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PA3PAEOTKA HOBOWM KOHCTPYKLMM

YDDEKTUBHOM SHEPTOCEEPETAIOLLLEEM MACCOOBMEHHOM HACALLKU

HDEHCTOBﬂeHbI CROBHWUTENBHbBIE TMODOOWHAMWHECKWNE XOPAKTEPDUCTUKK HOBBIX MOCCOODMEHHBIX

HACOQOK KU Koney Pawwura. Axanus NOMYHEHHEIX 2KCNEDUMEHTANBHBIX OOHHBIX NOKA3LBAET, HTO W3-

MEHEHWA B TEOMETRMM KCNEY, Pawwnra NEWBOLAT K YMEHBLUEHMIC TMORCAMHAMMUYECKOTO CONROTHE-

NEHWA KM, KOK CNEACTBME, K COKRAOLWEHMIO 3ATRAT 3HEPTOPECYRCOB.
Knioyeebie cnoea: MaccoOBMEHHbIE KOHTOKTHEIE 3EMEHTH, MHAPOAMHOMKWYECKOE CONnpo-
TMBNEHHe, roppUMpPOBAHHAA HACAAKT, konbua Pawwra.

B xummyeckoi TexHomoruM npouLecckl Macconepepa-
YW ABNAKOTCA OOHMMW W3 OCHOBHbIX M B HacTosllee Bpe-
MS B MPOMbILLNEHHbIX YCMOBKUAX Yallie BCEro peannayrTcs
B HaCcafouHbIX annapaTax C KOHTaKTHbIMU MacCoOOMEH-
HbIMW nemeHTamu B Buge rmapkux koney Pawwra, yno-
KEHHbIX B HaBany. Takas HacafKa XxapaKkTepuayeTcs npo-
CTOTOW M3TOTOBMEHMA U HU3KOW CTOMMOCTBIO, HO MMeeT
CYLLECTBEHHbIE HEAOCTATKM — OTHOGUTENBLHO Manyio yaenb-
HYl0 NOBEPXHOCTb W AOBOMLHO BoNblUOE TMAPOAVHAMKYE-
CKOe COMPOTUBIEHNE: NEPBLI NapaMeTp BeLET K CHKEH M0
CKOPOCTU MaccoobMeHa, BTOPOW — K y BENMYEH IO SHEprosa-
Tpar. AKTyanbHOI N SKOKOMUHECKW BaXHOW ABMAETCA Npo-
Bnema cosgannsa apdhekTUBHON HACAAKMN C NOHWKEHHLIM -
APOAVHAMWUYECKUM CONPOTUBIEH UEM,

[ns noBbileHns 3chhEKTUBHOCTI TEXHOSIOTUMECKMX NO-
kasatenei Hacagka JoMmkHa UMETE:

Bonbluyto gonio ceobogHoro obbema 4na 4OCTKEHNA
BbICOKMX TMOPOANHAMUECKUX MoKasaTener (HWKoro rw-
APOAVHAMUUECKOTO CONPOTUBNEHNA, 6OMBLUIOI NPONYCKHOMR
cnocobHocTH);

DasBUTY 0 yAEMNbHY 0 TEOMETPUMECKY I NOBEPXHOCTb ANS
obecneyeHns BbICOKIX MacCOOBMEHHbIX XapaKTepUCTUK,

OpHako yBEnM4YEHWe MOCMEAHer MOKET NpUBECTW K
pocty Typbynuaauuu raso-xWOKOCTHOM CUCTEMbl, & 3Ha-
UUT — K YBENUYEH IO TMAPOANHAMUYECKOTO CONPOTUBNEHMS.
MosToMy npu pa3paboTke HOBbIX MAcCOOOMEHHbIX KOHTaKT-
HbIX 3MEMEHTOR HEODOX0AMMO 0BeCneUNTL ONTUMANLHOE CO-
OTHOLLEHWe Mex [y cBODOAHLIM 0ObLEMOM W yAENbHOM no-
BEPXHOCTbIO HacaaKu.

