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ExkaTtepuHa YYMAKOBA
EkaterinaV. CHUMAKOVA

Hukonaiht OCTPOYXOB
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Vortex Propulsion Units

of Sea Vessels and Aircrafts

(TekcT cTtatbu Ha aH. 3. — English text of the
article — p. 92)

MpeanoxxeHbl NPUHLNNNANIbHbIE CXEeMbI
¥ BbIMOJIHEHbI OL,€HKN OCHOBHbIX MapamMeTpoB
BOAHbIX U BO3AYLUHbIX CYA0B C ABVXUTENIMUN

B BuAe reHepaTtopoB BUXPEBbIX NNap, B TOM
yucsie TopougasibHbIX BUXpPEeU (TePMUKOB).
MokaszaHo, 4TO 3P PEKTUBHOCTb TaKnUX
ABVDKUTEsIeN yBe/INYNBaeTcsl C yBesin4yeHuem
ux rabapuToB, Tak 4YTO B C/ly4ae HagBOLAHbIX
cyAoB ABvXUTEeIn obecrneynBaioT
nnaBy4ecTb TPaHCMOPTHOIro cpeAcTBa,
BO3MOXXHOCTb pa3meLyaTb ros1e3Hblii 06bem
B HafABOAHOW 4acTu, a B C/1y4ae BO3AYLLUHbIX
Y NoABOAHbIX CY[O0B — BHYTPU ABVKUTEJIS.
MNMockonbky BUXpeBas napa nepemMeLlaercs
B OKpY>XarloLyeii cpege, He UCMbITbIBasl
J1060BOIro ConpoTUBIIEHNS], BbIMOJIHEHHbIE
o npeasoXeHHbIM cXxeMaM cyAa Toxe

He uMeloT JIO6OBOro CornpoTUBIIEHUS.

3710T paKkTOp AaeT KOHCTPYKLUNN HEeMasible
npeuMyLLecTBa rno 3aTparaMm MOLYHOCTU Ha
nepemeLyeHue no Boae v BO34yxy.

KnroyeBbie c/ioBa: BO3AyLLHbIE CyAa, BOAHbIE
cynaa, BuxpeBsasi rnapa, 1006080€ ConpoTUBIEHNE,
avcennaums SHeprum BUXps, 0COOEHHOCTU
KOHCTPYKLMN.
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HAYKA 1 TEXHWKA

BuxpeBble ABUXUTENU
BOOHbIX U BO3AYLUHbIX
CynoB

Ocmpoyxo6 Huxoaaii Huxoaaeeuu — kanoudam
usuKo-mMamemamuueckux HayK, CMapuiuil Hay4Hbli
compyoHuk, douenm Kageopsl «lIpuxkiaonas
Mamemamuxa, UHPOPMAayUOHHbIe MeXHON0UU

u anekmpomexHuka» MocKo8ck020 aguayuoHHo20
uHcmumyma (HayUOHANbHbLI UCCIe008AMENbCKULL
yHugepcumem) (MAH), Mockea, Poccus.
Yymakoea Examepuna Bumaaveena — kanoudam
usuKo-mamemamuueckux Hayx, doyenm Kageopol
«[lpukaadnas mamemamuxka, UHGHOPMaAUUOHHbIE
mexnonoeuu u snekmpomexnuxa» MAH, Mockea,
Poccus.

pPaKTUYECKN BCE COBPEMEHHBIE BOJI-
HBbIC U BO3IYIIHBIE TPAHCTIOPTHBIC
cpencTBa (Cyaa) BBITIOJIHEHBI TIO Pa3-

JIEJIbHOM CXeMe «IBIKUTEITh — KOPITYC CyIHa»,
TPU KOTOPOIi ABMKUTEIb B PE3YJIbTaTe B3au-
MOAEWCTBUS C OKPYXAIOIIEH Cpelor Co3naeT
Heobxoaumoe TsiroBoe ycunue. [Ipu takoit
KOMITOHOBKE IS TIEpeMEIleHUsT CyaHa Tpe-
OyeTcst MPeoa0NeTh CUIIy COTMTPOTUBICHUS
cpenbl, 00YCIOBICHHYIO BCTPEYHBIM CKOPOCT-
HBIM HammopoM, NeHCTBYIONIYI0 Ha KOPIYC,
a yaile v Ha KOPITyC, ¥ Ha JBUKUTEIb.

C pocToM rabapuTOB TPAHCIIOPTHBIX CPENCTB
U CKOPOCTEN MX TIepeMEIleHUs] YKa3aHHbIe
CUJTBI COTIPOTUBIICHUS yBEIMIMBAIOTCS, U TTPO-
TOPLIMOHAIEHO WX TTPOU3BEIEHUIO BO3PACTAET
MOIIHOCTb, TOTPeOHAs 15T BVKEHUST, KOTOPAsT
B 9TOM CJTy4ae OKa3bIBaETCs MPOTIOPIIMOHAb-
HOM MPOU3BEACHUIO KyOa CKOPOCTH Ha TUIOIIA/Ib
TOTIEPEYHOTO CEYEHUS CYyTHA.

