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Apcenves [1.1O. JlocnimkeHHs IPOIECiB TEIIONepeadl y 3BapHUX 0araTroxoa0BUX
IJJACTUHYATUX  TEIUIOOOMIHHMX — amaparax i XIMIYHOI  MPOMHCIIOBOCTI.
Kgpamidikaiiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

Huceprariis Ha 3700yTTS HAayKOBOTO CTYINEHS KaHIUAAaTa TEXHIYHUX HayK
(moxtopa inocodii) 3a cnemianpHicTIO 05.17.08 «IIpomecu Ta obmagHaHHS
ximMigHOi TexHojorii» — (16 - XimiuHa Tta OioimkeHepis) — HarmioHaasHMIA
TEXHIYHUM YHIBEPCHUTET «XapKIBCHKUM MOMITEXHIYHUN 1HCTUTYT» MIiHICTEpCTBA
OCBITH 1 Hayku YKpainu, Xapkis, 2020 p.

Hucepraiiiss mojana 10 3axXuCTy y cremnianizoBaHoi BYeHoi pamau [l 64.050.05 B
HamionanbHOMY TEXHIYHOMY YHIBEPCHUTETI «XAapKIBChKHM  MOJITEXHIYHUUN
THCTUTYTY.

Huceptailisi NpUCBSUCHA BUPIMICHHIO aKTyallbHOI HAYKOBO-NPAKTHYHOI 3ajadi
MIJBUIEHHS €HEPreTUYHOi e(PEeKTUBHOCTI MIANPUEMCTB 32 PAaXYHOK I1JBUIIECHHS
e(deKTUBHOCTI TMpOoIleCy peKymepalii Termia Tra3iB IPOMHUCIOBUX IIPOLECIB 3
BUKOPUCTAHHAM  3BapHUX  0araToXOJAOBUX IUIACTUHYATUX  TEIIOOOMIHHUX
amapariB.

[IpoBeneHO  aHaMITHYHUKA  OMJIS[ ~ HAyKOBO-TEXHIYHOI  1H(poOpMalii  1moa0
MIJBUILIEHHSI €HEPreTUYHOi €(PEeKTUBHOCTI MIANPUEMCTB XIMIYHOI MPOMMCIOBOCTI
32 paxyHOK peKymepaiii Temja B TEXHOJOriYHUX mpouecax. llokazaHo, mio
NIJBUIIMTH €PEeKT 1HTerpauli TerIOBUX MPOIECIB 32 paxyHOK 30UIbLIECHHS PIBHS
pekymneparlii Tersja J03BOJIIE BUKOPUCTAHHS KOMITAKTHUX TEIUIOOOMIHHUKIB 3
IHTEHCU(DIKOBAHOIO TEIUIOBIIJIaYel0, TAKUX SK IUIACTUHYACTI TETIOOOMIHHUKHU.
[IpoanasnizoBaHO MOJIMBOCTI yJIOCKOHAJEHHS IMPOIIECY BHUPOOHHIITBA aMiaKky 3a
paxyHOK peKymepallii TernjaoBoi eHeprii B koyioHax cuHTe3y. CdopMyliboBaHO
OCHOBH1 BUMOTH JI0 TETUIOOOMIHHOTO 00JIalHAHHS Il pOOOTH B yMOBAX BHCOKOTO
TUCKY Ta TEMIIepaTyp arperariB cuHTe3y amiaky. lIpoanamizoBano poOoTH 3
METOJAMHM  PO3PAXYHKY  IJJACTUHYACTUX  TEIUIOOOMIHHUX  amapaTiB 3
1HTEeHCH(DIKOBAHUM ITPOIIECOM TEIUIONEepeaayi.

