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Introduction. One of the most attractive reserves
of enhancing the energetic efficiency of air conditioning
systems (ACS) is to provide operation of compressors in closed
to nominal modes by choosing the rational design refrigeration
capacities and their distribution according to current thermal
loading to provide closed to maximum annual refrigeration
energy generation. Generally, the overall thermal load band
of any ACS comprises the unstable load range, corresponding
to ambient air precooling with significant load fluctuations, and
a comparatively stable load part for further air conditioning
from a threshold temperature to a target value. The stable
thermal load range can be covered by operation of conventional
compressor in closed to nominal mode, meantime ambient air
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precooling needs load modulation by applying a variable speed
compressor.

The efficiency of ambient air conditioning systems (ACS)
performance depends on their loading and a duration of operation
all the year round. The higher loading and longer duration
of ACS operation during a year, the larger annual refrigeration
energy production according to conditioning duties. The rational
design refrigeration capacity of ACS has to cover current thermal
loads in response to actual ambient air parameters and to provide
closed to maximum annual refrigeration production avoiding
refrigeration machine (RM) and the whole ACS oversizing.
In addition the method of ACS designing should provide rational
refrigeration capacity distribution within ambient air processing.
Issuing from this the overall thermal load of ACS can be divided
into unstable load range, corresponding to ambient air precooling
with significant load fluctuations, and a comparatively stable
load part for further air conditioning to the target temperature.
The unstable thermal load range should be covered through
refrigeration capacity regulation, meanwhile the stable range —
by operation of the refrigeration compressor practically
in nominal mode.

Numerous researchers studied the efficiency of ductless
Variable Refrigerant Flow (VRF) systems [1, 2]. A HVAC system
combined with roof top unit (RTU) used as outdoor air processing
(OAP) system in VRF system was proposed [1]. It was obtained
that the multi-split VRF system saved more than 20 % energy
compared to a variable air volume (VAV) system [2].

In a number of investigations the air conditioning is considered
as one of the technologies for combined cooling, heating and
power (CCHP) [3; 4], or trigeneration [5, 6].

Some of principal technical innovations and methodological
approaches inwaste heatrecovery refrigeration mightbe successfully
applied in air conditioning [7, 8], in particular, two-stage air
cooling [9, 10], methods to choose design refrigeration capacity

2
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to match current cooling demand [11-15]. All the typical methods,
based on the current or summarized annual refrigeration energy
production, issue from the assumption of a design refrigeration
capacity to cover maximum conditioning needs over the full range
of yearly operating conditions [16, 17]. Such approach inevitable
leads to considerable ACS oversizing and requires to settle the
problem of defining a correct design refrigeration load excluding
overestimation [18-20].

Thus, the methods should allow to define a rational design
refrigeration capacity issuing from the actual ambient thermal
loading to provide closed to maximum annual effect and at the
same time rational distribution of refrigeration capacity to provide
efficient operation of ACS with considerable deviation of current
thermal loads from the rational value. Moreover, they should make
it possible to develop the ACS providing such rational distribution
of refrigeration capacity in response to actual loading. A developed
ACS would enable a wide range of refrigerant flow variation and
can be considered as advanced alternative to Variable Refrigerant
Flow (VRF) systems.

The general problem to be solved needs decision of the
following tasks: defining a rational design refrigeration capacity
of ACS to provide closed to maximum annual effect without
oversizing; development of ACS providing a rational distribution
of refrigeration capacity according to actual loading.

The aim of research is to develop the advanced two-stage
ACS and a novel method of their designing that provides rational
refrigeration capacity distribution between unstable and stable
thermal load ranges to match the current climatic conditions
without refrigeration machine oversizing to achieve closed
to maximum annual refrigeration energy generation according
to conditioning duties.

Methodology. The efficiency of ACS and their RM performance
depends on their loading and time duration t of their yearly
operation. Therefore the annual refrigeration energy generated
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by RM in response to current air conditioning duties is considered
as a primary criterion for the choice of a rational design
refrigeration capacity of ACS.

The proposed method to determine a rational design
refrigeration capacity of ACS and their RM is based on the yearly
loading cumulative characteristic of ACS as annual summarized
refrigeration energy production dependence on a design
refrigeration capacity: X(Q, 1) = f(Q,). In order to generalize
the results and simplify calculations for any total refrigeration
capacities (,, it is convenient to present the refrigeration
capacity in relative (specific) values per unit air mass flow rate
through the air cooler (G, = 1 kg/s) — as specific refrigeration
capacity ¢, = 0, /G,, kW/(kg/s) or klJ/kg, and ¢, =& c,, At,
where At, = (t,,, —t»); t.., — ambient air temperature at the
inlet of air cooler, K or°C; ¢, — air temperature at the air cooler
outlet; & — relative heat ratio; c,, —specific heat of moist air,
kJ/(kg-K). A specific annual refrigeration energy production
2(qo°1) = Z(&¢,y (8, — 1,0) T 107), kI -h/kg.

The input data on ambient air temperature t,,, and relative
humidity ¢,,,, were used by applying the program “meteomanz”
(http://www.meteomanz.com).

According to a developed method the fluctuations of the
current refrigeration energy ¢,-t were considered by the rate
of its annual increment ) (g,-t). The rate of annual refrigeration
energy increment as its relative value ) (q,-1)/q, referred
to q, over the whole range of }(q,' 1), is used as an indicator
to efficient utilizing a design refrigeration capacity. This
is a principally novel approach to ACS designing versus
a traditional approach to cover the maximum current thermal
duties and maximum annual refrigeration energy accordingly
that leads to RM oversizing.

There were two methods developed: the first — by using
the annual summarized refrigeration energy dependence on the
design refrigeration capacity of the RM to choose its rational
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value ¢, ., that provides closed to maximum annual refrigeration
generation ) (¢, 1), and the second — according to the maximum
rate of annual refrigeration energy increment ) (¢, - t)/q, to choose
optimum design refrigeration capacity ¢,y that provides
minimum sizes of RM and ACS (Fig. 1,a).

The rational value of design specific refrigeration capacity
Go.: » providing a closed to maximum annual refrigeration
energy production »(g,-t) is associated with the second
maximum rate of annual specific refrigeration energy production
> (g, 1) increment within its range beyond the first maximum
rate: gy > qoop and (g, 1) > 2.(qo Ty accordingly. With this
a relative parameter [Y.(q,°T) — 2.(9y" T)onl/q, 1 used as indicator
to choose a rational value ¢,,,, (Fig. 1,b).

The results of calculations of optimum g¢,,, and rational
qo.. Specific refrigeration capacity for ¢, = 10, 15 and 20°C and
temperate climatic conditions of Voznesensk, Nikolaev region,
southern Ukraine, 2017 year, are presented in Fig. 1.
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Fig. 1. Specific annual refrigeration energy > (¢, t) and its
relative values (¢, t )/q, referred to design specific refrigeration
capacity ¢, over the whole range of Y'(¢, 1) (a) and values (3(¢g, 1) —
2(qo" Dop)/qybeyond the optimal values of Y (g, 1), and g, (b)
for cooling ambient air to 7, = 10, 15 and 20°C
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A maximum rate of annual refrigeration energy increment
>(q,°1)q, for t,=10°C takes place at the optimal design
refrigeration capacity g, of 25 kJ/kg.

A maximum rate of annual refrigeration energy increment
(2(g0 ™) — 2(go" T)op)/qo Within the range beyond the value
2(qo Do = 40 MWh/(kg/s) corresponding to g, = 25 kl/kg
takes place at the rational design refrigeration capacity
Qo = 35 kJ/kg and provides annual specific refrigeration energy
(90T =49 MIJ - h/kg that is very closed to its maximum
value 50 MJ - h/kg but at a design refrigeration capacity
o = 35 kl/kg less than g, .. = 42 kW/(kg/s) by 15 % less.

Results. The further development of the method of ACS
designing consists in rational distribution of the overall design
refrigeration capacity between two ranges. The ambient air
processing is considered as a two-stage one and includes
a fluctuation range as the high-temperature and stable range as the
low-temperature stage (Fig. 2).

The values of specific refrigeration capacity ¢,,s, needed
for conditioning ambient to ¢, =15°C, and ¢,,,, needed for
conditioning ambient air to ,, = 10 °C, and the specific refrigeration
capacity ¢, .5 as their difference ¢, 0,5 = ¢o10 — 905> Needed for
cooling air from ¢, = 15°C to t,, = 10°C, is calculated for climatic
conditions in Voznesensk, Mykolaiv region in July 2017 (Fig. 2).

As Fig. 2 shows, with conditioning the ambient air
to t,=15°C the fluctuations of the current thermal load
q,.5 are gradual, that points out that if a design maximum current
thermal load is chosen, this will result in a significant amount
of an excessive refrigeration capacity in the temperate daily hours.
At the same time, when air is cooled from ¢, = 15°Cto ¢, = 10°C,
the fluctuations in the thermal load ¢g,015 = G010 — G015 are
comparatively small: within 10 kJ/kg. The temperature of cooled
air ¢, = 15°C is reasonably to use as the threshold temperature
for shearing the overall design thermal load on the ACS into
a comparatively stable load range ¢, ,,,s and the unstable range
of ambient air precooling. So, the stable load value g, .5 is chosen

6
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as design basic stable part ¢,,0s = 9010 — 9045 Of the rational
refrigeration capacity ¢, o = 35 kJ/kg (Fig. 1). Accordingly, the
remaining part of ¢, ., can be used for precooling the ambient air
to the threshold temperature 7, = 15°C and determined as boost
specific refrigeration capacity g .15t = 39 — Go.10.15 (Fig. 2,b). The
unstable ¢, s and stable ¢, ,, s thermal load ranges can be covered
by applying variable speed compressors and conventional
compressors accordingly.
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Fig. 2. Current ambient air temperature ¢, and relative humidity ¢,
(@), rational design specific refrigeration capacities ¢, s, ad ¢, om0
refrigeration capacity ¢, s needed for cooling ambient air to z,, = 15°C,

refrigeration capacity ¢, 015 = G010 — Go.15s for cooling air from ¢, = 15°C
to t,, = 10°C and available boost refrigeration capacity ¢q,0.15 (b)
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As Fig. 2,b shows, the available boost refrigeration capacity
Govi0-15: g€NeTally covers current thermal loads ¢, 5 for precooling
ambient air to ¢, = 15°C. Furthermore, even more less available
boost refrigeration capacity g0 @lS0 covers the current loads
o5 €xcept quite short periods of daylight hours (Fig. 3).

There are corresponding correlations used:
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Fig. 3. Current values of available boost specific refrigeration capacity
Gor020 and thermal load g, 5 for cooling ambient air to ¢, = 15°C (a)
excess of available refrigeration energy A(q . T)exe OVEr required
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XGobi020 T for ¢, = 15°C and 20°C (b), rational design specific
refrigeration capacities ¢, 1orp 9o 15t AN Go 20rat
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As Fig. 3,a testifies, the available excess of design refrigeration
capacity o, 1S enough for deeper cooling ambient air
to t,, = 15°C through using the accumulated excessive refrigeration
energy A(Goaome1s Texe 10 cover its deficit A(Goaomeis Taerr LIS
statement is also approved by the continuously arising curve of the
summarized excess of available design refrigeration energy over
its current deficit

AY (G0 201015 Dexe = 2(Go200at — Go.15)T (Fig. 3,D).

As Fig. 3,b shows, the current values of refrigeration energy
deficit A(gg,ome15s T)aer t0 be covered by the excess A(Ggaomeis T exc
takes place within the range of thermal load of about 0.5¢ ... 1.€.
from 7 to 8 kJ/kg. Thus, in July the current refrigeration energy
deficit can be covered by the accumulated refrigeration excess
with the maximum deviation of current thermal load ¢, of about
7.5 kJ/kg from the rational design value g, = 15 k/kg (50 %)
with corresponding refrigerant flow variation in boost AC.
The excessive refrigeration energy as liquid refrigerant can
be accumulated in linear receiver and liquid separator in ACS
of VRF type (Fig. 4).
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Fig. 4. The scheme of combined outdoor and indoor ACS of VRF
type (a) and advanced two-stage central ACS as the outdoor air
processing subsystem (b)
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The overfilling the AC by refrigerant provides an increase
in heat flux by 25...40 % compared with conventional complete
refrigerant evaporation [4]. This gives good perspectives
of the application of developed two-stage ACS with incomplete
refrigerant boiling in the AC as the ASC with refrigerant flow
self regulation (Fig. 4,b) and alternative to VRF systems. The
injector liquid refrigerant recirculation in the AC can be applied
as the advanced variant of AC overfilling.

Conclusions. A novel trend in air conditioning by two-stage
ambient air processing with unstable and stable thermal loads
and different refrigerant feeding to air coolers accordingly has
been proposed as advanced or alternative to VRF systems.

A novel methodological approach is developed to determine
a rational design thermal load on the ACS that provides closed
to maximum annual refrigeration energy generation and decrease
of installed refrigeration capacity by 15 to 20 %.

The method allows to design the ACS with efficient operation
at varying loading with minimum oversizing and enlarged
deviation of refrigerant flows according to current loading from
designed value without sensible decreasing heat flux in AC.

A two-stage ACS could be considered as a perspective
trend in ACS for space conditioning as well as a subsystem
of trigeneration installation. The application of such combined
two-stage intake air cooling technologies are especially expedient
for operation of ACS in temperate climatic conditions.
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Cyd4acHi TeHJIeHIIiT pO3BUTKY XOJIOJMIBHUX CHCTEM CIIPSIMOBAaHI
Ha TIJBUIIEHHS CHEProc(EKTUBHOCTI Ta BUKOPUCTAHHS TPHUPOJ-
HUX XojomoareHTiB, Hacamriepen CO,. OgHUM i3 TEPCIEKTHBHUX
HAIpSIMIB € 3aCTOCYBaHHSI MYJIBTHE)KEKTOPHUX OJIOKIB, IO JI03BO-
JSIFOTH 3HU3WUTH BTPATH €HEprii MiJ 4ac JPOCENOBaHHS Ta 3a0e3-
MEYNUTH CTAOUTBHICT POOOTH CHUCTEM Yy PI3HHX KIIMaTHYHUX YMO-
BaX. [HIIMM HampsMOM € iHTerparis aOCOpOIIMHUX XOMOAMIBHUX
MamuH (AXM), sSKi BHKOPHCTOBYIOTh TEIUIOTY HArHITaHHS KOM-
NpecopiB sl JOAATKOBOTO mepeoxonompkeHas CO, 1 miaBUICHHS
XOJIOIOTIPOYKTUBHOCTI  0€3  3pOCTaHHS — €JIEKTPOCIIOKUBAHHS.
[loenHaHHA €XEKTOPHUX TEXHONOTIH 1 aObCOpPOLINHMX LUKIIB i3
CHCTEMaMH PEKyIepallii TeIIOTH CTBOPIOE HOBI MOXIIMBOCTI ISt
KOMITJIEKCHOTO BHUKOpUCTaHHS eHeprii. Taki pimeHHs 0coOIuBO
aKTyaJbH1 11 00’ €KTIB KOMEPIIMHOTO XOJI0AY B YMOBaX 3pOCTaHHS
BapTOCTI EHEPrOPeCypCiB i BUMOT JIO €KOJIOTIUHOI OE3IeKH.

MeToro € CTBOPEHHSI KOMIUIEKCHOI KOHIIETIIii 00TpyHTYBaHHs
Ta po3podka cxemMHuXx pimieHb CO,-XOTOAUILHUX CHCTEM 13 3aCTO-
CyBaHHSIM IHTETPOBAHMX aOCOPOIIMHUX MAIlIWH, SIKa IPYHTYEThHCS
HAa BHKOPHCTaHHI TEIJIOTM HATHITAHHS KOMIIPECOpa BHUCOKOTO
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cTyneHs st podotu abcopOiiitHoi xonoamibHOT MamHu (AXM)
3 METOK JI0JaTKOBOIO IEPEOXOJIOPKEHHSI OCHOBHOI OycCTepHOi
TPAHCKPUTHUYHOI XOJIOAUIBHOI CUCTEMH. TakoX BHUKOPUCTAHHS
AXM pacth 3MOry e(eKTHBHO YTHJII3yBaTH TEIJIO 1 J1I01aTKOBO
3HU3UTU HaBaHTAXXCHHS HA OCHOBHY CHCTEMY.

3 METOr0 MPAaKTHYHOI peami3allii MOCTaBICHUX HAYKOBO-TEX-
HIYHUX 3aBJaHb OyJIO 3alpONOHOBAaHO HOBE CXEMHE pillIEHHS,
IO TPYHTYEThCS Ha i1HTErparlii HpoIeciB peKymepalii TEIrIoTH
HarHITAHHS Ta JOAATKOBOTO TIEPEOXOJIOMKEHHS XOJIOI0arcHTYy.
Ha 3a3nadene TexHIYHE pIIICHHS MOAAHO 3asBKYy Ha BHHAXIJ
Ne 2202504410 «ibpuona abcopdyitino-Komnpecitina Xono00uibHa
cucmema 3 suxopucmanusaim CQO, i nponany» [1], sika mpencras-
JeHa Ha puc. 1.

4
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Puc. 1. I'iopuanra abcopOIiitHO-KOMITpECiiiHa XOMOAMIbHA CUCTEMA
3 BukopuctanHsm CO, i npomany [1]
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B ocHOBY BuHaxo/ly MOCTaBJIEHO 3a/a4y CTBOPUTHU TiOpUIHY
abcopOLiHO-KOMIPECiifHY XOJOIMWIbHY CHUCTEMY 3 BUKOPHUCTaH-
M CO, 1 mponany, sika BUKOPUCTOBYE TEIJIOTY, YTUII30BaHy i
yac Mpoliecy HarHITaHHS CepeAHbOTEMIIEPATYPHUUX KOMIIPECOPIB,
JUTS )KMBJICHHS IHTETpOBaHO1 a0COPOIIHOT XOI0IUIbHOT MAIIIMHH,
mo 3abe3nevye 10JaTKOBE OXOJIOUKEHHS B KOHTYpPl CHUCTEMH 3a
paxyHOK BHUIIApHUKA, B SIKOMY B1OMpaeTbCs TEIUIOTa Bij ra3omo-
nionoro CO, micnisg ra3oBOro OXOJIOJPKyBada Iepes] MoJadyero Ha
PO3LINPEHHS] B OCHOBHOMY ITHKII.

I'Opunna abcopOuiiiHO-KOMIIpECiiHA XOJIOMMIbHA CHCTEMA
3 BukopuctanusM CO, i1 mpomany (puc. 1) MICTUTH CHONy4YeHi
MK cO00I0 TpyIy CHOJIYYEHHX MK cO00I0 cepeaHbOTeMIIepa-
TYpHUX KOMIIPECOpIB [, TPYIly CIIOJYyYE€HUX MK COOOI0 KOM-
npecopiB napanenbHoro ctucHenHs (IIC) 2, mepumuit nepermyc-
KHUU KjamnaH 4, reHeparop 5, peKynepariiiHuii TeriooOMiHHUK
HarHiTaHHA 6, APYrui NepenycKHUi kianmaH 8, TermI00OMIHHUK
JUISL 30BHIIIHBOI peKymeparii TeIoTH 9, TpeTiil mepemycKHui
kiarnad (), ra30BUil OXONOMXKyBau [/, TEIIOOOMiIHHUK-PEKYyTIe-
parop /2, BunapHuk AXM [3, MyJIbTHEKEKTOpHUU OJOK /3,
PO3LIMPIOBAJIBHUNA KJIAlaH BHUCOKOTO TUCKY /7, Tra30piAMHHUM
BiIUIBHUK [9, drnem-6ak 2/, OalnmacHW KianaH 24, TEpIIwii
pererepatuBHuil TermooOMiHHUK (PTO1) 28, mepmmii perymto-
04 KnanaH 32, cepelHbOTEMIIEpaTypHUN BUNApHUK 33, rpymy
CIIOJTyYEHUX MIXK COOOK0 HHU3BKOTEMIIEPATYPHHUX KOMIIPECOpiB 36,
JIPYTUM pEryiol0uui KilanaH 37, HU3BKOTEMIIEpaTypHUN BUMap-
HUK 38, TeMI000MIHHUK PO3UMHY 42, Ta30piAMHHUNA eXeKTop 43,
BIIUTBHUK pinuHU 46, abcopbep 48, TpeTiil perymorodnii  Kia-
naH 5/, Apyruil peKymepaTUBHUA TETUIOOOMIHHUK 52, 4eTBep-
TUIl perymorounii knanaH 53, pekynepamiifHuil TeriooOMiHHUK
abcopO11ii 54, Hacoc po3unHy 6.

IHHOBaIMHUI MiAXiA JaHOTO BHHAXOY IOJISrae y BIpPOBa-
JOKEHHI1 TiOpUIHOT CUCTEMH, KA OEAHYE OyCTEPHY TPAHCKPUTHUHY
xoonwibHy cuctemy Ha CO, 3 abcopOLifHOI XOJIOAMIHLHOIO
MAIlMHOI0, B SIKIM TEIJIOTa HArHITAaHHS CepeIHbOTEMIIEpaTypHUX
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KOMIIPECOpIiB Ta KOMITPECOPIB MapajelbHOTO CTUCHEHHS HE BTpa-
Ya€TbCs, 2 BUKOPUCTOBYETHCS SIK JKEPEJIO TEIJIOBOi eHeprii Juis
reneparopa abcopOiiiiHoi xonoauibHO1 MamuHu (AXM). Ocobmu-
BicTIO cucTeMu € 3actocyBaHHs CO, K XOJ0[0areHTy B OCHOBHIM
OyCTEpHIN TPAaHCKPUTUYHIN XOJIOAMJIBHIM CHCTEMi, a TaKOX SK
pobGouoro Tina B KOHTYpi AXM, e nmponaH BUKOPUCTOBYETHCS SIK
abcopOenT. Taka KkoMOiHallis 3a0e3Meuy€e BUCOKY TEPMOAUHAMIYHY
€()eKTUBHICTh Ta EKOJOTIYHY OE3MEeYHICTb.

PamioHanbpHICTh BUKOPUCTAHHS TEIJIOTH HATHITAHHS KOMIIPE-
COpIB CepeIHBOTEMIIEPATYPHUX KOMIIPECOPIB Ta KOMIIPECOPIB
napaneabHOr0 CTUCHEHHS B SIKOCTI JiXKepena TeIJIOTH AJIs KUB-
JICHHSI TeHepaTopa a0copOIiifHOT XomoamIbHOT MamuHu (AXM),
o mpairoe Ha podouiit mapi CO,—mpomnan, ITpyHTY€ETbCA Ha TEp-
MOJMHAMIYHIN BIAMOBIAHOCTI TEMIEPAaTypHOTO PIBHS ITUX JIKE-
pen. Temmeparypa nHarHiTanHs y CO,-koMmpecopax BHCOKOTO
TUCKY 3a HOPMaJIbHUX YMOB pOOOTH OyCTEpHOi XOJOJMIBHOI
cucteMu (0COONMHMBO B TPAHCKPUTUYHOMY PEXKHMI BIIITKY) J1OCS-
rae 90-120°C, mo € aoCTaTHIM Ui TEPMIUYHOTO PO3MAITICHHS
pobouoi mapu CO,-nponan y rerepatopi AXM. 3riiHo 3 HayKo-
BHUMHU JTOCJIDKCHHSIMH, TeMIIepaTypa reHepartii jisi TaKUX CUCTEM
3a3BUYail 3HaxXonuThes y Aiamazoni 70—100°C, mo moBHicTIO 30i-
TaeThCsl 3 TEMIIEPAaTypPHUM DPIBHEM YTHIII30BaHOI TEIUIOTH CTHUC-
HeHHs. TakuM 4MHOM, HeMae MOTPeOH y AOAATKOBHX JKepenax
TEIUIOTH, 110 3a0e3redyye BUCOKHH piBeHb 1HTErparii, aBTOHOM-
HOCTI Ta €HeproeeKTUBHOCTI CUCTEMH, 3MEHIITYIOUH ii BIUIUB Ha
JOBKIJUIA Ta €KCIUTyaTalliifHi BUTPATH.

Bukopucranus exunoro xonomoarenty — CO,, sk y Oycrep-
HIA XOJOAWJIBbHIN CHUCTeMi, Tak 1 B aOCOpOLIMHIN XOJOMUIBHIN
MalInHi, 3abe3neuye BUCOKHI piBeHb 1HTerpallii, yHiikalito By3-
JIB, CIIPOIIEHHS! 0OCITyTOBYBaHHS, BIJICYTHICTh MOTpeOU B JOAAT-
KOBHMX TEIIOHOCISIX 200 MIKKOHTYPHHX TEIJIOOOMIHHUKAX, 3MEH-
IIYIOYH KamiTaldbHI Ta eKCIUTyaTalliiiHi BUTpATH.

Konpnencarop abcopOuiitnoi xomomunpHOi Mamuau (AXM)
CTPYKTYpPHO IHTEIPOBaHUIl 3 ra30BUM OXOJIOMKYBayeM OCHOBHOI
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XOJIOJMITBHOI cuCTeMU. YacTHHA MOTYKHOCTI Ta30BOTO OXOJIO/DKY-
Baua CrpsiMOBaHa Ha (DYHKIIIO OXOJOKEHHS Ta3y (KOHIEHcallil)
B AXM, 1o miABHIIYye 3arajibHy €(QeKTHBHICTh CHUCTeMHU. Taka
onTHUMi3allis 3abe3neuye OUIbII pal[ioHabHE BUKOPUCTAHHS €Hep-
rii IUISIXOM 1HTerpanii (pyHKIIiH.

Bumapuauk abcopOmiitHoi xonmomwibHOT MammHd  (AXM)
3TiTHO 3 BUHAXOJOM PO3MIIICHU Oe3rmocepeHho Ha JIiHil TpaH-
cropTyBaHHs razonofionoro CO, miciisi ra30BOT0 OXOJIOMKYyBadya
OCHOBHOI TTApOKOMITPECIITHOI XOIOMMIBHOI CUCTeMH. Taka KoHi-
rypartisi 103BoJisi€ 3/iHCHIOBaTH npsiMe oxomiomkeHHss CO, y raso-
mo/IiIOHOMY CTaHi 3a paxXyHOK TeIruIonepenadi 10 Bunapauka AXM,
B SIKOMY Oe3nocepeiHbO KUIUTh XOJomoareHT. besmocepemHii
KOHTAaKT MDK KOHTypoM BumapHuka AXM Ta JiHi€l0 ra3ononio-
Horo CO, no3Bosisie 30UIBIIUTU CTYMiHB Hepeoxonomkenus CO,
nepes IpOCETOBAHHSM, [0 PU3BOIUTH 10 MIABHUILIEHHS XOJI0I0-
MPOAYKTUBHOCTI Ta €HEproeekTUBHOCTI Bci€i TriOpuaHOiI ycTa-
HOBKU. Lle 03BOIIsE YHUKHYTH BTpaT €(PEeKTUBHOCTI, OB’ I3aHUX
3 IPOMDKHUMHU €TalaMy TEIUIOOOMiHY.

B abcopOmiifHiil X0I0uIpHINA MaIIHHI MPOIECH KOHJICH AIll1,
BUTIAPOBYBaHHs Ta abcopOlii MOMIMIIeHI 3a paXyHOK BUKOpHC-
TaHHS €KEKTOPa 3aMiCTh PETyII040ro BEHTUJIS, IO B KiHIIEBOMY
MIJCYMKY TIPU3BOAUTH 10 TiaBumieHas KK,

Takum 4ynHOM, y pe3ysbTaTi MPOBEACHOTO TOCIHIIKEHHS MPO-
MOHYETHCS POIMIUPEHUH MIAXI: HE JIMIIE ONTHMI3aIlisi OKpPEeMUX
€JIEMEHTIB, a i 1HTeTpallis TONOMIKHUX TEPMOAMHAMIYHUX ITHKITIB
y 3arajbHy apXiTeKTypy XOJIOIUIBHOI CHCTEMHU.

Jlireparypa
1. 3asBka Ha BuHaxix Ne a202504410 «['iOpugna aGcopb-
[iIHO-KOMITpECiiiHA XOJIOIMIbHA crcTeMa 3 Bukopuctanusm CO,
1 mponany» / B.B. Tpannmadinos, M.I. XmenbHiok. — Ilogana
2025. — YkprnareHr.
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Introduction. The integrated energy plants (IEP) for
combined refrigeration, heat and power supply (trigeneration)
have growing application [1, 2]. The reciprocating gas fueled
engines are used as prime engines [3, 4]. A widespread application
of gas engines in IEP for combined supply of electricity, heat
and refrigeration is due to well matching current duties [5,
6]. The gas engines are manufactured as cogeneration engine
modules equipped with heat exchangers for producing hot water
or steam by using the heat of exhaust gas, intake air and charged
gas-air mixture of engines, engine jacket and lubricant oil
cooling water.

With rise in intake air temperature the efficiency of gas
engines and IEP reduces: electricity decreases and specific fuel
consumption increases [7—10]. Therefore, the heat released from
the engine and conversed into refrigeration can be used for cooling
engine cyclic air [11, 12].

The most widespread absorption lithium-bromide chillers
(ACh) of a simple cycle enable to provide cooling air to the
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temperature of about 15°C with a high coefficient of performance:
COP of 0.7 to 0.8 [13, 14]. The most simple in design and cheap
are jet devices: thermopressors [15, 16] and refrigerant ejector
chillers (ECh) [17, 18]. The ECh are able to provide cooling
air to the temperature of 10°C and lower but with less COP of
0.2 to 0.35 [19, 20] that requires inlarged heat and application
of high efficient air coolers [21, 22].

The analysis of the IEP efficiency reveals the presence of large
heat losses caused by discrepancy of temperature conditions
for efficient performance of ACh and gas engine. So, issuing
from the condition of engine maintenance at the appropriate
thermal rate that provides its reliable operation, the temperature
of a return hot water as a coolant entering the engine cogeneration
system from ACh, is limited to design value of 70°C [3-5].
If it is exceeded, a surplus heat of return hot water is rejected
to atmosphere.

The excessive heat of return hot water rejected to atmosphere
in conventional practice of IEP operation can be converted into
refrigeration by combined absorption-ejector chillers (AECh)
[19, 20, 23]. With this the efficiency of IEP should be estimated
by modified criteria [24, 25].

The purpose of the work is increasing the efficiency
of conversing the gas engine exhaust heat into refrigeration
to match the performance of absorption chiller and gas engine.

Methodology. The problem of increasing the efficiency
of conversing the gas engine recoverable heat into refrigeration
is solved for a IEP for combined energy supply of factory
“Sandora”—“PepsiCo  Ukraine” (Nikolaev, Ukraine). The
trigeneration plant, equipped with two cogeneration Jenbacher
gas engines JMS 420 GS-N.LC (electric power N, = 1400 kW,
heat power N, = 1500 kW) and a single-stage ACh.

The ACh recovers the heat of engine jacket and lubricant
oil cooling water, high temperature charged gas-air mixture and
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engine exhaust gas to produce a chilled water for technology
process cooling and conditioning of air in engine room.

The scheme of the existing system of conversing a gas engine
recoverable heat into refrigeration by ACh is presented in Fig. 1.

Ambient air Radiator
35°C o
v
P ~_30°C "7
\ - ﬁJu
\\ mp
|
|
/1
/
r
|
Emergency
radiator
2 70°C
Gas Engine ~ Return [ = /P —
water P esec Cooling tower
W
coolery  90°cY ACh  3¢c ¢
75°C
S gii
. P
4
30°C

vA
Technological consumers

Fig. 1. The scheme of the existing system of conversing gas engine
recoverable heat into refrigeration by ACh: OC — oil cooler;
JC — jacket cooler; SAC,; and SACy;; — low- and high-temperature
scavenge air coolers (of charged gas-air mixture)

According to the conventional scheme in Fig. 1 the temperature
of return hot water from ACh ¢ is about 75 to 80°C, i.e. above
its design value of £, =70°C at the inlet of heat exchangers
of cogeneration engine module, providing appropriate engine
thermal rate. Therefore, a part of return water is cooled in a return
water cooler (RWC) with rejecting excessive heat by emergency
radiator into the atmosphere.

Return of excessive heat to a single-stage absorption chiller
is impossible because of its temperature ¢, = 75...80°C lowered
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than design temperature of the supply hot water for a single-
stage absorption chiller: £, = 90...95°C. Fall of the supply
hot water temperature would cause dropping the efficiency
of transforming a gas engine recoverable heat into a refrigeration
in a single-stage absorption chiller — decrease in coefficient
of performance (COP) from nominal (design) value of about 0.7
to 0.5 and lower.

In order to estimate a magnitude of excessive heat rejected
to the atmosphere and to reveal the reserves for its reduction
through returning the heat exhausted to the exhaust heat recovery
cycle to produce the additional refrigeration, the analyses of the
data on hot water temperatures ¢,, received during monitoring
of IEP parameters, have been made.

The temperatures of supply hot water ¢,, to ACh from
cogeneration engine module, of return hot water after ACh
t,. (before return water cooler RWC for rejecting excess heat
by emergency radiator to the atmosphere) and of return hot water,
cooled by rejecting excessive heat to the atmosphere (after RWC),
1.e. hot coolant at the inlet of gas engine module ¢, are given
in Fig. 2.

Temperature difference of supply hot water to ACh and return
hot water after it, i.e. temperature drop of hot water in the ACh,

fyy, °C fys °C tys, °C
100 100 90

90 90 80

80 L 80 MTJ\\\M“__, Y I Y S —

70 70 60

60 60

50 50

40 40
30 30

20 20 20
10 10 10
0 0 | | | 0 : : .
0:00 600  12:00 1800 7 h 0:00 6:00  12:00 1800 th 0:00 6:00 12:00  18:00 zh

a b c

Fig. 2. Temperatures of supply hot water ¢,, to ACh (a),
return hot water after ACh ¢,, (b) and cooled return hot water at the
inlet of gas engine ¢, (c)
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ty1 — t., and temperature difference of return hot water from
ACh and cooled return hot water at the inlet of gas engine, i.e.
temperature drop of return hot water due to rejecting excessive

heat to the atmosphere, ¢, — .5, are given in Fig. 3.

t\vl'tw4’ oc lw4'tw5¢ °C
25 5 10 7
] 93
20 1 8 3
] 71
15 ] 6 3
5 3
10 ] 43
] 33
5 2 3
] 1
[ e e A 0 +—r—r—rrrr——trrrrrrr—rr
0:00 6:00 12:00 18:00 7, h 0:00 6:00 12:00 18:00 7, h
a b

Fig. 3. Temperature drops of hot water in ACh ¢, — ¢, (a)
and of return hot water due to rejecting excessive heat to the
atmosphere ¢, — t,5 (b)

As Fig. 3 shows, that temperature drops of hot water in the
absorption chiller, ¢, — ¢,,, are closed to their design value of 15 °C.
Meanwhile, the temperature drops of return hot water caused
by rejecting excess heat to the atmosphere are rather essential:
tys — tys = 5°C, that testifies to considerable heat wasted.

Results. The results of calculations of the heat O, rejected
to the atmosphere were compared with heat Q,, used by ACh
(Fig. 4).

The share of heat rejected to the atmosphere Q, caused
by necessity to maintain the temperature of cooled return hot water
(hot coolant for gas engine) at the input of gas engine module
at the rate of 70°C, is about 40 % of heat consumed by ACh and
actually third of cogeneration engine module thermal capacity
1400 kW.
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Fig. 4. Valueses of heat used by absorption chiller Q,, (a)
and heat rejected to the atmosphere Q,, (b)

The heat recovery system with using the excessive heat
(normally rejected to the atmosphere) in ejector chiller (ECh)
to produce addition cold for gas engine cyclic air cooling was
developed and its efficiency was estimated based on the monitoring
data.

It is possible to avoid heat losses inherent in the typical heat
recovery system by increasing a temperature rate of excessive
heat (normally rejected to the atmosphere) up to design value
of 90...95°C to be used as activation heat source for ACh.
A gas boiler, normally available at any factory as booster
boiler, can be applied to heat up the return hot water. So,
an additional return hot water circulating contour with booster
gas boiler might be integrated into the existing heat recovery
system (Fig. 5).

Actual refrigeration capacities of ACh using the currently
available heat excluding heat losses caused by rejecting
excessive heat to the atmosphere (without heating up the return
hot water) QOA and additional refrigeration capacities Q0w due
to recovering excessive heat boosted by gas boiler Qw are given
in Fig. 6.
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Fig. 5. The scheme of modified system of transforming gas engine
recoverable heat into refrigeration by absorption chiller:
SACLT and SACHT - low- and high-temperature scavenge
air coolers of charged gas-air mixture
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Fig. 6. Refrigeration capacities of ACh without boosting excessive
heat O, () and additional refrigeration capacities Q,,
due to recovering excessive heat Q,, (b)
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As one can see, due to recovering excessive heat Q,, normally
rejected to the atmosphere, it is possible to maximize the recovery
of the available thermal energy and to increase refrigeration
capacity of the actual trigeneration plant by Q,, =300 kW,
picking it by about 50 % up to design refrigeration capacity
of a trigeneration Jenbacher gas engine module JMS 420 GS-N.
LC: Qg, + Q,, = 1000 kW.

First of all it should be noted, that the approach to transform the
gas engine exhaust heat into refrigeration by ACh of a simple cycle
through increasing a temperature rate of excessive heat of return
hot water (excessive heat normally rejected to the atmosphere)
up to desirable value (Fig. 5) is the most efficient for multi engines
IEP with at least two ACh. In this case the addition heat is used
for boosting the heat feeding to the second ACh thereby increasing
the refrigeration capacity and the flexibility of the trigeneration
plant operation in the whole. The increased refrigeration capacity
can be used for gas engine cyclic air cooling to enlarge the engine
power output and electricity production as a result, accompanied
by reduction of specific fuel consumption.

The simplest in implementation and most expedient solution
to recover the relatively low-temperature heat of return hot
water from ACh of the rate of 75...80°C is the application
of ejector chiller (ECh) as a low temperature stage of two-stage
absorption-ejector chiller (AECh) with ACh as a high temperature
stage [34, 35].

The additional refrigeration capacity, gained due to deep
recovering the heat exhausted from the engine, is used for engine
cyclic air cooling: intake air at the suction of turbocharger
in two-stage air cooler with boiling refrigerant of ECh in the
low temperature stage and chilled water from ACh in the high
temperature stage of air cooler and scavenge air-gas mixture
cooling through using chilled water from ACh for subcooling the
scavenge air cooling water, precooled in radiator by ambient air,
in booster cooler after radiator (Fig. 7).
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Fig. 7. The scheme of innovative system of deep transforming
the gas engine exhaust heat by combined AECh: SAC,; and SAC; —
low- and high-temperature scavenge air coolers of charged gas-air
mixture; AC,; and ACy; — low- and high-temperature air coolers
of engine intake air

Such engine in-cycle trigeneration provides enhancing engine
fuel efficiency [5] and prolong the time of efficient operation
of trigeneration plant since cooling demands for technological
needs have, as a rule, periodic character.

Conclusions. The analysis of conversing the exhaust heat from
gas engine of IEP into refrigeration by ACh, based on monitoring
data, has revealed the considerable heat losses of about 40 %
of ACh heat consumption and actually third of cogeneration
engine module thermal capacity 1400 kW, caused by conflicting
requirements of temperature conditions for effective performance
of ACh and gas engine. So, issuing from the condition of engine
maintenance at the appropriate thermal rate that provides its
reliable operation, the temperature of a return hot water (as hot
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coolant for gas engine) entering the engine cogeneration system
from ACh, is limited to the value of 70°C. If it is exceeded,
a surplus heat of return hot water is rejected to atmosphere.

The approach to transform the gas engine exhaust heat
into refrigeration by ACh of a simple cycle through increasing
a temperature rate of excessive heat of return hot water (excessive
heat normally rejected to the atmosphere) up to desirable value
is discussed as the most efficient for multi engines IEP with at least
two ACh. With this the addition heat is used for boosting the heat
feeding to the second ACh thereby increasing the refrigeration
capacity and the flexibility of the trigeneration plant operation
in the whole.

The innovative heat recovery system with using the excessive
heat (normally rejected to the atmosphere) in ejector chiller
(ECh) to produce addition refrigeration capacity for gas engine
cyclic air cooling was proposed as the simplest regarding to the
implementation and the most expedient solution to recover the
relatively low-temperature heat of return hot water from ACh
of the rate within 75 to 80°C.

Two-stage absorption-ejector chiller (AECh) with ejector chiller
(ECh) as a low temperature stage and ACh as a high temperature
stage is proposed to utilize the advantages of each chiller.

Two-stage gas engine inake air cooling system with boiling
refrigerant of ECh in the low temperature stage and chilled water
from ACh in the high temperature stage of air cooler.

Therefore it is reasonable to apply ECh as a low temperature
stage and ACh as a high temperature stage of two-stage absorption-
ejector chiller (AECh). A combined AECh is able to provide
engine cyclic air deep cooling and enhance engine fuel efficiency.

Such in-cycle trigeneration provides engine cyclic air deep
cooling leads to enhancing engine fuel efficiency and prolonging
the time of efficient operation of trigeneration plant, since
cooling demands for technological needs have, as a rule, periodic
character.
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Introduction. A fuel efficiency of ship engines is increased
when intake air is lowered [1-3]. This might be performed
by cooling air in the chillers which transform a heat of engine
exhaust gas and scavenge air to refrigeration [4-8]. The
absorption chillers of lithium-bromide type (ACh) have a high
efficiency with coefficient of performance (COP) of about 0.7 [8].
But they are complicated and need a special room. The simplest
jet thermopressor coolers are not able to provide deep cooling
of scavenge air because they require a high temperature difference
between air and a highly dispersed water droplets sprayed into
accelerated air flow to conduct instantaneous its evaporation
with minimum pressure drop of air [7]. The ejector chillers
(ECh) include heat exchangers which can be placed on the board
side and transverse bulkheads in engine room. Meanwhile their
efficiency is less than LBCh: COP = 0.2 — 0.3 depending on the
temperatures of heat source, boiling and condensing refrigerant
[9-12]. Their application needs enlarged heat which might
be satisfied by additional heat sources (hot jacket cooling water
as an example) or deep utilization of exhaust gas down to lower
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temperatures of about 110-130°C [11, 12]. The application
of ACh with an ejector booster stage would enable to solve the
problem [8, 13].

The effect gained due to cooling depends on intake air
temperature drop and the time of engine operation at decreased
intake air temperature. Thus, as a primary criterion the cooling
degree hour (CDH) number is used to estimate the fuel efficiency
of engine due to intake air cooling over the ship routes [14]. With
this the engine intake air cooling potential, depended on ambient
air temperature, is limited by its value available according
to engine heat removed and the efficiency of its converting
to refrigeration, id est. COP of the chiller applied and a cooling
deepness. Therefore it should be determined by comparing both
needed and available values of CDH.

Most of criteria of engine intake air cooling (EIAC) efficiency
are proceeding from the approach to cover the maximum current
and annual summarized values of thermal loads and effect gained,
that leads to EIAC system oversizing.

The purpose of this work is to evaluate the potential
of cooling intake air of ship main diesel engines and its realization
in developed system with ejector chiller transforming the engine
exhaust heat at the real climatic conditions on the ship route.

Methods. The effect due to cooling depends on the suction
air temperature drop Af, and a time 1T of engine operation
at decreased intake air temperature ¢,. Therefore CDH number
is applied as a primary criterion to evaluate the fuel efficiency
of marine engine with cooling sucked air along the ship
routes:

2.CDH =} (Az, - 1), (D
where At, =t

.in — 1o — decrease of engine suction air temperature;
t,., and ¢, — air temperature at the air cooler inlet and outlet
accordingly;
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Tt — duration of engine operation at corresponding air
temperature depression At,;
CDH = At, - t — actual cooling degree hours.

The actual current value of CDH = A¢, - 1, id est. fort=1 h,
coincides with the value of actual air temperature decrease due
to cooling: CDH = A¢,.

The engine fuel saving ) B along the ship routes is calculated
by summation as:

YB=>[(At, - 7) (Ab,/ At)) - P, or 3B =3CDH (Ab,/ At,) - P,, (2)

where b, — a specific fuel consumption (for engine power of
1 kW), g/kWh;
Ab, | At,—specific fuelreduction dueto suckedairtemperature
depression by 1°C [1-3]);
P, — engine power, kW.

As an example a diesel engine 6S60MC6.1-TI is considered
as the main ship engine: nominal power P, = 12.24 MW and
continuous service power P,= 10 MW, sucked air flow rate
G,=23 kg/s [1, 2].

A cooling capacity Q,, when cooling air of flow rate G,:

QO = ¢, é ’ Ata ) Gw (3)

where & — specific heat ratio calculated as the ratio of overall
latent and sensible heatreleased from the air to the sensible
heat;
¢, — humid air specific heat, kJ/(kg - K).

The air temperature in the ship engine room #;; while
sailing in warm period is higher the temperature of ambient
air ¢,,, by 10°C [1, 2]. So, if the engine turbocharger sucks the
air from engine room the air temperature at the cooler inlet
is ¢ + 10°C. But if the ambient air is sucked through

ain amb
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a special air duct, the ambient air temperature is increased
only by about 5°C due to heat transfer from engine room
to the sucked ambient air and its temperature at the cooler inlet
1St =t T 5°C and a thermal load on EIAC system is less than
in the first case.

