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HMucepraiisi  (OKyCyeTbcs Ha  BUBYEHHI  MPOLIECIB  EKCIUTyaTari
aJIcOpOIIIITHOrO MOAYJS ISl OXOJIOJKEHHS TOBITPSIHOTO KOHAEHCaTopa MapoBOi
KOMITPECOPHOI MamuHu. MeTa JOCHIIKEHHS JOCATAEThCSA MUISIXOM aHaJi3y
EKCIIEPUMEHTAJIbHUX 1 PO3PAXYHKOBUX MapameTpiB JUisi BU3HAUYEHHS PEKHUMIB
pobotu  ancopOIiitHOTO  XOJoAWJIbBHOro  Monynsa. JlocaimkeHo  mporecu
eKCIUTyaTallli XOJIOJUIBHOTO MOAYJs Ha OCHOBI KOMIIO3UTHHX aJCOpPOEHTIB,
BU3HAYEHO OCHOBHI ()aKTOPH, SIK1 BIUTUBAIOTH HA XOJOIMIHHUI KOSOIIIEHT IUKITY.

Y poboti mpoaHadi3oBaHI OCHOBHI BHUMOTH JO  aicopOIiiHOIO
OXOJIO/DKYBAJILHOTO MOAYJIS B CHCTeMi XoJjomo3a0e3neueHHs. BusHaueHa
KOPEJISIIist MK CKJIaJ0M aJCOPOCHTY Ta XOJOMUIBHUM KOE(IIIEHTOM IHKITY.
JlocnmipkeHo BIUIMB BMICTY HaTpidl cyib(aTy B KOMIO3UTI Ha 3pOCTaHHS
XOJIOMWJIBHOTO Koe(iIieHTy nuKiIy. BcTaHOBIEHO, IO 3MEHIICHHS PI3HUII
TEMIIEpaTyp MIiX aJCOpOCHTOM Ta TeMIIepaTypol0 pereHepailii Mpu3BOAUTH 0O
30UTIbLIIEHHS BEJIMYMHU XOJIOAWIIBHOTO KOe(iieHTy IuKIy. [IpoBeeHo po3paxyHok
EKCILTyaTaIiifHOTO XOJIOAMIBHOTO Koe(DilieHTa Ha OCHOB1 KOMITO3UTHOTO COPOEHTY

"cunikarenb — HaTpik cynbdar'. BUSBICHO 3aJEXKHICTh EKCILTyaTallliHOTO



KoedillieHTa BIJlT CEPeIHBbOJOOOBOTO 3HAYEHHS COHSYHOIO BUIPOMIHIOBAHHS
POTATOM POKY.

Po3pobnieni 3axomu 3 3HIDKEHHA TeMIlepaTypd KOHJEHcallii MapoBoi
KOMITPECOPHOT XOJOJWIBHOI YCTAHOBKHU 3aBISKU aJICOPOLIMHOMY XOJIOIMIHLHOMY
MOJYJIIO, IO JO3BOJISIIOTh 3MEHIITUTH €HEPTOCIIOKUBAHHS XOJOJAWIBHOI CUCTEMHU
npu HaOOpi Ta MIATPUMAHHI TEMIEPATypHOTO PEKUMY B XOJOIWIBbHIM Kamepi.
3anponoHOBaH1 3aXxOAu 3 3HIDKCHHS TeMIlepaTypu KOHJAEHcallli MmapoBOi
KOMITPECOPHO1 XOJOIUIBHOT YCTAHOBKH JIO3BOJISIIOTH MIBHIIE OTPUMATH 3aJaHY
TEeMIIepaTypy B XOJIOAWIbHIN KaMepi Ta 30UIbIIYIOTh MEX1 3aCTOCYBaHHS (PpEOHiB,
10 MPAIIOI0Th HA HU3bKUX TEMIIepaTypax KOHACHCAIlI1.