Ha 0a3i aHamizy TEOpPETMYHMX OCHOB TMPOIEeCY IOKa3aHO, M0 MOJIUBOCTI
iHTeHCcHdiKallii  TEIUIOOOMIHHMX  MPOIECiB B KaHallax  IIACTHHYACTHX
TEMJI00OMIHHUKIB JAJIEKO HE BUYEPIIaHI Ta MOTPEOYIOTh PO3BHHEHHS IiXOIB
1010 TPOTHO3YBAHHS POOOTH IHX amapaTriB B yMOBax peKymneparlii Tersa ra3oBux
MOTOKIB Ta pO3pOOKHM HAAIMHUX Ta TOYHUX METOIB ONTUMAJIBLHOTO PO3PAXYHKY Ha
OCHOBI E€KCIIEPHUMEHTaJbHUX Ta TEOPETUYHUX JIOCTiIKEHb 3 BHKOPHUCTAHHIM
METO/IB MAaTEMaTHYHOTO MOJICITIOBaHHSI.



BukoHano anami3z TypOYyJEHTHOrO TMEpEeHOCY TeIula B KaHalaX CKJIaJHOl
reoMeTpuuHoi (HOpMHU IUIACTHHYATHX TEIIOOOMIHHHMX amnapaTiB 3 MepexXpecHUM
PYXOM Ta3oBUX TEIJIOHOCIIB B KaHallaX. AHaji3 BUKOHAHO 3 3aJIy4E€HHSIM aHAJOTii
HNEPEHOCY TeIUla Ta IMIIYJIbCy. 3 BUKOPHCTAHHSAM TpbOX IAPOBOI MOJENI
TypOYJCHTHOTO TOTOKY OTpHUMaHE€ PIBHSIHHS ISl PO3PaxyHKY TEIUIOBIIAAul O
JaHUM TPO TiApaBIIYHUK OMip TOPpPOBAHOTO TNOJS KAaHANIB IJJACTHHYATOTO
Ter1ooOMiHHUKA. JIoBEICHO 10 MOKAa3HUK CcTyneHs npu uncii [Ipanaris B sxocTi
MHOKHUKA B KOPEJSALIAHUX PIBHSIHHIX JUISI pO3paxyHKy TEIJIOBIJAaul B Ta30BUX
NOTOKax B KaHAJIAX IUIACTUHYATHUX TEINIOOOMIHHUKAX MMOBUHEH OyTH OLIBIIMM YUM
IUIs IOTOKIB piguH. Jst mianazony umucen [Ipanaris Bix 0,5 mo 7 pekoMeHI0BaHO
3Ha4YeHHs 1bOro cTymneHs ¢ = 0,5.