Due to reduced values of temperature drop required for cooling
air to 15°C in the case of ambient air sucked through the air duct
with a temperature increased by 5°C in contrast to the air sucked
from engine room with a temperature increased by 10°C the
required cooling capacities Q,,s for cooling engine sucked air
to 15°C are reduced too.

The minimum temperature of air cooled 7, depends
on the boiling refrigerant temperature ¢, and is accepted
as t, =t,+ 8 =15°C, where t, = 7°C and temperature difference
at the air cooler outlet §°C.

A real cooling capacity of ECh Q, is calculated proceeding
from the actual value of the heat released from the exhaust gas

0, as
0, =COP O, (4)
with
Qh = Cexn Atexh ’ Gexh (5)
and exhaust gas parameters: c,,, — specific heat; Az, — temperature
drop and G, — exhaust gas flow rate, kg/s.

The authors developed the original method of EIAC system
rational designing focused to define a design thermal load
(cooling capacity) through comparing both actual values of CDH
(for T =1 h) needed for cooling sucked air to a target cooled air
temperature ¢, (1), on one hand, and available actual CDH number
proceeding from the exhaust heat converted to cooling capacity
with a definite COP according to the chiller applied, calculated as

CDH:QO/Caé'GaD (6)
where actual value of CDH = Az, for t=1 h.
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Thus, basing on the actual values of CDH and sucked air
temperature drop Az, accordingly (6) the actual fuel reduction due
to sucked air cooling is calculated:

B=At, (Ab,/At,) - P,or B=CDH (Ab,/At,) - P.. (7)

The engine fuel saving }'B along the ship routes according
to available actual values of CDH and corresponding temperature
drop At, is calculated by summation according to (2).

Proceeding from the results of comparing both values of CDH
number needed for cooling sucked air and real CDH number
proceeding from the exhaust gas heat and corresponding engine
fuel saving ) B along the ship routes accordingly, the conclusion
concerning the required heat sources from the engine can be made.

Results of investigation. A scheme of diesel engine (DE)
sucked air cooling system has been developed (Fig. 1).

The route Odesa-Yokogama (1.07...27.07.2019) is considered.
The values of temperature tamb and relative humidity @amb
of ambient air along the route are taken each 3 hours based on the
meteorological data (Fig. 2).

Changes in temperatures t,;, of air at the inlet of air cooler
at the engine turbocharger, current values of temperature drop
At, in ECh transforming the heat of exhaust gas and its potential
values At,;s; when cooling to 15°C in response to ambient air
temperatures t,,, along the route for both cases of sucked air
feeding to the air cooler: from engine room and through air duct
are presented in Fig. 3.

Current values of air temperature drop Af, due to cooling
in ECh, using the heat Q, of exhaust gas and potential temperature
drop At, s from the temperature in engine room ¢,,, to a target air
temperature 15°C as At,s=1,,, — 15°C, corresponding actual
CDH and required CDH,; , as well as the values of real reduction
of engine specific fuel consumption Ab, according to CDH and
At,, transformed from the heat Q, of engine exhaust gas, and
potential reduction of specific fuel consumption Ab,,s that would
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Fig. 1. A scheme of EIAC system with ECh transforming the exhaust
gas heat: T and C— turbine and compressor of engine turbocharger;
Exh.SB — exhaust steam boiler; SC-G — steam condenser- generator
of ECh; SAC — compressed scavenge air cooler; E-AC — evaporator

of refrigerant-air cooler; Con — condenser; Ej — ejector;
EV — expansion (throttling) valve; P — pump; DC — droplet catcher;
Con-t — water condensate; HC — heat consumer, Ac — feed water
accumulator; SS —separator of steam
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Fig. 2. Changes in temperature ¢,,,, and relative humidity ¢,,,, of
ambient air along the route Odesa-Yokogama (1.07...27.07.2019)
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Figure 3. Changes in temperatures ¢, of air at the inlet of air cooler,
real values of temperature drop Az, in ECh and its potential values A5
when cooling to 15°C in response to ambient air temperatures
t.., along the route: a — air sucked from engine room,

+ 10°C; b — ambient air sucked through air duct,
t +5°C; Aty =t,,— 15°C

ain amb

t

ain amb

be possible due to cooling sucked air to 15°C for both cases
of sucked air feeding to the air cooler at the suction of engine
turbocharger are presented in Fig. 4 and 5. It should be noted,
that current CDH number per 1 hour coincides with actual air
temperature drop At,.
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The corresponding summary real reduction of fuel
consumption XB, (according to real Az, due to exhaust heat Q,),
and potential summary reduction of fuel consumption By , that
would be possible due to cooling sucked air to 15°C, as well
as corresponding actual CDH and summary XCDH, potential
current CDH,; and summary XCDH,; numbers if sucked air
cooling to 15°C are plotted too.

With this the specific fuel consumption reductions Ab, and
Ab, s as well as their summary absolute values of fuel saving
¥B, and XB,; on the route were calculated by program
“mandieselturbo” [3]. As Fig. 4 shows, the actual values
of air temperature reduction due to cooling in ECh, using
the exhaust heat @, , are varying within Az, = 10...15°C,
whereas potential possible temperature drops Atf,s from
inlet air temperature ¢,,, to 15°C are considerable higher:
At,s=25...30°C.

As it is seen, the reduction in specific fuel consumption gained
through sucked air cooling in ECh transforming exhaust gas heat
only, Ab,=1.7...2.5 g/(kW-h) (Fig. 4), whereas the potential
values Ab,s, possible due to cooling sucked air to 15°C are
considerable more Ab, s = 2.5...3.5 g/(kW-h) for air sucked from
engine room (Fig. 5,a) and not so exceeding when ambient air
is sucked through air duct: Ab,; =2.0...3.0 g/(kW-h) (Fig. 5,b).
As a result the summary fuel consumption reduction real
2B,~= 14 t and potential B,5~ 19 t for air sucked from engine
room (Fig. 5,a) and ZB,5~ 12 t for ambient air sucked through
air duct (Fig. 5,b).

The correlation between the reduction in specific fuel
consumption Ab, gained by sucked air cooling in ECh transforming
exhaust gas heat and its potential value Ab, s due to sucked air
cooling to 15°C as well as their summary values XB, and XB;
and corresponding available specific cooling capacmes of ECh
q, and required cooling capacities ¢, s for sucked air cooling
to 15°C becomes evident from Fig. 6.

a.in
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Fig. 4. Actual real values of CDH corresponding air temperature
drop At, in ECh and specific fuel consumption reduction Ab,
and real summary XCDH and fuel reduction B, gained when
transforming the exhaust heat O, on the route:
a — air sucked from engine room; b — ambient air sucked through air duct

As Fig. 6 shows, at practically the same summary reduction
in specific fuel consumption gained by sucked air cooling in ECh
transforming exhaust gas heat XB; for cooling both air sucked from
engine room and through air duct, the excess of potential summary
fuel consumption reduction XB,5 due to cooling air sucked from
engine room over its real available value B, (Fig. 6,a) is more higher
than its value for ambient air sucked through air duct (Fig. 6,b).
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Fig. 5. Current CDH,; numbers corresponding to temperature
drop At,;s when cooling air to 15°C and specific fuel consumption
reduction Ab,s, potential summary XCDH,; and corresponding
summary fuel reduction XB5 on the route:

a — air sucked from engine room; b — ambient air sucked through air duct

This is proved by the lack (signed as deficit) of real current
specific fuel consumption reduction Ab,_,; and summary total
fuel reduction B, calculated as excessive values of potential
current and summary fuel reduction over the real available values
Ab, and ZB,, more higher for cooling air sucked from engine room
(Fig. 7,a) than its value for ambient air sucked through air duct
(Fig. 7,b). It is caused by reduced lack (deficit) g, 4 of available
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Fig. 6. Actual real values of specific fuel consumption Ab, by sucked
air cooling in ECh transforming exhaust gas heat and its potential
value Ab, s due to sucked air cooling to 15°C, their summary values
2B,and XB,; and corresponding available specific cooling capacities of
ECh ¢, and required cooling capacities ¢, s for sucked air cooling
to 15°C on the route

cooling capacities of ECh according to the exhaust gas heat
transformed compared to ¢, ;s needed for cooling air to 15 °C in the
second case when air is sucked through air duct (Fig. 7.,b).

Thus, the lack of real available current specific fuel
consumption reduction Ab, 4, and summary total fuel reduction
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Fig. 7. Actual values of the lack (deficit) of real current specific fuel
consumption reduction Ab, 4. and summary total fuel reduction B, 4,
deficit ¢, 4. of available specific cooling capacities of ECh ¢, compared
to their values needed for cooling air to 15°C: At,,s = t,;, — 15°C;
Goder = Go1s — Go 5 Abeger = Abeys — Ab, 5 By yor =2B,s —2B;

>B;4» compared to their potential values Ab,,s and XB;s,
when cooling air sucked from engine room are more higher
than their values for ambient air sucked through air duct.
So as it 1s caused by the deficit of available cooling capacities
¢o.4.r Of ECh transforming the exhaust gas heat, the task of raising
the available cooling capacities g, can be solved by transforming
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the addition heat sources, for instance the heat of scavenge air,
or by applying the chiller with a higher COP. Thus, in the case
of cooling ambient air, sucked through air duct, the application
of ECh with COP = 0.35 enables to cover current cooling needs
0,5 for cooling air to 15°C. When the addition heat sources
transformed by ECh are enough to cover actual cooling needs
along the ship route a designed thermal load that excludes EIAC
system overestimating has to be determined.

Discussion. In order to avoid the errors caused by variations
of current effect in engine fuel reduction gained due to EIAC
along the ship route and to simplify the calculation procedure
the fluctuations of current values of fuel reduction are considered
by their summation. Thereby the rate of summary fuel reduction
over the route characterizes the rate of EIAC system loading id est.
the efficiency of its application.

Due to such approach the rate of summary fuel reduction
over the route characterizes the rate of EIAC system loading
id est. the efficiency of its application. So, the task is to avoid the
overestimation of EIAC system installed cooling capacity.

This method allows to reveal the peculiarities of defying
the thermal loads of EIAC systems, characterized by increased
fluctuations in current values of fuel reduction. With this
the summary XCDH,; for sucked air cooling along the route
is applied as a primary criterion for further calculation of fuel
saving.

Firstly, the optimum design cooling capacity that provides
the maximum rate of the summary XCDH,; number increment
for the route has been determined. With this the ratio
YXCDH,; / g, of the route summary XCDH,; number to specific
cooling capacity q, is used as indicative parameter to define its
maximum and corresponding optimal cooling capacity ¢ sey
and XCDH,;,,, (Fig. 8).

As Fig. 8 shows, the value of the summary number
XCDH;5,, = 15-10°°C-h, corresponding to the maximum value
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of the ratio ZCDH,s /g, as the point “Opt” on the summary
curve XCDH 5, = flq,), is very closed to the maximum value
YCDHs,, ® 16-10°°C-h. The latter means, that the optimal
value g, 5., can be used as a rational design cooling capacity. Such
conclusion is very useful in practical sense due to simplifying the
calculation procedure of design cooling capacity.

YCDH-10-3, °C-h >CDH/gq,, °C-h/kW/(kg/s
18" 9o g
16 1ZCDHs, .,

3 ’ - 250
14 EECDHISOpt ptly
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‘ ‘ o.15 pt
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Fig. 8. The curve of the summary XCDH,; number for cooling engine
sucked air to 15°C and the ratio XCDH,; / ¢, against the specific
cooling capacity ¢,

Proceeding from the mentioned above and our results [14,
15], the following generalized conclusion can be stated that
for marine operation as well for land subtropical and tropical
climates the optimal value of cooling capacity ¢, providing
the maximum rate of the increment in summary effect, gained
due to EIAC, and minimum EIAC system sizing accordingly,
can be used as a rational design cooling capacity. Such effect can
be estimated by ZCDH number as primary criterion for calculation
of fuel saving and power enhancement as well as refrigeration
production in air conditioning systems for comfort or energetic
application.
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Conclusion. The efficiency of application of developed
EIAC system with ECh for cooling sucked air of marine diesel
engine has been analyzed for operation at real climatic conditions
on ship route. The ECh as the cheapest and simplest chiller
generally consisting of heat exchanges easy mounted on the
transverse and board side bulkheads and free places in ship
engine room is considered for transforming engine exhaust gas
heat to refrigeration.

Cooling both air sucked from engine room as well as air
sucked through air duct has been investigated. While sailing
in warm period the temperature of air in engine room is higher
than the temperature of ambient air by 10 °C, whereas when the
ambient air is sucked through duct the ambient air temperature
is increased only by about 5°C due to heat transfer from engine
room surroundings to the sucked ambient air and a thermal load
on EIAC system is less than in the first case.

The original simplified and simultaneously precise method
of EIAC system designing focused to determine a design cooling
capacity providing a maximum fuel reduction along the ship route
line without oversizing has been developed. The method is based
on the ship route line fuel reduction according to corresponding
summary cooling degree hours (CDH) as primary criteria
for further more complicated economical analysis. With this
a cooling degree hour CDH number is used for calculation
of fuel reduction.

So as the efficiency of transforming engine exhaust gas
heat to refrigeration in ECh with COP of about 0.3 to 0.4 is not
high enough, a design cooling capacity has been determined
by comparing both values of CDH numbers: needed for cooling
sucked air to the set cooled air temperature of 15 °C and real CDH
numbers defined proceeding from the exhaust heat converted
to cooling capacity.

The results of calculations based on the developed designing
method revealed that for route line in equatorial climatic
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conditions the real CDH numbers proceeding from engine exhaust
gas heat transformed to cooling capacity by ECh are considerably
less than CDH values required for cooling the air sucked from
engine room air to 15 °C, that needs to involve the addition heat
sources. The application of ECh provides reducing the sucked
air temperature of diesel engine by 15...20°C and respective
decrease of specific fuel consumption by 2.0 to 2.5 g/(kW-h).

In the case of cooling ambient air, sucked through air duct,
the available cooling capacities of ECh are quite closed to their
values needed for cooling air to 15°C. This is caused by less
thermal load on EIAC system due to sucked air temperature
lowered by 5°C compared to their values in engine room. Thus,
the application of ECh enables to cover current cooling needs for
cooling air, sucked through air duct, to 15°C.

The excessive values of potential current and summary fuel
reduction over the real available values are more higher for
cooling air sucked from engine room than its value for ambient
air sucked through air duct. In order to increase a depth of air
cooling which would provide stably low sucked air temperature
at the input of turbocharger of about 15°C during all the route
time, it is necessary to involve additional heat source for ECh,
for example a heat of scavenge air after turbocharger. The
fuel saving due to engine intake air cooling by ECh could
be increased practically twice by using exhaust gas heat and
scavenge air.
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Introduction. Thermodynamic efficiency of gas turbines
(GT) reduces with increasing inlet ambient air temperature ¢,:
power output drops by 0.5 to 0.9 % and specific fuel consumption
increases by 0.35 to 0.7 g/(kWh) for every 1°C rise in inlet
air temperature [1-3]. An increase in GT efficiency at high
air temperatures is possible by turbine inlet air cooling (TIC)
in waste heat recovery chillers using exhaust gas heat [4, 5].

In absorption lithium-bromide chillers (ALBCh) of a simple
cycleaninletair canbe cooled practicallyto?,=15 °C (temperature
of chilled water ¢, = 7°C) with high coefficients of performance
COP of 0.7 to 0.8 (COP is a ratio of generated refrigeration
capacity Q,, kW, to the consumed heat Q,, kW) [6—10], Whereas
in the simplest and cheap refrigerant ejector chillers (RECh)
using high volatile fluids (refrigerants) — to lower temperatures ¢,,
of 7 to 10 °C (temperature of boiling refrigerant t, of 2°C to 5°C),
but with low COP 0f0.2t00.3[11, 12]. Due to simple constructions
without moving elements jet technologies (ejector, jet pump and
thermopressor) gained widespread applications in gas turbines
[13—15], gas engines [16—19] and internal combustion engines.
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Therefore it is quite reasonable to apply the chillers of combined
absorption-refrigerant ejector (ARECh) type with using a high
efficient ALBCh as a high-temperature stage of air cooling from
ambient air temperatures ¢, to 7, = 15°C and with less efficient
RECh as a low-temperature stage for further cooling air lower
than 15°C [17-20].

A large number of publications is aimed for enhancing the
efficiency of exhaust gas heat converting to refrigeration for
turbine inlet air cooling. To increase the efficiency of cooling air
in actual climatic conditions a two-stage deep cooling in combined
ARECh [17-20] has been proposed as a novel approach
in combustion engine air cooling. Air cooling in ARECh provides
for temperate climatic conditions about 1.5 times greater annual
reduction in fuel consumption compared to cooling in ALBCh.

For estimation of GT inlet air cooling potential a simple
parameter, calculated as air temperature decrease Ar=t,— ¢,
multiplied by the corresponding hours lapsed, in terms of cooling
degree hours (CDH) and their annual values are used [21-23].
Yearly ambient temperature distribution is important input data
for energy analyses and a design cooling load. A sinusoidal
function for the ambient temperature probability distribution was
proposed [24-26].

A design refrigeration capacity of the cooling systems
should be selected to cover the current needs and provide
a close to maximum annual effect avoiding oversizing.
A lot of researches deal with rational sizing the cooling systems.
A majority of approaches for designing the TIC systems is based
on the refrigeration capacity to cover the peak cooling load, that
can leads to considerable oversizing, or on cumulative effect
characteristic built by the samples of its current values [27, 28].
With this a design thermal load is selected proceeding from
80 % of the cumulative effect maximum and overestimating
its value corresponding to the maximum of cumulative
characteristic [29].
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The last researches exposed the great reserves in further
development of cooling system designing methods for enhancing
the operation efficiency of combustion engines and based
on them CCHP systems [30, 31].

The goal of research is to increase the fuel efficiency of gas
turbines through rational designing the TIC systems of absorption-
refrigerant ejector (ARECh) type with absorption chiller as a high-
temperature and ejector chiller as a low-temperature cooling
stages as advanced combined version to expose the addition
advantages of the novel approaches and methods developed.

Research methodology. The installed (design) refrigeration
capacity Q, of TIC system, on the one hand, has to cover GT inlet
air cooling demand during as long time of GT operation all the year
round as it is possible, providing the greatest annual fuel saving.
On the other hand, a design refrigeration capacity Q, should not
be overestimated that the most part of year a TIC system would
operate at a high load level close to a design value.

The task of the present research is to develop a simplified
method of defying the rational design refrigeration capacity that
enables to achieve close to maximum annual fuel saving without
TIC system oversizing and thereby to improve the turbine
performance efficiency.

The progress in designing methods of energy systems firstly
consists in novel approaches in fundamental sense, enabling
to reveal new possibilities for more efficient performance
(including the principal scheme solutions) accompanied
by the modern methods of controlling and measurements with
required accuracy as the next step. Following this management
philosophy the authors issue from the methodological approach
to provide more precise values of the TIC system installed
refrigeration capacity that results to shortening the unproductive
operation without gaining noticeable annual effect increment and
reducing the inaccuracies introduced by approximating procedure
within input climatic data processing in traditional designing.
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The reduction in unproductive range of TIC system operation
leads to narrowing the range of controlling and to raising its
efficiency.

A method of phenomenological analysis (like in [32]) of the
TIC system operation efficiency in site changeable climatic
conditions has been conducted through evaluating the system
cooling potential and supplemented by the simplest numerical
simulation. The author's point is “the simpler numerical
simulation due to logical analyses, the wider application of the
results in direction of synthesizing new solutions in designing
and operation”.

Thereal inputdata onsiteactual climatic conditions (ambient air
temperature z,,,, and relative humidity ¢,,,,) were taken by using the
well known program “meteomanz” (http://www.meteomanz.com)
as an example.

The annual fuel reduction ) B is used as a primary criterion.

The approximation of the current changeable effect, for
instance, in fuel reduction by yearly fuel saving cumulative curve
or corresponding thermal energy consumed for turbine intake air
cooling in chillers (Fig. 1 [27]) leads to inevitable inaccuracies
in traditional designing practice.
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Fig. 1. Cumulative thermal energy consumed by chiller for turbine
intake air cooling against the heat load on chiller [27]

53



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

As Fig. 1 shows, the approximation of the current changeable
thermal energy consumed by chiller for turbine intake air cooling
in the form of cumulative loading characteristic (cumulative
fuel saving curve accordingly) leads to inevitable inaccuracies
in traditional designing practice evaluated as 10 to 20 %
discrepancy.

In order to avoid the aforementioned inaccuracies, caused
by the approximation of the current values of changeable effect
in fuel reduction, their fluctuations (Fig. 1 [27]) were taking
into account by the summation of their current values as annual
fuel saving with their evaluation by different rate of their annual
increment.

Thus, the characteristic of current efficiency of TIC system
along the year, evaluated by fuel reduction, has been replaced
by the characteristic of its annual efficiency as annual fuel saving
dependence on refrigeration capacity.

The rate of its increment according to increasing a design
refrigeration capacity, as relative increment of annual fuel reduction
referred to refrigeration capacity Y B/Q,, is used as an indicator
to a rational design refrigeration capacity without TIC system
oversizing.

In order to conduct this methodological approach the
advanced methodology of TIC system designing based on the
annual fuel saving is developed. It includes addition stages
focused to define an optimal value of refrigeration capacity,
providing the minimum sizes of TIC system at maximum rate
of annual fuel saving increment, and its rational value, providing
a close to maximum annual fuel saving without TIC system
oversizing (chiller overestimating) at the second maximum rate
of annual fuel saving increment within the its range beyond the
first maximum rate.

As far as the proposed method does not involve any additional
numerical modelling besides a quite simple summation of the
current values of fuel reduction, it does not introduce any addition
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inaccuracies. Moreover, it excludes the inaccuracies caused by the
approximation of the current values of fuel reduction (Fig. 1 [27]).

Issuing from the aforementioned the validation of the proposed
designing method is estimated by the effect gained due to reduction
of design loads (system sizes accordingly) and excluding the
inaccuracies caused by the approximation procedure peculiar
to traditional methods (Fig. 1 [27]) as well as by its simplicity
and easy implementation in existing practice of designing all types
of combustion engines cooling systems.

General assumptions and hypothesis accepted to prove the
novel approaches to designing of TIC systems to improve their
operation efficiency are the following.

The considered method of TIC system designing focuses
to provide more precise value of design load at the primary
stage of designing as basic data for further complicated detailed
economic analysis for targeted purposes.

The annual fuel reduction ) B is used as a primary criterion.

The characteristic of current efficiency of TIC system,
estimated by fuel reduction as primary criterion, has been replaced
by the characteristic of its annual efficiency as annual fuel saving
(summarized current fuel reduction) dependence on refrigeration
capacity.

The summation of current values of the fuel reduction, gained
due to air cooling at varying thermal loading of TIC system, over
the year, allows to consider their changes by the rate of annual fuel
saving increment in response to design TIC system refrigeration
capacities.

The optimal value of refrigeration capacity, providing the
minimum TIC system sizes, is associated with the maximum
rate of annual fuel saving increment over the overall range
of refrigeration capacities and annual effect increment accordingly.

The rational value of TIC system design refrigeration capacity,
providing a close to maximum annual fuel saving without TIC
system oversizing, is associated with the second maximum rate

55



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

of annual fuel saving increment within the range beyond the first
maximum rate.
Calculation procedure.
The current hourly fuel saving B is calculated according
to correlation:
B =At-(Ab, /At )-P,. (1)
With this a climatic characteristic of GT as dependence
of specific fuel consumption b, and power output P, on turbine
inlet air temperature ¢, is used. In the case of GT without inlet air
cooling ¢, = t,.
The annual fuel saving ) B is calculated by summarizing
current fuel reduction B on a step by step (hour by hour) basis
as ) B:
>B =>[(At-7) (Ab, /At )-P,]. (2)
As an example the values of decrease Ab, in specific fuel
consumption for every 1K drop in GT inlet air temperature
Ab, ! At =0.35 g/(kWh-K) and power output of 10000 kW were
used for easy calculation of current B and annual ) B fuel saving data
for other GT power output. With this air mass flow rate G, is accepted
40 kg/s.
A total refrigeration capacity Q,, kW, when cooling air with
mass flow rate G

0,=c, & At, G, 3)
where At,=t,—t, — decrease of ambient air temperature;
t,, — set cooled air temperature at the outlet of turbine inlet
air cooler;
& — specific heat ratio of the total heat (latent and sensible)

to its sensible heat removed from air during cooling;
¢, — specific heat of humid air, kJ/(kg-K).

A method of calculating a design cooling load to achieve close
to maximum annual fuel saving and to avoid system oversizing
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includes new addition stages to determine the refrigeration
capacities. The calculation of an optimal refrigeration capacity
Qoops as the first addition step, providing a maximum rate
of annual fuel saving increment, is performed over the overall
range of refrigeration capacities needed for turbine inlet air
cooling to provide maximum annual fuel saving. With this
the relative annual fuel saving referred to corresponding
refrigeration capacity Y B / Q, is used as indicator of maximum
rate of annual fuel saving increment with corresponding
optimal values of O, and }B,,. It should be noted that
the values of O, and }B,, are considerable less than
their maximum.

The second addition stage of the method focuses to define
a precise value of rational design refrigeration capacity Q..
providing close to maximum annual fuel saving ) B, without
TIC system oversizing. With this a rational refrigeration
capacity Q,,. 1s associated with second maximum rate
of annual fuel saving increment within the range of annual
fuel saving (3B —->B,), where }B>3}B,, ie. beyond
the optimal annual fuel saving B, With this as indicator
the relative annual fuel saving [}B-)>B..]/ O, where
>B > > B, is applied.

The corresponding rational value of Q,, 1s less than its
maximum value by 15 to 20 %, but } B, is less than its maximum
value not more than by 1 to 3 %, i.e. practically equal to its
maximum.

Results of investigation. It is reasonable to cool inlet air
from current ambient air temperature ¢, to ¢, = 15 C in ALBCh
with high coefficient of performance COP is 0.7 to 0.8 but
deep air cooling from ¢, = 15°C down to #,, = 10 and 7°C has
to be performed in RECh with low coefficient of performance
COP is 0.2 to 0.3, i.e. to apply combined two-stage absorption-
refrigerant ejector chiller (ARECh) (Fig. 2).

opt
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Fig. 2. The schemes of traditional TIC system with ALBCh (a)
and developed two-stage TIC system with absorption- refrigerant
ejector chiller (ARECh): ACy; — air cooler high-temperature stage;
AC,; — air cooler low-temperature stage;

Exp.Valve — expansion valve

Cumulative characteristics B =f(Q, ) of TIC systems are built
as the samples of fuel reduction B for summarized duration 7
of every target refrigeration capacity @, needed for cooling
ambient air to various temperatures ¢, = 7, 10 and 15°C during
2017 in Mykolayiv region (southern Ukraine) (Fig. 3).
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Fig. 3. Cumulative values of samples of fuel reduction B for
summarized duration 7 of every target refrigeration capacity Q, (a) and
annual fuel saving > B due to cooling ambient air at the inlet of GT
versus refrigeration capacities O, needed for cooling ambient air at the
inlet of GT to ¢,, = 7, 10 and 15°C during 2017 in Mykolayiv region

As Fig. 3,a, shows, the maximum values of current
summarized fuel reduction B take place within wide ranges
of refrigeration capacities Q,: O, = 500...700 kW for ¢, = 15°C;
Q,=750...1100 kW for t,=10°C; Q,=950...1300 kW for
t,=17°C.

It is evident that the maximum values of current summarized
fuel reduction B should indicate the maximum rate of annual
fuel saving XB calculated by summarizing all the current fuel
reductions B through step by step procedure along the overall
range of refrigeration capacities O, for a considered temperature
of cooled air ¢, starting from zero value of Q, (Fig. 3.b).

Because of considerable fluctuation of cumulative fuel
reduction values B within a wide range of needed refrigeration
capacities Q, it is practically impossible to determine a proper
value of refrigeration capacity Q, , so called an optimal O, »
that would provide a maximum rate of annual fuel saving
¥B increment, as well as a rational refrigeration capacity Q, .
(without overestimating), providing the value of annual fuel
saving XB close to its maximum, according to annual fuel saving
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characteristics Y B = f(Q,) but without TIC system oversizing
(Fig. 4).
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Fig. 4. Cumulative values of fuel reduction B and annual fuel
saving Y B versus refrigeration capacities (, needed for cooling
ambient air at GT inlet to z,, = 7, 10 and 15°C during 2017
in Mykolayiv region

As Fig.3,b shows, the TIC system with ARECh of installed
refrigeration capacities Q,,, = 1300-1750 kW provide cooling
ambient air from current ambient temperatures ¢, to ¢, = 10 °C with
annual fuel saving Y B,, = 160 ton that is close to a maximum
value.

It is evidently seen that a rate of increment of annual fuel
saving > B is negligible. The range of refrigeration capacities
0, needed to provide a maximum value of ) B, i.e. to cover the
maximum current cooling duties Q,, is still wide. This approves
a considerable oversizing the TIC system, designed traditionally
to cover the maximum current cooling needs Q,. So, the proper
values of design refrigeration capacities (J, are to be determined
for appropriately sized TIC system.

60



ITnenapue 3acidanns

Furthermore, it is evident, that with increasing a set temperature
of cooled air ¢, from 7°C to 15°C it is more problematic
to choose quite precise values of rational refrigeration capacity
Oy 15 SO as behaviour of annual characteristic curve Y B = f(Q,)
becomes more slight (with negligible rate of increment) (Fig. 4).
To solve this task the original method of determining a rational
design refrigeration capacity [13] has been improved by adding
some addition stages aimed for calculation of optimal refrigeration
capacity Q. corresponding to a maximum rate of annual fuel
saving increment Y B/Q,-(Fig. 5,a), and more precise value
of rational refrigeration capacity Q, ., (Fig. 5,b and 6).

As Fig. 5, a, shows, a maximum rate of annual fuel
saving > B/Q,,s due to cooling ambient air to the temperature
t, = 15°C in ALBCh takes place at the optimal design refrigeration
capacity Q5. = 700 kW and provides covering the annual fuel
saving Y Bys,, = 75 t less than its maximum value of about 85 t.

On comparing the results of calculations of optimal design
refrigeration  capacities Qg s, = 700 kW for 7, =15°C,
Qo100 = 1100 kW for 7, =10°C and Qy;,, = 1300 kW for
t, = 7°C according to developed method (Fig. 5,a) with their
extremely indefinite values Q,, caused by fluctuated values
of current fuel reduction B (Fig. 3,a), the following conclusion
can be made. Because of wide ranges of refrigeration capacities
0O, in the last case, the only reasonable way to determine the
proper values of optimal refrigeration capacities corresponding
to a maximum rate of annual fuel saving increment is an application
of proposed method (Fig. 5,a).

Another conclusion might be also made on the base
of calculation results considered. The optimal values of design
refrigeration capacities O, corresponding to a maximum rate
of annual fuel saving increment according to proposed method are
always higher than those calculated proceeding from current fuel
reduction B (Fig. 5,b).
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Fig. 5. Annual fuel saving > B and its relative increment ) B/Q, due to
cooling ambient air to ¢,, = 7, 10 and 15°C (a), current values of fuel
reduction B and relative increment of annual fuel saving > B/Q, (b)
versus refrigeration capacities O, needed for cooling ambient air to
t,=7,10 and 15°C during 2017 in Mykolayiv region

In order to provide a close to maximum annual fuel saving
> B at more precise value of rational refrigeration capacity
Oy« Without TIC system oversizing it is proposed to determine
the maximum rate of annual fuel saving increment within
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the range beyond its value B, =70 t corresponding
to optimal design refrigeration capacity Q, ;s,,, = 700 kW (Fig. 5,a)
as (B -2B,)/Qy;s-for t,=15°C, >Bj, =140t for
t,=10°C and Y} B,,, = 190 t for ¢,, = 7°C (Fig. 6,a).
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Figure 6. Relative increments of annual fuel saving Y’ B / Q, for its
overall range and (3B — > B, ) / Oywithin the range beyond the
optimal value Y B, (Fig. 5,a) due to cooling ambient air to z,, = 7,
10 and 15°C (a), annual fuel saving > B and its relative increment
(2B = 2B, )/Qywithin the range beyond the optimal value ) B,
(Fig. 5,a) to find rational value Q,,, versus refrigeration capacities
0, needed for cooling ambient air to 7, = 7, 10 and 15°C (b)

(1]
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As Fig. 6,a and 6,b shows, a maximum rate of annual fuel
saving » B increment (3B — > B,,) / O, 5 within the range beyond
its value ) B,;s = 70 t (Fig. 5,a), corresponding to optimal design
refrigeration capacity Q5. = 700 kW due to cooling ambient
air to the temperature 7, = 15°C, takes place at a quite precise
rational design refrigeration capacity @, ,..s = 1000 kW and
provides annual fuel saving ) B,,s =79t that is very close
to its maximum value 80 t, but at a design refrigeration capacity
Qo = 1000 kW much less than its oversized value
0, = 1250 kW (6,b).

These values of rational design refrigeration capacities O,
provide corresponding rational annual fuel savings > B;.., > B
and ) B, very close to their maximum values according to TIC
system annual characteristics as dependence of annual fuel saving
on refrigeration capacities needed Y B = f(Q,) in Fig. 6,b.

As Fig. 6,b shows, the TIC with ARECh of installed
refrigeration capacities Q,,, = 1400 kW provide cooling ambient
air from the current temperatures ¢, to ¢, = 10°C with annual
fuel saving ) B, = 160t that is close to its maximum value
B, =163 t.

Discussion of results. It is evidently seen that a rate
of increment of annual fuel saving Y B is negligible. Whereas,
the range of refrigeration capacities O, needed to achieve the
maximum value of B , i.e. to cover the maximum current
refrigeration duties Q, , is still wide. This approves a considerable
oversizing the TIC system, designed traditionally to cover the
maximum current cooling needs Q,.

The proposed method is quite quantitative to evaluate the
effect in annual fuel saving due to cooling and determine rational
design cooling capacity and the sizes of chillers.

The magnitudes of reductions in TIC system sizes can
be evaluated by decreases AQ;= Oynx — Qore 1N design
refrigeration capacities calculated traditionally as Q... and their
rational values Q,,, determined by an innovative method of TIC
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system designing based on the proposed characteristics as annual
fuel saving ) B versus Q, (Fig. 7,a).

As Fig. 7,a shows, the application of developed method
of TIC system designing allows to reduce the sizes of TIC
system by 15 to 20 % due to decreased design capacities by
AQy = Qomax — Qore @8 compared with their traditional values
Qomas-

The method also allows to estimate the efficiency of applying
a developed innovative TIC system with combined absorption-
refrigerant ejector (ARECh) chillers (Fig. 2,b) for deeper inlet
air cooling to temperatures of 7, =7 and 10°C as compared
with traditional TIC to ¢, = 15°C in ALBCh of a simple cycle
(Fig. 2,a). As Fig. 7,b shows, the application of combined TIC
cooling to ¢, =10 and 7°C in ARECh provides annual fuel
saving > B in 1.5 to 2.0 times higher compared with TIC cooling
to ¢, = 15°C in ALBCh for temperate climatic conditions.

The effect in reduction of the TIC system sizes due to excluding
unproductive  overestimating refrigeration capacities with
negligible annual fuel saving increment becomes quite evident
from the generalized plots of their relative values referred to their
maximum » B,.. and Q... according to traditional calculations
(Fig. 7.,b).

As Fig. 7,b shows, the application of the novel method
of designing enables to reduce the sizes of advanced absorption-
ejector TIC systems (cooling intake air to z,, = 7 and 10°C) as well
as traditional absorption TIC (z, = 15°C) by about 15 to 20 %
(Oy ! Opmax = 0.85 and 0.80) as compared with their values Q..
according to traditional designing with a noticeable decrease
in annual fuel saving of about 3 % > B/ B,,., = 0.97).

Graphs such as Fig. 7 allow users to match refrigeration
capacities to provide minimum sizing TIC system at maximum
rate of annual cooling effect or to peak practically maximum
cooling needs without unproved oversizing system.

max
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Fig. 7. Annual fuel saving Y B due to cooling ambient air to ¢, = 7,
10°C (ARECh) and 15°C (ALBCh) versus a design refrigeration
capacity Q, (), relative values of annual fuel saving Y B/Y B, due
to cooling ambient air at the inlet of GT to ¢, = 7, 10°C (ARECh)
and 15°C (ALBCh) versus relative values of design refrigeration

capacity Oy / Opmax : AQy = Oomax — Oorae — reduction in design
refrigeration capacity
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Conclusion. A phenomenological analysis of an actual
efficiency of turbine inlet air cooling (TIC) in site varying climatic
conditions has been supplemented by the simplest numerical
simulation to generate novel approaches to GT operation
efficiency enhancement and TIC system rational designing as well
as to synthesize substantiated new principal solutions.

An improved simple and quite universal method to determine
a design refrigeration capacity of TIC systems avoiding their
chillers oversizing and to cover current cooling duties has
been developed. The method involves the simplest numerical
simulation based on real input data on site actual climatic
conditions without introducing any addition inaccuracies.
Moreover, it allows to exclude 10 to 20 % discrepancy inevitable
in traditional designing practice and caused by the approximation
of the current values of changeable effect at varying thermal
loading of TIC systems.

The novelty of the methodological approach consists
in replacing the current yearly changeable effect in fuel reduction
by its hour-by-hour summation as an annual fuel saving. The
relative increment of annual fuel saving referred to design
capacity of TIC system is used as an indicator to efficient utilizing
a refrigeration capacity.

It includes addition stages, issued from the principal approaches
to determine the refrigeration capacities according to two different
types of TIC system operation.

The approach to calculation of optimal refrigeration capacity,
providing minimum system sizes due to maximum rate of annual
fuel saving increment, is behind the first addition stage. This
approach is reasonable for TIC systems with thermal energy
storages.

A definition of a precise value of rational design refrigeration
capacity, providing close to maximum annual fuel saving
without system oversizing, is conducted as the second new
stage. A rational design refrigeration capacity is associated with
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second maximum rate of annual fuel saving increment beyond
the optimal refrigeration capacity. The method allows to decrease
design thermal loads and the sizes of TIC systems by 15 to 20 %
compared with traditional designing practice issuing from the
peaked thermal load during a year.

Thus, the validation of the proposed designing method
is estimated by the effect gained due to reduction of design loads
(system sizes) and excluding the inaccuracies of 10 to 20 % caused
by the approximation procedure peculiar to traditional methods.

The application of proposed method is demonstrated
by calculating the optimal and rational design refrigeration
capacities for two stage cooling air at the inlet of GT in an innovative
combined absorption-ejector chiller with a high efficient
absorption chiller as a high-temperature stage of turbine inlet air
cooling to 15°C and with less efficient refrigerant ejector chiller
as a low-temperature stage for further cooling air to 7...10°C.
Its application in temperate climate provides annual fuel saving
by 1.5 to 2 times higher compared with traditional air cooling
in absorption chiller to 15°C.

A proposed designing methodology based on the approach
of two maximum rates of annual effect increment is very quantitative
and simple for realization in different types of energetic plants
including combustion engines and air conditioning systems.

The proposed methodology is quite applicable for cooling,
heating and trigeneration plants in stationary as well as in transport
relevant applications: combustion engine intake air cooling
in marine power plants, railway and road vehicle air condition
systems, etc.
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CEKIIA Ne 1
XOJIOJUJIBbHI MAIIMHU I YCTAHOBKHA

HIABUIEHHSA EKOJIOTTYHOI EGEKTUBHOCTI
IIPU TENJIOITOCTAYAHHI 3 BUKOPUCTAHHAM
TEIIJIOBUX HACOCIB
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Xepconcokuu Ha8YaAIbHO-HAYKOBUU THCMUMYM
Hayionanvnoco ynisepcumemy xopabnedyoysanHs
imeni aomipana Makapoaa,

M. Xepcon, Yrpaina

AnoTtauis. OgHuM 3 [Kepen 3a0pyTHeHHS IIKITMBUMHU Peyo-
BUHAMHU € BHKOPHUCTaHHS TEIIOCTIEKTPOCTAHIIINA Y SKOCTI CUCTEM
TeruionocTadyanHs. J{Jis 3MEeHIIIEHHS IIKITHBUX BUKUIIB B pOOOTI
PO3MISAIAETHCS CIIOCIO aTbTepHATUBHOTO TEIUIONOCTayYaHHs Ha 6a3i
TEIJIOBOTO Hacocy. Tako, A BU3HAYEHHS €HeproeeKTUBHOI
Ta EKOJIOTIYHO OE3MEeYHOI TEXHOJOTIH CHUCTEM TEeIUIONOCTauyaHHSI
KUTJIIOBUX Ta aJMIHICTPaTUBHUX OydiBeab OyJIO 3ampONOHOBAHO
BUKOPUCTAHHSI CyMapHOTO KPUTEPitO0 eHeproeeKTUBHCTI Ta €KO-
JIOTIYHOTO 3a0pyJHEHHS, 10 BKJIIOYAE 3a0pyAHEHHSI MapHUKO-
BHMH T'a3aMU Ta TEILIOBE 3a0pYTHEHHS MTPH SKCIUTyaTallii CUCTECMH
Ter103a0e3neYeHHs.

Kiro4oBi cjioBa: BYITICBOJHEBE NAIMBO, BYIICKUCIHHA Ta3,
MAPHUKOBUH e(EeKT, CHCTeMHU TEIUIONOCTaYaHHs TETUIOBE 3a0py/-
HEHHSI, TETJIOBUM HACOC.
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Berynna yactuna. Pi3Hi cepu Haoro )KUTTS 3HAYHO BILIH-
BalOTh Ha piBeHb 3a0pyaHeHHs atMocdepu. Ha xkanb, TexHono-
ril MOXYTh HE TUIBKHA OyTH JOMOMDKHOIO CHJIOIO, @ i PUYNHOIO
0ararb0X €KOJOTIYHUX MPOoOIeM.

OpnuM 3 pKepen 3a0pyIHEHHS LIKIJIMBUMH PEYOBHHAMU,
takumu ik CO,, 32 OCTaHHE CTOPIYYS SKUX 301IBIIMIIOCS Y MIBTOpA
pasu (puc. 1), € BUKOpUCTaHHS BYIJTICBOJHEBHUX MAJIMB B CUCTEMAaX
teronoctadants. Bukuaun CO, B Ykpaini Big ekcrutyararii TELL
CTaHOBIIATH Ounbie 26 %. Takox Ha CHOTONHINTHIN JCHb BYTLUIbHI
TEC VYkpainu 3a0pyaHIOIOTh MOBITPs OUIbIIE HIXK BCS €HEPreTHKA
€BpOIENUCHKUX KpaiH pa3oM.

Tabmumss 1 — OcnoBHI mkepena Bukunaie CO, B VYkpaiHi
y 2024 pomi

. Buxugu CO,,
Jxepena Bukunais CO, -
MJIH TOHH/PiK %
[IpomucnoBicTs 101,3 30,4
BupoOHUIITBO Tem10- i eJleKTpoeHeprii 86,6 26,2
Tpancnopr 38,4 11,6
BunoOyBanHs masnmBa 36,3 10,9
CibChKe TOCIIoaapCcTBO 31,5 9,5
JKutnosuit cexrop 27,7 8,3
ITepepobxka BigxomiB 8,2 2,5
[Hme 2,1 0,6
Pazom 332,1 100

Cepen ton-10 enekTpocTaHiiii 3 HaWOLIBIIUMU BUKHIIAMHU
sonpHOTO Ty (PM10), Vkpaini HanexaTh 8 eleKTpOCTaHINiH.
Bcei TEC 6ynu BBeneni B ekcruryaranito y 60—70-X pokax MHHY-
joro cromitta. B Ton-30 mo M BUKKIaM BXOAWUTH 18 yKpaiHCh-
kux TEC. Boanouac 3a3Havaerbes, mo Mikpodactku muiny PM10
y 3a0pynHEHOMY TMOBITpi € mpuunHOW Omu3bko 80 % mepemuac-
HUX CMEpPTEH, MOB’SI3aHUX 3 BUKWJAMHU BYTITBHUX €JIEKTPOCTaH-
uiit y €spori.
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3rimHo 3 iX po3paxyHKamMu, YKpaiHa mpoaykye 72 % Bcix
BUKH/IIB 30JIbHOTO MUy B €Bpori, 27 % aBookucy cipku Ta 16 %
OKCHJIIB a30Ty.

MeTor0 gaHOro QOCTiIKEHHSI € BUKOPUCTaHHS KpUTEPIiB
OLIIHKM ILIKIJUIMBOTO Ta TEIUIOBOTO 3a0pyIHEHHsI HABKOJIHUIIHBOTO
CepeIoBUINA JIJIsl BUOOPY €KOJIOTIYHO €()eKTUBHUX CHUCTEM TEIUIO-
MOCTa4aHHs TPOMAJICHKHX Ta KHUTIOBUX OyIiBelb.

