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(TekcT cTatby Ha aHi. 93. —

English text of the article — p. 46)

Pa3paboTaHbl KOMIMTOHOBOYHBIE CXEMbI

U BbIMOJIHEHbI PACYETHO-TEOPETUYECKNE OLLEHKN
AnNana3oHOB 3KCITyaTaLMOHHbIX NMapaMeTpoB
BO/AHbIX U BO3AYLUHbIX (Aupwabneri) cynos

¢ BuxpeBbivu asmxutenamu. lNMpeacrasneHo
KOMIJIEKCHOE COMOCTaB/IeHNe XapaKTepucTukK
TaKux CyfA0B U CYAOB TeX Xe KJ1acCoB
TPaAULMOHHON pa3aesibHOV KOMIMOHOBKU
«KOpryc—ABWXuUTesb». [lokazaHa BO3MOXHOCTb
cxeMbl Ha OCHOBE rpyrinbl OA4HOTUIMHBIX MOAYei
B BUZle HaABOAHbIX CYAOB C ABYMSl reHepaTropamMmu
BUXPEeBbIX Nap ceMericTBa naaBcpescTB
NPUHLNNNAaIbLHO HOBOIo TUMNa — CaMOA0CTaTO4YHbIX
MHoOrouesieBbiX KOMIJIEKCOB C MPaKTUYeCKu
HeorpaHu4eHHbIM CPOKOM aBTOHOMHOIO
GDYHKLUMOHUPOBAHUS B IPON3BOJIbHOM
He3amepa3aloLeii akBatopumn MupoBoro okeaHa.
YcraHoBsieHO, 4TO Mo BCeM napamMeTpamM, Kpome
CKOpOCTU, cyAa C BUXPEBbIMU ABVXNTENIAMN
oGnagaroT npenmyLyecTBamim rnepes CBouMMmn
KOHKYpeHTaMu.

Knto4yeBsie croBa: BUXpeBble ABVXNTesIN, BOAHble
n Bo3ayxoriiaBatesibHble cyaa, HaaBoaHoe
CyAHO, noaBoAHoe (TopouaaabHOeE) CyAHO,

maccorabapuTHbIe XapakTepPUCTUKN, CXEMb]
KOMIMOHOBKW, 3KCryataLnoHHbIe rapameTpsbl.

® MWP TPAHCIOPTA, Tom 16,

HAYKA 1 TEXHWKA

KOMNOHOBOYHbIE CXeMbl BOAHbIX
N BO34YLUHbLIX CyA0OB C BUXpPEeBbiIMU
ABXUTENAMU

Ocmpoyxoé Huxoaaii Huxoaaeeuu — xandudam
DusUKO-MamemMamu4eckux HayK, Cmapuiuil Hay4Hbli
compyoHuK, douenm Kaghedpvl meopemu4eckoul
anekmpomexnuru Mocko8ckoeo asuayuoHHo20
uHcmumyma (HayUOHANbHbLI UCCIe008AMENbCKULL
yHugepcumem) (MAH), Mockea, Poccus.

Yymakoea Examepuna Bumaaveena — kanoudam
usuKo-mamemamuueckux Hayx, doyenm Kageopol
Komnsromeproi mamemamuku MAHU, Mockea,
Poccus.

[1—5] onucanbl mpuHLKANIUATBHBIE

KOMTIOHOBOYHBIE CXEMBI BOAHBIX

U BO3IYIIHBIX CYJIOB C BUXPEBBIMU
JIBUKUTENSIMU, TUAPOIMHAMUKA BUXPEBOU
napbl U CIOCOObI €€ TeHepaluu, MPUHIKI
WCTIOIb30BaHUSI TEHEPATOPOB BUXPEBBIX MMap
B KQUeCTBE CYHOBBIX IBVXKUTENEH TTPU OTHO-
BPEMEHHOM 00eCTIeYeHUN MU TLJIaByYeCTH
BCETO Cy/Ha.

OCHOBHBIE TTPEUMYIIIECTBA CY/IOB C BUXPE-
BBIMU JBUKUTEISIMU OOYCTOBJIEHBI OTCYT-
CTBUEM JIOOOBOTO COTIPOTUBJICHUS Y TBUXKY-
meiicss B CIUTOITHOM cpeme (BOAe, BO3MyXe)
BUXPEBOI Mapbl, BOOBEME KOTOPOI HAXOISIT-
Csl THULIMUPYIOIINE €€ TeHepaTophl, a B He-
KOTOpBIX cinydasx [4] u camo cynHo. OTcyT-
CTBUE JIOOOBOTO COMPOTUBJIEHUSI OOBSICHSIET
Ype3BBIYAITHO MaTYI0 MOIIIHOCTb, HEOOXOIM -
MYIO JJISI IBUKEHUS CYJAO0B C BUXPEBBIMU
JBIDKUATEISIMUA B YCTAHOBUBIIEMCST PEKUME.

CpaBHEHME XK€ CyJ0B C BUXPEBBIMU JIBU-
SKUATEJISIMU € CyIaMU TPATUIIMOHHON KOMIIO-
HOBKH TI0 IPYTMM IMapamMeTpaM, He CBA3aH-
HBIM C DHEProTnoTpeOIeHUEM, Yalle BCEro
MPOOIEeMaTUIHO U3-3a HECOTIOCTABUMOCTHU UX
KOHCTPYKTUBHBIX OCOOEHHOCTEI.

IpencraBmsiercs, 4To 1ist CoAePKaTETbHON
OLIEHKU TTPEUMYIIECTB PA3IMUHbBIX CXEM ClIe-

.40-49 (2018)
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Ta0imuna 1

CpaBHHUTe/IbHbIE XapPAKTEPUCTHKH TAHKEPOB

CynHo Bonousmetenue, TaGapurt, m? CkopocTb, | MoiHocTh, KBT
ONE! KM/ Ycran. | Manésp.

Hedrenanmusroit tankep | 657018 458 x 68, 21,1 36775 | 36775
«Knock Nevis» [6] ocajika ¢ TOJTHOM 3arpy3Koit

24 M
TaHKep Ha OCHOBE 630000 760 x 150, 33 6 5600
MOJyJIeii C BUXPEBBIMU ocajiKa ¢ TIOJIHOM 3arpy3Koi
JIBUKUTENISIMU 20 M

760
100 90

Puc. 1. Cxema KOMIMOHOBKU

© 0

HaJIMBHOI O TaHKepa,
06pa30BaHHOIo YeTbIPbMS
,,,,,,,, CeKLMsIMN Ha OCHOBE IByX

JIET COITOCTAaBJISITh HE OTAE/IbHbIC [TApAMETPhI,
a MaKCUMaJIbHO TMOJTHYIO COBOKYITHOCTb 3KC-
IUTyaTallMOHHBIX M KOHCTPYKTHUBHbBIX XapaKTe-
PUCTUK CYJI0B, OJIM3KHX [0 HEKOTOPHIM UHTE-
TpaJIbHBIM TTapaMeTpaM, HalpuMep, TI0 BOIO-
M3MEIICHUIO MM Ha3HAYECHMIO.

