequency enter-
ing the system and compares it with the already existing
voltage and frequency found in the line leaving it. The
role of these comparisons is to make a ABC safe.

PT1A is a transformer with the role of sending
the voltage information to the voltmeter V which
measures the voltage. It sends the voltage information
and the operating frequency to the synchronization
panel and the HM counter, which calculates the oper-
ating time.

CT1 and CT2 represent some current trans-
formers that send the information to ammeter A and
to ACONIS.

AS1 represents an ammeter switch and VS1
represents a voltmeter switch.

The WTD is ajunction box, with the role of
sending the load information to the local ammeter A
and to the wattmeter W in the synchronization panel.

SY is a synchronization module, which takes
information from the power bar and the information
from each individual source of each electrical current
generator G1, G2, G3, G4 and from the non-conven-
tional energy generators FR1, FR2, FR3, FR4, B, for
safe coupling in manual mode in parallel to the main
power bar.

The W1-----mmmn > W line, represents the line
to the sync panel.

Figure 7: Connecting electrical scheme 1/6 of conventional and unconventional energy sources to the ship main power

switchboard
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Figure 8: Connecting electrical scheme 2/6 of conventional and unconventional energy sources to the ship main power switch-
board

Figure 9: Connecting electrical scheme 3/6 of conventional and unconventional energy sources to the ship main power
switchboard
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switchboard

Hgure 11: Connecting electrical scherme 5/6 of conventional and unconventional energy sources to the ship main
power switchboard
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Figure 12: Connecting electrical scheme 6/6 of conventional and unconventional energy sources to the ship main power
switchboard

2.5 Electrical load of the ship’s consumers

The components of the electrical hybrid in-
stallation for the production of electric current [8]:

> Conventional energy sources:

* Main Generator (LG- large generator): 3
pieces on AC 450 V /2,090 kW;

* Main Generator (SG- small generator): 1
piece on AC 450 V / 1600 kW;

* Emergency generator: 1piece of AC 450 V
/ 150 kW;

> Non-conventional energy sources:

* Flettner Balloon (B): 1piece on AC 450 V /
1000 kw;

 Vertical wind turbines (RF): 4 pieces on AC
450 V /2000 kw;

Table 4: Number of generators required for each operation:

Time Conventional energy sources Non-conventional energy
sources

During Ocean No refrigerated containers SGx 1 RF x 1
Crossing With refrigerated containers SGx 1, LGx2 Bx 1, RFx3
During the No refrigerated containers and SGx 1 -
maneuver no bow thruster

With refrigerated containersand SGx 1, LG x 2 -

without bow thruster

Without refrigerated containers SGx1,LGx 1 -

and with a bow thruster
During cargo With refrigerated containersand SGx1,LG x 3 -
operations bow thruster

No refrigerated containers SGx 1 -

With refrigerated containers SGx1,LGx?2 -
In Emergency - EGx1 -
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Tabel 5 : Alternative sources and conventional electrical generators

Alternative
sources of

energy
CONDITIONS

Conventional sources of energy

Maneuver
Sea passage Sea passage During cargo In port In Em'cy In fire
Without i
With thurster operations
thurster
2000 1600 1600 3690 1600 1600 150 150
Generator capacity (kW)
RFX 1 SG X1 SGX 1 SGX1+LGX1 SGX 1 SGX 1 EG X1 EGX 1
Without Before PC 1032.8 1032.8 1344.4 3011.1 1132.2 893.3 108 97.6
f After PC 1 812.8 812.8 1034 2700.7 860.2 614.1
reefer Total Load
containers W) After PC 1&2 812.8 812.8 1034 2700.7 860.2 614.1
After PC
812.8 812.8 1034 1034 860.2 614.1
0&1&2
Generator Load
m Before PC 64.55 64.55 84.03 81.6 70.76 55.83 71.98 65.06
B 7000 5780 5780 7870 570 5780
Generator capacity (kW)
Bx1+RFX3 SGX1+LGX2 SGX1+LGX2 SGX1+LGX3 SGX1+LGX2 SGX1+LGX2
Before PC 4993.4 4993.4 5305.1 6971.7 5092.9 4853.9
After PC 1 4712.8 4712.8 4934 6600.7 4760.2 4521.3
Total Load
(kW) After PC 1&2 812.8 812.8 1034 2700.7 860.2 621.3
After PC
812.8 812.8 1034 1034 860.2 621.3
0&1&2
Generator Load
Before PC 86.39 86.39 91.78 88.59 88.11 83.98
(%)
2.6 Definitions The hybrid system described in this article is

During the crossing:

> Navigation at a speed corresponding to
90% SMCR ofthe main engine.

During the maneuver:

> When the ship leaves or enters the port. [9]

During cargo operations:

> When the cargo is loaded or unloaded.

In Port:

> When the ship is in port.

The electrical load for each moment is influ-
enced by the climatic conditions.

Large consumer group:

» Refrigerated containers: 3900 kW (6 kW x
650 pieces);

* Bow thruster: 1600kW.