Bo3MoXxHBII BapuaHT He TPEeo0JIeHUs,
a «00xo1a» MpobJIeMbl COMTPOTUBIEHUST BOJIbI
WM BO3ayxa (Ciydau CyfaHa W IUPUKaOIs
COOTBETCTBEHHO) — WUCITOJIb30BAaHUE CIICI-
¢myeckoro TeueHus1, U3BECTHOTO B TUIPOIM -
HaMMKe Kak BuxpeBas mmapa [1—3]. YacTHas
¢dopma apHOCTM — TOPOUAAIBHBIN BUXPb
WIU TEPMUK.
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BuxpeBas napa — 3T0 ABa CpPaBHUTEJIbHO
OJIM3KO PacMoOJIOXKEHHBIX BUXPS C B3AUMHO
MPOTUBOIIOJOXHBIMU HAIIPaBJIEHUSIMU Bpa-
meHud [4, 5]. PacmonoxxeHne MOXHO CUM-
TaThb OJUM3KUM, €CJAM KaXIblii U3 BUXpe
CPaBHUTEJbHO 3(P(PEKTUBHO B3aUMOAEIHACT-
BYET C TeYEHUEM, CO31aBaEMbIM APYTUM.
B TakoM TeueHUM cylIecTBYeT HeKasl orpa-
HUYEHHas 0071acTh (00BEM) C 3aMKHYTBIMU
TPAeKTOPUSIMU IBUXEHUS XKUJKOCTU, KOTO-
pas mepemMmenlaeTcs B OKpyXatolleil cpene,
npruyeM CKauyOK CKOPOCTU XKUAKOCTU Ha
rpaHulIe IBUXKYIEcs 00J1acTU OTCYTCTBYET,
TO €CTb YKa3aHHasi 00J1acTh MepeMeliaeTcs
B OKpYXalolliei cpeje 6e3 1000BOT0 COnpo-
TUBJIEHUSI.

PasmenieHHbIN B 00/1aCTU 3aMKHYTOTO
TeUeHUsI KOPIYC CyHa, 00beIMHEHHBII C re-
HepaTopoOM BUXPS, TaKXe MepeMellaeTcs
B Cpelie, He UCTIBIThIBas J0O0BOTO COMPOTUB-
JieHust. KoHCTpyKTUBHAs cXeMa TaKoro TMIo-
TETUYECKOTO Cy/IHA, KaK BOJHOTO, TaK U BO3-
JIYIITHOTO, KapAMHAIbHO OTJIMYAETCS OT BCEX,
HCITOJIb3YEMBbIX IO HACTOSIIIETO BPEMEHHMU.

Llenbto Hanero vcciaeao0BaHUs CTal aHa-
JIN3 BO3MOXKHBIX CXEM KOMIIOHOBKM CYIOB
«KOPIYC — FeHEPaTOp BUXPEBOIA Maphl, SBJISI-
IOLLEHCS IBUXKUTENEM» C OLIEHKON OCHOBHBIX
napamMeTpoB TaKHUX TPAHCIIOPTHBIX CPEJICTB
M COMOCTaBJIEHUE UX C TPAAULIMOHHBIMU CXE-
MaMMu.

1. ’TMAPOMEXAHUKA BUXPEBOM
MAPbBI

JBa BUXPS C TIPOTUBOIOJIOXHBIMU IO
3HAKY, HO PaBHBIMU T10 MOJTYJTIO [IUPKYJISIII -
ssmu (puc. 1a) IBUKYTCS MTOCTYTATETLHO BIOTh
TPSIMOTA, TIEPIIEHIUKYISIPHONW OTPE3KY, coe-
JIUHSIONIEMY LIEHTPBI BUXPEii, CO CKOPOCTHIO
[5, 6]:

yo L, "

dzr’

T =2zav, =2z0d’, ()
roe I’ — DupKyasmus BUXpeid, r — pacCTOSTHUE
OT TUHUU CUMMETPUH J0 LIEHTPa BUXPSI.

Ha puc. 16 nokazaHa cxema JUHUI TOKa
BUXPEBOU ITaphl B CUCTEME OTCUETa, TBIKY-
IIeiicsT BMecTe ¢ BUXPEBBIMU HUTSIMU. YacThb
KMIKOCTH, OTMEUEHHAsI IITPUXaMU, OCTaeTCs
TIOCTOSTHHO B OKPECTHOCTH BUXPEBBIX HUTEIA.

ITogoOHast mapa BUXpeil SIBISIETCS TLIO-
CKUM 3JIEMEHTOM BUXPEBOTO KOJIbIIa, KOTOPOE
MOXET OBITh €11l OMHUM BapUaHTOM OpTaHU-
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a) 6)

Puc. 1. Cxema reHepaTopoB BUXPEeBO¥ napbi (a)
M IMHWII TOKa B ee OKpecTHOCTH (6).

3allMM BUXpEBOro ABMxXutesss. Hampumep,
BO3MOXKHO TPaHCIIOPTHOE CPEACTBO B BHIE
TOpa, BHEITHSISI 0007109Ka KOTOPOTo OyIeT
TeHEePUPOBATh TOPOMIATBHBIN BUXPh (pHC. 2)
U BBICTYIATh B POJIU JBVKUTEIIS.

OLieHKa CKOPOCTH IIOCTYNATEIbHOIO 1B~
JKEHUsI BUXPEBOrO KOJblLia MMOJIy4aeTcsl U3
dopmyer KenbBuHa [7, 8]:

V:L lng_r_l .
4rr a 4

[Tpu mocrarouHol rIyOMHE BogoeMa Iapa
OPSIMOJIMHEMHBIX BUXPEW 3aMBIKACTCS B IO~
BOJHOM yacTu, 00pa3sys MOJOBUHY TOPOUIATb-
Horo Buxps (puc. 3).

