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Pedepar. IlpencraBneHHoe B CTaThbe UCCIEJOBAHUE COIVIACYETCS C TSXKEIOW aBapuel, MpOM30-
menmeii Ha ADC Tpu-Maiin-Ainenn B CHIA. MccnemoBanue HampaBieHO Ha MOBBILICHUE
HaJKHOCTH PabOTHl KOMIIEHCATOpa JAaBICHHS — Ba)KHOTO OOOPYIOBaHHUS IIEPBOTO KOHTYA.
Jlns MozienpoBaHus ITOI0OHOM cUTyanuy ObUT pa3paboTaH CTEH], IMUTHPYIOIIHH KOHCTPYKIIHIO
KOMIIeHCcaTopa jAaBieHus peakropa BBDOP-440, B wacTHocTH (OPMOI BEpXHEH JIUTHITHYSCKON
KPBIIIKH, KOTOpasi IMeeT MaTpyOoK 0TBOJA ITapa B CAaMOM BEepXY KOHCTPYKIIUH, YTO CO3AAeT yCIo-
BIIL U TIOSIBJICHUSI TIOJOOHBIX THIPABIMYECKUX yIapoB. Jsi MPOBEREHNs SKCIIEPUMEHTOB CO3ZaHa
YCTaHOBKA, NO3BOJIAIOIIAA U3MEPATH U PErUCTPUPOBATH TUAPOYAAPBI, BO3HUKAIOIIUE IIPU 3all0JIHE-
HUM eMKocTel. V3MepeHue aMIuTMTy/Ibl THAPOYIapOB OCYIECTBISIIOCh CIEHHUATIBHO pa3paboTaHHbIM
M6E30/JaTYNKOM, a PETUCTpAIHs — Ha CBETOIy4eBOM ocmuiorpade. Onmcana MeToaAnKa IpoBee-
HUS SKCIIEPUMEHTA U MPECTaBICHBI Pe3yJIbTaThl SKCIEPHMEHTAIBHOTO UCCIIE0BAHNS THAPOYa-
POB, BOSHUKAIOUIUX IIPU IOJHOM 3alIOJIHEHUH COCYIOB. l_[OJ'[y'-[eHbI KOJIMYECTBCHHBIC OTAHHBIC T10
AMIUIUTylaM TUApOoyaapoOB B 3aBUCUMOCTHU OT CKOPOCTH 3aIllOJITHEHHS €MKOCTU U JUaMETpa Bbl-
XOJHOTO OTBEPCTHUsI, MAaKCHMaJbHBIC NaBIECHHS THApOydapa COCTaBWIH 7-9 arMm. BrimomHeHO
CpaBHEHUE PACYCTHBIX U DKCIEPUMEHTAJIbHBIX JaHHBIX, NOIIYCTUMOE PACXOXACHUE 00BsCHSIETCS
pacueTHOW BeNMUUHOW KOX(D(HUIMEHTA >KECTKOCTH CHUCTEMBbl, KOTOPBIH HE YYHTBIBAJ HAIM4YHE
CBAapHBIX IIBOB B 0ake, MPHUAAIOIINX CHCTEME JOIOJIHHUTEIBHYIO XKECTKOCTh. [lomydeHsl pacuer-
HBIC COOTHOIICHHMS, TTO3BOJISIONINE OICHUTh aMIUIMTYIbI THAPOYJApPOB Yepe3 YCKOPEHHE YPOBHS
BOJBI NIEPEA BEIXOAHBIM OTBEPCTHUEM U3 COCyJa C DJUIUIITUICCKUM NHHUIIEM. 3KCHepHMeHTaHbH0 H
TEOPETHYECKH MO0Ka3aHa BO3MOXKHOCTh BO3HUKHOBEHHS THIPABIHYECKOTO yaapa B KOMIIEHCATOpe
napieHus. Ha OCHOBaHMM JaHHBIX HKCIICPHMEHTa MOXKET OBITh PacIIMpeH HepedeHb HCXOJHBIX
coObITHi TsDKENbIX aBapuit Ha ADC ¢ BOZOBOASHBIM SHEPTETUUECKUM PEAKTOPOM.
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Study of Water Hammers in the Filling of the System
of Pressure Compensation in the Water-Cooled
and Water-Moderated Power Reactors

