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MopeanpoBaHue TEMJIOMACCOOOMEHHBIX MTPOLIECCOB
NP UCTIBITAHASAX TEXHOJOTHYECKOT0 000Py10BaAHNS
ABTOHOMHBIX KOMILIEKCOB

© U.C. IInotHukos, B.B. Uyrynkon
MI'TY nm. H.O. baymana, Mocksa, 105005, Poccust

JnumenvHvle meniosvie UCHBIMANUSL MEXHOL02ULECKO20 000PYO0BAHUS, NPEOHA3HAYEH-
HO20 07151 0becneyenust QYHKYUOHUPOBAHUS AGMOHOMHBIX MEXHUYECKUX KOMNIEKCO8 npu
NOBLIULEHHBIX 3HAYEHUSX MEeMNepamyp, NPosoOsm 8 Yeisx noOmeepiHcOeHUs: e20 IPgek-
MueHOU pabomocnocoOHOCmMU U HAOENCHOCMU 8 YCIOBUSX, NPUOTUICEHHBIX K IKCHIYA-
mayuonnviM. Paccmompena mexnono2usi nposedenuss meniogblx UCHblmanuti 060pyoo-
6aHUSL, OCHOBAHHASL HA PAZMEUJEHUU €20 INEMEHNO08 8 OMKPbIMOM pe3epayape ¢ Hazpe-
moti 6odotu. Ilpu opeanuzayuu OIUMETbHBIX MENL0BbIX UCHBIMAHUL 000pYO008aHUsL
mpebyemcs CHudICenue 3ampam SHepeuu i nomepb 600bl OM UCHAPEHUS C OMKPBIMOU
NOBEPXHOCMU Pe3epayapa, Ymo 6 C80io ouepedb mpedyem onpedesieHus U aAHaiu3a napa-
Mempos MeniomMaccooOMena mexicoy HapylCHbIM 8030YXOM U HANOIHEHHbIM 8000U OM-
KPbIMbIM PE3ep8yapom ¢ PACHOLONCEHHbIM 8 HeM MEeXHOIOSUYECKUM 000pyO08aHueM.
Paccmompenvl mamemamuieckue MOOeiu U pe3yIbmamsl MOOeIUPOBAHUs meMnepa-
MYPHO20 PENCUMA U MACCOOOMEHA OMKPbINO20 pe3epsyapd ¢ 6000l Npu NpogedeHuu
MENOBbIX UCHLIMAHULL MEXHON02UYECK020 000pyooeanus. sl yMeHbuleHUs 3ampam
SHepeuu u ucnapeHusi 600bl cO c860000HOU NOBEPXHOCMU Pe3ep8yapa NPOBeOeHbl OYEHKU
pasmewenus Ha NOBEPXHOCIMU 800bl NOIIX CHEPUUECKUX UZ0IAMOPOS U NOKA3AHA B03-
MOJICHOCMb CHUICEHUS NOMOKO8 MACCHL 800bl OM UCHApenusi bojiee Yem Ha NOPs0OK npu
VMEHbUEHULU IHEPLONOMPeDIeHUs UCHBIMAMENbHO20 000py008anus bonee wem 6 2 pasa.

Knrwoueswie cnosa: pezepgyap, nazpes 600bl, ucnapenue 600bl, MOOEIUPOBAHUE MENLO-
Macconeperoca.

BBenenne. Ha aBTOHOMHBIX OOBEKTaX TEXHHMUECKUX KOMILIEKCOB
Pa3JIMIHOTIO Ha3HAUCHUA MPCABABIAIOTCA KECCTKUC Tpe6OBaHI/I$I K pa60T0-
CIIOCOOHOCTH TEXHOJIOTUYECKOTO 00OpYHIOBaHUS MPH TMOBBIMICHHBIX 3HA-
YeHUSIX TeMIlepatyp. B cBs3u ¢ 3TUM MPOBOJAT MpeBapUTeNbHbIE TEIIO-
BBIC UCIIBITAHUS 3JICMCHTOB o60py)1013aH1/1;1 B YCJIOBUAX, HpI/I6JII/I)KeHHbIX K
YCIJIOBUSIM IKCILTyaTal|u.

