https://doi.org/10.26160/2474-5901-2019-16-82-86

APPLICATION OF MODERN SOFTWARE PRODUCTS FOR RESEARCH
OF THE PROCESS OF THERMAL PREPARATION OF AUTOTRACTOR
EQUIPMENT
GusevD.A., Valiev A.R., Urmanov V.G, Kim A.B.

Keywords. mobile agricultural equipment, local overheatimyixed heat carrier, heat transfer,
thermal preparation.

Abstract. In this article the technique of numerical reshascof processes of thermal preparation of
aggregates of autotractor engineering is resulted thhe algorithm of selection of optimum
parameters of projected means of thermal preparaioffered.

NPUMEHEHUE COBPEMEHHBIX ITPOI'PAMMHBIX ITPOJAYKTOB
NJIS1 HCCJEJTOBAHMS IMPOLECCA TEIVIOBOM NOJATIOTOBKH
ABTOTPAKTOPHOUM TEXHUKHN
I'yces /I A., Banuee A.P., Ypmanoe B.I'., Kum A.b.

KiioueBble ciaoBa: MOOWIBHASs CEILCKOXO3SMCTBEHHAs TEXHHUKA, JIOKAJbHBIC IEPETPEBBI,
TEMJIOHOCUTEb CMEIIAHHOTO TUIIA, TEIUIOOTAa4a, TEIUIOBAs IMOAr0TOBKA.

AHHOTanuA. B paHHOW crTaTbe mpuBE/IEHA METOAMKAa YHCJICHHBIX HCCJIEJIOBAHUI IPOIIECCOB
TEIJIOBOH TIOJTOTOBKH arperaToB aBTOTPAKTOPHOW TEXHUKH W TPEIJIOKEH aITOPUTM TMoadopa
ONTUMAJILHBIX TAPAMETPOB MPOECKTUPYEMBIX CPEACTB TEIUIOBOM MOATOTOBKH.

In many sectors of the agro-industrial complex lué Russian Federation,
especially in agriculture, a significant amount méchanized work falls on the
winter period, characterized by low ambient tempees. A large number of self-
propelled equipment is stored in open areas onireated hangars. At low ambient
temperatures, a significant change in the viscasiitiiydraulic fluids is observed,
which causes incorrect operation of hydraulic systeand increases the risk of
failure of highly loaded units and systems of maderobile equipment - engines,
transmissions, and process equipment [1-3].

The most common and effective of all known methofipreparing highly
loaded units of mobile equipment to accept the laaldw temperatures is thermal
preparation, the purpose of which is to increasar ttemperature of the working
environments of the units to values that ensureblesfree operation [4,6]. This is
achieved by heating the units with a stream of grmées - coolant. The most
effective means of thermal preparation are devite#t use the energy of
combustion of liquid fuel. [7].

In organizing the thermal preparation of automotredicles, the selection of
the optimal operating parameters of the thermgbamagion system — the operating
mode of the hot gas generator, the water flowiratbe case of using a mixed type
coolant [5,6], and the shape of the guiding de{id¥) is of great importance. The
specified parameters should correspond to bothntbdel (modification) of the
equipment being prepared and the initial conditicemmbient temperature, wind
speed, air humidity and the requirements for thérpmaparation of equipment
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units, for example, the maximum allowable tempertf the coolant. Obviously,
the selection of the optimal parameters of the treatment system, even within the
framework of a single modification of the techniquequires considerable labor
and time for conducting field experiments.

One of the ways to solve this problem is the useomhputer simulation of
processes that occur during the thermal preparatibrunits of automotive
equipment. To determine the parameters of the theatiment system, an algorithm
for conducting numerical studies has been devetoped

1) Modeling of the guide device (NU), providing thetimal heat transfer rate
of the heat carrier and the uniform distributiontbé& heat carrier flow over the
surface of the heated unit;

2) Determination of the maximum temperature of ¢belant, indicating the
places of possible local overheating;

3) Determination of the flow rate of water or mixad in order to achieve a
given temperature of the coolant.

For the practical application of the proposed atgor, the parameters of the
thermal preparation system of the SMD-62 enginéailesl on the T-156K wheel
loader are selected.

In order to optimize the parameters, three-dimeradisolid-state models of
NU and the heated part of the engine oil pan werated. In the program “Adapco
Star CCM”, a simulation of the motion of the codliow was carried out and the
shape of the NU was adjusted. The results are showigure l1a.

