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paboTsl an3ens 3a cyert 6onee
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AemMrigupyiowero ycTpomucTea
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XJIaXIaloIIKe CUCTeMbI Au3eseit (Ma-

CJIsSIHasl U BOAsSIHAs) TIpelIHa3HAueHBI

JIJISL OTBOJIA TETLIOTHI U 00ecTIedeHUsT
3aJaHHOT'O TeMITIEPaTypHOTo pexkuma. B termio-
BO3HBIX Au3esisiXx 60% TerioThl, BbIAEISIEMOI
B MOMEHT CTOpaHUsI TOTUIMBA, TOJDKHO OTBO-
JIUTHCS TAKUMU cucTteMamu [1, 2].

I1pu aTOM B IBUTATENSIX TTOTOOHOTO TH-
ma, Kak 1 B 110001 Ipyroi TuapaBIndecKoii
cucTteMe, HepeIKO MMEIOT MEeCTO pas3pyilie-
HUSI TPyOOIPOBOIOB BHICOKOTO AABJICHUS,
YTO 00YCJIOBJIEHO MOBBIIIEHHOU BI3KOCTHIO
Macja, a Tak’ke BOSHUKHOBEHHUEM THAPOY-
napa [3, 4].

WM3BecTHO, UTO rUApaBAMYECKUI yaap
npeacTaBisieT co00i KoedaTeIbHBIN MPo-
11ecc, BO3HUKAIOIIMI B YIIPYTOM TPYyOOIpO-
BOJIE C KaIleJIbHOM XXKMIKOCThIO TP BHE3aIl -
HOM M3MEHEeHMHU e€ cKopocTu. [Tpuyem mn3-
MEHEHME NaBJICHUsI TECHO CBSI3aHO C yIpy-
TMMU JehopMalUsIMU KUIKOCTU U CTEHOK
TpybonpoBoaa. [MapaBinyeckue ynaphbl yalie
BCEro BO3HUKAIOT MPU OBICTPOM 3aKPHITUU
WJIM OTKPBITUM 3aITOPHBIX KPAHOB WJIM IPYTUX
YCTPOMCTB, yIIPaBJISIIOLIMX IOTOKOM padoueit
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KuakocTtu. Tak, HalpuMmep, ecau B KOHIIE
TpyOOIpoBOIa, IO KOTOPOMY padoyast KU/l -
KOCTb JIBMKETCS CO CKOPOCThIO V), IPON301i-
JIeT MTHOBEHHOE MepeceueHue e€ MmoTokKa
nperpagoii, To CKOpOCTh YacTUIL paboyveit
JKUIKOCTH OyJeT MoraiieHa, a UX KWHeTh4Ye-
cKasl 3Heprus TpaHC(HOPMUPYETCs B YIIPYTYIO
nedopmMalirio CTeHOK TpyoorpoBoaa 1 pabo-
yell XKuaKocTu. B aToM ciaydae CTEHKM Tpy-
OompoBoa OyayT MOABEPKEHBI PACTSIKEHUIO,
a caMa XHUIKOCTb CXKaTUIO MOJA IeiCTBUEM
TIOBBILICHHOTO AaBICHUS A, . [Tpu 3TOM Ha
3aTOPMOKEHHbBIEC YAaCTULIBI paboyeii KUIKO-
CTU Y BO3HMKIIIEH Mperpaabl HaberaroT Apy-
rve, TakXe Tepsiss CKOPOCTb CBOETO IBUXKe-
HUSI, B pe3yjbTaTe yero padoyvast XXUIKOCTb
nepeMeIiaeTcsl HaBCTpeuy ABMKYIIEHCS co
CKOPOCTBIO ¢, KOTOpasi HOCUT Ha3BaHUE «CKO-
pPOCTb YIAapHO# BOJIHBI», a MepexoaHast 00-
JaCTh C U3MCHSIOIMMCS aBICHUEM Ap
Ha3bIBaeTCs «yIapHOIi BOTHO» [5].

