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Bbpaxwik . JI. [ToninmeHHs npoieciB B CUCTEMI 1HEPTHHUX ra3iB Ha TaHKepax
npu nepeBe3enH1 Hadu. — KBamidikariiina HaykoBa mparis Ha IpaBax pyKOIHUCY.

HNuceprtaitis Ha 3700yTTS HAYKOBOTO CTyIEHsS JoOKTopa (ditocodii 3a
cneqianbHicTIO 271 — PiukoBuili Ta Mopchkuil TpaHcnopt (I'any3p 3HaHp 27 -
Tpancnopt). - Hamionaneuuii yHiBepcutrer “Onmecbka MOpChbKa axaaemis”

MinicrepctBa OcBitu 1 Hayku Ykpainu, Oneca, 2021 p.

HucepraiiitHe  AOCHIUKEHHS CHPSMOBAaHE Ha BHUPILIEHHS HayKOBO-
MPUKJIAHOTO 3aBJAHHS — CKOPOYEHHS MEPIoy Yacy MOTpiOHOTO Uil iHepTU3aIlii
(3HIKEHH1 KOHIICHTPAIlll KUCHIO B BaHTAXKHUX TaHKax) Ha(TOHAIMBHUX TaHKEPIB
JUMOBHMHU (1HepTHUMHM) razaMu. 3rigHo 3 Mixknapoauoro Kousenitiero COJIAC Tta
Mixnapogaumu Bumoramu mopao besneku mis Hadroux Tankepis 1 Tepminanis
KOXKHUM TaHkep, naenseiitom Big 8000 ToH Ta BuIle, NMpU MepeBe3eHHI HAPTH Ta
HaQTONPOIYKTIB TIOBUHEH BHKOPHUCTOBYBATH CHCTEMY I1HEPTHHX Ta3iB, sKa
3abe3reuye TMIATPUMKY TIOXKEXKe- Ta BUOyxoOe3meyHoi MikpoarMochepu B
BAaHTQKHUX TaHKAX 32 PaXyHOK 3HIKCHHS KOHIICHTPAII1 KUCHIO B HUX JIO 3HAYCHHS
Henepepuiryodoro 8,0 %.

['o10BHOIO MOTHBALIIE€IO JOCHIPKCHHS € HasSBHUN 3alUT MPAKTUKU —
HEOOXITHICT, 3a0€3TEUCHHs MIABUIICHHS EKOHOMIYHOI €()EeKTUBHOCTI poOOTH
Ha(TOHAIMBHOTO TaHKEPA.

JUis  po3B’s3aHHS HAYKOBO-TEXHIYHOI MpoOJeMH, W0 TMOB’s3aHa 3
MIPUCKOPEHHSIM TIpoIiecy 1HepTH3alii HadTOHAIMBHOTO TaHKepa OyJ0 BHUKOHAHO
aHaJi3 CIOCO0IB TMOJIMIIEHHS MPOIeCy I1HepTU3allii Ta BIOCKOHAJCHUM METO]I
110/1a41 IHEPTHOI'O Ta3y BCEPEANHY BaHTAXHUX TaHKIB. Lle B ocTaTOUHOMY MMIJICYMKY
IPU3BOJIUTH JO E€KOHOMIl MaJWBHHUX PECYpCiB 3a PaxXyHOK CKOPOUEHHS Yacy

1HepTHU3allli, 3MEHILIEHHI [Iep10/1y NPOCTOIO CY/IHA, 301IbIIEHH] BAHTaXX0001ry, 110 B



CYKyIHOCTI TPHU3BOIUTH 10 IABHUINCHHS EKOHOMIYHOT €(EeKTHBHOCTI poOOTH
CyJlHa.

