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B pa6oTax11•21 6~no noKaaaHo, 4TO npH no8~WeHHOH ~HKnH4HOCTH 
pa6oT~ KonneKTH8Horo ycKOPHTenn KYTH-20 131 8 KaTYWKax MarHH~Ho~ 
CHCTeM~ H CTeHKaX BaKYYMHOH KaMep~ aAre3aTopa 137 8~AenR~TCR 3Ha-
4HTenbH~e TennOB~e MO~HOCTH. npH 3TOM Tenn08aR HarpyaKa Ha 3TH 
3neMeHT~ pacnpeAeneHa cy~ecT8eHHo Hepa8HOMepHo /eM. Ta6nH~y/. 

HaH6onee TennoHarpymeHH~M ycTpoHCT80M R8nReTcR 8aKYYMHaR Ka
Mepa. PeweHHe npo6neMbl ee oxnamAeHHR 8 aua4HTenbHOH cTeneHH onpe
AenReT pa6oTocnoco6HoCTb 8cero aAreaaTopa. 

Ha8eCTH~e TeXHH4eCKHe pe~eHHR 3~eKTH8HOCTH TennocDeMa nyTeM 
ysenH4eHHR oxnamAaeMOH no8epxHOCTH /paanH4Hoe npo¢HnHp08aHHe/ 
8 AaHHOM cny4ae HenpHeMneM~ Ha-aa Tpe6o8aHHi1 K XapaKTepHCTHKaM 
HMnynbCHOrO MarHHTHOrO nonR. 

B HacTOR~eH pa6oTe paccMaTpH8a~TcR 803MomHocTH no8~WeHHR 3$
$eKTHBHOCTH oxnamAeHHR KaMep~ npH HCnOnb308aHHH pa3nH4HbiX OXna>K
Aa~~HX mHAKOcTeH, 8apHa~HH reoMeTpHH paAHanbHoro aaaopa 141 

H HenocpeACT8eHH~M 803AeHCT8HeM Ha norpaHH4H~H CnOH. 

Ta6nm~a 

3JleMeHTH B!meJJHeMrui OXJlallr,ll;ruq ~-4 Jl Y.neJlbHrui CKOp0CTb Ha-
(HOMepa MOli{HOCTb liW,JU{OCTL lj_~OCTb rpe:sa 6e3 
KaTy!lleK) (KBT) ~Ji (K.BT/~) oXJlaJi(,I(e HlUI 

iJ- (rpa.u/ceK) 

KaTym.Ka I 2x3,35 BO,na I0,9 0,52 

II 2x3,65 oo.na 5,7 0,28 

ill 2x3,IO oo.na 3,I O,I5 

IY 2x29,3 TpaHC<lJ.MaCJlO I4,I 2,I 

Kru.mpa roo BO.na/ 73,7 36,9 
TpaHC<lJ.MaCJlO (rt.aKc.302,8) (MB.Kc.I5I,4) 
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1 • HHTErPAilbHbiE XAPAKTEPHCTHKH TEn1l006t1EHA 

B peanbHO~ KOHCTPYK~~~ 151 aAre3aTopa m~AKOCTb, oxna>~a~a.R 
KaMepy, Te4eT s paA~anbHOM HanpasneH~~ s 3a3opax, o6pa3osaHH~x 
CTeHKaM~ KaMep~ ~ BHeWHero CTanen.R. npo~ecc TennonepeAa4~ B Ta
KO~ reoMeTp~~ RBn.ReTC.R AOBOnbHO cnOmH~M ~ B nonHOM 06DeMe MO
meT 6~Tb npOMOAen~posaH Ha 6a3e ~cnonb30saH~R 3BM /cM.pa3Aen 2/. 
0AHaKo s 6onbw~HCTse np~nomeH~~ AnR o~eHK~ ~HTerpanbH~x xapaK
Tep~cT~K AOCTaT04HO aHan~T~4eCK~X B~4~CneH~H Ha OCHOBe nony3M
n~p~4eCKOrO nOAXOAao 

