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CyuacHi TexHoJOrii B OyIiBHUIITBI PO3BUBAIOTHCS AY>KE IIBUAKO 1 CTABIAThH
BCE€ JKOPCTKIIII BHUMOTH JIO TNPOAYKTUBHOCTI, SKOCTI BHUKOHAaHHS pOOIT Ta
eHeproe@ekTuBHOCTI oOnagHaHHA. OJHUM 3 KIIOUOBHMX AacleKTiB MexaHizarlii
OymiBeTbHUX POOIT € 3aCTOCYBAHHS INTYKaTYpHUX arperariB 1 po34YMHOHACOCIB.
Bonu 3a6e3mneuyioTs €(EeKTUBHE TPAHCHOPTYBAaHHS Ta HAHECEHHS OyIiBEIbHHUX
CyMIILIEH Ha MOBEpPXHI KOHCTPYKUIA. MexaHi30BaHe INepekauyBaHHs OyJlIBEIbHHUX
CyMIlllell CYTT€BO IIJIBUIIYE TMPOIYKTUBHICTb POOOTHU, 3HUKYE TPYAOMICTKICTh
IpOLIECIB 1 3a0e31neuye pIBHOMIPHE HAHECEHHS MaTepiaiB.

VY cyuyacHUX MITyKaTypHUX yCTaHOBKax JJisi Tojadi OyIBEIbHUX PO3YUHIB
IITUPOKO 3aCTOCOBYIOTHCS TBHHTOBI Hacocu Oe3mepepBHOi aii. BoHu 3a6e3mneuyrorh
IUIaBHY Ta pPIBHOMIPHY TMOJady CyMIillll, 3JaTHI MpamoBaTd 3 B S3KUMH,
HEOHOPIIHUMH Ta aOpa3sMBHUMM MareplajaMd, a TaKoX BIJA3HAYAIOThCS
KOMITAKTHICTIO Ta MPOCTOTO KOHCTPYKIIii. Pa3oM 13 TUM epeKTUBHICTh iX poOOTH
3HAYHOIO MIpPOIO 3aJIeKUTh BlJ KOHCTPYKTHBHMX MapameTpiB TBUHTOBOI Mapw,
pEXHUMIB POOOTH MPUBOAY Ta (H13UKO—MEXAHIYHUX XaPAKTEPUCTUK PO3UHHIB.

ByniBenbHI pO3YMHU € CKJIAJHUMU OAraTOKOMIOHEHTHHMMH CHCTEMaMH, SIKi
XapaKTePU3yIOThCsI HEHBIOTOHIBCHKOIO TTOBEIIHKOIO, HASIBHICTIO TBEPANX BKIIOUCHD
1 3MIHHOIO B’s13KicTIO. L{i hakTOpH CyTTEBO BIUIMBAIOTH HA TAPOAMHAMIYHI MMPOIIECH
B poOouiii Kkamepli Hacoca, BHUKIMKAIOTh TIJIBUINCHE EHEProCHOKUBAHHS,

HEOJTHOPITHICTh MOAaYl Ta IHTEHCUBHE 3HOIITYBaHHS €JIEMEHTIB TBUHTOBOTO By3JIa.



Tpaguiiiini MeTonyM MNPOEKTYBaHHS HACOCHOTO OOJIaJlHAHHA 4YacTo He
BPaxXOBYIOTh KOMIUJIEKCHOTO BIUIMBY PEOJIOTIYHUX BJIACTUBOCTEH PpO3YMHIB,
TeOMETPUYHHUX MapaMeTpiB TBUHTOBOI MApH Ta PEXKUMIB pOOOTH MPUBO/LY.

VY 3B’SM3Ky 3 IIUM aKTyalbHUM € TIPOBEIEHHS JOCHIIKEHb MPOIEeCy
nepekadyyBaHHs OyliBENTbHUX PO3YMHIB TBHHTOBUMH HAcOCaMH, pPO3pPOOJICHHS
MaTeMaTUYHUX MofeNell poOOoYoro mporecy Ta OOTPYHTYBaHHS ONTHUMATbHHUX
KOHCTPYKTUBHHX 1 PSKUMHHX MapaMeTPiB HACOCHOTO O0JIaJHAHHSI.