OcHoBHa 4vacTMHA. IcHye Oararo crnocoOiB BHU3HA4YE€HHs
eKOJIOTIYHO e(EKTHBHOTO TEIUIo 3abe3mnedeHHs. B maniii poOoTi
3alPONIOHOBAHO CYMapHUW KpPUTEPId OI[IHKA  €KOJIOTTYHOTO
3a0py/AHeHHs. 3 IPUYMHUA HEMOXKIMBOCTI KpUTEepianbHO 00’ €1HATH
sHaueHHs emicii CO, (BuMiproeTscsi B T/MBT*rom) Ta TerimoBoro
3a0pyaHeHHs (BUMIproeThest B Temnepatypi °C) po3paxyHKH Hpo-
BOJWJIMCS] HE B a0CONIOTHUX, @ BIJHOCHUX 3HaueHHsX. CymMapHUH
KPUTEPIii €KOJIOTIYHOTO 3a0pyIHEHHSI JOPIBHIOE:

Tk = kc02 + Kpeas

ne Keo, — xputepiit npsmux Bukuis CO, npu TEMIONOCTaYaHHi;
Ky eat— KpUTEPI1H TEIIIOBOTO 3a0pYAHEHHS IPU TEIUIONOCTAYaHHI.

Tak xpurepiii emicii CO, 13 MakCUMaJbHUM 3a0pyIHEHHAM
no — 0,4 /MBT1*ron 10piBHIOE BiTHOCHOMY 3HAY€HIO — Kco, = 4,
cepenni 3HadyeHHs 0,2...0,3 T/MBt*rog BianoBizae 3HAYCHHIO
Kco, = 3, B mianasowni 0,1...0,2 /MBT1*roa Bianoizae 3Ha4€HHIO
Kco, = 2, 2’y BUTIAJKy 4aCTKOBOTO BUKOPUCTAHHS (TEIIOBHH HACOC
BUKOpHUCTOBYE enekrpoeneprito Bix TEL] 1 ansa onepxanns 1 kBt
TEIUIOBOi €Heprii B HbOMY BHUTpaudaeTbcs B 4...6 pas3iB MeHIe
€JIEKTPOCHEPrii HLK B €JIEKTPUYHOMY KOTJII) 3HAUEHHS KpUTEpIs
emicii CO, n0piBHIOE — Kco, = 1, TIPU BUKOPHUCTAHHI «3€NEHOT
enepreTukn» 3 0-sum BukuaoM CO, — ko, = 0.

Takox, 3HaYEHHSI BiTHOCHOTO KPUTEPII0 TEIUIOBOTO 3a0pya-
HEHHS BIJINOBiJa€ 3HAYCHHIO K., =3 TpH TeMmreparypax eKc-
TUTyataimii CHCTEMH TeIUIONOCTa4aHHsd, a00 BHUKHIAX BiAXif-
Hux rasiB Bumie 100°C, mpu miama3oHi TEIUIOBOTO 3a0pyTHEHHS
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3 Temmeparyporo 60...100°C — k,,, = 2, 13 TeMIrepaTypor0 MEHIIIE
60°C — k.., = 1. Bci cucremu TermonocradyanHs BUIUISIOTH TETUIO
B HABKOJIMIIHE cepeoBuIle npu temneparypi g0 60°C i sBis-
IOThCSL Y SIKIWCh MIp1 TEIJIOBUMU 3a0pyaHioBauaMu. ToMy, HaBiTh
Tl CHCTEMH TEIUIONOCTauyaHHs, sIKi HE BUKOPUCTOBYIOTh BYTJIEBO/I-
HEBOTO TAJIMBA MAIOTh MiHIMAJIBHHUA KPUTEPil TEIIIOBOTO 3a0py/I-
HeHHs k., = 1.

Sk oauH 3 BapiaHTIB BUOOPY €KOJIOTTUHO Oe3Me4HOT TeXHOO-
rii B poOOTi po3MIAIa€THCS CIIOCIO aNbTepPHATUBHOTO TEIUIONOCTA-
yaHHs Ha 0a3i TerioBoro Hacocy [1-4].

ExoHOMIYHHI pO3paxyHOK BapTOCTi onaneHHs 1 m? st moOy-
TOBUX CIIO)KMBAYiB MPOTSATOM OIMAOBAIILHOTO TIEPIOAY TaKOK
MOKa3y€e JOLUIbHICTh BUKOPUCTAHHS TEIJIOBOIO HACOCY Y SIKOCTI
CUCTEMH OINAJeHHS, a/PKe 3aTpaTd Ha OMaJieHHS B MOPIBHSHHI
3 TEL menurn maiike B 2,5 pasu (puc. 1).

( rpE/M )
40 |
20
: 8
TEIL TEI+ Tasosuii T.manueemit En.  Temiosui
\_ bubTp  KoTen KOTeI  KOTell HACOS Y,

Puc. 1. Bapricts onanenns 1 M? st moOyTOBOTO CrIOKHUBaya

BucnoBku. I[IpoBenenuii aHasi3 Ta BU3HAYCHO 3HAUCHHS Hall-
HU)KYOTO CYMApHOTO KPHUTEPII0 EKOJOTIYHOTO 3a0pyJHEHHS MpH
BUKOPHCTaHHI TETJIOBOTO HACOCY JJIsl TETUIONOCTaYaHHs Oy/IiBii,
[0 MOKE BBAXKATHICS €KOJIOTIYHO OE3MEYHOI0 TEXHOJIOTIEHD TOMY
MOJKE BUKOPUCTOBYBATHUCS JJISl ONAJICHHS B MaOyTHHOMY.
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AHAJII3 EOEKTUBHOCTI
CTYIIEHEBOI'O KOHAMIIIOBAHHA ITOBITPA
JJIsA TEIIJIOBUX HACOCIB

Kauainiuenko I. B., kaHJ1. TeXH. HayK,
JOLIEHT KadeIpH TEIUIOTeXHIKU
E-mail: ivan.kalinichenko@nuos.edu.ua

Kazenos €. €., 3m100yBa4 BUIIOi OCBITH

Xepconcokuu Ha8anbHO-HAYKOBUU IHCIMUMYM
Hayionanvnoco ynisepcumemy xopabnedoyoysanHs
imeni aomipana Maxaposa,

M. Xepcon, Ykpaina

AHoTanisn. Y nasiii poOOTI MpoBeaeHO aHali3 e(heKTUBHOCTI
CHCTEM CTYIICHEBOTO KOHIHIIIFOBAHHS TIOBITPSI, IO BUKOPHCTOBY-
IOThCSl y TO€IHAHH] 3 TeIUIOBUMM HACOCaMU Pi3HUX TUMIB. Po3rs-
HYTO IPUHIMUIK POOOTH TEIJIOBOTO HAcoca, 0COOIMBOCTI Oararo-
CTYIICHEBOTO OXOJIOKCHHS Ta OCYIICHHS TIOBITPS, a TAKOXK BIUIUB
TEMIIepaTypHO-BOJIOTICHUX TapaMeTpiB Ha EHEpreTHuHy edek-
TUBHICTh CUCTEMHU. BUKOHAHO MOPIBHAIBHY OIIHKY TpPaIHIiHHUX
1 CTYNIEHEBUX CHCTEM KOHJHUIIIIOBAaHHS 3a KOC(]II[IEHTOM €Hepre-
tuuHoi edextuBHOCTI (COP) 1 muTOMMMHM BHUTpaTaMu €Heprii.
[TokazaHo, 110 BIPOBAKEHHS CTYIIEHEBOTO KOHAMIIIFOBAaHHS J103-
BOJISI€ 3HU3UTH €HEProCloKUBaHHs cucteMu Ha 15-25 % y nopis-
HSHHI 3 OTHOCTATHUMHU CXEMaMH.

KurouoBi cjioBa: TerioBuii Hacoc, KOHIUIIIOBAHHS TTOBITPSI,
CTyNCHEBE OXOJIO/KEHHs, eHeproedektuBHicTh, COP, TemoBa
HOTYXXHICTh, peKyIepartis.

BerynHa 4vactuHa. [IpoGnema eHepro30OepexeHHsS Ta
MiIBUIIEHHS €(EeKTUBHOCTI CHUCTEM OIaleHHS W KOHJIHUIIIIO-
BaHHS TOBITPS € OAHIEIO 3 KIIOYOBUX Y Cy4acHIM €HEpPreTHIIl.
31 3poCTaHHSIM BapTOCTI €HEProHOCIIB Ta MOCUJICHHSIM BHUMOT
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JI0 €KOJIOT1YHOCT1 Oy/iBeNlb, BC€ OLIbLIE yBaru HNPUAUISIETHCS
BUKOPHUCTAaHHIO TEIIOBUX HACOCIB SIK aJIbTEPHATHBHUX JKEpe
TEIJIOBOT eHeprii.

TennoBuil Hacoc — Le MPUCTPIM, AKUA NEPEHOCUTH TEIUIOTY
BiJl HU3BKOTEMIIEPATYPHOro JpKepena (MOBITpsl, IPYHTY, BOAM) 10
CepeloBMINA 3 BHIIOK TeMIeparypor. Moro pobora GasyeThcs
Ha TepMOAMHaMIYHOMY LMKl KapHo, 1 /103BOJIIE OTpUMYBaTH
3-5 kBt Temna 3 1 kBT cHOXUTOT eeKTpOeHeprii.

CucreMun KOHIUIIIIOBAHHS TMOBITPS 3 TEIUIOBUMH HACOCAMHU
3a0e3neuyroTh He JIUIIe HarpiBaHHs UM OXOJIO/KEHHS, aje i ocy-
HIeHHs, (QUIbTpalilo Ta BEHTW LI noBiTps. IIpore mpu Tpa-
JTUIIHHOMY OJHOETAITHOMY KOHJIMIIIOBaHHI BUHUKAIOTH BTPATH
€Heprii uepe3 HeMOBHE BUKOPUCTAHHS MOTEHIIANy X0JIOA0areHTy
Ta HepalioHaJbHUN pexuM poboTu kommpecopa. Came TOMy
aKTyaJbHUM € BIIPOBA/DKCHHS CTyNeHeBOro (0ararocrymeHe-
BOI'0) KOHAMLIIOBAHHS, J€ OXOJO/DKEHHS Ta OCYIICHHS BifOy-
BalOTHCS B KiJIbKa TMOCIIIOBHUX €TaliB 13 YaCTKOBOIO peKyImepa-
€0 eHEePTii.

MeToro po60oTH € aHaITI3 €PEKTUBHOCTI CTYNICHEBOTO KOH/IHIIi-
IOBaHHS MOBITPS Y CHCTEMax 3 TEIUVIOBUMU HACOCAMH, BU3HAYCHHS
OCHOBHHUX (DaKTOPIB, IO BIUIMBAIOTH HA €HEPIeTHYHI MMOKA3HUKH,
Ta PO3pOOJICHHS pEKOMEHAAIlIHN 11010 MiABUIIEHHS e(PEKTUBHOCTI
TaKUX CHCTEM Yy OyaiBIIsIX Pi3HOTO MPU3HAYCHHSI.

OcHOBHA YacTHHA.

1. IlpyHUMN po0OTH CTYNEHEBOr0 KOHAUIIIOBAHHA

CryneHeBe KOHAMIIIOBaHHS mepeadadae, M0 OXOJOMKECHHS
1 OCYIIICHHS TIOBITPS 3MIMCHIOIOTHCS HE 3a OJUH TPOXia Yepe3
TEIUIO0OMIHHUK, a 3a J1Ba uu Outblue eramiB. [Ipu mpomy moBiTps
CTIOYaTKy TOMNEPEAHbO OXOJIOKYEThCA (10 TEeMIepaTypH, BUIIOI
3a TOUKY POCH), Aalll OCYIIYEThCS Ta JOBOJUTHCS 10 3a/1aHOT TEM-
nepatypu Ha apyromy erari [1-3].

KoskeH cTymniHb KOHAMIIIFOBAaHHS Ma€ BIACHHUN TETUIOOOMIHHUK
(BUTIApHUK), SIKUH MOXE TMPAIfOBaTH HA PI3HOMY THCKYy Ta 3 Pi3-
HUMH TapaMeTpaMHu XOJIOJOAreHTY. 3aBASKH IbOMY KOMIIPECOp

79



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

IpalLoe B ONTHUMAJIBHOMY PEXHMI, a BTpaTH €Heprii npu apoce-
JIIOBaHHI MiHIMI3YIOTbhCS.

2. 3acTocyBaHH#l y cHCTeMAaX 3 TeNJIOBMMH HACOCaMHU

VY cucremax TUIy «HOBITPS—TOBITPs» a00 «IOBITPS—BOIA»
TEIUIOBUIM HACOC MOXE OJIHOYacCHO 3a0e3leuyBaTH SIK OXOJIO-
JOKEHHSI TIOBITPS B MPHUMIILIEHH], TaK 1 HarpiBaHHSA BOAU B KOHTYpI
I'BII (rapstaoro BopomnoctayanHs). [Ipu cTyneHeBoMy KOHIUIIIIO-
BaHHI YaCTHHA TEIJIOTH, BiIBEJICHOT 3 MOBITPS Ha MEpIIOMY eTarli,
Moke OyTH TiepefaHa 4yepe3 TEIJIOOOMIHHHMK JI0 1HIIOTO CITOXKH-
Bava, 10 MiABUIIYE 3araJIbHAN KOS(IIIEHT MEPETBOPECHHS €HEPTIi.

3. EHepreTu4Huii anaii3

OcHOBHUM ITOKa3HUKOM e(eKTHBHOCTI TEIJIOBOTO
Hacoca € koe@imieHT mpoxyktuBHOocTi COP (Coefficient of
Performance):

COP — QKOpHCHa ,

S8
1€ O, opuena — KOPUCHA TEIIIOBA TIOTYKHICTB,
W,, — CIO)KMBaHa €JIEKTpUYHA TOTYKHICTh KOMIIpecopa.

JlociKeHHsT MOKa3yloTh, 110 MPH IEepexXoAl Bil OIHOETal-
HOI 110 JBoCTyneHeBoi cxemu oxosojkeHHs COP moxe 3poctu
3 3,0 mo 3,6-3.8, To6T0 Ha 20-25 %. 1le mOosSCHIOETHCS 3MEHIIICH-
HSM IIepenajgy TUCKY B KOMIIPECOpi Ta 3HM)KEHHSIM TeMIepaTypu
KOHJICHCAITi1.

4. TepmonuHaMiuHa e()eKTUBHICTH i BOJIOTOpery;Il0BaHHS

OnHi€0 3 BaXJIMBHUX IepeBar CTYNEHEBOIO KOHMIIFOBAHHS
€ TOYHIIIE PEryJIIOBaHHS BOJOTOCTI. 3aBISKU MONEPETHHOMY
OXOJIO/IPKEHHIO TMOBITPSI HA MEPIIOMY CTYIIEHI JTOCSATAEThCS edek-
TUBHIIIE OCYIIEHHS, 0e3 HEeOOXiAHOCTI HAaJMIPHOTO MEepPeoXoo-
JOKEHHSI, 1110 XapaKTepHE U 3BUYaHUX CHCTEM.

Kpim Toro, MoskiIMBa peanizaiis CucTeM peKynepauii BoJoru
(eHTanpMiiHI TETIOOOMIHHUKH), SIKI 3MEHIIYIOTh HaBaHTAKCHHS
Ha KOMIIPECcOop 1 3HIKYIOTh BUTparu eneprii Ha 1015 %.
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Sk BHJIHO, MOYATKOBI KamiTaJIbHI BUTPATH HA CTYIICHEBY
CHUCTEMY BHIII, ajJ€ BOHU OKYIOBYIOTHCS 3aBISKH 3MEHIICHHIO
eKCIUTyaTaliiHUX BUTPAT MPOTATOM 2—3 POKiB.

5. IopiBHANIbHA XapaKTEePUCTHKA CHCTEM IIPE/ICTaBIICHA
B TaOHIIi.

Tabmus — [lopiBHsUTPHA XapaKTEPUCTHKA CUCTEM

OpnHoerarge CrymnieHeBe
IToxasnuk X .
KOH/IUIIIFOBaHHS KOH/IUIIIFOBaHHS

KK]I (COP) 3,0-3,2 3,6-3,8
EneprocnoxxuBaHHs 100 % 80-85 %
Ocy1IeHHs moBiTPs HEepiBHOMIpHE crabiibHe
Komdopt y npumimenHi TTOMipHHN BHCOKHIA
Bapricte oOnasHaHHS HIKYa Bumia Ha 10-15 %

6. Mo:KIMBOCTI BAUKOPUCTAHHSA B YKpaiHi

B ymoBax kniMaty YkpaiHu (3 pi3KO BUPaKEHHMMHU CE30HAMH)
CTYIICHEBE KOHJHIIIIOBAHHS y MOETHAHHI 3 TEIUIOBUMH HACOCAMHU
Ma€ 3HAUYHUH MOTEHIan il eHeproeeKTuBHUX OymiBenb. Taki
CUCTEMH O0COOJINBO €(PEeKTUBHI IA:

—  aaMIHICTPAaTUBHUX 1 TOPTOBHX IICHTPIB;

— TPOMHUCIOBHX MIJNPUEMCTB 13 MOCTIMHUM  TeIulo-
BUIIJICHHSAM;

—  OKUTIOBHUX OYyIWHKIB 3 HU3BKUM TEIJIOBUM HaBaHTAKEH-
HSIM Y TIepexigHi MepioHu.

BucHoBku. CTyneHeBe KOHAULIIOBAaHHS MOBITPS Y MTO€JHAHHI
3 TEIJIOBUMH HAcocaMu € e(EeKTHBHUM CHOCOOOM IiIBUIICHHS
eHepreTHUHOi e(EeKTUBHOCTI CHCTEM KJIIMaT-KOHTPOJII0. Bukopu-
CTaHHS JIBO- Ta TPHUCTYIIEHEBHX CXEM J03BOJISIE€ 3HU3UTH CIOXKH-
BaHHsI ellekTpoeHeprii Ha 15-25 % TopiBHSIHO 3 OJHOETATHUMU
cucreMaMM. BrpoBapkeHHs cHCTEM peKymepauii TemjaoTH Ta
BOJIOTH JJOAATKOBO Mokpartye nokasHukun COP 1 3a06e3neuye kom-
(dbopTHUI MIKPOKJIIMAT Y MPHUMIIICHHI.
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Xoya KariTajJbHl BUTpaTH Ha 0araroCTyNeHeBl CUCTEMH BUIIII,
E€KOHOMIsI eHeprii 3a0e3neuye IXHI0 OKYIHICTh MPOTIATOM KUTBKOX
pokiB. J{J1s1 yKpaiHCBKUX YMOB TaKi CUCTEMH MarOTh MEPCIEKTUBY
HIMPOKOTO BUKOPUCTAHHS Yy cepl «3eIeHUX TEXHOJIOT1i» Ta eHep-
roeekTUBHOTO Oy/1iIBHUIITBA.
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YCTAHOBKA ABTOHOMHOTI'O
EHEPI'O3ABE3IIEYEHHA HNIAITPUEMCTBA
3 CTYHEHEBOIO EXXEKTOPHO-ABCOPBIIHHOIO
XOJIOAUJIBbHOIO MAIINHOIO

®opayii C. I., kana. TexH. HayK
Paguenko A. M., KaHJ. TEXH. HayK, JOLEHT
3yb6apeB A. A., KaH/. TEXH. HayK, JIOLEHT
Ocranenko O. B., kaHa. TexH. HayK, TOLEHT

Hayionanvnuii ynieepcumem xopabneoyoysammsi
imeni aomipana Maxkapoea,
M. Mukonais, YVxpaina

AHoTaunis. BUkoHaHO aHani3 TUIOBOI cUCTEMH TpaHCchopma-
ii CKUJIHOI TEIUIOTH Ta30BHX JIBUTYHIB B XOJOiA. BcTaHOBIEHO
HasBHICTh 3HAYHMUX BTPAT TEIJIOTH. 3alpoOlOHOBaHA CTyMiHYAacTa
abcopOIiifHO-eKEKTOpHA CHCTeMa, 3aCTOCYBaHHs sIKOT 3abe3re-
qy€ CKOPOUYCHHS BTPAT TEIUIOTH 1 MPHUPICT XOIOIOTPOIYKTUBHOCTI
noHazn 15 %.

KuarouoBi caoBa: tpureneparisi, abcopOriiiHa XoJoauIbHA
MalInHa, afcopOIiiiHa X0oJoqiIbHA MalllMHA, YTUJII3allisd TeII0TH

Beryn. Y pycni 3aranbHOCBITOBOT TEHIESHITIT AeIIeHTpai3zarii
CHEepPronoCTa4yaHHs BCE OUIBIINI IMOMHUT OTPUMYIOTh YCTAHOBKH
ABTOHOMHOT'O €JIEKTPO-, TEIJIO- Ta XOJIOJOMOCTA4YaHHS, B SIKUX
CKUJHA TEIUIOTa MPUBIIHUX JBUTYHIB €JEKTPOT€HEpaToOpiB TPaH-
c(hopMy€ETBCST B XOJIO/ TCTUIOBUKOPUCTOBYFOUUMH XOJIOIAITHBHIUMH
MalIMHAMHU, a XOJIO/I BUKOPUCTOBYETHCS HA TEXHOJIOTIYHI MOTpeOH
1 KOHAMLIOHYBaHHA MOBITPs pi3HUX 00’ €kTiB. OCOOINBO MepCIeK-
TUBHUM € 3aCTOCYBAaHHS ISl TIPUBOAY €JICKTPOTCHEPaTopiB Ta3o-
MOPIIHEBUX JBUTYHIB, IO BHUIYCKAIOTHCS B KOTE€HEpaliiiHOMY
BHKOHAHHI — 31 IITATHUMH TEIUIOOOMIHHMKAMH, B SIKUX CKHIHA
TEIJIOTa BIJIBOAWTHCS HAa HArpiB BOAM (TETUIOHOCIS), TEIIOTa
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SKOTO B CBOIO 4epry TpaHCHOPMYETHCS B XOJOI aOCOPOIIHHOIO
OpOMHCTOITITIEBOIO XOJIOAUIBLHOI MAIIHHOIO.

BinnoBigHO 10 iCHYIO4YOi cXeMH poOOTH IpHU TeMmmeparypi
TETJIOHOCIS, Ha BUXOJ1 3 KOT€HEPAIIIHOTO MOJYJIs, 10 TOPIBHIOE
90°C, 3HmxkeHHsa TemmepaTypu TeruioHociss B ABXM 3a3Buyaii
cTaHoBUTH He 15°C, a pearabHO HABITh JIEIIO MEHIIE, 10 HE J03-
BOJIsSIE OXOJIO/PKYBATH TEIIOHOCIH A0 Temreparypu Ha Bxoni B ']
t=70°C, sixa 6 3abe3nedyBana MiATPUMKY TemIoBOro crany I/l
Ha HEOOXiHOMY piBHI, 1 BUKIIMKa€ HEOOXITHICTb CKHIATH HaJ-
JUIIKOBY TEIUIOTY B arMocdepy TpaaupHEI0 aBapiiHOTO CKH-
naHHs. Yepes3 BIAMOBIAHI BTPATH TEIJIOTH TEIUIOBI KOE(IlI€EHTH
cucteMu yTuiizamii Ternotu [ BUSBISIOTBCS 3HAYHO HIDKYE
TermoBux koedimieHnTtiB BracHe ABXM, 1o 3yMOBIIOE 1CTOTHE
3HMKECHHS XOJIOIOTIPOAYKTUBHOCTI.

Pe3yabTatu gociaifzkeHHs. PinieHHs 3aBIaHHS TiABHINCHHS
eexTuBHOCTI TpaHchopmaIlii TerI0TH ra30BOTro ABUTYHA B XOJIO
pO3MIsAAaIocsd Ha MPUKIAAl YCTAHOBKM aBTOHOMHOTO €JIEKTPO-,
Ter10- 1 Xosono3abesneuenns 3aBony TOB «Cannopa» — «Pepsico
Ukraine» (M. MukomnaiB, Ykpaina). YcTaHOBKa BKJIIOYAE JBA KOTeE-
Hepaniiinux razoBux nsuryHa JMS 420 GS-N.LC GE Jenbacher
(enmextpuuna notyxkHicTh ogHoro [J] 1400 kBT, TeruioBa motyx-
Hicth 1500 kBT), B siKOMy TemjoTa BUITyCKHUX Ta3iB, HaayBOi
ra3oMoBITPSHOI CyMIllI, 110 OXOJIOJKYE COPOUKY JBHUI'YHA BOIM
1 MacTHiia BUKOPUCTOBYETHCS IS HArpiBy Boau. Terutora raps4oi
BOJIM TpaHC(hHOpMy€eThest aOCOPOLIiiHOI0 OPOMICTOMITIEBOIO XOJIO-
nuiabHOI0 MamnHO AR-DSOOL2 Century B X007 (X0n0AMIBHA
notyxHicte 2000 kBT), sikuif BUTpayaeTbcsi Ha TEXHOJOTIYHI
notpedu 1 A poOOTH LEHTPATBHUX KOHIMIIIOHEPIB, 1110 3a0e31e-
YYIOTh OXOJIOJDKEHHS MOBITPSl B MATMHHOMY BiJIiieHHI (puc. 1).

3 METOI0 BUKJIIOYEHHS 3a3HaYEHUX BTpAT Teruia, Oyso 3arpo-
IIOHOBAHO BMKOPUCTOBYBaTW B CHUCTeMI YTWi3allii JOAATKOBY
TETUIOBUKOPUCTOBYIOUY €KEKTOPHY XOJIOJMJIbHY MamuHy. Exek-
TopHi XM BIIPI3HAIOTHCS TMPOCTOTOIO KOHCTPYKIIii, aye iX edek-
TUBHICTb pOOOTH JyXe CHUJIBHO 3aJICKUTh BIJ] TEMIIEpaTypH
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TEIJIOHOCIST Ha BXonl. He3HauHe magaHHS TeMmIeparyp TeIUIo-
HOCIS TIPU3BONUTH J0 3HAYHOTO IMAJIIHHS TEIJIOBOTO KoedillieHTa
EXM, B nopiBusaHHI 3 ABXM. ToMy eXeKTOpHHUI CTYNEHb 3ampo-
MOHOBaHO BHKOopucToByBatH nepen ABXM mo6 chpaioBatu
B reHeparopi EXM BHCOKOMOTEHIIiiHE TETJI0 TeIIOHOCIS.

3riHO 3 3aPOMOHOBAHOI0 CXEMOIO (pHUC. 1) TErmIo TerioHo-
cis 3 reMreparyporo 90 °C BUKOPHUCTOBYETHCSI B BUITAPHIN YaCTHHI
reneparopa EXM. Ilotim 31 3HM*KeHOI0 10 85 °C TemmepaTyporo
TeruioHociit nomaerbess B ABXM B pesynbrari 4yoro Ha BUXOAI
3 ABXM oTpumyroTh TemioHocii 3 Temneparyporo ~72°C. Jlns
JOTPUMAHHs YMOBHU MiATPUMKH TEMIIEpaTypy 3BOPOTHOTO TEILIO-
HOCIsI Ha BXOJlI B ra3onopurHeBoi asuryH He Buie 70°C, pemra
HAJJIMIIKOBOTO TeIJla TEIUIOHOCIS BIJIBOAUTUCS B EKOHOMaii-
3epHOI0 YacTHHOIO reHeparopa EXM i mpoMi>KHOTO HarpiBy
piAMHYU TIepea BUMApHOIO0 YaCTHHOIO TeHEpaTopa.

Crerema oBoporHoro
OXOJIO/IKCHHS
= %=\

35°C _H Tpazaupus 3 § %

2
e Crcrema 0GopoTHoro
OXOMOTKEHHA
ABXM_ Konzencarol -
Teneparop P Tpamupus |

o=

30°C'Y Tpaanpns 2
R

\ 2 f—Fo I T
K_,/Aﬁc()pl’)cp H. ¥ g
——————————————4—()—

G f2°c

\ 7°C ¥ AI2°C Tpamps 2
Texuonoriune
Xo70103a0e3MeeHHs g g

H 50°C

Puc. 1. Cxema 3anporioHOBaHOi CTyNeHeBO1 CUCTeMH TpaHcdopMmarii
ckuaHoro terwia I'TIJ] B xomon B EXM i ABXM: VK — yrumizaniiiauii
xoter; I'u, I'e — reHeparopHa i ekoHOMal3epHa cekilii EXM;

K — npocenbHuil kinanan; Ku — konaeHcarop; B — BunapHuk;

E — exekrop; rpamupHs 2 — aBapiifHOTO CKUIaHHS TEIa,
OTH-oxomnomxkysau termnonocis; OHCHT — oxonomKyBay HalyBHOT
cymimi; H — Hacoc
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Jlns 3ampomoHOBaHO1 cxeMu Oyiau po3paxoBaHI 3arajibHa
XOJIOAONPOIYKTUBHICTh, @ TaKOX ii CKIAJOBUX — XOJOJOMPO-
nykruBHocTi EXM 1 ABXM. Ilpu npomy Oyi0 BCTaHOBIEHO IO,
Yyepe3 BUKOPUCTAHHS YaCTUHU TETUIOTH TEIIOHOCISI B TeHEpaTop-
Hil cexuii EXM mepen ABXM, i sik pe3ynbTaT 3HIKEHHS HOTO
TEMIIepaTypH, CIIOCTEPITAEThCS 3HIKCHHSI KIUIBKOCTI TETUIOTH
Bukopuctanoro B AbXM 3anpomnonoBaHoi cxemu 1 Tpanchopmo-
BaHOTO B XONOJ. AJie 3a paxyHOK JOJATKOBOTO XOJIOAY, OJEPKY-
BaHoro B EXM, 3aranpHa X0JI0I0NPOAYKTUBHICTh TPOXH 3POCTAE.

Jlnst 3ampomoOHOBaHOT CXeMHU CHCTEMHU TpaHchopMmallii CKu-
Horo Teruia '/l B xonox Oynu mpoBeneHi po3paxyHKH HMPHUPOCTY
XOJIONOTIPOIYKTUBHOCTI TPU PI3HUX TEINIOBUX KoedilieHTax
EXM. byno BctaHoBieHo mo Bukopuctanus EXM B 3amporo-
HOBaHIM cxeMi cucTeMH TpaHcdopmarii ckuaHoro temia [J]
B XOJIOJ JIOUIUIBHO NpH 11 TermioBoMy koedirienti 0,15 1 Buie.
Tak sk mpu TeroBomy koedimienti EXM 0,14 e Oyne mpu-
POCTY XOJIOAOMPOIYKTUBHOCTI B MOPIBHAHHI 3 0230BOI0 CXEMOIO
CUCTEMH.

BucnoBku. nsxom Tpanchopmariii HaUIMIIKOBOT TEIJIOTH,
3a3BUYail ckumaerbcs B armocdepy, B xomoq B EXM moxna
30UIBIIUTH  XOJOJONPOAYKTHUBHICTh  YCTAHOBKM  aBTOHOM-
HOTO €NIEeKTPO-, TEMJIO- Ta XOJIOAOMOCTA4aHHS, MPU MOKIUBO-
cti ekcruryatanii EXM 3 miIBHINEHHM TEMIOBUM KoedimieH-
toMm. [Ipu oMy mpu 3HadyeHHI TeraoBOro Koedimienta EXM
= 0,4 moxna gocsartu 18% mpHupoOCTy XOJIOAONPOTYKTUBHOCTI
CHUCTEMHU B TMOPIBHIHHI 3 0a30BUM i1 3HAUCHHSM.

Jlireparypa
1. Economic utilization of Biomass and Municipal Waste
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[lepcrieKTUBHMM HampsiIMOM B €HEPro3oepirarouux po3poo-
Kax € CTBOpPEHHS MOOYyTOBUX MPWIAJIB, 110 MOEAHYIOTh (YHKIIIT
XOJIOAMIILHOTO 30€epiraHHs Ta TEIIOBOiI OOpOOKH Xap4OBUX MPO-
IyKTiB, HamiB(paOpUKaTiB Ta CUILCHKOTOCIIONAPCHKOI CHPOBUHH.
Jlo ckmamy TakuxX NpWIALIB BXOAUTH TPAAMLINHHA XOJOAMIIbHA
Ta noxarkoBa terioBa kamepa (TK), remmeparypHi pekxuMu sSKoi

87



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

3a0€3MevyI0ThCsl 32 PAaxXyHOK YTHIII3allii CKHUIHOTO TeIjia XOJo-
JTWIBHOTO ITUKITY.

3 yCiX THUIIB Cy4acHOro MOOyTOBOTO XOJOIWUIBHOTO 00Jaa-
HaHHA HeoOXimHMU TemmeparypHuid mnorteHmian (Bumie 70°C)
MaroTh JIMIIE TETUIOPO3CIIOUI €IEMEHTH aOCOpOIIHHOTO XOJI0-
quibHoro arperary (AXA) — pekrudikarop Ta aediaermarop.

TepMoarHaMiuHUN Ta E€KCEPreTUYHUN aHaJI3 XOJOAUIBLHOTO
nukity AXA T10Ka3aB TPaKTUYHY JOIUIBHICTE BHUKOPUCTAHHS
CKHJTHOTO TEIUIA 3 TeIUIOHABAHTAXKCHUX €JIEMEHTIB IS T ATPUMKH
TEMIIEPATYPHOTO PEXKUMY J0IATKOBOT TEIIOBOT KaMEpH.

Takum YMHOM, JOCIHIKEHHS Ta PO3POOKM KOMOIHOBaHHMX
noOyTOBUX a0COPOIIHUX XONOAUIBHUX TMPHUIAJIB, L0 MOETHY-
10Th (YHKIIT OXOJO/PKEHHsI Ta HarpiBy 0Oe3 JOJaTKOBUX BHUTpPAT
€Heprii, MOXXyTb BBKATHCS aKTyaJbHUMHU.

Punok cydacHoi moOyToBOi XOJMOAMIBHOI TEXHIKH 1 B CBITI,
1 B YKpaiHl € JOCHUTh PI3HOMAHITHUM 1 IPOIIOHY€E HACEJIECHHIO
MIUPOKUNA CHEKTp OONaJHAaHHSA 3 PI3HUMHU (YHKUIOHATBHUMU
MOXJIUBOCTAMH. [le: KimacuuHi oHO- Ta TBOKaMepHi Mojiei; BOy-
JIOBaHI B KyXOHHI MeOJIi; crieniaaizoBaHi XOJIOAUILHUKH JIsl BUHA
31 CKJISTHUMH JBEpHUMa; MOPO3HWIIbHI KaMEpU THUITy «CKPUHS» Ta
TUny «1maday; MiHIXOJIOAUIbHUKH.

HapiBHi 3 TpaauiitHUMK Ta HAUOUIBII MOMUPEHUMHU KOMIIpE-
CIHHMMH Ha PUHKY MPHUCYTHI 1 aOCOpOIiifHI MOAEII XOJIOAMIBHUX
NpUIaIiB Pi3HOTO (PyHKI[IOHAIBHOTO MPU3HAYCHHS.

[linBuieHHss eHepreTuyHoi e(eKTUBHOCTI abCcOpOMiHUX
XOJIONWJIBHUX TPUJIaAiB PI3HOTO (DYHKIIOHAJIBLHOTO MPU3HAYEHHS
€ OCHOBHHMM HANpsIMOM CYyYaCHUX pPO3POOOK HOBHX MOEIEH.
VYV miil TeHACHINT OpraHivHO 3alUCYIOTHCS PO3POOKH HOBOI TEX-
HIKM, B SKMX DPO3MIMPEHI (YHKIIOHATbHI MOXKJIMBOCTI JOCATa-
IOTBCS 32 PAaXyHOK YTWIi3allii CKUIHOTO TeIlia XOJOAHILHOTO
LUKy, HAanpuKJIaa, qukiy AXA.

[Ipore Taka mepcHeKTHBHA TEXHIKa He AiMIIIa 10 cepiil-
HOTO BUPOOHUIITBA Yepe3 HU3KY TEXHIYHUX HeaopoOok. OcHOBHA
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npobnema Oyna MoB’si3aHa 3 OpraHizali€lo Mepeaadl TErIoBOro
notoky BiJ aedaermaropa AXA B TK. Ilin yac mpoekryBaHHS
HOBOI TEXHIKM OyB BIACYTHIM ITOCBiJI CTBOPEHHS €(EKTUBHHMX
CHCTEM TPAHCIIOPTY TeIjIa Ta TEOPETHYHI YSBICHHS PO TEILJIOBY
B3aeMOIi0 Jedaermaropa aOCOPOIIHHOTO XOJOIUIBLHOTO arpe-
rary ta TK.

Sx HacHiAOK, MIIOTHI 3pa3kd KOMOIHOBAaHUX XOJOIMIBHUX
NpUIAAIB HE JI03BOJISIIU JOCATTH NMPUHHATHUX PE3YNBTaTIB SIK IO
OXOJIOJDKEHHIO, TaK 1 HarpiBaHHIO.

JoBeneHo, mo pexumu pobotu nednermaropa AXA Bu3Ha-
YaloTh E€HEPreTU4YHy €(EeKTHBHICTb MPU OTPUMAHHI IITYYHOTO
XOJIOAY Ta TeruioBi pexumu aonarkoBoi TK y ckiani komOiHOBa-
HOTO a0COPOITIHHOTO XOJOUIBLHOTO TIPHIIATY.

CyuyacHe MareMaTW4YHEe MOJCIIIOBAHHS TEIJIOBUX PEXUMIB
nedermMaropa MpPOBEACHO JUIsl HOro CTAaI[lOHapHUX Ta HecTalli-
OHAPHUX PEXHUMIB POOOTH 1 Taki BIAOMI HIAXOAM MOXYTh OyTH
BUKOPHCTaHI MpPU MOJENIOBAaHHI TEMJIOBOTO JaHIora «aeder-
Matop AXA-nBodazauii tepmocudon-TK». V 3B’s3ky 3 BincyT-
HicTIO iH(OpMamii mom0 0COOIUBOCTEH POOOTH KOMOIHOBAaHUX
xononunbHuX mpuinaaiB 3 AXA Tta aBodasHoro tepmocudony
(APTC) cnouarky Oyn0 BHUKOHAHO TECTOBI €KCIIEpUMEHTAJbHI
JOCIIPKEHHS €JIEMEHTIB KOHCTPYKIIi.

BukoHaHO eKCIepUMEHTAIBHIM JOCIIKEHHS KOMOITHOBaHUX
a0CcOpOUIHHUX XOJIOIMIBHUX TPUIIAJIIB.

JocnimxyBaHa KOHCTpyKIist xonoaunbauka 3 TK Oyna Buro-
TOBJIEHa Ha 0a3l cepiiiHoi Mozeni abcopOLIHOTO XONOAMIbHIKA
tuny «Kpucran-408» BacuiabKiBChbKOTO 3aBOAY XOJIOAUIBHUKIB.
VY Bcix BUMaakax 30BHINIHI reomeTpuyHi mapamerpu TK crano-
Buiu: Bucora — 0,420 m; mmubuna — 0,540 m; mupura — 0,570 M;
kopucHuii 06’em — 35 am’. Topmuua Temoizonsnii TK: Oiunux
ctinok — 0,080 m; qua — 0,075 M; KpUIIKH, 33]IHBOI Ta MEPEAHBOI
ctiHok — 0,10 M. Buytpimniii xkoprnyc TK OyB BuTrOTOBICHUM
y BUIJIAI IUTicHOTO KopoOa. Marepian kopoOku TK — HepxkaBitoua
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CTallb, a TOBIIMHA CTIHKK KopoOa — 0,001 m. [{nsa 3abe3neueHHs
TEIJIOBOTO 3B’S3Ky MigidoMHOI minsHku pAeduermatopa AXA
3 TK BukopuctoByBaBcst JIDPTC 3aBmomxku 1,530 M Tta giame-
tpom — 0,010 % 0,001 m. Marepian xoprycy JADPTC — Hepxkasi-
1o4a cranb. TemnoHocid — erunoBuit cnupt. Kpimnenns ADTC
no neduermaropa niamerpom 0,016 x 0,0014 m 3xpiiicHIOBamoCS
3a JIOTIOMOTOI0 MiJTHOT CTUCKAIOUO1 MJIACTUHU, TPUUOMY JJIsl 3HU-
KEHHSI TEPMIYHOTO OMOPY B 30HI KOHTAKTy 3HAXOAMBCS CTHUCHY-
TUH BUCOKOTIOPUCTHH OCEpEeIKOBHI MaTepial Ha OCHOBI Miji,
MOpHU SIKOTO OyJIM 3alI0OBHEHI TEIJIONPOBIIHOIO MACTOIO.

VY mporeci eKCHepUMEHTAJIbHUX JOCIHIKEHb [10Ka3aHo,
0 KOMOiHOBaHUUN aOCOpOIIWHUI XOMOAWIBHUN MpUIad, M0
MICTUTh Y CBOEMY CKJaJl K KaMepu 3 HU3BKUMH TeMIepary-
pamu, Tak 1 TK, MoxHa cTBOpHTH Ha 6a31 BITYUM3HSIHUX MOJEJCH
BacunbkiBebkoro 3aBony xonoaunbHuKIB THIy «Kpucran-408»
3 MIHIMQJIBHUMH TE€XHOJIOTIYHUMH TOPOOKAMU.

IIposeneno nobipky JADPTC nns 3abe3neueHHs ePeKTUBHOTO
TerioBoro 3B’ 53Ky neduiermaropa AXA ta TK. Busnaueno Haii-
OlbII parioHaJIbHE MICIE BiJBEIEHHS CKUIHOTO Teruia aeder-
Mmanii st 3abe3nedyeHHs temmeparypHux pexumiB TK. 3ona
KoHJeHcalll cTaHoBUaa 385 MM.

VY pi3HUX pexuMax IiJIBEICHHS TEIMJIOBOTO HABAHTAKCHHS
Ha reHeparop AXA BHUKOHAHO TECTYBAaHHS TEIUIOBUX PEXKHU-
miB He3aBaHTaxeHoi TK. IlokasaHo, 1o 3a paxyHOK yTuii3amii
BUkuAHOro Teruia aeduermanii B TK moxe OyTu qocsrayra Tem-
nepatypa nopsaky 40°C npu omHOYacCHOMY 3a0e3medeHHI HOP-
MaTUBHUX PEXKUMIB B KaMepax OXOJOKEHHS.

B ymoBax mpoBeneHHS €KCHEPUMEHTY Oylio BHU3HAYEHO
1000BE €HEProCIOKUBAHHS 3T1THO 3 HOPMAaTUBHOIO METOUKOIO.
Bono cranosuno 1,43 kBt rox, mo y 6,9 % Menii, Hix B abcop-
OLIHOMY XOJIOIMJIHOTO MpUaay y TpaAUIIHHOMY BUKOHAHHI.

BukoHaHO MoOfeNIOBaHHSA TEIUIOBHX PEXKHUMIB KOMOiHOBa-
HOTO aOCopOIIHOTO XOJOAWIBbHO mnpwmiany. [loBemeHo, mo:
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BEJIMYMHHU TEIUIOBOTO MOTOKY, IO BIABOAMTHCS 3 nedermaropa
AXA 3a nonomororo JI®PTC, nocTtaTHbO TIABKH AJS MiATPUMKHU
B TK Temmneparypu Ha piBHi 50°C; mo mis miarpumku B TK
piBus temmeparyp 70°C ta 100 °C noTtpiOHi 101aTKOBI €HEepro-
BUTPATH, a BEJIMYMHA 10AaTKOBUX eHeproBuTpar nis 70 °C cra-
HoBUTH 3,5 BT, a nna 100°C — 8,7 Bt. [Ipu nuboMmy 1000Bi1 eHep-
TOBUTPATH XOJOJIWUIBHUKA 3pOCTYyTh BigmoBigHo Ha 4,9 % Ta
12,3 %; npu MOBHOMY BHUKOPUCTaHHI TEIUIOTH AediaerManii s
00irpiBy TK moxnuBe 3a0e3neueHHs i TEIIOBUX PEKUMIB Y Jdia-
naszoni temmepatyp 50...100°C; y pa3i BUKOPUCTAHHA y SKOCTI
pobouoro cepenosumia TK moBiTpsi, BUHUKAIOTh MPOOIEMU MPU
TeronepenaBanni Big kouaeHcatopa JPTC no BHYTPITHEOTO
00’emy kamepu. Y I[bOMY BHMAAKy HEOOXIJIHO MiATPUMYBATH
nepenaj TeMIeparyp MiX HarpiBaJbHOI MAHEJUTIO 1 MOBITPSIM
B TK 6mu3bko 25...35 °C, a BenuuuHa naHell NOBUHHA CTAHOBUTHU
He menme 0,200 x 0,285 m (BucOTa X MIUPUHA); Y pas3l BHKO-
PUCTaHHS BOJIU y SKOCTI pobodoro cepenosuiia TK mouinbsHO
BHKOPHUCTOBYBATH HATpiBajbHI MaHesi BUCOTO 0,2 M, IIUPUHOIO
0,02...0,03 m. [{ns inTeHcudikamii mpoueciB TeronepeaaBaHHs
IpU HAarpiBaHHI BOJY, HArpiBalibHy MNaHEIb HEOOXiIHO pO3Ta-
moByBaTu B HUkHIN yactuHi TK; y pa3i BUKOpUCTaHHS MOBITPS
B TK, #ioro oxoJlomKeHHs 4Yepe3 BTpaTy Teruia J0 HaBKOIUII-
HBOTO TOBITPS ¥ae B 32 pa3u mBHUIIE, HDK MPH BUKOPUCTAHHI
BOJU MpH movarkoBiii Temmneparypi 50°C i B 11 pasiB mBumie
npu noyarkoBiit Temmneparypi 70°C. Pesynbratu po3paxyHKy
npexacrasieHi y Bursal Homorpamu (puc. 1) mis TK mosiTps-
HOTO THITY, AKi MalOTh HaiOIJIbIIl MEPCIEKTUBH 3aCTOCYBAaHHS
MOPIBHSIHO 3 PIAMHHUMH. Y HOMOTpaMax 3adiKCOBaHA 30BHIITHS
mmmpuna (0,57 M) 1 mmubunHa (0,54 M) TK, BignmoBigHO 10 po3Mi-
piB xomonunabHOI madu moaeni «Kpucran-408» AlLl-150.