Eciin B KauecTBe reHepaTopa MCKYCCTBEH-
HOTr0 BUXPS UCIIOJIb30BaTh BpalllalolIMics
LWJIMHIAP, TO MAaKCUMaJbHas JTUHEeWHas CKO-
poOCTb Ha OOKOBOW MOBEPXHOCTU LMJIMHApPA
He JI0JKHA MPEeBbIIIATh 3HAYEHUSI, TIPU KO-
TOPOM CKOPOCTHOI Hamop XUAKOCTHU paBeH
MMOJTHOMY IaBJEHUIO B XHUIAKOCTHU [8],

3)

2
re. v = |-

max

, TI€ p, — NaBJIEHUE B KW

koctu. I1pu Gosbleil CKOPOCTH BO3HUKAET
KaBUTALMS KUIKOCTU U €€ Pa3rOH BpalleHM -
€M poTopa HeBO3MOXeH. B citydyae HagBogHO-
ro cynHa p, = 1 arm = 10°H/m?, r = 10° kr/m’

Puc. 2. ToponganbHbiii BUXPb.
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Puc. 3. CMbIkaHue [ByX NPUNOBEPXHOCTHBIX JINHEHHbIX
Buxpeii c o6pazoBaHueM MosyToponaasbHOro BUXps.

1 MaKCHMaJbHO JHOMyCTUMAas JUHECHHAasA
CKOPOCTb Ha IOBEPXHOCTHU POTOPOB V=
15 m/c; npu p, = 10 atm, v = 45 m/c.
[ToCKOJBKY, ¢ OAHOI CTOPOHBI, IIPU IPO-
YUX PaBHBIX YCIOBUSIX CKOPOCTH CyIHA TeM
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Puc. 4. 3aBUCUMOCTb CKOPOCTU NOCTYNaTe/IbHOro
ABVKEHNS OT OTHC I/a (oTHC
MEeXXPOTOPHOIO PacCTOSIHUS K paanycy poTopa) —
p,=1arm(1); 10 atm (2); 50 atm (3).

Puc. 5. B3aBucumocts 6e3pa3mepHOli CKOPOCTH
ABWXXEHUsI cyAHa oT pagunyca poTopa Asl pa3sinyHbiX
3Ha4YeHnii MeXXPOTOPHOIO PaCCTOSIHUSI.
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OoJIbIIIE, YeM MEHBIIIE MEXKOCEBOE PACCTOSI -
HuUe [ = 2r, a c IpyTroii, 3TO pacCTOSTHUE JOJIK-
HO OBITH JOCTAaTOYHO OOJBIIMUM, YTOOBI
B OKPECTHOCTH KaXXKI0Tr0 poTopa c(hopMUpO-
BaJIOCh 3aMKHYTOE TeUYEHHE, BOIIPOC 00 OII-
TUMH3AIUHN [ TPIOOpeTaeT CaMOCTOSITEIIbHOE
3HadYeHHe. VICXOMHBIM YCIIOBUEM TSI ONITH -
MU3ALMUA MOXKET OBITh pacrpenesieHre CKO-
POCTH KUIKOCTU B OKPECTHOCTH Bpallaio-
Imerocs OWIXMHApPAa — TeHepaTopa BUXPS.
B oTcyTcTBHME IUCCUTIATUBHBIX TTOTEPh LIMP-
KyJIALUA KUAKOCTU mocTosHHa Ij = const
M UMEET MECTO 3aBUCUMOCTb OTHOIICHUS
CKOPOCTH ITOCTYIATEIbHOTO IBVKEHUS K JTU -
HEWHO! CKOPOCTH BHXPS OT PACCTOSHUS
MEXIy HEeHTpaMU BUXpeil, KoTopas IpuBe-
JieHa Ha puc. 4.

Ha puc. 5 npeacraBiieHO ceMeiicTBO KpU-

I/cy()

BBIX (@) s HecKOJAbKUX [ — 3HAUYCHUN

Vo
MEXPOTOPHOTO PACCTOSTHHUSI.

B BsA3KO# KUOKOCTHU TSI TTOIIEPKAHUS
TAaKOTro JABMXKEHUS HEOOXOAMMO COOOILIeHME
SHEPIUU W3BHE OT MCTOYHHUKA 3aBUXPECHHO-
CTH, HaIIpuMep, OT BPAIIAIOIIETOCS B XXKUIKO-
ctu munuHApa. Cruita, moTpeOHas Ha IIpeoIo-
JICHUE CUJI BHYTPEHHETO TPEHUS FTD:

dv _ hpal
dr 2r?

rae S — TIromaab HWiInHapa, n — AIMHaM4€e-
CKadg BSA3KOCTb XKMAKOCTU, a MOIIHOCTD ITpH
OTOM:

F,=8n : “4

_hnar?

P=F, v(r)= 3 5)

4rzr

Ha puc. 6 mpuBeaeHa 3aBUCHMMOCTD
MoTpedIsIeMOlt MOIITHOCTU Ha ToIepXKaHue
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Puc. 6. 3aBucumocTs noTpeb19emMoii MOLHOCTU
OT CKOpPOCTU ABWXEHNsl, Heobxoaumoi Ans
noanepXaHnsi BUXpPeii.
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Puc. 7. 3aBucumocTts NoTpe6sisieMoii MOLHOCTH
OT CKOpPOCTHU ABVOKeHUs Ans cygHa Kannesn,qnoﬁ
¢opMbI C TPaANLIMOHHBIM ABWXUTEIeM (BUHTOM)
BogousmeryeHnem 4000 1.
BUXPEBOTO ABUXKEHUS OT CKOPOCTU IBUXKCHUSI
cyaHa BogousmenieHreM = 4000 T.