O0’ekTOM J0CHiIKeHHI € TBUHTOBHM Hacoc Oe3mepepBHOI il jIs
nepekadyyBaHHs Oy[AiBeJTbHUX PO3YMHIB Ta PiJIMH..

IIpeameTom noc/iigkeHHsI € KOHCTPYKTHBHI, KIHEMaTU4HI Ta palllOHAJIbHI
PEXHMMHI MapaMeTpyu TBUHTOBOTO HACOCA, a TAKOX 1X BIUIMB Ha MPOAYKTHUBHICTB,
eHeproeeKTUBHICTH 1 SIKICTh MPOIECy MEePeKauyBaHHS 3 YPaXyBaHHIM PEOJIOTTYHUX
BJIACTUBOCTEH pOOOYOT0 CEpeOBHIIA. .

MeTtoro nociiikeHHs € OOIpyHTyBaHHS MapaMeTpiB TBUHTOBOIO Hacoca
Oe3nepepBHOI il A1 €(pEeKTUBHOTO MEepeKavyBaHHs OyIiBEIbHUX PO3YUHIB 1 PIAUH
3 ypaxyBaHHSM iX pPEOJIOTIYHUX XapaKTEPUCTHK, IO 3a0e3Medye IiIBUIICHHS
MPOAYKTUBHOCTI, €HEProe(peKTUBHOCTI Ta IOBFOBIYHOCTI HACOCHOTO O0JIaTHAHHS.

JU1st HOCATHEHHS MOCTABJIEHOI METH Y POOOTI BUPIIIEHO KOMIUIEKC HAyKOBUX
Ta 1HKEHEPHUX 3a7ay, 110 BKJIIOYAIOTh aHali3 ICHYIOUMX KOHCTPYKII TBUHTOBHX
HACOCIB, JIOCHIDKCHHS PEOJIOTIYHMUX BIIACTUBOCTEHW OyIIBETBbHUX PO3YMHIB,
pPO3pOOICHHST MaTeMaTUYHOI MOENl TPOIeCy TPaHCIOPTYBaHHA Marepiany y
IBUHTOBIM Tapi, BU3HAYEHHS ONTHUMAJIbHUX TECOMETPUYHUX 1 paIlioHAIBHUX
pSKUMHUX TIapaMeTpiB HAcoca, EKCIEePUMEHTAIbHY TEPEeBIPKY OTPUMAHUX
3QJIEKHOCTEN Ta (POpMYBaHHS PEKOMEHMAIIN MO0 MiABUILCHHS €()EKTHUBHOCTI
POOOTH HACOCHOTO OOJaTHAHHS.

HaykoBa HOBH3HA OTpUMaHKX PE3YJIBTATIB MOJSTAE B TOMY, II10:

— BHepIIie pPO3poOICHO YAOCKOHAICHY MaTeMaTWYHy MOJEIb TPOIEeCy
TpPaHCIOPTYBaHHs Oy/AiBEJIbHUX PO3YHHIB Y TBUHTOBOMY Hacocl Oe3nepepBHOI Ail 3
ypaxyBaHHSIM PEOJIOTTYHUX BIACTUBOCTEH Marepiaiy, BKIOYalOuH 3MiHY B’ SI3KOCTI,

B’SI3KOIJIACTUYHI BIACTHBOCTI Ta HAsIBHICTh a0pa3WBHUX BKIIFOUEHb;



— BIIEpIIE€  BCTAHOBJIEHO  3aKOHOMIPHOCTI  BIUIMBY  T'€OMETPUYHUX
napamMeTpiB TBUHTOBOI Mapu Ta PEXKUMIB POOOTH MPUBOAY Ha MPOAYKTHBHICTB,
Harip Ta eHeproe(eKTUBHICTh TBUHTOBOTO HACOCa;

— EKCIIEPUMEHTAJILHO OOTPYHTOBAHO ONTUMAaJIbHI KOHCTPYKTHBHI MapaMeTpH
TBUHTOBOTO POOOUYOTO OpTaHy, Mo 3a0€3Meuy0Th PIBHOMIPHY Tofaqy OymaiBEIbHOTO
po3unHy 0€3 ImyJIbCcalliid Ta 3HIKEHHS EHePTeTUYHUX BTPAT;

— po3po0seHO KpuTepli OIIHIOBaHHS €(PEKTUBHOCTI POOOTH TBUHTOBOTO
HAcoca 3 ypaxyBaHHSM B3a€MOil MapameTpiB TiAPONPHUBOAY Ta XapaKTEPUCTHK
NepeKauyBaHOTO CEPEIOBUIIIA.