A. V. Korolyev?, A. P. Ishchenko?, O. P. Ishchenko?

DOdessa National Polytechnic University (Odessa, Ukraine),
25D “South-Ukraine Nuclear Power Plant (NPP)” (Yuzhnoukrainsk, Ukraine)

Abstract. The research presented in the article conforms to the severe accident that took place
at the Three Mail Island nuclear power plant in the USA. The research is focused on improving
the reliability of the pressure compensator that is an important equipment of the primary circuit.
In order to simulate such a situation, the stand has been developed to simulate the design of the
pressurizer of the PWR-440 reactor, in particular an elliptical shape of the upper lid which has
a steam outlet pipe at the top of the construction that creates conditions for occurrence of such
water hammers. For the experiments, an installation has been created that makes it possible to
measure and record the water hammering that occur when the tanks are filled. Measurement of the
amplitude of the water hammering was carried out by a specially developed piezoelectric sensor,
and the registration — by a light-beam oscilloscope. The technique of carrying out the experiment
is described and the results of an experimental study of the water hammers arising when the ves-
sels are completely filled are presented. Quantitative data were obtained on the amplitudes of the
hydraulic impacts depending on the rate of filling of the vessel and the diameter of the outlet,
the maximum pressure of the hydraulic shock was 7-9 atm. Comparison of calculated and experi-
mental data has been performed. The allowable discrepancy is explained by the calculated value of
the system stiffness coefficient, which did not take into account the presence of welded seams
in the tank that imparts the system with additional rigidity. The calculated relationships are ob-
tained, that make it possible to estimate the amplitudes of the water hammers through the accelera-
tion of the water level in front of the outlet from a vessel with an elliptical bottom. The possibility
of a water hammer in the pressure compensator is demonstrated by experiment and by theoretical calcu-
lations. Based on the experimental data, a list of initial events of severe accidents at NPPs with a water-
cooled and water-moderated power reactor can be expanded.

Keywords: water hammer, tanks, pressurizer system, severe accident, water-cooled and water-
moderated power reactor
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BBenenne

K uccnenoBanmio naHHOTO BONIpOca MOATOIKHYJIM COOBITHS Aanekoro 1978 r.
Ha ADC Tpu-Maiin-Aitnenn (CILIA) [1]. Torma riaBHbIM IeUCTBYOLIMM 000-
pyaoBaHMeM oOKa3ajcs kommeHcarop nasieHus (KJI), Ha KOoTopoM oOTKazanl
NpeAOXpaHNUTENFHBIN KIIallaH, YTo ObUIO BBI3BAHO MOMaJaHHEM BOJIBI B €T0 CH-
CTeMy ynpaBieHUs [2], KOTOpoe MOTJIO OBITh BBI3BAHO THIPOYJApOM. Y YUTHIBAS
TOT (haKT, 4YTO aTOMHBIE IEKTPUIECKUE CTAHIIUH C BOJOBOSHBIMU SHEpreTHye-
ckumu peaktopamu (BBOP), ceituac HaxoAsmuMucs B 9KCIUTyaTaluu, IPOSKTH-
POBAJIUCH M CTPOWJINCH MO HOpMAaTUBHBIM JokyMeHTam CCCP 1970-x rr. [3],
Heo0XouMa KOPPEKTHPOBKA MEPEYHsI UCXOTHBIX COOBITHM, NPUBOIAIINX K TS-
JKEJbIM aBapusaM, TaK Kak BCJIEJICTBHE KpaiHe TSKEIbIX PaJUuallMOHHBIX U COLU-
abHO-3KOHOMUYECKUX IOCIEACTBUN TSKENble aBapuM MOTYT BHOCUTH 3aMeT-
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HBII BKJIam B 0OIIyr0 BenMWuuHYy pucka oT 3kciuryaranuu ADC [4]. B cBssu
C BBEICHHEM BO3MOKHOCTH aBapHHHOTO OXJAXACHHMSI mepBoro koHTypa ADC
¢ BBDP uepes pexxum «cOpoca—nmuTaHus» NpeaycMaTpUBaeTcs MOJIHOE 3aIlo-
HeHHe 00beMa KOMITEHCATopa JaBJIeHHs TeIUIOHOCHTeNeM. B aToM cirydae Bo3pac-
TaeT BEPOSTHOCTh MOSBICHUS THUIPABIMYESCKOTO yapa, YTo JO0Ka3aHO MPHUMEPOM
SKCTIEPUMEHTAIBHBIX UCCIIeIOBaHMM, TIPEACTABICHHBIX B [5], TJIe aBTOPHI HCciea0-
BallK SIBIICHHUE THIAPOYyJapa TPH 3aloHCHUU TPYyOOIpOBOJA KPHOTCHHOW IKUJI-
KOCTBIO ¢ 00pa30BaHUEM ITapOBOI TIOJIOCTH Tiepe]T 3alTOPHBIM OpraHoM (puc. 1).