B aas~c~MOCT~ oT BXOAHOro ~ noKanbHoro np~~ne~ cKopocTe~ .~ 

4~cna Pe~HonbACa Re = ..£!!. I c - cpeAHJIR' cKopocTb m~AKOCT~, v -. v 
ee K~HeMaT~4ecKaR s.R3KOCTb, s - wwpwHa 3a3opa/ MomeT pean~3o-
s~saTbCR naMvtHapHoe wn11 Typ6yneHTHoe Te4eHI1e. Ecn~ Re < 315, 
Te4eH~t~e naM11HapHo, a np11 Re > ~00 - Typ6yneHTHo npaKT~4eCKI1 
He3aBI1CHMO OT npQ$11ne~ CKOpocTe~ 61.0rpaHI1411MC.R paCCMOTpeHI1eM 
paAI1anbHOrO 3a3opa WHpi1H~ S = const, OAHa ~3 CTeHOK KOTOporo 
HarpesaeTCR OAHOPOAHbiM no a311MYTY 11 paAI1YCY 11 nOCTO.RHH~M BO Bpe
MeHH nOTOKOM M~HOCTI1. 3~ MOAenb RBn.ReTC.R XOPOWI1M aHanorOM pe
anbHbiX ycnosvtH np11 nos~weHHOH ~11Kni14HOCTH YCKOPI1TenR. Hcnonb3YR 
MeTOA, pa3BI1T~~ An.R npRM~X KaHanoa/S/, MOmHO noKa3aTb, 4TO · 
B pacCMaTpi1BaeMO~ reoMeTpi1H paA118nbHOr_O 3830pa B 3aBI1CHMOCTI1 OT 
xapaKTepa Te4eHHR mHAKOCTI1 npo~ecc Tennoo6MeHa 11 nepenaA nonHoro 
AaBneHI1.R On~c~saOTC.R cneAY~I1MI1 CI1CTeMaMI1 ypasHeHH~ 
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C~CTeMa /1.1, 2.1, 3.1, 4.1/ OTHOCI1TC.R K naMI1HapHOMY Te4eHI1~, 
a C~CTeMa /3.1, 4.1, 1.2, 2.2/- K Typ6yneHTHOMy. ?AeCb! Q
Tennoea.R M~HOCTb,~p - nepenaA nonHoro AasneH~R; V- o6DeMH~~ 
pacXOA m11AKOCTI1; r. , ~ - MI1HI1ManbH~H 11 MaKCHManbH~~ paA11YCbl 

1 a 
3aaopa COOTBeTCTBeHHO; ,\>K' v lK, Pr >K' p lK - TennonpoBOAHOCTb, KH-
HeMaTH4eCKa.R BR3KOCTb, 411CnO npaHATnR, nnOTHOCTb >K11AKOCTI1 An.R 
cpeAHeH TeMnepaTYPbl O>K; Pr - 411cno npaHATnR norpaH~4Horo cnoR 
np11 ycpeAHeHHO~ no PaA~YCYc TeMnepaType CTeHKH 0 ; OIK. , 0 lK -c 1 a 
BXOAHa.R 11 BbiXOAHa.R TeMnepaTyp~ >K11AKOCTI1 COOTBeTCTBeHHO. Ko3$-
$111.411eHT~ K M 11 KP onpeAenRnl1cb HaMI1 113 3Kcnep11MeHTa 11 AnR naM~
HapHoro pelK~Ma Te4eHHR 11MeiOT aHa4eH11R KM = 0,9.:!:_0,02, Kp=1.:!:_0,2. 
AnR Typ6yneHTHOrO pemi1Ma T04Hble 3Ha4eH11.R 3TI1X K03Q$111.411eHTOB 
Hei13BeCTH~, OAHaKO B nepeoM npl16ni1>KeHI111 11X t~O>KHO npi1H.RTb TaKI1-
MI1 me. CneAyeT cKa3aTb TaK>Ke, 4TO, ·xoTR a ypasHeHI1R sXOART 
TOnbKO cpeAHI1e 3Ha4eH~.R TeMnepaTyp, nonb3YRCb ~3BeCTH~M11 KPI1Te-

0 - 0 
p11eM nOA0611.R 8 = c OM~~-O _!_ , MO>KHO Ol.4eHI1Tb MaKCI1ManbHYIO TeMne

c - )I( 

PaTypy CTeHK11 0 c MaKe • .KOHKpeTHOe 3Ha4eH11e 8 3aBI1CHT OT PRAa 
$aKTOPOB 11 B paCCMaTpi1BaeM~M cny4ae COCTaBn.ReT 8 = 1,32. 