[IpakTiyHe 3HAYEHHS OTPUMAHUX pE3YJbTATIB TOJSATa€ Yy MOXKJIMBOCTI
BUKOPDHCTaHHS pO3pOOJIEHMX METOAMK 1 PEKOMEHJAUld [ MiABUIIEHHS
e(eKTUBHOCTI POOOTH TBUHTOBHX HACOCIB Yy IITyKaTypHUX arperarax Ta iHIIMX
Oy/1BEIbHUX MAaIlluHaX.

OTpumaHni pe3ylbTaTi JO3BOJISIIOTh ONTUMI3YBAaT KOHCTPYKTUBHI NapaMeTpu
IBUHTOBOTO BY3Ja, MIABUIIUTH PIBHOMIPHICTh IMO/a4l OyIIBEIbHUX PO3YMHIB,
3MEHIIUTH €HEProCIOXKUBAHHS Ta 30UIBIIUTH pecypc poOOTH 00Ia HAHHS.

Po3po0bneni pekomenaaiii MOXyTh OyTH BUKOPUCTAHI MPU MPOCKTYBaHHI Ta
MOJIepHi3allli IITyKaTypHUX YCTaHOBOK, PO3UMHOHACOCIB 1 HACOCHOTO OOJIaIHAHHS
JUTSI TPAHCTIOPTYBAHHS B’ SI3KMX Ta HEOTHOPITHUX CEPEIOBUIII.

[IpakTiuyHi  pe3ynbTaTH  JOCHIDKEHHS MOXYTh  3aCTOCOBYBATHUCS Y
OyHiBeNbHIN, XIMIYHINA, XapyOBIi Ta THIIMX Trally3gXx MPOMHCIOBOCTI, 1€ HEOOX1aHEe
nepeKauyBaHHs B A3KOIUIACTUYHUX MaTepiaiB.

Pesynbrati gocinikeHb BIPOBAHKEHO y BUPOOHMIITBO HA MiANMPUEMCTBI
«byamexanizamis» (M. IlonraBa) ta XBK «Bopckna» (m. Ilonraa) mim wac
BUKOHAHHS BIJHOBIIOBAJIBHUX POOIT, IO IMATBEPIKCHO BIAMOBIIHUMH aKTaMU
BITPOBAPKCHHHI.

VY BcTymi BKa3zaHO, IO CyyacHl OyAiBelIbHI TEXHOJOT NOTPeOyIOTh
e(eKTUBHUX 3ac00IB MEXaHI30BAHOTO TPAHCIIOPTYBAHHS OyHMIBEILHUX PO3YHHIB, a
IBUHTOBI HACOCH € OJTHUM 13 Halle()eKTUBHIIIMX TUIMIB OOJIaIHAHHS ISl pOOOTH 3

B’SI3KUMHU Ta HEOIHOP1THUMH Marepiaiamu. BogHouac icHYr041 KOHCTPYKIIT MarOTh



HEJIOJIIKH, TIOB’s3aH1 3 €HEepProBUTparaMu, HECTAOUIBHICTIO MOAadl Ta IIBUJIKUM
3HOIIYBaHHSAM POOOYHMX OpraHiB.

3a3HadeHo, Mo OymiBeIbHI PO3UYMHU MAIOTh CKJIAJHI PEOJIOTIYHI BIACTUBOCTI
(B’sI3KICTh, HASIBHICTh a0pa3sMBHUX YaCTHUHOK), Kl CyTTEBO BILIMBAIOTh Ha POOOTY
TBUHTOBOTO HAacOCa Ta MOBHUHHI BPaXOBYBaTUCh MIPHU HOTO MPOEKTYBaHHI.

[Tigkpecieno, Mo ONTUMI3allisg TeOMETPii TBUHTOBOI apu, PEXKUMIB poOOTH
OpUBOJly Ta YMOB TPAHCIOPTYBAaHHS PO3YMHY  JO3BOJIUTH  IiJIBUIIUTH
IPOAYKTUBHICTH POOOTH IITYKaTypHOTO arperary.

