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B’SI3KICTD I TEIVIOIMPOBIJHICTD ITAPH LHE3IIO I[IPU BUCOKUX TEMIIEPATYPAX
/zice B.T.

odoyenm Kageopu mamemamuxu. QizuKu ma KOMn 10OMePHUX MexHON021,
Binnuyvxuti nayionanvrutl acpapruil yuisepcumem, Yxpaina

VISCOSITY AND THERMAL CONDUCTIVITY OF CESIUM VAPOR AT HIGH TEMPERATURES

AHoTanis

Dzis V.
Candidate of Technical Sciences, Associate Professor
Vinnytsia National Agrarian University, Ukraine

I3 excriepUMEHTaIbHUX JAaHUX I10 B’3KOCTI €310 B ra30Bii (ha3i oJieprkaHo 3HaueHHs e)EeKTUBHUX MEPEpi3iB
3ITKHEHb «aTOM-aTOM» Ta BITHOCHHX Iepepi3iB 31TKHEHb «aTOM-MoJjeKyna». Po3pobieHo tabiuii B sS3Kk0CTi Ta
TETUIONPOBITHOCTI TIAPH 11€3110 PU BUCOKUX TeMIIepaTypax.

Abstract

From the experimental data on cesium viscosity in the gas phase, the values of effective cross sections of
atom-atom collisions and relative cross-sections of atom-molecule collisions were obtained. The viscosity and
thermal conductivity tables of cesium vapor at high temperatures have been developed.

KurouoBi ciioBa: myxHi MeTay, 1e3iif, ra3oBa (aza, B’A3KiCTh, TEIDIOMPOBIAHICTE, TIEPepi3n 3ITKHECHB.

Keywords: alkali metals, cesium, gas phase, viscosity, thermal conductivity, collision cross sections.

Beryn

IIpu Temmeparypax go 2000 K i tuckax 1...1500
k[la smy>xHi MeTanu B ra3oBiii (a3i MOXKHA pO3IIIAIaTH
SIK OIHApHY T'a30BY CYMIIII, 0 CKJIAJAETHCSA 3 aTOMIB 1
JIBOXaTOMHHX MOJIEKYJI, MIXK SIKHMH ITPOTIKAIOTh peaK-
wii gucoryarii.

ExcrniepuMeHTaNBHI JOCIIIKEHHS TPOIIECiB Tepe-
HOCY B Iapax Jy)XKHUX METaJliB ITOB’S3aHi 3 TPYAHO-
IIaM¥, 10 BUHUKAIOTh TP peasti3alii ekcriepuMeHTa-
JHHUX METOJIB Yepe3 BUCOKY XIMIUHY aKTHBHICTb JIy-
JKHUX METaJiB NPH BUCOKHX TeMIepaTrypax, a IpH
JIOCTIKSHHI 1e3110 BUHUKAE PST JOAATKOBUX YCKIIA-
HEHb, [0 3B's3aHi 3 Horo crnenn@ivyHIMHU BIaCTHBOC-
TAMH. Y peaJbHUX yMOBaxX EKCIEPHUMEHTY MOXYTh
MPOSIBJISITUCS TIPOIIECH, TMOB’53aHi 3 TEPMOEIEKTPOH-
HOIO €MICIE€I0 1 TIOBEPXHEBOIO 10HI3aMi€ (GoToedek-
TOM 1 ()OTOI0HI3AII€F0, TP BUCOKUX TEMIICPATYPax po-
CT€ YHCJIO HENPYKHUX 31TKHEHDb aTOMIB, 8 IPU BUCOKHX
THCKaX MPOSBISIETHCS peallbHICTh Ta3iB. OTHaK, MOXKHA
CTBOPUTH TaKi yMOBH €KCIIEPHMEHTY, MPH SKHUX TIepe-
paxoBaHi epeKkTH MOMITHO HE MPOSBISIOTHCS, Ta BHII-
JUTH 00JIaCTh CTaHy MapH, Y SAKiH U ONUCY SBHUII TIe-
peHOCY MOXe OyTH 3aCTOCOBHA MOZENH iIealbHOTO
ra3y, B IKOMY MPOTIKalOTh peakilii yTBOPEHHS Ta PO3-
najy MOJIEKYJI, IO IO3BOJISIE 3aCTOCYBATH Pe3yIbTaTh
crporoi kinetnyHoi Teopii Uenmena-C€uckora i ipii-
¢denbaepa-bpokay [1] anst cyMiln pearyrouux rasie ta
ii cnenngiyHOTrO 3aCTOCYBaHHS JUIS MapHU JIy)KHHX Me-
tamiB [2].