Ha migcraBi pe3ynbpTaTiB aHaizy OyJio BCTAHOBJIEHO, IO JJI BUPILICHHS
po0IeMHu IPUCKOPEHHSI 1HEPTU3AIlli BAHTAXKHUX TaHKIB HA()TOHATMBHOTO TaHKEpa
HEOOXITHO BU3HAYMUTH SKMM YUHOM PO3MOJUISETHCS KOHIEHTpAIlis KUCHIO B iX
npoctopi. Takuid po3moAll B 3aJI€KHOCTI Bl Yacy I1HEPTH3Alll MOCTIMHO
3MIHIOETBCA 1 HampsIMy BU3HAUAETHCS XapaKTEPOM BBEJIEHHS 1HEPTHOTO razy Ta
3HAYEHHSIM PO3MOJIIy TUCKY TI0 BUCOTI BAHTaKHOTO TaHKA.

OOrpyHTOBaHO OCHOBHMI HANpAMOK JHCEpTAIliifHOrO AoCiiKeHHs. Bin
MoJIsSITa€ 'y TMOJIIIIEHH] MPOIECy 1HepTHU3allii BaHTAXKHUX TAHKIB Ha(TOHATMBHUX
TaHKEPIB 3a paxyHOK BIOCKOHAJICHHS MOJadi iHEPTHOTO Ta3y, IO MPHU3BEIE 0
CKOpPOYEHHS TEepiojly Yacy NOTPIOHOTO HJisi 3HIKEHHS KOHIIHTpAIlli KHCHIO
BCEpEANHI BAHTAXXKHUX TAHKIB.

OO0’eKTOM JOCHIDKEHHS € Mpouec 1HepTH3alli BaHTaXKHUX TaHKIB
Ha()TOHATMBHOTO TaHKEpPA 3a PaxyHOK BHUKOPUCTAHHSA BJOCKOHAJIEHOI MMOaayl
1HEPTHOI'O rasy.

[IpeameToM AOCHIDKEHHS € CHUCTEMa I1HEPTHUX Ta3iB Ha(TOHAIMBHOTO
TaHKepa.

JIi BCIX cTafiil HAyKOBHX TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JOCTIIKEHb
po3pobisieHa MeToAuKa iX HpoBeAeHHS. ['0JOBHMMM eJeMeHTaMH pPo3poOIeHOT
TEXHOJIOTIYHOT KapTH [OCHIPKEHb €: HAyKOBI 3aBAaHHS, 3arajJlbHUM Mepeiik
OUIKyBaHHX HAYKOBHMX pPe3yJbTaTiB; HayKOBa 3HAYYIIICTh; HAYKOBE MOJOKEHHS;
pPaKTUYHA IIHHICTh OTPUMAHUX HAYKOBUX PE3YJIbTaTIB.

JI71st KO’)KHOTO CPOpMYJILOBAHOTO HAYKOBOTO 3aBJaHHsI Oyju OOIpyHTOBaH1
HEOOX1THI METOI OTo BUpIeHHs. J{J1s eKcriepuMeHTaIbHUX JOCIIIKEHb OKPEMO
po3pobIieHa METO/IMKa 1X MPOBEJAeHHS 1 cHOPMYIbOBaHI MOAAIBIIN TE€3U MO0 il
BUKOPHCTAHHSI.

3 METOI MOJANBIIOrO MPOBEACHHS MUCEPTAIIMHUX OCHIKEHb OyiH
chopMyIbOBaHI: MeTa; MEPeIiK TOJOBHUX HAYKOBUX TIMOTE3 Ta TOJOBHE 3aBJIaHHS

JOCTIKEHb, SIKE TMOJIATa€ y TMiJBULICHHI EKOHOMIYHOI e(eKTHBHOCTI poOOTH



Ha(TOHAIMBHUX TAHKEPIB HUISIXOM IMOJIIILIEHHS IPOLECIB B CUCTEMI M'€HEPYBaHHS
1 mojayi iHepTHOro ra3y. Ilim wac mnpoBeneHHS IOCHIKEHb O0O0poOKa BCIX
OTPMMAaHHUX PE3yJbTATIB PO3PAXyHKIB Ta BHUMIPIOBaHb 3JIHCHIOBAIACH 3a
JIOTIOMOTOI0 CYyYaCHUX KOMIT IOTEPHUX MpOorpaM 1 3 BHUKOPUCTAHHSIM METO/IIB
MaTEMaTUYHOI CTATUCTHUKHU.

