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YUCJIEHHOE UCCIIEJOBAHUE CTAIIMOHAPHBIX PEXKUMOB
B TEXHOJIOI'HYECKHX TEYAX
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B cmamve npeonazaromes mamemamuyeckue mooenu 08 CMAYUOHAPHBIX U OUHAMUYECKUX NPOYECCO8 MEXHON02U-
uecKux neueil KaKk 00veKmos ¢ pacnpeodeneHHbIMU napamempam.

Oma mamemamuyeckas MoOenb NOIYYEHA HA OCHOBE 3AKOHO8 COXPAHEHUS DHEP2UU, MACCHL U UMNYIbCA U 8KTIOYAEm
6 cebs Oupghepenyuanvrvie ypagHeHus 8 YACHHbIX NPOUIEOOHBIX.

IIposedeno yucnennoe ucciedo8anue CMayUOHAPHLIX Percumos mpyouamoix nevei. [us smozo cghopmynuposana
Kpaeeas 3a0aua 015 pacuema KOHYeHmpayuu 20pioye2o 6ewecmed, niomHOCHU, CKOPOCMU, MeMnepamypbl ObIMOGbIX
23306 U MeMnepamypuvl Hazpesaemo2o Cblpbsl, UOYule20 Ha pazoeneHue 8 pekmugurkayuonnylo koroury. Ilpeocmaegnensi
pe3yabmamol paciema MmexHOI0UNecKux napamempos. Ilpednosicennvlii Memood modicem Obimb UCHONb308AH NPU ABMO-
Mamu3ayuy pekmupuUKayUOHHbIX YCMAHOBOK 8 Hepmenepepabambleaioweli U HepmexumMuecko npoMbIULIEHHOCHIU.

Kniouesvie cnosa: mamemamuueckoe mooenuposanue, CUCmeMsl C pacnpeoeneHHbIMU Napamempamu, meniomacco-
obmen.

NUMERICAL RESEARCH OF STATIONARY MODES IN TECHNOLOGICAL FURNACES
N. D. Demidenko, M. I. Alsov
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In the article we propose the mathematical models for stationary and dynamic processes of the technological
furnaces as objects with distributed parameters.

This mathematical model is based on the laws of conservation of energy, mass and impulse and includes differential
equations in private derivatives.

Computational investigation of the stationary modes of tubular furnaces is conducted. For this purpose the
boundary-value problem is formulated for calculation of concentration of the combustible substance, density, speed,
temperature of the flue gas and temperature of the heated raw materials going for separation to the rectificative
column. The results of the calculation of the technological parameters are presented. The proposed method can be used
at automation rectificative plant in petroleum-refining and petrochemical industry.

Keywords: mathematical modeling, distributed parameter systems, heat mass exchange.

Jnst BEICOKOTEMIIepaTypHOTO HarpeBa HeTH M Hed-  eTcs B pacmbUIeHHOM Buae. KpallHMM ciydaeM TOpeHus

TETPOAYKTOB B MPOILECCE MX MepepadOoTKH B peKTH(HUKa-  Kamenb sBisercss aAnp@y3nOHHOE TOpEHHE, KOTIa CKO-
LMOHHBIX YCTAHOBKaX NPHMEHSIOT TpyOuaThle neun. [le-  pocTh cropaHus mapoB OYSHb BENIMKA IO OTHOIICHHIO K
gn paboTaroT ciemyromuM oOpazoMm [1]. Ma3yr u ra3  ckopocTd DuQQy3HUH MApoOB W OKHUCIHUTENS B 30HE TOpe-
CKHTAIOTCS B TOPENIKAX, PACIONOKEHHBIX B KaMmepe pa-  HUs, TOJNIIMHA KOTOPOH CTAHOBHTCS HCUE3alOIIe Majoil.
auanuy. [IpoayKTel cropaHus M3 Kamepbl paguanuy mo- K Takomy pexxumy MOXKeT HpHOJIMKAaThCs TOPEHHE CpaB-
CTYNaroT B KaMepy KOHBEKLMH, 3aTeM HAIpaBIAOTCA B~ HHUTENIBHO KPYINBIX Kamenb. Juddysnonnas teopus ro-
ra3ocOOpHHUK H 10 JBIMOBOI TpyOe yxomsT B atMochepy.  penus pasButa I'. A. Bapmasckum [2].
B kamepe KOHBEKIIMM pPacHOIOKEHbl KOHBEKIHOHHBIE B MaremaTHdecKux MeTOZax aHalu3a Ipoliecca rope-
TpyOBI, BOCIIPHHUMAIOIINE TEIUIO TIPH CONMPUKOCHOBEHHH  HUSI MMEIOTCS HEKOTOPHIE PAcXOXKICHUS Y Pa3HBIX aBTO-
JIBIMOBBIX Ta30B C TOBEPXHOCTHIO HarpeBa IyTeM KOH-  POB, HO JJISl CTAIIMOHAPHOTO C(EPHUECKOTO0 TOPEHUS HC-
BekIMH. HarpeBaeMblif pOJYKT B MEUM IOCIENOBAaTENb-  MOJIL3YETCs €AMHBIN MOAXoA. B memsx ynpomieHus, aHamm3
HO TIPOXOJWT 4Yepe3 KOHBEKIOHHBIE W PaJWaHTHBIE TPY-  MPOBOAWTCS IIPH CIEAYIOLINX MPEIONI0KEHHsX [3; 4]:

0Obl1, ToTI0IIas TetwIo. PaguanTHas MOBEPXHOCTH BOCIIPH- 1. XKunkas karrs uMeeT chepudeckyro Gopmy.

HUMaeT OOJIBLIYIO YacTh TEIUIa, BEIICIIEMOro Py cropa- 2. BimsHMEM KOHBEKLIUH MPEHEOPEraroT, IuiaMs pac-

HUY ToruTuBa (puc. 1) CMaTpPUBAIOT KaK CHEpUIEeCKyl0 MOBEPXHOCTH, KOHIICH-
['opeHue KUAKOTO TOIUIMBA BCETIa MPOTEKAET B MAPO-  TPHUYECKYIO C KaruieH.

BOH (paze, mpuyeM HcHapeHHe 00eCcIeunBaeTCsl MOABOIOM 3. Ilnams cuWTarOT pa3sHOBUAHOCTHIO OU((Y3UOHHO-

TeIIa M3 30HbI rOpeHus mapoB. TOIMBO Bcerga CKUra-  ro INIAMEHH, KOTOpoe o0pasyeTcsi B pe3ysbTaTe peaKnuH
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MEXIy MapamMH TOPIOYEero M BO3IYXOM, KOTOPBIE pearu-
PYIOT B CTEXMOMETPHUUECKOM COOTHOLIECHUH.

4. PaccMaTpuBalOT CTallMOHAPHOE COCTOSHHE IIpU
MIOCTOSTHHOM [JHaMeTpe KaIlld, XOTSA pPeajlbHO AUaMeTp
JKUJIKOM KaIUIM yYMEHbIIAeTcs 10 Mepe TOpPeHHs, OJHAKO
3TO U3MEHEHHE NMPOUCXOAUT MEIUIEHHO 10 CPaBHEHHIO C
W3MEHEHUEM CKOpOCTH TU(dy3HH 1 MPOYUMH (haKTOpaMH.

5. Temmneparypa KaIuii OJJMHAKOBa M0 BCEMY 00beMY.

6. JlaBneHue B TedeHHE BCEro MpoLECCa TOPEHUs
CUNTAETCS OCTOSHHBIM.

7. BnusiHME U3JIy4E€HUs PaCCMATPUBAIOT OTIENBHO.

Hcxons W3 3aKOHOB MEXaHWKH CIUIOIIHBIX Cpen,
MOJKHO TOJIyYHUTh CIIEAYIOIINE YpaBHEHUs] HECTALMOHAp-
HOTO TOPEHUsL.

Junamudeckast Mmoaens [3]
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u(l, 1), T,(I, {) — WIOTHOCTH, CKOPOCTh U TEMIIEpaTypa

JIIBIMOBBIX Ta30B; T lc(l, 1), Tzc(l, f) — TeMmepaTypa HHUCXO-

JUIIEr0 U BOCXOJSIIETO MOTOKOB HArpeBaeMoro ChIPbS;

t, | — BpeMeHHast U MPOCTPAHCTBEHHAS! KOOPANHATHI.
HadanbHble ycmoBus

p(1,0)=py.x(1,0) = x,,
u(1,0)=uy,T, (1,0) =T, )
T (1,0) =T}, T (1,0) = T
I'pannunsble ycnoBus
p(0,1)=a,, x(0,t)=a,,
u(0,¢)=05, T,(0,)=ay, (3)
T (Lt)=as, T2(0,)=T.(0,).
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Puc. 1. Cxema tpyOuaroii meyn:

1 —ropenka; 2 — HAaCTHJIbHAS CTEHKA; 3 — Kamepa paJuaiui
(TomouHas kamepa); 4 — KaMepa KOHBEKLIUH; 5 — JIpIMOBas Tpy0a;
6 — 3MeCBUK KOHBEKIIHOHHEIX TPY0; 7 — 3MEEBUK PaJJUaHTHBIX TPYO;
8 — dyreposka. IToroku I — Bxox ceIpbs; 11 — BEIXOL CBIPBS;

III — TormBo 1 Bo3ayX; IV — nbIMOBBIE Ta3bl

Bropoe, yeTBepToe, mATOE U IIECTOE ypaBHEHUS CO-
JepiKaT IPOCTPaHCTBEHHBIE NIPOU3BOIHBIE TOJIBKO OJHOM
HEHM3BECTHOM (QYHKIIHH.

[IpuBeneM mepBoe, TPEThE U YSTBEPTOC YPABHEHHS K
BUJY, COJEpKalIeMy aHAJIOTHYHO MPOU3BOJHYIO TOJIBKO
oT oxHoW wuckomoW ¢yHkumu dp/dt, du/dl n dT,/dl.
J7st 3TOro0 MPUMEHHM TEOPUIO O HESBHBIX (YHKIHAX K
cHucTeMe
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B sTom ciryuae Tem campIM cucTema (4) IpUBEICHA K CIEIYIOIIEMY
Op A ou_A, OT, A4 ©) BUIY:
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0 ¢ -u p(0)=0q,, x(0)=0,, u(0)=0s, T,(0)=0,, a2
u P 0 T'(L)=as, T (L)=T,(0)= o4
Ay = RT, u 0 :uZ(p' ) Ha puc. 2-5 nmpuBeneHsl pe3yibTaThl pacdeToB CTa-
p IIMOHAPHBIX PEKUMOB TPH Pa3UUHBIX HAaYaJIBHBIX YCIIO-
0 (1-9)T, ¢ BUsIX Juist TwiotHOCTH p(/), KoHueHTpauuu x(/), CKOpocTH
Temrepatypsl u(/), TemmepaTypbl IBIMOBBHIX ra3oB 7,(/),
Takum 06pasom, Oyzem HMeETh: v HarpeBaeMoro chipbs 1" (/). IIpu 5TOM 3a HayalbHbIE
p A Rp@ yenous mpuHstel p(0) = 720 kr/m’, x(0) = 0.47,
A :T’ u(0) = 5 m/c, T,(0) = 450 °C, T.(0) = 270 °C. 3arem Ha-
u (y n U ) JaJIbHBIE JaHHBIE M3MEHSINCH ¢ marom =5 % pH IOCTO-
ou A, Ru¢ Ro STHHBIX 3HAYCHUAX OCTAIBHBIX TapaMEeTPOB.
ol ) A - u (YRT,, - uz) o JRT, — W2’ (10) Ipennaraemerii MeTOA aHAI3a CTALMOHAPHBIX PEXI-
MOB TEXHOJIOTHYECKHX IeYel I03BOJIAET ele Ha CTaluu
oT, A, W20 uQ HPOEKTUPOBAHUSA PEKTU(PUKAIMOHHBIX YCTAaHOBOK obec-
=—= N 5 IEYUTh BBICOKOE KauyeCTBO pa3lelieHUs MHOTOKOMIIO-
o A u(yRT,-u’) YRT,~u

HEHTHBIX CMecell B HedTenepepaboTke 1 HepTeXuMHu.
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Puc. 2. I'paduku pactipeneneHns IIOTHOCTH ABIMOBBIX Ta30B 110 JUTHHE 00BEKTa

189



Becmnux CubI’'AY. Ne 3(49). 2013

Puc. 3. I'padhmku M3MEHEHHUS KOHIICHTPAIMH TI0 JUTUHE 00BEKTa

unre

0 2 4 6 8 10 12 14 16 18 Lo

Puc. 4. I'padmku n3MEHEHUS CKOPOCTH TBIMOBBIX Ta30B IO JIHHE 00BEKTa
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Puc. 5. I'padmku n3MeHEHUS TeMIIepaTypsl IBIMOBBIX TA30B IO AJIMHE 00BEKTa
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TEXHOJIOTHUS1 OBECIIEYEHU A KAYECTBA IIPU UBT'OTOBJIEHUM
BBICOKOCKOPOCTHbBIX HEYITPABJIAEMBIX JIETAIOIINX MOJIEJIEN