Ax nokazanu pospaxyHku ans TK, BukOHaHOI y BHUINISIAL
€MHOCTI JUIsl piIMHH, TOBUIMHY TETUIOBOI 130JIA1lii, OTpUMaHy 3a
JIOTTIOMOTOI0 HOMOTPaM, CJIiJl 30UIBIIUTH B cepeTHboMY Ha 5 %.
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Puc. 1. 3anexHicTh BU3HAYECHHS TOBIIIMHU TEIUIOBOI 130JIALIT
OTOPOKYBaIbHUX KOHCTPYKIii TK 3 TermoBoro HaBaHTa)KeHHS
migiioMHOTO MUTSTHKE Aediermaropa (9...20 Br) i 3HaueHHS
kopucHoro oocsry TK (10... 50 nm?). Martepian TemnnoBoi
130JIA11i1 — MHOTIOMIypeTaH).
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AOcopbuiiini  Tepmotrpanchopmaropu  (ATT) BupimyoTh
3ajaul OMaJIeHHS, OXOJOKEHHS Ta KOHAWLIOHYBAHHS MOBITPS
0e3 BUKOPHUCTAHHsS €JIEKTPUYHOI €Heprii Ta Npu LbOMY He
MaloTh HETaTUBHOTO BIUIMBY Ha EKOCHUCTeMy IulaHeTH. PoOo-
yuM TUIOM cydacHuX ATT € mpuponHi pedyoBUHH: BOAHHM po3-
YUH OpOMHCTOJIITIA ab0 BomoaMiadyHUil po3umH. Exosoriuyna 6e3-
MeKa Hapasi € MPIOPUTETHOI B OLIHII MEPCIEKTUB MPOCYBAHHS
HOBOI eHepreTuyHoi TexHiku, po3podku ATT, ampiopHO BOHCY-
erecs B 1o koHuenuito [1]. Hactymuum BaxsuBuM (axropom
OLIIHKH TIEPCIIEKTUB HOBOi €HEPreTHYHOI TEXHIKH € €HepreTHYHa
e(hEeKTUBHICTB.

Hespaxaroun Ha Te, 110 B ATT 0CHOBHUM JI5KEpesioM CIIOKHUB-
HOI €Heprii € HeeNeKTPUYHI JuKepena (COHIYHE TETUIOBE BUTIPOMi-
HIOBAaHHS, TEIJIOTa BUXIJHUX TEXHOJOTIYHUX MPOAYKTIB, TEILUIOTA
3TOpaHHsl OPraHiYHOTO MaJbHOTIO TOIIO), 1O HUX TAKOXK BHCYBa-
IOTBCSI BUMOTH eHeproedekTuBHocTi. Lli BUMOrH, K MpaBwIIoO,
JIOTIOMAararoTh pO3pOOHMKAM MiHIMI3yBaTH MacorabapuTHI mapa-
meTpu KOHCTpYKLiH ATT 1 3poOuTH iX OUIBII KOHKYpPEHTOCHPO-
MOXHMMH Ha PHUHKY KJIIMaTHYHOI Ta €HEPreTUYHOI TEXHIKH.
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AHai3 Cy4acHOTO CTaHy pPHHKY CHCTEM ONAaJIeHHs, KOH-
TUITIOHYBaHHS Ta OXOJIOKeHHs mokasye, mo ATT 3aiimarorh
OULTBIIY HINTy B IEHTPAJIbHUX KIIMATUYHUX CHCTEMaX BEJTUKHX
MpUMIIEHb Ta BUpOOHMUMX cropyd. Lle OpommuctomitieBi ATT
3 xoJoaonpoaykTuBHicTiO Big 17 mo 5500 kBT. Take momoxxeHHsS
OB 513aHO BEJIMKOIO MIpOI0 1 3 MOMKJIMBICTIO O11bII €(PEeKTUBHOTO
KOHTPOJIIO PEXHUMIB POOOTH BEIMKUX arperariB 3 METOH HeJo-
NYUICHHsT KpUCTasi3alii po34rHiB OPOMHUCTONITISL B 30HAX IiBE-
JeHHs TeruioBoi eHeprii. Y Bomoamiauamx ATT BigcyTHI mpoO-
JeMHu Kpucramizamii pobodoro Tima. BoHm 3maTHI BupimryBaTH
3aJa4i TEIUIOBOTO Ta XOJIOJMJILHOTO BIUTMBY B IIMPOKOMY Jiama-
30H1 xonomonpoaykruBHOCTI Bif 10 Bt 10 700,0 xBT.

AHam3ylOud CydyaCHHM PHUHOK KIIMAaTHYHOI  TEXHIKH,
3pOCTaHHS IIIH HAa EHEProHOCii Ta TMEpCIeKTHBHI MOTpeOun
JIONICTBA MOXKHA MPUIMYCTUTH, IO MEPCHIEKTUBHUMH OyIyTh pO3-
pPOOKHM CcHCTEM Ha HEEJIeKTPUYHUX JDKEepellaX eHeprii JJisi HeBe-
JHMKUX TPUMIIIEHb Ta JoMorocrnoaapcts. Lle cucremu onaneHHs,
KOH/MIIIIOBAaHHS Ta CUCTEMHU HHM3BKOTEMIIEPATypHOTO 30epiraHHs
XapUuOBHX MPOAYKTIB Ta CLIBCHKOTOCTIONAPCHKOI CUPOBUHU. Boue-
BUJIb, IO IS IIUX 33134 OyAyTh MOTPiOHI CHCTEMH 3 TEIUIOBOIO Ta
XOJOAWIBHOI MPOMyKTUBHICTIO 2,5...5,0 kBT Ta 5,0...12,0 kBt
BianoBiaHO [2-3]. IlpuBenenuil anamiz JiTepaTypHO-IATEHTHUX
JOKEpelT IpoosieMH po3poO0KH abCOpOIIHHUX TepMOTpaHCchOpMaTo-
piB MOKa3aB, MO-MEpIIe, aKTyalIbHICTh TAaKUX JOCITIIKEHb, TaK SIK
HAsIBHUU IIUPOKUIA TOMUT HA TakKi BUPOOU, OCOOIMBO AJisi pO3B’si-
3aHHS 3334 KUTTe3a0€3MeUeHHs (OnalleHHs, OX0JIO/PKEHHS) HeBe-
JTUKUX Oy/IiBeNh Ta MPUMIIICHb.

[To-gpyre, Oyno mMOKa3aHO BiJCYTHICTh CHCTEMHHX IIiJIXO-
JB JIO0 BHPIIICHHS TAaKWUX 3a/1ad. 30KpeMa, BiJCYTHICTh HAyKOBO-
TeXHIYHO1 iH(opMaIlii Mpo BHUKOPUCTAHHS COHSYHOTO TEIUIA JUIS
pobotu ATT 6e3HacocHOrO THUILY.

Takum yMHOM MeETOIO JaHOi poOOTH € po3poOka Ta JOCIHi-
mxeHHsT ATT 3 HU3KOMOTEHIIWHUMHE JKeperaMu TeIJIOBOi eHep-
rii. JIns gocsrHeHHS MOCTaBIEHWX METH B paMKax Iiedl poOoTu
BUpIIIYBaJIM HACTYMHI 3a/adi: a) po3poOKy Ta aHamii3 CXEMHHUX
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pimenb ATT g cuctem xutTe3ade3nedeHHs (onajaeHHs, KOHU-
L[IFOBaHHS TOBITPS, OXOJOMKEHHs); 0) eKCriepuMeHTajIbHe J0Ci-
JUKEHHS TETUIOBUX 1 BUTPATHUX XapaKTEPUCTHK MepeKauyBalIbHUX
tepmocudoHiB y cknami ATT; B) MoAemOBaHHS TEIUIOBUX PEXKH-
MiB ATT 3 rtemnoBumu TpyOamu; r) po3poOka MEpCHEKTUBHUX
CUCTEeMH KHTTe3a0e3neueHHs Ha 6a3i ATT.

Ha mnepumiomy etami Oyno MpoBeIEHO PO3POOKY CXEMHHUX
pitmenb ATT ans cuctem xutTezade3nedeHHs. Po3nissHyTo 6a30By
Mozens Ha OCHOBI Oe3zHacocHoro ATT. 3ampomoHoBaHa cxema
BUPINIy€ 3aBIaHHS SK OMAJICHHS, TaK 1 KOHJUIIFOBAHHS TOBITPS
Ta OXOJO/UKeHHsS. [l 3aBmaHb OMalieHHS Ta KOHIWIIIOHYBaHHS
B XOJIOMHUH TEPiol POKY TOCHTIIOBHO BHKOPUCTOBYETHCS TEILIO,
10 BIAXOMUTH 13 30HM reHeparlii, abcopOIlii, KOHIeHc allli Ta pek-
tudikamii (zedermartii).

Jlns 3ampomnoHOBaHOT cxeMH Oylo po3pOoOIECHO METOAMKY
TEPMOJMHAMIYHOIO PO3paxyHKy Boj0amiayHOro abcopOIiiiiHoro
UKy 3 BUKOPUCTAHHSM BIEpIIE OTPUMAHUX ANPOKCUMAIIHHUX
3aJIe)KHOCTEH TePMOAMHAMIYHUX MapaMeTpiB Ta QyHKIi. Po3rs-
HYTO po0OYe TLIO 3 IHEPTHUM ra3oM BOJHEM Ta rejieM. BukonaHo
YHCEJbHI JOCHTIHKEHHS TEPMOJMHAMIYHUX [TUKITIB B XapaKTEPHUX
pexumax podotu ATT. AHaniz OoTpUMaHUX pe3yJbTaTiB po3pa-
XyHKY TOKa3aB HAcTylHE — SIK Y pasl 3aCTOCYBaHHS 1HEPTHOTO
ra3y BOJHIO, TaK 1 TEJI0 YUCEIbHI 3HAYECHHS XOJIOJOMPOIYKTHUB-
HOCTI 32 IHIIUX OJHAKOBUX PEXUMHHX IapaMeTpiB HEe BIUIMBAIOThH
Ha 4YHCENIbHI 3HAYCHHS KoedillieHTa IMEePETBOPCHHS TEPMOIMHA-
MmiyHoro 1ukiny 6esznacocHoro ATT. Ilpudomy #oro BiIMiHHICTBH
YHUCEIbHUX 3HAYCHb JJIS TENiI0 1 BOJIHIO SIK IHEPTHOTO razy He3Ha-
yHa. JIOBECHO TaKoX, IO 3POCTAHHS TEMIEpPaTypu «XOJOIHOTO
mkepena» Bim 0°C mo 10°C mist reniro Ta BOAHIO, SIK IHEPTHOTO
rasy, IPaKTUYHO HE BIUTUBAE HA KOE(IlIEHT MEPETBOPEHHS TEPMO-
nuHamiuHoro mukiny ATT — 3mina cranoButh He Ounbie 0,5 %.

Jnst oTpumaHHS BIACYTHBOI 1H(OpMAIi BUKOHAHO TaKOX
eKCIIEpUMEHTAIbHI JTOCTI/KEHHS TeHeparopHoro Bys3na ATT,
AK1 JO3BOJIMJIM OI[IHUTU YMCENbHI 3HAYCHHS BUTPATHUX Xapak-
TEPUCTUK TepeKadyyBalbHUX TepMOCU(DOHIB (pO34MH, TMap)
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Ha pI3HUX poOOYMX TiMaX (XJIOPUCTINA KanibIlid, BOAHI PO3UMHI
OpOMHUCTOTO JIITIIO Ta XJIOPUCTOIO JIiTiIO), BIUIUB Ha HUX PALY
BHU3HAUAJIbHUX MapaMeTpiB (CKJIaa PO3UHUHY, HAXUJI 10 TOPU30HTY,
piBEHBb PO3UMHY B 30HI MiJBO/A TEIJIOBOIO HaBaHTa)XeHHs). Taki
JnaHi HEoOX1AHI s MPOEKTyBaHHsS aOCOpOLIMHUX TEepMOTpaH-
chopmaropiB sl CUCTEM OMaJeHHs, KOHIUIIFOBAaHHS MOBITPS Ta
OXOJIO/IKEHHS.

[Tokazano, mo s 3abe3nedeHHs HaAiiHOI poOOTH TepeKa-
qyBaJbHOTO TepMocupoHy Ha podbounx Timax: LiBr, CaCl,, LiCl
Ta 3311 YHUKHCHHSI KpUCTaTi3allii B 30H1 MiIBEICHHS TEIJIOBOTO
HABAHTAXCHHS HE CIIiJ] BAKOPUCTOBYBATH TPYOKH HEBEJIMKOTO Jia-
MeTpy, 30kpeMa 2 MM. TepMOCU(OHH Xk 13 BHYTPILIHIM JAlaMETPOM
4 MM IEMOHCTPYIOTh CTa0UIBHY Ta HAJIWHY POOOTY y BChOMY Jia-
Ma30HI TEIUIOBMX HaBaHTaxxeHb 10 250 BT. V psaai ekcnepumen-
TaJIbHUX JOCTIpKeHb 3 po3unHoM LiCl BigmiueHe Hemependauy-
BaH1 pe3yJIbTaTu 3 MAKCUMyMaMH B 30H1 TEIUIOBOTO HaBaHTAKECHHS
100 BT. V 3B’s13Ky 3 IIUM MO)KHA ITOPEKOMEHTyBaTH PO3POOHHUKAM
ATT yBaxHO BITHOCHUTHUCH 10 BUOOPY poOoyoro Tina Ha 6a3i LiCl.

JloBeIeHO TaKOXK, IO PO3MONALT 3a BHUCOTOIO TPAHCIOPTY-
BaJIbHOI 30HM ITiJIBEJICHHS TETUIOBOTO HABAHTAXCHHS 301IBIIYE
BUTPATH MApU Ta MEPEKaYaHOTO PO3YHMHY, MOPIBHSIHO 3 MiBEICH-
HSIM TEIUIa B HI)KHIO YaCTUHY TEPMOCH(OHY, JUIsl pI3HUX poOOUnX
T Ha 15...28 %.

[Ipu BiZXmIeHHSIX MMepeKaqyBaIbHOTO TEPMOCH(OHY BiJl TOPH-
30HTaJNl CyTTE€BO 3pPOCTAIOTh BUTPATH PO3UMHY. A Tak SK COHSYHI
CHUCTEMH BCTAaHOBIIIOIOTHCS 3 OpI€HTAlli€l0 Ha coHIle (B YKpaiHi
npubau3Ho y 45°), To 1ei ¢axr ciaiag BpaxoByBaTH Mija yac Mpo-
€KTYBaHHs CHCTEM XUTTe3abe3nedeHHs Ha 6a3i ATT 3 pobounm
tioMm LiCl, LiBr, CaCl,. IToka3aHo it HEKpUTUYHICTh ITOYaTKOBOTO
3allOBHEHHS 30HU MiJBEJCHHS TEIUla MepeKauyBaIbHOTO TEPMO-
cuoHy — aMIUTITya KOMuBaHb 10 50 MM He BITMBaiIa Ha Haii-
HICTb HOro poOOTH Ta BUTPATHI XapaKTECPUCTHKH.

3 BHUKOPHUCTaHHSM pe3yJbTaTiB EKCIIEPUMEHTAIbHUX JOCIHi-
JDKEHB PO3pPOOJICHO MaTeMaTUYHY MOJIEIb TEIUIOBOI CXEMU «BHIIAp-
HUK ATT — termoBa Tpy0a — HU3BKOTEMIIEPATYpHE BIIUICHHS.
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Mopnenb J03BOJISIE TPOBOIUTH YHCEIbHHIA EKCTIEPUMEHT IIOJI0
OIIIHKH BIUTUBY Ha TEMIIEPATypHO-CHEPTETHYHI XapaKTePUCTUKU
enemeHnTiB ATT, a came kopob6a HTO, a Takox HacTymHUX reoMe-
TPUYHUX Ta PEKUMHUX MapaMeTpiB: NIMOUHHU, IIUPUHU Ta BUCOTH
kopob6a HTO; ToBmunu Matepiany kopoda HTO; tumy marepiamy
KOpo0Oa; TUILy BUKOPHUCTAHOI TEMJIOBOI TPyOM; KOHTAKTHOTIO TEp-
MI4HOTO OIOpPY; TOBIIUHM 130JSIIMHUX MEPEropooK; TEII0BOro
HABaHTAXEHHS Ta PIBHSA TeMIepaTyp 00’€KTa OXOJIO[UKEHHS Ta
30BHIITHBOTO MOBITPs [4-5].

VY pe3ynbTari YMCeIhbHOr0 €KCIEPUMEHTY pPO3pOOIIEHO MpaK-
TUYHI PEKOMEHJAIll JJii NPOEKTYBAHHSA Ta IOKa3aHO IEPCIEK-
TUBHICTh BUKOPUCTAHHS TEIJIOBMX TpyO pi3HOI KOoHpirypamii —
I'-moni6amx Ta [I-mogiOHMX KOHCTPYKIIIH JJIs1 KaMep OXOJIOKEHHS
y cKiazi abcopOIiiHuX TepMoTpanchopmaropis.

3 ypaxyBaHHSIM pe3y/lbTaTiB IPOBEIEHUX TEOPETUYHUX Ta
eKCIIEPUMEHTAIbHUX  JOCIIJUKEHb  pO3pO0JIIEHO  IPUHIMIIOBY
cxemy abcopOuiifHoOro TepmMoTpanchopmaropa, 0 BUKOPHCTOBYE
SIK OCHOBHE JKEPEJIO TeTIOBOT €HepTii COHIYHE BUIPOMiHIOBAHHS
Ta aKyMyJIATOpU Teruia Ta Xojoxy. PoGounm timom Takoro ATT
MOXYTh OyTH BOJIHI PO3YHHHU COJICH XJIOPUCTOTO KaJIbIIif0, OpOMU-
CTOTO JIITII0, XJIOPUCTOTO JIITIIO 1 BOJOAMIaYHa CYMIII 3 1HEPTHUM
ra3oM Ha OCHOBI BOAHIO a0o remito. [{ns anpoOarii po3poOneHux
METOIUK OyJ0 BMKOHAHO TEIUIOTEXHIUYHUI pO3PaxyHOK CUCTEMHU
aKyMyJISILii Teria Ta XoJIoay 3 NpOoayKTUBHICTIO 5 KBT no xonoxy
Tta 12 kBT mo Tery Ta BUKOHAHO MPOEKTYBaHHS aKyMYJSTODIB
TEeIUIa Ta XOJIOAY JUISl IIUX MapaMeTpiB.
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HEPCIIEKTHUBHI XOJIOAOATEHTH 3 HU3bKUM
HOTEHHOIAJOM IVIOBAJIBHOTI'O ITOTEIIJITHHSA
JJIAA CYJHOBOTI'O XOJIOAUJIIBHOI'O OBJTAJJTHAHHSA
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Xuaiesa O. 4., 1-p TexH. HayK,
kagezpa CyTHOBOTO JIOTIOMI)KHOTO 001aJHAHHS
1 XOJIOAWJILHOT TEXHIKHA
E-mail: khliyev@ukr.net
Hayionanvnuii ynisepcumem «Ooecbka MOPCbKa akademisy,
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MiXHapO/HI €KOJIOTI4HI 1HIIIaTUBH 3yMOBIIIOIOTH HEOOXif-
HICTh TIEPEXOAy MOPCHKOTO TPAHCIIOPTY HA TEXHOJIOTIT 3 HU3bKUM
BYIJICLIEBUM CIIiJJOM. 3HaYHYy YacCTKy BHKHIIB MapHUKOBUX ra3iB
y CYIHOBIH Trairy3i craHOBIATh BUKUAM CO, IBUTYHIB, ajie¢ BUTOKU
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(TOPBYIVICIICBUX XOJIOJJOATCHTIB BHOCSATD JIOIATKOBHIA BKJIA/I Yepe3
BHUCOKE 3HA4YeHHs MOTeHLialy miobanbHoro notemiinHs (GWP)
TpamuiiiHux podounx tin Tuny R404A uu R134a.

[Tapuspka yroma (2015) ta Kiraasceka nomnpaBka 10 Monpe-
aNbChKOTO MpoTokony (2016) BU3HAYMIM MIKHAPOIHI OPIEHTUPH
II0I0 CKOPOUYEHHSI BUPOOHUIITBA 1 CHIOXKUBAHHS (DTOPBYIIICHEBUX
xonomoareHTiB Ha 85 % mo 2047 poky. Lli mokymenTH, mopsy i3
perimamentoM €C Ne 517/2014 (F-Gas Regulation), ctumymnioBanu
aKTMBHHUU Tepexin Ha xonomoareHTH 13 HM3bKUM GWP. Ilpore
MOPCBHKA Tay3b CTUKAETHCS 3 TEXHIYHUMHU TPYIHOCTSIMH, SIKi yIIO-
BUIBHIOIOTH 1€ MpOIEC MOPIBHSHO 3 HA3eMHUMHU CHCTEMaMH.
[Tepmn 3a Bce 11 MOB’A3aHO 3 TUM, IO OUIBIIICTH XOJIOJAOATCHTIB
3 Hu3bkuM GWP € roprounmu.

CyaHOBI XONOAUIIBHI YCTAaHOBKU BITHOCSTHCS 10 CUCTEMH, 110
MPALIOITh Y 3aMKHYTOMY MPOCTOpi, A€ PU3MK 3aiiMaHHS pobo-
yoro Tina ocobmuBo Bucokuit. Kousenii SOLAS ta MARPOL
BHU3HAYAIOTH 3arajibHi BUMOTH JI0 O€3MEeKH Ta 3armodiranHs 3a0py/i-
HEHHIO, IPOTE HE MICTITh MPSIMUX OOMEXKEHB II0JI0 3aCTOCYBAHHS
(dTOpBYIIIENICBUX XOJIOMOAareHTiB. lle cTBOprOE «perymsiiiiHmii
BaKyyM», y SIKOMY PIIIICHHS TIPO MEPeXiJ] Ha aJIbTePHATUBHI XOJIO-
JIOAreHTH YXBAaJIOIOThCS MEPEBAaXKHO Ha PIBHI KiacuiKaliiHUX
toBapuctB (Lloyd’s Register, DNV, Bureau Veritas, ABS).

BigmoBimno 10 onoBnenux mpaBua  Lloyd’s Register
(2024-2025 pp.), BKE MO3BOJECHO BHKOPUCTAHHS BYTJICBOIHIB
R290 (mpoman) i R600a (i300yTaH) y CYAHOBUX XOJOAMIBHUX
CHUCTeMax 3a YMOBH JOTPUMAaHHsS CHELialbHUX BUMOT O€3MeKHu.
DNV ta Bureau Veritas Hapa3i He 103BOJISIIOTh 3aCTOCYBAaHHS BYT-
JICBOJHIB SIK XOJIOJIOATeHTIB, ajie JIOMYCKAIOTh MOXIIUBICTh 1X PO3-
DAy y MaOyTHIX penakmisx mpasui. Bogaouac DNV Ta Bureau
Veritas y oCTaHHIX pelakiisx T03BOIIN BUKOPUCTAHHS «CIIA0KO-
3aliMICTHX» XOJOAOAreHTiB. Takux sk R32 ta R1234yf.

BaxxuBy poiib TIpH BIPOBAKCHHI XOJIOJ0AreHTIB HOBOTO
MOKOJIIHHS y CYAHOBY XOJOMWIBHY TEXHIKY BIIrparoTh TaKOX
konekcen IGC (mnst cyneH, mo nepeBo3sATh 3pimkeHi razu) ta IGF
(m7s cyaeH Ha ra3oBoMy NayivBi). BOHM BCTaHOBIIOIOTH BUMOTH
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JI0 CHCTEM, 110 BUKOPUCTOBYIOTh 3aMUCTI ra3u, i MOXYTb OyTH
3aCTOCOBAHI 32 QHAJIOTIEIO 10 CYAHOBUX XOJOAUIBHUX CHCTEM, 110
BUKOPHCTOBYIOTh BYIJICBOAHI SK XOJOMOAreHTH. TakuM YHHOM,
JKOZIEH MIKHApOAHWMM JTOKYMEHT MpsIMO HE 3a00pOHsE€ BUKOpHUC-
TaHHs BYIJIEBOJHEBUX XOJIOJI0AT€HTIB, IPOTE BCl BUMAratoTh CyBO-
pOro AOTpPUMaHHS MPABUII TOKEKHOT OE3MEKH.

ByrneBonnesi xonmopoarentu (HC) nanexars 0 NmpUpOAHUX
poOOUMX CepeloBUIL 1 MaroTh HU3KY CYTT€BUX IepeBar. Bonu
XapaKTepU3yIOThCs HaA3BHYaiiHO HU3bkuM GWP, BiiMiHHUME Tep-
MOJIMHAMIYHUMH BJIACTUBOCTSIMHU, BHCOKOIO €HEProe(eKTHUBHICTIO
Ta CYMICHICTIO 3 TPaJMLIHHUMHU MaTepiajlaMi Ta MAaCTUJIaMH XOJIO0-
JWJIBHAX CHUCTEM. 3aBISKU IIbOMY BYIJIEBOIHI MOXYTH 3a0e3medy-
BAaTU 3HIKEHHS K MPAMHUX, TaK 1 HENPAMUX BUKHJIIB MaPHUKOBUX
razis. Kpim Toro, ByrieBosHI € TOCTYITHUMU 32 IIHOIO.

TonoBHUI HeHOMIK — BUCOKA 3alMUCTICTh. Lle oOMexye oOcsT
3alpaBKU CUCTEMHU Ta MOTpelye peasizaiii KoMIUIeKCey Oe3rneko-
BUX 3aXOJliB: FrepMeTH3allii, BIAOKPEMIICHHS IPUMIIIEHb, BUKOPHC-
TaHHS BUOYXO3aXUIIEHUX EJIEKTPUYHUX KOMIIOHEHTIB, MOCTIHHOT
BEHTWIALII Ta CUCTEMHU JIETEKI] BUTOKIB.

OnHak, BUKOPHCTAaHHS  BYIVICBOIHEBUX  XOJIOJOArCHTIB
y MOPCBKIii raimy3i Mae TpuBaiy icropito. [Iponan (R290) Ta npo-
nined (R1270) necaTumiTTIMU 3aCTOCOBYIOTHCSl Y CHCTEMaxX IMOB-
TopHOTO 3pimkeHHs ra3iB Ha LNG ta LPG-rankepax. Komnanii
Wirtsila, BW LPG Ta Howdens ekcryaTyloTh Taki yCTaHOBKHU
3 BUCOKHMM PiBHEM HaJiHHOCTI.

CyyacHi JOCHIJDKEHHS JIEMOHCTPYIOTH IIOCTYIIOBE DPO3LIH-
peHHs cdep BUKOPUCTAHHS BYIVIEBOJHIB SIK X0JiofoareHTiB. Kom-
naHiss Thermo King cnineHO 3 HiMenbkUM TOBapHCTBOM MiX-
HapogHoro criBpoOitHunTBa (GIZ) peanizye HpOeEKT po3poOKu
MOPCBHKUX KOHTEHHEPIB-pedprkepaTopiB, IO MPAIOBATUMYTh
Ha R290. Ognouacno xommnanii Heinen & Hopman ta Alfa Laval
PO3pOOIIAIOTH CUCTEMHU KOHJMIIIFOBaHHS Ha 0a3l Mporany, ONTHMI-
30BaHi MiJ] CyTHOBI YMOBH.

BoaHouac ciijt 3a3Ha4UTH, 1110 KOMEPUIHHUX CYTHOBUX XOJIO-
JTVIIBHUX CHCTEM, SIKi MPAIIOI0Th BUKIIOYHO Ha BYIJICBOJHEBUX
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X0J107j0areHTax (OKpiM CUCTEM pEeKOHJEHcallll 3p1AKEHUX rasiB),
MOKM He icHye. Haibinmbmm IMOBIpHUMH HampsMaMu IEPIIOTro
BIIPOBA/KCHHS € XOJOAMJIBHI CHCTEMHU 3 MPOMDKHHUM XOJIOJO-
HOCIEM Ha pPHOOJIOBEIPKUX CyHIHAX, JHOAOTCHEPATOPH, CHCTEMHU
KOHIUIIIFOBAHHS MOBITPS, & TAKOX XOJOIUJIbHI MAIIMHU Pe(PKOH-
TeliHepiB. BoaHowac i XOJMOAMJIBHUX CHUCTEM MPOBI3IHHUX
KaMep BUKOPHCTAHHS BYIJIEBOJIHIB, BIPOTiHO, OyJe €KOHOMIYHO
HEOOTPYHTOBAaHMM Yepe3 BHCOKI BUTpaTH Ha 3a0e3TleUCHHS
Oe3meKH.

[Tepexim MOPCBHKOT Tally31 JI0 €KOJIOTIYHO OE3MEYHUX XOJIOJI0-
areHTIB € HEB1JIBOPOTHUM IPOLIECOM, SIKUM 3yMOBICHHHA SIK MiX-
HApOJHUMHU 3000B’sI3aHHAMHU, TaK 1 MOTpedaMu eHeproeeKTUB-
HOCTi. ByrieBoiHEB1 X0JI00ar€HTH MarOTh 3HAYHUN HOTEHIial
JUIsL IeKapOoHi3allii CYIHOBHX XOJOIWIBHUX CHUCTEM, OCKIJIbKH
noeAHy0Th HU3bkUi GWP, BUCOKY €(pEeKTUBHICTb 1 CyMICHICTD 13
TUTIOBUMH CXEMHHUMHU PIIICHHSIMH OOJIaTHAHHS.

PO3POBKA BATATO®YHKIIOHAJIBHOT'O
ABCOPBUHINHOTI'O XOJOANUJBHOTI'O TIPUJIIALY

Titaos O. C., 1-p TexH. HayK, poecop
E-mail: titlov1959@gmail.com

Jopomienko B. M., 1-p TexH. HayK, mpodecop
E-mail: doroshenkovm444@gmail.com

IMonoB B. O., acniipanT kadenpu HapTOra30BMX TEXHOJIOTIH,
1H)KeHepli Ta TerIoeHepreTUKU

OoecvbKuti HaYiOHATLHUTI MEXHONO2IYHUL YHIGEpCUmen,
m. Qoeca, Vkpaina

VY naHuii yac TisSNIBbHICTB JIFOJCTBA J0CSAINA BXKE TAKOTO PiBHS,
npu skoMy il BIUIMB Ha IPHUPOAHE cepenoBHINe HalOyBae IJO-
O0anmpHOTO XapakTepy. [IpoTaroM OCTaHHBOTO CTONITTS MOCTIHHO
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3011bIIyBaBCsl BMICT arMocepu aeskux npuponnux rasis (CO,,
N,O, CH,). lonatkoBo 110 arMocdepu HaaXOIUIH Ta3H, sIKi € IPH-
POIHUMH KOMIIOHEHTaMH I100alibHOI eKocucTeMu. [00BHI cepen
HUX — (QropxnopBymieBoaHi (¢ppeoni). Lli ra3u akTUBHO MOMIIMHA-
I0Th B1IOUTY B1Jl MOBEPXHI 3eMJll COHSYHY pajialliio Ta COPUSIOTH
(bOopMYyBaHHIO «ITAPHUKOBOT0» €(EKTY.

Curyanis, 1m0 ckjianacs, 3MyLIye pPO3pOOHHKIB MOOYTOBOI
XOJIONUJIBHOI TEXHIKU MEPENIIHYTH CTaBJICHHS /10 a0COpOLIMHUX
xononuiabHuX npunaaiB (AXII), Hagani, 3riAHO 3 ICHYIOUUMHU HOP-
MaTUBHUMH BUMOTaMH Ta BU3HAYCHHIMHU — aOCOPOIIHHUMHU XOJI0-
JWIIBHUKAMHM Ta MOpPO3WJIBHUKAMHU, K1 KOMIUIEKTYIOTbCS abcop-
OIIMHMMU XOJIOMUJILHUMHU arperaraMi 1 MOXKYTb PO3TIISIATUCS
K OJUH 3 aJIFTepHATUBHUX BapIaHTIB MEpPEXoJy Ha E€KOJOTrI4YHO
Oe3neyHi.

PoGoue Tino abcopOuiiinux xonmomwibHUX arperariB (AXA)
B ckiaal AXII cknanaeTscs 3 NpUPOJHUX KOMIIOHEHTIB — BOjOA-
MIa4HOTO PO3YHMHY 3 I00aBKOIO 1HEPTHOTO ra3y (BOJHIO, Telliio abo
ix cymimii) 1 € abCOJIFOTHO €KOJIOTTYHO O€3MEYHUM — Ma€ HYJIbOB1
3HAYEHHsI 030HOPYHWHIBHOI'O MOTEHI[Ialy 1 MOTEHI[laly «IIapHUKO-
BOTO» e(exTy.

AOcopOLiiiHI X0IOANWIbHI IPUIAJAN MAIOTh 1 HU3KY TaKUX YHi-
KaJIbHUX SKOCTCH, SK:

a) Oe3lIyMHICTh, BHCOKAa HaJIMHICTh Ta TPUBAJIUN pecypc,
BIJICYTHICTh BiOpaIlii, MarHiTHUX Ta €JICKTPUYHHUX IIOJIB T 4Yac
eKCILTyaTalii;

0) MOXJIMBICTP BHUKOPUCTAHHS B OJHOMY amapary Kuib-
KOX JDKEpesl eHeprii — SIK eJNeKTPUYHUX, TaK 1 aJlbTepHATUBHUX
(Teryora 3ropsiHHS OPraHIYHOIO MaJiiBa, COHSYHE BHUIIPOMIHIO-
BaHHS, BUXJIOINHI a3y JIBUT'YHIB);

B) MOMJIMBICTh POOOTH 3 HESKICHUMM JIKEpeslaMu €Heprii,
30KpeMa i eleKTpUYHOI, y Alana3oHi Hanpyru mepexi 160...240 B.

Mo nepesar AXII cinij BilHECTH MEHIly B TIOPIBHSHHI 3 KOM-
IPECITHUMH aHAJIOraMU BapTICTh.
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Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

Pazom 3 TuM, He3BakarouM Ha CBOi YHIKaJIbHI MOKJIMBOCTI,
AXII MaroTh MMiIBUIICHE, TTOPIBHSIHO 3 aHAJOTIYHUMH KOMITPECiii-
HUMH MOJIEJISIMH, €HEProCIIOKHBAHHS.

Ha mam mornsi, Take CTAaHOBUIIE OB’ SI3aHE HE JIMINE 3 HE/TO-
CKOHAIIICTIO a0COPOIIHHOTO XOMOJMIBHOTO LIUKITY, a W 3 BIACYT-
HICTIO BIIMOBITHUX HAYKOBUX Ta IHKEHEPHUX PO3POOOK.

3okpema, gorenep y po3pobkax aOCOpOIIHHOT XOIOaWITh-
HOI TeXHIKM HE BUKOPHCTOBYIOTH €(EKT BUPOOHUIITBA IITYYHOTO
XOJIOAY TpY 3MIiHHIH TeMIiepaTypi y BUIApHUKY, @ HABITaKH, HamMa-
raroThCsl HOro HiBENIIOBATH.

Amnauni3 pe3ynbTariB 6araToOpidyHUX JTOCIIIKEHb Ta PO3pOOOK
a0COpOUIMHUX XOJOAMIBHHUX TMPHJIAAIB PI3HOTO (PYHKI[IOHATb-
HOTO TIPU3HAYCHHS, TPOBEICHNX Ha MOii 0a30Bii kadeapi HadTO-
ra3oBUX TEXHOJOIIH, 1H)KEHepii Ta TeIJIOCHEPreTUKH, MO0Ka3aB
NEPCIEKTHBHY MOMKJIMBICTh CTBOPEHHS YHIBEpCaJIbHOTO XOJIO-
JTUIBHOTO IIpUJIaay, B SKOMY MOKHA 3a0e3redyBaTH HU3bKOTEMIIe-
parypHe 30epiraHHs y BCbOMY Cy4acHOMY Jiara3oHi TeMIIepaTyp
noOyToBoi TexHikU — Big MiHyc 24 °C no mttoc 12°C.

HwxHs Mexa TeMrieparypu — Iie TpuBase 30epiraHHsl 3aMo-
pPOXKEHUX TPOAYKTIB, a BEpPXHSI Mexa — 30epiranHs (PpykriB Ta
OBOYIB.

[lepenbayaeTbcss BUKOPUCTOBYBATH TaKi TEXHIYHI BHCIIOBIIO-
BaHHs, HaBeZIeH1 Ha puc. 1 ta puc. 2 [1].

[Tanens /6 moB’si3aHa 3 00°€MOM, IO OXOJIOMKYETHCS, XOJIO-
JTUIBbHOT Kamepu. J[s 3aXMCTy BiJ COHSYHOTO BUIPOMIHIOBAHHS
TeruIopo3citoBasibHi eneMeHTH AXA [4 3aKpHBalOThCS HaBic-
HAMH (panbli-nanensMu /7. Y Ha3eMHOMY BUKOHAHHI XOJOIWITb-
HOI Kamepu nependayeHi xamo3i /8, M0 3aXUIIAI0Th BiJl COHSAY-
HOTO BHUIIPOMIHIOBaHHS HE TUIBKH TEIIOPO3CIIOBAJIbHI €IEMEHTH
AXA, ane 1 CTIHM XOJIOAWJIBbHOI Kamep. JlJis mogadi eHeproHociiB
1o AXA 13 nepenbadena cnenianbHa marictpans /9. Yeepenusi
XOJIOAMIIBHOI KaMepH pO3TAIIOBaHI XOJIOJ0AKYMYJISITOPH, BHKO-
HaHi, HAPHUKJIad, Y BUIJISIIL 3€pOTOPIB, 3aIIOBHEHUMH COJILOBUMU
BOJHUMHU pO34MHaMU. [IpormoHOBaHA KOHCTPYKILIS XOJOJMIBHOI
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KaMepH HaOLIbIl eeKTHBHA SIK y MICISIX 3 TIOBHOIO B1JICYTHICTIO
€JICKTPOCHEPTii, TaK 1 B MICIISIX 3 HESIKICHOIO 11 1TOo/1a4ero, MoB’ sA3a-
HOIO 3 nepebosiMu 200 31 CTPUOKH HANpyTH B MEPEXi.

Puc. 1. 3aranpauil BUI TPAHCTIOPTHOI XOJIOAUIBLHOT YCTAaHOBKU
Ha 0a3i MOIYJIBHHUX a0COPOIIHHUX MOPO3UIIBHHUKIB THUITY «CKPUHS»:
1 — MOPO3HUIBHUKHY; 2 — KPUIIKA MOPO3MIBHUKIB; 3 — AXA;

4 — MaricTpaiib MmigBeIeHHS TeIUIOBOI MOTYKHOCTI

Po6oTa xomomuiapHOT KaMepH 3IHCHIOETHCSI B TAKHK CIOCIO.

s po6otu AXA, BCTaHOBJICHUX B OTBOPAxX CTiH OyiBEeIbHOT
KOHCTPYKII Marictpam /9 3aiiCHIOETBCS ToJada OPTraHigHOTO
najnBa (JU3eJIbHOTO MalUBa, racy, IPUPOJHOTO rasy, 3piJKEHOro
rasy, 0iorasy TOIIO0) B MaJbHUKOBI MPUCTPOi. XOJIOJ TeHEPYETHCS
y BumapHukax AXA, BcTaHOBJICHHX Yy Onokax /5. Uepe3 opebpeni
naHesi /6 3AiMCHIOETBCS BIIBIA TEIIa 3 OXOJIOMKYBAHOTO 00’ €My
XOJIOWJIBHOI KaMepu 1, BIAMOBIAHO, 3HMKEHHS TEMIIEPATypH
00’€KTIB 0XOJOHKeHHS (TIPOAYKTiB). OTHOYACHO 3 OXOJIOIKESHHSIM
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Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

S8 3 oo
Puc. 2. KoncTpykirist aBTOHOMHOT XOJIOAWIEHOT KaMepH, MPU3HAYCHOT
JUTSE TIEPBUHHOI XOJOAMIBHOI 0OpOOKH TPOTYKTiB:

1 — ctiam xonmomuibHOI KamepH; 2 — nax; 3 — nBepi; 4 — BXigHui TamOyp;

5 — BHyTpimmHI 1Bepi; 9 — Hecyda OyniBeTbHA KOHCTPYKITiS;

10 — rigpoizomsmis; /] — Teroizonsmis; /2 — mTyKaTypka; /3 — MOTYyIbHI
AXA; 14 — Bunapauku AXA; /5 — TigpoTenioi3orodi 6J0KH BHITAPHUKIB
AXA; 16 — metaneBy opeOpeHy maHenb OJOKYy BUTIAPHUKA,

17 — danpir-naneni Qs 3aXUCTy BiJ COHIYHOTO BUITPOMIHIOBAHHS;

18 — xanro3i I 3aXUCTY BiJl COHSYHOTO BHIIPOMIHIOBaHHS; /9 — MaricTpaib

JUTA TToziadi TerutoHocis B AXA; 20 — X0mogoaKyMyJIsITOpH

KOPUCHOTO 00’€My XOJOOWJIBHOI KaMepu 3I1HCHIOETHCS OXOJIO-
JOKCHHS Ta «3apsaKa» XOIOM0aKKyMylIsaTopoB 2(). Xomomoakymy-
JISITOPY HA OCHOBI COJTLOBUX BOJAHHX PO3UMHIB MAIOTh TEMIICPATY Py
(dazoBoro nepexony Ha piBHI MiHyc 20...miHYyC 12 °C (3aJ1e:)KHO Bl
MacoBoi KoHIEHTpallii). CBOEpiHMIA «3amacy XOJoay HeoOXin-
HUW TP 3aBaHTAKEHHI XOJOIWIBHOI KaMepH OTCIUICHUMH IIPO-
JTyKTaMH, KOJH XONOJONPOAYKTMBHOCTI BumapHuka AXA Oyne
HEIOCTaTHBO I JOCSTHEHHS 3aJaHOi TeMIepaTypu 30epiraHHs
y BCTaHOBJIEHUH miepion. PoOoTa mia3eMHOI XOIOAMIBHOI KaMepH
Oyle XapaKTepu3yBaTHUCS MEHIIUMH TETUIONPUTOKAMH 3 HAaBKO-
JUIIHBOTO CEPEIOBUINA 1, OTKE, MEHIIIMMH €HEPTOBUTPATAMU TIPU
ekcrutyarauii. MakcumanbHa €(eKTUBHICTh MPEICTABICHOI XOJIO-
JTUIIBHOT KaMepu OyJie TpU BUKOPUCTAHHI BiHOBIIOBAHUX JIXKEPET
eHeprii [2-4].
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VY CUIBCHKIN MICIIEBOCTI, SIK TIPABUIIO, € BEJIMKA KUIBKICTH BiJI-
XOMIB JIGPEBHHH y BUIVISII TUPCA, TPICKH, KOPH, TUIOK, IIIMATKiB
nepeBa, moOyTOBOTO CMITTS TOIIO. B 1ijioMy, 11i BiIXOAH € I[IHHOIO
€HEPreTUYHOK CUPOBUHOIO 1 MOXKYTh OyTH BUKOPUCTaH1 B ra3zore-
HEPATOPHUX YCTAHOBKAX JJIsi OTPUMaHHS TeHepaTOpHOro rasy [5].
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NIABUIIEHHA EHEPTETUYHOI EOEKTUBHOCTI
CHUCTEM OAEPKXAHHA BOJAU 3 ATMOC®EPHOI'O
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m. Qoeca, Vkpaina

VY tenepimHiii yac Ounbiie 40 BiICOTKIB HACEIEHHS CBITY
JKUBE B paiioHaX, IO BiTIyBalOTh CEPEIHIO a00 TOCTPY HecTady
Bonu. IlepenGauyaerbes, mo a0 2025 poky mpuOIM3HO 1BI Tpe-
TUHH HACEJICHHS CBITY — O 5,5 Minbsipaa jroneit — OyayTh KUTH
B palioHax, IO 3ITKHYTHCS 3 HECTAuCI0 BOJIU Y TaKUX MacIiTabax
(Puc. 1) [1].

HapaxoByetbest Oinbiie 1 Minbsipaa mrozmei, 0 HE MaroTh
CTIAKOTO JOCTYITYy JI0 YUCTOI BOIU. 2,4 MiJbspAa Jroei — OlIbie
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OJIHIET TPETUHU HACEJIEHHS CBITY — HE MalOTh JIOCTYIly IO HaJIEXkK-
HuX 3ac00iB caHiTapii. Ll cuTyaris npu3BoAUTh 10 KatacTpodiy-
HUX HACJIJIKIB 1 HAHOIMKIMM 4aCcOM MOKE MaTH MicIie 1 B YKpaiHi.

