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Abstract

This article presents the design and 3D modeling of a stirred reactor for the pharmaceutical
production line of Citramon — a combined analgesic, antipyretic, and anti-inflammatory drug. The
mixing stage of active pharmaceutical ingredients is critical for ensuring the uniformity and
therapeutic efficacy of the final product. To optimize the mixing process and enhance reactor design,
a 3D model of the reactor was developed using Blender software. The reactor consists of a cylindrical
shell, elliptical bottom, and flat top cover with an anchor-type stirrer, designed for efficient blending
of viscous liquids. A cutaway 3D visualization was created to demonstrate the internal geometry and
functionality of the apparatus. The model enables hydrodynamic analysis, identification of stagnant
zones, and potential for CFD flow simulations. The developed digital model can be integrated into
digital manufacturing systems to support real-time process monitoring and design improvement. The
application of 3D modeling in pharmaceutical engineering enhances production quality, process
control, and operational safety.

Keywords: citramon, pharmaceutical production, stirred reactor, hydrodynamics, flow
modeling, CFD, mixing uniformity, process optimization

Beryn. Ilutpamon — KOMOIHOBaHUM JIIKapChbKUW 3acid, M0 TOENHYE
aHaJIbIe3MBHY, JKapO3HIDKYBaJIbHY Ta MpOTH3ananbHy Aito. KirouoBUM eneMeHTOM
TEXHOJIOTIYHO1 JIIHIT BUPOOHUIITBA LUTPAMOHY € peaKkTop-3MillyBad. PeakTop-
3MillyBaud — L€ amapaTr CHELIaJbHOrO0 NPU3HAYEHHS, OCHOBHE 3aBJIaHHS SKOIO
MPOBEACHHS PI3HOTO PSAAY XIMIYHUX mpoteciB [1]. OqHuM 13 KIIF0U0BUX (PaKTOPIB NpU
BUPOOHHUIITBI UUTPAaMOHY B TPOLEC 3MIIIYBAaHHA AaKTUBHUX (papMalieBTUYHHUX
IHTPEJIIEHTIB Y PEaKTOPi-3MilIyBayl € OAHOPIAHICTh CyMillli, 1110 HAPSIMY BIUIMBA€E HA
TepaneBTUYHY e(QEeKTUBHICTh Npenapary. HepiBHOMIpHUI poO3MOALT MIBUAKOCTEM,
3acTiiiHl 30HUM a00 HaaMIpHE TYpPOYJEHTHE 3MIIIyBaHHS MOXYTh MPU3BECTH 0
HEOJHOPIAHOCTI CKJIAJy CyMilI, M0 € HENPUITyCTUMUM Ui (papMarieBTUIHHUX
CTaHJapTIB.

BupimanbHuii BIJIMB Ha TIAPOAMHAMIKY TOTOKY 1 SKICTh 3MIIIyBaHHS Mae€
rE€OMETpIis TEXHOJOTIYHOTO amaparty. ToMmy mig yac po3poOKu peakTopa-3MilryBaya
aKTyaJIbHUM € MpoBesieHHs 3D-MoAenoBaHHs peaKTopa-3MillyBaya.

Mertoro poboTu Oyna po3poOka 1 3D-MoaenoBaHHS peakTopa-3MilTyBada s
JH1i BUPOOHUIITBA IIUTPAMOHY.

Marepianu Ta MeroaM. Y Mexax JIOCTIDKEHHsS OYJI0 MpoaHaai30BaHO
TEXHOJIOTIYHUHN MpolleC BUPOOHUITBA IMpenapary UUTPaAaMOH 3 aKIEHTOM Ha CTajii
3MIIIYBaHHS aKTUBHHUX (DApMalIEBTUUHUX 1HTPEIIE€HTIB. 3 METOIO ONTHUMI3alli bOro
ertany OyJio 3A1lCHEHO pO3pOOKY TPUBUMIPHOI MOJENI peakTopa-3MillyBaya.
CrBopennsi 3D-Moje1i BUKOHYBAJIOCS 3ac00aMM 1HTEPAKTUBHOTO CEpPEeAOBUINA IS
mozemnroBadus Blender.

Pe3yabTatn Ta o0roBopenHsi. Po3pobnenuii peaktop-3mimnryBad (puc. 1),
npencTaBisie co0o Kopmyc (UMWIHAPUYHA OOMYaiika), elINTUYHE THUILE 1 IIOCKa
KpHIIIKa, OTOYEHI1 COPOUKOIO, SIKa MpU3HAYeHa JUIsl MPOTIKAHHA B HIM 0XOJIOMKYHOYOi

PIAMHYU — BOJM (1 HAIIIOTO TIPOEKTY) 3 IEPEMINITYIOUUM IPUCTPOEM, SIKHI 3a0e3medye
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30UIBIICHHS MIBUAKOCTI MPOTIKAHHS MPOIECY 3MIIIYBaHHS PO3UYMHY 3BOJIOKYBaya i
MIPUBOJMUTHCS B PyX 3a JOIOMOIOKO MpUBoAa [2].

