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A30THa5I CliCTeMa XJIa,II;ocHa6)KeHlUI C BliXpeBOH Tpy60H

,II;lliITYHHeJIhHOrO CKOpOMOp0311JIhHOrO arrrrapaTa

JI.-p meXH. HayK K. II. BEHrEP, M. E. )KlIJIhIJ.OB, M. r. HOCOB,
KaHa. meXH. HayK O. A. <I>EChKOB

MOCK06CKUU 2ocyaapcm6eHHblu yHu6epcumem nuw,e6blx npoU360acm6
125080,2. MocK6a, BOfloKoflaMcKoe Ul., II

Received design parameters of vortex tubes and rational modes of its work to ensure the use of refrigeration
capacity with liquid and its evaporation, gaseous nitrogen. Designed using Vortex tubes, quick-freezing tunnel
construction and its chilling supply system nitric.
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3<p¢eKTI1BHOCTb pa60TbI CKOpOMOp03l1JIbHOrO
annapaTa C npOTOl.fHotl a30THotl CI1CTeMotl XJHl,lJ,OC-

Ha6)((eHI1H CBH3aHa, B OCHOBHOM, C paCXO,lJ,OMKp110-

areHTa.
3KCnJlyaTaLl,l1H Tpa,LJ,I1l.J,110HHbIXTYHHeJlbHbIX

annapaTOB B03MO)((Ha npl1 paCXO,lJ,e)((J1,lJ,KOrOa30Ta

Ha 1Kf n pO,lJ,yKLI,I1I1nOpH,lJ,Ka1,5 Kr 1160JIee [I].

COBepweHcTBOBaHl1e 113<p<peKTI1BHOCTbpa60TbI

TaKoro 060pY,lJ,OBaHI1HCB5I3aHa C peWeHl1eM np06Jle-
MbI ra311<pI1KaLl,I1I1)((J1,lJ,KOrOa30Ta, 06eCnel.fI1BalOllJ,el1

I1CnOJlb30BaHI1e XOJlOJJ,I1JIbHOrOnOTeHLI,l1aJlaKaK )((11,lJ,-

Koro, TaK 1106pa3yIOIlJ,erOCH B pe3YJlbTaTe ero I1cnape-

HI1Hra3006pa3Horo a30Ta. B 3TOM nJIaHe nepCneKTI1B-
HO I1CnOJlb30BaHI1e BI1XpeBotl Tpy6bI.

BI1XpeBaH Tpy6a 06eCnel.fI1BaeT paCWl1peHl1e

11 pa3JJ,eJleHl1e nOJJ,aBaeMoro ra3006pa3Horo a30Ta
Ha JJ,BanOTOKa - XOJlO,lJ,HbltI11YCJlOBHO«rop5Il.f11t1».

CxeMa npOTOl.fHOH a30THOH CI1CTeMbl C BI1XpeBOH

Tpy60H nOKa3aHa Ha PI1C. 1.
rOpHl.fI1H nOTOK C JJ,OCTaTO'-lHOHI13KOtl TeMnepa-

TYPOH I1CnOJlb3yeTcH B I-OH 30He TYHHeJlbHOrO CKO-
pOMOp03l1JlbHOrO annapaTa )],JlH npeJJ,Bapl1TeJIbHOrO
OXJl~eHI1H npoJJ,yKLl,I1I1,a XOJlOJJ,HbIHnOTOK (C)((J1-

)((eHHbltI a30T) - BO 2-011 30He, )],JlH OCYllJ,eCTBJleHI1H

CTa,LJ,11113aMOp~I1BaHI1H npOJJ,yKLI,I1I1.npl1 3TOM no-

,lJ,aBaeMbIHB BI1XpeByIO Tpy6y nOTOK npe,lJ,Bapl1TeJIbHO
6Y,lJ,eTra311<pI1L1,l1pOBaTbC5IB CneLl,l1aJlbHOM TenJlo06-

MeHHI1Ke, pa3MellJ,eHHOM B 3-eH30He annapaTa, a Bbl-
pa6aTbiBaeMbIH Ha 3TOM 3Tane XOJlO,lJ,- )],JlH BblpaB-

mIBaHl15I TeMnepaTypbl npO,lJ,yKTano 06beMy (CTa,LJ,115I
,lJ,OMOpa)((J1BaHI151).