OnHUM U3 BapUaHTOB MPOBEICHUS TEIUIOBBIX MCHBITAHUI TEXHOIOTH-
yeckoro o00OpyA0BaHus, MPEACTaBICHHOTO Ha puUC. 1, SBIsSETCS pa3Meliie-
HHE €ro 3JIEMEHTOB B OTKPBITOM pE3€pByape C HarpeTou BOAOW, TEMIIEpa-
Typa KOTOPOU MOJAJEPKUBACTCS B 33JJaHHOM HMHTEpBaje 3HAUCHUH B Teye-
HUE JUIMTEJIBHOTO BPEMEHH C WCIOJb30BaHMEM OJ0Ka HarpeBarenei,
000PYIOBAaHHOTO CHCTEMOM aBTOMATHYECKOTO ITOITICPIKAHHSI TEMITEPaTypHI.

TerioBble UCTIBITAHUSI TEXHOJIIOTHUYECKOTO 00OPYIOBaHUS — 3TO DHEP-
TOEMKHE U JUIUTENbHBIE MPOLIECCH: TpeOyeTcss OmpenensiTh MapaMmeTpsbl
HarpeBa OTKPBITOTO pe3epByapa ¢ BOAOH U PaCIOIOKEHHBIM B HEM TEXHOJO-
THYECKUM O0OPYIOBAHUEM, a TAKIKE MAacCOOOMEHA BOJIbI C HAPYKHBIM BO3-
JyXOM Ha OCHOBE MOJIETTMPOBAHHSI TETJIOMAacCOOOMEHHBIX MPOLIECCOB.
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Puc. 1. Pa3Merienne TEXHOJIIOTHYECKOTO 00OpYIOBaHHMS
B OTKPBITOM pe3epByape ¢ HarpeToil BOAOH Mpu MmpoBe/e-
HUHU TEMJIOBBIX UCIIBITAHUI

0O030p ucTouHuKOB uHGopMauum. MoAECIHPOBAHUIO MPOLIECCOB
M3MEHEHHUs TEeMIEPaTypbl KUJIKUX CpEell B pe3epByapax Ha3eMHBIX KOM-
MIJIEKCOB TIOCBSIIEH psij myOaukaruii |1, 2], B KOTOPBIX pacCMOTPEHBI Ma-
TEMaTUYeCKHe MOJETH TeIIO0OMEHAa 3aKpBITHIX PE3epBYapoOB C Hapyk-
HBIM BO3JIyXOM IIPU HArpeBe U OXJaKIECHUH PAKETHOTO TOIUIMBa. Temre-
paTypHBIi PEKUM DPE3EPBYApOB C OTKPHITOW IMOBEPXHOCTHIO B 3THUX
paboTax He paccMaTpUBAETCA.

3aKOHOMEPHOCTH YHOCA BOJIbI C IOBEPXHOCTU OTKPBITHIX PE3EPBYapOB
MPUMEHHUTEIBHO K JKCIUTyaTallii OTKPBITHIX 0acceHOB pacCMOTPEHBI B
pabotax [3, 4], B KOTOPBIX PEKOMEHIyeMbIE 3aBUCUMOCTH OCHOBAHBI HA
0000IIEHNH SKCIIEPUMEHTANBHBIX JaHHBIX MPU TEeMIEpaTypHOM pEKHUMeE
Bozbl He Bbile 30 °C, B TO BpeMsl Kak JJIsl TEMJIOBBIX UCIBITAHUN TEXHO-
JIOTUYECKOT0 000pyIOBaHUs TeMIIepaTypa BOAbI JOJKHA OBITh HA YPOBHE
60 °C. Hexotopble mosie3Hble PE3YAbTaThl IPUMEHUTENBHO K PaccMaTpH-
Ba€MbIM YCJIOBHSIM MPOTEKAHUSI TEIIOMAaCCOOOMEHHBIX IMPOILIECCOB MPH-
BeJIeHBI B pabortax [5-10].

IMocTranoBka 3agauu. /g npoexktupoBanus Oj0ka HarpeBaTenen uc-
IBITATENIFHOTO pe3epByapa HEOOXOIUMO OMpPEIeTUTh MOTPEOHYI0 MOII-
HOCTb HarpeBateseil A JOCTHKEHUS 3aJJaHHOW TeMIepaTypbl Harpena 3a
TpeOyeMoe BpeMs, a TaKXkKe TTOTOK MacChl BOJIbI C OTKPBITOM MOBEPXHOCTH
pe3epByapa U BO3MOXHbBIE METOJIbl YMEHBILCHUS €€ UCTIapeHUs MpU Ipo-
BEJICHUU UCTBITAHUH.