[TokazaHo, 110 TpaguIiiHI METOIMKHU IPOEKTYBAHHS HACOCIB HE BPaXOBYIOTh
MOBHOIO MIPOIO PEOJIOTIUHI BJIACTUBOCTI OymiBEIbHUX CyMillIei, ToMy HEoOXiIHe
YTOYHEHHSI MaTeMaTHYHUX MOJeTieil poOoUoro mporecy.

Pesynbratu pobGOoTH MOXYTh OyTH BHUKOPHCTaHI JJii BIOCKOHAJICHHS
HITYKATypHUX arperariB Ta 1HIIMX MallliH, 1110 3aCTOCOBYIOTh TBUHTOBI HACOCH JIJISI
TPAHCIOPTYBaHHS OyA1BETbHUX CyMILIEH.

Y mepmomy po3aisi IpoBEAEHO aHali3 Cy4acCHOrO CTaHy Ta MEPCHEKTHB
PO3BUTKY IITYKaTypHUX arperariB 1 po34MHOHACOCIB, PO3MISIHYTO OCHOBHI THUIU
oOnajiHaHHS IS TPAHCIOPTYBaHHS OyIIBENbHUX PO3YMHIB, HABEJICHO IX
KJacu(ikamilo Ta KOHCTPYKTHBHI ocoOmuBocTi. OcoOnuBy yBary HpUALIEHO
IBUHTOBMM  pO3UYMHOHAcOCAaM, M0 3aCTOCOBYIOTbCA Yy  MajorabapuTHHX
MITYKaTypHUX ycTaHOBKax. [[poaHanizoBaHo XHi IepeBaru Ta HEJOJIIKH, BU3HAUYCHO
OCHOBHI (haKTOpH, 1110 BIUIMBAIOTh Ha €()EKTUBHICTH POOOTH TBUHTOBOIO By3ja, a
Tako)XK  OOIPYHTOBAaHO  HEOOXITHICTh  MOAANBIIUX  JOCHIKEHb  IPOIECY
nepeKadyyBaHHs Oy/lIBEIbHUX PO3UMHIB.

Y npyromy po3iiiai BUKOHAHO TEOPETUYHI JOCTIIKEHHSI poOOYOro mpouecy
I'BUHTOBOTO Hacoca. KiacudikoBaHO IBUHTOBI HACOCH 3a MPHUHITUIIOM iX pOOOTH.
Po3po0ieHo mMareMaTH4Hy MOZEINb MPOLEeCy TPAaHCHOPTYBAHHS PIAMHHU Y poOOUiil
KaMepi Hacoca, 1110 BpaxoBy€e TeOMETPHYHI TapaMeTpH TBUHTOBOI MapH, MBUIKICTh
oOepTaHHs pOTOpa, BUTOKH Yy 3a30pax Ta T1IPOJUHAMIYHI XapaKTEPUCTUKH MOTOKY.

OTpuMaHO 3aJIEKHOCTI JUISI BU3HAYEHHS MPOAYKTHUBHOCTI, HAaropy,

KoedillieHTa KOPUCHOI i Ta €HEepreTHYHMX MapaMeTpiB Hacoca. JlocIimKeHo



0COOJUBOCTI pOOOTH TBUHTOBOTO HAacOCa MPHU MEepeKauyBaHHI B’ I3KHX, a0pa3UBHUX
Ta HEOJHOPITHUX CepeoBUIll. PO3MISIHYTO PEOoJIOTIvHI BIACTUBOCTI OyHdiBEIIbLHUX
PO3UHMHIB Ta IX BIUIUB Ha TiAPOIMHAMIYHI MPOILIECH B HACOCI.

[IpoananizoBaHO BIUIMB pEOJIOTIYHUX [MapaMeTpiB Ha MPOTYKTUBHICTD
HAacoca, BTPaTy TUCKY Ta EHEPrOBUTPATH.