Ha ocHoBaHUM OMMCAaHHOTO SIBJCHUS
MPUMEHUTEJbHO K CUCTEMaM OXJIaXKIeHUS
Macja 1 BOJIbl YHCJICHHbIC 3HAUCHUS YKa3aH-
HBIX TApaMeTPOB OMPEICIISIIOTCS (hopMyJIaMMU:

o 27z[(r+Ar)—r]E=£E _Apr
2zr r o

)

S S
[p, 20r
K JOF

2
APy = PVoc=pVy =,

C=

rae Ar— nedopMariusi CTeHKU TpyOOIIpOBOIaA;
E — Monysib ynpyroctu Matepuaia Tpyoo-
MpoBoOA;
Ap,, — BeINYNHA U3MECHEHUS! JaBICHUS
MocJie yaapa KUAKOCTH O TIperpaiy;
2 F— BHYTPEHHUI JuaMeTp TPyOOIIPOBO/A;
G — TOJIIIMHA CTEHKU TPyOOTpOBOa;
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Puc. 1. MpuHunnuanbHas cxema
YacTu CUCTEeMbI OXJIAXXKAEHNS1 Macna
An3ens (a) n KOHCTPYKUUS y3na
npeAoTBpaLleHns ruapasinyeckoro
yaapa B cucteme (0).

8 — CKOPOCTb pacIpOCTpaHEHUSI yIapHOI
BOJIHBI;

p — TUIOTHOCTb paboyeii XKUAKOCTH;

K — 00BEMHBIN MOAYJTb paboyeii XKUIKO-
CTH;

V,— moctynaresibHasi CKOPOCTb ABMXKEHHUsI
IOTOKAa paboyeii XUIKOCTH;

[ — nnuHa TpydbomnpoBoa;

t — BpeMsI cpabaThIBaHUS TEPMOPETYIISITO-
pa.

Jns mpenoTBpalleHUsT pa3pyllieHUs
M CMSITYCHMSI TUIPABIMYECKOrO yaapa B M-
JIPONIPHUBOJIAX UCIIOIb3YIOT Pa3INIHbIC METO-
JIbI 3AIUThI:

— yBeJIMYEHUE BpPeMEHU CcpabaThbIBaHUS
3aIIOPHBIX KPAHOB,

— YCTaHOBKa Iepeji TAKMMU YCTPOMCTBAMU
KOMIIEHCATOPOB, THAPOAKKYMYJISITOPOB, ITPE-
JIOXPAHUTEJIbHBIX KJIAITAHOB,

— YBEJIMYCHME BHYTPEHHMX JUAMETPOB
TPYOOIIPOBOIOB U MX JUIMHbI,

— caMblii MpocToit 1 3(PHEKTUBHBIN CITO-
€00: yBeJIMYEHME TOJIIIMHBI CTCHOK TPYOOITPO-
BOJIOB.

OHaKo y MOCJIEIHEro crocoda ecTh U He-
JIOCTaTOK, KOTOPBII 3aKJII0YACTCS B YBEIMYC-
HUU METAJUIOEMKOCTH TUAPABIMYECKUX CUC-
TEM.

AHau3 3HaYUTEIHLHOTO YMCIa 3apy0exK-
HBIX U oTeuecTBeHHbIX MmateHToB SUS500098
Al ot 25.01.1976 r., SU810539 Al ot
7.01.1981 r., UA 56555 A ot 15.05.2003 r,,
RU23601770115.05.2003 ., CN203162425 U
ot 28.08.2013 1., oubrorpapuIecKmux MCTOY-
HUKOB ITO3BOJIMJI 000CHOBATh TEXHUYECKOE
pemieHue «IMapooOBEMHBIN TTPUBOJ BEHTU-
JIITOpa», 11eJIb KOTOPOTO ITOBBIIICHNE HAEX-
HOCTU CUCTEM OXJIaXICHUS TU3esieid Tero-
BO30B B 3KCITIyaTtaluu [6].

JlaHHOE TeXHMYECKOoe pelIeHrue pa3pado-
TaHO B Pe3yJIBTaTe TBOPYECKOTIO COAPYKECTBA
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KOJUIEKTUBOB Kadeap MocKOBCKOTro rocyaap-
CTBEHHOTO YHUBEPCUTETA ITyTE COOOIEHUS
u Enenxoro rocynapcTBEHHOIO YHUBEPCH -
TeTa.