Jl51g mony4eHus: OTMEUEHHBIX XapaKTePUCTHK HEOOXOAMMO MOCTPOUTH
MaTeMaTHYECKYI0 MOJIENIb TEIIOMAacCOOOMEHHBIX MPOIECCOB MPH TEILIO-
BBIX HCIIBITAHUSX TEXHOJIOTHYECKOro 00O0pYAOBaHUS C HCIOJIb30BAHHEM
3aKOHOMEPHOCTEH W ypaBHEHMI TEIIOMAacCOOOMEHa, a TaKKe Te€OMETpH-
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YCCKHUX U TeHHO(bI/I?)I/I‘IeCKI/IX XAapPaAKTCPUCTHUK HUCIBITATCIIBHOT'O PC3CPBYya-
pa ¥ TeXHOJIOTHYECKOT0 000PYAOBaHUSI.

MartemMaTH4yecKHe MoOJeJH MPOLeccOB Temaomaccoodmena. [Ipo-
I[ecC HarpeBa KUJIKOCTH B HCIBITATEIILHOM Pe3epByape B MPEAIION0KECHUH
0 KBa3HCTAllMOHAPHOCTH €T0 TeIUI00OMEHa ¢ OKpY’KaroLlel cperoil MoxKeT
OBITh TIPE/ICTABIICH CIEIYIONINM YPaBHECHHEM:

QH +QH.H _|:k6F6 +k/:[FLL +(a1<.3 +O‘n3 +O{‘d).3)F3:|(];3 _TH) =

myc, + myc, \dT,

=myc, | 1+

Mg Cy dt’
rne Q,,0,, — TCIUIOBBIC IIOTOKH OT HArpeBaTells U MOTPYKHOTO Hacoca,
o0ecrneurBaroIlero nepeMeniuBaHie Bobl B pe3epByape; kg, Fz — K03(-
(GUIMEHT Terutonepeayn U IO > OOKOBOM MOBEPXHOCTH pe3epByapa;
ky, F, — xodbduiueHT Temionepeaadn u miomaab JHUILA Pe3epByapa;
Ol 5,0y 5,0y 5 — KOIQOUIMEHTBI TEMIIOOTIAYM KOHBEKIUEH, U3ITyYeHHEM

1 3a cyeT (pa3oBOro rnepexoaa Ha MOBEPXHOCTHU 3epKaja KUIKOCTH; F, —
IJIOHIalb TTOBEPXHOCTH 3epKalla KUIKOCTH; I, — TeMIeparypa BOIbI B
pesepByape; 1, — TemrmepaTypa Hapy»XHOTO BO31yXa; m,,c, — Macca
yaenbHas TEIUIOEMKOCTh BOABI; mM,,C, — Macca M yleJbHas TeIuioeM-
KOCThb pe3epByapa (eMKOCTH); m,,C, — Macca U yAeJdbHas TeIIOEMKOCTh

000pyIOBaHUS; ¢ — BPEMS.

Jis pacdyera ko3 duimerTa Termionepeaadd 00KOBBIX MOBEPXHOCTEH
pe3epByapa UCIOJIb30BaHbI CIICAYIOMNE COOTHOIICHHUS ISl KOHBEKTHBHOMN
COCTaBJIAIONIEH TETUIOOTAaYH [S]:

pu 10° <Ray, <10’

N = 0,76Ra, " (Pry / Py )" ;

npu Ra,, > 10°

Nuj = 0,15Ra,, "> (P / Pr; )"

Jis pacdera kodpduIMeHTa TEIUIonepeaadn THUIIA pe3epByapa,
OTIPENIENIAIONIUM Pa3MepoM [ KOTOPOTO SIBISICTCS OTHONICHHE TUIOIIAIN
JHUIIA K €ro MEPUMETPY, a ONpPEACIAIOIC TeMIIepaTypol — TeMIlepa-
Typa TPaHUYHOTO CJIOS, UCTIOJIB30BAHBI CIEAYIOUINEC COOTHOIICHUS IS
KOHBEKTHBHOM COCTaBJISAIONICH TEII00TAauH [5]:

npu Ra; <10’
Nu; =1,1Ra,%?; (1)
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npu Ra; > 10°
Nu; = 0,203Ra, . )
AHaJIOFI/I‘IHbIe COOTHOIIICHUA HpI/IMeHeHbI JJIs1 BBIYUCJIICHUA KOHBCKTHUB-
HBIX KOB(i)(bI/II_II/IeHTOB TCIIOOTAAYX Ha ITOBCPXHOCTHU 3CpKaJIa KUAKOCTH.