HaBesieHO onUC eKCTIEpUMEHTAIILHOTO CTEHTy Ta MOJIeJl 3BapHOT0 TUIACTUHYATOTO
TEIJIO00OMIHHUKA IS JTOCTIKEHHS TIPOLiecy TeIlonepeadi Ta BTpaT TUCKY NpH
NepexpecHOMy pyci TEIUIOHOCIIB B KaHaJlaX CiTYaCcTO-MOTOKOBOTO THITY YTBOPEHHUX
KpYyTJauMHA  TO(QPOBAaHUMHU  TUTACTHHAMH. CreHm Ta WOro yCTaTKyBaHHS
KOHTPOJbHUMH Ta BHMIPIOBAILHUMH TPUCTPOSIMH  JIO3BOJISIE  TIPOBOJIUTH
JOCIIIJPKEHHSI B IOCTaTHHOMY JI1al1a30H1 3MIHM OCHOBHHUX IapaMETpPIB MPOLECY Ta
BUMIPIOBAHHS PO3XOIB, TEMIIEpaTyp Ta THUCKY TEIUIOHOCIIB 3 JIOCTaTHHOIO
TOYHICTIO. EKCneprMeHTallbHEe JOCHIIKEHHSI TETUIOOOMIHY 1 TMaaiHHS THUCKY B
MOJIE/I 3BapHOr0 IUIACTHHYATOTO TETUIOOOMIHHHMKA ITIITBEPAUIIO JJIS BHIAIKY
MOTIEPEYHOT0  PYyXy TEIUIOHOCIIB B  amapary CHpaBeJIMBICTb  BUPA3iB,
3aMpONOHOBAHUX JUIsl KaHAIB IUIACTUHYATHX TEIMJIOOOMIHHUKIB CITYaCTO -
MOTOKOBOT'O THUIY Pi3HOI reoMerpii. TakoXX OLIHEHO 3aJekKHICTh €PEKTUBHOCTI
terionepenayi (€) Bia uucna oauHuilb neperocy Temia (NTU) B ogHoMy Xxoi
IJIACTUHYATOTO  TEIJIOOOMIHHMKA 3  TEPEeXpPecCHUM  PYXOM  TEIUIOHOCIIB.
3anpornoHOBaHe  PIBHSHHS MOXE BHUKOPHUCTOBYBATHCS TPU  PO3PaXyHKY
IUIACTUHYATUX TETUIOOOMIHHUKIB 13 3arajlbHUM 3YyCTPIYHUM Ta TNEPEeXpPEeCcHUM
PYXOM TETUIOHOCIIB yCepeInHI OKPEMUX XOAIB.  3alpOTNOHOBAHO PIBHSHHS IS
pO3paxyHKy BTpaT THCKY B KaHajl 3BApHOTO IJACTUHYATOIO TEIUIOOOMIHHMKA 3
ypaxyBaHHSM BTpaT THUCKY Ha OCHOBHOMY TO(pOBaHOMY TIOJIi Ta JIOKAJIBHOTO
TiApaBIIYHOTO ONMOPY Ha BXOJ1 Ta BUXOAl KaHaly. I[linTBep/keHO aleKBAaTHICThH
3aMpPONOHOBAHUX PIBHIHB ISl PO3PAXYHKY €(DEKTUBHOCTI TEIJIonepeiayl Ta BTpat
TACKY B KaHajaX 3BapHOTO TIUIACTUHYATOTO TEIJIOOOMIHHUMKA 3 KPYTJIUMU
MJIaCTUHAMU Ta MOXJIMBICTh iX BHKOPHUCTAHHS B 1HXKEHEPHUX pPO3paXyHKax
MJIACTUHYATUX TETUIOOOMIHHUKIB.

Po3pobnieno y3araapHEeHy MaTeMaTHYHY MOJENTh MPOIeCcy Teruionepeaadi Mik
onHO(Ga3HUMHU TEIJIOHOCIAMH B 0araTOXOJOBOMY 3BapHOMY IUIACTHHYATOMY
TEIJIOOOMIHHOMY amapary 3 MepeXpecHO-MPOTUTOKOBUM  PyXOM TEIUIOHOCIIB.



3anponoHOBaHa METOJWKA PO3PaxXyHKY JO3BOJISIE BAapiIOBATH TEIUIO-TiApPaBIIIuHI
XapaKTEPUCTUKH TAKETIB TUIACTHH 3 PIBHEM JUCKPETHOCTI, pIBHUM OJIHIHM IIJIACTHHI
B 1akeTi. BoHa peamizoBaHa y BHUIVISAI HIPOrpaMHOIO 3a0€3MEUeHHs s
pO3paxyHKy 3BapHUX IUIACTHHYATHUX TEMJIOOOMIHHUKIB 3 MEPEXPECHO-TTOTOKOBOIO
CXEeMOI0 pyXy TEIUIOHOCIiB Ha TMEepCOHATBPHOMY KOMITIOTEpi. Po3pobieno
CHelliali30BaHy MaTeMaTU4YHy MOJeNb TMpolecy  Terionepeaayi MK
ofHO(A3HUMHU TEIUIOHOCIAMU B 0araTOXOJOBOMY 3BapHOMY IUIACTUHYATOMY
TEIUIOOOMIHHOMY amnapatry 3 HEepeXpecHO-TMPOTHUTOKOBUM PYXOM TEIUIOHOCIB 3
KpYTJIUMHU TUIACTUHAMU I KOJIOHM CHHTe3y amiaky. Mojenb JidicHa st
0aratoxoJ0BUX TEIIOOOMIHHMKIB 3 HECUMETPUYHHUM YHUCIOM XOJIB B
MOJIEJIbOBAHOMY TEIJIOOOMIHHUKY 3 BIJHOIICHHSM YHUCE] XOJIIB KPAaTHIM JBOM.
Mogenr ~ KopucHa Ui pO3paxyHKy  TpoIlecy  Terionepenadyi B
eKCIIEPUMEHTAJIbHOMY  3pa3Ky 3BapHOTO IUIACTUHYATOTO  TEMJIOOOMIHHHKA
BUTOTOBJICHOTO [JIi BUIPOOYyBaHb B IPOMUCIOBIM KOJIOHI CHHTE3y aMiaky.
Po3pobneHo  cremianmizoBaHy NpHAATHY JUIi BUKOHAHHSA  ONTHMIi3aLllMHHUX
pO3paxyHKIB MoOJielb poOOTH 0araToxXoJI0BOTO amapara 3 CHMETPUYHUM
po3TallyBaHHSIM XOJIB TEIJIOHOCIiB. MaremarnuyHa MOJENb OMHUCY€E IPOIIeC
Terwionepeaayl MK OJHO(GA3HUMH TEIUIOHOCIAMH B 3BapHOMY IUIACTUHYATOMY
TEIUIOOOMIHHOMY amapaTry 3 NEepeXpecHO-TPOTHTOKOBUM PYXOM TEIUIOHOCIIB 3
KPYTJIUMH TUTACTHHAMH JUISl KOJIOHM CHUHTe3y amiaky. OjaepikaHo piBHSIHHS
PO3paxyHKy HailKpaioi IIBUIKOCTI Teyli TEIJIOHOCIIB, sika 3a0e3nedye MOBHE
BUKOPUCTAaHHS 33JaHOT0 MAJIHHSA THUCKY Tapsyoro TEIJIOHOCIS MpPU BUKOHAHHI
3aJIaHOTO TEIJIOBOTO0 HaBaHTAXKEHHS TETUIO0OMIHHUKA.