a b
P, MMa

1

Puc. 1. IlpyHIUnuanpHble CXEMbl 3aII0JIHEHUS COCYA0B
U TIOSIBJICHUS THAPABINYECKOTO yAapa B HUX [5]

Fig. 1. The key diagrams of filling vessels
and the appearance of a water hammer in them [5]

IIpu OTKpBITHH 3aTIOPHOTO YCTPONCTBA Map, KOTOPBINA HAXOIUTCS TIEPE] HUM,
OBICTPO 3BaKyUpYyeTCs, NaBJIICHUE TEpej KIAamaHOM pPE3KO IMajaeT, >KUIKOCTh
YCKOPSIETCS, a TPU MOAXO/IE K KJIalaHy Pe3KO TOPMO3UTCS U BO3HUKAET THJIPaB-
JINYECKUH yaap.

KoncTpykmus xomreHcaTopa JaBieHUs, TOAOO0HAsT HCIOIB3yeMOoi Ha OIo-
kax ¢ BBOP-440, umeeT natpy0oK OTBOAa mapa B caMOM BepXy KOHCTPYKIIWH,
YTO CO3JIaeT YCJIOBUS JJIS TOSBICHHUSA MOJMOOHBIX THUIAPABIUYCCKUX YAApPOB.
3mech ciemyer 3aMeTuTh, uTo B K/ nMeeTcst Ooiree msaTH ypOBHEMEPOB, KaK Il
M3 KOTOPBIX SBIISETCS IOTEHIIMAIHFHO CIIA0BIM 3B€HOM TPY BOZHUKHOBEHHUH TH]I-
PaBIMYECKOTO yAapa.

s MonenupoBaHusi moioOHOM cutyaruu ObUT pa3paboTaH CTEHJ, UMUTH-
pYyOIINH KOHCTPYKITUIO KoMIleHcaTopa nmaeieHuss BBDOP-440, B wacTHOCTH
(dhopmoii BepxHEH SITMNTHYCCKOW KpBIMKH. [IpHHIMNMAIbHAS cXeMa W ICKU3
CTEHJa MPEACTABICHBI Ha puUC. 2, 3.

Bak 1 sBnsieT coboli 00eualiky, B KOTOPOH BBIMOJHECHBI MTYIEPHI JJIs TIO/BE-
JEHVSI BOJIBI M TIOAKITFOUEHUS JaTYMKa JaBieHus 2 (puc. 2), a Takxke ISl TIOACO-
€IUHEHUS KaHajla CIuBa BOAbL. B BEpXHEW AIUTUNTUYECKON KPBIIKE HAXOAUTCS
mTylep 3, B KOTOPOM C TOMOIIBIO MIAi0BI 4 3aKperuIseTcs IIacTuHa 5 ¢ (QUK-
CUpPOBaHHBIM OoTBepcTHEM (puc. 3). B X0/1e 3KCIepUMEHTa UCTIOIH30BATUCH CEMb
IIACTHH C quameTpamu otBeperuit 1,2; 1,6; 2,0; 2,5; 3,0; 3,5 u 4,5 mm.

CurnHan oT JaTdMKa MOCTYMAaeT Ha OCHHIUIOTpad U PErHCTPUPYETCS C TIOMO-
mpio ¢oroarnmapara Panasonic DMC-FS10 (Ha cxeme He NpEICTaBIIEH).
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Jns dororpadpupoanus ObLI BBIOpaH PEKUM C 15-CeKyHIHOH BBIIEPIKKOM,
a JUIs TIOJTyYeHHsI KaYeCTBEHHBIX CHUMKOB (poToarmapar u ocuuniorpad mnome-
HIAJIKCh B CBETOHEIPOHUIAEMBIH KOPOO.