Llenp HaIIa COOTBETCTBEHHO W COCTOSIIA
B TaKOM COIIOCTaBJICHUHU COBOKYITHOCTEM 9KC-
TUTyaTallMOHHBIX M1 MACCOTa0apUTHBIX XapaK-
TEPUCTUK BOTHBIX M BO3MYIIHBIX (IUPUKAO-
Jieit) cynoB TpaAUMLMOHHON pa3nenbHON
KOMITOHOBKU «KOPITYC—IBMXUTENIb» U CYIOB
C BUXPEBBIMM IBVKUTEIISIMU, ITPUHITATTAAITb-
HBIe CXeMbI KOTOPBIX JaHbI B [2].

Kpowme Toro, B pabote 000CHOBBIBAIOTCS
BO3MOXHOCTHU peajiu3aluy Ha 0a3e ompeje-
néHHoro KoaunuecTna (10—50 mTyk) aBTOHOM-
HbBIX HAIBOAHBIX CYIOB C BUXPEBbIMU ABUXKM -
TeJIIMU MU TUTABCPEACTBA MPUHIUITUATBHO
HOBOTO KJIacca — MYJIBTUMOYJTbHOTO U MHO-
rolLIeJIeBOTO, CITOCOOHOI0 00eCIIeYnBaTh 111 -
TesbHOE (TOx M Oosee) (YHKIIMOHMPOBAHUE
B MUpOBOM OKeaHe.

1. HajpBoaHble cyaa 00.1bI110r0 U CBEPX00.Ib-
HIOr0 BOJIOU3MEIEHHUS

KpynHelmuMy HagBOOTHBIMU CyZaMu
B HAcToOslIee BPeMsl SIBISIIOTCSI HaJMBHbIE
TaHKepbl M aBUaHOCIIbl. HKe rpencraBieHb!
MPUHLIMIIMATIBHBIE CXEMBI CYIOB C BUXPEBBIMU
JBVKUTEIISIMU TIOTOOHOTO Ha3HAYEHUST U TTPO-
BeJEeHO CpaBHEHME HEKOTOPBIX MX OKCILTyaTa-
IIMOHHBIX XapaKTePUCTUK C MapamMeTpaMmu
CYIOB TPAIUIIMOHHON KOMITOHOBKH.

® MWP TPAHCIOPTA, Tom 16, N2 5, C. 4049 (2018)

e nap reHepaTopoB BUXPEBbIX
nap (pasmepbl B METPax).

1.1. Haauenvte mankepui

B 1976 roay B SImoHMM TTOCTPOEH U 3KC-
rutyatupoBacs 10 2010 rona HeTeHaTMBHO
taHkep «Knock Nevis» BogousmelieHueM
657018 ToHH (neaBeiT — 564763 TOoHH), Taba-
PUTBI KOTOpOro 458x68 M2 ipu ocazke (¢ moJ-
HOI 3arpy3Kkoii) 24 m.

[MpuHIMIIMaTbHAs cXeMa TaHKepa Ou3-
KOTO BOJIOM3MEIIEHUS C BUXPEBBIMU JIBUXKM -
TeJISIMU TIpecTaBieHa Ha puc. 1. Ero ocHoBoi
SIBJISIIOTCSI YEThIpe MACHTUYHBIE CEKIIUHU,
Kaxknast 13 KOTOPbIX UMeeT JABE Mapbl TeHepa-
TOPOB BUXPEBBIX T1ap, BBHIITOJIHEHHBIX B BUJIE
ITyCTOTEJIBIX IMJIMHIPUIECKUX POTOPOB Ara-
meTpoM 50 M 1 BbICOTO 22 M.

ITpu ocanxe 20 M Bomor3MelleHE TAKOTO
Cy/JHa COCTaBJISIET:

V =1672r’h=630s10" v3TH.

MezxoceBoe paccTosiTHie POTOPOB (TIoTIe-
pék cynHa) — 80 M, MeXay Tapoil poTopoB
BIOJIb cynHa — 90 M, MeX Ty MTapaMu POTOPOB
coceqHmx cexumii — 100 M. [abapuTsl cyaHa:
IuHA (MEXIy Hapy>XKHBIMU 00pa3yionuMu
MepBOrO U BOCBMOTO poTopaMu) — 760 M,
mupuHa — 150 M.

ManeBpupOBaHUE CYIOB C BUXPEBBIMU
JIBVDKUATEIISIMU PEATU3YETCsT OCTATOYHO TTPO-
CTO, OTHAKO OHO CYIIIECTBEHHO 9HEPro3arpar-
Hee 10 CPAaBHEHWIO CO IITATHBIM PEXUMOM
yuxkumronuposanwusi [2]. {1 mpuBoma poto-
pa (c 6J10KOM BBIIBUKHBIX MAHEBPOBBIX JIO-
MaTOK) MCTIOJIb3YeTCSI IBUTATEh OOJbIIICH
MOIITHOCTU — TIPUBOJIHON MAaHEBPOBHIN IBU-

OcTtpoyxoe H. H., Yymakoea E. B. KOMNMOHOBO4YHbIE CXEMbl BOAHBIX N BO3AYLUHbIX CYA0B C BUXPEBBIMU
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Ta6smna 2
CpaBHHUTe/IbHbIE XaPAKTEPUCTHKHN ABUAHOCHBIX MIAT(HOPM
CynHo Bonousmenienue, laGaput, m*> | Ckopoctb, | MormrHocTs, KBT
(Lo KM/ YcraH. Manésp.
Asuanocusl kiacca «Nimitz» | 100000 330x75 56 194000 194000
[7, 8]
ABHaHOCHas raThopma Ha 315000 600x150 33 2,5 3200
OCHOBE MOJIyJIeli C BUXPEBBIMU
TBUKUTENISIMUA

raTeib, P IBDKCHUM B YCTAHOBMBIIEMCS
pexXrMe 00eCcTICUMBAOIINT BHYTPEHHHE T10-
TPeOHOCTH, B YaCTHOCTH (DYHKIIMOHUPOBaHIE
BHYTPEHHETO 000PYIOBaHMS CYTHA.

