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1. Incepraliito pucBsi9eHo JOCiIKeHHI0 ofHo(a3Hoi Ta fBoda3Hoi Tevii aMiaky B I71aiKuX KaHauax KOHTYPIiB
[IEPCIEKTUBHUX aMiaYHMX €HEProTEeXHOJIOTIYHUX YCTAaHOBOK. 30KPEMA, aHali3yI0ThCsl afliabaTUydHi peXKUMU Teudii B
ryagKii Tpy6i 3a pi3HOI opieHTalii B IpOCTOpi, KoedillieHTH TeMIoBiAAadi Npy KUIiHHI Ta KOHJEHCcalii, a TaKoX
HEe3BOPOTHI ogHO(da3Hi Ta Boda3Hi BTpaTy TUCKY TP Pi3bKOMY PO3IIMPEHHI Ta 3BY>KeHHi. O6'€KTOM JOCiIKEeHHS
- [poliecy TenaoMacoobMiHy B KaHajax 3 OfHO(a3HUM Ta ABOPA3HUM IIOTOKOM Y Pi3HUX CUCTEMax
[EePCIEKTUBHUX aMiaYHMX €HEPreTMYHUX YCTAaHOBOK Ta CUCTEM TepMOpEryoBaHHs. [IpegmeT NoCliIpKeHHs —
3aKOHOMIPHOCTI, 110 XapaKTepU3yIOTh IIPOLIECH TEIJIOMAacOOOMiHy B KaHasax 3 OfHO(Pa3HUM Ta IBOda3HUM

