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CIPSIMOBYETHCS O KOHYCHOTO KaHaiy KoH(py3zopa 9. OmgHouacHO HEOOXiTHHUNA 00’€M BEpIIKIB
BCMOKTYETbCS Yepe3 naTpyOoK 5 1 MoTparuisie B 30Hy MK BHYTPIIIHBOIO MOBEPXHEIO MaTpyoka 6 Ta
30BHINIHKOIO YaCTHHOIO KOH(Y30pa 7, ne hopmyeTbes mimmHANN Karan 10. V i TiasHIl BEPIIKA
IHTEHCHUBHO TIPUCKOPIOIOTHCSA, TO1 SIK MIBUIKICTh PyXy 3HEKHPEHOTO MOJIOKA TIOBHHHA CTAHOBUTHU
omm3pko 60 m/c [3].

Y pe3ynpTaTi B UIUVIMHHOMY KaHali BUHUKA€ 3HAYHA PI3HUIIS IIBHIKOCTEH MOTOKIB, IO
BIMOBITHO 0 KpuTepito BebGepa cTBoproe HeoOXigHI T1APOAMHAMIYHI YMOBHU i PYWHYBaHHS
KHUPOBUX KYJIBOK 1 JOCATHEHHS BHUCOKOTO CTYIIGHS IWCIEpryBaHHS. BenwunHa 3a30py O Mix
BHYTPIIITHBOIO TOBEPXHEI0 TaTpyOka Ta 30BHINIHBOIO YAaCTUHOIW KOH(]Yy30pa perymtoeTbes
obepTaHHsIM Pi3b00BOi YacTUHHU KOH(Y30pa 2 BITHOCHO KOPITyCy, L0 3a0e3neuye noaady 3agaHol
KUTBKOCT1 BepIIKiB. J{J1s1 3amo0iranHs BUTOKaM y370BK O1YHHX IMOBEPXOHb KOH(Y30pa /10 marpyOka
BCTaHOBJICHO YIIIbHIOBAJIBHI efleMeHTH 3. [1icist mpoXoKeHHs MIUTMHHOTO KaHaly HOpMaili30BaHe
Ta TOMOTEHI30BaHE MOJIOKO HAJIXOJUTh y 30HY po3mupeHHs audy3opa 11 1 BigBoAUTHCS 3 amapara
JUTSL TTOIATTBIIOT OOPOOKH.

TakuM 4YWHOM, 3ampPONOHOBAaHAa KOHCTPYKIliS CTPYMHUHHOTO TOMOTEHI3aTopa 3 pO3iIIbHUM
BBEJICHHSM BEpIIKIB, 3aBISKH IMOEIHAHHIO BIAMOBITHUX KOHCTPYKTHBHHX pIlllEHh — 30KpeMa
BCTaHOBJICHHIO KOH(Y30pa 3 KOHYCHIUM KaHAJIOM, SIKHI Ma€ MOKJIMBICTh OCBOBOTO TIEPEMIIIICHHS Ta
YTBOPIOE 3 BHYTPILIHBOIO MOBEPXHEIO MaTpyOKa MITMHHUN KaHa, — 3a0e3neuye epeKT exKeKIiiHHOTo
BCMOKTYBaHHSI BEpIIKiB. Peamizaimiss Takoro NPUHIMIYY POOOTH JO3BOJISIE BIJIMOBHTHCS Bif iX
NPUMYCOBOi TMOjAayi Ta, BIAMOBIAHO, ICTOTHO 3MEHLIMTH EHEPreTUYHI BUTPATH IPOLECY
romorexizari.
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Ice cream is a frozen dessert product manufactured primarily from milk, cream, butterfat, and
sugar, with the addition of flavoring and aromatic components. In addition to traditional dairy-based
formulations, ice cream may also be produced in fruit varieties formulated from fruit juices and pulp
derived from berries and other fruits. As a dairy product, ice cream contains more than one hundred
biologically valuable constituents. Its composition includes proteins, lipids, carbohydrates, and a
complex of vitamins such as A, Bi, Bz, Biz, C, D, E, and P. The concentration of vitamin C increases
when fruit fillers are incorporated into the formulation. The ingredients of ice cream contribute to the
synthesis of serotonin in the human body. Milk-based ice cream is also characterized by a significant
content of tryptophan, a natural compound known for its mild calming effect [1].
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TexHiyHe 3abe3neyeHHs iIHHOBALLIMHUX TEXHOOTIN B arponpoMMUCI0BOMY KOMMIEKCI

The technological process of ice cream manufacture comprises the following sequential
operations: preparation of raw materials, formulation and mixing of the blend, filtration,
pasteurization, homogenization, cooling, whipping and partial freezing of the dairy mix, filling,
hardening, and post-hardening of the product. One of the key stages in ice cream production is the
simultaneous whipping and partial crystallization of the cream—milk mixture, commonly referred to
as freezing (dynamic freezing in a freezer unit). During this operation, a light and aerated structure is
formed, which is subsequently stabilized and finalized during the hardening stage. The structural
characteristics of ice cream are primarily determined by the size of the ice crystals formed within the
matrix. Precise temperature control of the dairy mix during processing is therefore critically
important. Excessive temperature reduction promotes the formation of large ice crystals, which
negatively affects product quality. Conversely, an increase in temperature results in a lower volume
of entrapped air bubbles, also leading to deterioration in texture and overall quality attributes of the
finished ice cream.

The freezer represents the principal piece of equipment in ice cream manufacturing. It is a
technological unit designed for the production of both soft-serve and hardened ice cream. During
operation, the freezer simultaneously performs several functions: aeration of the mix, intensive
agitation, and controlled partial freezing of the previously prepared liquid formulation to a
temperature range of approximately —4 °C to —8 °C.