Water Stress by Country: 2040

N S 2

rd

o]

ratio of withdrawals
to supply
Low (< 10%)
Low to medium (10-20%)
Medium to high (20-40%)
W High (40-80%)
B Exdremely high (> 80%)

Puc. 1. Tepuropii mnaneru 3 aedinuToM BOJHHUX PECypCiB

[Mopoky Oinbire 2,2 MITBHOHIB JIIONEH, TOJOBHUM YHHOM
y KpaiHaxX, W10 pPO3BHUBAIOTHCS, IOMUPAIOTh BiJl 3aXBOPIO-
BaHb, IOB’SI3aHUX 3 HHU3BKOIO SKICTIO BOAM Ta HE3aJOBIIBHHUMHU
CaHITapHO-TIr€HIYHUMU YMOBaMH.

CyuacHi IHTEHCHBHI TEXHOJIOTii OTPHUMaHHS Xap4yoBOi Ta TeX-
HOJIOT19HOI BOJIM 3 MOPCHKOI XapaKTePH3YIOThCSI BACOKUMH BUTpPA-
TaMH TEIUIOBOI €Heprii mpu BUIMapoByBaHHI (aucTisAiii) [97] abo
JIOCUTh BUCOKMMHU BUTpaTaMM €JEKTPUYHOI €Heprii B Imporecax
BUMOPOXXYBaHHS 32 JIOTIOMOTOI0 KOMIPECIHHUX XOJIOJMIEHUX
MalliH.

Jlnist moOyTOBHX 1 TOCTIONAPCHKUX MOTpPe0 B HE3HAYHIM Kijlb-
KOCT1 3 JIaBHIX JaB€H MPICHY BOJY OTPUMYBAIM LUISIXOM 300py
CKOH/ICHCOBAaHUX Kparielb 13 MOBITPsSI B pe3yibTaTi NpUPOAHBOTO
J000BOTO paialliifHOr0 OXOJOKEHHSI 3€MHOI MOBEPXHI y TyXkKe
0OMexeH1H KIJTbKOCTI.

108



Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

I 1o TenepimHbOro yacy ek crnocid He BTPaTUB CBOET aKTy-
albHOCTI Ta 3aCTOCOBYETHCS YK€ 13 3aCTOCYBaHHSIM Cy4YacHHUX
texHounorii (Puc. 2).

Bigomo [2], mo mpu 3HMWxeHHI Temmeparypu Ha 10-15°C
3 KO)KHOTO KyO14HOTO METpy MOXJIMBO BUALIUTH 10—14 r Boau.

Jist minBuieHHsT e()eKTUBHOCTI TPOIECy KOHJACHcAIi mapy
BOJIM Yy MPHUPOJHIX YMOBAX BUKOPUCTOBYIOTH I1HTEHCU(IKYIOUH
eneMeHTH. B mepury uepry, 1e XonomoakyMynaTopu (11eOiHb)
[28, 45] Ta TeruioBi TpyOH, 10 3a0€3MEUYIOThH MepeIady Tera Ha
3HA4YHI BiJIcTaHi. BUKOPUCTOBYIOThCS 1 TBEPAlI COPOCHTH, IO TIpa-
LIOIOTh Y IUKJITYHOMY PEXUMI «3apsIKU-PO3PIIKI.

Jlo HeMOMIKIB BiJOMHX CIIOCOOIB OTPHMAHHS BOIU B TIPHUPO/I-
HIX yMOBaX CJiJ BIIHECTH 3aJCKHICTh BiJl 3MIHHHUX MPOTATOM
J00M Ta MOpU POKY TEIJIOBOJIOTICHUX MapaMeTpiB aTMOochepHOro
MOBITPSI.

[IpoBeneHnii MOPIBHSJIBHUIA aHAJ3 PI3HOMAHITHUX CHCTEM
OXOJIOJDKEHHSI T0Ka3aB, 10 Ui POOOTH y CKJIajal CUCTEM OTpH-
MaHHS BOIU 13 arMOC(EpHOrO MOBITPS MOIIUIFHO BHUKOPHCTO-
ByBaTH XOJIOAWJIbHI MalIuHW Ha 0a3i aOcopOMmiMHMX BOAOAMI-
ayHuX TepMmoTpancpopmaropiB (ABT), sk Taki, 10 CHOXHUBAIOTh
MIHIMaJbHO MOXJIUBY KUIBKICTb €JIEKTPUYHOI €Heprii, HajaiiHi
B poOOTi, BUKOPHUCTOBYIOTh IIWPOKOJOCTYITHI MaTepialid KOH-
CTPYKIIil Ta IpUpOAHE poboUe TijIo (BOJOAMIAUHUI PO3UMH).

JloBemeHo, MO JOIIILHO BUBYUTH TAKOXK MOMKIIMBOCTI BHKO-
PHUCTaHHS y CHCTeMax OTPUMAaHHs BOIH 13 aTMOC(HEPHOTrO MOBITPs
1 mapokommnpeciitnux Ttepmorpancdopmaropis (IIKT) 3 makcu-
MaJbHOIO aBTOHOMHICTIO POOOTH 1 MOXJIMBICTIO BUKOPHCTAHHS
COHSIYHOT eHeprii.

Jns BupimeHHs mpoOieM e(eKTHBHOTO OTPUMaHHS BOAU
3 arMOoc(epHOro MOBITPS MPONOHYETHCSI MEPCIEKTUBHA CUCTEMHU
oxonomkeHHs Ha 6a31 ABT Ha 6a3i consunux kojektopis (Puc. 2).

BinMiHHOIO OCOONHBICTIO TakOi CHUCTEMHU € BUKOPHUCTAHHS
BHCOKOE()EKTUBHOTO TETUIOMAaCOOOMIHHOTO amapary — 0Oap06o-
Tepa. Take TeXHIYHE pIIIEHHS J03BOJIE€ CYTTEBO IMiJBUILUTH
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IHTEHCUBHICTh IpOLIECY KOHJEHcalll BOASHOI mapu Ta MOBITPS-
HOTO Cepe/lOBHILA Ta 3HAYHO 3HU3UTH MacorabapuTHI mapaMmeTpu

CHUCTCMU.

R

Puc. 2. TlepcriekTuBHA cX€Ma CHCTEMH OTPUMAaHHS BOAU
3 arMoc(epHOro noBiTpsi Ha 06a3i COHSYHUX KOJEKTOpiB Ta Oapborepa
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JOCBIJ BITIPOBAJI’KEHHA CUCTEM
AJJTABATHOTI'O OXOJIO/JKEHHA CYXHUX
I'PAAUPEHD JJId NIIBUIIEHHA EGEKTUBHOCTI
MPOMMUCJIOBOI XOJ1OAUJIbHOI YCTAHOBKHU

Kuum C. B., acmipadTt xadeapu XoIOIMIbHUX YCTAaHOBOK
1 KOHJUITIFOBAaHHS TIOBITPS
E-mail: serge@leacond.od.ua

Ooecvkutl HAYIOHANLHUL MEXHON02TYHULL YHIgepCcUumemn,
m. Qoeca, Vkpaina

3acToCyBaHHA CHCTEM aJ11a0aTUYHOIO 3POIICHHS KOHAEHCATO-
piB Ta JpalKyJlepiB € TEeXHIYHO Ta €KOHOMIYHO OOIPYHTOBaHHUM
MiXOJIOM MiIBUILIEHHSI €HeproeeKTUBHOCTI XOJIOAUIBHUX YCTa-
HOBOK [1, 2]. IIpuHuuMn aii TakuX CHUCTEM MOJATA€ y 3HMKEHHI
TEMIIEPATypH MOBITPSI, IO HAAXOAUTH J0 TEIUIOOOMIHHUKIB, IILIs-
XOM Horo ajiabarnuHoro 3BojoxeHHs. Lle 3a0e3nedye 3MeHIIeHHs
TEeMIepaTypu KOHAEHCAIil XOJOA0areHTy, 10, y CBOIO Yepry,
CHpUSIE 3HWKEHHIO €JIEKTPOCIIOKUBAHHS KOMIIPECOPIB.

JloLiIBHICT BIPOBAKEHHSI CUCTEM a/11a0aTUYHOTO 3POIIECHHS
CYTTEBO 3aJICKHUTh B/l KJIIMaTUYHUX YMOB Ta MEPIoay iX eKcIuTya-
Tauii npotsiroM poky. Criporao3yBaTtu €e()eKTUBHICTh TAKUX CUCTEM
JUTSL TIEBHOTO KIJIIMAaTHYHOTO PETiOHY AOCHUTH CKJIAJHO, y 3B’SI3KY
3 0aratop)akTOpHOI MPHUPOIOD TETIOMACOOOMIHHUX TPOIIECIB,
AKi1 BiIOYBArOTHCS MiJ Yac aliadaTUYHOTO OXOJIOMKEHHS TMOBITPS.
Tomy icHye moTrpeba y eKCIepHUMEHTANbHUX TaHUX MO0 edek-
TUBHOCTI TaKMX CHCTEM ]IS KOHKPETHOTO PETiOHY.

VY pob6oTi HaBeeHO Pe3yJabTaTH, OTPUMaHi MPHU EKCIUTyaTamii
CUCTEM aJ1abaTUYHOIO 3POIIEHHS Y CXEMH JBOX JIIOYHUX ITPOMUC-
JIOBUX XOJIONMJIBHUX MAILIUH THUIY «pP1IWHA-PIIMHA» 3 HOMIHAJb-
HOIO XOJIOMOMPOAYKTUBHICTIO Mo 1,6 MBT kokHa, siki po3rario-
BaHi B Opechbkiii obnacti. Terutora KoHIEHcarii BiJl YOTHPHOX
KOH/ICHCATOPiB (110 /1Ba Ha KOYKHY MAIIMHY) BIJIBOAUTHCS MPOMIXK-
HUM TEIJIOHOCIEM Y YOTHPH JpaiKynepa.
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Ha puc. 1 HaBenaeHo 3HaUY€HHS XOJOJOTPOAYKTHUBHOCTI XOJIO-
JTUIBHOT MalTuHU (OIIHEHO1 32 BUMIPSHOIO BUTPATOIO TETUIOHOCIS
Ta HOro mepemnagy TemImeparyp), siki OyJau OTpUMaHi yNpOmOBXK
KUIBKOX TOJUH POOOTH XOJOAMJIBHOI YCTaHOBKU 3 MEPIOJUYHUM
BKJIIOYCHHSIM Ta BIJKIIOYEHHSM CHCTEMHU aJiabaTHOTO 3POIICHHS
npaiikynepiB. s iHTepmperamii OTpUMaHUX JaHUX Ha pHC.
1 Takok HaBEeIEHI METEOPOJIOTIUHI JJaHHI TTPO TEMIIepaTypy HaBKO-
JUIIHBOTO MOBITPS AJisE 00paHOTO YacoBOTo iHTEepBaty. JlonaTkoBo
Ha puc. | HaBemeHi pe3yNbTaTH OIIHKHA XOJIOAWUIBHOTO Koeilri-
enty COP, sixi Oynu po3paxoBaHi y JIBa CIIOCOOH:

— 32 BUMIPSIHUMH 3HAYE€HHSMHU XOJOJOMPOAYKTUBHOCTI Ta
CIIOXKUBAHOI TIOTYXKHOCTI KOMITPECOpaMH XOJIOMIBHOT MAITUHMY;

—  3a BUMIPSHUMH TapaMeTpaMu poOOUYoro Tijia B BY3JIOBUX
TOYKaX Ta PO3PAXyHKOM TEPMOIWHAMIYHOTO ITMKIY 3 ypaxyBaH-
HSM 00 €MHUX Ta CHEPreTUYHHX BTPAT 332 eMITIpUIHUMH (Dopmy-
JamMu; BIacTUBOCTI xosomoareHTy R410A npuiimanucs 3a 6a3oro
nanux RefProp [3].

Sk BunHO 3 puc. 1, mig yac poGoTu cucTteMu aaiadaTHYHOTO
3pONICHHS CIOCTEPIraeThCs 4YiTKa TEHICHINS M0 TiABUIICHHS
xonofonponyKTuBHOCTI QO0, y TOMy peXuMi, KOJIM TpAIoe afi-
abaTHa cucTema 3pOULIEHHs JpaiiKyjiepiB, MOPIBHIHO 3 «CYyXHM»
oxonomkeHHs M. Tak sk Temreparypa KOHAEHcallli XOJI0A0areHTy
NpONOpLiHA TEMIIEPaTypi MOBITPS, IO OXOJOMKYE APANKYIepH,
To aHami3zyBat 3MiHy QO mpu HasgBHOCTI Ta BIJICYTHOCTI ajiadar-
HOTO OXOJIOJKEHHS MOBITPS MOTPIOHO CYMICHO 3 aHaNIi30M TeMIIe-
parypy HaBKOJIMIITHBOTO CEPEIOBHUIIA, KA MPOTATOM JOCIIHKyBa-
HOTO MPOMIXKKY YacTy MOCTYIOBO 3HMXKyBayacs — puc. 1.

Takox 3Beprae Ha cebe yBary cyrreBe 30utbmienHs COP mpu
3aCTOCYBaHHI ajia0aTHOTO 3pOIICHHS IpaiKyiepiB. Bimomo, 1o
3MEHIIICHHS TEMIEpaTypy KOHJIEHcAlll (sKa MporopiiiHa 3HH-
JKEHHIO TEMIIepaTypH MOBITPs, SIKE OXOJOKYE MPOMIKHUN TErIo-
HOCIi, 110 BIIBOMUTH TeMIlepaTypy KoujaeHcarii) Ha 1°C mpusBo-
JIUTh 110 3HW>KEHHSI €eHEPrOCIIOKUBaHHs KoMIipecopamu Ha 1.8...4 %
[4]. Bimxwnenns 3HaueHHs COP, ormiHeHOro aBoMa METOJAMH,
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Puc. 1. 3anexnocti xonoponpoaykTuBHOCTI Q0 Ta X0JIOIUIBHOTO
koedirienty COP jyist ABOX pexXHMiB POOOTH XOJOAMIBLHOT
YCTAaHOBKH THITY «piauHa-piguHay (MpU 3aCTOCYBaHHI a/1iabaTHOTO
3pOIIeHHS JpaiKysepiB BOAOIO Ta MPH iX «CYXOMY» OXOJIOPKEHHI),
BiJ TeMIIEpaTypu HaBKOJIMIIHBOTrO noBiTpst 21.08.2025 p.

(xnmimatnaHi yMoBH OnechKoi o0nacTi)
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MOSICHIOETBCS TOXMOKOK BHMMIPIOBAaHHS YCIX IapaMeTpiB, HEBU-
3HAYCHHICTIO, SIKa MICTUTBCS B eMIIpUYHUX (HopMysiax Ui BU3HA-
YeHHsI EHePreTUYHUX Ta 00 €MHHUX BTPAT y KOMIIPECOpi, a TaKOX
BUIIAJIKOBOIO CKJIaq0BOI0. OpHAK, HE3BAXKAIOYM HA BiIXWICHHS
NpY BUKOPHUCTaHHI [BOX miaxoAaiB oiiHku COP, TeHaeHlis BIUIUBY
BUKOPUCTAHHSI «CYyXOT0» OXOJIO/KEHH:I, 00 a11abaTHOTO 3pOILIEHHS
IIpY OXOJIOMKEHHI JpaiikynepiB 30epiraerscs. Lle € BaxmuBum Juist
MOJANBIIOTO aHami3y IOLIIBHOCTI BIPOBAKEHHS TAKUX CHCTEM,
TOMY IO HE OTPHUMaHHS TOBHOTO 00’€My EKCIEepHMEHTaJIbHUX
JAHUX HE 3aBKIU MOXKIIMBO Ta €KOHOMIYHO CKJIA/JHE 3aBJaHHS.

JlonaTkoBO ciil JOAATH, L0 3aCTOCYBaHHS aJiabaTHOro 3po-
HICHHS ApaiikynepiB Oyae MPU3BOAMTH JI0 3HMKEHHS €HEProCIo-
KUBAHHS BEHTWJISTOPAMHU, SIKI OCHAILEHI TUPUCTOPHUM pETyJIto-
BaHHSM IX IMOTY)KHOCTI, III0 HE BPaxOBYBAJIOCS Ha JIaHOMY eTarli
JIOCIIDKEHHS.

OTpumaHi TONEPEIHI Pe3yJbTaTH IOKa3yKTh JJOLUIBHICT
BIIPOBQ/KEHHSI CHCTEM aJ11labaTHOTrO 3pOILICHHS IpalKyiepiB Ta
KOHJIEHCATOPIB XOJOAMJIBHUX CHUCTEM, ajleé NOTPeOyIOTh MOBHOTO
EHEPreTUYHOTO0 Ta €KOHOMIYHOTO OOIPYHTYBaHHS, L0 3allIaHO-
BAaHO aBTOPOM BHUKOHATH Y MOJAJIBUIMX JOCIIIKCHHSX.
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Exxexropni xomonunbHi Mammuu (EXM) Ta ycraHOBKM Ha
ocHoBIi opraniuHoro nukiny Penkina (OLIP) € myxe mepcrieKTuB-
HUMH CHCTEMaMM ISl yTHUJI3alil HU3bKOMOTEHIIIHOI TEeIuioTH
3 METOI0 BHPOOJICHHSI X0JoAy abo enekTpoeHeprii. barato Hayko-
BUX JIOCII/PKEHb OCTAaHHI POKH TIPUCBSIYEHO BHBYCHHIO IUX
CUCTEM Ta € MUIOTHI 3pa3KH, SIKI BXKE BIIPOBAKEHO y MPAKTUKY
[1-3]. Onnak B cucteMax 000X THUIIB € Iy)K€ BaXJIMBUH, aye
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MPOOJIEMHUH €JIEMEHT — JKUBWJIBHHM HACOC IS INepeKadyBaHHS
poOoyoro Tiia 3 KOHAEHCATOpa JI0 TeHepaTopa Mapu — BUBYCHHIO
e(eKTUBHOCTI Ta HAIIHHOCTI POOOTU SKOTO MPUIUTSIETHCS HEMO-
ctatHO yBaru [4, 5]. Xoua came el Hacoc, 3aBASKH pPOOOTI
y IyKe CKJIaJHUX yMOBax (Iepekayka piAuHH, SKa 3HAXOTUTHCS
ONMU3BKO 710 CTaHy HACWYCHHS), € HAMMEHII HAJIHHUM €JIeMEHTOM
EXM Tta OPI] cuctem Ta MoOXe NMPU3BECTH JO BUXOAY CHUCTEMHU
3 pobodoro craHy a0o O 3HMKEHHS i1 e(EeKTUBHOCTI BIJTHOCHO
IIPOEKTHOI.

EdexruBHa Ta cTabinbHa podOTa KUBUILHOTO HACOCA Y TAKUX
cucreMax OOMEXYeTbCs HU3KOIO MpobiaeM. OCHOBHI mpobiemu
eKCIUTyaramii JKUBWJIBHUX HACOCIB TIOJSTAIOTh Yy BHHUKHCHHI
SIBUIIIA KaBITaIlll B HACOCI, 3aBISKH TMEPEeKavyBaHHIO JIETKOKHUILISI-
YHX piIiH, OMU3BKUX 10 CTaHy HacuueHHs. Lle BiuBae Ha pecypc
Hacocy (ioro HaailHICTE) Ta Ha ehekTuBHICTH podoTn. B EXM Ta
OPL] cucremax mManoi MOTYKHOCTI CKJIaJTHO 3a0€3MEUNUTH PeryJIto-
BaHHS IM0/1a4i poOOYOro Tida HacocoM 0e3 CyTTEBOTO BILTUBY Ha
3arayibHy €(eKTHBHICTh CUCTeMHU. KpiM TOTO, MpH BHUKOPHUCTAHHI
TaKuX poOOYUX TUT K PTOPBYIIICBOAHEBI a00 BYIIIEBOJHEBI XOJIO-
JIOATeHTH, yCl HACOCH XapaKTePU3YIOThCS BUCOKOK TEKY4YOCTi
yepe3 HU3bKY B’SI3KOCTb PiJIMH.

OpnHuM 3 HanpsAMIB MABUIIICHHS €(EKTUBHOCTI Ta HAIIMHOCTI
pPOOOTH )KUBUIIBHOTO HACOCY € ONTHMI3allis poOOYNX MapaMeTpis,
a came BUOIp pallloHAJIIbHOTO TUCKY KOHJIEHCAIll Ta TeHepallii napu
JUTSL 3HUPKEHHS Tepenaay TUCKY Hacocy. OueBHIHO, 110 1Ii mapa-
METpPH HEYACTO MOXKHA 3aJ]aBaTy BUILHO, TOMY II€H HAIpPSIM OB’ si-
3aHHUH 3 BUOOPOM TaKoro pobodoro Tina, ske 3abe3nedye HaliMeH-
MUK Mepemnaj THUCKY MK KOHJEeHcatopoM Ta reneparopom EXM
npy 3aJaHuX TemIeparypax KoHJeHcauii Ta reHepauii. OpHak
TaKuW MiAXiT MOXKE CyTTeBO 3HWXKyBartH 3aranbHe KK]I cuctem.
MoxHa 3acTOCOBYBAaTH IIJXiJ, MOB’s3aHUI 13 3a0e3MeyeHHSIM
JOJIATKOBOTO TIATIOPY Tepel] BCMOKTYBaHHSIM B HAacOC. A TaKOX
YacTO MPOTOHYIOTHh MEPEOXOJIOKYBATH pOOOYE TUIO MICS KOH-
neHcarrii. Peanizaiiiro Bcix ONMMCaHUX MiTXOIB JOIIIHHO BUBYATH
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JUTSI KOHKPETHOTO HACOCY IMPH MIEBHUX TeMIIepaTypax TeHeparlii ta
KOHIeHcallii podoyoro tiia B EXM a6o OIIP cuctemi mpu BUKO-
puctanHi 00paHoro podo4oro Tina.

MeToro moIanbIIuX TOCTIIKEHb aBTOPIB € BUBYCHHS BILTUBY
KapiTamii Ha MPOAYKTUBHICTb Ta €(EKTUBHICTh >KMBHIBHUX
HACOCIB Ta aHali3y OCHOBHHMX METOIB ii 3MEHIIEHHs. 3aruiaHo-
BaHO PO3po0Ka EKCIIEPUMEHTAIBHOTO CTCHY I BHUIIPOOYBAHHS
POOOTH >)KMBUJIBHUX HACOCIB PI3HUX TUIIB IPU poOOTI Ha XOJIOM0-
areHTax HOBOTO ITOKOJIHHS 3 HU3BKUM IOTEHIIAJIOM TII00aIEHOTO
MoTeTuIeHHs (ByriieBoAHI Ta xonomoareHTtu 3 cepii R1233zd(E).
3anaaHoBaHO JOCHIJUTH BIUTUB TaKUX MapaMeTpiB sIK HASBHICTb
mianopy (BUCOTH CTOBMA PiAMHU Y PECHBEPi, 3BIAKH MONAETHCS
pobode TiJI0O HACOCOM Yy T€HepaTop) Ta TAaKOXK CTYIMiHb TMEPEOXo-
JIOJDKEHHSI PITUHU Ha MO/ady HAcoCy MpU MEBHUX MapaMeTpax
reHeparlii Ta KOHJCHCAIl ISl XOJIOMOAreHTIB HOBOTO IOKOJIHHS
3 HU3bKUM TOTEHI[IAJIOM [I00aIbHOTO MOTETIIHHS.

[TokparteHHs: mapamMeTpiB poOOTH KUBUILHUX HACOCIB J103BO-
JWTH CYTTEBO MiABHIMUTH 3aranbHy edexruBHicTh EXM Ta OLP
CUCTEM, SIKI yTHIII3yIOTh TEIJIOTY HU3bKOTO MOTEHIliaNy, L0 MaE
CTpaTeriuHe 3Ha4eHHs Ui PO3BUTKY €HEProe(eKTUBHUX TEXHO-
Jorii B YKpaiHi.
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VY cyyacHMX yMOBax MiJIBUILIEHUX BUMOT /10 €HeproedeKkTus-
HOCTI Ta €KOJIOTIYHOCTI XOJIOAMILHOTO OONIaJHAHHS BCE OLIBIIIOTO
3HaueHHS HaOyBalOTh XOJOAWIbHI MammHd (XM) Ta TemioBi
Hacocu (TH), mo mnpaiforoTh 13 BUKOPUCTAHHSIM TPAHCKPUTHY-
HOTO MKy, 0COOMMBO Ha 6a3i mpupoaHoro xonogoarenty CO,.

TpaHCKpUTHYHUN LUK — L€ LMK, B SIKOMY YaCTHHA TEILIO-
0o0OMiHY BIZOYBa€ThCA NPH THUCKAX BHUIINE KPUTUYHOTO THCKY

118



Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

XOJIOIOAreHTy, A€ BIACYTHIN (ha30BUN Mepexif] «map — piauHay.
OcoOnuBicTIO cHUCTeM, M0 MPaIiOlTh 332 TPAHCKPUTUYHUM
IIUKJIOM, € po0oTa 3a MEXKaMU KPUTHYHOI TeMIEpaTypu XOJIOI0-
areHTy, 110 BHUKIJIIOYAE TpaiuliiiHy (a3oBy 3MiHY XOJOAOareHTa
y KOHJIEHCATOP1, 3aMIHIOIOYH ii ra300X00KyBaHHIM. Lle cTBoproe
HU3KY HOBHMX BHKIIMKIB JIJIsl OLIIHKH €(EKTUBHOCTI Ta TEPMOIUHA-
MIYHOI JJOCKOHAJIOCTI CUCTEMH. TOMy OILliHKa JeCTpyKIii ekceprii
B TaKMX MalllMHax Ta il BIUIMB Ha edexTuBHicTh TH € akTyanbHOIO
3a71a4ero, 0coOIMBO 100 PO3POOIEHHS CHCTEM MOHITOPHHTY Ta
KepyBaHHS HUMH 3 MeToro miaBumieHHs: COP.

[Ipu cTBOpeHHI METOIMKH OLIHKM TEPMOAMHAMIYHOI 10CKO-
Hanocti cydacHux XM 1 TH 3BepHeMOCH 10 €HTpOIiiHO-CTa-
TUCTUYHOTO TMiaxony, mo 3ampomnoHoBanuit JIx. M. [opgoHom
1 K. C. Hoxy [1], Ta po3BuHeHo B pobOorax [2]. Takuii migxina
JTIO3BOJISIE B 3aJICKHOCTI BiJI MPOEKTHOT TEIUIOBOI a00 XOJIOIUITb-
HOT MOTY>KHOCTI YCTAaHOBKHM BU3HAYUTH MEX1 30HHU 3 JIOMIHYIO-
YUM BIUIMBOM Ha 1 €(QEeKTHUBHICTh PI3HUX BHJIIB HE3BOPOTHHUX
BTpAT, @ TAKOXK OTPUMATH y3arajibHEHI XapaKTePUCTUKHU IS aHa-
713y TEPMOJIMHAMIYHOI JOCKOHAJIOCTI MOJICJICH PI3HUX THIIIB.

EnTpomniiiHo-cTaTucTHYHA TEepMOAMHAMIYHA MOJAETh Mae
HacTynmHu# Bunsia [1]:

CKB T —T R
i‘:l +lj| _1 — ]—;1AS5H + QTH ( wl sl) + cyMQO |:1 +lj| , (1)
T £ 0, T,0, T, c

wl

ne  Q, — X0JI0JOIPOAYKTUBHICTB;
T,, — Temneparypa XOJIOJOHOCIS Ha BXOJl y BUIAPHHUK;
T,, — Temrieparypa TEIJIOHOCISI Ha BXOJi B KOHJIEHCATOP;
Q.10 — BEJINUMHA €KBIBAJICHTHUX TEIIOBTPAT 3 IOBEPXHI eJle-
MeHTiB XM a6o TH;
R.,, — cyMapHHH TEpMiYHHMI ONip BUIAPHUKA Ta KOHJEHCA-
Topa. BennunnaAS,, Bu3Hauae BHyTpPILLIHI JUCUIIATUBHI BTPaTH
€Heprii, 3yMOBJIEHI MPOLIeCaMU CTUCHEHHS Ta JIPOCEIIOBAHHS
y IHUKJl, @ TaKoXX BIJIMBOM TEPMOTIAPABIIYHOI HE3BOPOT-
HOCTI.
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Cymapnuil TepMmiuHuMid omip R, XapakTepusye BTPAaTH Bij
HE3BOPOTHOCTI TEIJIOOOMIHY y TEIJI000MiHHOMY OOnaiHaHHI XM
1 1

R = + , 2
M Ge G,c,n @

ps1]Bun p‘VT]KH

ae M. 1 1M, —TemnorexHiyanii KKJ{ BunapHuka ta KoHjeHca-
TOpa BIJMOBITHO.

V piBusai (1) Benmmunau AS,,, OF" , RCyM MpeacTaBisioThCst
KoedilieHTaMu perpecii m, y piBHSAHHI Y —mx, m,Xx, myX; Ta
BHU3HAYAIOTHCS 32 IOTIOMOTOK0 METOIy MHOKUHHOT JIIHIHHOT perpe-

T 1
cii. ¥V niBiit yactuHi piBHsiHHS (1) ¥ —“[1 —} 1, a B paBiit —
wl
T T,-T. 1
xlz-_”,xzz—( wl 51),x3=&‘:1+T:|.
0 T,0, T, a

OCKUIbKM TIOTY)KHICTh Ha TPHUBIA KOMIIPECOpa BU3HAYAETHCS

ik N, = ?0 , TO piBHSHHS (3) MOJKHA IEPETBOPUTH TAKUM YHHOM

eKBT _T R 2
&g a5, + B BB 1
S

sl sl sl

3 ypaxyBaHHSIM TOTO, IO TEpIIa CKJIaJ0Ba MPaBOi YaCTUHU
PIBHSIHHSI € TIOTYXKHICTh ieanbHoro mukiny Kapuo N, apyra —
BHYTPIIIHI BTPaTH BiJl HE3BOPOTHOCTI y LUKII (LOSS,g), TPETS —
BTpaTH 3 NOBEpXHi oOnaaHaHHs (Lossy), a 4eTBepTa — BTPATH Bil
HE3BOPOTHOCTI BHACJIIIOK KIHIIEBOT PI3HMII TEMIIEpaTyp y BUIAp-
HUKY 1 KongeHcaropi (Loss,).

Y poGoti Oy 0OpoOIieHi TaHHI KaTajaoriB TeIIOBUX HACOCIB
TICA PRO LLC [4] nns varpiBy Boau 10 65 °C, 1m0 MpamoTh
Ha CO2 3a TPaHCKPUTUYHUM LUKIOM. SIK BUIHO 3 [4] BUpOOHUK
nmae nyxe Maino iHpopmarii mpo TH. He sicHo 3a sikoto cxemoro
(mpocra, OyctepHa abo iHIIA) mpairoe cucreMa. Hemae >xomHMX
JaHUX TI0 TEPMOJIMHAMIYHHM MapaMmeTpaMm IHKIY, € TUIbKH JaHi

120



Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

PO EHEeProCIOXKMBAaHHS Ta TEMIIEPaTypd 30BHIIIHIX TETJIOHO-
ciiB. byno 06pob6neHo naHi karanory [4], Ta OTpUMaHO HACTYIHI
3aJISKHOCTI € BiJl TeMIepaTypu MOBITps 7, Ha BXOJl B BUMIAPHUK
Ta TeMIepaTypy BOJIU Ha BXOJI B KOHjaeHcarop 7, SKi MpeicTaB-
JIeHO Ha puc. 1.

-20 -10 0 10 20 30 40 50
EI’OC
——-5°C —#-9°C 17°C —=24°C —4—29°C

Puc. 1. 3anexwicts ¢ Big T, Ta T,

CdopmoBani 0azu MaHUX JO3BOJMIN BU3HAYUTH Koedii-
€eHTH piBHAHHA (1) MeToAOM HalWMEHUIMX KBaJpaTiB Ta OTpH-
Maty 3HaueHHA AS,,, On° Ta R, JIA MOJENi TErIoBOro Hacoca

65°C/90°C TICA PRO LLC [4] npu po3aiieHHI JaHUX 32 TeMIIe-
parypoto noBitps 7, (tabiu. 1).

Tabmuus 1 — 3uauenns AS,,, O Ta Rcym y mianasoni T, Bif
5°C nmo 29°C npu poszaineHH1 Ha aiana3zoHu 7,

ﬂlal'lé?((:)H Lo, I[lanaggH Lo, R, K/xBt OF®  kBr | AS,, xBr/K
1 2 3 4 5
-10 —-2.5 5-29 0,7082 -3,5924 0,005576
2525 529 03957 21,3081 0.06772
2,510 5-29 0,0914 -44,0118 0,08112
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[Iponowxenns Tadbmumi 1

1 2 3 4 5
12,5 5-17 0,0301 -55,0011 0,07500
12,5 17-29 0,0200 -58,0002 0,00609

15-20 5-29 0,0199 -60,5477 0,06294
20-25 5-29 0,0406 -71,2644 0,06168
25-40 5-29 0,025498 -96,2385 0,06221

IIpoBeneno anani3 3MiHEHHs BTpar Lossg, Loss,, Loss,s Ipn
sminenHi 7, pu T,,, = 5°C (puc. 2).

30
N » KBT 1
25 —
20 7/
__1_5/& _______
2
10
3 4
N /
0 ~- e L e e— e — .. -
-20 10 0 10 20 30 40 50

T,

sl»

°C

Puc. 2. 3anexnicte N, Lossg, Lossg, Loss s Bin T,y ipu T, = 5°C:
1 — Ny 2 — Loss,g; 3 — Lossg; 4 — Loss,

3 puc. 2 BUJHO, 110 HAMOLIbII BUTPATH MPUMAIAI0Th HA BHY-
TpPILIHI BTpaTH BiJ HE3BOPOTHOCTI y UK. [IiABUIIIEHHS MOTYX-
HOCTI TIpH 3pocTy Temmeparypu 3 17,5°C moB’s3aHO 3 POCTOM
Loss, TOOTO 3 TIPUTOKOM TEIJIOTH 10 MOBEPXHI KOPICY TEIIO-
BOI'0 HACOCY BiJl HABKOJIMIIHBOIO CEPEAOBUINIA.

Takum 4nHOM, 3Haroun koedinientn AS,,, O;° Ta R, MOXHa
CTBOPUTH MOJEJIb JUIsl 3aCTOCYBaHHs 11 y CHUCTEMI MOHITOPHHIY
TEIUIOHACOCHOI cucteMu. Ll monens Oyne BUKOPHUCTOBYBATHCS

K eTaJIOHHa TIpU crocTepeskeHHi 3a pobororo TH. Byap ski
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BiIXWiIeHHS Bijx KoedimienTiB AS,,, 07" Ta R
HEKOPEKTHY pOOOTY YCTAaHOBKH.

Oy/ie CBITYUTH TIPO

cyMm
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YMOBHU EHEPITOE®EKTHUBHOI 'EHEPALIIT
TEIIJIOTU B APOKOMIIPECINMHIN CUCTEMI
TEIJIOIMIOCTAYAHHS

Herpam B. /I., 1-p TexH. HayK,
npodecop kadenpu TerIorazonocTadyaHHs Ta BEHTUIISIIIT

bapumes B. II., xaHa. TexH. HayK,
JIOLIEHT KadeIpH TeIUIora3onocTayaHHs Ta BeHTHIIALIT
E-mail: baryshev(@odaba.edu.ua

HleBuyenko JI. @., KaH]I. TEXH. HaYK,
JIOIIEHT KadeIpu TEIUIOra30MmoCTauaHHs Ta BEHTHIISLI

Xomenko O. 1., kaHa. TexH. HayK,
JIOLIEHT Kadelpy TerIora3onocTayalHs Ta BEHTHIIALIT

TFonyb6enko O. B., acniipant kadeapu Teriora3onocrayanHs
Ta BEHTWIALNT

Ooecvka Oeporcasna akademis OVOi6BHUYMBA ma apximekmypu,
m. Qoeca, Ykpaina

CyuacHi TEHJEHIIIT PO3BUTKY CHCTEM TEIUIONOCTAauYaHHs TpO-
MHUCJIOBUX MIANPHEMCTB Ta NIUBUIBHUX OymiBENIbh CHPSIMOBaHI Ha
HiIBUIICHHS €Heproe(eKTUBHOCTI Ta EKOJOTIYHOCTI 332 PaxyHOK
MOBHIIIOTO BUKOPUCTAHHS HU3BKOMOTEHIINHUX TEMJIOBUX PECYp-
ciB. OHUM 13 HAWMEPCIEKTUBHIMNX HAMPSIMKIB € 3aCTOCYBaHHS
MapOKOMIIPECIHHUX TEIUIOBUX HAacOCHMX yctaHoBok (THY) mms
YTHIII3aMil TEIJIOTH BiANMPabOBAaHOTO TEIIOHOCIS, BUXIJIHOT
XOJIOAHOI BOIM Ta JUMOBHUX Ta3iB [1]. ¥ TpamumiiHUX cuUcTemMax
TEIUIONOCTaYaHHs 3HAuYHA YAaCTWHA TEIUIOTH BIAMPAI[bOBAHOTO
EHEPrOHOCISI PO3CIIOETHCA B HABKOJIMILIHE CEPElOBUINE, IO MpH-
3BOIUTH JO BTPAT NEPBUHHOI €HEprii Ta 3HW)KEHHS 3arajbHOi
edekTuBHOCTI. Y 3B 53Ky 3 LIUM pO3pOOKa BIOCKOHAJCHHX CXEM
KOMITJICKCHOTO TETUIONOCTAYaHHS, 1[0 BHKOPHCTOBYIOTH €HEPTiI0
JTIOOXOJIOMPKEHHSI HU3bKOTEMIIEPaTypHUX TOTOKIB, € aKTyaJbHUM
HAYKOBO-TEXHIYHUM 3aBIAHHSIM.
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Mertoro 1i€i poOOTH € AOCTIKEHHS MOXIJIMUBOCTEH TOIah-
IIOTO TMiABUIIICHHS €HEPreTUYHO1 €(heKTUBHOCTI JIBOCTYIIHYACTOI
CXEMH T'eHepallii TeIIOTH B CHCTEMi KOMIUIEKCHOTO TeIIONOCTa-
YaHHS TPU 3MIHHUX pEeXUMaxX pPEeHUPKYIAMil BIANPAILOBAHOTO
TEIJIOHOCISI.

JIOCATHEHHS MTOCTABICHOT METH BUPILIYBAJIHCS TaKi:

— po3poOka Ta OOIpyHTYBaHHS paIlilOHAIHHUX BapiaHTIB
UPKYJNALI] BOMHUX TOTOKIB Y CUCTEMI;

— BU3HAUCHHS AaHANITUYHOI 3aJIe)KHOCTI JIMCHOTO Koe-
¢imienra neperBopeHHs (COP) Bim BUXIIHMX Ta PEKUMHUX
napameTpis;

—  JIOCIIDKEHHsI BIUIMBY IMPOMDKHOI TeMmIleparypu 3BOPOT-
HOTO TEIUIOHOCIS Ha €(EeKTHBHICTh POOOTH CHCTEMH 3a PI3HHX
TeMmIeparypHux rpadikiB BIJIyCTKH TeILIa.

Jocnimkenns 6a3yeTbesi Ha aBTOPCHKINA KOHIICTIIIT IBOCTYIIe-
HEBOi reHepartii Temwiot [2, 3], ska BUKOPUCTOBYE MapOKOMIIPE-
CiiiHe TepeTBOPEHHsI €Heprii JOOXOJOKEHHS TPbOX HHU3BKOIO-
TEHIIMHUX JKeper:

1) 3BOPOTHOTO TEIIOHOCIS 13 TEIUIOBOT MEPEXKi;

2) BUXIZHOI XOJIOAHOI BOJIU;

3) IUMOBHX rasiB.

3anpornoHoBaHa  cUCTeMa KOMOIHOBAaHOTO  TEIUIONOCTa-
YJaHHs 3a0e3Mevye CIiJIbHE TOOXOJOKEHHS 3a3HAaYCHUX IOTOKIB
3 MOAAJIBIIIO0 TpaHC(OopMaIli€ro IXHBOI IHTETPOBAHOT TETUTIOTH JIJIsI
noTped KOMyHaJIbHO-MIOOYTOBUX Ta MPOMHUCIOBHUX CIIOKHMBAUIB.

3acToCyBaHHS JBOCTYIIHYACTOI CXEMH TeHepallii TeIioTu
JI03BOJISIE peasli3yBaTH CIJIbHE BUKOPUCTAHHS €HEprii HU3BKOIIO-
TEHIIHHUX JDKEepes, 3HIKYIOUH Tepenaja TeMIeparyp 1 MigBUILy-
1041 3arajbHUN KoedilieHT neperBopeHHs. OcobauBicTIO podboTH
CHUCTEMH € MOXKJIUBICTH 301IBIIICHHS TAPOKOMITPECIMHOT CKI1a10BO1
TEIUIOBOTO MOTOKY NPH HArpiBaHHI BOAY Ul CHCTEMH Iapsdoro
Bogornocrayanuss (CI'B) y mepeximHuii Ta MiKONAIIOBAaIHHHUNA
nepioau, 1mo 3abe3neuye dyHkiionyBanHs THY y moHoenepre-
TUYHOMY PEKUMIi 0€3 3aTydeHHS 30BHIIIHIX JHKEPeT TETI0TH.
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MopentoBaHHSI Ta pPO3PaxyHOK pPEXKUMIB poOOTH BJIOCKOHA-
JICHOT CHUCTEMM KOMILIEKCHOTO TEIUIONOCTayaHHs TOoKa3alu, IO
eHepreTyHa e(PeKTUBHICTh ICTOTHO 3aJICKUTH BiJl IPOMIXKHOI TeM-
neparypyu 3BOPOTHOTO TETUIOHOCIS TICIS KOHJEHCATopa Ha BXOII
B TeIioreHeparop. Y pasi BapilOBaHHS TeMIIEpaTypu BiANpPaIbo-
BaHOT'O TEIUIOHOCISA B jAiana3oHi 35-45°C Tta 3MiHH TemIeparypu
HaBKOJIMIITHBOTO CEPEOBHUINA MPOTITOM OIATIOBAILHOTO MEPIOTy
BCTAHOBJICHO 3HAYHE MiJBUIICHHS AiiCHOTO KoedillieHTa mepe-
tBopeHHs (COP) cucremu — 3 2.1 10 5.4. AHamiTHIHA 3aJICKHICTh
COP Big BUXIAHUX MMapaMeTpiB (TEMIEPATypy KUIIHHS Ta KOHICH-
catii poOo4oro Tija, BUTPAT BOAU Ta TEIJIOBUX IOTOKIB) 103BOJISIE
SKICHO OIIIHUTH BIUTMB PEKUMHHUX YMOB Ha CHEPreTHUYHY cQekK-
THUBHICTh Ta BU3HAYUTH PAIllOHAJIbHI CITIBBITHOIICHHS BUTPAT BOJ-
HUX TIOTOKIB MK KOMYHAQJIbHUMU Ta TEXHOJIOTTYHUMH TOTpeOamMu.
Kpim Toro, mokazaHo, 110 perymimoBaHHS MPOMDKHOI TeMIeparypH
BIJNPAllbOBAHOTO TEIUIOHOCIA Ticis KOHJIEeHcaTopa 3alesredye
MOYKJIMBICTh THYYKOI aJanTailii CHCTEMH JI0 Ce30HHHX 3MiH TeIlIo-
BUX HABaHTA)XEHb, II0 € OCOOJIMBO BAKJIMBUM ISl €KCIUTyaTaii
B 3MIHHHUX KJIIMaTUYHUX yMOBax.

Pesynerati TOCHIKEHHST MHIiATBEPIUKYIOTh TMEPCIEKTUBHICTD
BITPOBA/DKCHHS 3aIIPOIIOHOBAHOI ABOCTYIIIHYIACTOT CXEMHU B CHCTEMH
HEHTPATI30BaHOTO TEIUIONOCTAauyaHHs Ta Ha MPOMUCIOBUX ITiIIpPH-
€MCTBaX 3 BUCOKUMH 0OCSITaMU 3BOPOTHUX BOJI Ta Ta3iB, IO WIYTh.

J1o KITI09OBHX TIEpeBar 3aporoHOBAaHOT CHCTEMU BITHOCSTHCS:

— TMIJBHMINEGHHS JiHCHOTO  Koe(imieHTa TepEeTBOPCHHS
y 2-2,5 pa3u NOPiBHSAHO 3 TPAIULIHHUMU PilICHHSIMH;

—  30UIbILIEHHS YaCTKU BTOPMHHUX €HEPropecypciB y 3araib-
HOMY TEIJIOBOMY OasaHci;

—  3HIDKCHHS MUTOMOI BUTPATH IMEPBUHHOI €HEPTii Ta MoKpa-
[IEHHS] €HEPrOEKOJOTIYHUX MMOKA3HUKIB;

—  MOXIJIUBICTh THYUYKOI €KCILTyaTallii MPOTATOM YChOTO POKY
13 30epeXEeHHSM BHCOKOTO PiBHS €(EKTUBHOCTI.