[Monmava BOJpI B YCTAHOBKY PETYIUPYETCS] BEHTHIIEM 8§, a CIIMB — BEHTHIIEM 7.

4 4 ©_

CnuB BoAbl

8
[} 3anonHeHne Bogow

Puc. 2. TlpuHuunuaibHas cxema creHa: 1 — eMKOCTb; 2 — JaT4uK AaBJIeHHMs; 3 — WITYLED;
4 — nakupHas raiika; 5 — maiida ¢ otBepcrueMm; 6 — ocumnorpad C1-69;
7, 8 — perynupyronye BeHTWIN

Fig. 2. The schematic diagram of the stand: 1 — tank; 2 — pressure sensor; 3 — valve seat;
4 — coupling ring; 5 — washer with a hole; 6 — C1-69 oscilloscope;
7, 8 —regulating valves

i

140,16

510,16

Puc. 3. Dckuz paboueld ssueiiku cTenaa

Fig. 3. A sketch of the working cell bench

Jns m3MepeHus TUApPaBIMYECKHUX YyAApOB M3 MJIACTHMHKM IhE30KepaMu-
ku LITC-19 pasmepom I33x2 MM ObLI M3rOTOBJICH MbE303JICKTPUUYCCKUIA IaT-
YUK, MOJAOOHBIN HCIONB3yeMOMy B [6]. CHrHaN ¢ JaT4WKa TOCTYIMal Ha BXOJ
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ocuutorpada C1-69, rue ycunusajics U oToOpakaics Ha dKpaHe OCLMJLIOrpa-
¢a. Tlepen sKCHepMEHTaMH BBIMONHSIIACH KATUOPOBKA JIATUYMKA MPEIH3HOH-
HbeIM peccom MITC-150.

Janee eMKOCTh | TIpeBApUTENHLHO MOJHOCTHIO 3aMONHSIACH BOJIOH, a B Me-
CTe HIaliObI C OTBEPCTHEM, PETYIUPYIOLIEH pacxo, ycTaHaBIMBajlach maida 6e3
otBepctus. Takum 00pa3om, B HEM yCTaHOBWIIOCH JIaBJICHUE, pABHOE JaBJICHHIO
B CHCTEME BOJIOCHAOXEHHUS. 3aTeM PEe3KO OTKPBIBAJICA KiallaH, OTBEYAIOIINK 3a
CJIUB BOJBL. M3-32 HEC’)KUMAaeMOCTH BOZBI IaBICHUE B YCTAHOBKE CKAYKOOOPa3HO
CHIDKAIIOCh JI0 aTMOC(HEPHOTO, TaKUM O00pa3oM, HANPSAMYIO YCTaHABJINBAIOCH
COOTBETCTBHE TIepenaja AaBJIeHUs TIOKa3aHUsIM ocuniorpada.

DKCIEPUMEHT BBITIOJHSUICS 10 CIIEAYIONIEH MeToInKe. 3aKpBIBAICS BEHTIIIh
Ha JIMHWH, TOJAIOIICH BOXYy, M CHHMAaJIach Imaitba 0e3 oTBepcTHs (3ariyInka).
3areM OTKpBITHEM COPOCHOTO BEHTHJIS CIMBAICA 3aJaHHBI 00BbEM BOABI W3
yctaHOBKH. Ha BBIXOAHOH WITylHep ycTaHaBiHMBajach Liaiida ¢ OTBEpCTHEM 3a-
JaHHOTO AMAMETpPa, a Ha JUTUNTHYECKOE AHHUIIE — 3alIUTHBIN KONIaK, MpegoT-
BpaIAIONIUi MONagaHue BOABI B IOMEIICHHE U HA TPUOOPEI.