Merta paHoi poOOTH BCTaHOBUTH 3aJICKHICTh
B’SI3KOCTI Ta TETUIONPOBIAHOCTI Mapy Le3i0 BiJ TeMIe-
parypu Ta THCKy. Po3poOuTi po3paxyHKOBI piBHSIHHS i
TaOIUII B’SI3KOCTI Ta TEILIOMPOBIAHOCTI ITApH LE31k0 Y
MIUPOKOMY IHTEPBAIIi TEMIIEPATyp Ta THCKIB.

AHaJi3 0CTaHHIX J0CTiIKeHb.

3HaYHUI BHECOK y JIOCIHIPKEHHS B’SI3KOCTI Ta Te-
TUTOTIPOBITHOCTI JTy)KHIX METAJiB Y Tra3oBiil ¢a3i BHe-
cnu Taki dizuku-ekcriepumenTaropu: Bapradrik H.b.,
Sprin B.C., Tumpot I.JI., Maxpos B.B, Bonilla C.F.
Ta iH.

Buxuian ocHOBHOro MaTepiaJy.

TeopeTndHi MeTOIM PO3paxyHKy Koe(illieHTIB
TIEPEHOCY MapH JIy>KHUX METaJIB SIK pearyi4oi razoBoi
CyMIIlIi aTOMIB i IBOXaTOMHHUX MOJIEKYJ, iCTOTHO 00-
MEXEHI 4epe3 BiJICYTHICTh JOCUTh TOYHUX JaHUX TIPO
MTOTEHITialT! B3a€MO/Ii1 «aTOM-MOJIEKYJIa) 1 «MOJIEKya-
MoJiekynay. [cHyroul MeTou po3paxyHKy MOB’si3aHi 3
PSIIOM CTIPOIIEHb, IO 3BOASTH PE3yIbTATH TAKUX PO3-
PaxyHKIB Ha piBEHb OIIHOK. EKCIICpUMEHT TOKH € €TU-
HUM JDKEpeIoM Ofep)KaHHS HeoOXimHol iHgopmarii
po KoeilieHTH EPEHOCY MapH JIy)KHUX MeTaiiB. O-
HUM 13 HaW3py4YHIMIUX EKCHEPUMEHTAIBHUX METOIIB
JIOCITI/PKEHHS B’SI3KOCTI MapH JIy>KHUX METaJIIB € METO/
BiCKO3MMETpa 3 KUTBIICBIM KaHAJIOM. B TakoMy BiCKO-
3UMETpI Hapa JIy)KHOTO MEeTally NMpOTiKae yepe3 KaHall
MDX JBOMa KOaKCialbHUMH IIJIiHApaMA. Taka KOHCT-
PYKILIsl BICKO3MMETpa Jla€ MOJMJIMBICTh, IO BiJHO-
IICHHIO [0 KJIACHYHUX KAaIISIPHUX METOMIB, 3MCH-
LIMTH Ha TOPSAOK JiHIiHI po3Mipu pobodoro eneme-
HTa, 110 3abe3reduye cTabLIBHICTD TeMIepaTypH Mapu
Ta CTaOUIBHICTD 11 CKJIamy MO JOBXKHHI poOOYOro eje-
MEHTa.

B’s13kicTh map JIy)KHOTO MeTany MOXKHa BHpa-
3WUTH Yepe3 Ba MapameTpu: eeKTUBHI Iepepi3u 3iTK-

2 (2,2)* . o .
HEHb «aTOM-aTOM» (711911 Ta BIIHOCHMH Tepepi3

. 2 . .
3ITKHCHb «aTOM-MOJICKYJIa» ﬂlZ' E(I)GKTI/IBHI nepepisu

(2,2)

. 2
3iTKHEHb «aToM-atom» O (] (T) XapakTepu3y-

FOTh 3QJICXKHICTh B S3KOCTI OJTHOATOMHOT MTAPH BiJ TEM-
. . n2 . ..
neparypu, a BiIHOCHI ,3127 3aJIEKHICTL B SI3KOCTI Bif

KOHLIEHTpALiT IBOXaTOMHHX MOJIEKYJ, sIKa € PyHKII€O
THUCKY.
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3aNexKHICTh B’A3KOCTI OAHOTOMHOI n1apy T|; BiJl TEMIEpaTypH B LIMPOKOMY IHTEPBaJIi TEMIIEPATYPH OIKCY-

€ThCS JTIHIMHOIO 3aJI€XKHICTIO:

m(T)=n, + AT —1000), 3)
o . . L .2 (2,2)%
OnHO4acHO B’A3KiCTh OHOATOMHOI mapu M, T)ra e(heKTUBHI IIepepi3n 3iTKHEHb aTOMIB O 1 IQM T
3B’s13aH1 MIJK COOOIO CITIBBIIHOIIIEHHSM:

(1107 = 26,693,/ 1T
1 = NS

2O (T) “

Hnst Bu3Ha4eHHs HeBioMuX napameTpis 1), , A, B 1o TOTPiOHO MiHIMI3yBaTH LLIbOBY (PYHKILiIO

F(7701 A, 13122): INZlAinlz

Aie M; — eKCepUMEHTAIbHE 3HAYEHHS B’SI3KOCTI, Ani — 110xu0OKa i-To 3Ha4YEHHS B A3KOCTI, N — 3Ha4YeHHs

(77i — i ) i , (5)

B’SI3KOCTi 00YHCIICHE, 32 CXEMOIO 1I€aBHOTO AUCOIIOI0YOTO ra3y [2].

2
1+b, x, +b, X; ©
2 1
l+a, x,+a, x;

Ny =| Mo + A(T —1000)

Ae X ,— MOJISIpHA JI0JIs IBOXaTOMHUX MOJIEKYJ B napi, aln,a2n,b bzn* KOe(iIlieHTH, SKI BU3HAYa-

In>
. . 2 2,2)* 2
I0ThCS Yepe3 Tepepi3u 3iTKHEHb «aTOM-aTOM» Gllggl / Ta «aTOM-MOJIEKYJIa» B12 [2].
PesynbraTu MiHiMiZamii iTEOBOT PYHKITT F(T]O , A, Blz ) JUTS eKCTIEpUMEHTANIBHUX faHuX [3,17] mpu ene-

prii mucomiamii MOJIEKyI 1e3i0 Dg cs = 44380+ 1000mx/momp [14] naBeneno B Tabumui 1.

Tabmuns 1.
Pesynbprati 00poOKH eKCIepUMEHTATbHUX MaHuX [3,17]
Merax 7o 107, Tac AL Tack | BL. | A% | AA% | ABY o
Cs 292,4 0,256 2,2 18 2,4 5,2

. . 2 2,2)* .
Ilepepi3u 31TKHEHb «aToM-aToM» O 11Q{1 / Mapy y3roJUKYIOTECS 3 JITepaTypHUMH JTaHUMHU puc.l. mo

JTa€ MOKJIMBICTH pO3pOOUTH TabmHIIi Koe]ilieHTIB IIepeHoCy B IMUPOKiil 006JacTi mapaMeTpiB CTaHy.

G2, T :
4 n [11]

A [4]

45

a1

n [8]
37
A 7]

A [5]
3

20

Hana po6oTta
A [13]

T.K
P40 300 1000 1200 1400 1600 1800

Puc. 1. Epexmusni nepepizu 3imkrenb amomis 6 napi yesiio
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Ha ocHoBI oTpuMaHuX y JaHiii poOoTi napameTpiB

2 .
Ny ,A, Blz , 32 METOJUKOIO [2], po3pobieHo TabmuIi

B’SI3KOCTI 1 TEIUIOIIPOBITHOCTI Mapy €310 B iHTepBai
temnepatyp 700-2000 K mpu tmckax 1-1500 xIla,

BKJTIOYAFOYH JIIHIFO HACHYEHHs. THUCK Iapy Ha JIiHIT Ha-
CHYEHHS BU3HaA4YaBcCs 3a [15], TepMoquHamMivHi KOHCTa-
HTH, HEOOXIHI IPH PO3PaxyHKy CKIIay HapH i Terio-
npoBigHOCTI B3sTi 3 [16]. Pesymprat po3paxyHKiB
NpUBEeH] B Ta0IHLsX 2-6.

Tabmuus 4

B’s3KicTh IapH E3it0 (77 107, Ia- c)