TuapooOBEMHBIN TPUBOM BEHTUISITOPOB,
0003HaUYEeHHBIN Ha puc. 1, COCTOUT U3 TU-
JnpoHacoca 1 ¢ TpybonpoBoaoM 2, o KOTO-
pOMY MacJjio MOCTyMaeT OT AU3es, U TpyOo-
MPOBOAA BBICOKOTO NaBJIEHUS 3 C KECTKO
3aKperJICHHBIM Ha HEM KOXYXOM 4 IIMJIMH-
npudeckoit hopmbl. Bo BHyTpeHHEe moJio-
CTU UWJIMHIPUYECKON (hOPMBI KOXyXa BbI-
TMOJTHEHBI CKBO3HBIE Ma3bl 5 U MOJABUXHO
pa3MellleH cTakaH 6, MOANPYXUHEHHBIN
BUHTOBOU mpyxuHo cxatus 7. Koxyx
CBsI3aH MaTpyokoMm 8 ¢ TpyOONMpPOBOIOM
HU3KOoro aapaeHus 9. TpybonpoBoa BbICO-
KOTO aBJIeHUs 3 COEIUHEH C TepMOpPEryJs-
TopoM 10, a TOT ¢ MOMOIIIbIO TPYOOTPOBOIA
11 BKJIIOYEH B CUCTEMY TMAPOOOBEMHOIO
MpuBoJaa U TpyoONIpoBOAOM 12 CBSI3aH C TU-
IPOMOTOPOM 13, CHaOXXEeHHBIM BEHTUJISITOP-
HBIM KoJiecoM 14,

IIpu pabore nusenss tepmonmatyuk 10
OMBIBAETCSl CMa30YHBIM MAacJioM, JBUXY-
muMcs mo ctpeake A (puc. la), u ecinu
TeMIiepaTypa Macja He npesbiaet 80 °C,
TO TEPMOPETYJISTOP MPOIYCKAET Macjo Mo
cTpesnke B, maBieHUe KOTOPOTO CO3maeT
rugpoHacoc 1, B TpybonpoBon 11, cBsg3aH-
HBbI ¢ OaKOM-(PUALTPOM (Ha PUCYHKE He
1oKa3aH), ¥ 3aTeM BHOBbB ITOCTYIaeT B TH-
JIpoHacoc 1o TpybornpoBoay 2 (Takxe IO
ctpenke B). [Ipu mpeBbIIIEHUU MACIOM
HOPMaTHUBHOM BEJIMUYMHBI TEPMOPETYIISITOD
10 cpabaTbiBaeT U nepekpbiBaeT TPyoOMnpo-
Bon 11, 4To MO3BoOJISIET Mac1y MO/ NaBJIeHU -
em 11,5—11,8 MIla noctynuTh B TpyOOMpoO-
Boj 12 u, nBurasich o ctpeike C, momactb
B TUAPOMOTOpP 13, BEHTWISATOPHOE KOJIECO
14 KOTOPOTO OXJIAXKIAET CEKIINU XOJIOIUITb-
Huka. [Ipy cHUXXeHUU TeMIepaTypbl Macja
10 3HAYEHMUsI, PEKOMEHIYeMOTO TeXHUYE-
CKUMU YCJIOBUSMU, TepMoperysiTop 10
cpabarbIBaeT U odecreuynBaeT nojady Macia
B TpyOormpoBoa 11 Tak, Kak yXe OIUCAaHO.
OnHako TpHW Pe3KOM TEPEKPHITUN TPyOO-
MPOBOJA MPOUCXOAUT 3HAYUTEIbHBINA POCT
JlaBJeHUs paboyeii XUJKOCTH, a 3TO BJEYET
3a co00It pa3pbiB TPYyOOIIPOBOIA MU BBIXO/I
U3 CTPOS APYTUX COCTaBJSIONIUX €ro dJie-
MEHTOB.

YucieHHOe 3HaUYE€HWE TaBJIEHUS OMpe/e-
JsieTcst popmyJioii:
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r1ie p — IUIOTHOCTh pabovet KUIKOCTH;

V, — moctynatenbHas CKOPOCTh paboueit
KWIIKOCTH;

[ — nnmHa TpybonpoBoaa;

t — BpeMsI cpabaTbIBAHUS IPUOOPOB Iepe-
KPBITUS TPpyOOIIpOBOIA.

