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Pedepar:

1. luceprauisa nprucBa4YeHa BUPILIEHHIO aKTyaJbHOI HAyKOBO-TIPAKTUYHOI 3a/1a4i MiIBUILIEHHS €HEPreTUYHOI
eeKTUBHOCTI IiANPHEMCTB 3a PaXyHOK MifBUIIeHHS e(eKTUBHOCTI Mpollecy peKyrepaliii Ternsua rasis
IIPOMUCJIOBUX IIPOLIECIB 3 BUKOPUCTAHHSIM 3BaPHUX 06araToX0[0BUX IJIACTUHYATUX TEMJIO0OOMIHHUX anaparis.
[IpoBeneHo aHAJIITUYHMN OIS, HAYKOBO-TEXHIYHOI iHpopMallii o0 NigBUILIEHHS! €HePreTUYHOI €(PEKTUBHOCTI
MigIPUEMCTB XiMiYHOI IPOMUCIIOBOCTI 32 PaxXyHOK peKyliepaliii Ternsa B TEXHOJIOTIYHUX Mpolecax. [TokasaHo, o
niABUIIMTY eeKT iHTerpalii TenuoBuX IpoLeciB 3a paxyHOK 30i7blI€HHS piBHS peKyIlepallii Ternsa 103BoJise
BMKOPHMCTaHHS KOMIIaKTHUX TEMJIOOOMIHHUKIB 3 iHTEHCU(IKOBAHOIO TEIIOBiAAAY€I0, TAKUX SIK IIJIACTUHYACTI
Ter1006MiHHUKY. [TpoaHasnizoBaHO MOKIIMBOCTI yIOCKOHAJIEHHS IPOLieCY BUPOOHUITBA aMiaKy 3a paxXyHOK

pekyneparii TernyuoBoi eHeprii B KosioHax cuHTe3y. CPOpMyIbOBAaHO OCHOBHI BUMOTH [10 TEIIJIOOOMiHHOTO