1.2. Asuanocnvie naamgopmot

BaxHeiieit xapakTepMCTUKOM aBUaHOC-
HOTO CyIHa SIBJIICTCS pa3Mep B3JIETHO-TIOCA-
nmouHoit manyosr (BIIIT). ¥ coBpeMeHHBIX
kpynHeiiux aBuaHocueB BITIT nmeer mio-
wanb nopsiaka 330x75 mM? (ipu Bogou3Mele-
Hun okoJjio 100 TeIiC. TOHH) [7, 8], YTO AUKTY-
€T HEOOXOIMMOCTh MCIIOIb30BaHUSI BeChbMa
CJIOXKHBIX CTapTOBBIX KaTaITyJIBT M TTOCAI0Y-
HBIX TOPMO3HBIX CHCTEM.

Cyma BUXpeBOIi CXeMBbI ITO3BOJISTIOT CpaB-
HUTEJBHO TTpocTo obectieunth BITI 3Haum-
TEJABHO OOJBIIMX pa3MepoOB, HAIIpUMED,
600x150 m2.

s KpaTKOCTH OILIeHKa ITapaMeTPOB BbI-
ITOJTHEHA TSI CYIHA, TIOTO0OHOTO PACCMOTPEH-
HOMY B MIPEIbIAYIIEM ITYHKTE, HO C BBICOTOM
poTopoB 12 M Tpy HOMUHAILHOM ocanke 10 M,
TO €CTh BOIOM3MEIIICHUEM B TPU pa3a 00JIb-
mwuM (315 Teic. TOHH). [1pu coxpaHeHNH XO-
JIIOBBIX KAa4eCTB MPEIBIAYIIETO TUIIA CYI0B
moTpebisseMasi MOITHOCTh OKa3bIBaeTCs
MCHBIIIE BCICICTBUEC YMCHBIIIEHUSI BBICOTHI
pPOTOPOB.

[IpencraBieHHBIEC OLIEHKN CBUIETEIIHCTBY -
0T, ITOMMMO IIPOYETO, O TOM, YTO HAaTBOIHBIC
cyla ¢ BUXPEBBIMU IBIDKUTCIISIMA HE UMEIOT
MIPUHIIMITNATBHBIX OTPAaHUYCHUI Ha Macco-
rabapuTHBIC XapaKTePUCTUKU, CYIIECTBYIO-
LK€ TSI CYyA0B TPAAUIIMOHHON KOMIIOHOBKH
TOTO XX¢ Ha3HAYCHMUSI.

JleficTBUTEIbHO, BapUaHT KOMIIOHOBKH
TaHKepa (puc. 1) BITOTHE JOMyCcKaeT yBeIMIe-
HHE BOIOM3MEIICHNS KaK IPOCTEHMIITNM Ha-
pammBaHNEM KOJMYECTBA CEKIIMU IO IIPO-
IOJIBHOM OCH, TaK U MapaJuIeIbHOU IIPUCThI-
KOBKOW BTOPO U CJIEAYIOLIMX TPYIII CEKIIUNA.
AHAJIOTUYHO MOXHO YBEJIMYUTH pa3Mephl
B3JIETHO-TTOCAIOYHON IT0JIOCHI aBUAHOCHOM
TIaT(OPMHEI.

® MUP TPAHCMOPTA, Tom 16, N2 5, C. 4049 (2018)

KpyrHble MHOTOCEKIIMOHHBIE Cy/a lielie-
€c000pa3HO KOMIIOHOBATh C BO3MOXHOCTBIO
CTBIKOBKH -PaCCTHIKOBKH CEKIINi aBTOHOMHBI-
MU TIPUBOIHBIMM JIBUTATEIISIMU TIPU XKECTKOM
WJIU IIAPHUPHOM COEIMHEHUU X HATBOJHBIX
yacTeid. PaccThIKOBKa CBEPXOOJIBIINX CYIOB
MOXET YITPOCTUTh UM MaHEBPUPOBAHUE U TTPO-
XOXJIEHUE OTPaHUYCHHBIX (DapBaTepoB.

1.3. Myasmumodyavnoe cyoHo-mparc-
dopmep

HeszaBucuMocTb XOTOBBIX Ka4eCTB CyIOB
C BUXPEBBIMU JIBVXKUTEIISIMU OT KOH(UTYpALIN
U rabapuTOB HAJCTPOMKM, 1IEJTMKOM PacIioya-
Traroleicst BHe BOJIbI, OTKPBIBAET BO3MOXHOCTD
pa3pabOTKU TPAHCIIOPTHBIX CPEJICTB, HE MMEIO-
IIUX aHAJIOTOB CPEeU CYIOB TPaIUIIMOHHOM
KOMITOHOBKHU. BapbupoBaHue KoHduryparmu
HAJICTPOWKM M KOMOMHAIIMM COUETAHMSI TPYITITBI
CYIIOB TI03BOJISIET CPABHUTEIILHO JIETKO TTOCTPO-
WTh TUIaBY4YMe CPEACTBA, TIPUTOIHBIC TS peliie-
HMSI pa3HOOOPA3HBIX TEXHUYECKUX 3a1ay Ha
BOITHOM MOBEPXHOCTH.

Ha puc. 2 mpeacTaBiaeHbl TIaH-CXeMbI
JIBYX BapMaHTOB MHOTOIIEJIEBBIX MYJbTHUMO-
JYJIBHBIX CYTOB-TPaHC(HOPMEPOB.

Ha puc. 2a mokazaHa cxeMa KOMITIOHOBKH
CYyIOB Ha OCHOBE CITeLIMaJTU3UPOBAHHOTO
LIEHTPAJIBHOTO MOJYJsST 1 GOJBIIOTO BOJO-
W3MEIICHUS U TPYIITBI MoayJeit (= 10 mTyK)
MEHBIIINX Pa3MepoB (CYITHO 2), BBHIITOIHSIO-
IIMX BCITOMOTaTeIbHBIC (DYHKIINY KaK OyIydn
COCTBIKOBAaHHBIMU C CYTHOM 1, TaK 1 B peXKU-
Me aBTOHOMHOTO (DYyHKIIMOHUPOBAHMUSI.

Ha puc. 26 pacrioyoxeHa TpyIina B3auMHO
aHAJIOTUYHBIX CYIOB, CIIOCOOHBIX (DYHKITHIO-
HMPOBATh KaK pa3IebHO, TAK U B KOMILIEKCE,
OyIyur COCTBIKOBAHHBIMU B €MHBII KOMII-
JIeKC, B JTAaHHOM ciiydae ¢ (popMUpoBaHUEM
TJIaBYYero CTapTOBOTO KOMILIEKCA.