PamionanbHe 3HaUe€HHS MPOMDKHOI  TeMIeparypu  Bif-
MpalbOBaHOTO  TEIUIOHOCISS ~ Ma€  BU3HAYATUCS  BUXOISUH
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3 TEPMOECKOHOMIYHOTO KPUTEPIIO, 1[0 BPAXOBYE ONTHMAJIBHE CITIB-
BIJTHOILICHHSI TEeMIepaTyp KUIIHHS Ta KOHJAEHcallii podoyoro Tiia
THY 3a 3agaHux pexuMiB poOOTH CUCTEMH.

Po3pobneno Ta TeopeTHyHO OOIPYHTOBAHO YIOCKOHAJIEHY
CHUCTEMY KOMIUJIEKCHOTO TEIIOMOCTa4aHHs Ha OCHOBI MapOKOM-
npeciiinoi Tpanchopmarii eHeprii 100X0IOIKEHHSI HU3bKOTIOTEeH-
IIHHUX TETUIOBUX TOTOKIB. BCTaHOBICHO aHANITHYHY 3aJIeKHICTh
IificHOTO KoedillieHTa MEepPEeTBOPEHHS BiJ BUXITHUX Ta PEXKU-
MHUX TIapaMeTpiB, MO JO3BOJSE ONTUMI3yBaTH POOOTY CHCTEMHU.
ITokazaHo, 10 MpHU PEryTrOBaHHI MPOMIKHOI TEMIIEpaTypu 3BO-
pPOTHOrO TeruioHOcid y naianasoni 35-45°C niificHuil KoegilieHT
NepeTBOpPeHHs MminBUIIyeThes 3 2.1 mo 5.4. Peamizarist 3amporio-
HOBaHOT CHCTeMH 3abe3redye ITABUIICHHS EHEeProeKOJIOTTYHOL
€(eKTUBHOCTI BUKOPUCTAHHS MEPBUHHOI €HEPrii Ta PO3IIMPECHHS
chepu 3acTOCYBaHHS TEIUIOBUX HACOCHUX TEXHOJIOTIH y CHCTEMax
LEHTPAI30BaHOTO TEIIONMOCTaYaHHS.
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AHAJII3 CHCTEMMH NOBITPSITHOI'O OXOJIOIKEHHSI
MAIIUHHOT O 3AJTY ABTOHOMHOI
TEIJIOEJEKTPOCTAHIIII 3 BUKOPCUTAHHSAM
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AHoTanifa. BukoHaHo aHami3 e(EeKTHBHOCTI OXOJOIKECHHS
MPUILTUBHOTO TOBITPSI MAIIMHHOTO BiAIUICHHS KOTEHEpalliiHUX
ra3oBUX JABUTYHIB TpPUTCHEPAIifHOI yCTAHOBKH aBTOHOMHOIO
eHepro3abesnedeHHs. PO3MIsSHYTO cucTeMy JABOCTYIIEHEBOTO OXO-
JIO/DKEHHST TIOBITPS 3 BUKOPHCTAHHSM KAaCKaJHOI aOCopOIiifHO-
MNapOKMIIPECCOPOHOT XOJIOIMUIBHOI MAIIMHHU 1 30HAJIIBHOIO MOBITPO-
nojayero. 3ampornoHOBAHO CIOCOOM OOpOOKM IX MHPUILTUBHOTO
MOBITPSI MAIIMHHOTO BIJIIIJICHHS, 110 3a0€3M€YYI0Th HOTO TIHO0KE
OXOJIOJIKCHHSI.

Ki11040Bi cj10Ba: 0XoJ0KEHHS, TPUTCHEPAIliifHOI YCTaHOBKA,
MAaIIMHHE BiJJIIJICHHS, Ta30BUii IBUTYH, TIOBITPOOXOIOKYBay.

MamunHi  BigginenHs (MB) aBTOHOMHHX — TeIUIOEJCK-
TpocTaHliii Ha ©0a3i razoBux aBuryHiB (IJl) Biapi3HSAIOTHCS
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IHTEHCUBHUMU TEIJIOBUIUIEHHSIMU — B1J €JIEKTPOreHepaTopis,
BcTaHOBJICHUX Ha I'Jl TEmTOOOMIHHHKIB BiJBEJICHHS TEILUIOTH Ha
HarpiB BOJH, BiJl KOPITYCY CaMOTO JBHUTYHA, IUTIB YIPaBIiHHS
1 T.1I., @ TAKOXK TETUIONPUIUIMBU B MB 330BHI, 1110 TPU3BOIUTH 10
MiJBUILEHHS TeMIEepaTypu MoBiTps B MB, 3BiKK BiH HaIXOAUTH
Ha BXxia Typ6okommpecopiB (TK) nmagnysy I'Jl, i, sk Haciiiok,
0 3HWKEeHHS nanuBHOi edextuBHOCTI [J]. Tomy mnpurniusHe
noBiTpst MB He0oO0XiIHO OXONOMKyBaTu. Y CTaHJAPTHUX CHUCTE-
MaxX KOHAMLIIOBaHHI MB ycTaHOBOK aBTOHOMHOTO €HEpIoIo-
CTauaHHSl TPUTEHEPAI[IHHOTO THUIY TNepeadaveHo OXOJOKECHHS
BCHOTO TPHUIUIMBHOTO TOBITPS B IEHTPAIBHUX KOHIHUI[IOHEpaXx
(IK) 3 xomomomocradaHHSIM BiJ aOCOpPOLIMNHHUX XOJOJUIBHUX
MaIlliH, YTWIi3yioTh cKuany TertoTy ['Jl. Ognak npu migBuiie-
HUX TeMIIepaTrypax 30BHIIIHBOTO MOBITPS CTAHAAPTHI CUCTEMH
oxonomxeHHss B LUK He B 3M03i 3a0e3neuntu HEOOXiAHY TeM-
neparypy noBiTpst Ha Bxoni I/l uepe3 3HauHI TEIIONPUTOKOB
1 BeNMKHUX OOCSTIB MpHUTOYHOTO MOBITps. KpiMm Toro, rmbuHa
OXOJIOJKCHHS TPUILTUBHOTO TOBITPS OOMEKeHa TeMIEepaTyporo
X0Jo0HOCs (XomoaHoi Boau Bix ABXM) 7°C.

Jis Oimbir TIIMOOKOTO OXOJIOMKEHHSI MPHUITUBHOTO TOBITPS
po3pobieHa ABOCTYNIEHEBA CUCTEMA OXOJIOKEHHS TPUILTUBHOTO
MOBITPS 3 MapoKoMIipeccopHas xonoauiabHoi MamuHu (ITIKXM),
IO CIYXHUTh JAJI1 XOJOJOTOCTauYaHHS TEXHOJIOTTYHUX BUPOO-
HuNTB. Bukopucranns [IKXM nns xonaumiroBanas MO BenbMu
oOMexeHa, ocoOnuBO mpu AeIUTY XOJIOAYy Ha TEXHOJIOTiYHI
noTpeou.

3 MeToI0 3BeIEHHS [0 MIHIMyMYy CHOXMBaHHS JeQiIuUT-
Horo xojoxay Big ITKXM po3poGrena cucrema JBOCTYIIEHEBOTO
OXOJIOJDKEHHSI TIOBITpA B moBiTpooxonomxysadi (I1O) Ha BxOmi
['Jl 3 xonmomomocrauanust npyroro crtynens [102 Bim kackan-
HOT  aOCOpOIIHHO-TAPOKOMIIPECOPHIM  XOJOAUIBLHOT  MaIUHU
(KAITIKXM) [1, 2]. Ilpu upomy xonaencarop [TIKXM oxonomxy-
erbcsa xononoHocieM Bix ABXM. CucremMa 103BOJISE€ HIABUIIUTH
XOJIOJOTPOAYKTUBHICTh KOMIIPECOpa 1 XOJOAMIBHUN KOeDIieEHT
ITKXM (Bix €, = 3,1 1o €, = 7 3rigHO XapaKTEPUCTHK KOMIIpecopa
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BITZER 4NES-12Y-40P na puc. 1) 3a paxyHOK 3HM)KEHHS TeMIIe-
patypu konaeHcarii tk Bix 45 °C go 20 ° C.

N, kBT, € . kBT
8 0 — 2P 50
(R N e L 10
6 \\__.'-""“-—-——. 30
— _—]
s —\\‘E\ 20
4 T~ 10
; T,
20 25 30 35 40 45

Puc. 1. 3anexHICTh XOJIOAMILHOTO KOedIllieHTa €,, CTIOKHBAHOL
eNeKTpudHO1 moTykHOocTi N, komripecopa BITZER 4NES-12Y-40P,
xonomomnpoaykruHocTi [IKXM QO Big Temmneparypy KOHIEHCAITT £,

Takum 4MHOM MOJKHa CKOPOTUTH BUTPATH €JEKTPOCHEPTii Ha
npusig komnpecopa [IKXM Ha 40...50 %.

Ha puc. 2 npencraBieHi pe3yabTaTi po3paxyHKy XapaKTepuc-
TUK CUCTEMHU JIBOCTYIIEHEBOT'O OXOJIO[PKEHHS IPUILNIUBHOTO MOBITPSI

t,°C O, ¥BT. ¢ %
35 = 100
30 Qan fan_— | F 90
25 - A T /Ex —-—"‘Ar / - \“: 32
20 f—— e 2N T 6
IS ] . /_._——ﬁ——,.{—\\ b 50
I =~
10 L /fﬁ,, “odeme ~ k30
—

5 ———% 20
0 Aty o Qo 1rer al é”
g 88 88 888 8 8 8 8 8
&4 ¥ 8 & 5 4% EE 5§ 3

Puc. 2. Temneparypu 30BHILIHBOTO MOBITPS 7, Ha Bxoai TK I/l 7,,
npu 3a00pi noBiTps 13 MB, Ha Buxoxi 3 nepuoro crynens [10, ¢, .,
3HWKEHHS TemIiieparypu nositps B [10, At ., = t,, — ¢, ,, HA BUXOAI
3 npyroro ctynens [10, ¢,,, 3HUKEHHS TeMIepaTypH MOBITPsl B CTyINEHi
o, At;., = t,, — t,,, TOBHA NIMOMHA OXOJIOPKEHHS MPUILTUBHOTO
noBitpst B aBoctyneneBomy 110 Aty = £, — ¢, 1o, POTITOM 100U
npu BUTpati moBitpst 35000 M*/roz1, X0I0IOMPOAYKTUBHOCTI TIEPIIOTO
crynens [10, O, ., 1 apyroro cryness 110, Q.

130



Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

Ha Bxozi '/l B KATIKXM. Ak BuaHO 3 rpadikiB, 3HIKEHHS TEMIIepa-
TYpH TOBITPSl CTAHOBUTH Al = £, — 1, , = 14...26°C, 110 3Ha4HO
Oinbre, HiX B 0a30BOMY BapiaHTi Afyggg = Ly — fnop = 3...13°C.
3BIJICH MOXKHa 3pOOWTH BHCHOBOK, IO 3aCTOCYBAaHHS 30HAJb-
HOI CHUCTeMM KOHIMIIIIOBAHHS 3 JBOCTYIEHEBHM OXOJIOKCHHSIM
noBiTpst Ha BXoi [J] 103BOIsIE 30LIBIIUTH TTIMOUHY OXOJIOKCHHS
At B MIBTOpA pa3u B NOPIBHSAHHI 3 0a30BUM BapiaHTOM CUCTEMH
KOHIMIIIFOBAaHHS.

Ha puc. 3 mpexacraBneHi MOTOYHI 3HAYSHHS XOJIOIOMPOTYK-
TUBHOCTI (TeryioBoro HaBaHTaxeHHs Ha [10) 1 ckopoueHHs MUTO-
MO1 BUTPATHU MaJKuBa MPOTATOM J00U.

o _1.°C.b,.T/(kBT9) B, ™

<0 _—— Qo L 300

70 e _\-\\—/\ 250

60 L O 1er S Ab.-10

50 . e < - 200

40 e A 10 ey L 150

ol — i — Do ] 100

s L 50

0 —  Mbagl07 nal,
g 8 8 8 8 8 8 8 &8 8 8 8 8

Puc. 3. 3mina xonomonpoaykruBHOCTI niepimoro cryrens [10, O ..,
apyroro cryness 110, Oy .., cyMapHo0 XonononpaykrusHocti [10
Oy.1i0» TOBHOTO TeruioBoro HaBaHTaxkeHHs [10 Q) .., Ab, — CKOpOUCHHS
MUTOMOT BUTpaTu nanusa, r/(kBrt-ron), ZAB, — 1060Ba eKOHOMIs
MIPUPOIHOTO Tazy, M>

SIK BHIHO, MaKCHMaJlbHE TEIUIOBE HABAaHTAKEHHS CKJIAJA€
o6mu3pko 112 kBT, mo Ha 68 % Mmenmie, HiX B 0a30BOMY BapiaHTi
(Qoeoy = 350 kB1), a naBanTaxenus Ha [10 3smenmmunacs na 76 %,
10 Ma€ BEJIMKE 3HAUEHHsS B YMOBax Je(IilUTy XOJOAY Ha TEXHO-
JIOT1YHI TIOTPeOH.

BucHoBku. Po3poOieHo cmoci®d JBOCTYNEHEBOIO OXOJIO-
JOKEHHS IPUILTUBHOTO MOBiTpss MB I'J] Tpancdopmariiero cKuHmii
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terotu []] B kackamHiii abCopOIiHOI-TapOKOMITPECOPHIN XOJI0-
TWIBbHIM MalliHI 3 XONOJOMOCTauYaHHSM BHCOKOTEMIIEpaTyp-
Horo crymneHs [1O0y; Bix ABXM 1 HU3BKOTEMIEpPaTypHOTO CTy-
nens [10,; Bix KAIIKXM, sikuii 3a6e3medye CKOpOUCHHSI BUTPAT
nanuBa Ha 10...15 % 3a paxynok rmu6okoro (10 7...10°C) oxomno-
JOKEHHS TTOBITPs Ha BXoAi /] B MOpiBHAHHI 3 HOTO OXOJIOKEHHIM
B ABXM no 15°C.
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Abstract. Structural optimization of compressors has
emerged as a pivotal direction in HVAC system engineering,
driven by the dual demand for higher energy efficiency and
improved mechanical reliability. While the thermodynamic
optimization of vapor-compression cycles has been intensively
studied, structural aspects — mass distribution, modal behavior,
vibration, and mechanical fatigue — remain equally decisive for
compressor performance. Recent advances in computational
modeling, multi-objective optimization algorithms, and digital-
twin technology have made it possible to integrate mechanical
and thermodynamic performance criteria into unified design
frameworks. This thesis reviews current methods, key outcomes,
and emerging trends in compressor structural optimization,
highlighting its contribution to sustainable, low-noise, and long-
life HVAC systems.

Keywords: compressor optimization, vibration reduction,
finite element analysis, digital twin, HVAC design, lightweight
structure.

Introduction. Heating, ventilation, and air-conditioning

(HVAC) systems are among the largest consumers of electricity
globally, responsible for up to 40 % of building energy use
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and a significant share of greenhouse-gas emissions [1]. Within
these systems, the compressor operates as the mechanical and
thermodynamic core, converting mechanical work into refrigerant
pressure and thereby defining system efficiency, reliability,
and cost.

Historically, compressor research concentrated on improving
thermodynamic parameters — pressure ratio, volumetric efficiency,
and refrigerant selection [2, 3]. However, mechanical degradation
due to vibration, resonance, and stress concentration continues
to limit performance and service life.

The field of structural optimization addresses these mechanical
limitations through improved geometry, material distribution,
and dynamic stability. Structural optimization integrates finite-
element analysis (FEA), computational fluid dynamics (CFD),
and multi-objective algorithms to balance competing criteria such
as weight, stiffness, and fatigue life. This paradigm shift reflects
a broader movement toward holistic compressor design, coupling
mechanical, thermal, and environmental factors.

Background and motivation.

Limitations of conventional designs

Traditional compressor design relies on empirical correlations
and static mechanical assumptions. Rotating components — such
as impellers and scroll elements — experience complex stress
distributions, especially under high-speed and high-pressure
conditions [4]. As operating pressures increase with low-GWP
refrigerants (R1234yf, R290, R513A), these stresses become more
critical [5, 6]. Mechanical failures like crack propagation, bearing
wear, and acoustic resonance often lead to downtime and increased
maintenance costs.

Evolution toward multi-physics optimization

Recent research demonstrates that mechanical and
thermodynamic domains are strongly coupled. Compressor
deformation alters clearances and flow paths, influencing
volumetric efficiency and leakage rates [7]. Consequently,
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optimization must incorporate both structural integrity and fluid-
dynamic behavior.

The integration of multi-objective evolutionary algorithms —
including Genetic Algorithms (GA), Particle Swarm Optimization
(PSO), and Grey Wolf Optimization (GWO) — has enabled
simultaneous consideration of efficiency, vibration amplitude, and
mass reduction [8—10].

These approaches align with global sustainability objectives,
as lighter and quieter compressors contribute to lower lifecycle
emissions and improved user comfort.

Structural optimization methods.

Finite-element and modal analysis

FEA remains the cornerstone of compressor structural
optimization. Using high-fidelity 3D models, engineers can predict
stress concentration zones, natural frequencies, and mode shapes
under real operating conditions. Modal and harmonic analyses
help identify and avoid resonance frequencies within the working
speed range [11].

Example: Lima et al. (2024) applied pre-stressed modal
analysis to centrifugal impellers, identifying critical frequency
ranges and achieving 26 % weight reduction and 8 % vibration
suppression through iterative topology optimization [8§].

Similarly, Shitu et al. (2023) used combined FEM + GWO
to optimize scroll compressor geometry, lowering vibration energy
by 15 % while maintaining discharge capacity [9].

Coupled CFD-FEA simulation

Structural behavior cannot be analyzed independently of flow
forces.

Coupled CFD-FEA modeling allows simultaneous evaluation
of pressure pulsations, gas forces, and thermal gradients.
George & Klein (2022) demonstrated that CFD-FEA coupling
yields 20 % higher efficiency and a 30 % reduction in stress
peaks compared with traditional decoupled methods [10]. Such
coupling is increasingly applied to rotary and screw compressors
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where fluid-structure interaction (FSI) significantly influences
performance.

Evolutionary and Al-assisted algorithms

Optimization often requires evaluating thousands of design
permutations. Evolutionary algorithms efficiently explore this
design space by mimicking natural selection.

Recent work integrates machine learning (ML) surrogates
to approximate expensive simulations, cutting computational time
by up to 60 % [12].

Hybrid approaches — combining ML prediction with physics-
based simulation — enable near-real-time design iteration, which
is critical for digital-twin applications and predictive maintenance
systems [13].

Additive and lightweight design approaches

Additive manufacturing expands design freedom, allowing
internal lattice structures and weight-optimized shapes.

Okcu & Yilmaz (2023) designed titanium compressor casings
via topology optimization and additive manufacturing, achieving
a 12 % mass reduction and 3 dB noise reduction while maintaining
mechanical strength [14]. These advances link structural
optimization directly to sustainability — less material use, reduced
energy for transport and operation, and lower vibration levels.

Results and case studies.

Centrifugal compressor impeller optimization

Lima et al. (2024) conducted hybrid GA + FEM optimization
for a centrifugal impeller operating with R134a and R1234yf
refrigerants. The study achieved 26 % lighter impeller with
resonance peak suppression and efficiency retention across
refrigerants [8]. The results confirmed that properly optimized
structures maintain performance even under altered thermophysical
conditions.

Scroll compressor geometry tuning

Shitu et al. (2023) employed Grey-Wolf Optimization (GWO)
to minimize vibration energy in scroll compressors. By adjusting

136



Cexuyis Ne 1. Xono0unvHi Mawunu i ycmanosxu

orbiting scroll thickness and tip clearance, vibration amplitudes
decreased by 15 %, and lifespan increased by 22 % [9]. Such
gains translate directly into lower noise and extended reliability —
critical for building HVAC systems.

Coupled thermo-mechanical optimization

George & Klein (2022) developed a CFD-FEA co-simulation
framework for an air-conditioning compressor, balancing thermal
and structural parameters. The result was a 20 % increase in energy
efficiency with a 30 % reduction in von Mises stresses compared
to baseline geometry [10].

Additive manufacturing and topology optimization

Okcu & Yilmaz (2023) investigated additive-manufactured
scroll housings with integrated damping cavities. The optimized
casing reduced vibration acceleration by 18 %, enabling quieter
operation and eliminating the need for external damping layers [14].

Discussion: integration and trends.

Toward digital-twin and Al-enabled optimization

The digital-twin concept — a real-time virtual replica
of a physical compressor — has become a cornerstone of predictive
maintenance [13, 15]. By combining sensor data with ML models,
digital twins continuously assess stress, vibration, and thermal
performance, forecasting failure before it occurs. This integration
supports condition-based maintenance (CBM) and extends
component life while minimizing energy waste.

Multi-scale and cross-domain co-simulation

Future HVAC compressor design increasingly depends
on multi-scale modeling, linking microscale material fatigue with
macroscale dynamic response. Co-simulation frameworks now
connect CFD, FEA, and acoustic models through shared boundary
conditions, enabling fluid—structure—acoustic optimization [16].

Sustainability and lifecycle impact

Optimization contributes directly to sustainable HVAC
systems by:

* lowering material mass (reducing embedded carbon),
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* improving operational efficiency, and

* enabling use of low-GWP refrigerants without mechanical
penalties [5, 6, 17].

Studies suggest that integrated mechanical-thermodynamic
optimization can cut overall lifecycle emissions by up to 30 %
compared to baseline designs [18].

Conclusions. Structural optimization has transformed from
a secondary engineering task into a central pillar of HVAC
compressor design.

By combining FEA, CFD, and Al-based optimization,
engineers can now simultaneously address mechanical reliability,
acoustic comfort, and environmental performance.

The emerging integration of digital twins, additive
manufacturing, and multi-physics co-simulation points toward
the next generation of intelligent compressors — lighter, quieter,
more efficient, and sustainable. Ultimately, structural optimization
bridges the gap between mechanical design and environmental
responsibility, ensuring that HVAC systems meet the dual
imperatives of energy efficiency and climate neutrality.
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Abstract. Transitioning to low-global warming potential
(GWP) refrigerants is a central challenge in modern HVAC
engineering. As global regulations phase down hydrofluorocarbons
(HFCs), the compressor—the core mechanical element of the vapor-
compression cycle — faces new thermodynamic and mechanical
demands. This paper reviews how the shift to low-GWP
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refrigerants such as R1234yf, R290, and RS513A influences
compressor efficiency, pressure ratio, discharge temperature,
and power consumption. Experimental and numerical studies
show that system efficiency can improve by up to 24 % while
reducing the overall GWP by 98 %, provided that compressor
design is adapted to the new refrigerant’s physical properties.
The results emphasize that refrigerant selection and compressor
modeling must be integrated for optimal performance and
environmental sustainability.

Keywords: compressor performance, low-GWP refrigerants,
HVAC systems, energy efficiency, refrigerant transition, vapor-
compression cycle.

Introduction. Heating, ventilation, and air-conditioning
(HVAC) systems consume over 15 % of global electricity
and contribute significantly to greenhouse-gas emissions. The
Montreal Protocol and Kigali Amendment have accelerated the
phase-out of high-GWP refrigerants such as R134a and R410A,
encouraging adoption of low-GWP alternatives including
hydrofluoroolefins (HFOs) and natural refrigerants like propane
(R290).

Because the compressor governs both thermodynamic
efficiency and system reliability, its adaptation to new refrigerants
is a key engineering priority. Refrigerant transition alters suction
and discharge pressures, vapor density, and enthalpy differences —
parameters that directly determine compressor work and coefficient
of performance (COP). Neglecting these differences can lead
to suboptimal efficiency or even mechanical failure.

This thesis synthesizes recent research on compressor
behavior during refrigerant transition, focusing on performance
metrics, energy and environmental impacts, and design
implications for various compressor types.

Thermodynamic background. The vapor-compression
cycle consists of four main components: compressor, condenser,
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expansion device, and evaporator. The compressor raises
refrigerant pressure and temperature, enabling heat rejection
at a higher condensation temperature. The efficiency of this process
depends on the refrigerant’s thermophysical properties — enthalpy
of vaporization, specific-heat ratio, and molecular weight — which
affect compression work and volumetric efficiency.

When replacing a refrigerant, engineers must analyze how
changes in pressure ratio (P,/P,) and specific volume affect the
required compression power W, =m (h,—h,). Low-GWP
refrigerants often exhibit lower vapor densities, requiring larger
compressor displacement or higher speeds to maintain mass flow.
Thus, system-level optimization is essential to balance performance
and energy use.

Performance changes during refrigerant transition.

Centrifugal compressors

Wang and Yan [1] demonstrated that low-GWP refrigerants
alter the compressor map significantly: pressure ratios increased
by 8-12 %, while isentropic efficiency decreased by 3—5 % without
design modifications. Kumar et al. [2] reported that using R-513A
instead of R-134a requires impeller redesign to compensate for
reduced molecular weight and altered critical temperature. With
optimized geometry, overall COP improved by 6-9 %.

Scroll and rotary compressors

Experimental studies by Conte et al. [3] and Guo et al. [4] found
that R-290 and R-152a can match or exceed R-410A performance
when discharge temperatures are managed. CFD simulations
indicated 5-10 % lower compression losses and smoother flow
in two-phase regions. For R-1234yf, Sharif et al. [5] reported
10-15 % lower power consumption in light-commercial systems
after tuning lubrication and superheat.

Reciprocating and CO, systems

Afshari et al. [6] showed that charge optimization and oil
viscosity strongly influence reciprocating compressor performance
with new refrigerants. In transcritical CO, systems, Toffoletti et al.
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[7] achieved 20 % energy recovery through ejector-based control
and subcooling loops, proving that compressor efficiency can
be enhanced via cycle innovations.

Energy efficiency and environmental impact.

Low-GWP refrigerants provide dual benefits: reduced
environmental footprint and potential energy savings. Plando
[8] showed that replacing R-410A with R-454B or R-452B can
reduce annual energy consumption by 15-24 %. The global-
warming potential can drop from 2 088 (R-410A) to below 10
(R-1234yf).

However, the environmental benefit depends on system
adaptation. Sieres et al. [9] and Szczg$niak & Stefaniak [10]
confirmed that drop-in replacements without design changes often
yield neutral or slightly negative performance, while optimized
systems with matching compressor displacement and charge
amount achieve strong gains.

Franco et al. [11] emphasized that total equivalent warming
impact (TEWI) must be evaluated — not only direct refrigerant
emissions but also indirect emissions from energy use. When
compressors operate at higher efficiency with proper refrigerant
selection, total system GHG reduction exceeds 30 % over the
equipment lifetime.

Compressor Design and Modeling.

Need for refrigerant-specific modeling

Assuming identical isentropic efficiency across refrigerants leads
to significant prediction errors. Neumaier et al. [12] demonstrated
that refrigerant-dependent compressor maps are essential for accurate
system optimization. Differences in gas density and viscosity alter
leakage, heat transfer, and valve dynamics.

Simulation and digital tools

Modern design employs CFD, finite-element analysis, and
machine learning to correlate refrigerant properties with mechanical
response. Guo et al. [4] simulated two-phase compression
in rotary compressors, capturing transient flow separation effects.
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Digital-twin frameworks now allow continuous monitoring and
adaptive control of compressor operation across refrigerant types.

Practical design adjustments

Key adaptation strategies include:

* Increasing suction-line diameter to reduce pressure drop
for low-density refrigerants.

*  Adjusting discharge-port geometry to manage back pressure.

* Using synthetic POE oils compatible with mildly
flammable HFOs.

* Implementing variable-speed drives to extend operating
envelopes.

Together, these measures maintain or exceed baseline
efficiency while ensuring reliability and safety.

Challenges and Future Directions.

Despite progress, several challenges persist:

1. Experimental validation for new refrigerants remains
limited.

2. Safety issues arise with A2L/A3 flammable refrigerants.

3. Material compatibility and lubricant stability must be verified.

4. Unified compressor-refrigerant performance databases are
scarce.

5. Control-system integration with refrigerant-specific
models is underdeveloped.

Future research should focus on hybrid CO2-HFO systems,
Al-based optimization, and additive manufacturing for lightweight
compressor components.

Conclusions. The transition to low-GWP refrigerants
is reshaping compressor technology and HVAC design philosophy.
The compressor’s thermodynamic and mechanical adaptability
determines whether energy and environmental benefits can be fully
realized.

Evidence shows that, with proper system redesign and
refrigerant-specific modeling, low-GWP refrigerants can match
or surpass conventional HFC performance, achieving up to 24 %
higher energy efficiency and near-zero direct GWP emissions.
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Performance outcomes remain compressor- and refrigerant-
specific; no universal replacement exists. Accurate modeling,
digital simulation, and tailored component design are
essential. The integration of computational tools, experimental
validation, and sustainable refrigerant policies will define
the next generation of efficient, environmentally safe HVAC
systems.
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Cyd4aCHMX MIOOQJIBHUX Ta HAIllOHAJIBHUX BUKJIHKIB, 11O CTOCY-
IOTBCSI GHEPTeTHYHO1 0€3TMEKH, €KOJIOTIYHOT CTIMKOCTI Ta €KOHOMIY-
HOi eekTuBHOCTI. Lli YNHHUKM B3a€MOIIOB’sI3aHI i 3yMOBIIOIOTH
HarajgpbHy TOTpedy B po3poOIll Ta BNPOBAHKCHHI 1HHOBAIIMHHUX
TEXHOJIOT1M OXOJO/PKEHHS, IO € albTEPHATUBOIO TPATUIIHHUM
KOMIPECIHHUM CHCTEMaM.

CBITOBHI TIONMUAT Ha TEXHOJIOTII OXOJO/KEHHS CTPIMKO
3pocTae. 3TiIHO 3 MPOrHo3aMu MIKHApPOJHOTO €HEPTreTUYHOTO
arearctBa (IEA), KiTbKiCTh KOHAMIIIOHEPIB y CBIiTi 10 2050 poky
MOXKE MEPEBUITUTH 5,6 MUTbSIPIIB OJUHUIIb, 110 € Mai>ke BTPUYI
OUIPLIMM MOKa3HUKOM IOPIBHSAHO 3 NMPUOIU3HO 2 MIJbspIaMu
y 2020 pori. Take mianeHe 3pOCTaHHS IMOMUTY Ha OXOJIOMIKY-
BaJIbHI TPWJIAJAX 3YMOBIICHE IOTCIUTIHHSAM KIiMmary, ypOaHi3a-
[[i€10 Ta TMOKPAIICHHSIM PIBHS KHUTTSI, 0COOMMBO B KpaiHax, II0
po3BuBaroThCs [1].

Take KomocasbHEe 30UTBIIEHHS KUIBKOCTI KOMITPECIHHHMX
CHCTEM OXOJIO/PKEHHSI HEeMHUHYU€e MPHU3BEIE 10 PI3KOr0 3pOCTaHHS
CIOKUBAHHS eJeKTpoeHeprii. TpaauiiiiHi KoOMIIpeciiiHl XoJo-
JWIIBbHI TPUCTPOT MPAIOIOTH BiJl €IEKTPUYHOTO MPUBOLLY, 1110 CTBO-
pIO€ 3HAaYHE HABAaHTAXCHHS HA EJIEKTPOMEPEKi, Ta MPHU3BOIUTH
JI0 MIJBUIICHHS PIBHS IIyMOBOIO 3a0pyAHEHHS. Y JIITHI Nepioau,
MiJ] 9ac MIKOBOTO MOIHUTY, 1€ MOXKE CIPUYUHITH MePEeBaHTAKCHHS
MEpeX, BIJIOBI BIIKIIOUEHHS Ta HaBiTh cUCTeMHI aBapii. [lomryk
aJIFTEPHATUBHUX, MEHIII CHEPTOEMHIX METOJIIB OXOJIOJDKEHHS CTa€e
KPUTHYHO BAXJIMBUM 715 3a0€3MeYeHHsI CTabiIbHOCTI €HepreTuy-
HUX CHUCTEM Y MailOyTHHOMY.

EdextuBHe ynpapiiHHS KJIIMaTUYHUMU 3MIHAMH HEMOXKIIMBE
6e3 3MEHILEeHHs BIUTUBY CHCTEM XOIOJ0NOCTaYaHHs. [XHill BHECOK
y I00abHE TOTEIUTIHHS HOCHUTD TIOABIHHUNI XapakTep:

[To-nepiie e 6e3mocepenniil MpsSAMUN BIUIMB, KU TOB’s3a-
HUI 3 BUTOKOM XOJIO/10areHTiB, Takux sk rigpogpropsynieni (HFC)
ta rigpoxsopdropsynireni (HCFC). L{i pedoBuHN MaiOTh Ha/I3BU-
YaifHO BUCOKHWHU MOTeHITian mobansHoro norertinis (GWP), mo
y THcsu4l pa3iB nepeBuirye GWP Byriekucnoro rasy.
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[To-gpyre, e omocepeakoBaHHI, BTOPUHHUW, BILUIWB, SKUN
BUHUKAa€ dYepe3 BHUCOKE CIIOKMBAaHHS eJeKTpoeHeprii. 3HayHa
YacTUHA 11i€i eHeprii Bce e BUPOOISIETHCS 3 BUKOIHOTO IaIMBa
(Byruuisi, ra3), CajlOBaHHS SIKOTO MPU3BOAUTH 10 BUKHIIB CO,.
I 1o Toro *, BUKOIHE MaJUBO HE € BiJIHOBIIOBAIBHUM KEPEIOM
eHeprii.

VY 11boMy KOHTEKCTI aOCOPOIIiifHI XOJIOAUIBHI TPUIAAA MAIOTh
3HAUHy I[IepeBary, OCKUIbKM BOHM BHUKOPHCTOBYIOTH HaTypajbHi
poboui mapu, Taki fK Bojaa, amiak Ta diTiii-Opomia. Lli peuoBuHM
€ eKOJIOTIYHO Oe3NeYHUMH, HE MaloThb O30HOPYHHIBHOTO IOTEH-
miany 1 minimaneHuit GWP. 3actocyBanns AXII Bignosigae mix-
HApOJHUM yroziaM, 30KkpeMa MoHpeanbChbKOMY HMPOTOKOIY Ta HOTO
MOAAJBIINM JIOMOBHEHHSIM, BKIoYarouu KiramiiichbKy Momnpasky, 110
CIPsIMOBaHI Ha MOCTYMOBY BiJIMOBY BiJI IIKIJUIMBUX XOJIOI0Ar€HTIB.

Henoniku Ta oOMexxeHHs abCcOpOUIHHUX MPUIIAJiB — HU3bKHUNA
koedimient nepetBopeHHs (COP). Ile ocHoBumit Hepomik. COP
st ogHoctyniHdactux AXII pigko mepesumye 0.7-0.8, Tomi sk
JUTSE KOMITPECIHHMX CHCTEM IIeH MOKa3HUK MOXKE JTocsTaTd 4-5.

Xoya COP AXII po3paxoByeTbCs K BITHOIICHHS OTpUMa-
HOI XOJIOMOTIPOAYKTHUBHOCTI JI0 BUTPAYEHOTO TEIUIA, & HE EJIeK-
TPOEHEPTii, HU3bKE 3HAYEHHsI CBIAYUTH NMPO HEe(PEKTHBHE BHKO-
puctanHsa TerioBoi eHeprii. lle mpu3BoguTh 10 HEOOXiTHOCTI
BUKOPHCTAHHS OUIBLIMX TeHEepaTropiB 1, BIAMOBIAHO, MiBHILY€E
rabapuTH Ta BapTICTh.

Bucoka mouarkoBa BapTicTh Ta rabaputu — KoHCTpyKiis AXII
€ OLIBLI CKITA/IHOI0, HIXK y KOMIIpeCiHuX aHasoriB. Bona Bkimo4yae
abcopOep, reHeparop, HaCOCHU, PEKyNEPATUBHI TETUIOOOMIHHUKH,
110 poOUTH MPUCTPOT OLIBIIUMHU 1 JOPOKIYUMHU Y BUPOOHUIITBI.

OobmexenHs pobounx cymimeit. Koxxna cymim mae cBoi ooOme-
xeHHs. LiBr-H,O He Moxe npairoBaTi pu TeMIieparypax HUXKYe
0°C gepe3 3amep3aHHs BOAM, a TAKOXK CXMJIbHA JO KpUCTai3alli
npu BUCOKHMX KoHIeHTpalisax. NH;-H,O BuMarae BUCOKMX THUCKIB,
10 pOOUTH KOHCTPYKIIIO OUTBII MIIIHOIO Yepe3 BUMOTH JI0 Mill-
HOCT1 KOHCTPYKIIii, @ OTKE, BaXKOIO.
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CxIIaHICTh pETyNIOBaHHS — PEryJIIOBaHHS IMPOAYKTUBHOCTI
AXII € cknaaHIiImMM, HIXK y KOMIPECITHUX CUCTEM.

HaykoBi nocnmipkeHHs y I Taidy3i 30cepekeHi Ha TO0-
JIAaHHI BKa3aHUX HEIOJIKIB.

OCHOBHI HanpsSMH BKITIOYAIOTh:

Po3pobka HOBuX pobouux cywmimeil. [Tomyk OiHapHHX abo
MNOTPIHHUX CyMIilIeH, sIKi MAlOTh Kpalll TepMOJUHAMIUHI BJIAaCTH-
BocTi (Bummii COP, meHma WMoOBipHICTh kpucTamizaiii). Oco0-
JMBa yBara MPUIUIAETHCS HAHOPIAMHAM (XOJOMOAreHT 3 Joja-
BaHHSM HaHOYACTHMHOK OKCHIIB METaJIIB) Ta 10HHUM piuHaM, SKi
MOXYTh MOKPAIIUTH TeIIonepeaady Ta MacoooMiH [2].

OnTuMizanis IUKITIB — BIPOBAPKEHHS 0araToCTyMiHYACTHX
IUKITB (moaBiHA/moTpiiHa abcopOitist) s miaBumieHHs COP,
10 JI03BOJISIE BHUKOPHCTOBYBAaTH JDKEpesla Teria 3 HUXKYOIO
TEMIIepPaTyporo.

MiHiaTiopu3aliiss Ta ONTHMI3alis KOHCTPYKIII — BHKOPHC-
TaHHS MIKPOKAaHAIbHUX TEMJIOOOMIHHMKIB, SKi 30UIBIIYIOTH
TJIONY TETJIO00MIHY 1 3MEHIIYIOTh TabapuTH MIPUCTPOIO.

Bnockonanenns abcopbepiB — po3pobka abcopOepiB 3 HOBUMH
MOBEPXHSAMHU Ta TEOMETPIEI0 ISl MPUCKOPEHHS IMPOLECY MOIIH-
HaHHS XOJO/I0AareHTy.

TakuM YMHOM, HE3BKAIOYM HA ICHYIOUl OOMEKEHHS, TIOTCHITIa
a0COpPOITIIHUX CHCTEM 3aJIMIIAETHCS BEIMIE3HUM. JlaHe TOCTiIKEeHHS
Ma€ Ha METI BHECTU CBIM BHECOK Yy BHpIILIEHHS LIUX MpoOJeM, Haja-
FOUM MPAKTUYHI PIIICHHS JUTS MTABHUIIEHHS IXHBOI €(DEeKTUBHOCTI.

VY3aranpHIOIOUM, MOJKHA 3pOOUTH BUCHOBOK, II0 abcopOIiiiHi
XOJIOAWIJIbHI MPUJIAJAN 3aiiMalOTh BAXJIMBY HINTy y cdepi eHeproe-
(eKTUBHUX TEXHOJOTIA Ta MarOTh 3HAYHUU MOTEHIIall PO3BUTKY.
[Ipore iXHe monanbplie MOIIUPEHHS HANpsAMY 3ajeKaTHUME Bij
YCIIITHOTO BUPINIEHHS MPOOJeM, IMOB’S3aHUX 13 M1JIBUIIECHHIM
Koe(ilieHTa KOPUCHOI Aii, 3MEHIIEHHSAM rabapHuTiB 1 BapTOCTI,
a TaKOX IMiIBUIIEHHSAM €KCIUTyaTaliifHOT HaliiHOCTI.

OTxe, MOCTIHKeHHS, CIPSMOBaHI Ha ONTHMI3aIio adbcopo-
IHHUX ~ XOJOAWJIBHUX CHCTEM, MAalOTh BHUCOKY IpPaKTHUHY
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3HAUYLIICTh 1 CTpaTeriyHe 3HauyeHHsS AJis 3a0e3MEeUYeHHsI CTaJIoro
PO3BUTKY €HEPreTHKHM Ta OXOJOKYBaJIbHUX TeXHoJoriil. BoHu
MOXYTh CTaTH KIIOUOBHM YHMHHUKOM Y (OPMYBaHHI €KOJOTIYHO
0e3meyHoro Ta eHeproe(eKTUBHOro MaiOyTHHOTO, IO POOUTH
3aIPOINOHOBAaHY TEMY JOCIIKEHHS aKTyaJIbHOIO, IEPCIEKTUBHOIO
i CyCHIBHO KOPHUCHOIO.
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eHeproe(eKTUBHOCTI, €KOJIOTIYHOCTI Ta HAIINMHOCTI MPUCTPOIB.
[ToOyTOB1 Ta KOMEPIIIHI XOJIOAUILHUKH, MOPO3WIILHUKH, BITPUHU
i TOProBi XOJOAWIBHI Ta(u CTAHOBJIATH ICTOTHY YaCTHHY 3arajib-
HOTO €JICKTPOCTIOKHUBAHHS y JJOMOTOCIOAAPCTBAX 1 MEpekax po3-
npiOHOT TopriBai. 3pocTaHHs Tapu(iB HA €IEKTPOCHEPTit0, MOCHU-
JICHHSI €KOJIOTTYHUX HOPM I0JI0 BUKOPUCTAHHS XOJIOJOAreHTIB Ta
notpeda B 3HMKEHHI EKCIUTyaTalliiHUX BHUTpAT MiAIITOBXYIOTh
BUPOOHUKIB /10 TMOIIYKY aJbT€PHATHB TPAJAULIAHUM KOMIIPECiii-
HUM DIIICHHSM 1 BIPOBA/PKEHHS €HEPro30epiralounx TEXHOJOTIH.
Kommnpeciiini XomoamibHI YCTaHOBKH 3a0€3MeuyioTh KoedilieH-
toMm nieperBopeHHs (COP) na piBHi 2,5-4,5, Toai sk y abcopOuiii-
HUX XoNnomwibHUX npwiaaiB (AXII) mel moKa3HUK PiKO IepeBH-
mrye 0,8 [1]. [Ipote koMmpeciiiHi CUCTEMH MAlOTh 1HII HEIOMIKH:
BUCOKHMI piBeHb HIyMy Ta BiOpaliil; BUKOPHCTAHHS HENPUPOA-
HUX XOJIOJIOAT€HTIB; HEOOXIJHICTh y PETYISIPHOMY TEXHIYHOMY
00CITyroByBaHH1; 0OMEXEHHI TEPMiH C1ykOu kommpecopiB. AXII
BUTPAIOTh 32 PaXyHOK €KOJOTIYHOCTI Ta HaJIIHHOCTI, 110 POOUTH
ix mpuBabmmBUME y cdepi moOyTy i TOPTiBIIi, KO BAACTHCS Iif-
BHIIUTH 1XHIO €(PEKTUBHICTh. AOCOPOIIHI XOJIOAMIBbHI TTPHIIAIN
(AXII) € mepcreKTUBHOIO AIBTEPHATUBOIO [Tl OKPEMHX KaTeropii
1noOyTOBOi Ta TOPriBeJIbHOT TEXHIKU: BOHU MPALIOIOTh BiJ TEIUIO-
BUX JIKepeJl, MOXYTh BUKOPHUCTOBYBaTH BTOPUHHY a00 BiJHOBIIIO-
BaHy CHEprilo (BKJIIOYHO 3 Ta30BUMH MaJIbHUKAMHU, COHAYHHUMHU
KOJIGKTOpaMHU YH BIIIPAIlbOBAaHUM TEIJIOM), BIJIPI3HIIOTHCA 0€3-
IIYMHICTIO Ta BUCOKOIO HafiiHicTio. Lle pooutrs AXII npuBabnu-
BUMH JIJIsl MiHI0OApiB, aBTOHOMHHX XOJIONUJIBHUKIB JJIsi KEMITIHTY
Ta TpaHcnopty. [Ipore ixHs KOoMepIliiiHa MPUBAOIUBICTE OOMEXKY-
€ThCS BITHOCHO HU3bKUM KoedirienToM COP 1 30inbIeHnM eHep-
rOCTIO)KMBAHHSM TOPIBHSHO 3 KOMIIPECITHUMU aHaJIOTaMH B HU3II
pobounx pexumiB [2]. OCHOBHOIO TEXHIYHOIO TEPEIIKOIOI0 IS
IIMPOKOTO BUKOPUCTAHHS aOCOpPOLIMHUX XOJOAWIBHUX MpPUIIaJliB
€ 1X oOMexeHa XOJOMOMPOIYKTUBHICTh 1 HEJOCTAaTHS IHTEHCHB-
HICTh BHYTPIIIHbOKAMEPHHUX TpolieciB Teruiooominy. Lle He m03-
BOJISIE CTBOPIOBATU XOJIOMWJIbHI KaMepH 3 MiABHIIECHUM 00’€MOM
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Ta 00MeXYye IX MOMUT Ha CIOKUBYOMY pUHKY. [lacuBHI iHTEHCUDI-
KaTopu Terutonepenadi, 30kpema terioBi Tpyou (TT) ta nBodasni
tepmocudonu (ADTC), MaroTh MOTEHINAN IS BHPIIICHHS ITi€l
npoOseMu: BOHU 3a0€3MeuyroTh BUCOKI KOE(IIIEHTH Teruionepe-
Jayi; BUPIBHIOBAaHHS TEMIEPATYpPHUX MOMiB; e(EeKTUBHY Mepenaqy
TEIUIa 32 HEBEJMKUX TeMIepaTypHuX piHULb [3].

