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The second factor can be eliminated by increasing the thickness of the thermal insulation
coating of the lower part of the reflux condenser, but it will have an adverse effect on ARU
operation in a wide range of ambient temperatures — to cause condensation of ammonia vapors.

In such situation, development of a mathematical model for the operating conditions of the
lifting section of the ARU reflux condenser is becoming topical.

Calculation shows that in order to ensure a complete purification of the ammonia vapor
stream under the severe conditions of ARU operation, the thickness of the thermal insulation of the
refluxing section in the form of a fiberglass cloth should be 3...4 mm thick.

Analysis of the calculation results in Table 1 shows that the installation of a heat-insulating
jacket along the entire height of the reflux section of the main basic ARU designs makes it possible
to increase the refrigerating capacity of the evaporator in comparison with the traditional partial
thermal insulation of the lifting section of the reflux condenser by 17...22 %.

The developed model is of particular interest when optimizing the ARU operating
conditions with variable thermal loads in the generator, including with afterburner. Having the
dependence of the flow rate of the vapor mixture at the inlet to the reflux condenser on the applied
heat load, it is possible to control the location of the ammonia vapor purification zone at any air
temperature in the room and to realize the energy saving modes of operation of household ARUs
using electronic control systems.

ARs possess a number of undoubted operational advantages (reliability, long life,
noiselessness in operation, minimum cost) in comparison with compression analogs, as well as
versatility in the use of energy sources, in the presence of energy-saving technologies, can expand
their presence in the domestic refrigeration market.

One of the effective and low-budget methods for increasing the ARU energy efficiency is
the technology to reduce losses when transporting ammonia to the artificial cold zone (evaporator).
A key role in this process is performed by the ARU reflux condenser, which purifies ammonia
vapor by removing the heat of a phase transition into the environment in the temperature range from
10 to 32 °C.

To reduce the losses during the transportation of ammonia through the ARU reflux
condenser, it is necessary to install a thermal insulation that would efficiently purify ammonia vapor
(at high ambient temperatures) within the working temperature range and promote its minimum
condensation of ammonia (at low ambient temperatures).

Modeling of the thermal modes of the reflux condenser that are performed within the
framework of this work allows to obtain such optimal parameters of heat insulation, and it is
expedient to install thermal insulation along the entire length of the reflux condenser, which is not
practiced in the latest developments of leading manufacturers.

As a result, it is shown the prospect of installing thermal insulation throughout the reflux
section, which makes it possible to increase the energy efficiency by 17...22 %.

Particular importance of this study is for ARU energy-saving control systems, which use
temperature indicators at the characteristic points of the reflux condenser to produce a control
action.

PO3PAXYHKOBHI AHAJII3 IBO®A3ZHUX CUCTEM OXOJIOJKEHHSI
3 KOJIEKTOPHUMMH TEIIVIOOBMIHHUKAMMH

Aabt™MaH E.L., K.T.H., J01IeHT
Onecbka HalliOHAJILHA aKaJdeMisi Xap4oBHX TexXHOoJoriil, M. Oneca

