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YJIOCKOHAJIEHHSI CHIOCOBY OXOJIOAKEHHSI HAIIOIB

Anomayis. B XapyoBiii MPOMHCIOBOCTI IIMPOKO 3aCTOCOBYIOTHCS
YCTAHOBKU Il OXOJIOJPKEHHSA, 3aMOpPOXyBaHHS HamiB(paOpHUKaTIB Ta
roroBoi npoaykuii. Ilpukmamamu 3actocyBaHHA OOJaAHAHHS IS
OXOJIO/DKCHHSI BOJAM SIBJISIIOTBCS OXOJIOJPKEHHS MOJIOKA, BHHA, IIMBA,
QJIKOTOJIBHUX Ta OE€3aJIKOTOJIBHMX HAamoiB, IIYKEpKOBOI Macu, KOBOACHUX
BUPOOIB micist TepMooOpoOkH Toio. CTarTs NpucBAYeHa yAOCKOHAIEHHIO
TEXHOJIOT1] OXOJIO/JPKEHHSI HaIlOiB 1 HAaBEJIEHO BaplaHT BJIOCKOHAJIECHHS
coco0y 3 BHUKOPHUCTAaHHSAM IUIIBKOBOTO TEIJIOOOMIHHMKA IIBHJIKOTO
OXOJIOJIKEHHS JUIsl POAaxXKy (PPyKTOBUX, OBOUEBUX, IJI0JI00BOYEBUX COKIB
Ta 1HIIKUX HAIMOIB TAKUX SIK TMBO, KBAC, TMMOHAJ.

Knwowosi  cnosa. Cnoci0  OXOJIOJUKEHHS — HAmoiB, IUIIBKOBUH
OXOJIOZKYBau HaroiB, €pEeKTUBHICTh TEMIO00MIHY, 10Jy4HHUH CIK.

Ilocmanoexka npodnemu. OCTaHHIM 4YacoOM TOILIYK HOBUX HANPSMKIB
pPO3pOOKH OXOJIO/KYBayiB HAIOIB, IO BIJANOBIIal0Th CYYaCHOMY pPIBHIO
PO3BUTKY Xap4OBOI MPOMHUCIOBOCTI € JOCUTh aKTyaJIbHUM. OJIHUM 3 TaKUX
HaIpsSMKIB € CTBOPEHHS TEXHOJOTI MMIBUIAKICHOTO OXOJo/keHHs [1, 2].
EdexTuBHUM crOcOOOM OXOJIOKEHHSI HAIOIB € IIIBKOBUM TETUIOOOMIH,
SKAW J03BOJISIE MaKCHUMaJIbHO IPUCKOPUTH TMpOIEC Yy IO€THAHHI 3
MIBUIIEHOI0 TPOCTOTOI0 CaHITAPHO-TITIEHIYHOT 00pOoOKM 0OIagHaAHHS.
[3.4,5,6,7].

Ananiz ocmannix oocniodicens. Bee OUTBINOT MomyisspHOCTI HAOYBaIOThH
PECTOPaHU 1 IMYHKTH IIBUIKOTO XapuyBaHHs, B IKUX IMPOMOHYIOTh HE TUIbKH
rapsJl Hamoi, Takl SK 4Yail, KaBa, a W OXOJOJ/IKEHI, SKI IPUTOTOBaHI B
0XO0JIOJIPKyBauax HaroiB Jisl (PPYKTOBHUX, OBOUYEBHX 1 TJI0JIOOBOYEBUX COKIB
Ta 1HIIMX HAMoOiB TAaKWUX SIK MUBO, KBac, JUMOHaJ. B TemepimHiii 4vac
CIIOCTEPITa€EThCS 3aIliKaBIEHICTh J0 JOCHTIKEHb 13 CTBOPEHHSI TEXHOJOTIN
IIBUJIKICHOT'O, IPOTOYHOT'O OXOJIOKEHHS HAMoiB [§].