AHani1311PY.R nony4eHH~e c11cTeM~ ypasHeH~~. B11A~M, 4TO rnaeH~M11 
$akTopaM11, eni1R10~11MI1 Ha 11HTerpanbHble xapaKTepi1CTHK11 Tennoo6Me
Ha, .RBn.RIOTC.R W11pvtHa 3a30pa, a TaKme OODeMH~~ pacXOA 11 BXOAHa.R 
TeMnepaTypa >KI1AKOCTI1. B peanbH~x ycnoBI1RX MaKCHManbHbl~ pacXOA 
orpaHI14eH npeAenbHO AOnycTI1MbiM An.R KOHCTPYK~~I1 nepenaAOM non-
HUI U AdtsJit::MvaH ~p ....:: 1,1 OTM. :{pCMC TGrC, :(~:~ np:H~!-!.'101 !J* !~3 y':-

y • y g - 6 20 C1 n noB~I1 BHeWHeH CI1CTeMbl oxna>KAeHHH He MO>KeT biTb HH>Ke 0 • 03-
TOMy OAH11M ~3 Ha116onee 3~eKTI1BHbiX cnoc660B ~HTeHCI1$11Ka~l111 

TennocDeMa RBn.ReTcR sapbl1posaHwe w11p11H~ aaaopa. H3 ypasHeHI1~ 
/1.1 - 2.2/ .RCHO, 4TO cy~ecTeyeT npi1H~11nvtanbHa.R B03MO>kHOCTb 
vt36emaTb noKanbHoro neperpeGa cTeHOK KaMePbl a 30Hax MaKcvtManb
Horo Tennoa?ro noToKa, np0$11nvtpy.R 3a3op a cooTseTcTBI111 c pacnpe-

AeneHvteM dQ (r). 

i-13BeCTHdf!s/,4TO TyptiyJleHTHbl~ pe>MIAM Te4eHvt.R B OXnamAatolllHX 
c~cTeMax npeAn04T~Tei1bHee naM~HapHoro. B c~ecTe~eM 
sapvtaHTe/l/ KaMepa OXJla)I(AaeTC.R TpaHC$OPM8TOPHbiM MaCI10M 0 T.e. 
>K~AKOCTbO c 60I1bWO~ K~HeMaT~4eCKOH B.R3KOCTbiO. npl1 3TOM Re <315, 
11 Te4eHvte 3aBeAOMO naMHHapHO. AnR nepeXOAa Ha Typ6yneTHbiH pe~ 
lKHM Heo6XOA~MO ~CnOJ1b30BaTb MeHee B.R3K11H XI1aAOareHT, Hanp~Mep 

BOAY· HeCMOTp.R Ha PRA 4vtCTO TeXH~4eCKI1X TPYAHOCTeH, KOTO~e 
o6yCI10BJ1eH~ Heo6XOA~MOCTb0 H8Ae>KHOH r~AP0~30I1RI.41111 KaTyWeK Mar
HHTHOH C~CTeM~, HaXOA~IAXC.R B M8CI1e, nepeXOA Ha BOAY 1.4ei1ecoo6• 
paaeH TaK>Ke nOTOMY, 4TO ee TennonpOBOAHOCTb B 5 pa3 BbiWe, 4eM 
y Macna. 

Ha p~c.t npHseAeHbl peaynbTaTbl pac4eToB MaKCI1Mai1bHe»1 TeMnepa
Typbl KaMep~ npH oxna)I(AeHI1~ BOAOH ~ MaCJlOM. np~MeHeHHe TpaHC~op
MaTOpHoro Macnall/ orpaH~4HBaeT npeAeJlbHYIO BbiAeJl.ReMyO M~HOCTb 
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PHc. I • 3aBHCHMOC T:& MaiCCHMaJibHOfi TeM
nepaTypbl CTeHKH KaMepbl OT o6'beMHO
ro pacxo~a ~KOCTH. I - qxn~eHHe 

TpaHcciJopMaTopHbiM MacnoM:' 2Q =50 KBT, 
O*i=20°C, 8 =t ;32,Ky=0,9; 2 - oxnru=t
AeHHe BOAOI1:: 2Q =100 KBT, olKi =20 c, 

'-' . 150 -.... 
"' 0 
;[ 

r,"" ~-=11 8 =I, 32, Ky = I, 0. 
100 

50 \ '"'""} S•3MM 2 . 