3areM OTKpBIBAJICS KIIAllaH Ha JIMHWH, MMOJBOSIICH BOJY, U OJJHOBPEMEHHO
BKITIOYAJHCh ceKyHoMep U doroanmnapar. CekyHaomep pukcupoBan Bpems 3a-
TOJTHEHUST BEPXHEH MOJOBUHKH €MKOCTH U COOTBETCTBEHHO CKOPOCTH 3arloJIHe-
HUS 0aka, a oToanmapar perucTpUpOBal XapaKTep M BEJIWYHHY THApaBIIdve-
ckoro yaapa (puc. 4). 3ateM 3KCIIEpUMEHT MOBTOPSIIH, IPUYEM IIOCIIe IPOBEe-
HUSl SKCIIEPUMEHTOB Ha OJHOM JAMaMeTpe LIal0bl MEpPEexXOAuan K Ipyromy
IHaMeTpy.

st ycTpaHeHHs MOTPEUIHOCTH, CBSI3aHHOH C BO3MOXKHBIM HAJIMYHMEM ITy-
3BIPBKOB ra3a B €MKOCTH, BI)I6pa.HI/I Cp€aHNEC MaKCUMaJIbHBIC 3HAYCHUA THIPO-
yaapa Ijs Kaxaoro oreeperus (tadi. 1.).

Puc. 4. XapaxkTep ocUMIIIOTpaMM IpU THAPABINYECKOM yAape

Fig. 4. The nature of the waveforms in the water hammering

3aBUCUMOCTb CHJIBI THIPABINYECKOrO yJapa OT JUaMeTpa OTBEpCTHS B IIa-
CTHHE IpeACTaBJIeHa Ha pHC. 5, OT MAacCOBOTO pacxojlia BOIbI — Ha puc. 6, 3a-
BUCHUMOCTb MAacCOBOTO pPAacxoia BOABI OT JAWaMeTpa OTBEPCTHs B IHaiibe —
Ha puc. 7.



A. B. Kopones, A. I1. Hwenko, O. I1. Hwenko
464 HccnenoBanye THAPABINIECKUX YIapOB IPH 3aIOTHEHUHN CUCTEMBI KOMIICHCAIIHH. ..

Tabauya 1
OcpeHeHHbIe MaKCHMAaJIbHbIE 3HAYEeHUS THAPOyIapa
NPH Pa3IUYHBIX JHAMETPAaX OTBEPCTHHA B maiide

The averaged maximum values of the water hammering
at different diameters of hole in the washer

omiiiﬁ?(i "M AP, nen AP, 6ap t,c m, Kr G, kr/c

1,2 20 6,5 10,95 2,31 0,21

1,6 20 6,5 10,63 2,29 0,22

2,0 19 6,2 10,52 2,30 0,22

2,5 17 5,6 10,39 2,31 0,22

3,0 16 52 10,20 2,31 0,23

35 14 4,6 9,89 2,30 0,23

4,5 9 2,9 9,60 2,31 0,24

IIpumeyanue: AP — BenMuMHA THIPABIMYECKOrO ynapa; t — BpeMs 3alOJHEHHS YCTaHOB-

KH; M — Macca BOABI, CIUTOH Iepes SKCHePUMEHTOM (paBHa CBOOOIHOMY OOBEMY €MKOCTH);
G = m/t — MaccoBbIii pacxoi BOJBI.

AP, 6ap AP, 6ap
8 7
+ (5
6 6 7
2 3
=Y
2 i
1 2 3 4.d,mm 5 0,20 021 022 023 G,kr/c 0,25
Puc. 5. 3aBUCUMOCTD CHJIIBI THIPABIMYECKOTO Puc. 6. 3aBHCUMOCTD CHIIBI THAPABIMYECKOTO
yaapa OT IMaMeTpa OTBEPCTHSA B IIJIACTUHE: yZapa OT MacCOBOI'O pacxoza BOJBI,
L CpEeAHCCTAaTUCTUICCKUEC 3HA4YCHUs, HOCTyHaIOHIeﬁ B CMKOCTb:
B — MakCUMaJIbHbIEC 3HAYCHUS [ CpECAHCCTATUCTUICCKUEC 3HAYCHU
Fig. 5. The dependence of the intensity W — MaKCHMaJIbHbIC SHAICHUS
of the water hammering on the diameter Fig. 6. The dependence of the intensity
of the hole in the plate: of the water hammering on the mass flow
& — average values; ®— maximum values rate of water: ®— average values;