ABTOpamu paspaboTaHa rodpypoBaHHas BUHTOBASA ke-
pamideckas Hacagka [1], kotopas npepctaenser coboin
UWNWHAR, BHYTPEHHAA W BHELLHAS NOBEPXHOCTH KOTOPOro
BbINOMHEHBI B BUAE rocp (puc. 1). AMnnutyaa rodp cocTags-
naeT 3 MM, ANTMHA BOMHbI rodp — 5 MM.

® B.N. TowwmHckwid, B.J1. lony®, A.B. MeasaHuk

PucyHok 1 - lochpupoBaHHan BUHTOBaA Hacaaka (1)
v konkua Pawwra (2)

OcHOBHbIE KOHCTPYKTWBHLIE XapakTepUCTWKKM Konewy
Pawwra [2] v HoBoW rodhprpoBaHHo Hacaakv NpUBeAeHb! B
Tabn. 1. Tunopasmep obenx Hacaaok —50x50x5 Mm.

Tabnuua 1 — OcHOBHbIE XapakTepUCTUKN KOMbLEBLIX
KOHTaKTHbIX MacCoOOMEeHHbIX 3IeMeHTOB

Twun Bec Yucno |lMoeepx- Ymene- Ceobog-

Hacagku | anemeH- | anemMeH- | HOCThL | Hasino- | HeI

Ta, Kr TOB |3nemeH-| Bepx- | ob6wem,

B1M® | Ta,M* | HOCTh, M3t

M m?

Konsla 0,0835 6000 0,016 86,0 0,78
Pawwra

Hacagka | 0078 | 6000 | 0,028 120 0,89
rogpupo-
BaHHad

Kak BraHo 13 Tabn. 1, rodbpupoBaHHas BUHTOBas Hacad-
Ka npu Tex xe rabaputax, 4to u konbla Pawwra, npeBocxo-
OWT nocnegHue kak no ceobogHomy obbemy & (Ha 14 %), Tak
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1 No yaenLHoW noBepxXHocTH a (Ha 25 %). CnedoBaTentsHo,
MOXHO NPEANONoKUTE, YTO MCMOMNb30BaHNE BUHTOBOW rogh-
PUPOBAHHOW HAacaakW NPUBEOET K CHUKEHUIO TAPOAMHAMU-
YeCKOro COMPOTUBIIEHNA M, KaK CMEACTBAE, K NOBLILLEHUIO
ckopocT MaccoobmeHa. [Jna npoBepku 3Toro npegnono-
KEHNA ObiNK 3KCNEPUMEHTANBHO M3YYeHBl TWOPOLANHAMM-
YeckWe XapakTepuUCTUKW HOBOW HacagkW. [na cpaBHeHWs
aHanorn4Hele UccneaosaHnsa Obiny NPoBeAeHE! M Ans rnag-
kux Kkonel, Pawmra Takux xe reoMeTpuyeckux pasmepos.
SKCNEpUMEHTLI MPOBOAMIUCE Ha MCMbITATENLHOM CTEHAE,
CXema KoToporo npeacTaBneHa Ha puc. 2. Hacagka sackina-
nach «B Hasany, 0bLas BeicoTa cnos — 1 M.
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PucyHok 2 - MpuHUMNnanbHaa cxema 3kcnepuMeHTanbHoro
cTeHpa:
1 — KONOHHa, 3aNONHEHHas HacaaKamu, 2 — BO3AYXOayBKa:
3 — eMKOCTb ¢ aMMMaYHON BOLOH, 4 — pacxoaomep BO3ayxa;
5,6, 7 — TEpMOMETPbI

Ana onpedeneHns rMapoauHaMUYeckoro conpoTuene-
Hus OByxchasHoro noToka B HACAZOHHOW KONOHHE BHaYane
PaccMOTPYM COMPOTUBNEHKE CyXoro annapara (bes opole-
HUA XuakocTeH). MNoTepu gaBneHus (AP) Ha 1 M BeicoThl (H)
CYXOW HacadKku OnpefensioTcs BeIpaxeHuem [2]