Bei111411HOH - 50 I(BT. .1HWM11 CI10BaMI1 0 

~11KI1114HOCTb pa60TW aAre3aTOpa B 3TOM 
C11y4ae He MOIKeT npeaWWaTb 10 + 12 r14. 
BoAa 121 no3BOI1ReT oTaecTI1 npoeKTHY~ 
M~HOCTb - 1 00 KBT np11 CYIIIeCTBeHHO 

0 MeHbWeM Harpeae KaMepw. BHAHO TaKIKe, 
0 10 20 . 30 4TO yMeHbWeHI1e 3a3opa YI1Y4WaeT ox-

Vg (./lie I 11alKAeH11e. 0AHaKO 6e3 npi1HRTI1R AOnOI1-

H11Tel1bHWX Mep AalKe B CI1Y4ae 11CnOI1b3o
BaHI1R BOAW TeMnepaTypa CTeHKI1 npi1611HlKaeTCR K npeAellbHO AOnycTH
MOH -1 00°C 151 - . 

2. PAC4ET PACnPEAEnEHH~ TEMnEPATYP~ B 3A30PE 

AllR noHcKa AOn011HI1Te11bHbiX cnocofinR YR*"."IAL!eH!'!?. :en."!CC'l.e:.t.::: 
salKHo 3HaTb pacnpeAeneH11e TeMnepaTypw a 3a3ope. Hw orpaHI14111111Cb 
paCCMOTpeH11eM C11Y4aR 11aM11HapHOro Te4eHI1R. MeTOA pac4eTa OCHOBW
Bai1CR Ha peweH1111 C nOMOIIIb~ 38M CI1CTeMW A11~epeH~11a11bHWX ypaaHe
H11H ABI11KeH11R 0 Hepa3PWBHOCTI1 11 coxpaHeHI1R ~Hepr1111 C y4eTOM 113-
MeHR011111XCR CBOHCTB IK11AKOCTI1 BAOI1b paA11al1bHOrO 3a3opa 11 A11CCI1na
TI1BHWX npo~eCCOB /TepMOBR3KOCTHaR CBR3b//7/. 

Ha p11c.2a,6 npi1BeAeHw pe3YI1bTaTw pac4eToa. Ha116011ee HHTepec
Ho TO, 4TO pacnpeAel1eHI1e TeMnepaTypw a 3a3ope RBilReTcR 
pe3KO HepaBHOMepHWM C POCTOM 3TOH HepaBHOMepHOCTI1 BAOI1b 3a3opa 
OT BXOAa K BWXOAY· 3TO CBR3aHO C OOCTeneHHOH TpaHC~OpMa~HeH 
np~HilR CKOpOCTH OT Tpane~e11Aa11bHOH ~OPMW K napa60I1114eCKOH. 
H3•3a BR3KOCTHOro TpeHI1R lKHAKOCTb 861111311 CTeHOK KaMepW npaKTI1-
4eCKI1 OCTaHaBI111BaeTCR~ 0TC~Aa Cl1eAyeT, 4TO! Bo-nepawx, MOIKHO 
OlKHAaTb, 4TO npHMeHeHHe np~I11111POBaHI1R npOTI1BOnOI10lKHOH CTeHKH 
6yAeT Mai10~eKTI1BHWM; ao-BTOPWX, CKOI1b-HI16YAb 3Ha411Tel1bHO no
BWCHTb ~eKTHBHOCTb Teni10CDeMa MOIKHO TOI1bKO HenOCPeACTBeHHO 
B03AeHCTBYR Ha norpaHI14HW11 CI10H. Ka4eCTBeHHO coanaAaiOIIIHe pe-
3YI1bTaTW nOI1Y4eHW B pa6oTe171, rAe TeopeTI14eCKI1 paccMaTpi1Bai1CR 
npo~ecc Tenl1oo6MeHa np11 npHMeHeHHH np~111111poaaH11R cTeHKH. OTMe
THM, 4TO pacxolKAeHHe 3Ha4eHHH OcMaKc' noi1Y4eHHWx c nOMOIIIb~ no-
11Y3Mni1PI14eCKHX ypaaHeHHH, 11 B 411CI1eHHWX paC4eTaX He npeawwaeT 
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PHc.2. TennoTexHHqecKHe xapaiCTepHCTHKH KaMephl 

a/ .iS.;(~}~ H OcT 
dA dA 

Cv X 
H--.,= f(-} - (Q 

- s 
CRi --: 