[lepenik TOMOMIXKHUX 3aBJIaHb JTOCI1HKEHD MIAMOPSIKOBYE A0 ce0e HACTYIIHI
TPH 3aBJIaHHS:

- copMyJIIOBaTH OCHOBHI MOKAa3HUKU MPOILECY 1HEpTHU3alli Ta BU3HAUUTH
MEXaHI3M 1 OCHOBHI IapaMeTpH, IO J03BOJIAIOTH CKOPOTUTH Yac 1HEpTHU3auii
BaHTOXHUX TaHKIB 0€3 3MiHU CUCTEMH BUPOOJICHHS IHEPTHUX ra3iB 1 MaricTpaJbHUX
JIHIN 1X mogaui;

- BCTAHOBUTH [iama30H 3MIHU 3arajllbHUX poOOYMX XapaKTEPUCTUK
pO3pO0JICHOrO  MOJIMIIEHOr0  MPOIeCy  IHepTHU3alii  BaHTAXHUX  TAHKIB
Ha(TOHAIMBHOTO TaHKEPA;

- PO3pOOHUTH TPAKTUYHY METOJUKY OIlIHIOBAHHS KOHIICHTpAIlli KHCHIO B
BAaHTAKHUX TAHKaX HAQPTOHAJIIMBHHUX TAHKEPIB MPU POOOTI CUCTEMH iX 1HEPTHU3ALII].

Jlis nucepTamiiHux JOCHIKeHb O0ylio chOpMyIhOBAaHO OCHOBHE HAayKOBE
MOJIOKEHHSI, SIKE MOJISITa€ B TOMY, IO MiJABUIICHHS €KOHOMIYHOI €(EeKTUBHOCTI
po6oTH HATOHATMBHUX TAHKEPIB TOCITAETHCS MOMIMIIEHHSIM MPOIeCy 1HepTU3arii
iX BaHT@XHUX TaHKIB 3a PaxyHOK BJIOCKOHAJEHOI MOJayi 1HEPTHOrO rasy, IO
3a0e3rneuye 3HAYHE CKOPOUCHHS 4Yacy MOTPIOHOrO i MiATOTOBKU CyAHAa 0
npuiioMy HOBOTO Ha(TOBOTO BaHTaxy. [IprBeeHnii MOBHUI OMUC BUPIIICHHS BCiX
c(hopMyJIbOBAaHUX €TaIiB BUPIIICHHS IOJIOBHOTO 3aBAaHHS AOCHIKEeHb. Jlo Takux
€TariB BIJIHECEHO: TEOPETHUYHMI CIOCIO BUPIIMICHHS HA MiACTaBl aHAJIITUYHOTO
METO/Iy TOPIBHSILHOT OIIIHKW; BUKOPUCTAHHS TEOPIi CTPYMEHIB JIJIsl MOJACIIOBAHHS
pyXy; CTaTUCTUYHA TEOPIs JJI1 OOUUCICHHS 3MIH BEJIMYMHU KOHIICHTpALlli KUCHIO
BCEpeNrHl BaHTAKHOTO TaHKa HA(TOHATMBHOTO TaHKEpa; TEOpis OJAMHHULD
BUMIPIOBaHb JIJIsl OTPUMAaHHS 3arajbHUX KOMIUIEKCIB LI0J/I0 MPOIIECIB PyXy ra3oBoi
CyMIIII1 MOBITPSI 3 IHEPTHUM Ta30M; YHCEJIbHE MOJICIIFOBAHHS MTPOLIECIB CTAHIAPTHOI

Ta TOJIIMIIEHOT IHEPTU3aIlid BAHTAKHUX TaHKIB HAQTOHAMBHOTO TaHKEPA.