T,K P, xlla -
OpHoaTtomHa Tapa, T]l 10 100 200 1000 1500 JliHisg HaCUYEeHHS, n B
700 215,6 203,6
800 2412 230,2 220,6
900 266,8 261,0 235,9
1000 292,2 288,9 | 264,1 250,2
1100 318,0 315,8 | 298,3 264,1
1200 343,6 342,0 | 329,3 | 298,1 277,9
1300 369,2 368,1 | 358,4 | 332,8 | 299,2 291,9
1400 394,8 393,9 | 386,4 | 365,3 | 334,8 | 316,7 306,2
1500 420,4 419,7 | 413,7 | 396,1 | 368,9 | 351,7 321,1
1600 446,0 4454 | 4405 | 4256 | 401,4 | 3854 336,4
1800 497,2 496,8 | 493,3 | 468,4 | 448,1 | 433,8 -
2000 548,4 548,1 | 5454 | 536,9 | 521,5 510 -
Tabmuns 5
TennonpoBiHiCTh NapH Le3io (K -10*, Bm/(m-K ))
T,K P, xITa ..
OpnnoaromHa napa, 7\41 10 100 400 1000 1500 Jlinisg HacHYeHHS, 7»5
700 50,6 62,9
800 56,6 64,9 71,5
900 62,6 65,9 78,6
1000 68,6 70,1 79,8 84,4
1100 74,6 75,3 80,8 89,2
1200 80,6 81,0 84,1 90,3 93,4
1300 86,6 86,8 88,6 92,7 96,6 97,2
1400 92,6 92,7 93,8 96,5 99,3 100,4 100,9
1500 98,6 98,7 99,3 101,8 | 102,9 | 103,8 104,6
1600 104,6 104,6 | 105,0 | 106,12 | 107,3 | 107,9 108,4
1800 116,6 116,6 | 116,7 | 117,0 | 117,4 | 1175 -
2000 548,4 548,1 | 545,4 | 536,9 | 5215 510 -
Tabmuus 6
BinHOCHI MOXMOKH TaOJMYHUX 3HAYCHD B’SI3KOCTI Ta TEILUIONPOBITHOCTI MapH 1ie3ito, %o.
T, K £,%
N1 A Ns As
<1650 3 3,5 5 6
>1650 45 6 10 10
BucHoBkm. Cnucok gitepatypu

OTtpumaHi niepepizu 3ITKHEHb aTOMIB Ta MOJICKYI
nmapy 113110 Ha OCHOBI EKCIHEPHUMEHTAIbHHUX JaHHX
[3,17] moOpe y3romkyrThCs 3 JITEpaTyYpHUMH Ja-
HHMH, MalOTh JOCTaTHbO BUCOKY HAJIMHICTH 1 TOY-
HICTB, TOMY pO3pO0JIeHI Ha IX OCHOBI PO3paxyHKOBI pi-
BHSIHHS Ta TAOJHIII ISl B’I3KOCTI 1 TEIUIOMPOBITHOCTI
nesiro B ras3oBiii (a3l MOXHa PEKOMEHAYBAaTH s
NPAaKTHYHOTO BUKOPUCTAHHS B IH)KEHEPHUX Ta HAYKO-
BUX PO3paxyHKax.
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RESEARCHING OF THE INFLUENCE OF DESIGN PARAMETERS FOR ELECTRIC ARC
EQUIPMENT ON PROPERTIES OF COATINGS AND THE FACTORS OF SPRAY PROCESS

Abstract

Nikolaychuk V.
lecturer Vinnytsia national agrarian unsversits,
¢. Vinnytsia, Ukraine

The paper considers possibilities to increase the wear resistance, corrosion resistance, and service life for

parts machines and mechanisms via their hardening and renovating using electric arc coatings characterized by
high density, adhesion strength, and micro hardness thanks to activation of the spraying process. Also, the possi-
bility of controlling the properties of restored surfaces owing to choice of the related equipment with required
structure and characteristics in order to prolong the service life of machinery parts is shown. The right choice of
equipment for spraying makes it possible to increase the speed and temperature of the spraying gas and particles,
reduce the droplet diameter, increase the density and reduce the oxidation of coatings. The influence of spray
factors such as the flow rate and pressure of working gases, composition of combustion mixture, spraying distance,
dispersion of the spray, properties of wire material, etc. on the properties of the coatings obtained has been inves-

tigated.

Keywords: electric arc spraying, spraying process, wear resistance, corrosion resistance, adhesion strength,

protective coating, electric arc coating.

Statement of the problem. The use of coatings
makes it possible to increase the wear and corrosion
resistance of working surfaces of machine parts and
mechanisms, in particular ship parts, and so to reduce
the costs of alloyed steels and alloys [1].

The coatings application is associated with
implementation of a fundamentally new approach, ac-
cording to which the strength and carrying capacity of
a part is provided by its basic material, whereas the
resistance to corrosion, wear, and other factors may be
increased via using hardening protective coatings.
There are many alternative methods for producing

coatings, from which it is advisable to choose an opti-
mal, easy to implement, and inexpensive one [2].

Of the variety of methods for hardening coating
deposition, the most common technologies used to
restore and improve the performance properties of parts
are gas-thermal spraying techniques [1, 2], among
which the cheapest and simplest method is electric arc
spraying (EAS), whose current improvement is aimed
at modifying and activating the spraying process [1, 2].

A significant increase in the properties of EAS
coatings is possible through combining arc spraying
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