20°C 0 S = 2 MM, ( !!Q..) 
dA 

200 , ....... , ... . /~' ~ 
~1oo~ / Yl ... ~ 

.I ( 1 

.... • 

0 0' 02 D.3 R{M) 

6/ 0 = f(L) 
s 

= 50 KBT, V = 5 n/c,O*i = 

73,6 KBT/M 2) o 

PHc.3. TeMDepaTypa CTeHKH KaMePhl: 
I - 6e3 B03Aei1:cTBHH Ha noFpaH~Hhll1: 
cnofi; 2 - C B03AeHCTBHeM Ha p~Hy
cax R 1 = 0, 13 M ·H R 9 = 0, 15 M 

/ocTan:&Hble napaMeTphl~cornacHo pHc.2/. 

~i -- 3 

0,5 

PHc.4. noKaJib~ble.npo~HnH CKqpo~Tei1: Ha 
R =0, ! 6 ~: I - Vj IV = 0; 2 - Vj IV =0, 04; ~ 
3 - vj IV = 0,16 /OCTaJl:&Hble napaMeTphl, 
cornacHo pHc.2/. 

0 +-------\ 
0 1 !. 

s 

npo~eCC OXI1alKAeH11R np11 B03AeHCTBI111 Ha norpaHI14HWH CI10H 611111 
npOMQAei1HpoaaH a 4HCI1eHHWX pac4eTax. Ha ~HKCHPOBaHHWX paAHycax 
nepneHAHKYI1RPHO OCHOBHOMY nOTOKY Ha CTeHKY KaMepW HanpaBI1RI111Cb 
Y3KHe CTPYI1 IKHAKOCTH.Ha PI1C.J,4 noKa3aHw-p6pa3YOIIIHeCR npH 3TOM 
110Kal1bHWe np~HI1H CKOPOCTeH 11 pacnpeAel1eHHe TeMnepaTypw no pa
AHYCY• np11 onTHMal1bHOM aw6ope napaMeTpoa CTPYH /aapHaHT-2/ no
rpaHH4HWH C110H C 6nH3KOH K HYI1~ CKOpOCTb~ ~BKTHBHO pa3pywaeT
CR,a TeMnepaTypa CHHIKaeTcR.3ToT cnoco6 6w11 onpo6oaaH 3KcnepHMeH-

Tal1bHO. 5 



3. 3KcnEPHMEHTAJlbULIE PE3YJlbTf\Tbl H HX OECYHAEHWE 

Ha pHc. 5 noKa3aHbl MaKeTbl paAHaJlbHbiX aaaopoa AJlR npoaepKH aoa
MOIKHOCTH HHTeHCH<!>HKaL!HH TenJlOOfit~eHa npH HenocpeACTBeHHOM B03AeHcT
BHH Ha norpcJHH4HbiH CJlOI-1. THTaHOBble nJlaCTHHKI-1 1, HMHTI'IpOBaBI!JHe 
CTeHKY KaMepbl, HarpeaaJlHCb nOCTORHHbiM 3JleKTPH4eCKHM TOKOM. 
B 3KCnepHMeHTaX HCCJleAOBaJlHCb 2 MaKeTa. nepBbiH /p~;~c.Sa/ npeAHa3-
Ha4a11CR A11R AeTaJlbHoro H3Y4eHHR TenJlonepeAa4H. B HeM B03AeHcT
BHe Ha CJlOH npOH3BOAHJ10Cb Ha OAHOM paAHYCe R = 8,8 CM CTPYflMH 
XOJlOAHOH IKHAKOCTH /HCnOJlb30BaJlaCb BOAa B JlaMHHapHOM pelKHMe Te-
4eHHR Re ~ 300/ 4epea 94 oTaepcTHR /4/ AHaMeT.poM 1 MM. KoJlbl.le
Bble KaMepbl /3/ npeAHa3Ha4aJlHCb AJlR CHMMeTpH3ai.IHH npoTOKOB no 
OTBepCTHRM. B aapHaHTe /56/, npHfiJlHIKeHHOM K peaJlbHOH KOHCTPYKL!I-1H 0 