AHanu3upys1 NpeacTaBIeHHYI0 (GOpPMYIY,
BUONM, 9YTO YeM MEHBIIC BeIMYUHA f, TeM
Gosbie Ap, , 1 IIOSTOMY ISl IIPEOTBpALLe-
HUS pa3pbIBa TPyOOIIpOBOIA HEOOXOIUMO,
YTOOBI TEPMOPETYIISITOP TePEKPHIBaI TPYOO-
poBoa 3 He pe3Ko (HampuMmep, B TCUCHHE
0,001 ¢), aropasno MemieHHee (HaIpuMmep,
1,5 c u 6oxee) [7].

DTOMy KaK pa3 CIIOCOOCTBYET YCTPOMCTBO
(cM. puc. 16), o koTopom uneT peub. [1pu cpa-
0aThIBAHUY TEPMOPETYJISITOPA TI0 IIEPEKPHITHIO
TpyOOIIpOBOIA 3 JaBJIEHME Macjia BO3pacTaeT
¥ OHO TIOCTYTIAET I10 cTpeikaM E uepes massl 5
B II0JIOCTh CTakaHa 6, a 3T0 00ecIeYnBaeT Co-
3naHue cuibl F, KoTopas mepeMecTuT cTakaH 6
B TOM K€ HalpaBJIeHUH, CXKaB BUHTOBYIO TIPY-
JKUHY 7, ¥ TIO3BOJIUT MACIy IIOCTYIIUTh B TPyOO-
TIPOBOJ HU3KOTO JaBIcHUS 9 yepes marpyoox 8
(o crpenke K). B utore cHizkaeTcst BemmamHa
JABICHNSI AP 1, CIIEIOBATEIIHO, UCKITIOACTCsT
pa3peIB TPyOOIIPOBOIA B CIlydae BOZHMKHOBE-
HUS TUAPABIMYECKOTO yaapa.

AHanMM3UpysI MPeIIOKEeHHOE TEXHUUECKOE
pellieHne, HeTPYIHO 3aMETUTh, YTO HanboJee
OTBETCTBEHHBIM KOHCTPYKIIMOHHBIM 3JICMEH-
TOM SIBJISIETCS] BUHTOBAS TIPYKMHA CKaTUST 7
(cMm.puc.1), OT reoOMeTpUUECKUX TTApaMETPOB
KOTOPOM 3aBUCHUT B LieJIOM pabOTOCIOCO0-
HOCTb CaMOM KOHCTPYKILIMU YCTPOUCTBA,
TIPeIOTBPAIIAIOIIETO Pa3phlB TPYOOIIpOBOIA
MIpY BO3HMKHOBEHUM THAPABIMICCKUX yIa-
pOB.

JI1s BBITIOJTHEHUST pacy€Ta reoMeTpuye-
CKMX ITapaMeTPOB IIPYKMHBI IPEABAPUTEIIHHO
OIIpeeNIsieTCsI CKOPOCTh PacIIpOCTPaHEHUS
YIApPHOI BOJIHBI:

BenuuunHa ckauka JaBlIeHMs MOCIE yaapa
MacJia O 3aCJIOHKY 3JIEKTPUIECKOr0 TEpMOpeE-
IyJsITOpa HAXOOUTCS 110 (hOpMyJIe:
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Ap,=pVg.
Bpewmsi, B TeueHre KOTOPOTO IMTPOUCXOIUT
3aKPBITUE 3aCTIOHKU JIEKTPUUECKOTO TEPMO-

peryisitopa:
t=pV, 2
Apya

IIpu 3TOM HampsEKeHMSI, BO3HUKAIOIINE
B TPyOONIPOBOMIE OT TaKOTO IOBBLIIIEHHOTO
JaBJICHUs Macjia, UMEIOT 3HAYCHMSI:

22[(r+ar)-r] Ay Ay
27y y 5

ITonyyeHHOE 3HaYEHNUE HAMIPSDKEHUI ¢ =
1053,3 xrc/cm? B 1,08 paza mpeBbIlIaeT
[6] = 975 krc/cM?, UYTO CBMIOECTEIBCTBYET
0 BO3MOXXHOCTH pa3pylleHUs TpyOOIIpOBO/Ia.
(PacueT mmpon3BoaUTCS JUISI ITApaMETPOB TH-
JIPOTIPUBOJIA BEHTUJISITOPA MACJISTHOI CHCTe-
MBI TETIJI0OBO3a).

bonee nomHast kaptuHa GyHKIIMOHATBHON
3aBUCUMOCTU Apy}l:f(t), XapakTepusylolei
M3MEHEeHUE TTapaMeTpOB YIapHOI BOJIHBI OT
CKOPOCTH 3aKPBITUS 3aBMKKU DJIEKTPUYEC-
CKOT'0 TEpMOpEryJsTopa, MpUBeIeHa Ha
puc. 2.