11 cynoB ¢ TpaAULIMOHHBIMU JIBUXKUTE-
JISIMUA 3aBUCUMOCTb OT CKOPOCTU MOIITHOCTH,
MOTpeOIsIEMOil Ha TIpeogoIeHre JIOOOBOTO
COIPOTUBJICHMS JIJTS TeJia KaTlJIeBUIHOM (hop-
MBI BogouaMenieHueM = 4000 T, B TOJBOJHOM
MOJIOKEHUU:

3
P(v)=F,v= cxs%, C, =0,045. (6)

Ha puc. 7 npuBeneH rpacduK 3TO 3aBUCH-
MOCTH.

Kaxk BugHO 13 rpadukoB, rmorpedisemMast
MOILIHOCTb CYIOB C IBUXUTEISIMU MPEIJI0-
JkeHHOTO Buja B 107 pa3 MeHbllle, YeM y CyI0B
C TPaAULIMOHHBIMU ABUKUTEIISIMU.

OnHako I pacKpyTKU BUXpeil He00Xo-
JIMMO 3aTpauynBaTh 3HAYUTEILHOE KOJIMYECTBO
SHEPTUU, TIpeBhIIIatolIee HUMGPHI IS TP~
IIMOHHBIX IBUTATEICHH. DHEPIUs, 3aTpadynBa-
eMasl Ha pacKpyTKy BUXpei, UMEeT 3aBUCH-
MOCTb

I’ ph
67

E=

ln(IO) 7
¥ TIpUBeieHa Ha puc. 8.

I1pu 3anmycke nprBoaa TeHEPATOPOB BUX-
pe¥i OHU B HAYaJIbHBIM MOMEHT OKPY>XEHBI
HETIOABIKHOM Ccpeioif. DTOM cTaIui COOTBET-
CTBYIOT MaKCUMaJIbHbI€ T'PAIUEHTbI CKOPO-
creil. IX olleHKy cBepXy MOXHO CAeJiaTh,
MPEenroJoXuB, YTO B HaYaJbHbIi MOMEHT
nepernan CKOpOCTU OT JIMHEMHOW CKOPOCTU
JIBU>KEHUS Ha TTIOBEPXHOCTHU JI0 HYJISI peain3y-
€TCS Ha TOJILLIMHE MTOTPAHUYHOTO CJIOS CPEeJIbl
(KUaKoCTH).
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¥, MIC

Puc. 8. 3aBucUMOCTb 3Heprum, 3aTpaynBaemMor Ha
PackpyTKy BUXpe#, OT CKOPOCTY [BUXEHMNS] BUXPEBOH
napsi.

TonmuHa nmorpaHcaos 6 OLIeHUBAETCS U3
COOTHOIIEHUS:

0=—+= ®)

rae L — nnvHa pa3roHoyHoro yyacTtka, Re —
quciio Peiinonpaca.

MoIrHOCTh, 3aTpaurBacMyIo Ha CTaauu
PacKpyTKH pOTOPOB, MOXHO HaMTH C TTOMO-
IILIO COOTHOIIECHUS
N =S, u(gradV),  v.. ., )
rae U — AMHAMUYEeCcKast BA3KOCTh KUAKOCTH,
a MAaKCUMAaJIbHBIN TPaJeHT CKOPOCTH OIpe-
TeJISIeTCS CIICAYIOIINM 00pa3oM:

v
(gradV) ., =—"%.
1)
Ha ocHoBe NpoBeeHHBIX BBIYMCICHU I
MOIITHOCTE MOXXHO OLICHUTB BpeMsI, HEOOXO0-
JIMMOE JIJISI PACKPYTKH POTOPOB:

(10)

_E _pas
N 8Su

riae d — OTHOIIEHHST MEXKPOTOPHOTO PACCTOS -
HMSI K PAINYCy POTOpPA, p — IMJIOTHOCTD CPEIbI
(BomBI), U — MUHAMUYECKAsT BI3KOCTh CPEJIbI.

Ha puc. 9 noka3zaHa 3aBUCMMOCTb BpeMe-
HU GOPMUPOBAHUS ABMXEHUS OT paauyca
poTopa JIIsT pa3aIndHbIX 3HAYEHUI MEXPOTOP-
HOTO pacCTOSTHUS.

t In(d), an

2. CXEMbI TEHEPATOPOB

U BAPUAHTbl KOMIMOHOBKHU
Hawny4iiimu xapakTepyucTUKaMu B Kade-

CTBE ABMXUTENSI 00J1agaeT TOPOUdaaibHbIA

BUXDPb (pucC. 2), UMEIOIIUI MUHUMAJIbHbIC

JIMCCUIIATUBHBIC ITOTEPU U MaKCUMaJbHOE

OcTtpoyxoe H. H., Yymakoea E. B. BuxpeBbie ABUWXNTENN BOAHbIX U BO3AYLIHbBIX CYA0B
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Puc. 9. 3aBucumoctb BpemeHn popMupoBaHus
ABWXEHUs OT paguyca poTopa.

