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CEKIIA «TEIINOEHEPTETHKH TA TPYBOIIPOBIZTHOI'O TPAHCIIOPTY
EHEPI'OHOCIIB»

METO/IY IHTEHCU®IKAIIIl TEIVIOOBMIHY J1JIsI HAJTUBHUX
EJEMEHTIB

Bocnii /I.b., CapoBa A.C.,acucrent, Kocoii b.B., 1.1.H., npogecop
Onecbka HaLiOHAJILHA aKaieMisl XapuoOBHMX TeXHOJ0rii, M. Oneca

JIiTili-10HHI TaJIMBHI €JIEMEHTH MAalTh BEJIMKUH TOTEHIA]l B EJICKTPOMAIIMHHOMY
BUPOOHULTBI. TUM HE MEHI, BEJIHKI KOJUBAHHA TEMIIEpaTyp 1 TEMJIOBI HANpYyXXEHHsS B Ipoleci
3apsmy 1 po3psiy BCE M€ 3aTUIIAIOTHCS KPUTHYHOIO 3a7a4€r0 IS JIAMIHOBaHUX JITIH-HOHHUX
Oarapeii (LIB). ®akTu4HO, TEMJIOBI MHUTAHHS BEIMKOI HANPYTU JITIH-IOHHUX aKyMyJISTOPHHUX
Oatapeii 3aBx 11 OyJIM BY3bKHM MICIIEM, 1110 OOMEXKYE X PO3BHUTOK.

Jlns BUpileHHs TepMiuHUX nUTaHb B LIB Ta mominmeHHs iX TemnoBoi 6e3neKd rojJ0BHOO
3aauer0 € KepyBaHHS BIANOBIAHMMH TEIUIOBUMH TmporiecamMud. llpm 1poMy cucrema
TEPMOPETYIIOBaHHS JITIH-IOHHUX OaTapeil mOBHMHHA 3a0e3MedyBaTH HEBEIMKI Iepenaau
TeMIeparyp, KOMIAKTHICTh, HAJIIWHICTh Ta 1H.

[InsgX0oM BUKOPUCTAHHS YUCICHHOI'O METOJY aHalli3y e(eKTUBHOCTI NMpU TypOYJIEHTHOMY
pPEeKUMi, PEKOMEHIIOBAHOMY [UIS TIOBITPSIHOTO TIOTOKY YCEepeAWHI KaHaly, 3 BUKOPHUCTAHHSIM
nporpamu «Fluent software» (k-e Re-Normalization Group, RNG) 6yna noGynoBana mpusmaTH4Ha
OXOJIO/DKYBaJIbHA IJTUTA 3 MiHIKAaHAJILbHAMHU TPYOKaMHU.

AHaJi3 1nokasye, 110 MBUAKOCTI TEIUIOBUIICHHS OYJIM HEOHOPITHO PO3MOJIICHI B PI3HUX
YacTHHAX eJIEMEHTa aKyMyJlsTopa MpoTsIroM Imporeca pospsaa. TemmnepaTypa Ha CTOpOHI
HEraTUBHOTO €JIeKTpoja Oyna HuXk4Ye, HDK Ha MO3UTUBHOMY €JIEKTPOJll, TaK SIK Mib Ma€ OLIbII
HU3BKUAN €JeKTPUYHUHN omip, HiK amoMiHid. IIBMAKICTE TeHepalii oMiYHOrO Termaa KOJEKTopa
MO3UTUBHOTO CTPyMy TeopeTudHo Ha 80 % Oinblie, HiXK Y HEraTUBHOTO cTpyMonpuiiMayva. [1ix yac
npoIrecy po3psAdy 3arajJbHUM PO3MOMALT TEMIEPAaTypH IPH HU3BKUX IIBUIKOCTAX PO3PSAAY
BIJIPI3HABCS BiJl aHAJOTIYHOTO PO3MOAUTY MPU BUCOKUX IMIBHIKOCTSAX 32 PAXyHOK PI3HUX HAIPSMKiB
TEIUIOBOTO TOTOKY MIXK CTPYMOM KOJEKTOpa i siupom Oarapei. J{isi HU3bKOI MIBUAKOCTI PO3PSILY
BHCOKOTEMITepaTypHa 30Ha Oyjia cTablIbHA B IIEHTPI aKyMyJIATOpa, MPHU IIbOMY B BEPXHIH YacTHHI
aKyMyJisiTopa 3'ABISIETbCA 30HA HM3bKOI TemriepaTypu. Xo4a IpU BHCOKIH MIBUAKICTI po3psny,
HaWBHINA Temmeparypa Oyna B o07acTi OnM3BbKOI 70 TO3WUTHBHOTO €JEKTpoaa, a oO0JacTh
HAaWHIKYUX TeMmIeparyp Oysia BijajieHa BiJ MO3UTHBHOTO €leKTpoja. Temmeparypa MOCTYIOBO
3MeHIIyBasacs 3 00Ky KOJIEKTOpa JI0 HKHBOT YaCTHHU aKyMYJISITOpa.