Ipaduk Ha puc. 2 MOKa3bIBAET, YTO MPHU
BpeMeHU cpabaTbIBaHUS TEPMOIJIEKTPUYE-
ckoro peryasaropat= 0,014 ¢ gaBneHue macia
B TpybompoBoae coctaniseT 12 MIla, a npu ¢
= 0,012 ¢ oHo Bo3pactaet go 15 MIla, uto
B 1,34 paza Bollie paboyero. [1pu BpeMeHU ke
cpabateiBaHus nopsaka 0,008 ¢ maBieHue
cTaHOBUTCA paBHbIM 22,5 MIla, uto B 2,25
pa3a Bbllle pabovero U CrocoOHO pa3pyIIUTh
TpyOOMpPOBOI.

o=

SAKJTOMEHUE

B xauecTBe peKOMEH AU ITO UCKITIOUEe-
HUIO paspylieHUs TPyOOIPOBOIOB MTOJAYN
Macjia K BEHTUJISTOPY MOXKHO TPEITOXKHUTh
HMCIOJb30BaHME TTPOJEMOHCTPUPOBAHHOTO
TEXHUYECKOTO PEelIeHUs] U OMHOBPEMEHHO
MPOU3BECTH 3aMEHY TePMO3JIECKTPUIECKOTO
peryisiTopa Ha TEpMOITHEBMAaTUYECKHIA, Bpe-
MsI cpabaThIBaHMSI KOTOPOTO Ha ITEPEKPBITHE
TpyOOIpoOBOIa clieayeT BhIOMpaTh B Auara-
30He 6oJjiee 0,012 ¢. D10 MO3BOMUT U30€KATh
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Puc. 2. U. Hue 4 yAapHOU BOJIHbI
B 3aBUCUMOCTH OT BPEMeHU cpabaTtbiBaHUs
perynsTopa aaBrieHusl.

pa3BUTHUS yaapa B CUCTEME YIpaBJICHUS TU-
NPOIBUTATEISIMA BEHTUJISITOPOB, TpeaHa3-
Ha4YeHHBIX TS OXJIAXKISHUS TU3eseii TerIo-
BO30B [8§].

PesynbraThl uccaenoBaHMs, 3aBEPILIUBILIE-
rocsi CO31aHMeM MHHOBALIMOHHOM KOHCTPYK-
LIWU, TIPEJOTBpALIAOLIEH pa3pylIEHUE MaCIs-
HBIX TPyOOTIPOBOIOB CUCTEMBI OXJIAXIECHUS
nuzens, oynyt noiesnsl HUUN, nmpoekTupyio-
1LIUM JIOKOMOTUBBI, a TaKXKe MPEeANPUITUSIM,
PEMOHTUPYIOIIUM U DKCIJIYaTUPYIOLIUM
MarvcTpajibHble U IPOMBbIIILIEHHbIE TETIOBO-
3bl KaK B Hallleli cTpaHe, Tak 1 32 pyOesKoM.
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Z{# & REMOVING HYDRAULIC IMPACT RISK IN COOLING SYSTEM OF DIESEL
4 ENGINES
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Slivinsky, Evgeny V., Yelets State University n.a. lvan Bunin, Yelets, Russia.
Radin, Sergey Yu., Yelets State University n.a. Ilvan Bunin, Yelets, Russia.

ABSTRACT

Technical solution is proposed to ensure safe
operation of diesel thanks to improved hydraulic drive
system of a fan. The achieved cooling effect can
eliminate such a negative phenomenon peculiar to
hydraulic systems, as hydraulic impact, to avoid

damage to pipelines under all application modes of
hydraulic drive. The article describes operation prin-
ciples and design characteristics of a damping device
of fan hydraulic drive of locomotive’s diesel cooling
system. Recommendations regarding its application
are suggested.

Keywords: locomotive, diesel engine, cooling system, hydraulic impact, fan, hydraulic drive.

Background. Cooling systems of diesel engines
(regarding both oil and water cooling) are used for
heat removal and maintenance of the set tempera-
ture. In diesel engines of locomotives 60% of heat,
generated at the time of fuel combustion, is removed
by such systems [1, 2].