If the generators putted in parallel fail to start,
all PC (particular cases - PC1, PC2) with consumers
including the bow thruster (PCO0) will start, without
delay.

Load factor:

> The ratio between the required average
power and the maximum power;

Diversity factor:

> Based on statistical and experimental
data;

Task required:

> Input x load factor x diversity factor
(kW);

PC (particular case):

>  Non-essential load in case of generator
overload or if parallel loading gives errors.

2.7 Conclusions

part of the Green Ship concept, where alternative
methods of naval propulsion are analyzed.

Continuous efforts are being made to reduce
costs, noise and pollution, thereby creating a dynamic
market for non-conventional, green, environmentally
friendly alternative sources of electricity supply, thus
making for a cleaner, greener environment.

By using the hybrid system, we increase safety
in operation through the existence of two relatively
independent electricity generating systems, one in re-
lation to the other.

Transport modes need to become more sus-
tainable, smarter and more resilient.

Although maritime transport has improved its
environmental footprint in past years, it still faces big
challenges when it comes to decarbonising and reduc-
ing pollution.

One method of reducing pollution generated
from naval industry is using the hybrid system de-
scriebed in this article. World should continue devel-
oping new technics, new methods, new devices which
use non-conventional sources of energy in orderto re-
duce pollution and to save the envinronment.
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ASPECTS OF VENTILATION PRINCIPLES IN SHIPS MACHINERY ROOMS

Octavian Narcis Volintiru, Epikhin Aleksey I, lonut Cristian Scurtu, Daniel
Marasescu lonita Florin, George Balan

To maintain the air parameters in the rooms within the permissible or comfortable limits, the ventilation systems
are designed to circulate the air in the rooms on board, usually without heat treatment or humidity. Ventilation
systems consist of machines that provide the energy for air circulation (fans), main ducts connected to the
suction and exhaust ofthe fans, branches and distribution components. For machinery spaces related to ships,
ventilation systems are vital for the proper functioning of thermal engines used as propulsion systems. Gas
turbines are heat engines used as propulsion systems usually for special ships.

Keywords: ventilation, flow, machinery, fan.

HEKOTOPbIE ACMNEKTbI NMPUHLUMMOB BEHTUAALNN
CYAOBbIX MAWWMNHHbBIX OTAETEHNN

Octavian Narcis Volintiru,

A.V. ENUXMH, KaHAWLAT TeXHUYECKUX HayK, AOUEeHT

lonut Cristian Scurtu,

Daniel Marasescu

lonita Florin

George Balan
[ns nofaepXaHus napamMeTpoB BO3AyXa B MOMELLEHWAX B LOMYCTUMbIX U KOM(OPTHBIX Npejenax CUCTeMbI
BEHTUNALMM NpefHa3HaueHbl A8 LMPKYIALMY BO3AYXa B MOMeLLEHWAX Ha 60PTY, Kak npasusio, 6e3 TepMuye-
CKO 06paboTKM UKW yBRaXKHEHUs. BEHTUNALMOHHbIE CUCTEMbI COCTOAT M3 MalLIMH, 06ecneynBatoLLmX LpPKy-
NAUMIO BO3AyXa (BEHTUNATOPbI), OCHOBHbIX BO3YX0BOAOB, COEAMHEHHbIX C BCACHIBAIOLLMMUN U BbITXHLIMU
BEHTU/IATOPaMK, OTBETBIEHUIA 1 PacnpefeUTeNbHbIX 31EMEHTOB. [1/19 NOMELLEHNI MaLLUVMHHOTO OTAE/NEHUS,
CBSI3aHHBIX C CyaMW, CUCTEMbI BEHTUNALMM XKU3HEHHO BaXKHbI /151 NPaBUILHOTO (DYHKLMOHWPOBaHUS TEMNJo-
BbIX AABUraTeneid, NCMoMb3yeMbIX B Ka4eCTBe [BUraTe/lbHbIX YCTAaHOBOK. ["a30Bble TypOUHbLI — 3TO TEMJIOBbIE
[Burarenu, Ucronb3yemMble B Ka4eCTBe ABUraTe/IbHbIX YCTAHOBOK, Kak Npaswio, 4 cneuuanbHbIX CyI0B.
KntoueBble cnoBa: BEHTUALMSA, NOTOK, MaLUWHbI, BEHTUIATOP.

1 Introduction

Netural ventilation is based on the idea of free
moverment of air masses, the displacenent being dic-
tated either by the kinetic energy of the flowing air or
by the difference in air density at different tenpera-
tures. Ventilated compartrments have ventilation ducts
that exit at the top (outlet to the atrmosphere), are mov-
able in the direction of the atmospheric air flow, and
either introduce or remowve air from the ventilated
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compartment. The kinetic energy of the air mess is
transformed in the ventilation pipes into the static
pressure difference, which is the basis of the air ex-
change inthe roos. Fans are used to move air inand
out of the compartrrent when artificial ventilation is
used. Regardless of the weather, these fans will pro-
vide ventilation when needed. The ventilation system
ensures the transport of air used as replacerment air or