HeobxonuMbIM 1 1OCTaTOYHBIM YCJIOBUEM
peanu3almm OMMCAaHHON CXeMbl MYJISTUMOTYJTb-
HOTO Cy/Ha-TpaHc(opMepa SBIISETCS] COOTBET-
CTBUE JIBYX KOHCTPYKTMBHO-3KCILTyaTAlIMOHHBIX
XapaKTEePUCTHK OTICTbHBIX MOTYJICH:

OcTtpoyxoB H. H., Yymakoea E. B. KOMNOHOBOYHbIE CXEeMbl BOAHbIX M BO3AYLIHbBIX CYA,0B C BUXPEBbIMU

ABnXxxntTenammn



Puc. 2. Cxembl peanusaunm
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¢ BO-TI€PBbIX, BCEC MOAYJIN, UCITOJIb3YEMbBIC
B PEXUME COeIMHEHHOTO KOMIUJIEKCA, 10K~
HbI UMETb BapUaHThI peaiu3alilui OAMHaKO-
BBbIX CKOpOCTeI7I JABVKEHUWA UX BUXPEBBIX I1ap,
T.C. IJIsA BCEX MOZ[YJIefI JOJIKEH UMETLCA pe-
3KMM TeHepaLuy BUXPEBOIi Mapbl, MPU KOTO-
POM coBITagarOT BEJIUYMNHBI
L4

2, 2xl,’

rne I, =27@w,a’ — mupKyisIms CKopocTH Bo-

Jbl HA TIOBEPXHOCTH TeHEpaLMK poTopa, 1, —
MEXKOCEBOE PACCTOSTHUE;

* BO-BTOPBIX, HAJICTPOMKM BCEX MOyt
(TasryOBI) TOJKHBI UMETh YCTPOMCTBA CLIeTIIe-
HUS 1 XECTKOTO WY MIAPHUPHOTO COeINHE-
HUS MOJYJel B €AUHbBII KOMILUIEKC C 001Iei
HaACTpoKKoi (ranyboii).

OnTuMaabHBIM BAPUAHTOM OT/IEILHOTO
MOMYJISI TIPEICTaBISIETCS CYJHO BOIOU3-
memeHneM 10—20 TBIC. TOHH C IBIXKUTEIEM
Ha OCHOBE T€HEPATOPOB ABYX BUXPEBBIX
map, T.¢. Y4eThIpEX POTOPOB AUAMETPOM
15—20 M ipu ocanke ~10 M. Dopma namyObl
(TuraTopMBI) TAKOTO CyIHA TIPEICTABISICT
co00if KBaJpaT coO CTOPOHOU MPUMEPHO
50 m.

B aBTOHOMHOM pexXnme Takue cyja MOTyT
BBITIOJTHSTH sl PYHKIIMI B MHTEPECaxX BCETO
KOMILIeKca:

* OCYIIECTBJISITh TPAHCTIOPTHYIO CBSI3b
KOMILIeKca ¢ OeperoBbIMM OazaMu;

* TIPOBOJIUTH Pa3BEAKY aKBaTOpUU (Ha-
TpUMep, PHIOOJIOBHYIO);

* y4acTBOBATh B JICVCTBUSIX, TPEOYIOIIUX
CUHXPOHHOCTU Ha 3HAYMTEJIbHOW aKBaTOPUU
(OOJTBIION TIIOIIANMN ).

® MWP TPAHCIOPTA, Tom 16, N2 5, C. 4049 (2018)

unaeun MynbTuMoAyJibHbIX CyaoB:
a — cxema c 4UeHTpasibHbiM 6a30BbIM
moaynem; 6 — npuHUMNuanbHas cxema
nnasy4ero ctTapToBOro KomMriyiekca.

Ha puc. 26 noka3zaHa NpuHUMITMAJIbHAS
cXeMa TUIaBy4Yero CTapTOBOTO KOMIIIEeKca
pakeT-HocuTesel, GopMupyeMoro u3 ogHoO-
TUITHBIX HAJBOJHBIX CYJIOB C OJHOW Mapou
reHepaTOPOB BUXPEN.

Ha noaroroBuTeIbHBIX ATanax OTAeIbHbIE
MOJYJIU KOMILJIEKCa MOTYT (DyHKIITMOHUPOBATh
B aBTOHOMHOM pexxume. st crapTta pakeTsl
OHM COCTBIKOBBIBAIOTCSI, 00pa3ysl 3aMKHYThIi
KOHTYP, BHyTPU KOTOPOTO OCTAETCST OTKPBITAST
BOJHAas MOBEpPXHOCTh. Ha ABYX MM 4eThIpéx
PacCITOJIOXKEHHBIX IPYT TPOTUB APYTa MOIYJISIX
MOHTHUPYETCSl KPOHILUTEHH-IepXkKaTeslb paKke-
ThI. [1pu cTapTe pakeThl €€ BHIXJIOMHAS CTPYS
BO3/IECIICTBYET MMEHHO Ha OTKPBITYIO TTOBEPX-
HOCTh BOJIBI, @ HE Ha CaMO CyIHO, KaK 3TO
MPOMCXOIUT B UCIMOJIb3YeMbIX HbIHE CXeMax
[9, 4].

2. IloaBoaHOE CYAHO C TeHEPATOPOM BUXPS
THIIA «T€PMHK»

[TogBonHbIE cyna ¢ BUXPEBBIMU IBUXU-
TEJSIMUA UMEIOT TPUHITUTTUATTBHO OTJIUYHYIO
OT TPaAUILIMOHHBIX CyIOB (hopMy Kopryca
B Buje Topa [4]. BHeurHsis1 o6010uKka TOpo-
UIAIBHOTO KOpITyca, yCTaHOBJICHHAS C BO3-
MOXHOCTBIO BpallleH!sI BOKPYT 00IIei ocu
TOpa, BEICTYIIAeT B POJIU ABKUTENs. B ycra-
HOBUBIIEMCST peXXrMe 000109Ka ABUKUTE-
JIsT, Bpalllasich, MOAAePXKMUBAET CYIIeCTBOBA-
HUE B cpefie (BoJe WM BO3IYXE) TOPOUIATb-
HOTO BUXPSI, KOTOPBIN CO3MaET B OKPYKar0-
mei cpeae crmennuduIeckoe TeUeHUE
C HETIPephIBHBIM pacrpeneieHueM CKOPOCTH
cpenbl. DTO COOTBETCTBYET MMOCTOSIHCTBY 110
pannycy 3aBUXPEHHOCTH IMOTOKA, TaK 4YTO BO
Bceil 00J1acTU TeUeHHUsI, B TOM YKCJIe Ha 10~
BEPXHOCTHU CyIHa, OTCYTCTBYIOT CKauyKu

OcTtpoyxoe H. H., Yymakoea E. B. KOMNMOHOBO4YHbIE CXEMbl BOAHBIX N BO3AYLUHbIX CYA0B C BUXPEBBIMU
ABUXUTENAMU



Tabamna 3

CpaBHHUTe/IbHbIE XaPAKTEPUCTHKHN ABUAHOCHBIX MIAT(HOPM

CynHo Bomousmerienue, ToHH | [abaput, m? CxopocTb, kM/4 | MotHoCcTh, KBT
YcraH. Manésp.
W3 23 monyneit 490000 650 x 300 33 6 4800
W3 36 monayieit 715000 800 x 300 33 8,9 7000
W3 56 monyeit 970000 950 x 450 33 12,9 9400
Tabsmna 4
CpaBHHTeJIbeIe XAPAKTEPUCTUKH NMOABOAHBIX CY/10B
CynHo Bonousmeuienue, | [lyouHa, m | CKOpocTh, KM/4 MouiHocTb, KBT
(Lo VeraH. Manésp.