BpEMSI KU3HU B OTCYTCTBUE MHULIMUPYIOIIIETO
ucToyHuKa BpamieHusi. OnHaKo BO3HUKATH
U CYIIECTBOBATh TOPOMAATBbHBIN BUXPh MOXKET
JIAIIb B OMHOPOJHOM cpenie, MPUMEHUTETHbHO
K YCJIOBUSIM Hallleli TeMbI — B aTMocdepe nim
BOJIHOM CJIO€ TOJIIIUHOW, MO KpaliHEeW Mmepe,
Ha TIOpsIIOK OoJbIneit pa3mepa Topa. Ha rpa-
HUIIE pasiesia, HallpuMep Ha MOBEPXHOCTHU
BO[IbI, TOPOUIATBHBIN BUXPh MPUHIIUTTUAIBHO
HeBo3MoXeH. [IpocTeiiiium reHepaTopom
TOPOUIATBHOTO BUXPSI SIBISIETCS BpAIIAOIIa -
sics TopouaiibHas 006os104yka. B aToMm ciryyae
KOPITYC CyIHA pa3MelnacTcsl (BCTpauBaeTCs)
BHYTPU Takoil 0007104ku. KOHCTpyKTUBHO-
TeXHOJIOTMYECKAasl peanun3alus mogo0HbIX
BO3MYIIHBIX (IMprKabyieii) 1 BOTHBIX (B 9TOM
CJTy4yae BCeT/ia MOABOAHBIX) CyIOB BCIEICTBIE
OPUTUHAJIIBHOCTU OOJIBIIMHCTBA KOHCTPYK-
TUBHBIX DJIEMEHTOB, OUEBUIHO, CBs3aHa
C PSIIOM TEXHUYECKUX (MHXKEHEPHBIX) ITPO0-
JIEM.

[IpocTeiimum reHepaTOpoM MOBEPXHOCT-
HOW BUXPEBOWM Taphl CIIyXaT ABa BEPTUKAIb-
HBIX Bpamiaonmxcs (BO B3aMMHO MTPOTUBO-
TTOJIOKHBIX HATpaBICHUSX) IWIMHAPA, pea-
JIN3YIONIUX B KOHEUHOM CYUETE MOJyTOPOU-

Puc. 10. Cxema peanunsaunmn cyaHa Ha ABYX BUXPEBbIX
napax, rnoJsiy4aembix BepTUKaJIbHO BpaLLaloLnMmncs
umnusgpamu: 1 — potop, 2 — onopa, 3 — nnargpopma,
4 — cpena (Boga).
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JNaabHbIA BUXpb (puc. 3). OnHakKo Ha Takou
OT/IEJIbHOM TTape HWJIMHIPOB HEJIb3s1 CMOHTH -
pOBaTh KOPITYC HaJBOTHOTO CyTHA O€3 TOTIO -
HUTEJbHBIX ONOp B Bojae. [IBe u Oosibliee
YHCJIO Tap HWJIMHIPOB MO3BOJISTIOT MOHTHPO-
BaTh B HAJBOJIHOI 4acTH (C OMOpPO Ha OcH
LUJUHIPOB) MIATOPMY B KaueCTBE HECYILIE-
ro sJieMeHTa HagBogHoro cyaHa [10]. Cyme-
CTBEHHO OTCYTCTBUE SIBHBIX OTPAaHUUYEHUI Ha
GopMy 1 TPYy30ITOIBEMHOCTD (BOAOU3MEIIIE-
Hue) ardopmbl. C yBeTndeHUeM TUaMeTPOB
IIWIMHAPOB YBEJTUYMBAETCS BOIOU3MEIICHIE
¥ OCTOMYMBOCTH Cy[THA W peaiu3yeTcs 00JIb-
mast 3(ppeKTUBHOCTH IBUKEHUST BUXPEBOM
Tmaphl.

TenepaTopamu BUXpeit MOTYT OBbITh, Ha-
MpUMep, HIWJIMHIPHI, PACTIOJIOXKEHHBIEC B BUIE
JIBYX MMapaJuIeIbHbIX PSIIOB, HA KOTOPBIE T10-
MelaeTcs Hecylias miaat@opma (Kopryc).
TTono6Hast KOHCTpYKUMS mpeamnoaaraeT hop-
MUPOBaHKE IBYX BUXPEBBIX IICTTOYEK, TTPUIEM
reHepaTopbl BUXpell (LUJIUMHAPHI) MOXHO
pPacIoNIOXUTh ABYMsI CITOCO0aMMU: KaXKIbli
TeHEepaTop BUXPsI OHOTO Psifia MOMEIAeTCsT
HaIlpOTUB LMWJIMHIpa Apyroro psaa (puc. 11)
WJTY TIOMEIIAeTCsT HAIIPOTUB CEPETMHBI MHTEP-
BaJla MEXIY IBYMsI COCETHUMU LIMJIMHIPpaAMU
npyroro psiaa (puc. 12).

Kasknmast n3 mpuBeIeHHBIX CUCTEM TaKXKe
OyIeT IBUTAThCS MOCTYMAaTEebHO CO CKOPO-
CTSIMMU:

JUTSI CAMMETPUYHOTO PACIIOIOKEHUST

V=L emZ¥ (12)
2% b

I CMCIICHHOTI'O paCIIOJIOXKCHUA

v-LpZ2 (13)
2 b

r1e b — paccTosTHME MEXIY COCETHUMU reHe-
paropamu BUXPEW.