[Ipu 3BM4aitHOMY OXOJIOM)KEHH1 HAIOIB X HAJIMBAIOTh B EMHOCTI, JJIs

© B.T. Tapacenko, H. O. ®yuamxu, O. O. UepBoTKiHa

SBTSATU. 12. 1. 16


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

237

IPUCKOPEHHSI TMPOIECY BUKOPHUCTOBYIOTh Mimmanku. Hemomikom 1p0ro
croco0y € TpuBaJMi 4Yac OUIKyBaHHSA. B amaparax 1HIIOrO THIy HaImii
MPOITYCKAIOTh KPi3b 3MIHOBHK, 110 CKOPOYYE Yac OUYiKyBaHHS, OJTHAK PI3KO
HOTIPIIY€E SIKICTh CaHITapHO-TIrl€HIYHOI 00pOOKHM 00MagHAHHS, KPIM TOTO,
BUHHUKA€e HeOakaHa MiKpodIiopa, MPUTHIYYETHCS i (PEepMEHTIB, 10 Pi13KO
3HMKY€E 010JI0T1YHY I[IHHICTh COKY a00 1HIIIOTO HAIOIo.

3BUYAlHUN ~ OXOJIOP)KYBau  HAIOIB  PIAMHU  CKJIAJA€ThCs 3
TEIJI0130JIbOBAHOTO Pe3epByapa, B SKMi BOYI0BaHU 3MIMOBUK BUIIApPHUKA
XOJIOUIBHOT MAalllMHU Hacoca, TPyOW HJisi Mojayl HAmow 1 PO3JIMBHOTO
BeHTW . OJHaK OXOJIO/JKyBad HamoiB O0'€MHOr0 THUILy Ma€ KildbKa
HEJIOJIIKIB: CKJaJHa KOHCTPYKIis, HASBHICTb MPOMIKHOTO TEIUIOHOCIS,
HU3bKa €(QEKTUBHICTh TEIUIOOOMIHY dYepe3 Te, 110 Teronepeaayda
3MIACHIOETBCS B 00CA31, a KOE(IUIEHT TEIUIONPOBIAHOCTI BOIU JyXKe
He3HauHui (0,45...0,51 B1/(M°K)), 1m0 3HMKYy€e KOEPIUIEHT KOPUCHOT Aii 1
HAJIIHHICTh YCTAaHOBKHU B IJIOMY, BOHM MOTPEOYIOTh CKJIAJIHOI CaHITapHO-
TIri€HIYHOT 00pOOKH OOJIa HAHHS.

Dopmyeannsi memu cmammi. AHaI3 TPOIECY TEIIO0OOMIHY B
OXOJIOJIKyBauax HaroiB 1 COCOOIB IIBUJIKOIO 3HM)KEHHS TEMIIEpaTypH B
OXOJIO/PKYBauax HAroiB MPOTOYHOTO THUMY sl (PYKTOBUX, OBOYEBHUX 1
TJI0JTOOBOYEBUX COKIB Ta 1HIIIUX HAIMOIB TAKUX SK TUBO, KBAC, TMMOHA/I.

3aB/aHHSAM CTaTTI € YAOCKOHAJIECHHS CIOCO0Y OXOJIO/KEHHS HAIoiB 3
BUKOPUCTAHHSAM IIBUJIKOTO 3HIDKCHHS TEMIIEpAaTypH COKIB, B SIKOMY
IUISXOM BBEJEHHS B CHCTEMY HOBUX KOHCTPYKTUBHUX €JIEMEHTIB
CIPOIIYETHCSI  KOHCTPYKIIIS,, YCYBA€ThCS  MPOMDKHHMM  TETJIOHOCIH,
NIJBUILYETHCSI €(PEKTUBHICTh TEIIOOOMIHY, 30LIbIIYEThCA KOE(DIIEHT
KOPHUCHOI 1ii 1 HaAIMHICTh YCTAHOBKHU B LIJIOMY, CIPOLIY€ETHCA CaHITAPHO-
ririeHiuHa oopooka oOaagHaHHS.

OcHnosna uacmuna. OXOJIOAKYyBau HAIOIB MPOTOYHOTO THUITY
CKJIQJAETHCS 3 TEIMII0130JIb0OBAHOT0 KOPITYCY, B HHOMY 3MOHTOBAaHI1: 3M1HOBUK
BHUMApPHUKA XOJIOJUIHLHOI MAalllMHU B IMIHAPWYHIN OOOJIOHIN 3 XapyoBOi
HEPKaBIIOYOT CTaJll 1 BEpXHS KUTbIIEBAa KaMepa JJIs HAIoI0, sIka BCTAHOBJICHA
13 NIUIMHHUM 3a30pOM BIJIHOCHO IIWTHAPUYHOI 000soHKH. OKpeMo
pO3TalloBaHUM HacoC, TPYOH JUIsl MOJadl HAMO0, PO3JIMBHUM BEHTUJIb.

®dyHKITIOHAIBHA CXEeMa TUTIBKOBOTO 0XOJI0/KyBaya HAMoiB MPOTOYHOTO
THUITYy TTIOKa3aHa Ha puc. 1.