Koadpduumentsl Temnoornaum 3a cyer (a3oBOro mepexoaa Ha Io-
BEPXHOCTH 3epKaJia )KUJAKOCTH OMPEIEICHBI C TOMOIIBIO COOTHOIIECHNUS [6]

_ r(b(xlc.z (dB - dH)

0%.3 - »
Cy (];3 -T H)
rac I"(b — YACJbHaA TCIJIOTa (1)3.3OBOI‘O nepexonaa BOJAbl Ha MOBECPXHOCTU
3€pKajia KHUJIKOCTH, dB — BJIAroCOACPKaHMUEC BO3JyXa Y IIOBCPXHOCTHU

3epKayia KUAKOCTH; d,, — BIArocoAep>KaHue HapPY>KHOTO BO31yXa; ¢, —
y/eJIbHas TEIIOEMKOCTb Hapy>KHOT'O BO3/1yXa.

Pe3yabTaThl MaTeMaTHYeCKOT0 MojJeJMpoBaHus. MoaenupoBaHue
TEIMIOMAaCCOOOMEHHBIX TPOIIECCOB MPOBEIEHO ISl pe3epByapa B (opme
napajuieJenumea ¢ reoMeTpudeckumMu pasmepamu pedep 1,4:1,3:1,0 mo
OTHOIIEHHUIO K BBICOTE pe3epByapa, BBHINOIHEHHOTO M3 JIMCTOBOM KOPPO-
3MOHHO-CTOMKOW CTajau, ¢ Maccol KOHCTpyKIWu 0,2 MO OTHOUIEHUIO K
Macce BOJIbI, 3aMOJHSIONIEH pe3epByap.

Ha puc. 2 npencraBieHbl JaHHBIE O HarpeBE pe3epByapa ¢ BOJOH Mpu
pa3IMYHON MOIIHOCTH HarpeBa W nopajep:kaHuu temneparypsl 20 °C u
OTHOCUTEJILHOW BIaXHOCTH Bo3ayxa 80 % B moMmenieHuHU, B KOTOPOM
MIPOBOJATCS UCTIBITAHUS.

T,°C
B 1 2

50
40
30

20

10 1 1 1 1 1 1 1 1 |
o 1 2 3 4 5 6 7 8 tu

Puc. 2. Temneparypa Bozabl B pe3epByape NpU OTHOCH-
TenbHOM MomHocTH HarpeBa 17 (/) m 8,5 (2) Br/kr
B 3aBUCHMOCTH OT BPEMEHH Harpena

[IpuBeneHHbIC TaHHBIE CBUETEIBCTBYIOT O TOM, YTO TEILJIOBasi YHEP-
TSl HarpeBaTelsl pacXoAyeTcsl He TOIbKO Ha HAarpeB pe3epByapa ¢ BOJIOM,
HO M Ha HUCHAapeHHe BOJbI, a TAK)KE Ha TEIIOOOMEH pe3epByapa C Iome-
nienreM. [lpu yMeHbIIeHMM MOIIIHOCTH HarpeBaTels B 2 pa3a BO3pacTaer
HE TOJILKO BpeMs Harpesa (B 2,25 pasa), HO ¥ OOIIHe 3aTPaThl YHEPTHH HA
HarpeB pe3epByapa 10 Tpedyemon Temriepatypsl (B 1,13 paza).
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[ToTepu TemnOTHI C OTKPHITOM MOBEPXHOCTH pe3epByapa IMpu MpoBe-
JICHUW WCIIBITAaHUHN cocTaBisitoT Oosiee 60 % oOUMX MOTeph TEIUIOTHI Ye-
pe3 Bce MOBEPXHOCTH pe3epByapa, TaK KaK MIOTHOCTh TEIJIOBOTO MOTOKA
C OTKPBITOM MOBEPXHOCTH MHOTOKPATHO MPEBBIMIAET TUIOTHOCTh TEIIOBO-
ro MOTOKA Yepe3 OOKOBBIC TTOBEPXHOCTH U THUIIIEC pe3epByapa (puc. 3).

q- 10_3, Br/m?