TernmooOMiHHI amapatd KOJIEKTOPHOTO THITY INHPOKO 3aCTOCOBYIOTBCS B XOJOIMIIBHIM
TEXHII[l, CUCTEMaX OXOJIO/KEHHSI PaJliI0CIEKTPOHHOI amapaTypy CHEPreTHlll Ta B IHIIMX Tally3sX
TexHIKU. ['0lOBHI TpOoOJIeMH, 110 BHHHUKAIOTh MPH CTBOPEHHI Ta EKCIUTyaTallii KOJEKTOPHUX
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TEIJIOOOMIHHMX arapaTiB, MOB's3aHi 3 HEOOX1AHICTIO 3a0e3neYeHHsT PIBHOMIPHOTO (200 3a7aHOTO 3a
BH3HAYEHUM 3aKOHOM) PO3MOALTY TOTOKY TEIUIOHOCIS MIXK MapajelbHUMH KaHanamu. ['igpaBiiuna
HEPIBHOMIPHICTh MOPYIIYE TEMIEPATypHUN pPEXKHUM, 3HUKYE TEIUIOBY e(EeKTHBHICThH amapara, a B
psi/i BUMAJKIB, MOXKE MPU3BECTH 10 aBapiMHMUX CUTyaliil. 3poCTaHHS T'yCTHHH TEIUIOBUAIICHHS,
MPUBOAUTH J0 HEOOXIHOCTI NMEPEeXOoy BiJ PIAMHHUX CHCTEM OXOJIOKCHHS 10 JBO(a3HUX, SKi
3a0e3neuyloTh 301IbIIEHHS TMOTY)KHOCTI, HIO PO3CIIOETHCS HAWOUIBII €()EeKTUBHUM CHOCOOOM.
[Ipore 3amaua po3moAlTy BHUTpPAaT Y KOJEKTOPHMX CHCTEMax 3HAYHO YCKIJIAJIHIOETHCS.
IapoxiHaMuy4HI Ta TEIUIOOOMIHHI XapaKTEPUCTUKU ABO(GA3HUX IMOTOKIB 3 (Pa30BUM IMEpexoaoM
3aJIe’KaTh Bl TYCTHHHM TEIUIOBOTO MOTOKY 1 PO3MOJAUTY BUTpPATH TEIUIOHOCIA MO KaHalax, 1o, y
CBOIO Yepry, 3aJIe)KUTh Bl PO3MOIUTY THCKY B3JIOBXK KOJEKTOPIB 1 BiJl IHTEHCUBHOCTI MpPOIIECIB
napoyTBOpeHHs a0o KoHJeHcamii B KaHaiax. PalioHalbHE TPOEKTYBAaHHS TaKWX CHUCTEM
HEMOXJIMBO 0€3 MPUTATHEHHS METOAIB MAaTeMaTHUYHOTO MOJENIOBAHHS SIK OKPEMHUX €JEMEHTIB
JBO(a3HbIX KOHTYPIB, TaK 1 CUCTEM Y LIIIIOMY.

Po3pobreno inauBigyanbHa MaTreMaTHYHA MOJAENb Ui PI3HOMAHITHUX THUMIB KOJIEKTOPHUX
TEIUIOOOMIHHMKIB:  BHUIIAPHHUKIB MPSAMOTOYHOI CUCTEMHM OXOJOJDKeHHs mpouecopa EOM;
KOJIEKTOPHUX KOHACHCATOPIB, BUKOPUCTOBYBaHUX Y ABo(daszHux koutypax (ADK) 3 xamiaspHum
HacocoM (KH); mBoda3HMX KOMMAKTHHX IUIACTHHYACTO-PEOPUCTHX TEIIOOOMIHHMKIB. J[s Beix
TUIIB TEMJIOOOMIHHHKIB MpPH MOOYAOBI MaTeMaTWUYHOI MOJENi MPUHHATI 3arajibHi MPUHIMIN 1
3aranpHi jomynieHHsa. [Iporte icHyrowl crnenndiuHi 0COOTMBOCTI, TMOB'SA3aHI 3 KOHCTPYKIII€IO,
peXuMaMu poOOTH, TPU3HAUEHHSM amapariB, HE J03BOJSIOTH PO3POOUTH €IWHY MaTeMaTHYHY
MOJIeNTh. Y 3B'SI3KY 3 IUM OYyIOThCSI 1HIMBITyalIbHI MaTeMaTHYHI MO JIJIsl BUIIICBKA3aHUX THITIB
NBO(DAa3HUX KOJCKTOPHUX TEIUIOOOMIHHUX amaparis.

Po3paxyHKOBO-TEOPETUYHUN aHAI3 BHUIIAPHOI KOJEKTOPHOI CHCTEMHU TPOBOAMBCS IS
peasibHOT cHCTeMHU OXOJo/KeHHs mnpouecopa EOM, BumapHHMK sKOI CKIAaeTbcs 3 BOCHBMHU
napajgeIbHUX MOJIYINIB, IO MAlOTh CiM MapajelbHUX KaHaliB. Ha OCHOBI OTpUMaHMX pe3yibTaTiB
pO3paxyHKy BH3HA4Y€HI CXEMHI pIlIeHHS, IO O3BOJSIOTH OpraHi3yBaTH IMOTOKOPO3MOILT
BIJITIOBITHO /10 TEIUIOBHX HAaBAaHTAXKEHb K MPU HOMIHAIBHOMY PEXHMiI POOOTH, Tak i HpU 3MiHI
30BHIIIHIX YMOB.