BbInOJlHeHbII1CCJIeJJ,oBaHI151no on pe,lJ,eJleH1110oc-

HOBHblX napaMeTpOB pa60TbI BI1XpeBOH Tpy6bl [2, 3]:
TeMneparypHble 3<p<peKTbIOXJl~eHI1H (M) 11nOJJ,or-

peBa (M); TeMnepaTYPbIXOJIoJJ,Horo(t) 11«ropHl.ferO') (1)
rrOTOKOB ra3a. nOJlYl.feHbI pe3YJlbTaTbi paCl.feTa, C I1C-

nOJIb30BaHI1eM pa3pa60TaHHOH MeTO,lJ,I1KI1,OLl,eHI1Ba-
101lJ,l1eCTeneHb BJIl15lHI151Ha ,lJ,aHHble napaMeTpbl BI1X-

peBOH Tpy6bI CJIeJJ,YlOIlJ,I1XrrOKa3aTeJleH B Wl1pOKOM

I1X I1HTepBaJle:
- ,lJ,OJlHXOJlO,lJ,HOrOrrOTOKa (f! = 0,1+ 1,0);

- TeMnepaTypa rrOJJ,aBaeMoro ra3a (tl = -190;
-180' -170 DC)', ,

- JJ,aBJleHl1enOJJ,aBaeMoro ra3a (P = 0,2; 0,35;

0,5; 0,7511 1,0 MTla);
pa3Mep Ce'-leHI1HconJIa (9x5; 8x5; 9x4 118x4 MM).

Puc. I. flpUHlI,UnUaflbHaJi cxeMa a30mHOU npomolfHou cucmeMbl XflaOOCHa6J1CeHUJI myHHeflbHOZO annapama c BuxpeBou mpy6ou:
1 - CKOPOMOP03UflbHbiU annapam; 2 - KOHBeuep; 3 - zG3opaCnpeoeflumeflbHoe ycmpoucmBo; 4 - opocceflbHblu Y3efl;

5 - BUXpeBaJl mpy6a; 6 - KOflfleKmop c cjJopcYHKaMu; 7 - menfloo6MeHHuK; 8 - eMKocmb c G30mOM; 9 - ucnapumeflb eMKocmu;
10 - cOfleHouoHblU BeHmUflb; 11- MaZUCmpQJlbHblU mpy6onpoBoo



Onpe,lJ,eJleHbl, no pe3YJlbTaTaM BbInOJlHeHHbIX

I1CCJle,lJ,OBaHI1H,KOHCTPYKTI1BHblepa3Mepbl BI1XpeBOH

Tpy6bl 11paUl10HaJlbHble pe)l(J1Mbl ee pa60TbI: TeMne-

paTypa (tl = -190°C) 11,lJ,aBJleHl1e(P = 0,2 MIla) no-
,lJ,aBaeMOro ra3006pa3Horo a30Ta, pa3Mepbl CeqeHI15I
COllJla (9x4 MM, nJlOlUa,D,bCeqeHI15Ifc = 36 MM2), ,lJ,OJl5I
XOJlO,lJ,HOrOnOTOKa (/-1 = 0,2).

)J,oKa3aHo, C I1CnOJlb30BaHI1eM nOCTpoeHHoro

B S, T - ,lJ,l1arpaMMe UI1KJla pa60TbI BI1XpeBOH Tpy6bI

npl1 paUI10HaJlbHbIX pe)l(J1MaXpa6oTbI, qTO ee npl1Me-
HeHl1e n03BOJl5IeT nOJlyql1Tb C)[(ID[(eHHbIH a30T C TeM-

nepaTypoH (-96,7 0C) Ha XOJlO,lJ,HOHCTopOHe 11ra30-

o6pa3HbIH Ha ypoBHe (-174°C) - Ha «rop5IQeH» CTO-
pOHe Tpy6bl.