TTonBoaHas ogka | 48000 500 46,3 73550 73550
«Akyna» [10]
TMonsonHoe cynHo | 49000 100 160 150 600
C TeHepaTopoM
BUXps TUTIA 300 280 400 1500
«TCPMUK»

500 360 650 2500

CKOPOCTHU, YTO OOYyCJIaBAMBAET OTCYTCTBUE
JIOOOBOI'O COINPOTUBJICHUS, CBSI3aHHOTO CO
CKOPOCTHBIM HaIrlopoM HaOeraoliero Imo-
TOKa.

IIpu aTOM BogOM3MElIEHUE TTOABOIHOTO
TOPOUAAIBHOIO Cy[IHA C PAIUYCOM 000JIOUKU
10 M ¥ paguycoM OCeBOM TUHUU 25 M:

V =272°r’ R= 4910’ TH,
rne R — pamnyc oceBoit TuHUYM Topa, r — pa-
JINYC 0OOJIOUKU.

Ha pasHoii riiyOuHe cymHO TaKoW KOH-
CTPYKIIMU MOXET pa3BUBaTh Pa3HyI0 MaKCH-
MaJIbHYI0 CKOPOCTh [1], KOTOpYIO MOXHO
OIIEHUTD, MCTIOJIb3YS CIICAYIOIIIEe BEIPAXKEHHE:

v =15J0,1L L
R

rae L — rmybuHa nmorpy>xeHus cyaHa.

3. ToponnabHbIiA TUPHMKAOIL

Cxema KOMITIOHOBKY W TIPUHITUIT pabOThI
JIBVDKUTEJTSI BO3AYIITHOTO CY/THA TIPAKTUIECKU
HE OTJMYaeTcsl OT MPEeAbIIYyIIero, pa3HuIila
JIMIIIB B Cpefie TiepeMeriieHus (Boia Uiu BO3-
nyx). [Tomyvast npuHIMTMAIBHO HOBYIO KOH-
CTPYKIIWIO JBUKUTEIST, TOPOUIATBHBIN TUPU-
JKabJIb COXpaHsIeT TPAAUIIMOHHBIEC DJIEMEHTHI
KOHCTPYKIIMU: O0O0JIOUKY JIJISI Pa3MeIeHUs
rasaJierdye Bo3ayxa Mmoj JaBJIeHUeM 1 TIPUBOJI-
HbIE TBUTATEIH.

TopounanbHblil IUpUXKAOIb C PAIUYCOM
000JI04KM 15 M 1 paguycoM OCeBOI JTUHUU
40 M nmeeT 06bEM 0600uKH: V' =180:10° M3,

COM3MEPUMBbII ITO BEJIMYUHE C 00BEMOM CaMO-
ro OOJBIIOTO B MCTOPUM AUPUXKAOIA
«Hindenburg» (Tabmuma 5).
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CKOpPOCTh TOPOUIATbHOTO AMPUKAOIIS
MNpU MpeaeabHO JONYCTUMOM JIMHEMHOM CKO-
POCTH BpallleHUsI 000JI0YKHU, UHULIUUPYIOIIE
BUXPb, PABHOI1 CKOPOCTH 3ByKa B Bo3ayxe (a ~
330 M/c), OMHO3HAYHO OIPEIEISIeTCS OTHO-
ILIEHMEM paguycoB 000JOUKHU I ¥ OCEBOM JIU-
Huu R:

r
R’
rie k — HeKOTOpbIit KOAMGHUITMEHT, MEHBIITUI
€AVHUIIBI, YYUTHIBAIOIINI HEPABEHCTBO JIM-
HEWHBIX CKOPOCTE MOBEPXHOCTU 0OOJOUKU
1 COOTBETCTBEHHO MTPUJIETAIONIETO CJI0ST BO3-
Jyxa, Oonpeaesiiolnii 3aBUXpEHHOCTh UHU -
upyeMoro Buxps I

Mo1iHOCTh, TTIOTpeOHAasT I TBUKEHUST
B YCTAHOBUBIIEMCSI PEXUME, MTPOTIOPIIMO-
HaJlbHA TIpou3BeneHuIo r U R, a 06bEéM 060-
JIOUKHW TPOTIOPLIMOHAJIEH MPOU3BEICHUIO T?
u R. TToaToMy npu MOUIHOCTU, MOTPEOHOMI
JUTSI yCTAHOBUBIIIETOCS TBUKEHUST TOPOUIAITb-
HOTO IUpUKa0J1si, paABHOU MOIITHOCTH IIPUBO/I -
HBIX ABUTarteneil nupuxadss «Hindenburgy,
000JI0YKa POTOPHOTO ITUPUXKAOIS MOXKET
UMETh OOBEM B BOCEMb pa3 OOIbIINIA TPUBE-
IEHHOTO B Tabyuie 5, T.e. = 1,4+ 106 M3,

VY, =ka

BbiBO4bl

1. BbIMojiHEHBI aHATU3 KOMIIOHOBOYHBIX
CXE€M U PACUYETHO-TEOPETUYECKUE OLEHKU
JIAAMa30HOB SKCIUTyaTallMOHHBIX MApaMeTPOB
BOJHBIX U BO3MYIIHBIX (IMPMKa0Iieii) CynoB
C BUXPEBBIMU ABMXKUTENIMU. OTmpeneneHbl
00JIacT! CYIOCTPOEHUSI, THIE MPENMYIECTBA
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Tabamua 5

CpaBHuTe/IbHbIE XapaKTEPUCTHKY AUPIKAOIei

CynHo O0BéM, M* Mak. Boicota | CKkopocTh, | MomHOCTb, KBT
TIONIETOB, M KM/ YcraH. ManéBp.

Hupuxa6ns «Hindenburg» [11] 190000 1000 130 3200 3200

TopouaanbHbIi UPUXKAOIb 180000 1000 ~315 850 4000

CYIOB C BUXPEBBIMM JBVIKUTEIISIMU 10 CPaB-
HEHMIO C CyIaMU TPATUIIMOHHON KOMIIOHOB-
KM «KOPITyC—IBUKUTEIb» HanuboJjee cyle-
CTBEHHBI.