Byino o6paHo peakTop-3MillyBauy 3 HOMiHankHUM 006’emoMm V = 0,04 m33
BHYTpimHIM niametpoM D = 400 MM, 3araipHOI0 BUCOTOIO amapaty H = 345 Mm, 3
IUIOCKOIO KpHUITKOI0. TOBIIMHA CTIHOK amapary S = 6 MM. Amapar 3 SKipHOIO
MIIIAJIKOIO, SIKa 3a0e3Meuye MepeMillyBaHHs B’ SI3KUX 1 BAKKUX PITUH JUISl YCYHEHHS
BUITQ/IIHHS OCaly Ha CTIHKY 1 quuine. [Lnoma nosepxHi TeroodMminy anapara f, =0,6

M2 [3].
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Puc. 1. CkaaaanbHe KpecjeHHsI po3p00/1eHOro peakTopa-3MiliyBaya.

J171s1 CTBOpEHHS TPUBUMIPHOI MOJIEII peaKTOpa-3MilllyBaua BUKOPUCTOBYBAIOCH
nporpamHe 3aOesneueHHs Blender, ske 3abe3nedye IMMPOKI MOXKIWBOCTI IS
1HKEHEPHOT'O0 MOJICTFOBAHHSI, Bi3yasi3allli Ta CTBOPCHHS aHIMOBAaHUX CIICH.

byna cTBOopeHa TouHa Bi3yanmizamis amapata 3 ypaxyBaHHSIM  yCiX
KOHCTPYKTUBHUX €JIEMEHTIB, BKIIFOUAIOYH KOPIYC, JHHINE, KPHUIIKY, OMOPHI HIKKH,
narpyoku, Oo0nTOBl 3'egHaHHS Ta Mimainky. I[loOymoBana ©a3oBa TeoMeTpis
HWIIHIPUYHOT OOMYANKH 3 TINTUYHUM JHUIIEM Ta TUIOCKOIO KPUILIKOw. Pe3ynbTaTu
3D-MopentoBaHHs peakTopa-3MiinyBada B Blender naBeneHi Ha puc. 2.
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Puc. 2. — Pesyabtatu 3D-mMoe/110BanHs peakTopa-3mimyBaua B Blender.




Bci enemMenTn mody1oBaHi BiIMOBIAHO 10 3agaHux po3MipiB (D =400 mm, H =
345 MM, ToBIIMHA CTiHKA — 6 MM). Ha moneni Oynu mpoMojaenboBaHi BC1 BXiJHI Ta
BUXIZHI MaTpyOKH, a TaKOXX €JEMEHTH KpiIuleHHsA, ¢iaHmi W O6ontu. BHyTpimHsa
YacTHHA amapara BKI0Yae AKIpHY MIMIAJIKY, [0 € OCHOBHUM 3MIIIYIOUYUM €IeMEHTOM
[4]. dns kpaiioi UtrocTpallli BHyTPIIIHBOT OyJ0BH peakTopa, BUKOHAHO BI3yaJIbHUI
po3pi3 Mojeni 1o BepTUKadbHIM oci. Ile mamo 3mory jgeTanbHO 300pa3uTH
KOHCTPYKIIIIO MIIIAJKU, BHYTPIIIHIO TEOMETPir0 Ta NpHUHIMI dii amapara. Jlus
MiJBUIIEHHS HAOYHOCTI MOJieJb Oyno OQOpMIEHO 3 BUKOPUCTAHHSIM YMOBHHX
MaTepialiB, MO0 IMITYIOTh METajJeBy MOBEPXHIO, O€3 HaIMIPHOI JeTai3alii TeKCTyp,
abu 30epertTu TeXHIYHY TOYHICTb.

CtBopena 3D-Moenb 103BOJISAE BIPTYalIbHO BIATBOPUTH T€OMETPII0 pPEaKkTopa,
Bi3yalli3yBaTH MOTOKHU PIJWHU, BUSIBUTHU 3aCTiiHI 30HH, TypOyJ€HTHI 00JacTi, 30HU
HaJMIPHOTO 3CyBYy a00 HEJOCTaTHhOI'O 3MilllyBaHHA. 3a jgomnomoroi 3D-
MOJIEJIFOBaHHSI MOKHA ITPOAHaJI3yBaTH BIUTUB KOHCTPYKTUBHUX IMApaMETPIB, TAKUX SIK
dopma 1 po3TalryBaHHS MIMIANKH, MOJIOKEHHS BXIJHMX 1 BUXIJIHMX OTBOPIB, Ha
XapaKTEPUCTHKHU TIOTOKY

BucnoBku. CtBopeHa 3D-mopentoBaHHS HE JIMIIE COPUSE TOYHOMY
MPOEKTYBAHHIO PpEaKkTOpa-3MilllyBaya, a W 3HAYHO PO3UIMPIOE MOKIHMBOCTI
1H)KEHEpHOI'0 aHaji3y, BIOCKOHAJEHHS KOHCTPYKIIi, IMiJBHUIICHHS SKOCTI T'OTOBOI
OPOJYKIli Ta omTuMi3allii BCbOro BUPOOHWYOTro mporecy. 3D-monens mMoxe OyTH
IHTErpOBaHAa y CUCTEMHU HHM(PPOBOro BHUPOOHUIITBA, IO JO3BOJSE BIJICTEKYBATH
peanbHi TMPOIECH y PeXUMI PeaIbHOTO Yacy Ta MPOTHO3YyBATH TMOBEAIHKY arapara B
YMOBaX 3MIH TEXHOJIOTTYHUX MapaMeTpIB.
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