ANTOPUTM pPO3paxyHKY CHCTEMH OXOJIOJKCHHS OO0'€KTa 3 MapajelbHUMH MOIYJSMH 1
KaHaJIaMH peajtizye: 1) BU3HAYCHHS JOIaTKOBUX MICIIEBUX OIMOPIB MPH 33JJaHOMY 3aKOHI PO3MOILTY
1 BIIKJIFOUEHHSI TEIUIOBOTO HABAaHTAXXEHHS MK MOJIYJSMHU 1 MapajielbHUMU KaHAllaMU B MEkKax
MOAYJs; 2) PO3PaxXyHOK TOTOKOPO3MOALTY B CHCTeMi OXOJOJKEHHS;, 3) BH3HAYCHHS
napocoAep KaHus Ha BUXO/I1 3 BUMTAPHUX KaHAIIB 1 TEMIIEPATYPHOTO PEKUMY CTIHKH KaHAIy.

AHaJi3 CUCTeMH OXOJIOKEHHS MTPOBEJICHHM y JIBa €Taly: Ha TEPIIOMY €Tarll CTaHOBJICHUN
Iiana3oH cTiiikoi pobotu kommpecopa i TPB npu 30inb1eHHi yncna napanenbHo npamtoounx TPB,;
Ha IpYromy eTari ajsi 00paHoi CXeMHu po3po0JIeH] alrTOPUTM 1 PO3B’si3aHa 3a7a4a TOTOKOPO3MOALTY
MK MOJYJISIMH 1 yCEpeIuH1 MO/ Yyepe3 YCTaHOBIJICHHS JJOJATKOBUX ONOPIB Ha BXOJII B KOXHUN
KaHaJl.

[Ipobnema MOTOKOPO3MOALTY B KOJIEKTOPHUX KOHJAEHCATopax JBO(A3ZHUX KOHTYpIB
MOB's13aHa 3 BUHUKHEHHSIM «KOJEKTOPHOrO €(eKTy», 3yMOBJIICHOTO BIUIMBOM BIJITOKY 1 NPUIUIUBY
Macu Ha PO3MOJALT CTAaTUYHOTO THUCKY B3JOBXK KOJEKTOPIB 1 BHUTpAT MO MapajielbHUX KaHamax
TEIUIOOOMIHHMKA. SIKIO0 MPUYMHOIO IHUPKYILil y 1BodasHoMy kKoHTYpi € KH, To pexxum pobotu
KOHTYpa 3aJIeKUTh Bij MapamMeTpiB PiAMHHU, IO HAIXOIUTh Y HHOTO, 5IKi, y CBOIO Yepry, 3ajeKaTh
B1JI CTYIEHS 3aIMIOBHEHHS KOHACHCATOpa 1 TEMIEepaTypHOi HEPIBHOMIPHOCTI.

Po3pobrieno anroputM po3paxyHky craTuuHux Xxapakrepuctuk JIDK, mo peamnizye
BU3HAYCHHSI TEMIIEpaTypyd HACUUYEHHS, 110 BCTAHOBUJACS y CHCTEMI, BIJIMOBIHO 0 TOTYKHOCTI,
1o miaBoautes A0 KH 1 macoro 3anpaBku.