BukoHaHO aHami3 pe3ynbTaTiB BUIPOOYBaHb 3pa3ka 3BApHOrO IUIACTUHYATOTO
TEMJI000OMIHHMKA BCTAHOBJIEHOTO B IPOMHCIIOBIM KOJOHI CHUHTE3Y aMmiaKy Ha
3aBOJIl 3 BHUPOOHMIITBA amiaKy. HaBeneHO omHMC KOJOHU 1 €KCIIEPUMEHTALHOTO
3paska TerioooMiHHuKa. 2.  PesynbpTaTn MIPOMUCIIOBUX BUINIPOOYBaHb
MIITBEPIUIIN MPUIATHICTh 3BAPHOIO IUIACTHHYATOTO TEIII0OOOMIHHUKA JIJIsE pOOOTH
B yMoBax THCKy 110 32 MIla u temneparyp 10 520 °C kojgoHM CUHTE3y amiaky. B
MIPOMUCJIOBUX YMOBaXxX MiATBEPKEHO aJ€KBATHICTh PO3POOJICHOI MaTEeMaTUYHOI
MOJIeJIl Ta OJIepKaHUX B JAOOPATOPHUX ICHUTAX PIBHSIHb MOKIAIEHUX B OCHOBY
po3po6ku ii po3poOku. Ilokazano 30inbiIeHHS HA 15 % OPOAYKTUBHOCTI KOJIOHH
M0 aMiaKy 3a paxyHOK 30UIbIIEHHS 3aBaHTAKECHHs KaTajli3aTopa B KOJOHI Ta
MIATBEP/PKEHO TepeBard BUKOPUCTAHHS  TUIACTMHYATOTO  TEIUIOOOMIHHHKA
MOPIBHSHO 3 KOXKYX-TPYOHHM TIpH poOOTI B OTHAKOBUX yMoBax. [Ipu mocmimxeHH1
amapary micjsi ABOX POKIB HOTO poOOTH, Ha MPOTAT Yacy MOBHOTO MPOOIry KOJIOHH,
HISIKUX 3QJIMIIKIB CTApPiHHA KaTajli3aTopy Ha IMOBEPXHI MIACTUH HE 0YJIO BUSIBIICHO.
[le BKazye Ha MOXJIMBICTh BUKOPUCTAHHS TEIMJIOOOMIHHUKIB 3 CHUMETPUYHOIO



CXEMOIO XOJIIB TEMJIOHOCIIB, OCKUIbKM HECUMETpUYHA CXeMa, po3poliieHa s
MIOJIOJIAHHS [HOTO SIBHINA Ja€ 3HAYHE 3MEHIICHHS CEPEIHBOTO TEMIIEpaTypHOTO
Haropy 1 e(peKTUBHOCTI TeIUIonepeaayi.