MODELING OF THERMAL MODES OF THE REFLUX CONDENSER OF
THE ABSORPTION REFRIGERATION UNIT

Kholodkov A.O., Titlov A.S., Bilenko N.A.
Odessa National Academy of Food Technologies

| Household absorption refrigerators (AR) based on absorption refrigeration units (ARU) are
popular with consumers due to a wide range of operating temperatures — from —24...-18 °C to
12 °C, which allows long-term storage of various food products.

The ARU working fluid is a water-ammonia solution with the addition of an inert gas
(hydrogen, helium or their mixture) that is environmentally safe, i.e. has zero values of the ozone-
depleting potential and potential of the «greenhouse» effect.

ARUSs have a number of unique qualities:
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a) Noiselessness, high reliability and long service life, absence of vibration, magnetic and
electric fields during operation;

b) the possibility of using several different energy sources in one device, both electric and
non-electric;

c) the ability to work with low-quality sources of electrical energy with a voltage in the
network of up to 160 V.

Their advantages are also the minimal cost in comparison with existing types of household
refrigeration equipment.

At the same time, ARUs have increased power consumption in comparison with similar
compression models. In our opinion, this situation is due not only to the imperfection of their
refrigerating cycle, but also to the lack of appropriate scientific and engineering developments.

The relatively low ARUs energy efficiency causes a narrow area of their use, mainly as
mini-refrigerators, and a small share in the domestic refrigeration market.

When searching for energy-saving ARU regimes, special attention must be paid to the
efficiency of ammonia transport to the evaporator, especially under operating conditions at low
outside air temperatures. At present, there is a paradoxical situation — at low temperatures in the
room, ARU energy consumption increases. This position is determined by the modes of cleaning
and transportation of ammonia in the elevating part of the reflux condenser. In the well-known
ARUSs designs, which are designed for operation in the positional control mode, the lifting section
of the reflux condenser performs the function of final purification of the ammonia vapor from the
water vapor. The geometric dimensions of the reflux section are determined not by calculation, but
from the experience of practical development and the layout of the working elements in the
concrete ARU. For example, in all modern ARU designs, the inner diameter of the lifting section
does not exceed 18 mm. This limitation is associated with the problems of completely removing of
the vapor-gas mixture from the reflux condenser and condenser into the absorber and evaporator
during the starting period. With a larger pipe diameter, the front of the gas-vapor mixture is
degraded, some of the inert gas remains in the reflux and condensation zones and significantly
reduces the intensity of these processes.

The length of the reflux section is determined by the location of the condenser and the ARU
rectifier. In single-chamber absorption refrigerators this is approximately 0.8 m, in double chamber
—about 1.25 m.

The lower part of the lift section of the reflux condenser in the generator zone is closed by a
common heat-insulating jacket. The thickness of the heat-insulating jacket on the lift section of the
reflux condenser is not calculated, but is actually determined by the arrangement of the elements of
the generator assembly having a complex spatial configuration. The upper part of the lift section of
the reflux condenser remains free (not closed with thermal insulation).

Thus, ammonia vapor purification after the rectifier occurs both in the zone of installation of
the thermal insulation (partially) and in the open sections of the lifting reflux condenser. In the ideal
mode, at the end of the lifting section of reflux condenser, the ammonia purification process ends,
the reflux flows into the rectifier, and the pure ammonia vapor enters the condenser.

At the same time, with the existing approach to the design of the reflux section, ideal modes
of its operation are practically unrealizable. This is due to a non-optimal choice of the dimensions
of the open and heat-insulated zone and thickness of the heat-insulating jacket in the lower part of
the reflux condenser.

As a result of this approach, either the crude ammonia vapor enters the condenser, or the
condensation of ammonia begins already at the top of the lift section of the reflux condenser. Both
these factors adversely affect the refrigerating capacity of the evaporator and ARU energy
efficiency.

The first factor is easily eliminated by increasing the surface of the heat exchanger, for
example, by installing ribs or by increasing the length of the tube due to the zigzag bending of the
pipe in the vertical plane.
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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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