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UwncneHHbI aHAIU3 MPOLIECCOB B CUCTEMaX C OOpAaTHBIMU U JICIECTKOBBIMU KJIalTaHAMH MOKET
ObITh BBINIONIHEH MO conpsokeHHoW 3D momenmn. Ho m compsbkenHsie 1D mopenu nuHaMuKH U
TUAPOTra30AMHAMUKH COXPAHSIIOT 3HAUYCHUE JUIsl aHAJIN3a U ONITUMHU3ALUNA TEXHUYECKUX CUCTEM.

Uccnenyercss BO3MOXKHOCTH aJeKBaTHO cmojaenupoBaTh B 1D HecrauuoHapHoe TedeHUE
BO31yXa uepe3 OJIOK JIeTEeCTKOBBIX KIIAMaHOB OT ABYXTakTHOro mopmrHeBoro JIBC. OcobeHHOCTH
MOJIETM — VIPOIIEHHAas CcXeMma JAWHAMHUKH OOpaTHOrO KJalaHa: IOCTYIATEbHOE JBUKCHHE
NPUBEJICHHON MAcChl 3alIOPHOT0 OpraHa ¢ OJJHOM CTENEHbIO CBOOO B! (ITOKa3aHa Ha puc. 1).
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Puc. 1. PacuerHas cxema O6paTHOF0 KJ1araHa I OIMMCaHuA TUWHAMHWKH JICTICCTKOBBIX KJIallaHOB

JIBr>kKeHrEe TPUBEICHHOW WMHEPTHOW MAcCChl MOJ IEMCTBUEM MPUBEACHHBIX «Ta30BbIX» U CHII
YIOPYTOCTH B CXeM€ Ha puc. 1 onmucano cuctemont nuddepeHmanbHbIX YPaBHEHUI:

dmvy, dh
It =B+ P, + B +Pnp1 Pnpz, E:vh'
T. €. CHCTEeMOM OOBIKHOBEHHBIX MU PEepeHIINMABHBIX YpaBHEHUM 1-T0O Topsika o0IIero Bua:
dU
@

rie U — BeKTOp KOHCEPBAaTUBHBIX 3aBUCUMBIX TIEPEMEHHBIX, S = S(P, t) — BEKTOp MpaBbIX yacTeH, p —
BEKTOP «IIEPBUYHBIX)» 3aBUCUMBIX MEPEMEHHBIX, U TJI€ TAKXKe OMPEACICHO B3aMMHO-OJHO3HAYHOE
coorsercteue F(p,U) = 0, wim xe sBHbiMEH (yHkipmoHansHeivu cBsssvu U = U(p) u p = p(U),
W TJIE YYTEHBI, B YACTHOCTH, creayromme cunbl: By, = —k - [Ly — (Lpax — h)] — cuna, passuaemas
NPYXUHOU cxatwsl, Tae k — KOdIPPUIMEHT KeCTKOCTH, L.y = L(h = 0) — mMHa TPYKUHBI TPU

3aKpBITOM Kiamase, Lo > Ly, — JUIMHA €€ B CBOOOJHOM COCTOSHUM, Py = —CVj — cHjIa BA3KOIO
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conpotuBiieHus. Takke B MO/IeTh BBEJCHBI BE (PUKTUBHBIC CUJIBI, 33]JAI0IIHE HE A0COTIOTHO KECTKUE
OTpPaHUYEHUS «CBEPXY» U «CHHU3Y» JJIsl KOOPAMHATHI i 3alIOPHOTO 3JIEMEHTA KJlanaHa:

—kih, ecniu h < 0, —ky - (h — hpax), €cid h > hy oy,
P = Tp 2 =

mp 1 0, ectuh >0, 0, ecan h < hy .y,

rae k; > k u ky, > k — k03D PUITMEHTHI )KECTKOCTH.

Mogenb TeKyIIero pacxoja yepes KiamnaH — ¢ OCTOSHHBIM K03 duiineHToM pacxoaa.

Anroput™m pacuera 1o 1D mMomenu HecTarmoHapHOTO TEYCHHS B KaHalle omucaH B [1]; Tam xe
MOKHO HaWTH CBEICHHS O BBIUMCICHUM MOTOKOB Ha TIpaHULAX SYeeK — MpoLeAypaMH pacyeTa
pacmnaza pa3pbiBa Ha rpaHHIlax, BKIIOYas KJIaaHbl U CKAYKU CeYeHUsI TPYyOOonpoBo/Ia.