2
API' — ;\‘r p!’ ul'
H 2,

rae A, — KoahdULMEHT CONMPOTUBIEHNA CYXOro annapara;
p, — NNOTHOCTb 1233,
U. —NINHEeRHas CKOPOCTh ra3a B KOMOHHE C HAacaaKol;
d — aKBMBANEHTHLIA AMAMETP KaHara, no KOTOPOMY ABMKET-
cA ras.

3aBMCMMOCTb COMPOTUBIIEHNS CYXOW HAcafKn OT INUHeN-
HOI CKOPOCTY rasa He ABNAETCA KBagpaTUUHOM, Kak 310 MOXeT
nokasaTses U3 popmMynsl (1), mockoneky KoahMULUMEHT A, 3a-
BucKT oT yncna Re. Hanpumep, ona TypbyneHTHoro notoka [2]

: (1

1
Re?

aTaKkak Re~u_, 10

AP[ 18
T 4,

AsyyeHne rMapoOMHaMUYECKUX XapaKTepUCTUK rog-
PUPOBaHHEIX MAcCOOOMEHHLIX 3MEMEHTOB MPOBOANNOCE B
IMPOKOM AManasoHe 3HaYeHU NUHERHOW CKOPOCTW BO3-
ayxa — o1 0,5 4o 2 M/c 1 NNOTHOCTU opolleHnst — oT O do
30 m/ (MPyac).

Ha puc. 3 npeActaBneHbl faHHbe, KOTopble No3Bons-
0T COMOCTaBUTE TMOPOAMHAMUYECKOE COMPOTMBEHME CY-
XOW rodprpoBaHHOA Hacadku W konel Pawwura. M3 rpadm-
KOB BMIHO, YTO MPK YBENUYEHUN NIMHEANHOW CKOPOCTY rasa Ao
1.4 M/C ruapaBneckoe conpoTBNEHNE OOHOM U OAPYroi Ha-
Cafkv YBENMUYMBAETCH NPaKTUMECKW MPAMO MPONOpLMOHars-
Ho, @ NMpW AanbHeRLIEeM YBeUYEHUW CKOPOCTU rasa rmapoau-
HaMM4eCcKoe COMPOTUBNEHNE PACTET MO 3KCNOHEHLMamnsHOMY
3aKoHy. CylLecTBeHHOE NpenMyLLecTBo rohpupoBaHHON Ha-
cagKu HabnopaeTes B AnanasoHe BbICOKWUX 3HAHEHWIA NUHeN-
HOW CKOpPOCTYW rasa, HaunHada ¢ 2,0 m/c. [py NUHERHOR CKo-
pocTh 2,5 Mfc conpoTUBNeHKWe rodpPOBaHHON HAcaaKK Ha
20 % Huxe, Yem conpoTuBneHue konel Palwra.
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PucyHok 3 - 3aBUCUMOCTL
rMapoANHAMMYECKOro CONPOTUBIEHNSA CYXOW Hacazku
OT NMHeAHO| CKOPOCTH BO3AyXa:

1 - konbua Pawwwra, 2 — rohpupoBaHHas BUHTOBAs Hacagka

MonydYeHHble SKCNepUMeHTanbHble AaHHble obpabo-
TaHbl METOAOM HauMeHblIWX KBagpaTtoB. B pesynerate
nomny4eHsl 3aBUCUMOCTI AN CONPOTUBMNEHUA CYXMX Haca-
0K APCW_

AP

Gy

=10,4-u"* - cTangapTHbie konbLa Pawnra;,  (4)
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AI3¢—74 u"* —rod 5
T PUPOBAHHAsA BUHTOBas Hacadka. (B)
MNokasatenu CTENeHn Mpu U, NOMyYeHHbIe B SKCMepK-
MeHTax (4, 5), XOpoLWo CornacyloTes ¢ BblWENpUBEOeHHbIM
TEOPETHUYECKUM (3).
Kak nokasaHo B [2], ANs CONpOTUBMNEHUA CyXMX Hacanok
UMEET MECTO COOTHOLUEHWE