2. ITokazaHa BO3MOXXHOCTh CO3IaHUS Ha
OCHOBE aHCaMOJISI OMHOTUIHBIX MOIYJICH
(cekumit) ¢ IByMsI TeHEpaTOpaMU BUXPEBBIX
nap IUIaBCPENCTB MPUHIMITNAIHFHO HOBOTO
KJ1acca — MHOTOIIEICBBIX TUIABYIMX KOMIUICK-
COB C MPaKTUIECKH HEOTPAaHNICHHBIM CPOKOM
ABTOHOMHOTO (DYHKIIMOHUPOBAHUS B TIPOM3-
BOJIBHOI He3amep3arollelt akBatopuu Mupo-
BOTO OKeaHa (TaKMX, KaK IUIaBy4YHMii CTapTO-
BBII KOMITIEKC KOCMUYECKIX paKeT-HOCUTE-
JIeli, aBTOHOMHBII pPBIOOTIPOMBICIOBBII
1 puidomnepepabaThBAlOMIN KOMOUHAT,
OoKeaHoTrpaUUYeCKUil Mccieq0BaTeIbCKUM
KOMIUIEKC, pacIpeneéHHbIe (MHOTOITO3HUIIN-
OHHBIC) PAIMOJIOKAIIMOHHBIC M aCTPODU3H-
YeCKHe KOMILICKCHI U 1. ).

3. [IpyuMeHUTETBHO K CydaM CYIIEeCTBYIO-
IIMX KJIACCOB YCTAHOBJICHO, YTO ITO BCEM T1a-
pamMeTpaM, KpoMe CKOPOCTH, Cyla C BUXPEBBI-
MU IBVDKUTEISIMU 00J1agaioT MIPEeUMYIIECTBA-
MM TI0 CPaBHEHUIO C CyIaMU TPATULIMOHHOMN
pa3nesbHO KOMIIOHOBKM «KOPITYC—IBUXKM-
TeJIb», @ UMEHHO:

* HAJBOIHBIC CYlla C BUXPEBBIMU IBIKM-
TEJISIMU SIBJISTFOTCSI 20COTIOTHO OCTOMYMBBIMH,
TOCKOJIBKY TIPY ITPOCKTHON KOMILICKTAIINHN
M 3arpy3ke WX IEeHTP TSKECTU HaXOTUTCS
HIDKE BaTepJAUHUM, W, KPOME TOTO, CYIOBEIC
pa3MephI IO TOPM30HTAJIN IIPEBBIIIAIOT (MHO-
roa B pa3bl) pa3Mephl IO BepTUKAIH, ITO
B IIPUHILINIIE MCKITIOYAST OIPOKUIBIBAHUE VTN
TepeBOPOT (OBEPKWIIb) CYyIHA;

* IIOCKOJBKY XOJOBBIC KauyecCTBa CYIOB
C BUXPEBBIMH IBVDKUTEIISIMU OTIPEICIISIOTCS
JINIITh TIapaMeTpaMy TeHepaTOPOB BUXPEBBIX
nap, MX HaJaBOMHAS 9acTh (HAICTPOIKA) ITO-
MycKaeT IIPOU3BOJIbHYI0O KOMIIOHOBKY B IITH-
POKOM NIHaIia30He MaccoTrabapuUTHBIX XapaK-
TEPUCTHK, OTKPHIBACT BO3MOKHOCTH ITOCTPOI-
KU CyI0B M3BECTHBIX KJIACCOB C ITapaMeTpaMu,

3HAYUTEILHO MPEBBIIIAIOIIMMU ITapaMeTphl
CYILIECTBYIOIINX;

* IIPU COITOCTABMMBIX MaccoradapuTHBIX
XapaKTePUCTUKAX Cyla C BUXPEBBIMU JBU-
JKUTEJISIMU B YCTAHOBUBILIEMCS PEKUME 10~
TPeOJSIIOT MOIIHOCTL HAa 7—9 TTOPSIIKOB
MEHBIIYIO, YEM CyJa TPaIUIIMOHHON KOM-
IMOHOBKM;

* TOPOMIAJBHBIE ITOABOIHBIE CY/Ia C BUX-
PEBBIMU JABVKUATEISIMU B BUJE BpallaroIIeics
HapyXXHOM 000JI0YKM UMEIOT MEHBIIYIO I10
CPaBHEHMIO C TPATULIMOHHBIMU ITOIBOIHBIMUA
JIOAKAMH IIIyMHOCTD IpU OOJIbLIEI Ha 3HAYM -
TEJIbHBIX MIYOMHAX JOITYCTUMOI CKOPOCTH,
BO3pacTalOIIEei IMPOITOPLIMOHAIBLHO KBaIpar-
HOMY KOPHIO TJTyOWHBI.
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LAYOUT DIAGRAMS OF WATER VESSELS AND AIRCRAFTS WITH VORTEX

PROPULSION UNITS

Ostroukhov, Nikolai N., Moscow Aviation Institute (National Research University) (MAI), Moscow, Russia.
Chumakova, Ekaterina V., Moscow Aviation Institute (National Research University) (MAI), Moscow,

Russia.

ABSTRACT

Layout schemes have been developed and
calculated and theoretical estimates of the ranges of
operational parameters of water vessels and airships
(dirigibles) with vortex propulsion units have been
made. A complex comparison of the characteristics of
such ships and vessels of the same classes of the
traditional separate «hull — propulsion unit» configuration
is presented. The possibility of the scheme is shown on

the basis of a group of similar modules in the form of
surface vessels with two generators of vortex pairs of a
family of essentially new types of water vessels — self-
contained multipurpose units with an almost unlimited
period of autonomous functioning in an arbitrary non-
freezing water area of the World Ocean. ltis established
thatin all parameters, in addition to speed, vessels with
vortex propulsion units have advantages over their
competitors.

Keywords: vortex propulsion units, water and aeronautical vessels, surface and underwater (toroidal)
vessels, mass-dimensional characteristics, layout schemes, operational parameters.

Background. In [1-5], basic layout schemes of
watercraft and aircraft with vortex propulsion units,
hydrodynamics of the vortex pair and methods of its
generation, and the principle of using vortex pair
generators as vessel propulsion units while
simultaneously providing the buoyancy of the entire
vessel are described.

The main advantages of vessels with vortex
propulsion units are due to the lack of drag in the
vortex pair moving in a continuous medium (water,
air), in the volume of which there are initiating
generators, and in some cases [4] and the vessel
itself. The lack of frontal drag explains the extremely
low power required for movement of vessels with
vortex propulsion units in the steady state.