ANTOpPUTMBI pacyeTa Mo >KECTKUM aud@epeHalIbHbBIM ypaBHEHUSIM TPUBEICHHOW BBIIIE
MOJIeIM JTUHAMKU KialmaHa peaidn3oBaHbl Ha s3bike C BO BHEIIHEM MOJYJE, MOAKII0YaeMOM
JTUHAMHUYECKH K mporpamme-pemiarento makera ALLBEA [2]. HcciemoBamuch IBYXCTaaWiTHBIC
(orpaHMYeHHE CO CTOPOHBI peularesns) JOKAIbHO HEsSBHbIE METOAbl 0€3 H3MENIbUeHHUs Ilara
110 BPEMEHU, HAaYMHAs C HEABHOTO JIByXCTaIuitHOTO MeTos1a Pynre — KyTThl, rlie Ha nmpeaBapuTeaIbHON
cTaauu (C UTepalliOHHBIM YTOYHEHHEM OOHOBJICHHBIX 3HAUEHUN 3aBUCHMBIX MTEPEMEHHBIX):

tM =4 A, (UD)ED = yn 4 Ae-S [(p(l))(i),t(l)], (pM)ED = p [(U(l))(Hl)];

Ha OKOHYATeNbHOM cTafuu (TakKe C UTEPAllMOHHBIM UX YTOUHEHHUEM):

L — t(l)’ (Un+1)(i+1) =0,5U" + 0,5U(1) + 0,5At - S[(pn+1)(i),tn+1], (pn+1)(i+1) — p[(UnH)(Hl)].

VYnanoch MoiydduTh YCTOMYUBBIM CUET M HE3aBUCHMBIE OT CETKH pe3yibTaThl mpu ki u ky,
Ha J[Ba MOPSIKa MPEBIIAIOIINX K U IPH IPHEMIIEMOM Iare 1o t.

HpOBepKa MOZCIIM BBINIOJIHCHA HA JKCICPUMCHTAJIBHBIX AAHHBIX B HCCTALIMOHAPHOM IMOTOKC
BO3/yXa B TPyOOIPOBO/IE ¢ OIOKOM JIETIECTKOBBIX KJIAMAHOB OT ABYXTAKTHOTO JIBUTATENs. Pe3ynbTare
pacdera CpaBHUBAIM C SKCIIEPUMEHTOM IO MPOTEKAHUIO PACUETHOW M M3MEPEHHOW 3aBUCUMOCTEH
JIaBJICHUs Ha JaTYMKE B CEYCHUHU TPYOOINpPOBOAA OTHOIIMKIOBOW ycTaHOBKH [1] ot t. Bammmammm
MOJIENI HECTAllMOHAPHOTO TEYECHHS B TPYOONPOBOJE MpPEIIeCTBOBAJIA KaaHMOpPOBKAa BHYTPEHHUX
KOHCTAHT MOJIENTH OOPATHOTO KJIalaHa.

Hpome;[maﬂ KaJII/I6pOBKy KOHCTAaHT MOZCJIb KJjallaHa B COCTaB€ MOACIN TCUYUCHUA
B TpyOOIpoBo/ie OOecredriia yIOBICTBOPUTEIBLHOE COBMAJeHHE pacdeTHOro p(t) ¢ M3MEpPEHHBIM.
B To e BpeMs XoOpoliero coBmajeHus, JAOCTUTHYTOro B [1] mias TpyOompoBoja ¢ MPOCTHIMU
IpaHULIaMU YYacTKOB, C MOMOIIBIO MCCIEAYyeMOil MOJENTU B JaHHOM ciiydae (Iisi TpyObl ¢ OJIOKOM
JIETIECTKOBBIX KJIAIIaHOB Ha KOHIIE) IOCTHYb HE YIAJIOCh.

Takum oOpa3om, B JaHHOM HCCJIEIOBAaHUU MOCTPOEHA M MPOBEPEHA HKCIEPUMEHTOM MOJIENb
BOJIHOBOTO JIBWKEHHUSI BO3/yXa B JJIMHHOM KaHajle, BKJIIOYAOIas MOJIMOJEIb OOpaTHOrO KIaraHa.
Pa3paboTka Mojenu OUHAMHMKHK KjamaHa M aJrOPUTMOB BBIYMCIIEHUN HAllelleHa Ha BCTpauBaHHE
B ALLBEA [2] kak makeT mporpamMm Jisi pacdeTOB W ONTHMH3AIMM IPOIIECCOB B TPYOONPOBOAX,
HAcocax M JIBUTATENsAX.