AP, a
Hy ’“8—3'%- (6)

Mpu TYpOyNeHTHOM ABUKEHUK [2]
Ay =16/Re™ . (7)

1 g
Ecnu y4ects, 4To Re~—, Tak Kkak B KpuTepuii
a

PeﬁlHOﬂbﬂCa BXOOWUT UCTUHHAA CKOPOCTL rasa, 10
AP a7

oy
H £ ©

Kak BuOHO M3 (8), CONPOTUBNEHNE CYXOW HAcadkW pac-
TET BMECTe C yOeMbHOW NOBEPXHOCTLIO a U YObIBAET ¢ yBe-
nuieHnem ceobogHoro obbema €. Mpu 3TOM 3aBUCUMOCTb
OT & 3HAYUTENBHO CUIBHEE, YeM OT a. STUM, XOTH U He Nnon-
HOCTEH0, MOKET ODBACHATLCA TOT 3KCNEPUMEHTANEHO OOHa-
DYXEHHBIR aKT, YTo CONPOTUBMNEHUE CyXOl rodpupoBaH-
HOW Hacaakn MeHblUe, Yem konel Pawura. OgHako He Bbinu
y4TEHbI HeKoTopble Apyrue dakTopbl (HanpUMep, U3BWIK-
CTOCTb KaHarnos, MO KOTOPLIM ABUMKETCA BO3MYX), KOTOPLIE
MOrTi NPUBECTY K uamereHuio AP . Onpepienerie Takwx
NapamMeTpOB W CTENEHb UX BIMSHWA Ha rMApPaBNUYECcKoe Co-
MPOTUBMEHNE B KONMOHHE HA AaHHOM 3Tane ABNAETCH CIoX-
HbiM 1 ByZeT paccMOTPeHO B JanbHerlWem.

Ha puc. 4 npencTaBneH rpacuk 3aBUCUMOCTH TMAPOaN-
HaMWYECKOro COMPOTUBINEHUS OPOLLAEMON ropUpPOBaHHON
Hacagku W konew, Palura oT NUHERHOW CKOpOCTH BO3AyXa
npu NNoTHOCTH opolueHkua 20 u 10 MP/(MPuac).

Kak BuaHo ua puc. 4, rmapoguHaMnyeckoe conpoTuane-
HWe rodpUpOBaHHONM HacaKku HUXe, Yem konel, Paluura, Ha
20-25 % Bo BceM OnanasoHe U3MeHeHWl NMHEeRHOR CKopo-
CTW BO3ayXa M NMPW PasnuyHbIX NNOTHOCTAX OPOLLEHUS.

[py opoLLEHM HAcaaKKM TUAPABNUYECKOE CONPOTUBMNEHUE
BO3PACTAET 3a CYET MHOTMX NapaMeTPOB — YMEHbLUEHUS CBO-
BoaHoro obbema, BoMHOODPA30BaHMA Ha TeKyLLel NneHke u
Op. YctaHoBneHue 3aBucumocTu AP 0T BCex aTUX napameTpoB
MpeacTaBnseTcs AOCTATOMHO CMOXHbIM, NO3TOMY BOCTIONb3Y-
EMCS M3BECTHLIM BbIP2KEHWEM, KOTOPOE CBA3LIBAET OTHOLIE-
HWE COMPOTHBNEHNA OPOLLIAEMON W CYX0W Hacamok [2].