B. B. Uneunsix, A. B. Kinounukos, A. B. JIsiceix, E. @. Muxaiinos, A. I'. TuMoIiieHko

Poccuiickuii penepanbHblil sAepHbIN HIEeHTp — Beepoccuiickuii HaydHO-UCCIETOBATEIBCKIA HHCTUTYT
TEeXHUUYECKOH (u3nKK uMeHu akaaemuka E. 1. 3ababaxnHa
Poccust, CHexuHCk, yi. Bacuibesa, 13, a. a. 245. E-mail: a.klyuchnikov@bk.ru

O6¢ysicoen 6onpoc 0 NOGbIUEHUN MOYHOCMU KOHMPOJSL NAPAMEMPO8 MACCO-UHEPYUOHHOU ACUMMEMPULU BbLCOKO-
CKOPOCMHbBIX OCECUMMEMPUUHBIX JIeMAMENbHbIX 00beKmMOo8 ¢ UCHOIb308AHUeM OANAHCUPOBOUHO20 000PYO06AH L.
Tlpeocmagnenvt KOHCMpPYKYUs U NPUHYUN OetCMEUsi OANAHCUPOBOUHO2O CIMEHOA C 2A308bIMU ONOPAMU, CIPYKMYPHAS
cxema usmMepumenvHoll cucmemsl. IPGekmueHocmsb NPEONIONCEHHON MEXHON0UU OATAHCUPOBKYU ONPODOBAHA U OCyUje-
CMIEHA C NONONHCUMETLHBIMU PE3YALIMAMAMU HA 6HO8b CAPOCKMUPOBAHHOM OUHAMUYECKOM OANAHCUPOBOUHOM CIEH-
Oe. Pesynomamol mozym 6vimb HOAE3HbL UCCLCO08AMENAM NPU NPOCKMUPOBAHUU NOOOOHBIX USMEPUMENbHBIX CUCHIEM
Ha 0CHOBe cpedcms bANAHCUPOBOUHOU MEXHUKU U UX NPAKMUYECKOM NPUMCHEHUU.

Kniouesvie cnosa: nemarowas moodens, yenmp macc, oco uHepyuu, OAIAHCUPOBOUHDII CIMEHO, U3MEPUMENbHAS CUC-
mema, pomop.

TECHNOLOGICAL SUPPORT OF QUALITY DURING THE MANUFACTURE
OF HYPERSONIC UNCONTROLLABLE FLYING MODELS

V. V. Ilinykh, A. V. Klyuchnikov, E. F. Mihailov, A. G. Timoshchenko

Russian Federal Nuclear Centre — All-Russia Research Institute of Technical Physics
named after academician E. . Zababakhin
P. b. 245, 13 Vassilyeva str., Snezhinsk, 456770, Russia. E-mail: a.klyuchnikov@bk.ru

The article considers the question of increase of precision testing of high speed axisymmetric flying objects mass-
inertia parameters with the use of counterbalancing equipment. The construction and operating principle of the
balancing stand with the gas bearings and a block diagram of measuring system are presented. The effectiveness of the
proposed balancing technology is tested and carried out with the newly designed dynamic balancing stand. The results
may be useful for research workers in the process of design of the similar measuring systems based on the means of
balancing equipment and in the process of their practical employment.

Keywords: flying model, mass centre, axis of inertia, balancing stand, measuring system, rotor.

B paborax [1; 2] oTMedaeTcs, 4TO CHI)KEHHE THHA- €M MAacCO-WHEPIUOHHOW aCHMMETPHUHU, MOXKET MPUBECTH K
MHUYECKON YCTOHYMBOCTH HEYIPABISEMON BBICOKOCKOPO-  TOSBJICHHUIO Pa3IMYHBIX aHOMAIUN MPU TBUKCHUU MOJIC-
cTHO netatonieit monenu (JIM), mpencrasisitomeii coboii  m B atmocdepe. B gacTHOCTH, BO3pacTaloT ypOBHU BHO-
TEJIO BpAIlCHUs, HAIPUMEP, BO3HUKAIOIIEE MO JCHCTBU-  PAIlH, a TAK)Ke MOTYT OBITh peali30BaHbI TaKWE aHOMa-
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