However, a significant drawback of most existing analogues is the insufficient overrun level of
the ice cream. This limitation is primarily associated with the fact that the dispersion of air dissolved
in the mix occurs along the entire length of the freezing cylinder while the rotational speed of the
mixing elements remains relatively low. Under such conditions, agitation and fragmentation of air
bubbles take place within a partially frozen, highly viscous medium. As the mixture progressively
crystallizes and its density increases, the intensity of bubble break-up and distribution decreases
substantially. Inadequate refinement and uniform dispersion of air bubbles adversely affect the
structural quality of the final product and lead to a reduction in yield, thereby lowering the overall
productivity of the freezer unit.

Therefore, an improvement of the existing equipment was proposed in order to increase the
overrun (aeration degree) of the ice cream [2].

A schematic diagram of the upgraded freezer is presented in Figure 1. The ice cream freezer
operates as follows. The prepared ice cream mix is supplied from tank 18 into cylinder 2.
Simultaneously with the inflow of the mix, air is drawn into cylinder 2. During rotation of the high-
speed agitator 8, the blades 9 induce intensive aeration of the ice cream mix, ensuring fragmentation
of air bubbles and their uniform dispersion throughout the product volume. In addition to promoting
aeration, blades 9 direct the mixture toward agitator 3, whose blades 4 rotate with a minimal clearance
relative to the inner surface of cylinder 2. At the same time, a refrigerant (for example, ammonia) is
delivered into the cooling jacket of cylinder 2 by means of the refrigeration compressor unit 17. As
the refrigerant evaporates, the inner wall of cylinder 2 is cooled, resulting in the formation of a frozen
layer of ice cream mix on its surface.

During rotation of agitator 3, blades 4 continuously scrape off the layer of mix frozen onto the
inner surface of cylinder 2 and simultaneously ensure intensive mixing within the cylinder. As a
result, uniform freezing of the entire volume of the mixture inside cylinder 2 is achieved, forming a
homogeneous structure characterized by fine ice crystals. Efficient aeration of the mix is additionally
ensured by the installation of the high-speed agitator 8 on the high-speed shaft 10. This shaft is driven
by the high-speed pulley 13 and rotates at a higher angular velocity than shaft 5. Owing to this design
feature, the aeration process occurs with significantly greater intensity compared to conventional
configurations. An additional factor contributing to improved overrun is that the high-speed agitator
8, capable of providing rapid and intensive aeration, is positioned directly in the zone where the mix
enters the cylinder. Consequently, unlike conventional analogues, aeration is performed before the
mixture undergoes substantial freezing under the cooling effect of the inner surface of cylinder 2.
This ensures more effective dispersion and stabilization of air bubbles in a still-fluid medium. Upon
completion of the freezing cycle, when the entire volume of the mixture inside cylinder 2 has reached
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the required frozen state, the finished ice cream is discharged from the freezer and subsequently
packaged using the unloading device 19.
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1 - housing; 2 — cylinder; 3 — agitator; 4 — blades; 5 — shaft; 6 — bearings; 7 — driven pulley; 8 —
high-speed agitator; 9 — blades; 10 — high-speed shaft; 11 — agitator bearing; 12 — high-speed shaft;
13 — high-speed pulley; 14 — drive mechanism; 15 — electric motor; 16 — driving pulley.

Fig. 1. Schematic diagram of the improved freezer assembly

In general, the incorporation of the high-speed agitator 8, the high-speed shaft 10, the agitator
bearing 11, the high-speed shaft bearings 12, and the high-speed pulley 13 into the freezer design
significantly enhances the aeration efficiency of the ice cream mix. This structural modification
intensifies air dispersion and stabilization within the mixture, thereby improving the structural and
sensory quality of the final product while simultaneously increasing the output capacity of the freezer.
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BIOCKOHAJIEHHHS IMMPECYIOUYOI T'OJIOBKU MAKAPOHHOTI'O ITPECY

Yepuenxo P., 3000ys8au euuioi océimu CBO «bakanasp»
Taspiticokutl  Oepoicagrull  acpomexHoniociyHull  yHisepcumem imeni [Imumpa MomopHoeo,
M. 3anopixcorcs, YVrpaina

BupoOHUIITBO MaKapoHHUX BUPOOIB € OJTHIEIO 3 MPOBITHUX Taly3ei XapuoBOi MPOMHCIIOBOCTI,
1m0 3a0e3reyye HaceJeHHS NOCTYITHUMH, MMOKUBHUMH Ta 3PYYHUMH Y MPUTOTYBaHHI MPOAYKTaMH.
OCHOBHOIO CHPOBHHOIO JIJII BUTOTOBJICHHS MaKapOHIB € OOPOITHO TBEPJUX COPTIB MIIEHUIl, BOAA
Ta, 32 MOTpeOu, JOAATKOBI KOMIIOHEHTH, AKi (POPMYIOTh CMaKOBI1 i CTPYKTYpPHI BIIACTHBOCT1 TOTOBOTO
MpOAYKTY. TeXHOJIOTIYHUI Mpolec OXOIUTIOE JO3YBAaHHS Ta 3MIllTyBaHHS CHPOBHHH, 3aMilllyBaHHS
TicTa, (hopMyBaHHs BUPOOIB, X CyIIiHH, cTa0Ii3a1lii0 Ta TaKyBaHHA. Bix qoTpuMaHHs mapaMeTpiB
BOJIOTOCTI1, TEMIIEPATYPH W TPUBAIOCTI OOPOOKHU 3aJICKUTH SKICTh MAaKapOHiB, 30KpeMa iX MIIHICTb,
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