BuznaueHo BmiuB ajacopOeHTa 1 ajgcopOara Ha XOJOJONPOIYKTHUBHICTb
aJICOpPOIIIITHOrO  XOJNIOAWJIBHOTO ~ MOJYJISI TPU  OXOJOJKEHHI  MOBITPSHOTO
KOHJIeHcaTopa. BusBieHo, 1m0 e(PeKTUBHICTh aJCOPOLINHOTO XOJIOJUIBLHOTO
MOAYJISl BHU3HAYAETHCS BHUIOM aacopbary, SKHA BHUIAPOBYETHCS Ta CTBOPIOE
OXOJIO/DKYIOUUM ePeKT y Kopmyci KoHaeHcaTopa. KuIbKICTh Teria, sIKy MOXKe
BIIBECTU aJICOPOIINHUN XOJOMWJIBHUN MOAYJb 3 TMOBITPSIHOTO KOHJEHCATOpa,
3aJIeKUTH BIJ] TETUIOTH BUTIAPOBYBAHHS, 1110 BU3HAYAE MaCy ajcopOaty. 3MiHa Macu
azcopOary 1 rpaHUYHOI afcopOlIii BIUIMBAE HA Macy aJCOpOCHTY, 110 B CBOIO UEpry
BIUIMBAE HAa Bary Ta po3Mipu ajacopOepa. Pi3Hi ancopOeHTH MarOTh Pi3HY
TeMIepaTypy pereHepariii, 10 BIUIMBA€ HAa XOJOIWIBHUM KOE(QIIIEHT ITUKITY
a7COpOLIIITHOTO OXO0JIOIKYBAILHOIO MOYJIsl. BcTaHOBINEHO, 1110 301IbIIIEHHS] Macu
afcopOary 1 aacopOEHTy NPH3BOJAUTH JIO 3POCTAHHSA XOJOIAOMPOIYKTHUBHOCTI
aJICOPOIIIITHOTO OXO0JIOMKYBATLHOTO MOTYJIS.

BusnadeHo BB afcopOIiitHOTO XOJOAMIBHOTO MOYJIS Ha XOJIOIUIBHUMA
KoedimieHTa KoMIipecopa. 3aJeKHOCTI TeMIepaTypu KOHJCHCAIlll 1 TeMnepaTypu
KHITIHHS KOMIIPECOPHOI XOJIOAMIIBHOI CHCTEMH IIOKa3ylTh, IO 3MEHIICHHS
TEeMIlepaTypyu KOHJIEHCallli TMO3UTUBHO BIUIMBATH HAa €(QEKTUBHICTH CUCTEMHU.
[IpoBeneHo TMOpPIBHAHHS JBOX BaplaHTIB poOOTH KOMIpecopa 3 pI3HUMHU

TeMIlepaTypaMHl KOHJIEHCAllli, Ji€ BHM3HAYEHO, W10 3HUXKEHHS TeMIlepaTypu



KOHJICHCAIlli  MNpU3BOJAWUTH J0  30UIBIIEHHS  XOJIOAWJIBHOTO  KoedimieHTa
MOKpaIIyloun e(EeKTUBHICTh CUCTEMH.

Busznaueni MEXI1 €(hEeKTUBHOTO 3aCTOCYBaHHS a7CcopOIiHHOTO
OXOJIO/DKYBAJIbHOTO MOJYJIA JJIE OXOJIOJPKEHHSI TOBITPSIHOTO KOHJEeHcaTopa. B
pE3yNbTaTI EKCIEPUMEHTATHHUX Ta PO3PAXyYHKOBUX AHWX BCTAHOBJICHO POOOUMIA
Jiana3oH XOJIOAOMPOAYKTHBHOCTI aJCOPOIIITHOTO OXOJIOMKYBAILHOTO MOTYJIS.
MiHimManapHe 3HAYEHHS XOJOJONPOAYKTUBHOCTI BCTAHOBJICHO B 3aJIEKHOCTI BiJl
MiHIMaJbHOI MOTYXKHOCTI 3aCTOCYBaHHS MOBITPSHOTO KOHAECHCATOpa. 3MEHIIECHHS
noTy»HOCTi AXM npuBese 10 MiHIMaJIbHOTO BIUIMBY Ha MOBITPSIHUN KOHAEHCATOP
Ta XOJIOWIbHY YCTAaHOBKY. MakcuMalbHe 3HaUEHHS XO0JIOAONPOAYKTUBHOCTI AXM
BCTAHOBJIEHO B 3aJIE)KHOCT] B1JI HEOOX1JHOI MAacU BOJM JUIS MOTJIMHAHHA TEIa 3
MOBITPSHOTO KOHJEHCaTOopa 1 MIATPUMAHHA HHU3BKOIO THUCKY KOHJACHcAIl.
30UTbIIEHHS OTYKHOCTI ITPUBEJE 10 BEJIMKUX TadapuTIB Ta Baru, 1O YCKIAIHIOE
excrutyaranito AXM B MOPIBHSAHHI 3 aHAJIOTaMHU.