VY TpeThoMy pO3aisli HABEACHO PE3YIbTaTH EKCIIEPUMEHTATBHUX T0CTIIKCHb
poOOTH TBUHTOBOTO Hacoca. OMNHUCAaHO KOHCTPYKIKO J1abOpaTopHOro CTEHJa,
METOAMKY TPOBENCHHS EKCIIEpUMEHTIB Ta YMOBHU JoCHiJkeHHA. [IpoBeneHo
EKCIIEPUMEHTAJIbHY TIEPEBIPKY OTPUMAHUX TEOPETUYHUX 3AJIEKHOCTEH, BU3HAYEHO
BIUIMB F€OMETPUYHUX MTapaMeTPiB TBUHTOBOIO By3Jla Ta PEXKUMIB POOOTH MPUBOAY
Ha TMPOAYKTUBHICTb 1 EHEpProCrnoKMBaHHS Hacoca. HaBemeHo pe3ynbratu
TEOPETUYHUX 1 EKCTIEPUMEHTAIBHUX JIOCHIJKEHb, C(HOPMYIBOBAHO PEKOMEH AL
[0JI0 BUOOPY KOHCTPYKTUBHHUX IMapaMeTpiB TBUHTOBUX HACOCIB Ta PEXKHUMIB iX
poOOTH 3aJI€KHO BiJl BIACTUBOCTEN OyIBEbHUX pO3UMHIB. PO3po0iieHo 1HKEHEpHI
pexkoMeHAalii A8 MPOEKTyBaHHS Ta EKCIUTyaralii HAacOCHOTo OOJiagHAaHHS,
COpsIMOBaH1 Ha MIABULICHHS €()EKTUBHOCTI MEXaHI30BaHOIO TPAHCIOPTYBAHHS
OyIiBETLHUX CyMIIIEH.

Y dyeTBepTOMY PO3AiTlI HABEACHO pE3yJabTaTH MPAKTUYHOI peasizarlii
pO3pO0OJIEHUX y JUCepTaliiHii poOOTI TEXHIYHMX PIlIeHh Ta METOAUYHUX
pexomennauii. IlpencraBiaeHo pe3ynbTaTH  BUKOPUCTAHHS  YIOCKOHAJICHHX
KOHCTPYKTUBHHX 1 PEKUMHUX MapaMeTpiB TBUHTOBOIO Hacoca Oe3nepepBHOI il y
CKJIaJl MITYKaTypHUX arperariB Ta HAaCOCHOTO OOJIaHAHHSA JIJIsi TPAaHCIOPTYBaHHS
OyIiBETbHUX PO3YHHIB.

HaBeneno pesynbrard BOPOBAKEHHS PO3POOJIIEHUX PEKOMEHMAlll Yy
IPAKTUKY IPOEKTYBaHHs Ta €KCIUTyarTallii HAaCOCHOrO OOJIaJHaHHSI, 10 JO3BOJIMIIO
NIJBUIIUTH €(PEKTUBHICTh MEpeKauyBaHHS OyIIBENbHUX CyMIIIe, 3MEHIIUTH
€HEProCroKMBaHHA Ta 30UIBIINTH PECYpPC pOOOTH €JE€MEHTIB TBUHTOBOTO By3JIa.

[TokazaHo, 110 3aCTOCYBaHHS OTPUMAHUX PE3YJbTATIB CIPUSIE IM1BUIICHHIO
PIBHOMIPHOCTI TOJaul pO3YHMHY, MOKPAIICHHIO TEXHOJOIYHUX MapaMeTpiB

HMITYKaTYpHUX POOIT Ta 3HIKEHHIO EKCIUTyaTalllMHUX BUTpaT. Takok HaBEeIEHO



MOKJIMBOCTI BUKOPUCTAHHSI PE3YJbTATIB NOCTIHPKEHHS Y HaBYaJIbHOMY IIpOIIECi
3aKJajiB BHWIINOI OCBITM MPU TMIATOTOBII (axiBIIB 3 MaIIMHOOYTYBaHHS Ta
OyIiBEeTbHOT TEXHIKH.