PesynpraTn  BuUmpoOyBaHb  JIO3BOJISIIOTH ~ PEKOMEHIYBaTH  MOLIMPEHHS
BUKOPUCTAHHA  3BapHUX  IJJACTUHYATHX  TEIUIOOOMIHHUKIB  pO3pOOJIEHOT
KOHCTPYKIIi JJIsl KOJIOH CUHTE3y amiaky.

Po3po6ieno anroputm omrTumizaiii Ha 0a3l MaTeMaTHYHOI MOJENl Mpolecy
TEIJI000MIHY B KaHajaX 3BapHUX IJIACTHHYATUX TEMJIOOOMIHHUKIB KOJIOH CUHTE3Y
aMiaKy 3 PIBHOIO KIJBKICTIO XOJIB i1 000X TeIIoHOCIiB. Ile 103BoJIsi€ OLIHUTH
ONTUMAJIbHI MapaMeTPu KOHCTPYKIli TEMIOOOMIHHMKA IJs 3aJlaHuX yMOB
eKCIUTyaTallii, OpIEHTYIOUHCh HAa MIHIMalbHY IUIONLY TEIUIONEpeaadl B SKOCTI
KpuTepito ontuMizanii. byna oTpumaHa onTHUManbHa KOHCTPYKI[S 3BapHOIrO
IJIACTUHYATOTO TEIJIOOOMIHHMKA Ui pPOOOTH B KOJOHI CHHTE3y amiaky.
Haiinemesia KOHCTPYKIliA 3 pO3MISTHYTOO (hOpMOIO ropyBaHHS IIJIACTHH Mae
TUIOIY TTOBEPXHI TeIuionepeaadl piBHy 68,78 M2 mpu BiJCTaHI MK IJIaCTHHAMHU
3,3 MM, 3 TppOMa XOJaMH JUIsI PYXy XOJIOAHOTO Ta Tapsyoro TEIUIOHOCIB 1
NPOTUTEUIEI0 PYXy MOTOKIB. OgHaK HaWMEHIIWH TEMIOOOMIHHUK, 310paHuil 3
ICHYIOUMX IUIACTUH 3 (PIKCOBAHOIO BUCOTOIO TOopu 4 MM, MOBHHEH MaTH YOTHUPHU
npoxoau 1 miomly Teronepenaydi 85,12 M2, mo Ha 25% Oinblie, ane 3 3amacom
3,1% nns TemyoBOro HaBaHTaxkeHHs. Po3poOieHa mareMaTudyHa MOACHb 1
QITOPUTM OITHUMI3AIlli MOXYTh OYTH BUKOPUCTAHI JJI1 ONTUMAIBLHOTO PO3PAXYHKY
reoMeTpii MIaCTUH 3BAPHUX TUIACTUHYATUX TETUIOOOMIHHMKIB JJISl KOJIOH CHHTE3Y
amiaKky pi3HHX JiaMeTpPiB Ta 3 PI3HUM HABAaHTAXEHHSM [0 CHHTE3 razy 1 pi3HUMH
TEeMITepaTypaMHt B 30HI XIMIYHOT peaKIlii CHHTe3y. MaremaTiudHa MOJIeTTh 1
QITOPUTM ONTHUMI3aIlii MOXYTh TaKOX OyTH BHUKOPHCTaHI IS ONTHMAIbHOTO
pPO3paxyHKy TEIUIOOOMIHHMKIB 13 ICHYIOUMX IUIACTUH KpYyrioi (GopMu 3 pi3HUM
po3MminIeHHsIM rodpiB Ha MOJII TUIACTUHM.