CTpyH nOAaBaJlHCb 4epe3 6 KOHL!eHTPH4eCKHX CHCTeM OTBepCTHH /7/ 
AHaMeTpOM 3 MM H oO~HM KOJlH4eCTBOM 168. reoMeTpHR OTBepCTHH H 
HanpaBJleHHe Te4eHHR Mac11a noKaaaHbl Ha·pHc.5a,6. ApocceJlRMH /8/ 
pery11HpOBaJlCA CYMMapHbiH npoTOK 4epe3 OTBepCHR ~ . f10J1HbiH npoTOK 
v = Vo + vj nOAAePIKHBaJlCR noCTORHHbiM. TeMnepaTypa nJlaCTHHKH 
H3MePR1lacb 9 no11ynpoaoAHHKOBbiMH AaT4HKaMH /9/. 

Ha pHc.6 npHBeAeHbl peayJlbTaTbl, noJly4eHHble Ha MaKeTe pHc.5a. 
B o611acTH R < 7 eM npeablweHHe TeMnepaTypbl a c11y4ae B03AeHCTBHR 
~a C::JlOH (V. IV = 0' 04 H vj IV = 0' 25) no cpaBHeHHIO c ~PHBOH 
Vj IV = 0 )6e3 B03AeHCTBHR/ CBR3aHO c YCJlOBHeM V = canst. 
B o611acTH R > 13 eM - npeBbiWeHHe c HHTeHcHBHbiM HarpeaoM ll<HAKOCTH 
B o6JlaCTH B03AeHCTBHR CTPYH.4HcJleHHble pac4eTbl npHBOART K aHaJlo
rH4HbiM pe3YJlbTaTaM /pHc.j,7/. 
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PHc.5. MaKeTbl PMHaJibHOro sasopa c eoa~eikTBHeM Ha no
rpaH~HbiH cnoA: I ~ THTaHoBaH nnacTHHa; 2 - p~aJibHblft 

sasop; 3 - KOnbnesax xaMep~; 4,7 ~ OTBepCTHH noAa'ln xo
noAHOi!f JKHAI(OCTHj 5 '"" BXO~Koii: KaHaJI; 6 - AononHHTeJibHblilf 
Ancx; 8 - APOccenl,; 9 - TepMOAaT'lHK. 
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PHc.6. TeMnepaTypa cTeHKH MaKeTa pa
AHaJibHoro sasopa no pHc.5a; oxn~am
~aH ~KOCTb - BOAa /V =19 JI/MHH, 

81Ki =14,8°C, S =5 MM, dQ =5176 KBT/M2/. 
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PHc.7. TeMnepaTypa cTeHKH MaxeT.a pa
AHanbHoro sasopa no pHc.5a: I -sxc
nepHMeHT; 2 - pac'leT no nonysMnHpH- 20 

/I ,/f _...l 
:.A ," ; _,./ 

/ ./(' 
/ ,/,/f.. ~4 

. / /~·-·/ il 
/ ,,. : 

.,' ./· ,, qecKHM ypasHeHHHM; 3 - 'lHCJieHHbJA ~ 
pac'leT Ha 3BM; 4 - •mcneHHhli!f pac'leT ,/ // f 

I It . 
C B03AeilfcTBHeM Ha norpa~Hbli!t CJIOH 

/V =23,5 JI/MHH,!1Q.. =4,4 KBT/M • 
J.; 151/ i,' 

I I 

61Ki =13~6 C, S ~,45 MM/. 

....., 
0 

10 

~5 
..... ., ... 