VY nonatkax po3MileHO Marepialiu, 10 AOMOBHIOIOTh 1 YTOUHIOIOTH OCHOBHI
MOJIOKEHHSI ~ JucepTamiiHoi  pobotu.  30KpemMa  MOAAaHO  pe3ylbTaTu
eKCIIEPUMEHTAIBHHX JTOCIIIKEHb pOOOTH TBUHTOBOTO Hacoca Oe3MepepBHOi i pH
nepekadyyBaHHI  OymiBEIbHUX PO3YMHIB, aKTH BIPOBAHKCHHS  PE3yJbTaTiB
JTOCITIDKEHHS y BUPOOHUTY JiSTbHICTh Ta HABYAJIBHUN MPOIIEC; TAaTEHT Ha KOPUCHY
Monenb. JlogaTku MICTATH BIJIOMOCTI, SKI 3a0€3MedyloTh IMOBHOTY BUKJIQJACHHS
pe3yJbTaTIB JOCIHIKEHHS Ta MATBEPKYIOTh X MPAKTUYHY I[IHHICTb.

KurouoBi cJjioBa: TBUHTOBHIMI HAcoC, TBUHTOBHUM BY30JI, PO3YMHOHACOC,
MITYKaTypHUI arperar, mnepekadyyBaHHS OyJIiBENbHUX PO3YUHIB, PEOJOTIYHI
BJIACTUBOCTI, HEHBIOTOHIBCHKI PIIMHH, MPOAYKTUBHICTh Hacoca, T1IApOoAUHAMIYHI
IPOLIECH, MaTeMaTUYHa MOJI€NIb, KOHCTPYKTHUBHI MapaMeTpH, €HEProe()eKTUBHICTD,

TiApaBIIYHUN TPUBIJ, HACAJKH, HACOCHE O0JaIHaHHSI, KOMIT FOTEPHE MOJICITIOBAHHS



ABSTRACT

Salnikov R.Y. Substantiation of continuous progressive cavity pump
parameters for pumping construction mortars and liquids. — Qualification scientific
work submitted as a manuscript.

Dissertation submitted for the Doctor of Philosophy degree in Specialty 133
— Industrial Mechanical Engineering. — National University "Yuri Kondratyuk
Poltava Polytechnic", Poltava, 2026.

Modern construction technologies are developing rapidly and impose
increasingly stringent requirements on productivity, work quality, and equipment
energy efficiency. One of the key elements in construction process mechanization is
the application of plastering units and mortar pumps. These machines ensure
efficient transportation and application of construction mixtures onto structural
surfaces. Mechanized mortar pumping significantly increases productivity, reduces
labour intensity, and provides uniform material application.

Modern plastering systems widely employ continuous progressive cavity
pumps for supplying construction mortars. These pumps provide smooth and
continuous material delivery, operate reliably with viscous, heterogeneous, and
abrasive media, and feature compact design combined with simple construction.
However, their performance strongly depends on screw pair geometry, drive
operating conditions, and physical as well as mechanical properties of pumped
materials.

Construction mortars represent complex multicomponent systems
characterized by non-Newtonian behaviour, solid inclusions, and variable viscosity.
These factors considerably influence hydrodynamic processes inside the pump
chamber, increase power consumption, reduce delivery uniformity, and accelerate
wear of screw assembly components. Conventional pump design methods do not
adequately consider the combined influence of mortar rheology, screw geometry,

and drive operating parameters.



Therefore, investigating construction mortar pumping, developing
mathematical models describing the working process, and substantiating optimal

design and operating parameters for pumping equipment remain highly relevant.

Research object — a continuous progressive cavity pump designed for
pumping construction mortars and liquids.

Research subject — design features, kinematic characteristics, and rational
operating parameters of the progressive cavity pump together with their influence
on productivity, energy efficiency, and pumping quality considering rheological
properties of the working medium.

Research purpose — substantiation of continuous progressive cavity pump
parameters ensuring efficient pumping of construction mortars and liquids while
considering their rheological characteristics to improve productivity, energy
efficiency, and service life.

Achieving this objective required solving a comprehensive set of scientific
and engineering tasks, including analysis of existing progressive cavity pump
designs, investigation of construction mortar rheology, development of a
mathematical model describing material transportation inside the screw pair,
determination of optimal geometric and operating parameters, experimental
verification of theoretical results, and preparation of engineering recommendations
aimed at improving pump performance.

Scientific novelty

The obtained scientific results include:

— development, for the first time, of an improved mathematical model
describing construction mortar transportation in a continuous progressive cavity
pump while considering rheological material properties, including viscosity
variation, viscoplastic behaviour, and abrasive particle content;

— establishment, for the first time, of relationships describing the influence of
screw pair geometry and drive operating conditions on pump capacity, pressure

generation, and energy efficiency;



— experimental substantiation of optimal screw working element parameters
ensuring uniform mortar delivery without flow pulsations and reduced energy losses;
— development of performance evaluation criteria considering interaction

between hydraulic drive parameters and pumped medium characteristics.