06J1a[IHAaHHS 1711 POOOTH B YMOBAaX BUCOKOIO TUCKY Ta TEMIIEpATyp arperariB CUHTe3y amiaky. [IpoaHasnizoBaHo
POOOTH 3 METOIAMU PO3PaXyHKY IIJIACTUHYACTUX TEIJIOOOMIHHUX anaparis 3 iHTeHCU(piKOBaHUM MIPOLIECOM
Terionepenayi. BukoHaHo aHasi3 TypOyJIEeHTHOTO IIEPEHOCY TeIlJla B KaHajlaX CKIIAJHOI reOMeTpUYHOi popmMu
IIJIACTUHYATUX TEIJIOOOMiHHUX aNapariB 3 IEPEXPECHUM PYXOM Tra30BUX TEIJIOHOCIIB B KaHaIax. AHajli3 BUKOHAHO 3
3aJIy4eHHSIM aHaJIOTii MePEHOCY TeIla Ta iMITyJIbCy. 3 BUKOPUCTAHHSIM TPbOX LIAPOBOi MOJeIi TYpOYJIEHTHOTO
IIOTOKY OTPMMaHe PiBHSIHHS [ PO3paxyHKy TeIJIOBifAadi 10 JaHUM IIPO TrigpaBiivyHuil onip rodpoBaHOro moJs
KaHaJliB NIJIaCTUHYATOrO TEMJI000MiHHUKA. [JoBEIEHO 110 [T0KAa3HUK CTyIeHs py yucsi [IpanaTis B IKOCTi
MHOJKHHMKA B KOPEJISILIHMX PIBHSHHSAX [JIs1 PO3PaxXyHKy TEIUIOBiAAadi B ra30BUX IIOTOKAX B KAHAJIAX MJIACTMHYATUX
TeIJI00OMIHHMKAX IOBUHEH OYTH OiNbLIIMM YMM JJ1s1 IOTOKIB pinuH. [I71s pianasony yucesn [Ipanartis Big 0,5 mo 7
PEKOMEHJJ0BAHO 3HA4YEHHS LOTO cTyneHs ¢ = 0,5. HaBeieHo onuc eKCepuMEHTAIbHOTO CTEHY Ta MO
3BapPHOrO MJIACTUHYATOTrO TEIJIOOOMIHHUKA JJ1s1 NOCIIiIPKEHHSI IIPOLIECY TeIIonepenadi Ta BTpaT TUCKY NIpU
IIEPEXPECHOMY PYCi TEIJIOHOCIIB B KaHajIaX CiT4acTO-IIOTOKOBOTO TUIY YTBOPEHUX KPYIJIMMU FO(PPOBAaHUMU
nactuHaMmy. CTeHJ, Ta MOro yCTaTKyBaHHS KOHTPOJILHUMU Ta BUMiPIOBaJIbHMMU IIPUCTPOSIMU J03BOJISIE IIPOBOIUTH
IOCJIiIPKEHHS B IOCTATHbOMY Jialla3oHi 3MiHM OCHOBHUX [IapAMETPIB [IPOLECY Ta BUMIPIOBaHHS PO3XOJiB,
TEeMIIEPATYP Ta TUCKY TEIJIOHOCIIB 3 JOCTaTHBOIO TOYHICTIO. EKCIIEpUMEHTaIbHE JOCiIKEHHS TeIJIOOOMIHY i
NaJliHHS TUCKY B MOJeJli 3BaPHOTO TJIACTUHYATOrO TEMJI000MiHHYKA MiATBEPAUIIO [JIs1 BUMIAJIKY TIOTIEPEYHOTO PYXY
TEIJIOHOCIB B anapaTy CIpaBe]IMBiCTb BUPA3iB, 3alIPOIIOHOBAHUX [J1s1 KaHAJIB [1JIACTUHYATUX TEIIJIOOOMiHHMKIB
CiT4aCTO -TIOTOKOBOTO THUITy Pi3HOI reomeTpii. TakoXX OLIiHEHO 3aJIEXKHICTh €PEKTUBHOCTI TENJIoNepeadi (o) Bif,
41CJIa OJMHULB NepeHocy Tera (NTU) B oqHOMy XO/Ii IIIaCTUHYATOrO TEMI000MIHHUKA 3 IEPEXPECHUM PYyXOM
TEIJIOHOCIIB. 3alIPOIIOHOBAHE PiBHSIHHS MOKE BUKOPMCTOBYBATHCS MDY PO3PaxyHKY IVIACTUHYATUX
TEIJIO0OOMIHHUKIB i3 3arajbHUM 3yCTPiYHUM Ta IEPEXPECHUM PYXOM TEIJIOHOCIIB ycepeiuHi OKpEMUX XO[IiB.
3anponoOHOBAHO PiBHSHHA IJIs1 PO3PAXYHKy BTPAT TUCKY B KaHaJli 3BapHOTO IIJIACTUHYATOTrO TEMJIOOOMIHHUKA 3
ypaxyBaHHSM BTpaT TUCKY Ha OCHOBHOMY ro)pOBaHOMY T10JIi Ta JIOKAJIbHOTO TifipaBJIiyHOro ONIOPY Ha BXO[i Ta
BUXOJi KaHaiy. [ligTBepA )KeHO aJleKBaTHICTb 3alIPOIIOHOBAHMX PiBHSIHB /1J1S1 PO3PaxyHKy €(peKTUBHOCTI
TeIIonepeadi Ta BTPAT TUCKY B KaHAJIAX 3BAPHOrO IJIACTMHYATOrO TEIJIOOOMIHHMKA 3 KPYIJIMMU IIJIACTUHAMMU Ta
MO>KJIMBICTb iX BUKOPUCTAHHS B iHKEHEPHUX PO3PaxyHKaxX IJIACTUHYATUX TEIJIOOOMiHHUKIB. PO3po6yieHo
y3arajgbHEHy MaTeMaTU4YHy MOJEJIb IIPoLecy Temnonepesadi Mixk 04HO(Pa3HUMU TEIJIOHOCIIMU B 6araTOXO0BOMY
3BapHOMY IJIACTUHYATOMY TEIJIOOOMiHHOMY anapary 3 [1epeXpeCHO-IIPOTUTOKOBAM PYXOM TEIJIOHOCIiB. BUKoHaHO
aHaJi3 pe3ysbTaTiB BUITPOOYBaHb 3pa3ka 3BapHOrO IJIACTMHYATOrO TEIJIOOOMIHHMKA BCTAHOBJIEHOTO B
IIPOMMCJIOBIH KOJIOHI CUHTe3y aMiaky Ha 3aBOJli 3 BUPDOOHUITBA amiaky. HaBeeHO onuc KOJIOHH i
€KCIIEPUMEHTAJIbHOTO 3pa3Ka TeIJI000MiHHMKA. Pe3yibTaTi IPOMHUCIIOBUX BUNIPOOYBaHb MiTBEPAMIIM IIPULATHICTD
3BApHOTO IJIACTMHYATOTO TEIJIOOOMIHHMKA 17151 po60TH B yMOBaxX TUCKY 110 32 MIIa u remneparyp no 520 °C
KOJIOHU CHHTEe3y aMmiaky. B mpomucioBux ymoBax MiATBEPIPKEHO a/1eKBATHICTb PO3PO0JIEHOI MATEMATUYHOI MO eI
Ta OJlep’KaHUX B JIabOPATOPHUX iCMIUTaX PiBHSIHB MOKJIaIEHUX B OCHOBY PO3pO0OKH ii po3po6ku. [TokazaHo
30inbLIeHHS Ha 15 % NPOAYyKTUBHOCTI KOJIOHHM IO aMiaKy 3a paxyHOK 30iJIbIlI€HHs] 3aBAaHTAXEHHS KaTaji3aropa B
KOJIOHI Ta MiJTBEPAKEHO MepeBaru BUKOPUCTAHHS MJIACTUHYATOTrO TEIJIO0OOMIHHYKA MOPIBHSHO 3 KOXKYX-TPYOHUM