B ocHOBHOMY 00cCs31 nucepTaniiHoOi poOOTH MPUBEIECHO OMKC BiATBOPEHHS
mporecy iHepTu3alii BaHT@KHUX TaHKIB Ha Ha(TOHAJMBHUX TaHKEpax.
Po3rnsHyTHii mnpouec BIOCKOHAJEHOI MOJadl 1HEPTHOrO Ta3y BCEPEAUHY
BAaHTAXHOTO TaHKA. TEOPETUYHUM IILJISIXOM Ha OCHOBI pO3pOOJIEHOT MATEMAaTHYHOT
MOAEN JOCHIDKeHa 3MiHa 3arajlbHUX T[OKa3HUKIB 1HEpTU3allli TaHKepa.
BcranoBiieHo, 110 BIOCKOHAJIEHA [10[a4a IHEPTHOr'O ra3y CyTTEBO IMIJIBHUILYE AKICHI
MOKA3HUKW TPOIECY OCKUIBKK I JOBUIBHOTO PO3MIPY BAHTAKHOTO TaHKA
Ha()TOHAIMBHOTO TaHKEpa MPU YCIX IJEHTUYHUX YMOBaxX pO3pPaxyHKOBHM wyac
npolecy 1HepTU3alli 3MEHIIyeTbcs Ha 62 %; po3MoAlUl KHUCHIO MO BHCOTI
BaHT)XHOTO TaHKA HE € OJHOPITHUM OCKIJILKH BiH 3MIHIOEThCS B Mekax Bifg 0,43 10
1,14 % 1 3aneXuTh BiJl BUCOTH HAIIOBHEHHS IHEPTHUM Ira30M MPOCTOPY BAaHTAXKHOTO
TaHKa.

B ocHOBHIM wyacTuWHI JucepTaiiiHoi pPOOOTH HaBeIEHI pe3yJbTaTh
EKCIIEpUMEHTAJIbHUX JOCHiKeHb. Ha iX mijgcTaBl 3 cepeaHbOKBAaJPAaTUUHOIO
noXuOKO MeHIe HiX 2,5 % BCTaHOBJIEHO, IO CKOPOYEHHS 4Yacy iHepTH3alli
TaHKEpa 3a paxyHOK NEpexoay BiJA CTaHAApTHOI 0 BAOCKOHAJICHOI Mojadi
1HEepTHOTO razy Moxke nepepuinyBatu 50 %.

JUJis moMNiMNIIeHHsT Mpolecy 1HepTHU3alii TaHKepa po3podJieHa Ta JEeTaJbHO
oTrcaHa CXeMa pO3TallyBaHHS BUMIPIOBAILHUX CTBOPIB Ta COIUIOBUX HACAJOK JIJIS
BJIOCKOHAJICHOI TOJla4yi 1HEPTHOTO ra3y BCEpPEeIMHY BaHTaXHOro TaHka. (Cxema
CKJIaJIcHa 3 ypaxyBaHHSIM OCOOJIMBOCTEH Ta TOJOBHHX XapaKTEPUCTUK MPOIECY
1HepTH3auli, 1o 0yJin OTpUMaHI MijJ Yac IPOBEIECHHS TOCIIIKEHb.

B po6oti Bu3HaueHa NpakTUYHA MIHHICTh OTPUMAHUX PE3yJIbTaTiB, SKa
MOJISITAa€ B HACTYITHOMY: BJOCKOHAJ€HA CXeMa I0Jlayul IHepTHOTO a3y B BaHTaXHI1
TaHKH Ha(TOHAIMBHOTO TaHKepa, sKa He Tmepeadadae 3MiHY OCHOBHHX
KOHCTPYKTHUBHUX €JEMEHTIB CYJHOBOI CHUCTEMHU IHEPTHUX Ta3iB, BJIOCKOHAJECHA
TEXHOJIOTIA 1HEpTHU3allli BAaHTAXKHUX TAaHKIB, SIKa JIO3BOJISIE CKOPOYYBAaTH Yac
nporecy iHepTu3amii Ha BenmuauHy 50 %, BAOCKOHAJICHA METOJMKA BUMIPIOBAHHS
3MIHM KOHIIEHTpallli KUCHIO B XOJil Mpoliecy iHepTu3auii. Ha miacraBi oTpuManux

3aJIeKHOCTEM y 4Yacl MIBHUIAKOCTI 3MIHM KOHLEHTpalli KUCHIO Ta TeMIlepaTypu



CyMmillll TOBITPS 3 I1HEPTHUM Ta30M MOJKJIMBE BIPOBAKEHHS MPAKTUYHHX
peKoMeHaIllli B poOOTYy CyAHOIUIABHUX KOMIIaHIM, CyJHOOYIIBHMX Ta PEMOHTHHUX
iJOpUEMCTB T 4ac noOyaoBu abo MojepHi3alli HaQTOHAJTUBHUX TaHKEPIB; B
HABYAJIHLHO-OCBITHIM MPOIIEC IS TABUIIEHHS KBaTi(iKallii CyTHOBUX MEXAHIKIB.