.~ 
l ·, 

I \ ' . 
I 

Yj.o 
iJ 

l--.:- /~0) 
..... :~, 1,0 

~~----------~--~ 0 5 10 15 
R(cHi 

0 ' 0 
I o ' 

I 0 1 0 I I I o '• a , ' '· • I ! 
9 ~ 0 

0 0 0 . 0 " 

A 

0 5 10 15 
R(tMI 

PHc.8. TeMnepaTYPa cTeHKH MaKeTa pa
~HaJibHoro sasopa no p~c.56; oxn~~
~aH KHAKOCTb- BOAa /V = 11,5 JI/MHH, 

~.=6,5 KBT/M 2, D*i =20°C,s =4,3 MM; 
dA 
A- a3HMYTaJibHOe ceqeaue/. 

0!»1 y&eJlH4eHHI-1 Vj caepx OOPeAeJleHHDrO npeAeJla OXJlaJKAeHHe 
yxyAJDaeTcR. 3TOT pesyrn.nn o6'11RCHReTCR H3MeHeHHeM JlOKanbHoro 
f!PocjlHJlR CKOPOCTeM npH fionbWHX OTHOWeHHRX VjfV /p~c.~,BapHaHT 
"j /V a 0, 16/., BHOBb npH6nHIKal)ll4erOCR K npOIIJHlliO npH V. IV = 0 • 

s· ~enOM pe3YJlbTaTW 0 nony4eHHYe Ha MaKeTe /pHc.?a/, OOKa3bl&a
IOT, 4TO npH B03AeHCTBHH Ha JiorpaHH4HbiH CJlOH 3CilelleKTHB.HoCTb Te
OJlOCloeMa OOBWWaeTCR, QA.HaKO 8 pa6o~eH KOHCTPYK4HH Tpe6yeTCR 
pacnpeAeJleHHaR no PaAHYCY CHCTeMa OTBepCTHM. 'Ee aHanor 6WJ1 
onpofioaaH B HCCJleAOBaHHRX Ha Ma1<eTe PHC. 56. Ita pHC. 8 npH&eAeHbl 
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pacnpeAeneH~~ TeMnepaTYP~ nnacT~HK~, nony4eHH~e a 3TOM eap~aHTe, 
~ cxeMa pacnonomeH~~ ~3Mep~TenbH~x AaT4~Koe. B~AHO, 4TO np~ 
Vj /V = 0, 2 TeMnepaTypa H~me, 4eM np~ Vj /V = 0 BO seeM A~?n~30He 
paA~YCOB, B cny4ae nOAa4~ Macna TOnbKO 4epe3 OTBepcT~~ (~ /V=1) 
3Ha4~TenbHO eo3pacTaeT, KaK ~ cneAoeano om~AaTb, TeMnepaTy
pa B o6naCT~ Man~X paA~YCOB, B COOTBeTCTB~~ C pe3ynbTaTaM~, no
ny4eHH~M~ Ha MaKeTe p~c . 5a. HepaeHoMepHocTb pacnpeAeneH~~ 

e _ e . no paA~YCY /a cny4ae v. /v = 0, 2, a 4acTHocT~/ o6ycnoe-cT m 1 ~ .L . · ..., 
JleHa xapaKTepoM B03Ae~CTB~~ CTPY~ Ha OXJlamAaeMy~ noeepXHOCTb, 

3To o6CTO~TeJlbCTBO He ~BJl~eTC~ onpeAell~IOUI~M, T, K •. Aame B o6-
l • • 

nacT~X n<;>Ka~bHbiX MaKC~MYMOB TeMnepaTypa np~ Vj/V = 0,2 H~me, 
4eM np~ Vj / V = 0. B peaJlbHOH KOHCTPYKLI~~ 3TOT HeAOCTaTOK MO>:<HO 
3Ha4~TeJlbHO yMeHbW~Tb, onT~M~3~py~ KOJ1~4eCTBO ~ HanpaeJleH~~ 

CTpyl1, a TaKme BBOA~ noM~MO paA~anbHOH /cM . pa3AeJl 1/ a3~MyTaJlbHY~ . 
eap~a1..1~~ w~p~H~ 3a3opa. 