B — maximum values

I'paduku Ha puc. 5, 7 mokasanu OXKUAaeMble pe3yJIbTaThl. Tak, CHia THIPO-
ylapa pacTeT ¢ YMEHbLUICHUEM AMaMeTpa OTBEPCTHs (C yBETHMUCHHEM IEPEKphI-
THS CEYCHHS TOTOKA), TOTHa KaK CKOPOCTh MOIBbeMa BOIBI B Oake, HA0OOPOT,
MaJaeT ¢ YMEHBIIEHHEM JIHaMeTPa BEIXOHOTO ceueHus. IHTepeCHBIMH SBHUIIUCH
pe3yabTaTthl rpaduKka Ha puc. 6, TIe 3aMETeH MaKCUMYM BEJIMYMHBI THAPOYIapa
OT CKOpPOCTH TogpeMa ypoBHs. ClenyeT OTMETHUTh, YTO TMOAOOHBIE CUTYAIHH
MOTYT MMETh MeCTO Ha peanbHBIX KJ/[ B cilydasx HENmoJHOTO MOAbeMa IMpeno-
XPaHUTEJIBHOI'O KJIallaHa.

Js momydeHusl pacueTHOTO 3HAYEHHS BEIMYMHBI THAPABIMYECKOTO yaapa
BOCTIONB3yeMcsl cooTHOmeHMsMH, onydeHHbsMA H. E. XKykoBckum [7]. YBenu-
YCHHUEC OAaBJICHHA IIPU THAPABIMYCCKOM YAap€ ONpeACIACTCA B COOTBETCTBUU
C ero Teopueil mo Gpopmyie



A. V. Korolyev, 4. P. Ishchenko, O. P. Ishchenko
Study of Water Hammers in the Filling of the System of Pressure Compensation... 465

D, =p(Vo -V )c,

rae D, — BennuuHa ruapoynapa, I1a; p — MIOTHOCT KUAKOCTH, KI/M?; Vo, Vi —
CpeAHsAs CKOPOCTh B TPyOONPOBOJAE A0 M MOCJE 3aKPBITHS 3allOPHOTO Kilama-
Ha, M/C; ¢ — CKOPOCTb PAaCcIIPOCTPAHEHHs yIapPHOMN BOJIHBI BJIOJIb TPYOOIIPOBO/IA, M/C.

0,25

G, kr/c /'
L 2

0,23

0,22

0,21

0,20
1 2 3 4 d,Mm 5

Puc. 7. 3aBUCUMOCTH MaCCOBOTO pacxona BOAbI OT JUaMeTpa OTBEPCTUS B maiioe:
@ — CPCIHECTATUCTUYCCKUEC 3HAYCHHUS;, M — MaKCHUMaJIbHbIC 3HAYCHUS

Fig. 7. The dependence of the mass flow rate of water on the hole diameter in the washer:
& — average statistical values; m— maximum values

H. E. XykoBckuM OBIIO TTOKA3aHO, YTO CKOPOCTH PACIPOCTPAHEHUS yIap-
HOU BOJIHBI ¢ HAXOAMUTCA B MPSIMO NMPOIOPLUHUOHATIBHON 3aBUCUMOCTH OT CKHUMa-
€MOCTH JKUAKOCTH, BETMYMHBI JeOpMalli CTEHOK TPyOOIpoBo/a, onpeense-
MOW MOAyJIEM YIPYrocTu MaTepuaia E, U3 KoToporo oH BBIIIOJHEH, a TAKXKE OT
ouaMeTpa TpyOompoBoga. Taxke THApaBIMYECKHH ynap WMEET OYeHb Mable
3HAYEHUS WIM MOXXET BOOOIE HE BO3HHKHYTh B TPYOONPOBOAE, COIEpKAIeM
My3BIPHKY Ta3a [8].

st onpezeneHns CKOPOCTH YAapHOW BOJIHBI B OKCIEPUMEHTaIbLHOM Oake
BOcIonb3yeMmcs ciaenyromumM cootHomenueM H. E. XKykoBckoro st TOHKO-
CTEHHBIX TPyOOIPoBOIOB [7]:

rae C, — CKOpOCTh pacpoCTpaHEeHHUs yAapHOH BOJHBI B TPYOOTIPOBOJE, ONpese-
nsiercst o gopmyne; E — Moaynp 00beMHOM yNpyrocTH >KUAKOCTH; P — IUIOT-

