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Ilens pabomsr. Onenka BiusiHUS npuMeceid Hanovactull 110, u [TIAB B
pabodeM Teire KOMIIPecCOpHOH XooamibHou cucteMbl (R141b) Ha ko3 dumm-
enT Terootaaun (KTO) u BHyTpeHHHE XapaKTEpUCTUKHU NpoLecca KUIEHUS B
cBOOOAHOM OOBEME.

Pezynomamur. B kaduecTBe OOBEKTOB MCCIIEIOBAHUS PACCMATPUBAIIUCH:
xnanareHT R141b; pactBop xmanarenta R141b ¢ ITAB Span80 (0,1 % macc.)
(CAS Ne 1338-43-8); manodumron, coctosmmii u3 xmagarenta R141b, [TAB
Span-80 (0,1 % macc.) u Hanouactui T10; (0,1 % macc.). Pasmep HaHo4acTHI
TiO, B mopoiuke He mpesbimanu 25 am (CAS Ne 1317-70-0, Sigma-Aldrich).

Uccnepoanne KTO npu kuneHun B cBOOOJHOM 00BbEME ObLIO MPOBEJE-
HO Ha OPUTHMHAIBHOM YCTAHOBKE IPH TPEX 3HAUYCHUSIX U30BITOUHOIO JIABJICHUS
(1,0; 0,2; 3,0)-105 [la B mHTEpBasie TEIJIOBBIX HArpy3ok ot 5 mo 70 kBt/™°. B
KQ4E€CTBE I'PEIOLICH MMOBEPXHOCTU HUCIOJIB30BAJICS CTAIbHOW KAIWJUISP AUAMET-
pom 2 mMM. MccnenoBanre BHYTPEHHUX XapaKTEPUCTUK Ipolecca KUMeHus (0T-
PBIBHOTO JUaMeTpa My3bIpbKa, YaCTOThI OTPHIBA U CKOPOCTH POCTA MAPOBBIX ITy-
3bIpeii) MPOBOAMIIOCH MPU aTMOC(epHOM JaBiieHUH. [ 3Toro Obl1a npoBeieHa
dorodukcanus npoiecca Ha poTokamepy (IKCHO3UIMS COCTaBIsIA 25 MKC, UH-
TEepPBAJIbI MEXKIY SKCIO3UIMAMU 5 MC) ¢ TIOceaAyroIieit o0paboTkoi n3oopaxke-
HUH B IpauecKoOM peJaKkTope.

BrinosmHeHO cpaBHEHME 3KcnepuMeHTalbHbIX 3HadeHni KTO c¢ paccuu-
TaHHBIMU 1o KpUTEPUATHBHOMY yYpaBHEHHUIO, PEIOKEHHOMY
B.U. Tonyounckum. B nanHOM ypaBHEHUHU ObUIM MCIOJIb30BaHbl MOJYyYECHHBIE B
AKCIIEPUMEHTE CPEeIHNE 3HAYCHHUSI CKOPOCTH POCTa MapOBBIX IMy3bIpei A pac-
CMaTpUBAaEMbIX 00BEKTOB UCCIICOBAHMUS.

Buisoowt. 1. Jlo6aBku [TAB npuBoast k Hebonbiomy yBennuenuto KTO
IPY KUTIEHUH B CBOOOJIHOM 00beMe MPU HU3KHUX IUIOTHOCTSIX TEIJIOBOTO MOTOKA
U K YMEHBIIICHHUIO €ro MpH BhICOKUX. [Ipumecn Hanodactuil TiO; criocoOCTBYOT
Hebombmomy yBennuenuo KTO no cpaBHEHHIO ¢ 3TOM BEIMYUHON JIJISi pacTBO-
pa R141b/TTAB. KoaddunueHT TeriooTnaqu MpH BEICOKUX MIIOTHOCTSIX TEILIO-
Boro nmoToka st R141b ocraercs Brwiiie, uem 1151 HaHOITIOUA.

2. IlosydeHHbIE B DKCIIEPUMEHTE JIaHHBIE O CPEIHEN CKOPOCTH PocTa ma-
POBBIX My3bIpell B OOBEKTAaX MCCIEAOBAHUS MOKA3bIBAIOT ISl HaHOdIONIa
R141b/TTAB / TiO, sTa Benu4nHa HECKOJIBKO OOJIbIIE, YeM 11 ynctoro R141b.

3. IlokazaHo 4TO KpUTEepUaIbHOE ypaBHEHUE TOIYOMHCKOTO MOXKET OBbITh
UCI0JIb30BaHO Jyisl iporHo3upoBanusi KTO npu kuneHuu B CBOOOJHOM 00beMe
nanoduronioB R141b/ ITAB / nanouactuisr TiO;
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Purpose of the study. The main purpose of this study was to evaluate the
effect of surfactant and TiO, nanoparticles additives in the working fluid of
compressor refrigerating system on the heat transfer coefficient (HTC) and in-
ternal characteristics of the nucleate pool boiling process.

Results. The experiments were carried out with the following substances:
refrigerant R141b; solution R141b / surfactant Span-80 (0.1 % mass.) (CAS No.
1338-43-8); nanofluid R141b / surfactant Span-80 (0.1 % mass.) / TiO, nano-
particles (0.1 % mass.). The size of TiO, nanoparticles (nanopowder) did not
exceed 25 nm (CAS No. 1317-70-0, Sigma-Aldrich).

The study of HTC during nucleate pool boiling was carried out using the
original experimental setup at three values of excess pressure (1.0, 0.2,
3.0)-10° Pa and range of heat flux density from 5 to 70 kW/m?®. A stainless capil-
lary with a diameter of 2 mm was used as a heating surface. The internal boiling
characteristics (bubble departure diameter, frequency of bubble departure and
mean velocity of bubble growth) were studied at atmospheric pressure. The
snapshots of boiling process was taken with the camera (exposure time was 25
us, intervals between snapshots 5 ms). The obtained images were processed in a
graphics editor.

A comparison of the experimental value of HTC with calculated ones us-
ing the proposed by V.I. Tolubinsky equation has been carried out. The experi-
mental values of the mean velocity of bubble growth were used in this equation.

Conclusions. 1. Additives of surfactant lead to a slight increase in HTC
during nucleate pool boiling at low heat flux densities and to a decrease in HTC
at high heat flux densities. The additives of TiO, nanoparticles lead to a slight
increase in HTC compared to this value for the R141b / surfactant solution.
Nevertheless, the HTC at high heat flux densities for R141b remains higher than
for the nanofluid.

2. The experimental data on the mean velocity of bubble growth shows
that this value for nanofluid R141b / surfactant / TiO, can be higher than for
pure R141Db.

3. It was shown that the equation of V.I. Tolubinsky can be used to predict
of nucleate pool boiling HTC for nanofluids R141b / surfactant / TiO, nanopar-
ticles.