IIOTOKOM Y piBHI/IX CUCTEMAX MEPCIIEKTUBHUX amMiayHuxX eHepFOTeXHOHOFiHI/IX YCTaHOBOK Ta CUCTEM



TepMOPpEryaoBaHHs. BubpaHi 06'eKT i mpeaMeT JOCTiI>)KEHHS MalOTh TICHUI 3B'I130K 3 IPiOPUTETHUMU HAYKOBUMU
HanpssMamu sIK MOH Ykpainu, Tak i cBiTOBOi TeHmeH1ii 3 mekap6oHisariii cBiToBOi ekoHOMiku. MeTa po60TH —
BCTAHOBJIEHHSI Ta YTOUHEHHI MeXaHi3MiB Ta SIBUIL, 110 CYIIPOBOKYIOTh POLECU TEIJIOMacOOOMIHY B KaHasax 3
0fHO(a3HUM Ta IBO(A3HMM IIOTOKAMU Y NIEPCIEKTUBHUX aMiauHUX €HEPTrOTEXHOJIOTIYHMX YCTAHOBOK Ta CUCTEM
TE€PMOPETYJIIOBAHHS, HA OCHOBi €KCIIEPUMEHTAIbHOTO NOCiIKEHHS. [l OCATHEHHS 3a3Ha4Y€HOI METU B
IyicepTaliiiHiil po6oTi BUPIilllyBaBCsI KOMIJIEKC 3aBlaHb TEOPETUYHOTO I €eKCIIePUMEHTaIbHOTO XapaKkTepy, 110
PO3KPUTO Y BiNOBiAHUX po3ainax. Ha 0CHOBI aHasi3y Cy4aCHOrO CTaHy NUTaHb, SIKi PO3IJISHYTO B [IEPUIOMY PO3iii
po60TH, BU3HAYEHO 006J1aCTh PallioHAJIbLHOTO 3aCTOCYBAHHS aMiaky sIKk po60UYOro Tijla B Cy4aCHUX
€HEeproTexHOJIOrYHMX YCTAaHOBKax Ta CUCTEMax 3a0e3eyeHHs TeIJIOBOTO PEXKUMY, ITPOAHaIi30BaHO OCHOBHI
PeXMMHI IapameTpu. B po6oTi nociifpkeHo pexkuMu afiiabaTUdHoi Tedii amiaky B TpyOi Ipy pi3Hiil opieHTallii.
BisyasnbHi criocTepesKeHHs PeXXUMIB Teuii B KBapLIOBill TPyO6Li 3 BHYTPIlIHIM iaMeTpOM 7,5 MM y IIMPOKOMY
IiarnasoHi TUCKY, MaCOBUX MIBUJKOCTEN Ta MACOBOTO NAPOBMICTy Jaln 3MOTY Y3arajJlbHUTH PEXXUMU al1iabaTUYHO]
nBoda3Hoi Teuii B Tpy6i y BUIJISIAI CIIPOLIEHOI MOJeJli B KOOPAUHATaX YMOBHOTO iMITyJibCy (a3, sKa
BHMKOPHCTOBYETHCS B [IOAAJIBLIIOMY aHaJli3i MexaHi3MiB KOHEHcallii, KUIiHHS Ta BTPaT MEXaHiYHOi eHeprii B Tpyoax.
[IpoBeieHO eKCIIepUMEHTaJIbHE Ta TEOPETUYHE JOCJIiIPKeHHS KOHAeHcallii amiaky B IaIkux Tpybax Mpu pisHiit
opieHTalii y MpoCcTopi AJ1s1 cepelHiX Ta BUCOKUX TUCKIB.. Y pe3ysbTati aHali3y JaHUX eKCIIepUMEHTIB 6yJI0
OTPUMAaHO OLiHKU Koe@illieHTa TenJoBiayi 11 FOPU3OHTATIBHOTO, BUCXiHOTO Ta HU3XiAHOTO MOTOKIB MPU Pi3Hil
MaCOBIi1 MIBUJIKOCTi Ta MACOBOMY NAPOBMICTI 117151 TPyO i3 BHyTpilHiMU HiameTpamu 8 MM i 11 mm. [laHi gys
TOPU30HTAJIBHOTO TIOTOKY OyJIM y3arajbHEeHi y BUTJISAi HOBOI IPOCTOi KOPEJIALilo, KOTpa I0Ka3ye XOPOolly SIKiCHY Ta
KiJIbKiCHY aJJeKBaTHICTb OTPUMAaHUX OLiHOK KoeillieHTiB TeroBianayi njs Tpy6 pisHOro JgiameTrpa npu MacoBoi
BUJKOCTI 10 120 Krem-2ec-1. B Hill IpaKTUYHO BiACYTHS POJIb MACOBO] MIBUJKOCTI (32 BUHATKOM ii poJii B
OLIiHIOBaHHi 06'€MHOT0 MaPOBMICTY), @ TAKOX POJIb TEIJIOBOTO NOTOKY. [ToKa3zaHo, 110 AJ1s1 BUCOKUX MACOBUX
IIBUJIKOCTEN iCHYI04i MOJIeJIi, SIKi OIMCYIOTh KOHBEKTUBHUI MeXaHi3M KOHJeHcallii, 1obpe y3roJKyloThCs 3
OTPUMaHMMU OLiHKaMU KoedillieHTa Ternosigaayi njs amiaky. B quceprauifiHiil po60oTi IpOBeAEHO aHali3
BMMYVIIEHOTO KUIIiHHS aMiaKy B IJ1afKil Tpy6i giameTpom 11 MM nipu pisHill opieHTauii B npoctopi. Byso oTpumano
OLIiHKU cepeHix KoeillieHTiB TenoBiAaadi 111 TOPU3OHTAJIbHOTO TIOTOKY, AJ1s SIKUX 0YyJIO 3alIPOIIOHOBAHO HOBY
KOpeJidliio, e KoedilieHT npunymeHHs 0ynp6amKoBoro MmexaHizmy (0,8 y mozesi Boiitana) 3aMiHeHO Ha
BiJHOLIEHHS BiAIIOBIHUX OL[iHOK Oy/1bOAIIKOBOI Ta KOHBEKTUBHOI CKIanoBuX. [Ipu nocmiinkeHHi 6ys10 BUSIBJIEHO, 1110
y LINPOKOMY Jialla30Hi pe>XXKUMHUX I1apaMeTpiB IpA MacOBOMY NApOBMICTi 6s113bK0 0,7 CIIOCTEpiraeThCs piske
MoripuIeHHs TEeIJIOBiAIadYi, 110 MOB'SI3aHO 3 BUCUXAHHIM IUJTiBKY pinuuau. TakoX MoKa3aHo, mo KoedimieHT
TeIJIOBiAAayi [IpY BUMYLIEHOMY KUIIiHHI Y BUCXiJHOMY IIOTOLli 3HAYHO GiIbIINI IOPiBHSHO 3 TOPU3OHTAJIbHUM i
Iobpe ONUCYIThCS MPOCTUMU MOZESIMU 1J1s1 6YIbOAIKOBOrO ME€XaHi3My KUMiHHS. TakoX [10Ka3aHo, 110
Koe(illieHT TenoBigaayi Mpy BUMyLIEHOMY KUIIiHHI Y BUCXiIHOMY IOTOLli 3HA4YHO NepeBilllye TOPU3OHTAIbHUM i
IoOpe ONUCYETHCS IPOCTUMU MOZEJISIMU 17151 O6yJIbOaLIKOBOrO MexaHi3My KuMiHHs. [le 06yMoBieHO 6ibll
HaJiliHUM i piBHOMIDHMM 3MOYyBaHHSM CTiHH, 110 06irpiBaeThCs, 10 BCbOMY IIEpUMETPY. B pob6oTi Bupimysanacs
po6sieMa OLiHIOBaHHS OJHO(pa3HUX Ta ABO(A3HUX MICLEBUX BTPAT TUCKY B €JIEMEHTAX KOHTYPY 3 Pi3KOIO 3MiHOIO
oL mpoxingHoro nepepisy. Byso Bunpo6yBaHo micTh CErMEHTIB 3 Pi3HUMU TeOMeTPUYHUMU (PaKTOpamMu
3BY)KEHHS i pO3LIMPEHHS Ta OTPUMAHO OLIiHKU ITapaMeTpiB JBoda3HOCTi B MOAEJsIX MicleBux BTpart. [lokasaHo, 1110
rOMOT€HHa MOJIeJb AOOPE Npalloe MIPY BUCOKAX MACOBUX WBUAKOCTIX (MoHaH 400 krem-2ec-1). TeTeporenHa
MOJeJib 3 eMITIipUYHUM KoedilieHToM B = 0,5, 3anponoHoBaHuM YUi3X01bMOM [17151 PO3IIKPEHHS], Kpallle BifnoBinae
IAHWUM IIPY MaJIMX MAaCOBUX MIBUIKOCTSX. TaKOX [10Ka3aHoO, 110 JJIsl BCbOTO 00CSTy OTPUMAHOI eKCIlepUMeHTabHO]