Comparison of vessels with vortex propulsion
units with vessels of traditional layout for other
parameters not related to power consumption is most
often problematic due to the incompatibility of their
design features.

It seems that for a meaningful evaluation of the
advantages of different schemes, it is necessary to
compare not the individual parameters, but the
maximally complete set of operational and design
characteristics of vessels that are close in some
integral parameters, for example, by displacement or
designation.

Our goal was accordingly to compare the sets of
operational and mass-size characteristics of water
and air (dirigibles) of the traditional separate layout
«hull — propulsion unit» and vessels with vortex
propulsion units, the basic schemes of which are given
in[2].

In addition, the paper proves the feasibility of
realizing, on the basis of a certain number (10-50
pieces) of autonomous surface vessels with vortex
propulsion units, the idea of a floating device of a
fundamentally new class — multi-module and

multipurpose, capable of providing long-term (year
or more) operation in the World Ocean.

Objective. The objective of the authors is to
consider layout diagrams of water vessels and
aircrafts with vortex propulsion units.

Methods. The authors use general scientific and
engineering methods, comparative analysis, graph
construction, mathematical methods.

Results.

1. Surface vessels of large and super-large
displacement

The largest surface vessels are currently tankers
and aircraft carriers. Below are the principal diagrams
of vessels with vortex propulsion units of similar
purpose and compared some of their performance
characteristics with the parameters of traditional
vessels.

1.1. Self-propelled tankers

In 1976 in Japan, the oil tanker «Knock Nevis» was
built and operated until 2010 with a displacement of
657018 tons (deadweight — 564763 tons), whose
dimensions are 458x68 m? with draft (full load) of 24 m.

A schematic diagram of a tanker of a close
displacement with vortex propulsion units is shown in
Pic. 1. It is based on four identical sections, each of
which has two pairs of vortex pair generators made in
the form of hollow cylindrical rotors with a diameter
of 50 m and a height of 22 m.

At a draft of 20 m the displacement of such a
vessel is

V =162r"h=630.10°m’ tn.

Distance between the rotors (across the vessel) —
80 m, between the pair of rotors along the vessel —
90 m, between pairs of rotors of adjacent sections —
100 m. Dimensions of the vessel: length (between the
outer generators of the firstand eighth rotors) —- 760 m,
width — 150 m.

Pic. 1. Layout scheme __ __
of a self-propelled tanker based on two

o el

O
@

pairs of generators of vortex pairs
(dimensions in meters).
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Table 1

Comparative characteristics of tankers

Vessel Water displacement, | Dimension, m? Speed, km/h | Power, kV
tons Set. Maneuver.

Oil tanker «Knock Nevis» [6] 657018 458 x 68, 21,1 36775 | 36775

displacement with

full load 24 m
Tanker on the basis of modules | 630000 760 x 150, 33 6 5600
with vortex propulsion units displacement with

full load 20 m

Table 2
Comparative characteristics of carrier platforms
Vessel Water displacement, Dimension, m?> | Speed, | Power, kV
tons km/h - fgeq Maneuver.

Carriers of the «Nimitz» class [7, 8] | 100000 330x75 56 194000 | 194000
Aircraft carrier platform based on 315000 600x150 33 2,5 3200
modules with vortex propulsion units

Maneuvering of vessels with vortex propulsion
units is quite simple, but it is significantly more energy-
intensive than the standard mode of operation [2]. To
drive the rotor (with a block of retractable shunting
blades), a larger engine power is used — the drive
shunting engine, when driving in steady state,
ensuring internal needs, in particular, the functioning
of the vessel’s internal equipment.

1.2. Carrier platforms

The most important characteristic of an aircraft
carrier is the size of the runway deck (runway). The
runway has an area of about 330x75 m? (with a
displacement of about 100 thousand tons) [7, 8],
which dictates the need to use very complex launch
catapults and landing brake systems.

Vortex sailing ships make it relatively easy to
provide runways of considerably larger dimensions,
for example 600x150 m?.

For brevity, the parameter estimation was carried
out for a vessel similar to that considered in the
previous paragraph, but with a rotor height of 12 m at
a nominal draft of 10 m, that is, a displacement three
times larger (315 thousand tons). While maintaining
the driving qualities of the previous type of vessel, the
power consumption is lower due to the reduction in
the height of the rotors.

The presented estimations testify, among other
things, that surface vessels with vortex propulsion
units do not have fundamental limitations on the mass-
dimensional characteristics existing for traditional
layout vessels of the same purpose.

Indeed, the version of the tanker arrangement
(Pic. 1) fully allows for an increase in water
displacement as the simplest increase in the number
of sections along the longitudinal axis, and parallel
docking of the second and the following groups of
sections. Similarly, it is possible to increase the size
of the runway of the aircraft carrier platform.

Large multisectional vessels are expediently to be
assembled with the possibility of docking-undocking
sections by autonomous drive motors with rigid or
hinged connection of their surface parts. Undocking
of super-large vessels can simplify maneuvering and
passage of limited fairways.

1.3. Multimodule transformer vessel

The independence of the running qualities of
vessels with vortex propulsion units from the
configuration and dimensions of the superstructure

entirely outside the water opens the possibility of
developing vehicles that have no analogues among
traditional layout ships. The variation of the configuration
of the superstructure and the combination of a
combination of a group of ships makes it relatively easy
to construct floating means suitable for solving a variety
of technical tasks on the water surface.

Pic. 2 shows the layouts of two variants of multi-
purpose multi-module transformers.

Pic. 2a shows the layout of the vessels based on
a specialized central module 1, a large displacement
and a group of modules (~10 pieces) of smaller sizes
(vessel 2), performing auxiliary functions as being
docked to the vessel 1 and in the autonomous
operation mode.

In Pic. 2b there is a group of mutually analogous
vessels capable of functioning both separately and in
a complex, being docked into a single complex, in this
case with the formation of a floating launching
complex.

A necessary and sufficient condition for the
implementation of the described scheme of a
multimodule transformer vesselis the correspondence
of two design-performance characteristics of
individual modules:

« firstly, all modules used in the combined
complex mode should have options forimplementing
the same speed of their vortex pairs, i.e. for all
modules there must be a generation mode for the
vortex pair, at which the values

T, r

i J

2, 2al,”

where I,=2rwa’ - circulation of the water velocity

on the surface of the rotor generation, I, — interaxial
distance.

» secondly, the superstructures of all modules
(decks) must have coupling devices and rigid or
hinged modules in a single complex with a common
superstructure (deck).