Temnnosa TpyOa — 11e repMETUYHO 3aKPUTHI TpyOUacTuii mpu-
CTpiH, 3aOBHEHUN pOOOYOI0 PIIUHOI0. YcepeauHi BiaOyBaeTbCs
BUTNIAPOBYBAHHSA Ta KOHJCHCAIlS PIIWMHH, 10 3a0e3reduye iHTEeH-
CHUBHHI MEPEHOC TEIJIOTH 3 MiHIMAJILHUMH BTpaTamH.

JBoazHuii TepMocu(OH Mpalroe 3a CXOKUM HPUHIUIIOM,
OJTHAK HE MICTUTh KamuIApHOI CTpYyKTypu. Pyx pimmuu BinOy-
BAa€ThCA 1] JII€I0 CHUIM TSOKIHHS, IO POOUTH HWOTO MPOCTIIIUM
1 JeeBIIUM Y BUTOTOBJIEHHI. OCHOBHI MEpeBaru 3aCTOCYBAaHHS
mux npuctpoiB y ckiani AXII: a) Bucoka epeKTUBHICTH TETIO-
nepenadi — Koe(imieHT TErIoNPOBITHOCTI TEIUIOBUX TPYO Yy COTHI
pa3iB BUIIMI 3a TpaaulliliHi MeTanu; 0) 3HIKEHHS TEIIOBHX
OTMOpIB — M€ J03BOJISIE€ 3MEHIIUTH TEMIIEpaTypy TeHepaTtopa i,
BIJIMTOBIJIHO, €HEPrOBUTPATH; B) BUPIBHIOBAHHS TEMIIEPATypPHHUX
HOJIB — YMHUKA€ETHCS JIOKAIbHUN NEpPerpiB 4 MepeoXoI0IKEeHHS;
I') 3MEHUICHHsS rabapuTiB TEIJIOOOMIHHMKIB — NpPUJIaAU CTalOTh
KOMITaKTHIIITUMH, 1110 0COOIMBO BaXKJIMBO JJISl TOOYTOBOI TEXHIKH;
IT) TiJIBUIIEHHS KoedillieHTa NepeTBOPEHHS — 3a OI[IHKaMHU EKCIIe-
PUMEHTIB, MPUPICT MOXKE CTAaHOBUTHU 15-25 % [4].

VY konctpykuii AXII TemioBi TpyOM MOXYTh 1HTErpyBaTHUCs
B Taki By3JIM: a) TeHeparop — Jjs iHTeHcu]ikamii mporecy BUMa-
pPOBYBaHHSI aMiaky 3 BOJHOIO pPO34MHY; O) KOHAEHCATOp — JUIs
e(heKTUBHIIIOTO BiJBEICHHS TEIJIOTH B JOBKULISA; B) abcopbep —
JUIs iHTeHCH]iKalii mpolecy po34rHEHHs amMiaKy y BOII.

IaTerpanis Takux npuctpoiB y koHCTpykiito AXII no3Bossie
MiABUIINTY €(DEeKTUBHICTh POOOTH BUIIAPHUKA, & II€ MOXKE 3HU3UTH
KoeiIieHT poboUoTro Yacy i, BIAMOBITHO, CIIOKUBAHY ITOTYXHICTh
1o 15 % [5]. Ana y3arajibHeHHSI MaTepiaiiB eKCIIepUMEHTAIbHUX
JOCIIKeHb Ta TMEPBUHHUX po3poOok [3—5] Oymo pospobieHo
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MaTeMaTHYHy MOJIETb TEIJIOBUX PEXKUMIB 00’ €KTIB OXOJIOKEHHS
(AXII) 3 TT Ta ADTC. Ilpu ¢dikcoBaHiif X0IOIOTPOTYKTUBHOCTI
Bunapuuka AXII (Q, = const), Hanpukiaja, 4YHUCEIbHE PIBHOI
30BHINIHIM TETUIONPUIUIMBAM, TeMmIleparypa B Kamepl f, 3aje-

KUTh BIJl CepelHbOI TeMIepaTrypH BUIAPHHUKA f, 1 TEPMI4HOTO
ornopy nanmtora «BunapHuk AXII — kopucHuii 06’em kamepu» ) R

tan =1, +0, 2 R. (1)

Haji3 cmiBBimHOMEHHs (1) mokasye, 1Mo HEOOXITHWUW PIBEHb
Temreparyp y kamepi Moxe OyTH JOCATHYTHH a0o 3a paxyHOK
3HWKEHHSI TeMIIEpaTypy BUIAPOBYBAaHHs, a00 3a paxyHOK 3MEH-
IIEHHS] CyMapHOTO TEPMIUYHOTO OMOpY.

[epmmii mIsIX MOB’sI3aHUIA 3 JIOJJATKOBUM BHITAPIOBaHHAM
amiaky B IeHepaTopi 1 3HM)KEHHSM KOHIIEHTpallli aMiaky B cliad-
KOTO PO3YHMHI 1 MPUITYCKA€E BiAMOBIAHE 30UIbIIEHHS €HEPrOBUTPAT.

Jpyruii musix peanizyeTbes 3a paXyHOK 3aCTOCYBaHHS KOHTYK-
TUBHUX CTOKIB TE€IlJIa, HANIPUKIAA, Y BUIJIAAl alIOMIHIEBUX IaHe-
Jiel, BCTAHOBJIEHWX Ha BHYTPIIIHIX CTIHKaX KaMepH, sIKi MOXYTb
Hectr opedpens i TT i3 IOTC. HeoOxigHe 3Haue€HHSI CyMapHOTO
TepMiuHOro omnopy y ¢opmyni (1) MmoxxkHa ofepxkaru abo 3a paxy-
HOK 301IbIIIEHHS TOBIIMHM CTIHKM aJFOMiHI€BOI maHemi, abo 3a
pPaxyHOK 3acTOCYBaHHS MOJATKOBUX NapajelbHUX TEIUIOCTOKIB
y Bunanl TT a6o JADPTC, siki, BONOAIIOYM HU3BKUM TEPMIYHUM
OTIOPOM, BHUCTYMAIOTh Y SIKOCTI CBOEPITHUX 130TEPMIYHHUX OCEH,
10 MPOHU3YIOTh CTIHKM BHYTPILIHHOTO ATIOMIHIEBOTO KOPITYCY.
VY 3arajipbHOMY BHUIVISIZII TETUIOBA cXeMa abCOPOIIHOTO XOIOIMITb-
nuka i3 TT a6o JJOTC naBenena Ha puc. 1.

B ocHOBI MaTeMaTUYHOT MOJIEINI TETIJIOBUX PEKUMIB KaMepH 13
TT a6o JJDTC nexuth TenaoBuil 0ajaHC €IEMEHTAPHOI YapyHKH
(EY) enementiB koprycy (BHYTPILIHBOIO aJIOMIHIEBOTO 1 IIapy
Teru10i301sMi1). Jy1si BHYyTPIIIHBOTO KOPITYCY PO3IISIHYTO YOTHPH
Bunagku: EY He mae teroBoro 3B’s3ky 13 TT abo PTC; EYU
Ma€ TeIIOBHH 3B 30K 13 30HOK BHmapy (konmeHcarii) TT a6o
JADTC; EY 3anHpoi CTIHKM BHYTPIIIHBOIO KOPIYCy IOB’s3aH1
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Puc. 1. TeroBa cxema aOCcOpOLIITHOTO XOJIOJMIILHUKA
i3 TT abo ADTC:
@) BuUJ 300Ky; 6) BUII CIICPEY; 6) BHUI 3BEPXY;
1 — ternoizonsniniamuit kopryc; 2 — TT abo JJOTC; 3 — BHyTpimHIi
anoMiHieBuit kopnyc; 4 — Bunapaux AXII

B TEIJIOBOMY BiJiHOMICHHI 3 BUunapHukoM AXII ii 3 KOHIeHCaTOpOM
TT abo JADPTC. Y Bcix BuUmajakax TEIUIONPHUILIUBU BiJ 3aBaHTa-
KEHUX TIPOIYKTIB HE BPAaXOBYBAJIUCS, TOOTO MOAETIOBAINCS HOP-
MaTHBHI BUIIPOOYBaHHS 3 HE3aBAaHTAXKEHOIO KAMEPOIO B MyCKOBUX
1 mepexigHuX pexumax. KiHmesi 301IbIISHHS TeMIIepaTypy B 4aci
1u1st kookHoro tuny EY (At) Bu3Hauanmucs sk

A
Ati,j:—r
Ci,j'pi,j'V

ij

: AQI‘,]’ > (2)

ne C;;1p;; — IMTOMa MacoBa TEIUIOEMHICTD 1 TyCTHHA MaTepiamy
EY, Jx/(xkr-K) i xkr/m?;
V., — obcar EY, m%;
AQ,; — pe3ynbTyIOuni TEIUIOBUH MOTIK, BT.

CroiBBigHOmeHHs Tumy (2), 3ammcani s koxHOi EY BHY-
TPIIHBOTO 1 TEIJIOI30ALIHHOIO KOPIyCy KaMepH, CTaHOBJISATh
cUcTeMy piBHSHb. [paHMYHMMH YMOBaMU NpHU PILIEHHI TaKOi
CHCTEMH €: TeMIlepaTypa HaBKOJIMUIIHBOTO CEPEIOBHUINA; y TOYaT-
koBUH MoMeHT dyacy T =0 temneparypu EUYU BHYTpimHbOTO
1 TEIIO130JALIMHOIO KOPITYCiB JIOPIBHIOIOTH TeMIepaTrypi HaBKO-
JMIITHBOTO CepeIoBUINA; TemreparypH Bunapauka AXII B pexumi
MyCKY 1y MO3HUIIIHHOMY PEXHUMI ypaBIliHHS. 301UIbIICHHS Yacy At
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3aJIAl0ThCS JIO JIOCATHCHHSI CePEIHBOI TeMIlepaTypy CTIHOK BHY-
TPILIHBOTO KOPIIyCy (¢, ) PIBHOI 3a1aHil (Z,,).
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CyyacHi BUMOTH 70 XOJOAMJIBHHMX areHTIiB IOJ0 030HO0E3-
NeKU Ta MiHIMI3alii BKJIaay B «ITapHUKOBUI» €(eKT BIAKPUBAIOTH
HIMPOKI MOXKIMBOCTI ISl XOJIIOMMJIBHHUX arapariB adcopOLiifHOTO
TUIy abo amapartiB 3 abcopOuiiHO-Au(y31HHIMH XOIOUIEHUMH
anaparamu (AXA), 1o mpaIoTh 3 TPAAUIIIHHIM BOAOAMIaYHUM
posuunnoMm (BAP) [1].

OcHoBHUil Hemonmik AXA, 1m0 CTpUMy€e IX HIMPOKE MOIIH-
peHHS — HHM3bKa eHepreTuyHa e()EeKTUBHICTh, 3yMOBJeHa (i3ny-
HUMH OCOOJMBOCTSAMHU XOJOAWIbHOTO LuKIy. Llel ¢aktop He
TITPKA BU3HAYA€ TIJBHUINCHI, MOPIBHIHO 3 KOMIIPECIHHUMU
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aHaJIoraMy, BapTICHI BUTpaTH, a ¥ BIANOBIJHUI BHECOK Yy «Iap-
HUKOBHUI» €(EKT.

AHami3  pe3ynbTariB  eKCIEPUMEHTATbHUX  JTOCTIIKCHb
JMOCIITHAX Ta CEPIHHUX MOJIENIeH XONOAUIbHUX anapaTiB 3 AXA
MoKa3ajau, II0 IX MiABUILEHUH pIBEHb EHEProCloKUBaHHS
BU3HAYAETHCA ICHYIOUOI0 METOOJIOTIEI0 PO3PAXYHKY Ta CIIOCO-
O0M KepyBaHHs MiJ 4yac ekcruryarauii. BiamosizHo no icHyro-
YUX BUMOI' J0 MOOYTOBUX 1 TOPrOBUX XOJOJWJIBHMX amaparis,
B TIepuUly 4epry, HeoOXiHO 3a0e3MeunuTH 3aaHuil TeMIeparyp-
HUW PEXKUM Y XOJOJUIBHIN KaMepl B «KOPCTKOMY» PEXHUMI €KC-
Iulyartaii, mpu LboMY, SIK IpaBuiio, podora AXA 31iiCHIOETbCS
B Oe3nepepBHOMY pekumi (KPB = 1), a BenmnunHa eHeprocroxu-
BaHHs He OepeThbCs 10 yBaru.

Sk moka3ye ekcepreTHuHui aHai3 nukity AXA, HalOUIBIIOrO
yCHiXy B €HEpPro30epeKeHHI MOXHA JOCATTH IPH ONTHUMI3alil
MPSIMOTO (TEIIOBOTO) IHUKITY, IO PEalli3ye€ThCS B IIPHUBITHOMY)
KOHTYp AXA. OcobnuBy yBary npu 1boMy HEOOX1THO MPHILIATH
tepmocudony (I1TC), mo mepekadye, BTpaTh eKceprii B sSKOMY
nocsraioTh 60 % B CyMapHUX.

AHaui3 OCHOBHUX HampsIMiB €Hepro30epeKeHHs MoKa3aB, 110
HANOUIBLIOro yCHiXy MPU MIHIMyMi BUTPAT MOXKE OyTH JIOCATHYTO
3a paXyHOK BUKOPHUCTaHHS ONTHUMAaJIbHUX CHCTEM KepyBaHHs ara-
paramu 3 AXA. 30kpema, 3a paxyHOK 3MIHM BETUYWHU TETUIOMNI-
BeneHHs Ha [1T3 3aexxHo Bl TeMIepaTypHUX PEKUMIB Y Xapak-
TEPHUX TOUYKAX XOJOAMIBbHOI Kamepu Ta AXA.

[Ipobaemu eneprozdepesxenns B [ITC noB’s3aHi 3 4aCTKOBOIO
KOH/JICHCAII€I0 MapiB y MiIHOMHIN YacTuHl. BoHa BupintyeThes 3a
pPaxyHOK pO3MOALTY TEIJIOBOIO HAaBAaHTAKEHHSI, IO IiJABOIUTHCS
Ha [ITC B 3a7eXHOCTI BiJi TEMIIEpaTypH HABKOJIHUIITHHOTO CEpPEI0-
BHIIIA 1 TEMIIEpATypH B XOJOonuIbHIN Kamepi. EdexT eneprozoepe-
JKEHHSI IIPU LIbOMY CTaHOBUTH 15...16 %.

OcHoBHa yBara mpu poO3poOIl EHEepro30epiralounx pPeKu-
MiB AXA mpuausiiacs reHepaTopHOMY By3iy. byrno mokasaHo,
10 3HAYHOIO MIPOI0 eHepro3oepirarwdi pPeKUMH XOJOIUIBHOTO
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armapary BU3HAYaIOThCS PEKHMOM TPOXOIY TapH Yepe3 3aToruie-
Huit U-nofibuuii pexktudikarop AXA.

PexxuMu mpoxofy mapu 3aiekaTb BiJl BEIMYUHH TETUIOMNi[-
BeneHHs 10 [ITC AXA. B eneprosbepirarounx pexxumax poooTu
AXA mpoxin mapu 3OiHCHIOEThCS HuisixoM OapbotyBanHs. [Ipu
30imbpIIeHH] TeruioBoro HaBaHTakeHHs Ha [ITC mapa BinxTicHsie
pIAMHY 1 y BEpXHIM 4acTHHI peKTU(]ikaropa YTBOPIOETHCS Mapo-
BUl mpomapok. OYHIEHHS Napu Ta MOMEPEeTHE MigIrpiB Mapu
B pekTu¢ikatopi B LOMYy pexuMi MiHiManpHi. Ha npuknani
Moneni HuspkoremmneparypHoi kamepu (HTK) Cryrna-101 AMIJI-
180 Oyno mokaszaHo, 110 pobOTa B €Heproz0epirarouux pekumax
JIO3BOJISIE 3HU3UTH EHEPrOCIOKUBAHHS TMOPIBHAHO 3 KPaIUMH
3apyOixHMMH aHanoramu 10 50 % [2].

Po3BUTOK 11bOTO HampsiMy OyB MOB’S3aHUH 13 BCTAHOBJICHHSAM
JIOIATKOBOTO TETLIOI30JIAIIHHOTO KOXKyxa Ha neduiermaropi AXA.
Edexr eneproszdepexeHHs y IbOMY BHMAJIKy cTaHoOBUB: 21 %
(«KuiB-410»); 12 % («Kpucran-408»); 17 % («Ctyraa-101»
AMUJI-180). Jns peamnizaiii TakuxX €HEpro3oepirarouux pexuMiB
HEOOX1IHO 3MIMCHIOBATH KOHTPOJIb TEMIIEpaTypH Mapu Ha BUXOII
neduermaropa — BOHA HE IOBMHHA IIEPEBUINYBATH TeMIIepa-
Typy HacH4YeHHs amiaky npu pobouomy THUCKy B AXA (61u3bko
50°C) [3].

IIpu po3podui eHepro3bOepirarouyux CrocoOiB yHpaBIiHHSA
BUXOWIHA 3 TOTO, IO B HEPOOOUOMY IEpio/l TeMIepaTypa eie-
MEHTIB MPHUBOAHOTO KOHTYpY AXA (TepmocudoH, pektudikarop,
neduermMarop), 3a paxXyHOK TEIUIOBUX BTPAT B HABKOJUIIHE cepe-
JIOBHIIIE, 3HIKYETHCS.

Ile cynpoBOKYETbCS HE TUIBKH OXOJOKEHHSM MILHOTO Ta
cnabkoro BAP, ane i1 4yacTKOBOIO KOHJEHCAIlE€I0 map y aeduier-
Matopi Ta kouaeHcatopi AXA. Ilpum xoHmeHcamii mapiB ixHe
Miclle 3aiiMae 1HepTHUH ra3, sIKMi J0 I[bOTO 3HAXOJMTHCSA B KOH-
Typi npupoxanoi mupkyssimii (KIIL). OueBuanHo, M0 YM OLTBIITHIA
yac HEpOoOOUYOTro Mepiony, TUM HIKYOK OMYyCTHTHCS TeMIleparypa
1 TuM Ounbmii 06°em y nednermaropi AXA 3aiime iHepTHUH ras.
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[Ipu nonaui teroBoro HaBantaxeHHs Ha [1TC inepTHuit ras
BumropxyBaruMeTbecst B KIIL[ nquHaMiyHMM HamopoMm MapoBOTO
MOTOKY, BEJIMYMHA SKOTO 3aJIeKaTUME BiJl KUTBKOCTI mapoBoi (asu.
YV momenT 3amycky AXA neBHa KUIbKICTh MapH, 10 T€HEPYETHCS
B IITC, Oyme BuTpayaTtucss Ha pO3IrpiB €JIEMEHTIB KOHCTPYKIIii
pextudikatopa, nedermaropa i KOHJAEHcAropa. 3a IHIIUX PiB-
HUX YMOB Yac MPOXOKEHHS MMapoBOTO MOTOKY J0 KOHJEHCATOpa
BU3HAYaTUMEThCSI CTYNIEHEM OXOJIOPKEHHSI €JIEMEHTIB TPUBOIHOTO
KOHTYpY B HepoOouoMy mepiofi, TOOTO. TPUBATICTIO HEPOOOUOTO
nepioay. Ile roBopuTh mpo Te, MO BiOME CTAHOBHUIIE — «YUM
OibIIIe Yac HepoOOYOro Mepiofy, TUM O1IbIIa EKOHOMIYHICTEY, HE
3aBXKJIM 3aCTOCOBYETHCS /ISl TTOOYTOBUX Ta TOPTOBUX aOCOPOIIiii-
HUX XOJIOMWJIBHUX anaparis.

Jlis migBUIEHHS €KOHOMIYHOCTI HEOOXiTHO HE JOMyCKaTH
3HAYHOTO TICPEOXOJIODKEHHS €JIEMEHTIB KOHCTPYKIIIT TPUBOIHOTO
KOHTYpy AXA.

3MEHIIUTH CTYIIHb IEPEOXONOKEHHSI TPAHCIIOPTHUX eJe-
MEHTIB MPUBOIHOTO0 KOHTYpy AXA MOXHA HUIIXOM 30UIBIIEHHS
TEPMIYHOTO OIOpY TEIMJIOI30JALli TeHepaTOpHOrO By3/a, Tak
1 YaCTKOBUM iX MPOTpiBaHHIM B HEPOOOUOMY MEpioi.

[epmnii msx y moOyTOBIi Ta TOProBiil TEXHILl 0OMEXEHHM
rabapuTHUMH BUMOTaMH, APYTHH — OLIbII NEPCHEKTUBHUM.

Jlemo iHIIA CHUTyalis B XOJOAWJIBHUX araparax 3 BHUCOKUM
TEPMIYHUM OIOPOM KOHCTPYKIIM, IO 3aXHUIIAI0Th, HAIPHUKIA,
B HTK 3 «cynepizomnsuiero» «Ctyrna-101» AMJI-180. Ha Binminy
BiJl OTHOKAMEPHUX YH JIBOKAMEPHUX MOJIEINCH, y AKUX periiaMeH-
TOBAHO CHIBBIJHOIIEHHS TemnepaTyp kamepax, HTK nmorenuiiino
MaroTh BeJHKI (D)YHKIIOHAJIbHI MOXKJIMBOCTI — MOXYTh 3aCTOCOBY-
BaTHCSl TMPAKTHYHO Y BChOMY Jiana3oHi Temreparyp 30epiraHHs,
[0 BUKOPUCTOBYETHCsI B moOyTi — Big minyc 18°C mo 12°C,
TOOTO. CTaTH yHIBEPCAIBHUM XOJOAUIBHUM MPUIIAIIOM.

VY mpoMy BHIAJKY TETUIOI30JIAIINHI KOHCTPYKIII KaMepH Tpa-
TUIIHHO TIOBUHHI TIPOEKTYBAaTUCS 3 ypaxyBaHHSAM poOoTu AXA
B «KOPCTKOMY» PEXHMI eKCIlTyarallii, ToMy yHiBepcallbHa MOJIEIb
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MaTUM€ 3HAYHUIl 3amac XOJIOJONPOAYKTHBHOCTI NPU MOMIPHUX
HU3BKUX TeMIlepaTypax HaBKOJIMIIHBOIO CEpEeNOBMINA Ta MO3M-
TUBHHUX TeMIleparypax 30epiraHss.

VY TakuxX YHIBEpCaNbHHX amaparax, BUKOHAHHX 3a KJIacoOM
SN*, MOXKyTh MaTH MicCIle peXUMH 30epiraHHs 3 MiHIMyM a0o Bij-
CYTHICTIO TEIUIONPHUTOK (Temiieparypa B Kamepi 5...12°C, temme-
parypa HaBkonuiHero cepenoBuia 10 °C). Uac pobodoro nepioxy
y pa3si Habarato MeHIle HepoOo4yoro, ToMy 3a0e3nedyBaTd MOCTii-
HUI TPOTPIB €JIEMEHTIB reHEepaTOpHOro By3lia MOXKE OyTH Heo-
IITBHO. Y TaKUX yMOBaX EKCIUTyaTallli eKOHOMIYHHM MOXKe OyTu
HNO3ULIHHUN PEeXUM YIPABIIHHS.
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m. Ooeca, Vkpaina

[MutanHa eHeproepeKTUBHOCTI Ta30KOMIIPECOPHUX CTaHLIN
(I'KC) 3anuiuaeTbcst OQHUM 13 HAHOUIBII aKTyaJbHUX BUKIIMKIB
CY4YacHOI €HepreTUKU Ha IN100aTbHOMY piBHI. Y KOHTEKCTI cydac-
HUX peatii, mo mnepeadadaroTh €HepreTUYHy KpHU3y, I0OaNbHI
KIIIMaTH4YHI 3MiHU Ta HEOOXiIHICTh 3HAYHOTO CKOPOYEHHS BHUKH-
JIIB TIAPHUKOBUX Ta3iB, ONTHUMI3allisl EKCIUTyaTalliiHUX BUTpaT
MPUPOTHOTO Ta3zy Ta MiABUIICHHS eHeproeheKTUBHOCTI HalyBa-
I0Th KPUTUYHOTO Ta HEBIIKJIAIHOTO 3HaueHHs [1-2]. Ykpaina, sika
BOJIOJII€ OJHIEIO 3 HAMOIMBIIMX Ta HAWPO3BUHYTIIIMX Ta30TpaH-
CHIOPTHUX CHUCTEM Y CBITI, CTOITh MEpe]l YHIKAIbHOIO MOXIIUBICTIO
BIIPOBQ/KEHHSI Ta 3aCTOCYBaHHS IEPEJOBUX TEXHOJIOIIH eHep-
ro30epeKeHHsT Ha CBOIX YHCICHHUX KOMITPECOPHHUX cTaHIisx. Lle
BIIPOBA/KEHHs OyJle CIIPUATH SIK CYTTEBOMY 3HMKEHHIO BUTpPAT Ha
eKCIUTyaTallilo, TaK 1 MOKPaLIeHHIO €KOJIOTIYHOI CUTYallil Ta eHep-
TeTUYHOI HEe3aJIeXKHOCTI JIepKABH.

JlocmipKeHHS YUCIICHHUX HAYKOBIIB Ta 1HXEHEPIB JOBOMISTH,
10 MpH afiabaTHOMY CTHUCHEHHI MPUPOIHOIO razy B KOMIIPECO-
pax TeHEepPYyEThCS 3HaYHA KIJTBKICTh TEIJIOBOI €HEPrii, sika BUMarae
e(eKTUBHUX Ta HaJIHHUX CUCTEM OXOJIOIKEHHS.

Opnak, mapaieinbHO 3 MPOOJIEMOIO OXOJOHKEHHS, 1€ Bij-
NpalboOBaHe TEIUIO TPEACTaBiIs€ 3HAYHUNA HEBUKOPUCTaHWUN
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eHepreTUYHU pecypc. ParioHanpHa yTwiizarlisi i€l TETUIOBOi
eHeprii MoXKe CyTTE€BO Ta BIJUYTHO MOKPAIIUTH 3arajibHy €Hep-
roe()eKTUBHICTh KOMIIPECOPHUX CTaHII Ta Ta30TPaHCIOPTHOI
CUCTEMH YKpaiHH B LIJIOMY.

KommniekcHuil Ta rmuOokuii aHami3 iCHYIOYUX Ta IEpCIeK-
TUBHUX TEXHOJIOTIH MITyYHOTO XOJOIOTOCTAuYaHHS, BKIIFOUAOYU
abcopOuiiiHi xomonuiabHl MamnHU (AXM), cuctemMu HpsIMOTO
OXOJIOJUKCHHS, €)KEKTOpPHI XOJOAWJIbHI MallMHU Ta 1HHOBA-
MiiHI TIOpUAHI KOMOIHOBaHI pIMIEHHS, JO03BOJIIE BU3HAYHUTH
ONTHUMAJIPHI T4 €KOHOMIYHO OOIPYHTOBaHI1 MIIXOAW JJI MOAEP-
Hi3allli Ta pPEKOHCTPYKIIl YKPAiHCBKUX Ta30KOMIIPECOPHUX
CTaHIH.

CTHUCHEHHS PUPOTHOTO Ta3y SBIISE COOOI0 OJIMH 13 HABAXKITH-
BIIIMX Ta HEB1'€MHUX (I3UYHUX MPOLECIB Y CyYaCHUX ra3oTpaH-
cropTHUX cuctemax. [Ipu amiabaTHOMY TpoIleci CTUCHEHHS Ta3sy,
po0oTa, BUKOHAHA HaJ ra3oM, TpaHcHOpMyeThes Oe3rnocepeHbo
Ha TEIJIOBY €HEPrito, M0 MPHU3BOIUTH 0 CYTTEBOTO MiIBUIIICHHS
Horo Temreparypu 3a TEPMOJIMHAMIYHUMH 3aKOHAMH.

[Ipn ko)kHOMY 30UNBIICHHI THCKY WPHPOIHOTO Ta3zy Ha
100 ¢ynriB Ha kBagparHuii moim (=0,69 MIla) temneparypa
ra3o0BOT0 MOTOKY MIABUIY€EThCS HA 7—8 TpaayciB Llenbcis. Bpaxo-
BYIOUH, III0 Cy4YacCHI ra30KOMIPECOPHI CTaHIII 3iHCHIOIOTH Oara-
TOCTYIIHYACTE CTUCHEHHS 3 3araJIbHUM ITiIBUIIEHHSIM THUCKY BiJ
2,0-2,4 Mlla nmo 11,7—-14,7 MIla, 3aranpHe MiIBUIICHHS TeMIIEpa-
Typu moxe pocsiratu 50—60°C. Lle o3Havae, 1110 NPUPOJHUN ra3
MOXe HarpitTucs 10 Kputuaaux temmeparyp 70—100°C, mo sBise
co0010 BeIMYUHY, OJU3bKY J0 TPAaHUYHOI Ta MAKCHUMAaJIbHO JOIY-
CTUMOI ormeparliiiHoi Temmeparypu 0ararboX KOMIIOHEHTIB Tra3o-
npoBigHOI cuctemu [3—4].

be3 3a0e3neueHHs HalleKHOI CUCTEMHU OXOJIOIKEHHSI Ta TEeM-
MEePaTypHOTO KOHTPOIIO OONaJHAaHHA KOMIPECOPHUX CTaHIIIH
HEMHHYYE IiIIA€THCS MEPErpiBy, MO CYTTEBO 3HIKYE €(PEKTHB-
HICTh iX poOOTH Ta MPU3BOAMTH O MOTCHI[IHHOTO TOIIKOKEHHS
Ta HEeOE3MEeKH.
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[IpoGnema eHeproeeKTUBHOCTI TAa30KOMIIPECOPHUX CTAHIIIHA
3aJIMIIAETHCS HaHaKTYyaIbHIIION JUIs BCIX KpaiH CBITY, 1110 €KCILTya-
TYIOTh PO3TaTy’KEHI Ta PO3BUHEHI Ta30TpaHCIOpTHI cuctemu. [Ipo-
BEJIEH1 JOCIIKEHHS MTPOIEMOHCTPYBAIN MPUHIUIIOBY MOXIIUBICTD
JIOCSATHEHHS 3Ha4YHOI €KOHOMIi naymBa Ha piBHI 26 % y pe3ynbrari
KOMITJICKCHOI ONTUMI3alii omepauiiHuX YMOB K 1HIUBIITyanabHOI
KOMITPECOPHOi CTaHIIii, TaKk 1 BCi€i TPyOOIPOBIIHOT CHCTEMH, IO
CKJIQJIA€ThCS 3 5 CTaHIIIN 13 3arajJbHOI0 KUTBKICTIO 11 rasoxommpe-
COPHHX arperariB MOTYXHICTIO Bif 6 MBT o 15,3 MBT.

Taki pe3yapTaTu CBiYaTh MPO 3HAYHUMA MOTEHIAT €HEPro3-
OepeKeHHs, SIKUM 3aJIMIIA€THCSI HEBUKOPUCTAHUM Ha IepeBakHIN
OLTBIIOCT] ICHYIOUMX KOMITPECOPHHX CTaHIH CBITY Ta YKpaiHu
30KpeMa.

JlochikeHHsl, TPOBEJCHI €BPOINEHCHKUMHM Ta aMepUKaH-
CPKMMHU HAyKOBIIMH Ta CIEI[aliCTaMH B Tally3l E€HEPreTHKH,
OCTATOYHO MIATBEPAWIH, 1110 CTUCHEHHS NMPUPOJHOIO ra3y o0’ek-
TUBHO MIiJBUILYE HOTO TeMIeparypy, 1 6e3 3a0e3MedeHHs] Halex-
HOTO Ta €()eKTUBHOTO OXOJIOJDKEHHS OOJIaHAHHS KOMIIPECOPHUX
CTaHIIA MIIIAETHCS CEPUO3HOMY TEPETPIBY.

Ile npusBomuTh O€3MOCEPEHBO J10: 3HAYHOTO 3HMKCHHS
e(eKTUBHOCTI POOOTH KOMIIPECOPHUX arperariB; MOTEHLIHHOTO
Ta HeOEe3MeYHOro MOMIKOUKEHHS JIOPOTOLIHHOTO YCTaTKyBaHHS;
CepHO3HUX MUTaHb OE3MEKH eKCIUTyaTallii; MiABHILEHOTO PH3UKY
aBapiMHUX CUTYyalll 1 BUXOLy OONaJHAHHS 3 Jay.

CyuacHi JOCHIPKEHHsI MOKa3yloTh 3HAUHUII Ta HEBUKOPHC-
TaHUM TOTEHIIad yTWUJi3alil BiINpalbOBaHOTO TEIUIa HAa KOM-
MPECOPHUX CTAHINSIX Ta30TPAHCIOPTHHUX cHcTeM. JlocmimKeHHs
BKJIIOYAJIO aHaJi3 YOTUPbOX CKIATHHX, 0araroo0’€KTOBHX KOM-
MPECOPHUX CTaHIIH, M0 MPAIOTh y IMOJBCHKIH CHCTEMI TpaH-
CHOPTYBAHHS NPUPOIHOIO Ta3y.

3araibHe BHPOOHHMIITBO TEIUIA YOTHPMA JIOCIHIKYBaHUMHU
KOMIPECOPHUMH CTaHIisMHu ckiano 425,9 Tk, mo mo3Boise
MPUOJU3HO EKCTparoioBaTy i Aadi 10 6muspko 1300 Tk mms
BCI€T CUCTEMU.
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e o3navae, 1m0 B miobanbHOMY MaciiTadl Ha KOMIIPECOPHUX
CTaHLIAX MariCTpaJbHUX Ta30MpPOBOJIB I'€HEPYEThCS BEIUYE3HA
KIUJIBKICTBh TETUIOBOI €Heprii, ska MOBHICTIO a00 4aCTKOBO BTpava-
€THhCSl Y HABKOJIUIITHE cepeioBuIe. PamionansHa yTumizaris HaBiTh
YAaCTHUHU 11i€i eHeprii Morya 6 iICTOTHO MiJBUIINTH 3arajlbHy eHep-
roe(peKTHBHICTh CUCTEM.

[Ipunuunosa cxema po6otn AXM Bix ternotu Buxiomny JIBC
IIpeICTaBIeHO Ha puc. 1 [5].

L 3 - 7

\I’T.IL

Puc. 1. IIpunnumnosa cxema podotu AXM:
1 — reneparop; 2 — pekrudikarop; 3 — nedoermarop;
4 — abcopbep; 5 — PTP; 6 — Hacoc; 7 — KOHIIEHCATOD;
8 — pereHepaTUBHUIN TCIIOOOMIHHHKH;, 9 — BUTTAPHUK

BonoamiauHuil po3unH HarpiBaeThCcsi B FeHEpaTopi JHKeperoM
teruia. ['a3onomiOHuMil XomomoareHT (aMiak), MO BUIUIAETHCS MPH
HarpiBaHHI 3 pO34UHY, IO TPYOOTIPOBOAY HAAXOAUTH B nedaerma-
TOp 7, e TapH amiaKy O4YMILIAIOThCs BiJ mapiB Boad. IloTim oun-
IIEHI Tapy aMiaKy HaJAXOIATh B KOHAEHCATOP 2, MICJIS YOTO PiIKHUiA
XOJIOIOATeHT MO TPYOONPOBOAY HAAXOAWTH Yy BUIAPHHUK 4 uyepes
perynboBaHui BeHTWIb [ (9), A€ BUIAPOBYETHCS, BHUIUIAIOUH
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X0J1071 (MMOMIMHAIOYM TEIIO0), 1 3HWXKY€E TeMIIeparypy 1 BUIIapHUKA.
[Tapu xonmogoareHTy 1no TpyOONpoBOLy HaIXOAATh B abcopdep /1,
Jie TOIIMHAIOTHCS CINA0KUM PO3YMHOM XOJIOIOAreHTy, pOOIISTIH
oro HacwmueHuM. HacuueHuidd po3umH XojomoareHty 3 abcop-
Oepa 1o TpyOOIpPOBOIY 3a JOIMIOMOTOI0 TEPMOCU(OHA 3 MOJAETHCS
B peKTU(IKaTOp &, Ie apyu aMiaKy OYHINAIOTHCS BiJl BOJIH, a MOTIM
B TeHeparop [/, MPOMIIOBIIM Hepes UUM TErIo0OMIHHMK 5. [lis
30epeskeHHsT OanaHcy oOcsAry po3uuHy B reHeparopi / 1 BaHHI
caOKuii PO3YMH XOJIOJIOAreHTY 3 TreHepatopy / mo Tpybompo-
BOJIy MOBEpTa€eThCs B abcopOep /7, mpoxoasiun TEIUIOOOMIHHUK J.
VY TemnooOMIHHUKY 5 TEIUIO CJIAOKOTro BOAOaMIiayHOTO PO3YUHY
BUKOPHCTOBYETHCS JUISI TMOMEPEIHBOTO MiIIrPiBY MIITHOTO PO3-
YUHY, 110 MOAA€ThCsl TepMocudonom 3 3 abcopbepa // B reHepa-
Top. Takuii TermI00OMiH MK PO3YMHAMU MIABHUILY€E €(DEKTUBHICTD
pobotn MammHU. J)Kepeno HarpiBy reHeparopa — II€ TEIUIOTa
Bix Buxyony JIBC 6. Jlnsg xoHauiiroBaHHS TOBITPS psaoM (ipm
pO3po0IieHl JOCUTh KOMITAKTHI T€PMETUYHI XOJIOIMIIbHI arperaTu
3 MOPIIHEBUMH 1 POTALIMHUMHU KOMIIpECOpaMHU 3 MPUBOJIOM Bij
JBUTYHa aBTOMOOULT. Ha 0XONO[KEHHSI BUTPAYa€eThCsl JOAATKOBO
10-12 % manuBa, BiIMOBITHO 3MEHIIYEThCS MOTY>KHICTh IBUTYHA.
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THE EFFICIENCY OF AIR CONDITIONING
AND VENTILATION SYSTEMS

Halina Kobalava, Ph.D.,
Head of the Thermal Engineering Department
E-mail: g.lavamay@gmail.com

Andrii Tytarenko, Students

Inna Klova, Students

Admiral Makarov National University of Shipbuilding
Kherson Educational-Scientific Institute, Ukraine

Abstract. The paper presents the results of numerical
simulation of airflows in ship compartments aimed at improving the
efficiency of air conditioning and ventilation systems. Using CFD
methods, the distribution of temperature, velocity, and turbulence
intensity of air was investigated for various configurations of air
ducts and positions of supply and exhaust grilles. The influence
of room geometry and inlet air parameters on the microclimate
and temperature uniformity was established. The obtained results
can be used to optimize ship life-support systems, taking into
account energy saving and crew comfort.

Keywords: Ship Air Conditioning Systems, Ventilation, CFD
Modeling, Microclimate.
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Air conditioning and ventilation systems are key elements
of ship life-support, ensuring comfortable conditions for the crew
and proper operation of onboard equipment. Marine operating
conditions, as a limited space, high humidity, and varying ambient
temperatures, pose significant challenges for engineers in designing
efficient air distribution systems. Traditional calculation methods
do not always allow for accurate consideration of complex room
geometries and flow interactions. Therefore, the use of numerical
simulation (CFD) is highly relevant, as it enables visualization
of airflow structures, identification of stagnant, overheated,
or overcooled zones, and evaluation of how design decisions
affect system energy efficiency [1].

The aim of this study is to model airflows in ship compartments
to analyze the efficiency of different layouts of ventilation elements
and improve the energy efficiency of air conditioning systems.

Numerical simulations were performed in ANSYS Fluent
using the finite volume method. For the turbulent flow, the RNG
k—€ model was applied, which has proven effective for simulating
ventilation systems with recirculation zones [2, 3].

The object of study is a typical ship cabin with dimensions
4 x 3 x 2.5 m, containing one air supply and one exhaust opening.
Air is supplied at a velocity of 1.5-2.0 m/s and a temperature
of 20 °C, while the wall temperature was set to 25 °C, corresponding
to tropical navigation conditions.

The results showed that the configuration of supply and
exhaust openings significantly affects the quality of the indoor
microclimate. Figure 1 presents the velocity streamline.

The highest ventilation efficiency was achieved with
a unidirectional downward flow using adjustable-angle supply
grilles. In addition, it was found that increasing the inlet air
velocity above 2.5 m/s raises turbulence intensity (up to 20 %)
and may cause discomfort due to drafts. The optimal velocity
range is 1.2-1.8 m/s. CFD modeling revealed the relationship
between airflow direction, temperature gradient, and perceived
comfort. The results confirm that even small changes in grille
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Fig. 1. Velocity streamline of the airflow

position or supply angle can reduce the energy consumption of the
air conditioning system by 8—12 %, due to better air distribution
without additional compressor load.

These findings can be applied to the modernization of existing
ship HVAC systems and in the design of new vessels, particularly
passenger and specialized (research or naval) ships where the
microclimate plays an important role.

Conclusion. CFD modeling is an effective tool for
analyzing airflows in ship compartments and allows optimization
of air conditioning systems without costly experiments. The best
comfort and energy efficiency are achieved with top air supply
and bottom exhaust configuration. The optimal inlet air velocity
is 1.2-1.8 m/s, exceeding this value increases turbulence and
causes local discomfort. The results can be used to develop digital
twins of ship life-support systems with the possibility of real-time
automatic parameter control.
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3aMKHYTHM BOJSIHUM KOHTypoM. BoHa mo3Bonsie 3a motpedu
OamaHCYBaTH TEIJIOBI HABAaHTAXXEHHS IIOAO OMAJEHHS Ta OXOJIO-
JOKEHHS y PI3HHUX 30HaX a00 4acTWHAX BEJHMKOI OymiBIIi.

Jlnist parioHaJbHOTO BIPOBAPKEHHS KUTBIIEBHX TEIUIOHACO-
CHUX CHCTEM Yy KJIIMAaTUYHUX Ta €KOHOMIYHHMX yMOBax YKpaiHH
HEOOXiTHO TPOBEACHHS OCHIKCHb IMOM0 MiABHINCHHS IXHBOI
eHeproe(eKTUBHOCTI, ONTUMI3allli MPOIECIB YIPaBIiHHS Ta 3HU-
JKEHHs 3BEJICHMX BUTPAT Ha IX BIPOBAKEHHS Ta EKCIUTyaTallilo.
TyT Ha JOMOMOTY TPUXOIATH METOIN €KCEPTeTHYHOTO aHaTi3y Ta
TEPMOCKOHOMIYHOI ONTUMI3aIlli TePMOUHAMIYHUX cucTeM [1].

[Ipu npoekTyBaHH1 1 ONTUMI3allii peXKUMHUX MapaMeTpiB eKc-
TuTyartanii TepMOAMHAMIYHUX CHCTEM YacTO HEXTYIOTh BIUIMBOM
BOJIOTOCTI MOBITPsI, K 30BHINIHBOTO, TaK 1 TOTO, 10 Oepe ydacThb
y TEXHOJOTIYHOMY MPOIIECi, Ha EKCEPreTUYHI 1 TEPMOCKOHOMIYH1
MOKa3HUKH ycTaHoBKkW [2]. Ilpore, mpu po3misiai 3MiH CTaHy
MOBITPS, IO CYNPOBOKYIOTHCS 3MIHAMH BOJIOTOCTi, HEOOX1JTHO
BpaxOBYBaTH BIUIUB BOJIOTOCTI Ha €KCEPTilo.

By1no po3po0ieHo po3paxyHKOBUN alrOPUTM, 1110 JTO3BOJISIE i1
Yyac MPOBEACHHS €KCepreTUYHOrO aHaji3y KUIbIEBUX TEIIOHACO-
CHHMX CHCTEM BPaxOBYBaTH BILIUB BOJIOTOCTI MOBITPS B TEII000-
MIHHHX arapartax Ha Horo Teruiodi3udHi BIacTuBocTi [3—7].

BonorosmicT noBiTps (Maca BOJASHOI Mapy B rpamax, 1110 MpH-
najae Ha OMUHMIO MacH (1 Kr) CyxXoro moBiTps, B 3arajibHOMY
ix 00cs3i), T/Kr,,, Tpu Temneparypi 7; i-ro MOBITPSHOTO MOTOKY

cmd 1

PO3PaXOBYETHCS SIK:

o.d
d =L, 1
" 100 ()

Je (; — BIJIHOCHA BOJIOTICTh 1-TO MOBITPSIHOTO MOTOKY, %;
d; — BOJIOTOBMICT BOJIOTOTO TIOBITPSI Ha JIiHII HACHYEHHS IPH
T, v/xrcm:

"

: P,
d =622,1—"—, 2
; 7 2)

HC i
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ne P, — THCK HACMYEeHOI BOMSHOI mapu y cymimi npu 7, Gap.
Hacuuene Bojore mOBITpsl SIBIsIE COOOIO0 JIBOKOMIIOHEHTHY
TOMOTEHHY ITapoTa30By CYMIII CyXOTO TMOBITPS Ta HACHYEHOI
BOJISIHOI MapH. Y 1IbOMY BHIAJKy HapliaJbHUN TUCK BOISHOI
nmapy B CyMillli 30ira€ThCsi 3 THCKOM HACHUYEHOI BOJSTHOT Tapu;
P, = 1,01325 6ap — HopmasibHUl atMOc(epHHI THUCK (ITOB-
HUI THCK BOJIOIOro MOBITPS).