According to the simulation, the optimal value betDHW flow rate was
established within 1.8 ... 2 m / s [7].

Also, in the Adapco Star CCM program, a simulatwinthe process of
heating oil with a coolant at the inlet to a gudkvice with a temperature of 450 °
C was carried out, the results of the study aregired in Figure 1b.
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a) Distribution of DHW flow rates in the guiding\dee after adjusting its shape; b) The
results of computer simulation of heating the aihf the engine crankcase SMD-62
coolant with a temperature of 450 ° C
Fig. 1. Simulation results for the Adapco Star C@igram
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In Figure 2, zones of local overheating are cleaibjble - the volumes in
which the oil warmed up to a temperature of mo@ntB00 ° C. Therefore, it is
necessary to limit the temperature of the hot waii@ply at the entrance to the NU;
the studies performed have revealed this valued-°28. To obtain a coolant with
the required parameters, the method of formatioa ofixed type coolant (TST)
was chosen - water supply to the stream of hotsyase

To obtain a TST, a three-dimensional solid-stateleh@f the supply pipe
with a water spray installed in it was built. Thm#odel was investigated in the
FlowVision 2.5 program. The results of numericaldsts are shown in Figure 3.
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green line - experimental data; red line - simolatiesults
Fig. 2 a - simulation results of the process ofrfation of TST; b - comparison of
the data obtained by modeling in "Adapco Star C@K experimental data

A clear dependence of the temperature of the cbdlaw on the water
supply to the DHW flow is visible. For thermal pegption of the engine SMD 62,
the optimal value of the water supply is 0.1 | hmihich allows to obtain TST
with a temperature of 280 ° C.

The operation of the heat treatment system modeléte Adapco Star CCM
program was tested experimentally in a test iretialh [2]. The results of a
comparison of numerical and experimental studieshown in Figure 4.

As can be seen from Figure 2b, the results of coenpsimulations are
confirmed experimentally

Thus, the proposed search algorithm for the optipsmbmeters of the heat
treatment system can significantly reduce labotscaien designing heat treatment
systems for a wide range of automotive and selpgited agricultural machinery.
The NU form was optimized for the SMD 62 enginestemg uniform distribution
of the coolant flow at a speed of 1.8 ... 2 mths, maximum coolant temperature
was determined, excluding local oil overheatingjado 280 ° C, the mixed type
coolant was selected and the water supply wasoséf i | / min Experimental
studies conducted under similar conditions yieldedults that coincided with
numerical studies, which confirms the correctnelsshe proposed algorithm for
designing heat treatment systems.

84



JARITS. 2019. Issue 16

References
PatentNe2480617 RU. Device for thermal preparation of caitsu/ Gabitov
l.I., Negovora A.V., Razyapov M.M., Gusev D.A. —#Pu27.04.2012, Bull.
No. 13.
PatentNe2478824 RU. An electronically controlled device &ieam heating
the oil sump of an internal combustion engine, lgearcar axles / Gabitov L.1.,
Negovora A.V., Razyapov M.M., Gusev D.A. — Publ.Q¥D2013, Bull. No. 10
Negovora A.V., Gusev D.A. The method of intensifica of the thermal
preparation of car units // Materials of the All-$’ian scientific and practical
conference "FONTITM-APK-13". 2013. — P. 233-237.
Negovora A.V., Gusev D.A. The use of a mixed typelant to increase the
efficiency of thermal preparation of automotive s // News of the
International Academy of Agricultural Education130Vol. 4, Ne16. P. 196-198.
Gusev D.A., Razyapov M.M. Optimization of mixed-¢ypoolant parameters //
Youth Science and Agroindustrial Complex: Probleand Prospects Materials
of the VII All-Russian Scientific and Practical Gerence of Young Scientists.
Bashkir State Agrarian University, 2014. — P. 24-28
Negovora A.V., Gusev D.A. Improving the reliabiliof transmission units //
Status, problems and development prospects of twcu#tural sector.
Materials of the international scientific and preat conference dedicated to
the 80th anniversary of BSAU. Ufa: Bashkir Statera@mn University, 2010.
No. 2. P. 37-39.
Negovora A.V., Gusev D.A. Justification of the stwral - operational
parameters of the prestarting heater // Transactioh GOSNITI. 2016.
Vol.125. P. 90-96.