BbiBOAbl · 

1. CTpy~M~ xonoAHOH m~AKOCT~ MOmHo · 3~~eKT~BHO pa3pywaTb norpa
H~4H~H CJlOH ~ cy~eCTBeHHO ~HTeHC~~~LI~POBaTb TenJl006MeH. , 

2. OnT~MallbHOe ·OTHOWeH~e noToKa a cTpy.Ax K nollHOMY noToKy 
Haxoii~Tc~ ·a A~ana3oHe 0,04 -;. 0,2. 

3. TeMnepaTYPH~e rpaA~eHT~ Ha CTeHKe KaMep~ MOmHO YM.eHbW~Tb 

eeeAeH~eM eap~a1..1~~ w~p~H~ 3a3opa. 
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PyKon~cb nbcTyn~na a ~jAaTenbcK~A OTAell 
3 AeKa6pn 1984 roAa 

~ere K, H AP· 13-84-771 
Pac4eT H 3KCnepHMeHTanbHWe HCCneAOBaHHR HHTeHC~HK~4HH OKna*AeHHR 
aaKYYMHOH KaMepw aAreaaTopa KYTH-20 

n~HBOARTCA peaynbTaTW paC4eTOB H MaKeTHWX HCnWTaHHH HHTeHC~HKa4HH Tenno
o6Me:1a Ha CTeHKaX OXna*AaeMOH BaKyyMHoH KaMepw aAre3aTopa KOnneKTHBHOrO 
YCKOPHTenR TR*enwx HOHOB KYTH-20, OnpeAeneHW MaKCHManbHaA TeMnepaTypa, pac
npeAeneHHA np~HnR TeMnepaTypw H CKOpocTeH B 3aBHCHMOCTH OT Oxna*Aa~eH *HA
KOCTH, WHPHHW 3a30pa, o6~eMHOrO paCXOAa H HanpR*eHHOCTH Tennoaoro npOTOKa 
C nOM~bO nony3MnHpH4eCKHX ~PMYn H 4HCneHHWX paC4eTOB H B MaKeTe paAHanb
HOro 3a3opa, nony4eH0,4TO ~eKTHBHOCTbOXna*AeHHR MO*HO 3Ha4HTenbHO noaw
CHTb, HCnOhb3YR BOAY B Ka4eCTBe OXna*Aa~eH cpeAW, yMeHbwaA WHPHHY 3a3opa 
Ha 2+ 3 MM H B03Ae~CTBYA Ha norpaHH4HWH cnoH CTPYRMH XOnOAHOH *HAKOCTH 
c OTHOCHTenbHWM cyMMapHWM pacXOAOM V./V a 0,04+ 0,2 B o6naCTH MaKCHManbHOH 
TeMnepaTypw CTeHKH, PeaynbTaTW noaadnAOT CAenaTb BWBOA 0 ny4WeH pa6oTocno
CoOHOCTH Oxna*AeHHR KaMepw AO ~peAHero 3Ha4eHHR 4aCTOTW nOBTOpeHHR HMnynbCOB 
f = 20 r4 /OTBQAHMaA M~HOCTb Q. 100 KBT/. 

Pa6oTa BWnonHeHa B 0TAene HOBWX MeTOAOB YCKOpeHHR 011RH, 

CooO~eHHe O&beAHHeHHOfO HHCTHTyTa RAePHWX HccneAOBaHHA. ~OHa 1984 

nepeBOA O.C.BHHorpaAOBOH 

Doge K. et al. 13-84-771 
Calculation and Experimental Investigation of Cooling Intensification 
of the KUTi-20 Adhesator Vacuum Chamber 

Calculations and model test results of heat transfer intensification by 
cooling the walls of heavy ion collective accelerator KUTI-20 adhesator 
are presented. Maximum temperature, distributions of profile of velocity 
and temperature in radial slots dependent on cooling medium, slot width, 
mass flow and radial distribution of heating are determined with semi
empirical formulae and numerical simulations. it has been obtained that the 
efficiency of cooling could be sufficiently increased using water as a 
coolant, diminishing radial slot by 2-3 mrn and boundary layer control in the 
maximum temperature area with total mass coefficient vj!Va 0.04-0.2 are 
found. Investigations allow one to draw a conclusion as to the efficiency 
of vacuum chamber cooling up to r =20Hz repetition frequency /heat supply 
Q • 100 kW/. 

The investigation has• been performed at the Department of New Accelera
tion Methods, JINR. 
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