iHgopmatlii roMmoreHHa MozeJIb MOKe OyTH BUKOPUCTaHA 151 aMiauHUX OAATKIB 3 04iKyBaHOIO TOYHICTIO + 20 %.

2. The dissertation addresses a scientific and technical challenge related to identifying the characteristics of
single-phase and two-phase ammonia flow in smooth channels of heat exchange equipment within the circuits of
advanced ammonia-based energy technology systems. Specifically, it analyzes adiabatic flow regimes in a smooth
pipe under various spatial orientations, heat transfer coefficients during boiling and condensation, and irreversible
single-phase and two-phase pressure losses due to sudden expansion and contraction. Thus, the object of study is
the heat and mass transfer processes in channels with single-phase and two-phase flow within various systems of



advanced ammonia-based energy and thermal regulation systems. The subject of the study is the patterns
governing heat and mass transfer processes in channels with single-phase and two-phase flow in these systems.
The selected object and subject are closely aligned with the priority research directions of the Ministry of
Education and Science of Ukraine and global trends toward decarbonization of the world economy. The aim of the
work is to experimentally investigate the mechanisms and phenomena accompanying heat and mass transfer
processes in channels with single-phase and two-phase flow in various systems of advanced ammonia-based
engines, energy technology systems, and thermal regulation systems. To achieve this aim, the dissertation
addresses a set of theoretical and experimental tasks, as reflected in the respective sections. Based on the analysis
of the current state of the issue, discussed in the first section, the rational application of ammonia as a working
fluid in modern energy technology systems and thermal regime maintenance systems is determined, and the main
operational parameters are analyzed. The adiabatic two-phase flow patterns of ammonia in a smooth tube at
various orientations in a gravitational field were studied. The visualisations of the two-phase flow in the
transparent tube with an internal diameter of 7,5 mm were provided over a broad range of pressure, mass velocity,
and vapour quality, allowing for generalisation of the corresponding two-phase pattern map in the superficial
phase momentum flux coordinates. The obtained map was used to gain insight into the condensation and boiling
mechanisms, as well as mechanical energy dissipation in the tube. The ammonia condensation in horizontal and
inclined smooth tubes was experimentally and theoretically studied for medium- to high-pressure cases. The
corresponding estimates of the heat transfer coefficients were obtained for tubes with internal diameters of 8 and
11 mm. A new, straightforward correlation has been generalised, which accurately predicts the condensation heat
transfer coefficients for cases with mass velocities below 120 kgem-2¢s-1. The model shows that mass velocity
(except for its role in estimating volumetric vapor quality) and heat flux have minimal impact. It is also shown that
existing models describing convective condensation mechanisms align well with the obtained heat transfer
coefficient estimates for ammonia at high mass velocities. The flow boiling of ammonia in a horizontal and inclined
smooth tube with an inner diameter of 11 mm was investigated. The average heat transfer coefficients in the
horizontal flow were obtained, which enabled the modification of the existing Wojtan et al. model to exhibit the
depression coefficient as the ratio of pool boiling and convective factors. It has been revealed that a dry-out heat
transfer condition occurs at a vapour quality of 0,7 across a broad range of operating conditions. Moreover, the
higher heat transfer coefficients in the upward flow were noted compared to the horizontal cases, which the
straightforward pool boiling models accurately describe. Additionally, it was demonstrated that the heat transfer
coefficient during forced boiling in upward flow is significantly higher than in horizontal flow and is well described
by simple models for the bubble boiling mechanism. This is attributed to more reliable and uniform wetting of the
heated wall across the entire perimeter. The single-phase and two-phase local pressure losses due to sudden
expansion and contraction were characterised for ammonia flow. Six segments with various geometrical factors of
expansion and contraction have been tested, and the corresponding estimates of two-phase factors in the local
loss model were derived. In particular, the homogeneous model provides accurate predictions for high mass
velocity cases (above 400 krem-2+c-1), while the heterogeneous Chisholm model with the empirical coefficient of B
= 0,5 is more appropriate for ammonia flow with low mass velocities. Overall, the entire set of test points suggests
that a homogeneous model can be effectively exploited for ammonia applications with an accuracy of +20%.
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