HOCTb XUJKOCTH, — — CKOpPOCTb pacCnpOCTpaHCHUSA 3BYKa B YHUCTOM KHUIKO-
p

ctu; Ey — Momynb ympyroctu MaTepuana CTEHOK TpyOwr; D — muamerp TpyOsI;
h — TonmuHaa cTeHOK TPYOBI.


http://ru.wikipedia.org/wiki/%D0%9A%D0%B3
http://ru.wikipedia.org/wiki/%D0%9C%C2%B3
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D0%B0
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E
Jl7s BOJBI OTHOIIIEHHE —— 3aBHCUT OT MaTepuaia TpyO U MOXKET OBITh IpH-
tr

HATO IS CTANBHBIX TpyO 0,01 [7].

Koa¢ppuuuenr K 1515t TOHKOCTEHHBIX TPyOOIIPOBOIOB (CTAJIBHBIX, YyTYHHBIX,
MOJMATHIICHOBBIX ) TPUHUMAETCS PaBHBIM 1.

CKOpOCTb 3ByKa B Cpejie TAKKe 3aBUCHT OT TEMIIEPATYPHI U IABJICHUS B TPY-
oorpoBoze. Ilo ycmoBusiM skcriepuMenTa (nasienue Py = 1,664 Kre/cmM’ U TeM-
nepatypa Bozbl t = 9 °C) mosmy4nm CKOpOCTb 3ByKa B YKCTO# Bojie [9]

E:f(P,T)=1442,9 w/c.

p

Torga ckOpocTh pacIpOCTpaHEHUs THIPABIMYECKOTO yAapa B IKCIIEPUMEH-
TaJIbHOW €eMKOCTH

1 - 1442,9
0,149, V2,49
0,001

C, =1442,9- =914,4 wm/c.

1+0,01

CKOpOCTh BBIXOJ]A KUJKOCTH M3 OTBEPCTHUS B IIACTUHE MOXET OBITh pac-
CUMTaHA M0 3aKOHY UCTCUCHHUSI )KUKOCTH U3 COCY/JIa TIOJ| AaBJICHUEM. DTO HE0O-
XOJIUMO JJIST OTIPEICTICHIS CKOPOCTH

v, =0,6,/2P/p.

B 3aBucuUMOCTH OT IuamMeTpa OTBEPCTHS B YCTAHOBIICHHOW IUTACTHHE OyneT
M3MEHATHCS CKOPOCTH V7 COTJIACHO YPaBHEHUIO HEPA3pPHIBHOCTH

Sv, =S,V

OTB " OTB *

Torma cKOpOCTh IBMKCHHS KHUIKOCTH IIEPeT I1aioon

_ SOTB OTB

1 Sl '

VYuuteiBas, 4to BepxHss 4yacTh K]l — MOJI0BHHA AIUTUTIICOMIA, PACCUUTAEM €€
oobpem [10]

V zi-ﬂnbza,
2 3

e

rae a, b — monyocu smuncona.
O0BeM IIHHIPOBON YaCTH EMKOCTH

V, =Veou =V

5"

Torma Bpemsi 3alI0JIHEHUS] TUITUHIPUYECKON YacTH
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Vup
t, = G

Uepes miomiaap ceueHUs UWIMHAPUYECKONM YacTH €MKOCTH HalJeM CKO-
POCTH IBYDKCHHS BOJBI B HEH

CKOpOCTB JBMOXXCHHA BOJBI HA BBIXOJC SJUIMNTHYSCKON YacTu OLICHHM IIO
YPaBHCHUIO HEPA3PBIBHOCTH IMOTOKA

SoVo =SV,
Otkyna
V0 — SHVII
So

[lo monmy4eHHBIM COOTHOILIEHUSM TOCTPOUM Tpaduk (puc. 8), KOTOPBIH WII-
JIIOCTPUPYET XOpollee Ka4yeCTBEHHOE COIJIacHe B MOBEACHUU 3aBUCUMOCTH Be-
JIMYUHBI TUAPOYapa OT JUaMeTpa Iaiiosl.