Knrouosi cnosa: mnactuHuacTUi TEMJIOOOMIHHUM amapar, Terjonepenaya, Kpyria
ropoBaHa IUIACTUHA, TIIPABIIYHUI OMIp, AOTUYHE HAMPYKEHHS, MaTeMaTU4YHa
MO/IeJ1b, ONTUMAIbHUI pO3paxyHOK
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ABSTRACT

Arsenyev P.Yu. Investigation of heat transfer processes in welded multi pass plate
heat exchangers for chemical industry. — Qualification scientific work as a
manuscript.

Thesis for granting the Degree of Candidate of Technical sciences (PhD degree) in
specialty 05.17.08 «Process and equipment of chemical technology» (16 —
Chemical and bioengineering) — National Technical University «Kharkiv
Polytechnic Institute» of Ministry of Education and Science of Ukraine, 2020.

The thesis is presented for protection in a specialized Academic Council
J164.050.05 in National Technical University «Kharkov Polytechnic Institutey.

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.

Based on the analysis of the theoretical foundations of the process it is shown that
the possibilities of intensification of heat exchange processes in the channels of
plate heat exchangers are far from exhausted and require the development of
approaches to predict the operation of these devices in heat recovery of gas flows
and development of reliable and accurate methods using methods of mathematical
modelling.

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 (€) 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 proposed calculation
method allows to vary the thermal and hydraulic characteristics of the packages of
plates with a level of discreteness equal to one plate in the package. It is
implemented in the form of software for the calculation of welded plate heat
exchangers with cross-flow scheme of coolant movement on a personal computer.
A specialized 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 with round plates for an ammonia synthesis column



has been developed. The model is valid for multi-pass heat exchangers with an
asymmetric number of passes in a simulated heat exchanger with a ratio of the
number of passes multiples of two. The model is useful for calculating the heat
transfer process in an experimental sample of a welded plate heat exchanger made
for testing in an industrial ammonia synthesis column. A specialized model of
operation of a multi-pass apparatus with a symmetrical arrangement of heat
carriers passes suitable for optimization calculations has been developed. The
mathematical model describes the process of heat transfer between single-phase
heat carriers in a welded plate heat exchanger of round plates with cross-counter
current motion of heat carriers for the ammonia synthesis column. The equation is
proposed for calculating the best flow rate of heat carriers, which provides full use
of a given pressure drop of hot coolant when performing a given heat load of the
heat exchanger.

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. In the study of the apparatus after two
years of its operation, during the time of full run of the column, no remnants of
aging of the catalyst on the surface of the plates were detected. This indicates the
possibility of using heat exchangers with a symmetrical scheme of coolant flows,
because the asymmetrical scheme designed to overcome this phenomenon gives a
significant reduction in average temperature pressure and heat transfer efficiency.
The test results allow to recommend the use of welded plate heat exchangers of the
developed design for ammonia synthesis columns.

An algorithm for optimization based on a mathematical model of the heat
exchange process in the channels of welded plate heat exchangers of ammonia
synthesis columns with an equal number of passes for both heat carriers is
developed. This allows to estimate the optimal design parameters of the heat
exchanger for the given operating conditions, focusing on the minimum heat
transfer area as an optimization criterion. The optimal design of the welded plate



heat exchanger for operation in the ammonia synthesis column was obtained. The
cheapest design with the considered form of corrugation of plates has the area of a
surface of heat transfer equal 68,78 m? at distance between plates of 3,3 mm, with
three passes for movement of cold and hot heat carriers and counter current of
movement of streams. However, the smallest heat exchanger assembled from
existing plates with a fixed corrugation height of 4 mm must have four passages
and a heat transfer area of 85.12 m2, which is 25% more, but with a margin of
3.1% for heat load. The developed mathematical model and optimization algorithm
can be used for optimal calculation of plate geometry of welded plate heat
exchangers for ammonia synthesis columns of different diameters and with
different load on gas synthesis and different temperatures in the zone of chemical
reaction of synthesis. The mathematical model and optimization algorithm can also
be used for optimal calculation of heat exchangers from existing round plates with
different placement of corrugations on the plate field.



Keywords: plate heat exchanger, heat transfer, round corrugated plate, hydraulic
resistance, tangential stress, mathematical model, optimal calculation
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