VYci pe3ynbTaTd BUKOHAHMX HAYyKOBUX JIOCHIIKEHb, a TAKOX PO3POOJIeHI
METOJMKM 1 NPOrpaMH pO3paxyHKIB BIPOBAUKEHI B HaBUYaJIbHUU MpoLEC
Hamionansuoro yHiBepcuteTy «Opecbka MOpCbKa akaaemis». Biockonaiiena
cUCTeMa MoJayl 1HepTHOro rasy BIpoOBapkeHa Ha TaHkepax «Cape Dawson» Ta
«PS Houstony». 3acTocyBaHHS BIIOCKOHAJIEHOI 110/1aul 1HEPTHOTO ra3y MPU3BEJIO /10
CKOpOYEeHH# Yacy iHepTu3auii TankepiB Ha 51.9 % Tta Ha 50.4 %. BropoBamxkenus
M1TBEPPKEHO BIAMOBITHUMH aKTAMH.

KarouoBi caoBa: nHadTOHANMBHUN TaHKEp, CHUCTEMa IHEPTHUX Ta3iB,
BaHTAXHUN TaHK, 1HEPTHUN ra3, 1HepTU3allisg, KOHIICHTpAIlisl KHCHIO,
BHUMIPIOBaJIbHUI CTBOP, HACAJKa JUIsl 10J1ayl IHEPTHUX ra3iB, HOJIIMIIEHHS IPOLECY

1HepTHU3allii.

ANNOTATION

Brazhnik 1.D. - Improvement of Processes in Inert Gas System on Tankers
During the Oil Shipment. - Qualifying scientific work as manuscript.
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The dissertation research is dedicated to the solution of a scientific and applied

problem - reduction of the period of time required for inertization (reduction of



oxygen concentration inside of cargo tanks) of oil tankers by flue (inert) gases.
According to the SOLAS International Convention and the International Safety
Guide for Oil Tankers and Terminals, each tanker, with a deadweight of 8,000 tons
and above, must use an inert gas system when transporting oil and oil products, inert
gas system provides support for fire-safe and explosion-safe microatmosphere in
cargo tanks by reducing the concentration of oxygen inside of them to a value not
exceeding 8,0 %.

The main motivation of the scientific work is the existing demand of practice
- the need to improve the economic efficiency of the oil tanker.

To solve the scientific and technical problem associated with the acceleration
of the inertization process of an oil tanker, an analysis of ways to improve the
inertization process and an improved method of supplying inert gas into cargo tanks
were performed. This ultimately leads to savings in fuel resources by reducing the
period of time required for inertization, reducing the downtime of the vessel,
increasing cargo turnover, all of these together lead to increased economic efficiency
of the vessel.

Based on the results of the analysis, it was found that for solving the problem
of accelerating of the inertization of cargo tanks of an oil tanker, it is necessary to
determine how the oxygen concentration is distributed inside of the cargo tanks. This
distribution is constantly changing depending on the inertization time and it is
directly determined by the nature of the introduction of inert gas into the cargo tank
and the value of the pressure distribution along the height of the cargo tank.

The main direction of the dissertation research was substantiated. It is the
improving of the process of inertization of cargo tanks of oil tankers by upgrating of
the inert gas supply to cargo tanks, which should lead to the reducing of the period
of time required for the reduction of the oxygen concentration inside the cargo tanks.

The object of research is the process of inertization of cargo tanks of an oil
tanker with the use of upgrated inert gas supply.

The subject of research is the inert gas system of an oil tanker.