AP, 6ap
7
C
6 1+ X
5 * E u ']
L 4 u
4 *
3 #
2 *
1
1 2 3 4 dwmm 5

Puc. 8. CpaBHeHHE IKCIIEPUMEHTANILHBIX M PACUETHBIX 3HAYCHUMN:
@ —pacuer; M — SKCIEPUMEHT

Fig. 8. Comparison of experimental and calculated values:
& — calculation; m— experiment

OKCIepUMEHTAIbHBIN TPaQUK MPOXOJUT HEMHOTO BHINIE, YeM PACUCTHEIH.
BeposiTHee Bcero, MpUUMHOMN MOCITY>KIIT HETPAaBWIIBLHBIN 1T0100p K03 duimenTa
JKECTKOCTH CHCTEMBI, B 4acTHOCTH Tpu BBIOOpe Ey. Kpome Toro, Gak mmeer
CBapHbIE MIBEI, KOTOPBIC TAKXKE MOBBIIIAIOT XKECTKOCTh CHCTEMBI.

Jlnst Toro 4TOOBI MMOKa3aTh XapaKTep YCKOPEHUS MOTOKA BOJBI TIPU MOABEME
B QJTUIITHYECKOM JTHHIIE, COCTABHM CJIEIYIOIIYI0 MOJIEINb.

W3 ypaBHeHHs Asi 3IMIICAa TIOCTPOUM 3aBHUCHMOCTH AMAMETpa OT BBICOTHI
ypoBHs [10]

2

X=a 1~

b’

TJIe X — paJuyC CY>KeHHUs; Y — BBICOTA yPOBHS; @, b — Manast u OoJibInas moiyocu
AITUOTHYECKOTO JTHUINA.
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JlJIsl OLIEHKH CKOPOCTHU B CY>KEHHM BO3bMEM CJIydail U3 SKCIEPUMEHTa, B KO-
TOPOM CKOPOCTH BOJIbI B LIMJIMHAPOBOM yacTu coctaBuia Vi, = 0,011886 m/c.
W3 ypaBHEHUs HEPa3pBIBHOCTH [IOTOKA MTOIYIUM

b2
Vi, =V,

CrenyeT 3aMeTHTh, YTO 3TO ypPaBHEHHUE CIIPABEIJIUBO JIMIIbL JUIS CITydas
cyxenus sumntuaeckoi gopmel (@ = 0,031 m). I'paduk pasrona moroka B Ta-
KOM ciTydae OyaeT MMeTh BHJI, KaK Ha puc. 9.

CkopocTs, M/c

1,2 f
1,0
0,8
0,6
0,4
0,2
0 T \)J\
0,01 0,02 0,03 0,04
Beicora ypoBHS, M

Puc. 9. CKOpOCTb BOJbI B 3aBUCUMOCTH OT BBICOTBHI YPOBHS B SJUIMIITUYECKOM JHUIIE

Fig. 9. The velocity of the water depending on the height of level in an elliptic bottom
BbIBO/IbI

1. DKCIIepUMEHTAIBPHO M TEOPETHUYESCKHM ITOKa3aHa BO3MOKHOCTH BO3HUK-
HOBEHUS THAPABINYECKOTO yJapa IPH CYKEHHHM BBLIXOJHOTO CedeHus Oaka, 3a-
MOJTHSIEMOTO BOJIOH, OCOOCHHO B Cliy4dae, KOTAa Tepel KUAKOCTBIO Yepe3 3TO
Cy)KEHHE TPOTEKaJ ra3 Ui map.

2. ITokazaHo, YTO IMPH ITOJHOM 3aIOJIHEHHM O0OBEMa KOMIIEHCATOpa JaB-
JICHUS TEMJIOHOCHUTEJEM IMOSBISCTCA BO3MOYKHOCTH BO3HUKHOBCHHS THIPAB-
JMYECKOro yaapa. Iyt yCTpaHEHHUSI 3TOTO SBJICHHS HEOOXOIUMO OCTAaBISATH B
KOMIIEHCATOpe AaBJICHNUS MUHHUMAJIbHBIH 00beM MapoBOW MOAYIIKH, HApPUMEP
CTaBUTH H_[TyHCp JJISA HpeﬂOXpaHI/ITCHBHOI‘O KJIaltTaHa HE Ha BepIHI/IHC €MKOCTH,
a OMmKe K Kparo, WK 3ariayOssaTh 3TOT IITYIEP HUKE YPOBHS SJUTHIITHYCCKOM
yacTu Oaka.
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