C I1CnOnb30BaHI1eM BbInOJlHeHHblX I1Ccne,lJ,O-

BaHI1H pa3pa6oTaHa KOHCTPYKUI15IBI1XpeBOH Tpy6bl

11 113rOTOBJleH onblTHblH ee o6pa3eu, nOKa3aHHbIH

Ha PI1C.2.
OnblTHblH o6pa3eu BI1XpeBOH Tpy6bl I1CnOJlb30-

BaH B npOBe,lJ,eHHbIX3KCnepl1MeHTaJlbHbIX I1CCne,lJ,OBa-
HI15IX, KOTopble ,lJ,OKa3aJll1a,D,eKBaTHOCTbpaCCql1TaH-

HbIX napaMeTpOB ee pa60TbI.

Pa3pa6oTaHa KOHCTPYKUI15I TpeX30HHoro TyH-

HeJlbHOrO CKOpOMOp03IUIbHoro annapaTa C CI1CTeMOH
XJla,D,ocHa6)[(eHI15IHa 6a3e BI1XpeBOHTpy6bI, Ha KOTO-

PYIO nonyqeHo nOnO)l(J1TenbHOe perneHl1e Ha BbI,lJ,aqy

naTeHTa P<I>. Ha PI1C. 3 nOKa3aHa npl1HUl1nl1aJlbHa5I
cxeMa annapaTa 11CHCTeMbIXJla,D,ocHa6)[(eHH5I,BKJlIO-
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Puc. 3. llpUHlI,UnUaJlbHaJl cxeMa a30mHou cucmeMbl XIlaaOCHa6J1CeHUJI c euxpeeou mpy60u aAJi mYHHeJlbH020 CKOPOMOP03UJlbH020
annapama: 1- Kopnyc annapama; 2 - KOHeeuep; 3 - euxpeeQJl mpy6a; 4 - KOJlJleKmOp c rjJopcyHKaMu; 5 - 2a30paCnpeaeJlUmeJlbHOe

ycmpoucmeo; 6 - menJtoo6MeHHUK-2a3urjJuKamop; 7 - eblmJl:JICHOUKaHaJl; 8 - eeHmU!lflmOp; 9 - nJtoU(aaKa 3a2pY3Ku-ebI2pY3KU;
10- onopbl; 71- npueoa KOHeeuepa; 12 - lI,UCmepHa c a30mOM; 13 - ucnapumeJlU lI,ucmepHbl; 14- MaHOMemp; 15- eeHmUJlU 2a-

30c6poca; 16 - YKa3ameJlb ypoeftJl; 17- eeHmUJlb 3anpaeKU; 18 - eeHmUJlb eblaalfu :JICUaKOCmu; 19 - COJleHOUaHblU eeHmUJlb;
20 - pe2yJlJlmOp aaeJleHuJl; 21 - eeHmUJlb nOanumKu; 22 - o6pamHbiu KJlanaH; 23 - eeHmUJlb nOaalfu JlCUaKOCmu e ucnapumeJlU lI,uc-

mepHbl, 24,25 - eeHmUJlU-pe2yAJimOpbl pacxoaa; 26, 27 - aamlfuKu meMnepamypbl



'lalOllJ,a51 KpHOreHHYJO eMKOCTh (Ul1CTepHY, 3arrOpHYJO

apMaTypy, a TalOKe rrp1160phI pemCTpaUHH H peryJIH-
pOBaHH5I rrapaMeTpOB pa60ThI yCTaHOBKH).