In engines of this type, as well as in any other
hydraulic system, failure of high pressure pipes oc-
curs often, which is caused by increased oil viscosity
and occurrence of hydraulic impact [3, 4].

Objective. The objective of the authors is to
consider ways to remove hydraulic impactrisk, arising
in cooling systems of diesel engines, mounted on
locomotives.

Methods. The authors use general scientific and
engineering methods, comparative analysis, evalua-
tion approach.

Results. It is known that hydraulic impact is an
oscillatory process that occurs in an elastic pipe with
dripping liquid at a sudden change in its speed. More-
over, the pressure change is closely related to elastic
deformations of the fluid and the pipe walls. Hydrau-
lic impacts arise often with the rapid closing or open-
ing of shut-off valves or other devices that control
power fluid flow. For example, if at the end of the
pipeline, through which the power fluid moves at a
speed V,, occurs instantaneous crossing of its flow
with a barrier, the speed of particles of power fluid will
be extinguished and their kinetic energy is converted
into elastic deformation of the walls of the pipe and
the power fluid. In this case, the pipe wall will be sub-
ject to tension and the fluid itself — to compression
under the action of high pressure Ap, . Thus, other
particles ride on stopped particles of power fluid near
arising obstacle, the former particles also lose speed
oftheirmovement, whereby power fluid moves toward
moving one with speed s, which is called — shock wave
speed, and a transition area with changing pressure
Ap,,, is called shock wave [5].

On the basis of described phenomenon in relation
to oil and water cooling systems numerical values of
these parameters are determined by the formulas:

oo 27r[(r+Ar)—r]E=£E= Ap,,r ’
2zr r S5
1
§= ,
L, 2pr
K OE
2/

Ap,,, = pVos=pV, e

where Ar is deformation of pipeline wall;
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E is elasticity modulus of the pipeline’s material;

AP, is value of pressure change after fluid impact
with an obstacle;

2 ris inner diameter of the pipeline;

d is pipeline wall thickness;

s is speed of shock wave propagation;

p is density of power fluid;

K is bulk modulus of power fluid;

V, is travel speed of power fluid flow;

1 is length of a pipeline;

tis response time of the thermostatic switch.

To prevent damage and to mitigate hydraulic
impactin hydraulic drives different methods of protec-
tion are used:

—to increase the response time of shut-off valves;

—to install in front of such devices compensators,
hydraulic accumulators, safety valves;

—to increase inner diameters of pipelines and their
lengths;

—and the simplest and the most effective way is
to increase thickness of pipeline walls.

However, the latter method has a drawback, which
consists in increasing metal intensity of hydraulic
systems.

An analysis of a significant number of foreign
and domestic patents, namely SU500098 A1
dated 25.01.1976, SU810539 A1 dated
07.01.1981, UA 56 555 A dated 15.05.2003,
RU2360177 dated 15.05.2003, CN203162425 U
dated 28.08. 2013, bibliographic sources, allowed
to justify a technical solution «Hydraulic volumetric
drive of a fan», the aim of which is to improve reli-
ability of diesel’s cooling systems of locomotives
in operation [6].

This technical solution is developed as a result of
creative cooperation of teams of the departments of
Moscow State University of Railway Engineering and
Yelets State University.

Hydraulic volumetric drive of fans, indicated in
Pic. 1 consists of a hydraulic pump 1 with a pipeline
2 through which oil flows from a diesel engine, and a
high pressure pipe 3 with a cylinder-shaped casing 4
fixedly mounted thereon. In the inner cavity of a cyl-
inder-shaped casing through slots 5 are made and
glass 6 is movably positioned, spring-actuated by
cylindrical compression spring 7. Cylinder-shaped
casing pipe is connected via a branch pipe 8 with a
low pressure pipeline 9. High pressure pipeline 3 is
connected to a temperature controller 10 and the
latter via the pipe 11 is included in the system of hy-
draulic volumetric drive and via pipeline 12 is con-
nected with a hydraulic motor 13, equipped with a fan
wheel 14.
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Pic. 1. Schematic diagram of oil cooling system of a diesel engine (a) and design of a unit to prevent hydraulic
impact in the system (b).
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Pic. 2. A change in pressure of shock wave depending on the response time of pressure regulator.