[IpakTueckoe NpUMEHEHUE pe3ylbTaToB — IUIaHHpyeMas pa3padoTka U BCTpauBaHHE
B Iporpammy-pemiatens naketa ALLBEA mpenMeTrHo-HE3aBUCHMOTO BBIYHUCIUTEIBHOTO sapa, T
ObTM OBl peaTu30BaHbl METOJbl PEIICHHS JKECTKHX CHUCTeM nudQepeHInanbHbIX YpaBHECHUN
(¥ cucTeM C IPYrUMH OCOOCHHOCTSIMH B TPAaBbIX YaCTSIX YpaBHEHUU MyNIbTU(U3MUECKUX MOJEnei
MPOIIECCOB). ITO HEOOXOIUMO I TOTO, 4TOOBI obOecreunTh 3h(HEKTUBHOCTh YHCICHHOTO aHalu3a
IIPOLIECCOB B YKa3aHHOM IaKeTe MPUKIIAIHBIX TPOTPAMM.



Cedbmas MexdyHapoOHasi HayYHO-mexXHUYecKasl KoHghepeHyusi «JuHamuka u eu6poakycmuka mawuH» (DVM2024) | 226 13 381

HccnenoBanue BBIMOTHEHO HpU MOJAECpPKKE MUHHUCTEPCTBa HAyKH M BBICIIEr0 0Opa30BaHUS
Poccuiickoit @enepannu B pamkax ['ocygapcreennoro 3ananus Ne FEUE-2023-0007 (YYHuT).

Cnmcox aureparypsl
1. Enikeev R.D., Nozdrin G.A., Chernousov A.A. The model and the methods for numerical
simulation of wave action of real working fluids in pipelines // Proc. Engineering. 2017. V. 176.
P. 461-470.
2. EnukeeB P.J[., YepnoycoB A.A. Ilaker npukiagasix nporpamm ALLBEA ans
MOJICIIMPOBAHMUS U ONTHUMH3AIMH TIPOLIECCOB JHEPreTHMYECKUX YCTaHOBOK // JIBUraTenecTpoeHue.
2023. Ne 4 (294). C. 3-15.

Ceenenus o0 aBTOpax:

EnukeeB P.Jl., n-p TexH. Hayk, npodeccop, 3aBenyromuii kadenpoit JIBC YYHuT. O6nacts
HaYYHBIX HHTEPECOB: IBUraTeIN BHYTPEHHETO CrOPaHHUsl, MOPIIHEBBIC ABUTATEIH, Ta3000MeH.

UYepHoycoB A.A., KaHI. TEXH. HayK, JOLEHT, aoueHT kadenpoit IABC YVYHuT. Hayunsie

HWHTCPCChI: ABUT'ATCIIN U SHCPTCTUUCCKNUEC YCTAHOBKH, YNCJICHHOC MOACIIMPOBAHUC U OITUMH3AIINA.

MODELING OF REED VALVE DYNAMICS IN UNSTEADY FLOW, SOLUTION
ALGORITHM, AND VALIDATION ON A SINGLE-CYCLE RIG

Enikeev R.D., Chernousov A.A.
Ufa University of Science and Technology, Ufa, Russia, andrei.chernousov@mail.ru

Keywords: piston engines, reed valve, check valve, unsteady airflow, pipeline, model identification, validation,
experiment comparison, single-cycle rig.

This paper presents a study on the modeling of unsteady airflow through reed valves in piston
pumps and engines. The research aims to develop a dynamic model incorporating a check valve
submodel and to implement it in a computational multiphysics framework capable of numerically
simulating processes in pipelines, pumps, and engines. The practical application of this work is in
computer-aided engineering (CAE) of engineering systems.

The paper discusses the principles of modeling the valve's motion dynamics, co-simulated with
one-dimensional gas dynamics. Algorithms for computations are outlined, with a focus on the
algorithm implementation for the CAE package ALLBEA. The approach to identification of the valve
model is explored, emphasizing the importance of valve blowdown for model identification and the
proposed method for adjusting model coefficients for calibration. Validation of the model
is performed using an experimental setup on a single-cycle rig as a benchmark for model
identification and calibration. Comparison of computational results with experimental data ensures the
validation of the model.

In conclusion, this research provides insights into modeling processes in pipelines with reed
valves and suggests potential directions for future work. The paper contributes to the field by
presenting a dynamic model and computational framework for analyzing unsteady flows in pipelines,
pumps, and engines.
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