DPH C03,ll,aHl1HB Ul1CTepHe 1136bITOLIHoro,ll,aBJIeHIDI

PI = 0,2 MDa )I(}1,ll,KHMa30T rrO,ll,aeTC5IB TerrJIo06MeH-

Hl1K-ra3HQ:mKaTOp, paJMellJ,eHHhrM B 3-eH30He almapa-

Ta, me 3a C'leT paJHOCTl1 TeMTIepaTYP )I(}1,ll,KHti aJOT ra-

3HQ:ll1Ul1pyeTC5I,paCXO,IJ,y51rrOTeHI.J:l1aJIl1Cf1apeHIDI Ha ,ll,0-

Mop~BaHHe rrpo,IJ,yKUl1l1. 06paJOBaBWHHC5I rrOTOK

ra3006paJHoro aJOTa rrO,ll,,ll,aBJIeHHeMrrO,ll,aeTC5IB BHXpe-

BYJOTVy6y, paJMellJ,eHHYJO BO 2-0H 30He arrrrapaTa, r,ll,e

3a C'leT 3cPcPeKTaBHXpeBoro paJ,ll,eJIeHl1JI06paJyeTC5I ,ll,Ba

rrOTOKa: rOp5!'-IHH (tf) 11XOJIO,ll,HhrM(tJ Dpl1 3TOM rrOHH-

)[(eHl1e TeMnepaTYPbI Ha XOJIOPJWHCTopOHe Tpy6hI MO-

)f(eT 06eCne'lHBaTb TeMrrepaTYPY (t),ll,O -197 °e, 'lTO co-

OTB~TcTByeTYCTOti'll1BOMYO)[(]1)[(eHl1lOraJa. TaKOH C)I(}1-

)[(eHHblH nOTOK nO,ll,aeTC5IHa KOJIJIeKTOpC cP0pCYHKaMl1

,ll,JI5IOpOWeHI15Inp0,IJ,yKUl1l1Ha 3Tarre ee 3aMOp~BaHl15I

BO II-OH 30He, npH 3TOM OH CHOBa ra3l1cPl1Ul1PYeTC5I
rrpH paCnblJleHHH, nOJIe3HO l1CrrOJIh3Y5IXOJIO,ll,HJIhHbIH
rrOTeHJJ;l1aJIcPa30Boro rrepeXO,ll,a .

BTOpOH nOTOK ra3006pa3Horo a30Ta CTeMnepaTy-
poti (t

f
) Ha ypoBHe OT -175,ll,0 -155 °e HanpaBJI5IeTC5I

B ra30paCnpe,ll,eJIl1TeJIbHOe yCTpOHCTBO anrrapaTa, r,ll,e

paBHoMepHo pacrrpe,ll,eJI5IeTC5I rro umpHHe Koprryca,

06eCrre'lI1Ba5I npe,ll,Bapl1TeJIhHOe OXJI~eHl1e rrpo,ll,YK-

Ul1l1 (l-a5I 30Ha). OTpa60TaHHhle rrapbI a30Ta CTeMrre-

paTypoH (tBb,) Ha ypoBHe OT -70,ll,0 -30 °e y,ll,aJI5IIOTC5I

113arrrrapaTa C rrOMOll.J,hlOBhIT5I)[(HOrO KaHaJIa H BeHTH-

JI5ITOpa.

I1cnoJIh3oBaHl1e Bl1XpeBOM Tpy6bI B Ka'leCTBe
O)l(].1)l(l1TeJI5IBCKOpOMOp0311JIbHOMannapaTe rr03BOJII1T

KOMrreHCl1pOBaTh 60JIhllIl1HCTBO nOTeph Kpl10areH-
Ta, H B HTore COKpaTl1Th 06ll.J,l1Mero paCXO,ll,(,ll,0 0,8 Kr

Ha 1Kr npo,ll,YKTa), a TalOKe yrrPOCTHTb 3KCrrJIyaTaUHIO
060pY,ll,OBaHH5I TaKoro Tl1rra.

3KCrrJIyaTaU110HHhle 3aTpaTbI MO)[(HO ,ll,OrrOJIHH-

TeJIhHO COKpaTHTh 3a C'leT l1CrrOJIh30BaHH5I y,ll,aJI5IeMO-
ro 113 arrrrapaTa ra3006pa3Horo aJOTa ,ll,JI5IXpaHeHl15I
3aMOp0)f(eHHOH rrpO,l],YKl..l;l1l1.
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