Po3pobiieHa KOHCTPYKIlisE aacopOIiHHOTO 0XOJIOKYBAIBHOTO MOYJISL IS
OXOJIOJIKEHHS MOBITPSIHOTO KOHJEHCATOpa MapoBOi KOMIIPECOPHOI XOJIOAMIBHOI
MamuHu. [lokazaHuil NPUHIUN TIAKIIOYEHHS MOBITPSHOTO KOHAEHCaTopa [0
a7IcCOpOIIIHHOTO  OXOJOKYBaTbHOTO MOAYJs. OOIpyHTOBAHO pO3TaIlyBaHHS
BUIMAPHUKA B KOPIYCl MOBITPSHOTO KOHAEHcartopa. Po3pobiieHa KOHCTPYKIis
ajcopbepa 3 KOHTYPOM pereHepailii acopOoeHTa Ta KOHTYpPOM peKyIepali Ternia
Bil ancopOeHTa Il TPOMUCIOBUX MOTped. 3amponoHOBAaHO PO3MIIICHHS
COHSIYHOTO KOJIGKTOpa B KOpMyci ajacopOepa mis MiABUIICHHS €()EKTUBHOCTI
pereHeparlii agmcopOeHTa BiJi COHTYHOTO BUIIPOMIHIOBAHHS.

OnucaHo pexuM podOTH MapoOBOi KOMIPECOPHOT XOJIOANIBHOI YCTAHOBKH 3
aJCOpPOIITHUM  OXOJOKYBaIbHUM ~ MoayineMm. CTBopeHa TiapaBiiyHa cXxema
XOJIOJUIBHOT CHUCTEMHU 3 aJCOPOIIHHUM OXOJO/KYBAIIBHUM MOJYJIEM, IO
BiIoOpaXkae poOOTYy KIACHMYHOI KOMIIPECOPHOI  XOJIOAWJIBHOI CHUCTEMH 3
a7IcOpOLIHHUM OXOJIO/DKYBAJIbHUM MOJAYJIEM Ta KOHTYpPOM peKymepalii Tera.
Ornrca”o NpUHITUIT pOOOTH KOHTYPY peKymeparltii Ternia Bija aacopoenTy. Buznaueni

3aKOHOMIPHOCTI pobotn AXM, 1m0 BIJIMBAIOTH Ha IMKI POOOTH KIACHYHOI



KOMIIPECOPHOI ~ XOJIOAWJIBHOI ~ CHUCTEMHU.  BcTaHOBJEHI — XapaKTEPUCTHKHU
XOJIOJIOATeHTIB MICJII KOKHOTO €Tamy OXOJIO/UKEHHS Ta MiATPUMaHHS poOouoi
TEMIEpaTypu B Kamepi

Po3po6iieHi MeTou OLIHKY XapaKTepUCTHUK YTHIII3alllil TETUIOTH afcopOrii Ta
OOTpYHTOBaHE pO3TAlllyBaHHS TEIUIOOOMIHHOTO oOOJagHaHHSA y  ajcopOepi.
[TinTBepHKEHO AOUUIBHICTh 3aCTOCYBAHHS aJCOPOIIHHOTO OXOJIOKYBAITBHOTO
MOAYJSL I OXOJIOJDKEHHS TMOBITPSHOTO KOHAEHcaTtopa. byrno mposeneHo
NOpIBHANBHUN  aHami3 e(QEeKTUBHOCTI BHUTpPAT C€HEPrii MDK KJIACHYHUMU
XOJIOMUIBHUMU CHUCTEMaMHM 1 XOJOJAWJIBHUMH CHUCTEMaMH 3  aJCOpOLiHUM
OXOJIO/KYBAJIbHUM MOJTYJIEM.

BnpoBamxeHo:  pe3yiabTaTH  HayKoBoi  pobotu  «EHeproeexkTuBHHIA
KOMITJIEKC KOMITPECOPHOTO 4Yijepa 3 aACOPOIINHUM XOJOAWIBHUM MOIYJIEM)
BUKOPHUCTaHI JIsl PO3pOOKM 1 BIPOBAKEHHS €HEProe(EeKTUBHOTO KOMILIEKCY
KOMIIPECOPHOT XOJIOAUIBHOI YCTAHOBKH 3 aCOPOLIIHHAM XOJIOAMIEHUM MOTYJIEM B
npoMuciIoBy cuctemy xosono3adesneueHus [COOL S-HGX34-380 nms 30epiranus

MPOJYKTIB XapuyBaHHs y MicTi JIbBIB.
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ABSTRACT

Pustovoi H.M. Energy-efficient complex of a compressor chiller with an
adsorption refrigeration module - Qualification scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 161 Chemical technologies and engineering - State higher educational
institution "Ukrainian State University of Chemistry and Technology", Dnipro,
2023,

The dissertation focuses on the study of the processes of operation of the
adsorption module for cooling the air condenser of the steam compressor machine.
The purpose of the study is achieved by analyzing experimental and calculated
parameters to determine the operating modes of the adsorption refrigeration module.
The processes of operation of the refrigerating module based on composite
adsorbents were studied, the main factors affecting the refrigerating coefficient of
the cycle were determined.