Practical significance

The developed methodologies and engineering recommendations can improve
performance of progressive cavity pumps used in plastering units and other
construction machinery.

The obtained results make it possible to optimize screw assembly geometry,
improve mortar delivery uniformity, reduce power consumption, and increase
equipment service life.

The proposed recommendations may be applied during design and
modernization of plastering systems, mortar pumps, and pumping equipment
intended for transporting viscous and heterogeneous media.

The research results may also be implemented in construction, chemical, food-
processing, and other industries requiring transportation of viscoplastic materials.

The developed solutions have been implemented at Budmekhanizatsiya LLC
(Poltava) and Vorskla Housing Construction Cooperative (Poltava) during
restoration works, as confirmed by implementation certificates.

The introduction emphasizes that modern construction technologies require
highly efficient equipment for mechanized transportation of construction mortars,
while progressive cavity pumps represent one of the most effective solutions for
handling viscous and heterogeneous materials. Existing pump designs still exhibit
considerable shortcomings related to energy consumption, unstable flow delivery,
and rapid wear of working elements.

Construction mortars possess complex rheological properties, including
variable viscosity and abrasive particles, which substantially affect pump

performance and therefore must be considered during design optimization.



Optimization of screw pair geometry, drive operating parameters, and mortar
transportation conditions allows significant improvement of plastering unit
performance.

Traditional pump design procedures do not fully account for rheological
properties of construction mixtures, making further refinement of mathematical

models necessary.

The obtained results may be applied to improve plastering units and other
machines employing progressive cavity pumps for transporting construction
mixtures.

Chapter summary

Chapter 1 analyzes the current state and development prospects of plastering
units and mortar pumps. It reviews the main equipment used for transporting
construction mortars, presents its classification, and describes design features.
Particular attention is given to progressive cavity mortar pumps employed in
compact plastering systems. Their advantages and limitations are analyzed, key
factors affecting screw unit performance are identified, and the need for further
research into construction mortar pumping processes is substantiated.

Chapter 2 presents theoretical investigations into progressive cavity pump
operation. Pump classification according to operating principle is proposed. A
mathematical model describing liquid transportation inside the working chamber is
developed while considering screw pair geometry, rotor speed, leakage through
clearances, and flow hydrodynamics. Analytical relationships are obtained for
determining capacity, pressure, efficiency, and energy parameters. Pump operation
with viscous, abrasive, and heterogeneous media is investigated together with
rheological properties of construction mortars and their influence on hydrodynamic
processes. The influence of rheological parameters on pump capacity, pressure
losses, and energy consumption is analyzed.

Chapter 3 presents experimental investigation results obtained using a

laboratory test bench. Experimental procedures and testing conditions are described.



Theoretical relationships are verified experimentally, while the influence of screw
geometry and drive operating conditions on pump productivity and energy
consumption is determined. Engineering recommendations are formulated for
selecting optimal pump design parameters and operating modes depending on
construction mortar properties. Practical recommendations aimed at improving
mechanized transportation efficiency are also developed.

Chapter 4 presents practical implementation of the proposed engineering
solutions and methodological recommendations. Improved design and operating
parameters were introduced into plastering units and pumping equipment intended
for construction mortar transportation. Their application increased pumping
efficiency, reduced energy consumption, and extended screw assembly service life.
Improved mortar delivery uniformity, enhanced plastering process performance, and
lower operating costs were demonstrated. Opportunities for applying research
results in higher education during mechanical engineering and construction
equipment training are also presented.

The Appendices contain supplementary materials supporting the dissertation,
including experimental results obtained during construction mortar pumping,
implementation certificates confirming industrial and educational application, and a
utility model patent. These materials ensure completeness of the research and
confirm its practical significance.

Keywords: progressive cavity pump, screw assembly, mortar pump,
plastering unit, construction mortar pumping, rheological properties, non-
Newtonian fluids, pump capacity, hydrodynamic processes, mathematical model,
design parameters, energy efficiency, hydraulic drive, nozzles, pumping equipment,

computer simulation.