1Ipu po6OTi B OGHAKOBUX YMOBaX.

2. The dissertation is dedicated to the important scientific and practical problem of the improvement of the energy
efficiency of production facilities by the enhancement of the efficiency of the industrial processes of gases heat
recuperation by the use of the multi pass welded plate heat exchangers. An analytical survey of the scientific and
technical information was carried out on the improvement of the energy efficiency of the chemical industry by the
heat recovery in the technological processes. It is shown that the improvement of the effect of integration of
thermal processes by the improvement of the level of heat recovery is possible with the use of compact heat
exchangers with intensive heat transfer, such as plate heat exchanger. Analysed are the possibilities for improving
the process of the ammonia production by the recovery of heat energy in the columns for synthesis. The main
requirements are formulated for heat exchange equipment operating at the high pressure and temperature
conditions of the units for the ammonia synthesis. Works with methods of calculation of plate heat exchangers
with the intensified process of heat transfer are analysed. The analysis of turbulent heat transfer in the channels of



complex geometric shape of plate heat exchangers with cross movement of gaseous heat carriers in the channels
is performed. The analysis was performed using the analogy of heat transfer and momentum. Using a three-layer
model of turbulent flow, the equation for calculating heat transfer based on the data on the hydraulic resistance of
the corrugated field of the channels of the plate heat exchanger is obtained. It is proved that the exponent at the
Prandtl number as a multiplier in the correlation equations for the calculation of heat transfer in gas flows in the
channels of plate heat exchangers must be greater than that for liquid flows. For the range of Prandtl numbers
from 0,5 to 7, the recommended value of this exponent is ¢ = 0.5. The description of the experimental stand and
model of the welded plate heat exchanger for research of process of heat transfer and pressure losses at cross
movement of heat carriers in channels of mesh-flow type formed by round corrugated plates is presented. The
stand and its equipment with control and measuring devices allows to carry out researches in a sufficient range of
change of the basic parameters of process and measurement of flow rates, temperatures and pressure of heat
carriers with sufficient accuracy. Experimental study of heat transfer and pressure drop in the model of a welded
plate heat exchanger confirmed for the case of transverse motion of heat carriers in the apparatus the validity of
the expressions proposed for the channels of plate heat exchangers mesh-flow type of different geometry. The
dependence of heat transfer efficiency (o) on the number of heat transfer units (NTU) in one pass of a plate heat
exchanger with cross movement of heat carriers is also estimated. The proposed equation can be used in the
calculation of plate heat exchangers with total counter and cross motion of coolants within individual courses. An
equation for calculating the pressure loss in the channel of a welded plate heat exchanger taking into account the
pressure loss in the main corrugated field and the local hydraulic resistance at the inlet and outlet of the channel is
proposed. The adequacy of the proposed equations for the calculation of heat transfer efficiency and pressure
losses in the channels of a welded plate heat exchanger with round plates and the possibility of their use in
engineering calculations of plate heat exchangers are confirmed. A generalized mathematical model of the heat
transfer process between single-phase heat carriers in a multi-pass welded plate heat exchanger with cross-
counter current motion of heat carriers has been developed. The analysis of test results of a sample of a welded
plate heat exchanger installed in an industrial ammonia synthesis column at an ammonia production plant is
performed. The description of the column and the experimental sample of the heat exchanger is given. The results
of industrial tests confirmed the suitability of the welded plate heat exchanger for operation at pressures up to 32
MPa and temperatures up to 520 ° C of the ammonia synthesis column. In industrial conditions, the adequacy of
the developed mathematical model and the equations obtained in laboratory exams, which are the basis for the
model development are confirmed. A 15% increase in the productivity of the ammonia column due to the increase
of the catalyst load in the column is shown and the advantages of using a plate heat exchanger in comparison with
a tubular heat exchanger when operating under the same conditions are confirmed.
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