During engine operation temperature sensor 10
is washed by lubricating oil moving along the arrow A
(Pic. 1a)and ifthe oil temperature is not greater than
80 °C, the temperature controller transmits oil along
the arrow B, the pressure of which is created by hy-
draulic pump 1, into the pipeline 11 connected to the
tank-filter (not shown) and then returns to the hydrau-
lic pump through the pipeline 2 (also along the arrow
B). When oil exceeds the normative value, thermostat
10 is activated and closes the pipeline 11 which allows
oil under the pressure of 11,5-11,8 MPa to enter in
the pipeline 12 and, moving along the arrow C, to
enter the hydraulic motor 13, the fan wheel 14 of which
cools refrigerator sections. When oil temperature
reduces to the value of recommended specifications,

thermostat 10 is activated and supplies oil into the
pipeline 11 as already described. However, at the
sudden closing of a pipeline there is a significant in-
crease in fluid pressure, and this entails a pipeline
rupture or failure of other constituent elements.

Numerical value of the pressure can be deter-
mined by the formula:

21
Ap,,, =pVys= pVo7 ,

where p is density of power fluid;

V, is forward speed of power fluid;

1is pipeline length;

t is response time of devices overlapping the
pipeline.
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Analyzing the formula, it is seen that the smaller
is the value t, the more is Ap,  and thus to prevent
rupture of the pipeline it is necessary that thermostat
overlaps pipeline 3 not sharply (for example during
0,001 sec), but much slower (e.g., 1,5sec and more)
[7].

This is facilitated by the device (see Pic. 1 b) under
consideration. When the thermostat actuates on,
overlapping the pipeline 3, oil pressure increases and
it reaches along the arrows E through slots 5 into the
cavity of the glass 6 which provides creation of force
F, which displaces the glass 6 in the same direction,
compressing a cylindrical compression spring 7 and
allowing the oil to enter in the low pressure pipe 9
through the socket 8 (along the arrow K). As a result,
the pressure value Ap,  reduces, and consequently
the risk of pipeline break in case of hydraulic impact
is eliminated.

Analyzing the proposed technical solution it is
easy to see that the most crucial structural element
is a cylindrical compression spring 7 (see Pic. 1), the
geometric parameters of which affect in general
performance of the construction of the device, pre-
venting a break in the pipeline in case of hydraulic
impact.

To perform the calculation of spring geometric
parameters the speed of shock wave propagation is
determined at first:

The magnitude of the pressure jump after the
impact of oil with the electric thermostat valve is de-
termined by the formula:

Ap,,,=pV,s.

The time during which the valve of the electric
thermostat is closed:

In this case voltage occurring in the pipeline from

such high oil pressure have values:
oo 2n[(7+Ay)—;/] 2 Ay
2zy 14 S

The resulting stress value c = 1053,3kgf/cm?is
1,08 higher than [c]=975 kgf/cm?, which indicates
the possibility of pipeline destruction. ( The calculation
is performed for parameters of the fan of hydraulic
drive of locomotive’s oil system).

A more complete picture of the functional depen-
dence Ap,.mp=f( t), which characterizes the change in
parameters of shock wave depending on the speed
of closing electric thermostat valve is shown in Pic. 2.

The graph in Pic. 2 shows that at the response
time of the thermoelectric controller t = 0,014 sec oil
pressure in the pipeline is 12 MPa, and att = 0,012

sec, it increases to 15 MPa, which is by 1,34 times
higher than the operating. At the response time of
about 0,008 sec pressure is 22,5 MPa, that is by 2,25
times higher than the operating pressure and can
destroy the pipeline.

Conclusion. As a recommendation to eliminate
damage to the pipeline feeding oil to the fan it can
be offered to use the described technical solution
and at the same time to substitute the thermoelec-
tric controller with a thermos-pneumatic one, the
response time of which to overlap the pipeline
should be chosen not with the value of 0,012 secs,
but a within a longer period. This will prevent impact
development in the hydraulic control system of
hydraulic motors of fans of locomotive’s diesel
cooling system [8].

Results of the study, culminated in the creation of
an innovative design that prevents the destruction of
oil pipes of the cooling system of a diesel engine, are
recommended to be used by industrial research in-
stitutes, designing locomotives, as well as by enter-
prises, repairing and operating main and industrial
locomotives in our country and abroad.
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