Jlyis aHai30BaHUX IMapaMmeTpiB KOJCKTOPHOI CHCTEMHU TaJiHHS THUCKY BHACITIJIOK OTOPY
TEPTS B PO3MOIUILHOMY KOJIEKTOPI TepeBakae Haj 1HEpIiHHUMU edeKkTaMu y pa3i piBHOBaru
JIiaMeTpiB  KOJIEKTOpiB. BuTpata B KaHamax Y3[0BX pPO3MOAUIFHOTO KOJIEKTOpA CHOYATKY
3MEHIIYETHCS, a OTIM 30UTbITyeThCs. CTYIiHB TiAPABIIYHOI 1 TEIJIOBOT HEPIBHOMIPHOCTI 3aJICKHUTh
BiJl pIBHS MiJBEJCHOI MOTYXHOCTI 1 TUCKAa B CHUCTEMi, fIKi, y CBOIO 4epry, 3ajJekarh BiJ Macu
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3ampaBKU  TEIUIOHOCIS. SIK  po3paXyHKOBUHM  aHami3, Tak 1 pe3ynbTaTd JOCHIIKEHb
excrepuMeHTanbHoro 3paska JIOK mokazanu BenMKy YyTIMBICTH KOHTYpa 10 MacH 3ampaBKu i
ICHyBaHHS OOMEXEHb WIOJ0 KIIBKOCTI TEIMJIOHOCIS, SIKUW 3alpaBislioTh, SK «IOBEPX», TaK 1
«GHH3Y». Y 3B'13Ky 3 Benukoro uyriuBicTio JJPK 3 KH 10 po3mipy 3ampaBku KOHTYpPY TEILUIOHOCIEM
po3pobiieHa MeToJIMKa BU3HAYEHHs Jiana3oHa 3amnpaBku, y Mmexax sikoro DK 3 konekropHuMm
koHzneHcaropom i KH 30epirae mpane3gatHicTh 1 BIUIMB TEPMOTIAPOJMHAMIYHOT HEPIBHOMIPHOCTI
3BEAICHO JI0 MIHIMYMY.

PesynbraTi poO3paxyHKIB CBiT4aTh MPO MOKJIMBY HEOJHO3HAUHICTH POOOTH CHCTEMHU
oxonoxeHHs 3 KH npu nmeBHOMY o€ THaHH] TTapaMeTpiB.

DEVELOPMENT OF UNIVERSAL ABSORPTION REFRIGERATION
DEVICES FOR OPERATION IN A WIDE RANGE OF AMBIENT
TEMPERATURES

Selivanov A.P.
Odessa Technical College of Odessa National Academy of Food Technologies

In the recent years, greater weight in the structure of agricultural production in Ukraine
belongs to individual farms and farmers. In these farms arise the problems of forming a regular
economical budget, including a major problem in the preservation of the grown crops for three to
six months in commercial quantities and at minimal energy costs. However, the acknowledged fact
in world practice is the loss of most of the harvest of agricultural products in the absence of
adequate refrigeration storage. Currently, the bulk of Ukrainian harvested fruits and vegetables is
traditionally stored in the basements, where during the warm seasons (August—-November, April—
May) the required temperatures (5...12 °C) often cannot be maintained. To ensure the required
regimes of storage, the market of household and commercial refrigeration equipment for small
wholesale manufacturers offers national and imported demountable (panel) cold storages of
volumes 3...9 m3, equipped with compression refrigeration machines. In modern conditions in rural
Ukraine, operation of such cells is hampered by lengthy power outages and by poor quality
electricity incoming (range of fluctuation of voltage is 160—250 V). The current situation makes
appeal to heat-powered pumpless absorption refrigeration units (ARU).

Technical and economic characteristics. Refrigeration units of ARU have a number of
unique features such as:

a) the possibility of use in a single ARU a number of different sources of heat — both electric
and alternative (heat of combustion of fossil fuels and biogas, solar radiation, exhaust emissions of
internal combustion engines);

b) the ability to work with low-quality sources of energy, including electricity network in the
voltage range of 160...250 V;

c) noiselessness, high reliability and long service life.

The advantages of ARU should include the minimal price among existing types of small
capacity refrigeration equipment, which in many cases determines their popularity among
customers.

Important in modern conditions is also the fact that the working fluid of ARU — water-
ammonia solution with the addition of inert gas (hydrogen, helium or mixtures thereof) belongs to
natural refrigerants and is therefore completely environmentally safe (has zero ozone-depleting
potential and the potential of the «greenhouse» effect). One of the most effective developments is
the universal low-temperature chamber (LTC) of the «chest» type series, including the vehicle type
(installed on car trailers), with a useful volume: 100; 180; 220; 240; 280 dm®. LTC’s original design
of the «chest» type is protected by Ukrainian patent Ne 50941 and has two refrigeration units (on the
sides or on the rear wall in a row), designed to provide storage regimes in a wide temperature range
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