MpedcTaeneHHele akcnepUMeHTansHble daHHble Takke
Bbinv 06paboTaHbl METOOOM HaUMEHbLUMX KBaZpaToBR And

i
I
o

%,
el
fa]

100

Lop ]
<

B~
o

Fm,u,paBnmquKoe conpoTMBNEHWe, MM.BA.CT.
oo
(=

20

|

0 ; ! + + + {
05 070 090 110 130 150 170 190 210 230

TuHeliHas cropocTh rasa, m/c

PucyHoK 4 — 3aBUCHMOCTL MMAPOANHAMUYECKOTO
COMPOTUBMNEHNA OpolIaeMbIX HacaoK OT NMHERHON
CKOPOCTH rasa:

1, 2 — xonbla Pawwura, nnotHocTs opoluenna 20 u 10 méf(mPuac)
COOTBETCTBEHHO; 3, 4 — TO(PUPOBAHHAA BUHTOBAA HACAKA,
NNOTHOCTL opoLleHus 20 u 10 mM*/(M2uac) COOTBETCTBEHHO

Momny4eHust 3aBUCUMOCTU OTHOLIEHWSA MMAPaBNHUYECKOTO CO-
NPOTUBNEHMA APOp K COMPOTMBNEHMIO CYXON Hacaakn AP kak
tyHKUMM NNOTHOCTW opolweHns L. B pesynsTate Geinu nony-
YeHbl CneaytoLmMe BepaKEHNs:
*  [NA HacafouHbIX ANeMeHTOB — rmagkux konel, Pawwura
AP
®_—1,01-10°72 (10)
oy
* QNS HOBbIX HACAZOUHEIX 3MEMEHTOB — rOPPUPOBAHHbIX
koneL,

AP
% _0,85.10°°°" (1)
AP

A

BblBOJbI

1. MccnepoBalna nokasani, YTo BbIMOMHEHHbIe 1aMe-
HEeHWs1 KOHCTPYKUMKW konel, Palimra no3BONMUAN CHU3UTL MX
MMApoAMHAMKUYeckoe conpoTuBneHne Ha 20-25 % (B 3aBK-
CUMOCTH OT peXimMa paboThl KOMOHHI).

2. CHWKeHWe [MOPOAMHAMUYECKOTO COMPOTUBMEHWS
obecneunBaeT cokpalleHue aHeprosatpar [3].

3. Beupgy yBenuueHus ceobofHoro obbema BospacTtaeT
MPONYCKHas CNOCOOHOCTE KOMOHHEI, YTO NO3BONAET YMEHb-
LWNTb ee pasMep Npu COXpaHeHnn 3a0aHHOro TEXHOMornye-
CKOTO pexuma paboTbl.
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BUBJIMOTPAPUYECKMIA CMTUCOK

Mat. Ne 2370311. Poccua. MIK BO1J 19/30. Hacapgka ons
maccoobmeHHblx annapatos / Mypasbes B.E., Cokonos AC,
Hanunos KO.E., Cynuma AH., TowmHcknid BN, Mepanuk AB.
W ap. ; 3asBuTens u natentoobnagarens OO0 «funpoxumy. —
Ne 2008107736; 3agsn. 03.03.2008 ; onybn. 20.10.2009, Bion.
Ne29 —6c.:un.

PosrngHyTo NOPIBHANEHT TAPOAMHAMINHI XAPAKTE PUCTHKA
HOBMX MOCCOOMIHHKMX Hacamok Ta kineue Pawwura. Hepes
AHANT3 OTPUMOHMK SKCNEDUMEHTCNBHIX NAHKMX 1CBee-
HO, WO 3MiHG B reoMeTpil kinels Pawyra nprseoduTs oo
MEHLIEHHA MOPOOMHAMIYHOTO ONopy Td, Ak HACNinokK, 0o

CKORCYEHHA BHTRAT eHepropecypce.
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C. 40-44.

flocmynuna e pedakuuo 17.03. 2011

Comparative hydrodynarmic features of the new pocked
beds and Raschig rings are examined. Obtained sxper-
imental data show that changes in the geometry form of
Faschig rings lead to reduction of hydredynamic resistance

and to energy-saving, conseguently,
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