2,5
2,0
1,5
1,0

0,5

0 I 1 1 1 1 ]
20 25 30 35 40 45 50 55 T,°C

Puc. 3. 3MeHeHHe MIOTHOCTH TEMJIOBOTO TMOTOKA C OT-

KPBITOW TTOBEPXHOCTH (/) U CpeqHeH IUIOTHOCTH TETUIOBO-

TO MOTOKA Yepe3 OOKOBBIE MOBEPXHOCTH M JAHUILE pe3ep-
Byapa (2) B Iporiecce HarpeBa

C mnoBbllIEHHEM TeMIEepaTyphl YBEIUYMBAETCA IJIOTHOCTh IOTOKA
Macchl BOJbI, MCTAPSIOUICICS ¢ OTKPBITOM MOBepXHOCTU (puc. 4), 4To
MPUBOJIUT K HEOOXOJMMOCTH CYIICCTBEHHOTO IOTIONHEHHS pe3epByapa
BOJIOHM U €€ HarpeBa B XOJI€ UCTIBITAHUH.

, K_r/(M2-q)

O 1 1 1 I}
20 30 40 50 T,°C

Puc. 4. I3MeHeHre INIOTHOCTH ITIOTOKA MACCHI BOJBI,
HCTIapSIIOLIECsl ¢ OTKPBITOM MOBEPXHOCTH, B IPO-
Iiecce Harpena

JIJisi yMEHBIICHHS TTOTEPh TEIJIOTHI M MACChl BOJBI NIPHU TPOBEACHUU
UCTIBITAHUN PACCMOTPEH BapUAHT pa3MeEIleHUs] Ha CBOOOIHON BOIHOM IT0-
BEPXHOCTH pe3epByapa MOJIbIX CHEePUIECKUX H30JIITOPOB, 3aKPHIBAIOIINX
CBOOOTHYIO TTOBEPXHOCTh BOJIBI, B /IBA psifa (puc. 5).
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Puc. 5. Cxema pa3menieHus chepuuecKux H30JIATOPOB Ha
CBOOOJHON BOJHOM IOBEPXHOCTU Pe3epBypa IpuU HMpoBejie-
HUM TEIJIOBBIX HMCHBITAHUH 000pyJ0oBaHMS (IITPHUXOBBIMHU
JVHUSIMH TTOKa3aHbI CBOOOIHBIE TOBEPXHOCTH HCHIAPEHNS)

[Ipy MoIENMMPOBAaHUH TEIJIOMACCOOOMEHA UCIIBITATEILHOTO Pe3epByapa
B YCJIOBHSIX Pa3MEILEHUSI HAa MOBEPXHOCTH BOJBI CHEPUUECKUX H3O0JIATOPOB
pa3mep [, ucrionbzyembiid B hopmynax (1) u (2) ans BeraucieHus ko3¢ hu-
[IMEHTA TEIUIOOTIAaYd Ha TOBEPXHOCTH 3€pKajia BOABI, ONPEACSUIA IO
TUTOIIAZM U TIEPUMETPY 30HBI CBOOOIHON MOBEPXHOCTH, 00pa30BaHHOW B
00JIacCTH MPUMBIKAHUS U30JISTOPOB K CTEHKE pe3epByapa (cM. puc. 5). Pe-
3yJIbTaThl MOJICIIMPOBAHUS, TOJYYCHHBIC ISl CHEPUUECKUX H3O0JIATOPOB
auameTpoM 6 cM (puc. 6 U 7), CBUIETENBCTBYIOT O BO3MOXKHOCTH CYIIle-
CTBEHHOTO yMeHbIIeHHs (0oJiee 4YeM Ha MOPSI0K) MOTEPh MACChI BOJIBI OT
UCTIApEHHs, a TaKXKe O BO3MOXKHOCTH CHIDKEHHs Oojiee ueM B 2 pasa 3a-
TpAaT YHEPTUU HA IPOBEICHUE UCITBITAHHH.

, K_r/(M2-q)
3L
o
1k
0 . - 2
20 30 40 50 T,°C

Puc. 6. lI3MeHenue B npouecce HarpeBa MIIOTHOCTH IO-
TOKa Macchbl BOJbl, UCHAPAIOIIEHCS C OTKPBITOM IO-
BEPXHOCTH pe3epByapa (/) U mpH pa3MENeHHH Ha BOJ-
HOH [TOBEPXHOCTH MOJIBIX CPEePHUYECKUX U30ISATOPOB (2)
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T,°C
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Puc. 7. 13mMeHenue temnepaTypsl BOJbI B IPOLIECCE HATPEBA