YCTOMYMBOCTh CUCTEM 3TUX PA3TUYHBIX
PAcCIIOJIOKEHUI BUXPEH OTHOCUTENBHO APYT
npyra 6buti ucciaenoBaHbl Kapmanom. beuio
JI0OKa3aHO, YTO CHMMETPUYHOE PacTIOIOXKeHUE
SIBJISIETCS] HEYCTOMYUBBIM, TO €CTh C TECYEHUEM
BPEMEHU BUXPU CMEIIAIOTCS OT MOJOXKEHUI,
OTBEYAIOIINX HEBO3MYIIIEHHOMY COCTOSTHUIO.
CMelleHHOE PaCIIoNOXEHUE SIBISIETCS YCTOM -
YUBBIM, a CJIEIOBATEILHO, HE TPEOYyeT OO -
HUTEIbHBIX DHEPTETUYECKUX 3aTpaT Ha MPeo-
JIOJIEHWE CWJI, CMEIIAIINX BUXPU. YCIOBHE
YCTOMYMUBOCTU, MojlyueHHOoe KapMaHoM,
umeet Buf [11]:
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b

® o —

® -2

2=O,2806.
b

(14)

TTpu yucie nap LAITUHAPOB OOJBLINX IBYX
ONTUMM3ALMS UX KOJIMYECTBAa U B3aMMHOIO
PacIoI0XeHUsI CTAaHOBUTCS OTAEIbHOM caMo-
CTOSITEJILHOM 3agadeii.

BbiBO4bl

1. ITpoBeneH 1ie1eBOil 0030pHBINA aHATU3
TEUEHUM, TEHEPUPYEMBIX BUXPEBOI Mapoi.
W3 dakTa HEeMpepbIBHOCTU pacTipeaeieHUs
CKOPOCTH CpeJbl B OKPECTHOCTHU IMaphl BbI-
JIEJIEHO CIIEACTBUE O TOM, YTO 00JIACThb 3aM-
KHYTOTO ABUXEHUS MepeMeliaeTcsl B OKPY-
Karouiei cpeae 6e3 1060BOT0 COMPOTUBIIE -
HUSL.

2. IlpemyioxxeHbl MPUHLIMUITUATbHBIE CXE-
MBI KOMITOHOBKY BO3IYIITHBIX W TTOJBOTHBIX
CyZI0B C pa3MeIIeHNEM KOPITYCOB CY/I0OB BHY-
TPU TEHEPaTOPOB BUXPEBBIX Map. g Haa-
BOJHBIX CY/IOB ITPEIJTOXKEHA CXeEMa PACIIOJO-
JKEeHUS KOpITyca CylHa BHE BOJIbI C OITOPOIi Ha
OCHU MOTPYXEHHBIX B BOAY LIWJINHAPOB — Te-
HepaTopoB BUXpeBbIX Map. Cyaa, BBITOTHS -
€MbI€ MO MPEIJIOKEHHBIM CXeMaM, TMPU Te-
pEeMEIeHUU HE UCIBITHIBAIOT JIOOOBOTO CO-
MPOTUBJICHUS.

3. [oka3aHo, YTO MOIIIHOCTb, MOTPpeOHas
JUJISI TIepeMEIEHUS CYI0B, BBITOJTHEHHBIX IO

Puc. 12. CmeLwyeHHoe pacrnosioXeHue reHepaTopoB BUXPE U CXeMbl IMHWI TOKa.

MpeIIOKEHHBIM CXeMaM, Ha HEeCKOJbKO
(5—7) mopsiIKOB MEHBIIIE MOIITHOCTH, I10-
Tpe6JisieMOoii TpaAULIMOHHBIMU CYIaMH.

4. BBITTIOJIHEHBI OLICHKH DHEPIUHU, TIOTPeO-
HOI1 111 (DOPMUPOBAHUS YCTAHOBUBLIETOCS
JIBUXKEHUSI B 00JIACTU 3aMKHYTOI'O TeUEHUS
B OKPECTHOCTU BHUXPEBOI Mapbl U BpeMEHU
ero (popMUpoOBaHUSI.
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VORTEX PROPULSION UNITS OF SEA VESSELS AND AIRCRAFTS

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

ABSTRACT

Basic diagrams and estimates of the main
parameters of sea vessels and aircrafts with
propulsion units in the form of generators of vortex
pairs, including toroidal vortices (thermals) are
proposed. It is shown that the efficiency of such
propulsion units increases with the increase in their
dimensions, so that in case of surface vessels
propulsion units provide the buoyancy of the vehicle,

the ability to locate a useful volume in the above-
water part, and in case of air and submarine vessels —
inside the propulsion unit. Since the vortex pair moves
in the environment, without experiencing frontal
resistance, vessels, manufactured according to the
proposed schemes, also do not have frontal
resistance. This factor gives the design a considerable
advantage in the cost of power to move through water
and air.

Keywords: aircraft, sea vessels, vortex pair, drag, dissipation of vortex energy, structural features.

Background. Almost all modern water and air
vehicles (vessels) are made in a separate scheme
«propulsion unit — vessel’s hull», in which the
propulsive device, as a result of interaction with the
surrounding environment, creates a necessary
traction effort. With such an arrangement, to move
the vessel, it is required to overcome the force of the
medium’s resistance, caused by a counter- impact
pressure, acting on the body, and more often on the
body and on the propulsion unit.

With the increase in the dimensions of vehicles
and the speeds of their movement, these resistance
forces increase, and the power required for movement
increases in proportion to their product, which in this
case is proportional to the product of the velocity cube
over the cross-sectional area of the vessel.