Cnucok Jurepatrypbl

[Tatent Ne 2480617P®. YcTpoiicTBO ISl TEIJIOBOM MOATOTOBKU arperaToB
aBTomobOwmieii / I'abuto U.U., Herosopa A.B., Pazsnmos M.M., I'yceB [I.A. —
Ony6mn. 27.04.2012br0mn. Nel3.

[Tatent No 2478824 PD. YcTpOoHCTBO C 3JIEKTPOHHBIM YIpaBICHHEM IS
MapoBOro o0orpeBa MaclIHOrO KapTepa ABUTaTelsi BHYTPEHHETO CropaHus,
KOpoOku mepenad, MoctoB aBromoowns / I'abutoB W.M., Herosopa A.B.,
PazsimoB M.M., I'yceB JI.A. —Ony6m. 10.04.2013brom. NelO.

Herosopa A.B., I'yceB JI.A. Cioco6 nHTEHCHU(UKALIUN TETUIOBOUM MOATOTOBKHU
arperatoB aBromoOwis // Matepuanbl BCEpPOCCHIICKON Hay4HO-TIPAKTHYECKOM
koHpepenimn «POHTuTM-AIIK-13». 2013. -€. 233-237.

Herosopa A.B., I'yceB JI.A. [IpuMeHeHHE TEMJIOHOCUTENSI CMEIIAHHOTO THIIA
JUIs TOBbIIEHUS 3((EKTUBHOCTU TEIIOBOM MOATOTOBKM aBTOTPAKTOPHOM
texuuku /| W3Bectuss MexIyHapOIHON aKaJeMHH arpapHoro oOpa3oBaHWS.
2013.T. 4,Ne 16.C. 196-198.

I'yces JI.A., PazanmoB M.M. Onrtumuzanus mapaMeTpoB TEILIOHOCUTENS
cmemannoro tumna // MonoaexHas Hayka 1 AIIK: mpoGieMbl U TEpCIEKTHBBI

85



marepuansl VIl Bceepoccmiickolt  HaydHO-TIpaKTHYECKOW  KOH(epeHInu

Mostoaeix yaeHbsix. BI'AY, 2014. -C. 24-28.

pazeutua AIIK. Marepuainsl

6. Herosopa A.B., I'yce JI.A. [ToBbiieHNE HAAEKHOCTH arperaTtoB TPaHCMHUCCHH
/ICocrostHue, npoOneMbl M TEPCIEKTUBBI
MEXIYHAPOJAHOW HAy4YHO-TIPAKTUUECKOW KoH(pepeHunu, mnocBsAmEHHoN 80-
aeruto BI'AY. Ypa: bamkupckuit AY, 2010.Ne2. C. 37-39.

7. Herosopa A.B., I'yce JI.A. O0G0cHOBaHHE KOHCTPYKTHBHO — PEKHMHBIX

napameTpoB npeamyckooro mogorpesarenss // Tpyast TOCHUTU. 2016.

T.125.C. 90-96.

I'yceB IMutpuii AnexkcaHapoBU4 — KaHAUIAT
TEXHUYECKHUX HAYK, aCCUCTECHT Kaeapbl
MEXaHUK! 1 WH)XEHEPHOU TpaduKH,
d-a-gusev@yandex.ru

Gusev Dmitry Aleksandrovich — candidate of
technical sciences, assistant of department of
Mechanics and Engineering Graphics,
d-a-gusev@yandex.ru

BaaueB Azamart PamuiieBH4 — kaHau1aT
TEXHUYECKHUX HAyK, TOUCHT Kadeape
aBTOMOOWIICH W MaIIMHHO-TPAKTOPHBIX
KOMIUIEKCOB, maratovnal985@yandex.ru

Valiev Azamat Ramilevich — candidate of
technical sciences, associate professor of
department of Automobiles and Tractor
Complexes, maratovnal985@yandex.ru

YpmanoB Buab I'ybaeBuy — kanuat
TEXHUYECKUX HayK, JOLECHT Kadeapsbl
MEXaHUKH! 1 WH)XEHEPHOU TpaduKH,
urvg59@yandex.ru

Urmanov Vil Gubaevich — candidate of
technical sciences, associate professor of
department of Mechanics and Engineering
Graphics, urvg59@yandex.ru

Kum Anexcanap bponuciaBoBuy —
MaructpaHT

Kim Aleksandr Bronislavovich — master’s
degree student

Bamkupckuit rocyaapcTBEHHBIN arpapHblil
yHuBepcurert, Y da, Poccus

Bashkir State Agrarian University, Ufa, Russia

86

Received 26.09.2019