The optimal variant of a separate module is a
vessel with a displacement of 10-20 thousand tons
with a propulsion unit based on generators of two
vortex pairs, i.e. four rotors with a diameter of 15-20m
with a draft of about 10 m. The shape of the deck
(platform) of such a vessel is a square with a side of
approximately 50 m.
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{{ ; Table 3
1 Comparative characteristics of carrier platforms
\ Vessel Water displacement, Dimension, m* | Speed, km/h | Power, kV
tons Set. Maneuver.
Of 23 modules 490000 650 x 300 33 6 4800
Of 36 modules 715000 800 x 300 33 8,9 7000
Of 56 modules 970000 950 x 450 33 12,9 9400
[©]9] . "
BT @@ EEEEEERE R EE fundamentally different from traditional vessels [4].
oo § ©le] |@|@1@|@|@"@|@|’;E[g The outer shell of the toroidal body, mounted rotatably
BTo| > around the common axis of the torus, acts as a
a) |el9] @ @ @ @ @ @ @ @ % propulsion unit. In steady state, the shell of the
B el Ol [©]0] propulsion unit, rotating, maintains the existence of
olé¢ @ @ @ @ @ 6} @ @ a toroidal vortex in the medium (water or air), which
oole[e] ¢ g}g:ﬁg%gg{gg}gg@ creates a specific flow in the environment with a
oojlolo)s 00 continuous distribution of the velocity of the medium.

Pic. 2. Schemes for implementing the idea of multi-
module vessels: a — a scheme with a central base
module; b — a schematic diagram of the floating launch
complex.

In the autonomous mode, such vessels can
perform a number of functions in the interests of the
whole complex:

+ to carry out transport communication of the
complex with coastal bases;

« to carry out exploration of the water area (for
example, fishing);

+ to participate in actions that require
synchronization in a large area.

In Pic. 2b there is a schematic diagram of a floating
starter complex of carrier rockets formed from the
same type of surface vessels with one pair of vortex
generators.

At the preparatory stages, individual modules of
the complex can function in an autonomous mode.
To start the rocket, they dock, forming a closed loop,
inside which remains an open water surface. On two
or four opposing modules the bracket-holder of the
rocket is mounted. At the launch of a rocket, its
exhaust jet acts on the open surface of the water,
rather than on the vessel itself, as in the schemes
currently used [9, 4].

2. A submarine vessel with a «thermal» vortex
generator

This corresponds to the constancy along the radius
of the vorticity of the flow, so that there are no speed
jumps in the whole flow area, including on the surface
of the vessel, which causes the absence of drag
associated with the high-speed head of the oncoming
stream.

At the same time, the displacement of an
underwater toroidal vessel with a shell radius of 10 m
and a radius of the center line of 25 m:

V =22’ R=49:10° tn,

where R - radius of the axial line of the torus, r — shell
radius.

At different depths, a vessel of this design can
develop a different maximum speed [1], which can
be estimated using the following expression:

v, =1540,1L%,

where L — depth of the vessel sinking.

3. Toroidal airship

The layout scheme and the operating principle of
the aircraft propulsion unit is practically the same as
the previous one, the difference is only in the transport
medium (water or air). Receiving a fundamentally new
design of the propulsion unit, the toroidal airship
retains the traditional design elements: a shell for
placing gas lighter than air under pressure and drive
motors.

The toroidal airship with a shell radius of 15 m and
a radius of the center line of 40 m has a shell volume:

V' =180-10° m3, commensurate in magnitude with the

largest ever Hindenburg airship (Table 5).

The speed of the toroidal airship at the
maximum permissible linear speed of rotation of
the shell initiating the vortex equal to the speed of
soundinthe air(a~330m/s) is uniquely determined
by the ratio of the radii of the shell r and the center
line R:

Submarine vessels with vortex propulsion units Vi = kaL,
have a shell shape in the form of a torus, which is R
Table 4
Comparative characteristics of submarine vessels
Vessel Water Depth, m Speed, km/h | Power, kV
displacement, tons Set. Maneuver.
Submarine «Shark» [10] | 48000 500 46,3 73550 73550
Submarine vessel with 49000 100 160 150 600
G AT 300 280 400 1500
t
generator 500 360 650 2500
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Table 5

Comparative characteristics of airships

Vessel Volume, m*® | Max. flight altitude, m | Speed, km/h Power, kV

Set. Maneuver.
Airship «Hindenburg» [11] | 190000 1000 130 3200 3200
Toroidal airship 180000 1000 315 850 4000

where k — a coefficient less than unity, taking into
account the linear velocity inequality for the shell
surface and the speed of the adjacent air layer, which
determines the vorticity of the initiated vortexT.

The power required for motion in steady-state
mode is proportional to the product of r and R, and
the shell volume is proportional to the product of r?
and R. Therefore, with the power required for the
steady motion of the toroidal airship equal to the
power of the «Hindenburg» airship drive engines, the
shell of the rotary airship may have a volume 8 times
greater than that given in Table 5, i.e. ~ 1,4+ 10° m°.

Conclusions.

1. The analysis of layout schemes and calculation
and theoretical estimates of the ranges of operational
parameters of water and air (dirigibles) of ships with
vortex propulsion units are performed. Areas of
shipbuilding are determined, where the advantages
of vessels with vortex propulsion units in comparison
with the vessels of the traditional «hull — propulsion
unit» configuration are most significant.

2. The possibility of creating on the basis of an
ensemble of identical modules (sections) with two
generators of vortex pairs of water craft of a
fundamentally new class — multipurpose floating
complexes with an almost unlimited period of
autonomous functioning in an arbitrary non-freezing
water area of the World Ocean (such as a floating
starter complex of space launch vehicles, autonomous
fishery and fish processing plant, oceanographic
research complex, distributed (multiposition) radar
and astrophysical complexes et al.).

3. With regard to the vessels of the existing
classes, it is established that for all parameters,
except speed, vessels with vortex propulsion units
have advantages over vessels of the traditional
separate «hull — propulsion unit» configuration,
namely:

« surface vessels with vortex propulsion units are
absolutely stable, since in the design configuration
and loading their center of gravity is below the
waterline and, in addition, their horizontal dimensions
exceed (sometimes several times) their vertical
dimensions, which in principle excludes their tilting or
flipping (overquile);

« since the running qualities of vessels with
vortex propulsion units are determined only by the
parameters of the vortex pair generators, their
above-water part (superstructure) allows an
arbitrary arrangement in a wide range of mass-
dimensional characteristics, opens the possibility
of building vessels of known classes with parameters

significantly exceeding the parameters of existing
ones;

« with comparable weight and size characteristics,
vessels with vortex propulsion units in steady state
consume power 7-9 orders of magnitude less than
traditional layout vessels;

- toroidal underwater vessels with vortex
propulsion units in the form of a rotating outer shell
have a lower noise level in comparison with traditional
submarines, at greater depths at an appreciable
depth, which increases in proportion to the square
root of the depth.
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