A possible option is not to overcome, but «bypass»
the problem of water or air resistance (the cases of a
ship and airship, respectively) is the use of a specific
flow known in hydrodynamics as a vortex pair [1-3]
and its particular case is a toroidal vortex or thermal.

A vortex pair is two relatively closely spaced
vortices with mutually opposite directions of rotation
[4, 5]. The arrangement can be considered close if
each of the vortices comparatively efficiently interacts
with the current created by the other. In such a flow
there is such a limited region (volume) with closed
trajectories of fluid motion, which moves in the
environment, and there is no jump in the velocity of
the fluid at the boundary of the moving region, that s,
this region moves in the environment without frontal
resistance.

Located in the closed flow area, the vessel’s hull,
combined with the vortex generator, also moves in
the medium, without experiencing frontal resistance.
The constructive scheme of such a hypothetical

Pic. 1. Diagram of generators of
a vortex pair (a) and streamlines

vessel, both water and air, is radically different from
all used up to the present time.

The purpose of this work is to analyze the possible
layout schemes for vessels «hull — generator of a
vortex pair that is a propulsor» with an assessment of
the main parameters of such vehicles and their
comparison with traditional schemes.

Objective. The objective of the authors is to
consider vortex propulsion units of sea vessels and
aircrafts.

Methods. The authors use general scientific and
engineering methods, mathematical calculations,
evaluation approach, comparative analysis.

Results.

1. Vortex pair hydromechanics

Two vortices with opposite in sign but equal in
modulus circulation (Pic. 1a) move translationally
along a straight line perpendicular to the segment
joining the centers of the vortices with the velocity [5,
6]:
v=-2. (1)

Axr’

G =2rav, =270a”

(2)
where G is circulation of the vortices, r is the distance
from the line of symmetry to the center of the vortex.

Pic. 1b shows a diagram of the current lines of a
vortex pair in a reference frame moving with vortex
filaments. Part of the fluid, marked with dashes,
remains constantly in the vicinity of the vortex
filaments.

Such a pair of vortices is a plane element of a
vortex ring, which can be another version of the
organization of the vortex propulsor. For example, a
vehicle in the form of a torus is possible, the outer

in its vicinity (b).
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shell of which will generate a toroidal vortex (Pic. 2)
and act as a propulsor.

An estimate of the translational velocity of a vortex
ring is obtained from the Kelvin formula [7, 8]:

G 8r 1
V=—-q|ln——|.
47rr[n a 4} (3)

At a sufficient depth of the reservoir, a pair of
rectilinear vortices closes in the underwater part,
forming a half of the toroidal vortex (Pic. 3).

If a rotary cylinder is used as an artificial vortex
generator, the maximum linear velocity on the lateral
surface of the cylinder should not exceed the value at
which the velocity head of the liquid is equal to the

f 2
total pressure in the liquid [8], i.€. Vi = % , where

p, is the pressure in the liquid. At higher speed
cavitation of the liquid occurs and its acceleration by
rotation of the rotor is impossible. In the case of a
surface vesselp,=1atm=10°N /m? p=10°kg / m®
and the maximum permissible linear velocity on the
surface of the rotorsisv,, =15m/s; atp,= 10 atm,
Von=45m/s;

Since, on the one hand, with other things being
equal, the speed of the vessel increases, the smaller
is the interaxial distance | = 2r, and on the other, this
distance must be large enough that a closed flow
forms in the vicinity of each rotor, the optimization
question | acquires an independent value. The initial

Pic. 2. The toroidal
vortex.

condition for optimization can be the distribution of
fluid velocity in the vicinity of a rotating cylinder — a
vortex generator. In the absence of dissipative losses,
the circulation of the liquid is constant G, = const, and
the ratio of the velocity of translational motion to the
linear velocity of the vortex depends on the distance
between the centers of the vortices, which is shown
in Pic. 4.

Pic. 3. Closure of two near-surface linear vortices with
the formation of a half-toroidal vortex.

Pic. 4. Dependence of the
speed of translational motion
on the ratio I/a (ratio of the
rotor-to-rotor distance) —

p,=1atm (1); 10 atm (2);
50 atm (3).
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Pic. 5. Dependence of the dimensionless speed of the
vessel from the radius of the rotor for different values
of the inter-rotor distance.
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Pic. 7. Dependence of the power consumption on the
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Pic. 9. Dependence of the time of formation of motion
on the radius of the rotor.

ves.

Pic. 5 shows a family of curves (a) for several

0
| — values of the inter-rotor distance.

In a viscous fluid, to maintain such motion, it is
necessary to impose energy from outside the source
of vorticity, for example, from a cylinder rotating in a
liquid. The force required to overcome the forces of
internal friction F:

dv_ hpaG
dr 2

F, =8n (4)
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Pic. 6. Dependence of power consumption on the
speed required to maintain vortices.
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Pic. 8. Dependence of the energy consumed for
rotation of vortices on the velocity of the vortex pair.

where S is the area of the cylinder, n is the dynamic
viscosity of the fluid;

and the power is:
hnaG®
P=Fn=—"1"0 (5)

Pic. 6 shows the dependence of the power
consumption on maintaining the vortex motion on the
speed of the vessel with displacement of 4000 tons.

For vessels with traditional propulsors, the
dependence on the speed of power consumed to
overcome the drag for a drop-shaped body with
displacement of = 4000 tons, in the underwater
position, is determined in accordance with:

v3
P)=F,v= cxs”T, C, =0,045 . (6)

Pic. 7 is a graph of this dependence.