[P OTKPBITON MOBEPXHOCTU pe3epByapa C OTHOCUTEIHbHOU

MoInHOCThIO Harpea 8,5 (/) um 17 (3) B1/kr B cpaBHEeHHH C

HarpeBOM MpPHU HOBEPXHOCTH BOJBI, 3aKPHITOH MOJBIMH ce-

PUYECKUMH H30JSTOPAMHU, C OTHOCHUTEJIBHOW MOIIHOCTBIO
Harpesa 8,5 (2) u 17 (4) B1/kr

3ak0oyeHue. BBITIOTHEHHBI Ha OCHOBE pa3pa0OTaHHON MaTeMaTH-
YEeCKOH MOJENIM aHalIMu3 TEIJIOMacCOOOMEHHBIX MPOILIECCOB U TEMIEpaTyp-
HBIX PEKUMOB PE3EPBYapOB C HArpeTOM BOJIOW, MMEIOUIMX OTKPBITYIO TO-
BEPXHOCTb 3€pKajla >KUJIKOCTH, BBISBUJI CYLIECTBEHHbIE IOTEPU TEIUIOTHI U
Macchl BOJBI OT UCTIAPEHHS NP TPOBEICHUU MCTIBITAHUN TEXHOJIOTUYECKOTO
obopynoBanus. IloTepu TEMIOTHI ¢ OTKPBITOM MOBEPXHOCTU PeE3EpBYapa Co-
craBisitoT Ooee 60 % OOHmMX MOTEph TEIUIOTHI Yepe3 BCE MOBEPXHOCTH.
IT10THOCTE MOTOKA MAacchl BOABI, UCHAPSIOLIECHCS C OTKPHITON MOBEPXHOCTH
pe3epByapa, AJsl YCIOBUM MPOBEAECHUS UCIBITAHUNA MUMEET 3HAYEHUSI OKOJIO
4 KI‘/(M2~ 9), YTO MMPUBOJUT K HEOOXOIMMOCTH CYIIIECTBEHHOTO ITOMOJIHEHUS
pe3epByapa BOJOW U ee HarpeBa B XOJE JUIMTENIbHBIX MCIBITAHUN TEXHO-
JIOTHYECKOTO 000y IOBAHUS.

PaccmoTpeHHBIl crioco0 yMEHbIIEHUs! OTEPh TEIUIOTHl U MacChl BO-
OBl TIPH TPOBEIECHUH UCIIBITAHWH, OCHOBAHHBIM HAa pa3MENICHWU Ha CBO-
00/1HOI1 BOHOM MOBEPXHOCTHU pe3epByapa MOJbIX CHEPUUYECKUX HU30JIATO-
POB, KOTOpBIE 3aKpPBIBAIOT CBOOOJIHYIO MOBEPXHOCTH BOJIBI, CBHJIETEIb-
CTBYET O BO3MOYKHOCTM YMEHBIIEHUs Oojee 4yeM Ha MOpPAJOK IOTepb
Macchl BOJBI OT HCIAPEHHA, a TAKXKE O BO3MOXKHOCTH CHIDKEHHs Oojiee
4yeM B 2 pa3a 3aTpar dHEpruM Ha MpOBEJIeHHE MCIBITAHUI U KOHIAUIMOHU-
pOBaHUE MOMEIICHHS, B KOTOPOM 3TH UCIIBITAHUS TPOBOJISATCS.
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Simulation of heat and mass transfer processes
in technological equipment tests
for autonomous complexes

© LS. Plotnikov, V.V. Chugunkov
Bauman Moscow State Technical University, Moscow, 105005, Russia

The object of the study is the long-term technological equipment thermal test designed to
ensure the autonomous engineering systems which are functioning at elevated tempera-
ture values. The test is carried out in order to confirm the equipment effective perfor-
mance and reliability in conditions similar to the operating ones. The article considers
the thermal testing technology, based on equipment elements placement in an open tank
with heated water. When organizing long thermal tests, it is required to reduce energy
cost and evaporated water loss from the exposed reservoir surface, which in turn re-
quires that we analyze and determine the outside air heat and mass transfer parameters,
with the equipment located in the open water tank. The article describes temperature
regime and mass transfer mathematical models, gives simulation results during thermal
testing in the open tank filled with water. To reduce the required energy and evaporation
from the open water surface, we assessed the results of placing hollow spherical insula-
tors on the water surface and showed an opportunity to reduce evaporation masses of
more than an order of magnitude by reducing test equipment energy consumption by
more than 2 times.

Keywords: tank, heating and evaporation of water, simulation of heat and mass transfer.
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