For all stages of scientific theoretical and experimental research has been
developed a methodology for their implementation. The main elements of the
developed research flow chart are as follows: scientific tasks, a general list of
expected research results; scientific significance; scientific point; the practical value
of the research results obtained.

For each formulated scientific problem were substantiated necessary methods
for its solution. For experimental studies was developed a separate methodology for
their implementation.

For continuation of thesis researches were formulated a purpose and made a
list of the main scientific hypotheses, as well as the main goal of research work,
which goal is to increase the economic efficiency of oil tankers by improving the
processes in the inert gas system. During the research was carried out the processing
of all the results of calculations and measurements by using modern computer
programs and methods of mathematical statistics.

The list of auxiliary research tasks includes the following three tasks:

- to formulate the main indicators of the inertization process and determine
the mechanism and basic parameters that reduce the inertization time of cargo tanks
without changing the system of inert gases and main supply lines;

- to establish the range of change of the general working characteristics of the
developed improved process of inertization of cargo tanks of the oil tanker;

- to develop a practical method for the controlling of oxygen concentration in
cargo tanks of oil tankers during the inert gas system operation.

For dissertation research, the main scientific point was formulated - the
increasing of the economic efficiency of oil tankers is achieved by improving the
inertization of their cargo tanks through upgrated inert gas supply, which
significantly reduces the time required to prepare the ship for new oil cargo. There
was presented a complete description of the solution of all formulated stages for
solving the main research problem. These stages include theoretical solution based
on the analytical method of comparative assessment; applying the jet theory to model

the motion; using statistical theory for calculating changes in oxygen concentration



values inside a tanker cargo spaces; the theory of the movement of a gas mixture of
air with inert gases; numerical modeling of standard and improved inertization
processes of oil tanker cargo tanks.

In the main part of the scientific work was given a description of the
reproduction of the inertization process of cargo tanks of oil tankers. It was
researched the process of upgrated inert gas supply into the cargo tank. In a
theoretical way, based on developed mathematical model was researched the change
in the general indicators of a tanker’s inertization. It was found that forced inert gas
supply increases significantly the quality indicators of the process, as under all
identical conditions the estimated time of inertization process is reduced by 62% for
any size of the cargo tank; the distribution of oxygen along the height of the cargo
tank is not uniform, since it varies in the range from 0.43 up to 1.14%, and depends
on the height of the filling of the space of cargo tank with inert gas.

The main part of the scientific work presents the results of experimental
research. On their basis, with a root-mean-square error of less than 2,5 % it was
found, that the reduction in the tanker’s inertization period can exceed to 50% due
to the transition from standard to upgrated inert gas supply.

To improve the inertization process on tankers has been designed and
described in detail a scheme for the location of measuring gates and nozzle heads
for upgrated inert gas supply to the cargo tank. The scheme was developed by taking
into consideration the features and main parameters of inertization process obtained
during the research.

The practical value of the obtained results is marked out in the scientific work
which consists in the following: improved scheme of inert gas supply to cargo tanks
of an oil tanker, which does not involve changing the main structural elements of the
ship's inert gas system, improved technology of inertization of cargo tanks, which
reduces the period of time of the inertization process by 50%, improved method of
oxygen concentration measuring during the inertization process. Based on the
obtained time dependences of the rate of change in oxygen concentration and

temperature of a mixture of air with inert gases, it is possible to implement



recommendations into the practical work of shipping companies, including
shipbuilding companies and shipyards when building or modernizing oil tankers and
to introduce it into educational process at ship’s engineers’ extension courses.

All the results of the performed scientific research, as well as developed
methods and calculation programs were introduced into the educational process of
the National University «Odessa Maritime Academy». The developed systems of
upgrated inert gas supply were implemented on mt «Cape Dawson» and mt «PS
Houston». The use of upgrated inert gas supply resulted in savings of a 51,9 % and
50,4 % of tankers’ inertization periods of time. These implementations have been
confirmed by relevant acts.

Key words: oil tanker, inert gas system, cargo tank, inert gas, inertization,
oxygen concentration, measuring gate, nozzle for inert gas supply, improvement of

the inertization process.
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