As can be seen from the graphs, the power
consumption of vessels with propellers of the
proposed type is 107 times less than for vessels with
traditional propulsors.

However, for rotation of vortices it is necessary to
expend a considerable amount of energy, exceeding
the figures for traditional engines. The energy
consumed for rotation of vortices has a dependence

G’ ph
E=
16

In(10) (7)

T
and is shown in Pic. 8.
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Pic. 10. Scheme of ship realization on two vortex pairs obtained by vertically rotating cylinders: 1 — rotor,
2 — support, 3 — platform, 4 — medium (water).

~
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Pic. 11. Symmetrical arrangement of the vortex generators and current flow diagrams.

When starting the drive of the vortex generators,
they are initially surrounded by a stationary medium.
This stage corresponds to the maximum velocity
gradients. They can be estimated from above by
assuming that at the initial moment the velocity drop
from the linear velocity of motion on the surface to
zero is realized on the thickness of the boundary layer
of the medium (liquid).

The thickness of the boundary layer § is estimated
from the relation:

L
JRe ®
where L is the length of an accelerating section, Re is
the Reynolds number.

The power consumed at the stage of rotation of
the rotors can be found with the aid of the relation

N' =S _u(gradV) (9)

where u is dynamic viscosity of the fluid, and the
maximum velocity gradient is defined as follows:

(gradV)

max vmax -

= Yimax
max 5 .
Based on the performed calculations of the capacities,
itis possible to estimate the time required for rotation
of the rotors:
_E  pas
N 8 7
where d is the ratio of the rotor-to-rotor distance to
the rotor radius, p is the density of the medium (water),
u is the dynamic viscosity of the medium.

Pic. 9 shows the dependence of the time of
formation of motion on the radius of the rotor for
different values of the inter-rotor distance.

2. Generator circuits and layout options

The toroidal vortex has the best characteristics
as a propulsive device (Pic. 2), which has minimal

(10)

t In(d) , (11)
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dissipative losses and maximum lifetime in the
absence of an initiating source of rotation. However,
a toroidal vortex can arise and exist only in a
homogeneous medium, with reference to the
conditions of our theme — in an atmosphere or an
aqueous layer of thickness at least an order of
magnitude larger than the torus. At the interface, for
example, on the surface of water, a toroidal vortex is
essentially impossible. The simplest generator of the
toroidal vortex is a rotating toroidal shell. In this case,
the hull of the vessel is placed (built in) inside such a
shell. The structural and technological realization of
such airships (dirigibles) and water vessels (in this
case always underwater vessels) due to the originality
of most structural elements is obviously connected
with a number of technical (engineering) problems.
The simplest generator of a surface vortex pair
are two vertical rotating (in mutually opposite
directions) cylinders, which ultimately realize a semi-
toroidal vortex (Pic. 3). However, on such a separate
pair of cylinders, it is not possible to mount a body of
a surface vessel without additional supports in the
water. Two or more pairs of cylinders allow the
platform to be mounted in the above-water part
(supported on the axis of the cylinders) as a bearing
element of a surface vessel [10]. Essentially, there
are no obvious limitations on the shape and carrying
capacity (displacement) of the platform. As the
diameter of the cylinders increases, the displacement
and stability of the vessel increase and a greater
efficiency of the motion of the vortex pair is realized.
Vortex generators can be, for example, cylinders
arranged in the form of two parallel rows on which the
supporting platform (housing) is placed. Such a
design assumes the formation of two vortex chains,
and the vortex generators(cylinders) can be arranged
in two ways: each vortex generator of one row is
placed opposite the cylinder of the other row(Pic. 11)
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or placed opposite the middle of the interval between
two neighboring cylinders of the other row (Pic. 12).

Each of these systems will also move forward with
speeds:

For a symmetrical arrangement
V= Ecl‘h iz s

2b b

For shifted location
= E thL2r ,
26 b

where b is the distance between neighboring
vortex generators.

The stability of the systems of these different
arrangements of vortices relative to each other was
studied by Karman. It was proved that the symmetrical
arrangement is unstable, that is, with the passage of
time, the vortices shift from positions corresponding
to the unperturbed state. The displaced location is
stable, and therefore does not require additional
energy costs to overcome the forces displacing the
vortices. The stability condition obtained by Karman
has the form [11]:

E=0,2806.
b

(12)

14 (13)

(14)

With the number of pairs of cylinders larger than
two, the optimization of their number and mutual
arrangement becomes a separate independent task.

Conclusions.

1. A targeted survey analysis of the flows
generated by the vortex pair was carried out. From
the fact of the continuity of the distribution of the
velocity of the medium in the neighborhood of the pair,
aconsequence is pointed out that the region of closed
motion moves in an environment without frontal
resistance.

2. Principal schemes of the layout of air and
submarine vessels with the placement of vessel’s hulls
inside the generators of vortex pairs are proposed.
For surface vessels, a scheme is proposed for the hull
of the ship outside the water with support on the axis
of the immersed cylinders — vortex pair generators.

Pic. 12. Displacement of vortex generators and current flow diagrams.

Vessels performed according to the proposed
schemes do not experience drag when moving.

3. It is shown that the power required to move
ships executed according to the proposed schemes
is several (5—-7) orders less than the power consumed
by traditional vessels.

4. Estimates of the energy required for the
formation of steady motion in the region of a closed
flow in the vicinity of the vortex pair and the time of its
formation are performed.
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