[Tutoma 1300apHa TerI0eMHICTh Bostororo noBiTps, kJx/(kr-K),
npu Ttemneparypi 7; i-ro TMOBITPSHOTO TOTOKY 3HAXOJUTHCS
3 BUpa3sy:

1
.= +0,00ldc, | ————, 3
chru (cpcm lcpm)l‘i‘0,00ldi ( )

I€ Chy TA C,, — NHMTOMA 1300apHA TEIUIOEMHICTL BiANOBIIHO

CYXOro TMOBITpsI Ta BoastHO1 mapu mipu 7, kJx/(kr-K).

3 MiABHIIEHHSM BOJIOTOCTI TEIUIOEMHICTB MOBITPS 301IbIITY-
€TBCS, OCKUTBKY TETUIOEMHICTH BOJSTHOI TTApH BUIIIE, HIXK Y CyXOTO
MOBITPSL 3a OJHAKOBOI Temmeparypu. Te came BIIHOCUTBHCS
1 0 TUTOMOI E€HTAJIbIMii BOJOTOro MOBITPs, KJK/KT, 3HAUYCHHS
kol mpu temreparypi 7i i-ro HOBITPSHOTO MOTOKY pPO3PaxoBy-
€THCS SIK:

+0,001d A 1

)—, 4
’ ”’)1+0,001di )

hBHi = (hcni
ne h,, Ta h, — TUTOMa €HTAJbITis BIIMOBIAHO CYXOTo MOBITPS Ta
BOJISTHOI mapu ipu 7, KJK/KT.

VY dopmynax (3) ta (4) monpaBounuit MuoxkHuK 1 / (1 +0,001d,)
aBIisie c00010 1 Kr BOJIOTOro moOBITPsl (CyMilli), BIAHECEHUU IO
cymH | Kr cyxoro moBiTps Ta d Kr BogsHO1 apu (tooto 10 (1 + d)
KT BOJIOTOTO TMOBITPsI). BiH 103BOIIsIE€ 3MIHCHUTH MEepeXif] BiJ TUTO-
MO1 TEeIJIOEMHOCTI/€HTaJbIIi BOJOTOTO TOBITPS, BIIHECEHOI 0
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(1 + d) xr Bosororo MOBITPs, 10 3HAYEHHS MUTOMOI TEIUIOEM-
HOCTI/€HTaJIbITII BOJIOTOTO TMOBITPS, BiIHECEHOI 0 1 KT BOJIOTOroO
MOBITPSI.

[{iTpHICTH BOJIOTOTO TOBITPS, sSKa BKE BigHeceHa g0 1 M3
BOJIOTOTO TOBITPs, KI/M?, mpu Temreparypi 7; i-r0 MOBITPSIHOTO
MOTOKY 3HAXOJIUTKCS 3 BUPA3y:

1+0,001d,
1+1,6075-0,001d,”

ani = pcni (5)
€ Poy — UIUIBHICTD CYXOro MOBITPs, KI/M?, ipu 7; Ta MOBHOMY
TUCKY BOJIOTOTO TMOBITPA (CyMiIi).

KoeimienT auHamMiuyHOI B’SI3KOCTI Bojiororo moBiTps, [la-c,
npu Temneparypi 7; i-ro HOBITPSHOTO MOTOKY PO3PaXOBY€EThCS SIK:

2
— Kii — Xii
MBI‘[[ - (chiucni + Xni“ni) 1+ ’ (6)
2,75
ne M., Ta W, — KOe]ilieHT AUHAMIYHOI B’S3KOCTI BiJMOBITHO
CYXOTo TMOBITps Ta BoasHoi napu nipu 7, [1a-c;
Yen: — MOJIBHA YACTKA CYXOTO IMOBITPSl Y BOJIOTOMY TTOBITPI:

0,622072

= ; 7
Ken 0,622072+0,0014, ™
Y — MOJIbHA YacTKa BOJSHOI Mapy y BOJIOrOMY IMOBITPI:
0,0014,
Yo (8)

" 0,622072+0,001d.

BianosigHo, koedilieHT KIHEMATHYHOI B’S3KOCTI BOJIOTOTO
HoBITpsA, M*/c, ipu Temmeparypi 7 i-ro MOBITPSIHOTO TOTOKY 3Ha-
XOJIUTHCS SIK:

v,, =t )

BIN/
p BIIi
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Koediuient temnonposiaHocTi Bosiororo nositps, Br/(m-K),
npu Temrneparypi 7; i-ro MOBITPSHOIO MOTOKY PO3PAaXOBYEThCA 32
BHPa30M:

}\‘Bni = (chi}\’cni +Xni}\’ni) 1+ Xm3 Sxm s (10)

b

ne A,,; Ta A,; — Koe(IieEHT TEIIOMPOBITHOCTI BIMOBITHO CYyXOTO

(910)

noBiTps Ta BoxsiHoi mapu npu 7;, B1/(m-K).

Yucno [Ipanatis njs BOJIOTOrO MOBITPS Mpu Temmeparypi 71;
i-TO TIOBITPSIHOTO TIOTOKY PO3PaXOBYETHCSI SIK:

Pr = 1000%. (1)
BIlZ
3 miABUIICHHSAM BOJIOTOCTI uncio [IpaHamis moBiTps 3011b-
HIYETHCS 32 PAXyHOK 30UIbIIEHHS TEIJIOEMHOCTI Ta 3MEHIICHHS
TETUTOTIPOBITHOCTI.
3HaueHHs TMUTOMOI EKCeprii 1-T0 MOTOKY BOJIOTOTO IOBITPS,
BiJiHECEHOT 10 1 Kr Bosiororo moBiTps, K/DK/Kr, npu Temneparypi
T,, K, 3naxoauiocs 3 Bupasy [7]:

HC

(pen +0, 001d,c,,m)[TT_f_1_ln£]+

. 1
P(0.622+0,001d,,) | L (12)
P,(0,622+0,001d,) |[1+0,001d,

e"=T, (0,622+0,0014, ) In
+R

it

+0,001d In-%=
d

HC

ne d,. — BOJOTOBMICT MOBITPSI, I/KICI, 32 HOPMaJIbHOI Temrepa-
TypU HaBKOJIMIIHBOTO cepenosuma 7, ., K;
R, =0,461522 x]JIx/(xr-K) — razoBa mocTiifHa BOJSTHOI TIapu;
P, — moBHMIT THCK Bosororo moBiTps, klla;
P, — TUCK HaBKONUIIHLOTO cepenoBuina, klla. Ilpu pospa-

XyHKY CHCTEM KOHAMIIIOBAHHS MO>KHA TPUHHATH, 0 P, = P,
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Po3pobnenuit po3paxyHKoBUI anropuTMm Hajail Oyzae 3acto-
COBAHO JIJISl €KCEPreTUYHOT0 aHaji3y Ta TEPMOEKOHOMIYHOI OITH-
Mi3amii MYJIBTU30HAIBHUX KUTBIEBUX TETUIOHACOCHUX CHUCTEM
3a0e3MevyeHHsT MIKPOKJIIMaTy MpPUMIILIEHb 3 ypaxyBaHHSIM B3a€M-
HOTO BIUIMBY TEMIIEPATYp 1 BOJOTOCTI MOBITPSHUX MOTOKIB.

Jliteparypa

1. Kuznetsov, M., Kharlampidi, D., Tarasova, V., Voytenko, E.
Thermoeconomic optimization of supercritical refrigeration system
with the refrigerant R744 (CO,). East.-Eur. J. Enterp. Technol. 2016,
6(8), 24-32. https://doi.org/10.15587/1729-4061.2016.85397.

2. Doseva, N., Chakyrova, D., Stoianov, S., Hadhidimov, I.
Air-to-water heat pump assessment: Part 1 — Experimental
setup. E3S Web Conf. 2021, 327, 01009. https://doi.org/10.1051/
e3sconf/202132701009.

3. Salazar-Pereyra, M., Toledo-Velazquez, M., Eslava, G.T.,
Lugo-Leyte, R., Rosas, C.R. Energy and exergy analysis of moist
air for application in power plants. Energy and Power Engineering.
2011, 3(3), 376-381. http://dx.doi.org/10.4236/epe.2011.33048.

4. Liley, P.E. Flow exergy of moist air. Exergy, An Int. J. 2002,
2(1), 55-57. https://doi.org/10.1016/S1164-0235(01)00039-5.

5. Tsilingiris, P.T. Thermophysical and transport properties
of humid air at temperature range between 0 and 100°C. Energy
Convers. Manag. 2008, 49(5), 1098—1110. https://doi.org/10.1016/
j.enconman.2007.09.015.

6. Devres, Y.O. Psychrometric properties of humid air:
Calculation procedures. Appl. Energy. 1994, 48(1), 1-18. https://
doi.org/10.1016/0306-2619(94)90063-9.

7. Prokhorov, V.., Troyanchuk, S.V., Razakov, M.A.
Particularities of exergy analysis in air conditioning systems.
Science & Technique.2022,21(1),42-49. https://doi.org/10.21122/
2227-1031-2022-21-1-42-49.

175



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

NEPCIIEKTHBH 3ACTOCYBAHHAA
KACKAJHHUX TEIIJIOBUX HACOCIB JJIsA
BUCOKOTEMIIEPATYPHOI'O HEHTPAJII3OBAHOI'O
TEIJIONNOCTAYAHHSA B YKPATHI

By3nuk A. ., acnipanTt kadeapu KOHIUIIFOBAaHHS
Ta pedprxepanii
E-mail: artem.buznik@gmail.com

Paguenko A. M., KaH/l. TEXH. HayK, JIOIICHT,
npodecop xkadeapu TypOiH
E-mail: andrad1978@gmail.com
Hayionanvnuii ynisepcumem xopabnedyoysarHsi
imeni aomipana Maxaposa,
M. Muxonais, Ykpaina

Tak 3Bani cuctemu L[T 4-ro mokomniHHs nepeadadaroTh MIUPOKe
3aCTOCYBaHHS HU3BKOTEMIIEPATYpPHUX Mepex, auBepcudikoBa-
HUX JDKEpEeJl TeIla Ta TICHY 1HTErpariio 3 eJIeKTPOCHEPreTUYHOI0
cucteMoro. Y il mapanurmi Benuki enekrpuuHi TH Bigirparots
CHUCTEMOYTBOPIOIOYY POJIb: BOHHM ITiIBUIIYIOTH MMOTEHIIIAT PO3IOIi-
JICHUX HU3BKOTEMIIEpATypPHHUX JKEpell Terura (CTIiYHI BOIM, BOIO-
MU, HaJJIMIIKOBE TEIUIO MICHKOI Ta MPOMHUCIOBOI iH(pacTpyk-
TYpH) [0 PiBHS IMOJAdi TEIUIOMEPEXi, BOAHOUYAC 3a0e3MeuyrOUH
THYYKICTh €HEPTOCHCTEMU 3aB/ISIKU IIBUKOMY MaHEBPYBaHHIO Ta
po6oTi B mapi 3 Teroakymynaaropamu [1, 2]. YV €Bpomi BcTaHOB-
JIeHA TeIuIoBa MOTYXKHIcTh Benukux TH y cucremax I[T crano-
BUTH 1oHaliMeHmIe 2.5 ['Bt (Ha 2021 p.), a moreHuian 3pocTaHHs
OB’ sI3aHUI 3 OHOBJICHHSIM 1ICHYIOUMX MEpEX Ta MOSBU HOBUX JKe-
pen HajummkoBoro Teria [2]. Icropis LBerii neMoHCTpy€e MOB-
HomacmTabny excruryataiito TH y LT 3 1980-x pokiB, BKIIOYHO
3 OAVMHUYHUMH TPHKIAJaMH YCTAaHOBOK MOTYXHICTIO 70 50 MBT
Ta cepenHiMm cezoHHUM COP = 3.3, 1110 miaKpeciroe TEXHOIOTIYHY
3pLTICTh TEXHOMOTI Ta 11 BaXKIHUBICTh y OanaHcyBaHHI Mepex [3].
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MeToro nociigxeHHs1 € (GOpPMYJIIOBaHHS NMPAKTUYHO OPI€H-
TOBAaHMX PEKOMEHJAIM 11010 IHTerparii BeJIUKHX BHCOKOTEMIIE-
parypHux, y T. p. kackagaux, TH y IT Vkpainu: xmacudikaris
CXEMHHUX pIllIeHb, BU3HAUEHHS J1ara30Hy TEXHOJIOTTYHO BUIIPaB-
nanux temmeparyp ta COP, mxepen Teria, NIpUHIMITB KEpyBaHHS
I THYYKOCTI, a TaKOX KpUTEpil BiZOOPY MUIOTHUX JIOKAIIIM.

BuxJian ocHoBHOro marepiaJy.

1. Apxitektypu iHTerpamii. Po3pizHsiemo 3 OCHOBHI
pi3HOBHIM:

— IEHTpajbHI yCTaHOBKM (THUITy Boja/Boma abo moBITps/
BOJIa, TerioBa MOTYXkHICTh 1-50 MBT) i3 mkepenoM Teruia Bif
OYHMCHUX CTIOPYZ, BOJHHUX aKBAaTOPIiH, AaTa-IEHTPIB Ta MPOMHCIIO-
BUX BUKHU/IIB;

— JIOKaJIbHI «MiKpoOycTepu» Ha MiACTaHLIAX Ui JIOTPIBY
I'BIIl y HU3BbKOTEMIIEpATYPHUX MEPEKAX;

— KackaJHl YCTaHOBKH JUIsl 3MEHILIEHHS BEJIWYMHH IiJBU-
IICHHS] TEMIEPATypu Y KOXKHOMY CTYIIEHI, a TaKOXK IiJBUIICHHS
e(eKTUBHOCTI Ta HAAIMHOCTI 3a BHMCOKHMX TeMIepaTyp M[ojaayi
TeroHocis [1, 2].

2. Texunoaoriuni pamku. Bucoxoremneparypui TH 3 mpu-
ponuumu Ta HFO/HCFO-xonmomoarenTaMu J0CSITalOTh TeMIepa-
Typu monadi terionocis 80-110°C (i mo ~140°C y cnemianizo-
BaHMX KOH(QIrypauisx), 3ade3neuytoun 3HaueHHst COP y niana3oni
2.8-5.7 3amexHO BiJ TeMIeparyp Kepela/CriokuBada Ta KOH-
¢iryparii cuctemu. Lle poOUTH iX 3pyYHOIO aTbTEPHATUBOIO IS
3aMiIIEeHHS MIKOBUX Tra30BUX KOTIIB Ta MiAKIIOYEHHS MPOMUCIIO-
BHX CTIOKHBAadiB CEPEIHBOTEMIIEPATYPHOTO PiBHS [4].

3. ExKoHOMIYHA JOUUIBHICTH Ta omepauniiiHa THYYKIiCTb.
KirouoBa nepeBara BeTMKUX TEIUIOBUX HACOCIB MOJISATAE HE JINIIIE
B TEXHIYHIN, @ 1 y €KOHOMIUHIA THYYKOCTI — 37aTHOCTI 3MiHIO-
BaTH PEXUM pOOOTH BIAMOBITHO 10 PUHKOBUX YMOB. Y TIO€HAHHI
3 TEIJI0AKyMYJISITOPaMU HACOCH MOXKYTh KOHIICHTPYBaTH BUPOOHH-
IITBO B MEPIOAM HU3bKUX I[iH, 3HIKYIOYH CEPEIHIO BapPTICTh TEIUIA
Ta HaJAI04M TOCTYTu OanaHcyBaHHs enekTpomepexi. [IpakTuuni
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npuknanu y €C (TH Benukoi notyxkHocTi y M. bepiin, M. Binens,
M. BpHO) MOKa3yr0Th, 10 3a CHIBBIAHOUIECHHS IIHU €JIEKTPOCHEP-
ris/raz <2,5 TH 31aTHI KOHKYypYyBaTH 3 ra30BUMHU KOTJIaMU HaBiTh
3a BUCOKHMX TeMIIeparyp Mojaadi TerioHocis [2, 6].

4. T'iOpuani pimieHHs1 Ha piBHI OyniBeb/MiKpoOMepe:K.
s o6’extiB 3 migkmoueHHsM a0 LT 1 Bmacaum TH pominbhe
KEpYBaHHS «MIHIMI3alli€l0 3MIHHUX BHUTpAaT»: MEPEMHUKAHHS MiX
IIT 1 TH B 3anexHOCTI BiJ MOTOYHUX TapuQiB, 30BHILIHBOI TEM-
neparypu 1a COP. [Ipaxrtuunanii npuknan ais M. Jlingerninr (I1se-
11is5) BKa3y€ Ha CE30HHI MEepeMUKaHHS (ITepeBaKHE BUKOPUCTAHHS
TH y xononuuit nepion i LT — y Tennwuii); npu 11boMy CIiBBiIHO-
HIeHHs Tapu@iB Ma€ iICTOTHO BUIIMHK BIUIMB, HX Bapianii COP [5].

5. Kpurepii ckpuninry s Ykpainu. Buznaueno npiopu-
TETHUMU TaKi KPUTEPIi:

— JIOCTyIHI JpKepena Teruia temreparyporo 5-25°C (Bomo-
MMM, MICBKI CTOKH, J1aTa-LIEHTPH, IPOMHCIIOBE HA/IJIMIIKOBE TEILIO);

— npuiiHATHI piBHI AT y Termomepexi Ta MOXKJIUBICTb TTOHU-
JKEHHSI TEMIIepaTyp TEIUIOHOCIS;

— TIOTOAWHHI PUHKH €JICKTPOCHEprii Ta AuHaMiuH1 Tapudu;

— HasgBHE MicIIle JJIs OpraHi3allii TerIoaKyMyJIsiii;

— mnorpeba y BUCOKMX TEMIIEpaTypax Ha JUISTHKaX MPOMHUC-
JIOBOTO TEIUIONOCTAaYaHHS.

[IpiopureTHi MUTOTHI KJacTepu: BEJIUKI MicTa (CTOKH,
JlaTa-UEHTPH, BUTSKHE TOBITPS METPOMOJITEHY), MPOMMCIOBI
BY3JIM (HAJIMIIKOBE TEILIO), MOPTOBI perioHu (piuka/mope) [1-3].

BucHoBku. [licns nmpoBeneHOro aHaizy MOKHA BIJIMITHTH:

Benuki Ta xackamui TH — TexHiuHO 3pine sapo mmis Aekap-
Oonizanii mepex L[T, ocoOnuBo y mHOeAHaHHI 3 aKyMY/IOBaH-
HSM 1 THYYKHM KepyBaHHSIM. MDKHApOAHI [aHi Ta MOJEINIo-
BaHHs MIATBEPKYIOTh 1X edeKTUBHICTh y miamazoni 80—-110°C,
a TAaKOX KOPHUCHICTh I Mepex (3abe3medyroud THYYKICTh Ta
OallaHCYBaHHS), 10 KPUTHYHO BAXJIHMBO I MPHUCKOPEHOI Bif-
OynoBu TerioBoi i1H(pacTpykTypu VYkpainu. PexomeHmaoBaHO
M0YaTH 3 MUIOTHUX MPOEKTIB y MiCTaX 13 TOCTYIHUMH JDKEpeTaMu
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TEIUIa HU3bKOTO IMOTEHILIaly, 3aCTOCOBYIOUU CepiiiHO-MapaliebH1
KacKaJu, TIOpUAHI cTpaTerii Ta MOCTYIOBE 3HWKEHHS TEMIIEPaTyp
MEPEeXK.
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In the near future, water will become the most valuable resource
on the planet, and this trend will only increase in the foreseeable
future. Great prospects for solving the problem of water supply
have methods related to the operation of autonomous generators
of artificial cold, which are guaranteed to provide a temperature
below the dew point. Of particular interest to countries with
a shortage of water resources are systems for obtaining water from
atmospheric air based on absorption thermotransformers (ATTs),
which work from a source of low potential heat — solar energy.
In the near future, water will become the most valuable resource
on the planet, and the problem of water supply to the population
will only grow in the foreseeable future. To help solve this problem,
the United Nations General Assembly declared 2005-2015 the
International Decade of Action “Water for Life” [1].

It is known that the main part of fresh water is in the 1-kilometer
layer of the planet’s atmosphere, and the average absolute humidity
is 11 g/m?®, and in tropical regions it reaches 25 g/m* and higher.
Since ancient times, fresh water in limited quantities was obtained
by collecting condensed drops from the air as a result of the
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natural daily radiation cooling of the earth’s surface. Currently,
in order to increase the efficiency of water vapor condensation
processes from atmospheric air, crushed stone-based cold
accumulators, two-phase thermosyphons that provide heat transfer
over considerable distances, and sorbents that work in a cyclic
“charge-discharge” mode are used. However, for a stable water
supply, the methods associated with the operation of artificial cold
generators, guaranteed to ensure a temperature below the dew
point, have the greatest prospects. As shown by numerous studies
of real generators of artificial cold, to obtain 1 liter of water from
atmospheric air, on average, about 1 kWh of electricity must
be spent, and 10 g of water must be extracted from 1 kg of air.
With a cooling coefficient of a compression refrigerator equal to 3,
energy of the order 0o 0.33 kWh will be consumed for the production
of 1 liter of water. In the modern world, the main volume of the
equipment market for obtaining water from the air is accounted
for by systems that include a compression refrigeration unit with
an electric drive.

A necessary condition for the operation of a compression
refrigerator is the availability of electrical energy, and the majority
of countries (North Africa, Central Asia and America) that
experience water shortages are limited in electricity generation
capacity, but have an excess of solar energy [2].

The most rational solution to the problem of water supply
in such a situation can be the use of absorption thermotransformers
working on solar energy.

Analysis of the modes of operation of absorption
thermotransformers showed that the main tasks that must be solved
when using them in systems for obtaining water from atmospheric
air are as follows: a) first, to develop designs of thermotransformers
with air cooling of heat-dissipating elements; b) secondly,
to propose a cycle that could be implemented at elevated
temperatures of atmospheric air (30...40°C) and temperatures
of traditional water solar collectors (80...100 °C).
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The analysis of different types of thermotransformers
showed that absorption thermotransformers (ATT) have the
greatest prospects in the conditions of operation of systems for
obtaining water from atmospheric air. ATT, unlike their analogs —
bromistolithium heat absorption thermotransformers and steam-
water ejector heat thermotransformers, have a wider scope
of application, in particular, in the temperature range down to minus
30°C. In contrast to bromolithium absorption thermotransformers,
ATT heat sources are not so critical to temperature changes,
they use ordinary structural steels in their design, and the cycle
is implemented at pressures exceeding atmospheric.

Of particular interest are ATTs that work on the energy
of solar radiation. Such interest is connected with the possibility
of year-round use of solar collectors, which are currently widely
used in heating and hot water supply systems. It is assumed that
if there is an excess of solar energy in the warm period of the year,
part of it can be directed to the ATT generator for further low-
temperature cooling in the systems of obtaining water from the
atmospheric air and in the air conditioning systems.

Recently, topics of “apocalyptic” scenario of the development
of events are being discussed more and more frequently in the
world community. The theme of the world cataclysm and the
subsequent survival of the remaining humanity.

Conditions of the absence of global sources of electrical
energy [3].

In such conditions, autonomous sources of electrical energy
are needed — first of all, solar batteries that can ensure the operation
of systems for obtaining water from atmospheric air in the absence
of a centralized power supply.

Thus, research related to the development of new schemes
and designs of ATT on solar energy for operation in systems for
obtaining water from atmospheric air is relevant.

For you the solution to this problem is to carry out work
on improving the efficiency of autonomous systems for obtaining
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water from atmospheric air by increasing the energy efficiency
of ATT with solar energy sources.

For this purpose, in the first approximation, a scheme
of an autonomous system for obtaining water from atmospheric
air using an absorption-type ATT and solar batteries is proposed

(Fig. 1).

Fig. 1. Scheme of an autonomous system for obtaining water
from atmospheric air:
1 — absorption thermotransformer; 2 — air cooler; 3 — solar battery;
4 — condensate collector; 5 — evaporator; 6 — pressure fan;
7 — solar battery air cooler; 8§ — power load control unit

The proposed system works as follows.

When solar radiation hits the surface of the solar battery 3,
an electric current is generated, which is fed to the ATT
generator /. The generator starts a pumpless diffusion cycle with
the production of artificial cold at temperatures below the dew
point in the evaporator 5.
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The evaporator 5 of the ATT 1 is located in the volume of the
air cooler 2, where it is in contact with the atmospheric air flow.

Upon contact, the air stream cools, and water vapor condenses
on the cooled surface of the evaporator 5.

The resulting condensate flows into a special assembly 4,
and the cooled and partially dried air flow is directed into the air
channel 7 located on the surface of the solar battery 3.

Upon contact, the air is partially heated and released into the
atmosphere, and the solar battery 3 is partially cooled.

Atmospheric air is supplied to the system using a pressure
fan 6.

The electric current received by the solar battery 3 is fed to the
ATT generator 1 and to the air fan drive 6 using a special control
unit 8.

The proposed scheme of operation makes it possible to increase
the energy efficiency of the solar battery due to additional cooling
by the flow of partially dried exhausted air.

Ultimately, the efficiency of the system for obtaining water
from atmospheric air increases due to an increase in the amount
of condensate obtained.
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Binomo, mo Ha eHepreTnyHy eQeKTUBHICTh TEpMOTpaH-
copmaropiB kommpeciiiHoro W aOCOpPOIIHHOTO THIIB OTHAKO-
BUM YHMHOM BIUIMBAIOTh TEMIEpaTypu OO0 €KTa OXOJOMKECHHS
1 HaBKOJIMIIHBOTO CEPEIOBUINA, BIIMOBIAHO. 31 3pDOCTaHHSAM TEM-
reparypy HaBKOJMIIIHBOTO CEPEIOBHUINA 1, BIAMOBIAHO, 3 ITiJIBH-
IIEHHSM TeMIIEpaTypu KOHJIEHcalii mapu poOOYoro Tijla eHep-
reTuyHa €QEeKTUBHICTh TEPMOTPaHC(HOPMATOPIB  3HUKYETHCS.
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I HaBmaku, 31 3pOCTaHHSIM TEMIEPATYpU 00’€KTa OXOJIOJKECHHS
1, BIJIMOBITHO, 3 MIJBHUIIEHHAM TEMIIEPATypHU KHUIIHHA poOOYOro
TiJla eHepreTu4yHa e(eKTUBHICTh TepPMOTpaHC(POPMATOPIB i BU-
mryetbes [1-2].

Jlns 3HIWKEHHS TemrepaTypu KOHAeHcalii mapu poOouoro
TiJIa 3alIPONOHOBAHO IIIKaB1 PIIICHHS, OB’ s13aH1 3 BUKOPUCTAHHIM
HIYHOTO pajiallifHOTO BUIPOMIHIOBAHHS /IS 3aracy MPUPOIHOTO
xonoxy. Ilpu nubomy edexT 3HmKeHHs Temneparypu 1o 5 °C nocs-
raBcs SIK B PETiOHI 3 KOHTHHEHTAJIBHUM KIIIMaTroM, TakK i B TPOIiY-
HOMY KJIiMaTi.

OueBUIHO, WO JUIS MiJBUILEHHS NPOAYKTUBHOCTI CHUCTEM
OTpUMaHHS BOJIU TI0 KOHCHCATY-BOJII TEMIIepaTypa KUIiHHS po0o-
4OTO Tijla MOBUHHA OyTH SIKOMOTa MeHIe, aie He Hkue 0°C s
3ano0iraHHs HAMOPOXKYBAHHIO 1HEIO0 HA BUMIAPHUKY.

VY Toii ke Yac, B Cy4acHHX JITepaTypHHX JDKEpeliax HeMmae
BU3HAYEHUX PEKOMEHJAIM IMI0OA0 KIHIEBUX TeMIepaTyp OXOJo-
JOKEHHSI aTMOC(EpHOro MOBITPsl y BUNAPHUKAX TePMOTpaHCHOp-
MaTopiB Pi3HOTO THILY.

MeTta naHoro MOCHTIKEHHS — PO3POOUTH pEeKOMEHMallli Juis
PO3POOHUKIB CHCTEM OTPUMAHHS BOJIU 32 KiHIIEBUMH (MiHIMallb-
HUMH) TeMIIepaTypaMHu OXOJIO/PKEHHSI aTMOC(EpPHOro MOBITPS
y BHIIAPHUKAX TEpPMOTpaHC(OpMATOpiB HA OCHOBI TEPMOJMHA-
MIYHOTO aHaji3y TEeIUIOBOJOTiCHUX mporeciB. [ aHamizy Kimi-
MaTHYHUX OCOOIMBOCTEH Oys0 0OOpaHO THIMOBI PETiOHM IUIAHETH
3 IPOOJEMHUMH BOJHHUMHU peCypcaMu 1 3 OIHOYACHOIO BHCOKOIO
consiyHolo iHcousuiero. Lle micra IliBHiuHOi Adpuku ta bnnsb-
koro Cxony: Amxup (Amxup); Hamack (Cupis); Kaip (E€runer);
Tens-ABiB (I3pains) [3-5]. HasBHICTH IHTEHCHUBHOTO COHSY-
HOTO BUIPOMIHIOBAHHS JI03BOJIIE BKIIOYATH B CXEMH CHCTEM
OTpUMaHHS Bomu abcopOIiiHI BomoamiadHi TepMoTpaHchopma-
topu (ABTT) i MiHIMI3yBaTH BUTpATH €JIEKTPUYHOI €Heprii Juis
HITYYHOTO OXOJNO/KeHHs. CTaTUCTHYHI JIaHI TPO MOTOHI YMOBH
B IIUX MICIEBOCTAX Oyl0 B3SITO 3 BIAKPUTHX IHTEPHET-PECYPCIB.
Jlnis KoXKHOI mopu poky (J1iTO, OCiHb, 3UMa, BECHA) BU3HAYAIMCS
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cepelHs, MaKCUMajbHa 1 MiHIMaJbHa TeMIIepaTypu 1 BiANOBIIHA
BIJIHOCHA BOJIOTICTH (().

[IpoBoauBCS  pO3paxyHOK BOJIOTOBMICTY — arMOC(EpHOTro
MOBITPsI Uepe3 NapuiajbHUI TUCK HACUYEHOI BOISHOI apu

pP
d=616——o, 1
T (1)
Ie p — TMaplialnbHUA TUCK BOJISHOI Mapu B arMmocdepHOMY

nositpi, Ila.

Jns BU3HAUYe€HHSA MapliajJbHOTO THUCKY BOJASHOI mapu Oyino
BUKOHAHO AIPOKCUMAIIIF0 TAOMMYHUX JAHUX 1 OTPAMAHO HACTYITHE
CITIBBIAHOIIEHHS

p=a+bt+ct’ +dt +et' + f°, Ia, ()
ne a=611,366; b=44,427, c¢=1,423; d=0,027; e =0,0003;
f=2,765-10%;

t — Temneparypa napu, °C.

Busnavanacs nuroma eHTalbIlisg aTMOC(epHOro moBiTps

i =1,006-7+(2502,7+1,844-¢)- d , KJDk/kr. (3)
1000
[TpoBOaMBCS PO3paxyHOK TEIUIOBOJIOTICHOTO IMPOIECY MOJi-
TPOITHOTO OXOJIOJKEHHS aTMOC(EPHOTo MOBITPS sl TPHOX BHUITA[-
KiB KiHneBux Temneparyp: 5°C, 10°C, 15°C.
JUiss BU3HAYEHHS EHEepreTM4HOi e(PEeKTHUBHOCTI TEIJIOBOJIO-
TICHUX TPOIECIB OXOJOMKEHHS 1 OCYIICHHS BUKOPHUCTOBYBABCS

KOMIIJIEKC A/A 4> KUi € KyTOBUM koedinieHTOM (MPOMiHB HpO-

1[eCy, TEeTJIOBOJIOTICHE BiTHOILIECHHS).

3 naBenenux puie ButTpar 0,330 kBt 4 Ha 1 nmiTp Bonu, MokHA
OIIIHUTH BUTpPATH B 3armponioHoBaHiii cxemi ABTT 3 OycTtep-kom-
npecopoM sik: 0,100 kBt u Ha 1 miTp Boau mpu poOOTI B yMOBax
nomiproro kiiMary i 0,138 kBt-u Ha 1 JiTp Bomu — B TpomiyHOMY
KJTIIMari.
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BucnoBku [3-5]:

1. 3acrocyBaHHS TEXHOJIOTII HIYHOTO paaiallifHOTO BHUIIPO-
MIHIOBaHHS B CHCTEMax OTPUMAaHHS BOAM JO3BOJIUTH CTBOPHUTHU
3amac MPHUPOAHOTO XOJOAY JJIS TOJAaTKOBOTO OXOJIOJDKEHHS KOH-
JIEHCATOpiB  TepMOTpaHC(HOPMATOPIB PI3HUX THIIIB YIPOJOBK
YCBhOTO MEepioxy poOOTH.

2. IlpakTn4HO y BCIX PO3MISHYTHUX KIIMAaTUYHUX 30HAX
3 1eiUTOM BOIHHUX PECYpPCIB MPOLEC OTPUMAHHS BOAM 3 aTMO-
c(epHOro MOBITPA € HaW3aTPATHIIIMM E€HEPreTHYHO y 3WMOBHM
nepioJ] poKy, a Hale(PEKTUBHIIMIUM €HEPTeTUYHO — Y JIITHIHN Mepioj.

3. 'V niTHIHA mepiof poKy MUTOMI €HEproBUTPATH YHUCEIbHE
CHIBMIpHI TIpW 3MiHI KIHIICBOI TEMIIEpaTypyd B TPOIECI OXOJIO-
mxeHHst Big 5°C mo 15°C, mo m03BONHTH OpraHi3yBaTU €HEP-
roOILIaHUI pexXuM pPoOOTH TEPMOTpPaHCHOPMATOPIB KOMIpECii-
HOTO 1 a0COpOIIIHOTO TUIY 3a PaxXyHOK 3HKEHHS TeMIIepaTypu
KUIIIHHS y BUIAPHHKY.

4. 3 ypaxyBaHHAM pI3HOi BapTOCTI EJNEKTPUYHOI eHep-
rii B pi3HUX KpalHax CBITY HaWOUIbII 00’ €KTHBHOIO MOXE OyTH
OITIHKA 3a KUIBKICTIO CITOKHMTOI €JIEKTPUYHOI €HEeprii Ha MPHUBII
MapOKOMIIPECIITHOTO TepMoTpaHchopmaropa.

Y pa3di K TEIOBUKOPUCTYIOUMX TepMOTpaHcpopmaro-
POB, IO TPAIIOIOTh HA COHSUHIN eHeprii, BUTPATH eJIeKTPHUYHOI
eHeprii miAyTh TUIBKM Ha MPUBIJI LMPKYIALIAHOrO Hacoca abo
oyctep-komnpecopa. OIiHKa CepeiHIX BUTPAT CICKTPUUHOI CHEP-
rii mokaszaia, 110 B MapoOKOMIPECIHHUX TepMoTpaHchopmaropax
Ha 1 miTp Bomu 3 armocdepHoro noBiTps HeoOxigHO 0,330 kBT 4,
B 3anpononoBaniii cxemi ABTT 3 Gycrep-kommpecopom — 0,100
kBT1'u mpu po6oTi B ymoBax nomipHoro kiaimary i 0,138 kBt-u —
B TPOIIYHOMY KJIIMaTi.
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Most of the known concepts for increasing the efficiency
of trigeneration plants are limited to the use of cold heat in the
outer cycle of the engine (for external consumers) and therefore
cannot realize additional storage by utilizing the heat released
from the engine in the operating cycle. If the concept of in-cycle
trigeneration is realized, the application area of trigeneration plants
will expand as they can be used without sufficient heat or cooling
demand.

A conventional method of chilling all the ambient air,
coming into the engine room, from were it is sucked by engine
turbocharger (TC), is non-effective because of heat influx from
surroundings to the air stream sucked, that results in increased
air temperature at the inlet of turbocharger and enlarged cooling
capacity required for chilling all the ambient air coming into the
engine room. The problem of engine cyclic air cooling arises
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especially actually for increasing ambient air temperature above
25...30°C.

To solve this problem, a new method of two-stage gas engine
intake air cooling using a lithium bromide absorption cooler and
an ejector cooler was proposed to stabilize the intake air temperature
even when the outside air temperature rises. In this method, cold
water from the absorption lithium bromide refrigerator is used
as cooling water for a first hot stage of the engine intake air cooler
and boiling refrigerant from the ejector cooler is used as cooling
water for a second cold stage.

Results. The efficiency of cooling air at the inlet of gas
engine was investigated for IES of combined energy supply at the
factory “Sandora”“PepsiCo Ukraine” (Nikolaev, Ukraine). The
integrated energy system is equipped with 2 cogeneration
Jenbacher gas engines JMS 420 GS-N.LC (rated electric power
P,so = 1400 kW, heat power Q, = 1500 kW) and absorption
lithium-bromide chiller.

The heath taken away from exhaust gas by waste heat
recovery boiler (economizer), from charged gas-air mixture
in a high-temperature stage of an intercooler (ICy;), from engine
jacket and lubricant oil cooling water in corresponding coolant
radiators, is used by absorption chiller for producing a chilled
water with temperature of around 11...12°C. Chilled water is used
for technological process cooling and by central conditioners for
cooling engine room intake air, from where cooled air is sucked
by engine turbochargers.

Because of heat influx from the engine room the temperature
of engine intake air tin is higher than its value at the outlet
of central air conditioner (CAC) ¢,., (Fig. 1).

Current values of air temperature at the exit from the high-
temperature stage ACyy tyr, and low-temperature stage AC,; i1,
of two-stage air cooler, reduction of air temperature in the high-
temperature stage AC,;; At and low-temperature stage AC; At
and full temperature reduction in the air cooler At = ¢, — ti7os
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Fig. 1. Daily variation of temperature ¢,,,, and relative humidity @,
of ambient air, temperature of air at the inlet of gas engine turbocharger
tin, air at the outlet of central air conditioner CAC ¢,.,, cooling water at the
outlet of air cooler of CAC ¢,,, air temperature drop in the air cooler
of CAC Aty = t,,, — Lo, AIr temperature increase in the engine room
Aty = t,, — trn, cooling capacity of air conditioner Q, , with air flow

G,= 60000 m*/h, ZAB, — full daily savings of natural gas due to cooling
of air of ER, m’

heat load on the high-temperature stage ACyr O,y and low-
temperature stage AC,; QO,.r and full heat load on the whole
air cooler Q,,c, corresponding current reduction of specific
fuel consumption due to cooling engine cyclic air in the high-
temperature Ab,,;; and low-temperature Ab,;; stages and
in the whole air cooler Ab, and the total daily reduction of fuel
consumption B, are presented in Fig. 2 and 3.

A proposed two-stage cooling system of gas engine inlet
air by chilled water from the absorption lithium-bromide chiller
(ACh) in the first high-temperature stage ACy; of engine inlet air
cooler (AC) and boiling refrigerant of ejector chiller (ECh) in the
second low-temperature stage AC,; can provide decreasing engine
inlet air temperature by about 20...25°C compared with a typical
scheme of gas engine inlet air system with cooling the engine
room intake air in the central conditioner by chilled water from
the ACh and sucking the chilled air by the engine turbocharger
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Fig. 2. Current values of temperature #,,, and relative humidity o,,,, of
ambient air, temperature of air at the inlet of gas engine turbocharger ¢, in
basic version with central conditioner (Fig. 2), air temperature at the exit
from the high-temperature stage ACy fyr and low-temperature stage AC, £ 1
of air cooler, reduction of air temperature in the high-temperature stage AC,;;
Aty and low-temperature stage AC, At of air cooler and full temperature
reduction in the air cooler At = t,,, — t,+ with air flow Ga = 6000 m*/h
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Fig. 3. Current values of ambient temperature ¢,.,,, heat load on the high-
temperature stage O,y and low-temperature stage O, and full heat load
on the air cooler Q, ,¢, current reduction of specific fuel consumption due
to cooling air in the high-temperature Ab,;;; and low-temperature Ab, 1
stages and in the whole air cooler Ab, and the total daily reduction of fuel
consumption XB,: air flow G, = 6000 m*/h

193



VI MixHaponHa HayKoBO-TexHiuHa KoH(epeHis 3 Xo/ox B eHepreTuLyi i Ha TPaHCIOPTI

from engine room, that results in reduction of engine specific fuel
consumption by about Ab, = (1...2) g /(kW-h), i.e. about 2...3 %
decrease in specific fuel consumption at increased ambient air
temperatures ¢,,, = 30...35°C.

Conclusions. A new method of gas engine inlet air two-stage
cooling to stabilize its inlet temperature at increased ambient
air temperatures with absorption lithium-bromide chiller and
refrigerant ejector chiller was proposed. With this chilled water
from absorption lithium-bromide chiller is used as a coolant in the
first high-temperature stage of engine inlet air cooler and boiling
refrigerant of ejector chiller in the second low-temperature stage.
An advanced gas engine inlet air cooling system with two-stage
absorption-ejector chiller conversing waste heat of gas engine was
proposed.
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The shortage of water resources is one of the most important
problems of our time. Nowadays, countries all over the world
feel the effects of this issue on various scales. Reports and studies
conducted by the United Nations claim that more than 2 million
people do not have access to safe water and the situation worsens
every year [1, 2]. It is important to note that in Ukraine, which
is one of the countries with limited water resources, the situation
is worsening due to the war and requires immediate intervention.

The problem of water shortage is not new, and scientists from
all over the world are engaged in solving this problem. There are
several ways to reduce the water scarcity: importation, desalination
of salt water and extraction of water from atmospheric air. There are
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several methods of obtaining water from the air, the most common
of which are cooling the air below the dew point or using special
materials to absorb water with its further extraction [3]. The choice
of method depends on climatic conditions and economic factors.

The presented methods of obtaining water from the air require
a certain amount of energy, and solar radiation will be considered
as a source of the necessary energy.

Currently, the most common and studied method is the
design of air dryer systems using special materials that absorb
water (absorption process) during the night time period. For the
subsequent release of water (desorption process), it is necessary
to heat the material. To implement this method, a temperature
in the range of 50—80°C is sufficient, which is quite satisfactorily
implemented using solar systems. There is a large amount
of research and materials for the implementation of this method,
but at this stage it is still not enough for their implementation.

Another promising direction is the development of systems for
obtaining water from the air based on solar systems and absorption
ammonia-water refrigerating machines (AWRM) [4, 5]. They
implement the process of condensation of water from the air when
the temperature is below the dew point. A peculiarity of the use
and research of AWRM is the interdependence of temperatures:
the heating medium, the cooling medium, and the temperature
of the cooling object. The variable parameter of these three is the
temperature of the heating source. To implement the operation of this
system, it is necessary to specify the temperatures of the cooling
object and determine the temperature range of the heating source.

For this type of system, research was conducted for various
conditions and with some modifications. The advantage of using
AWRM is the minimal amount of energy consumed, reliability
and durability, the absence of complex mechanisms and the
availability of parts and construction materials, and also a natural
working body that has many advantages — an ammonia-water
solution (AWS). The choice of solar systems is related to their
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autonomy, wide distribution and a large assortment of devices for
various tasks.

One of these schemes for obtaining water from the air is the
AWRM scheme with a booster compressor (Fig. 1). The need
to install a booster compressor is due to the high operating
temperature range of AWRM 120-170°C. An additional
compressor allows you to reduce the range of optimal operating
temperatures to 70°C. The disadvantage of the presented system
is the need for an increased amount of energy for operation.

Fig. 1. Scheme of AWRM with booster-compressor:

1 — solar system; 2 — circulation circuit; 3 — heat exchanger; 4 — circulation
pump; 5 — generator; 6 — booster-compressor; 7 — ammonia steam condenser;
8 — throttle of liquid ammonia; 9 — evaporator; /0 — absorber;

11 — solid solution pump; /2 — throttle of a weak solution; /3 — heat
exchanger; /4 — air channel; 15, 17 — fans; /6 — condensate collector

In the case when there is no additional source of electrical
energy, it is advisable to consider the AWRM scheme with
an additional solution evaporator (Fig. 2). The presented scheme
with an additional solution evaporator has a higher concentration
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of ammonia and can use a heat source with a temperature
of 75°C for its operation.

Presented and other existing schemes for obtaining water from
the air are gradually attracting the attention of more and more people
and look somewhat promising. However, for their implementation,
it is necessary to carry out further studies of operating modes,
improvement of calculation methods, selection of more efficient
materials from the point of view of heat and mass exchange and
minimization of economic costs.

Fig. 2. Schematic diagram of AWRM with an additional
solution evaporator:

1 — generator unit; 2 — reflux condenser; 3 — condenser; 4 — ammonia
evaporator; 5 — absorber; 6 — solution evaporator; 7 — generator; 8 — separator;
9 — channel of weak AWS; /0 — channel of st