The paper analyzes the main requirements for the adsorption cooling module
in the refrigeration system. The correlation between the composition of the
adsorbent and the cooling coefficient of the cycle was determined. The effect of the
sodium sulfate content in the composite on the growth of the cooling coefficient of
the cycle was studied. It was established that a decrease in the temperature difference
between the adsorbent and the regeneration temperature leads to an increase in the
cooling coefficient of the cycle. The operational cooling coefficient was calculated
based on the composite sorbent "silica gel - sodium sulfate”. The dependence of the
operational coefficient on the average daily value of solar radiation during the year
was revealed.

Measures have been developed to reduce the condensation temperature of the
steam compressor refrigerating unit thanks to the adsorption refrigerating module,
which allow to reduce the energy consumption of the refrigerating system when
setting and maintaining the temperature regime in the refrigerating chamber. The
proposed measures to reduce the condensation temperature of the steam compressor

refrigerating unit allow to obtain the set temperature in the refrigerating chamber



faster and increase the limits of application of freons operating at low condensation
temperatures.

The influence of the adsorbent and adsorbate on the cooling performance of
the adsorption refrigeration module during cooling of the air condenser was
determined. It was found that the efficiency of the adsorption refrigeration module
is determined by the type of adsorbate that evaporates and creates a cooling effect in
the condenser housing. The amount of heat that can be removed by the adsorption
refrigeration module from the air condenser depends on the heat of evaporation,
which determines the mass of the adsorbate. The change in the mass of the adsorbate
and the limit of adsorption affects the mass of the adsorbent, which in turn affects
the weight and dimensions of the adsorber. Different adsorbents have different
regeneration temperatures, which affects the cooling coefficient of the cycle of the
adsorption cooling module. It was established that an increase in the mass of
adsorbate and adsorbent leads to an increase in the cooling capacity of the adsorption
cooling module.

The influence of the adsorption refrigeration module on the refrigeration
coefficient of the compressor is determined. Dependencies of the condensation
temperature and the boiling temperature of the compressor refrigeration system
show that reducing the condensation temperature has a positive effect on the
efficiency of the system. A comparison of two versions of the compressor operation
with different condensation temperatures was made, where it was determined that a
decrease in the condensation temperature leads to an increase in the refrigeration
coefficient, improving the efficiency of the system.

The limits of the effective application of the adsorption cooling module for
cooling the air condenser are defined. As a result of experimental and calculated
data, the working range of the cooling capacity of the adsorption cooling module
was established. The minimum value of the cooling capacity is set depending on the
minimum power of the air condenser. Decreasing the AHM power will result in
minimal impact on the air condenser and refrigeration plant. The maximum value of

the cooling capacity of the AHM is set depending on the required mass of water to



absorb heat from the air condenser and maintain a low condensation pressure. An
increase in power will lead to large dimensions and weight, which complicates the
operation of AHM in comparison with analogues.

The design of the adsorption cooling module for cooling the air condenser of
a steam compressor refrigerating machine has been developed. The principle of
connecting the air condenser to the adsorption cooling module is shown. The
location of the evaporator in the air condenser housing is substantiated. The design
of the adsorber with the adsorbent regeneration circuit and the heat recovery circuit
from the adsorbent for industrial needs has been developed. It is proposed to place a
solar collector in the adsorber body to increase the efficiency of regeneration of the
adsorbent from solar radiation.

Developed methods for evaluating the characteristics of utilization of
adsorption heat and justified location of heat exchange equipment in the adsorber.
The expediency of using the adsorption cooling module for cooling the air condenser
has been confirmed. A comparative analysis of the efficiency of energy consumption
between classic refrigeration systems and refrigeration systems with an adsorption
cooling module was carried out.

Implemented: the results of the scientific work "Energy-efficient compressor
chiller complex with an adsorption refrigeration module" were used to develop and
implement an energy-efficient compressor refrigeration complex with an adsorption
refrigeration module in the ICOOL S-HGX34-380 industrial refrigeration system for

food storage in the city of Lviv.
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