[TpuHuMn Aii NPOMOHOBAHOTO MPHUCTPOIO MOJSTa€ B HACTYIHOMY.
Hamiii, siskuii HeoOX1AHO OXOJIOAUTH, HacocoM | yepe3 TpyOy 2 niis mojadi
HAIOl0, TOJIA€ThCA y BCTAHOBJIEHY B TEIUIOI30JbOBAHOMY pe3epByapi 3,
BEPXHIO KIJIBLIEBY KaMepy 4 JUIs Haroto. Y BepXHiN KUIbIEBiM KaMmepi 4, sika
OXOILTIOE IUIIHAPUYHY 000JI0HKY 7 3MilloBHMKa 6 BUTIApHUKA XOJIOUIBHO1
MAaIIUHU, M1ITPUMYETHCS TOCTIHHUMN PIBEHb HAIOIO BUILE BEPXHBOT KPUIIIKU
HUJITHAPUYHOT 0000HKHY 7 [9].
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1 —Hacoc, 2 — Tpy0a /14 1o1a4l HaIolo, 3 — TEII0130JIbOBAHUN KOPITYC,
4 — BepxHs KUIbLIEBA KaMepa JJIA HAIO0, 5 — NIUIMHHKAN 3a30p, 6 — 3MIMOBHUK
BUMApHUKA XOJOJAWIBHOI MallIMHU, 7 — MUITHAPUYHA 000JI0OHKA 3M1IIOBHKa,
8 — PO3JIMBHUI BEHTUIb.

Pucynok 1. @yHKIliOHaIBHA CXeMa IIJIIBKOBOT'O 0X0JIOKyBaya HaIoiB

BusHauumMo  KputTepii IUIIBKOBOTO  TEIUIOOOMIHY Ta  OCHOBHI
KOHCTPYKTHBHI MapaMEeTPH 0XOJI0/XKyBaya HAOIB MPOTOYHOTO THITY.

B sKocTi 0XO0NOKYBaJNbHOI PIAMHM, IJs TPUKIALYy, BUOEpeMO
sa0nyunuii cik. Temnepatypa s0ayuHOrO cOKy: Ha Bxoxdl t; = 35 °C, Ha
Buxomi t; = 20 °C. Butpara si6myunoro coky -G¢ = 31 kr / rox a6o 0,52 1/
xB. [IuToma temnoemuicTh s16:1yuHoro coky ¢ = 3,2 kJx/(kr-K). llinpHICTH
1011y4HOr0 coKy p = 1051kr/Mm°. KoedimieHT TermmonposiqHocTi 161y4HOro
coky 4 = 0,554 Bt/(m'K) [10].

TenoBe HaBaHTaXEHHS ISl BiIBOAY TEIJIOTU BiJl OXOJOKYBaHOTO
0JTy4YHOTO COKY

Qﬂ.c. = Gyec (tl - t2) = 313,2(35-20)=1488 KI[)K (1)
[TuToMa X0I0I0NTPOIYKTUBHICTh YCTAHOBKH
qo =h;—hy =340 -268 =72 xJx / kr. (2)

KoeditienT KOprcHOI Al TUTIBKOBOTO TEMI000MiHHUKA - 77 = (,9.
TemnoBuii 6ajgaHC IIIBKOBOTO 0XOJIOMKyBaya:

Qﬂ.c = Qoxﬂ’ nim Gﬂ.c. .C (t] - t2) = GOX]I qo ’7. (3)
3 BUpa3zy TEIJIOBOTO OallaHCy OTPUMYEMO 3HAYCHHS BUTPATH
OXOJIOKyBaua

Gﬂ.c. C (tl _t2)
G, = = 31/36003,2:(35-20)/(0,9:120) = 0,038 xr/c. (4)

77'(h1_h4)
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3a 3HAYEHHSIM MAacOBOi BHUTpPATH BHU3HAYAEMO IIBHUJIKICTh IOTOKY
SOJly9HOTO COKYy, MNpH JilaMeTpl MHIHAPUYHOI OOOJOHKH 3MIMOBHKA
BUIIAPHUKA XONO0AWIbHOT MammHu D = 0,2 m:

G
W =—"5— =(31/3600)4/(3,14:0,2%) = 0,27 m/c. (5)
D

Po3paxyeMo moBepxHIO TEII000MIHY:
Oy
kA (©)
ne: F — miomia moBepxHi TemioooMiny, M2;
Qox, — BUTpaTa TEIIOTH, J3K/C;
k — xoediuient remnonepenadi, Ix / (¢:m*K);
At — pi3HUIS Temiepartyp, K;
7 — 9ac OXOJIO/DKCHHS, C.
Qoxs TemIoBUM e(EKT TUIIBKOBOTO BHUIIAPHUKA, PO3PAXOBYEMO 3a
CHPOIIEHOI0 (POPMYJIOIO:

Ovir = Goxs qo 11 = 0,038:72:0,9 = 2,46 kJIx/c. (7)

Koedirient Temmonepeaadi Bu3Ha4aeMo 3a (opMyior0
1
A1 a1 (8

> 4

a = A a,

A.cC.

1€ Oy.. — KOC(PIIEHT TEIJIOB1/1aul S0JTyYHOTO COKY.

Kpurepiit Pelinonbaca aJist IOTOKY si0JTy4HOTO COKY:

W-D-p
R, = . 0.27:0.2:1051/(109-10°%) = 502679 (9)

€ Py.c. — LIIBHICTE AOTYYHOTrO COKY, 1051k / M3;
ls.c — JMHAMIYHA B'I3KiCTh 101y4HOrO COKy, 109-10° ITa-c.

3a 3HaueHHM KpuTepito PeitHonbaca Bu3Hayaemo kpurtepii [lpanaris
1 kputepiit Hycenpra:

pr_V_HCPp

P 1 (109-10°)-3,2:1051/0,554 = 0,69 (10)

Nu = 0,021 - (R - Pr* )= 0,021-502679°3-0,69%* =66,369 (11)

3BiJIcH, 3HAX0IUMO KOedilIEHT TeTUIOB1A1a4l Bij] TUTIBKH SI0Ty4YHOTO
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COKY JIO CTIHKH 0] 3HAXOIUMO 3a CIIPOIIEHOI0 (HOPMYJIIOIO JJIS ITIBKOBOTO
BUMApHUKA:

A
@ = 5 0,554/0,0002 = 2770 Br/(M*K), (12)

ni
1€ Oy, — TOBUIMHA IUTIBKK SIOJYYHOTO COKY Ha IWIIHIPHYHIA OOOJIOHII
3MIHOBHKA BUMAPHUKA XOJIOIUIBLHOT MAIlIUHHU, J,; = 0,002 M.

KoedirieHT TemioBiaiadi BiJ CTIHKH 10 0XOJO/KYIOUOI PITUHU O
_A-Nu
D

Koedirient temionepeaadi BusHagaeMo 3a popmysioro (7):
k =1/(1/2770+0.002/62+1/145) = 147 B1/(M*K)/
Toai muiomia TMOBEPXHI TEIJIOOOMIHY MWIIHAPUYHOI OOOJIOHKH
3MIMOBHKA BUMApPHUKA XOJOIWIHHOT MaIIMHKU 3a (popmyioro (6), Oyze:

F= S T=2460/(147-45)"1 = 0,277 m>.
k-At

Bucota muniHapudHoi 000J0HKH 3Mi1HOBHKA BUMIAPHUKA XOJO UILHOI
MaITuHu

H = (F-n'D*4)/ n'D = (0,277-3,14:0,2%/4)/(3,14:0,2) = 0,39 m. (14)

Bucnosox. Amnaniz piBHsiHHA (8) moOKazye, 1O MJis IUIIBKOBOTO
BUMApHUKA KOCS(IIIEHT TEIJIOBIAAAY1 B1J] IUTIBKH SIOJYIHOTO COKY J0 CTIHKH
Ha TIOpSIIOK BUINE, HDK Tpu O0'€MHIM Temonepenayi Bil COKY [0
OXOJIO/DKYIOUO1 PITUHU, TOMY JOIJIBHO BUKOPHCTOBYBATH OXOJIO/KYBaui
HAIO1B MPOTIOHOBAHOTO TUITY. MeTO/IuKa BUSHAUYCHHS KPUTEPIiB IJIIBKOBOTO
TEIJI000MIHY 1 OCHOBHHUX KOHCTPYKTHBHUX TMapaMeTpiB OXOJO/KyBaya
HAIoOIB MPOTOYHOTO TUIY MOXKe OaTh BUKOpPUCTAHA TPU TPOCKTYBaHHI
oOJaiHaHHS.

Bapiant ynockoHaneHHs crocoOy MiArOTOBKM HAIOIB 10 MPOAAXKY 3
BUKOPHCTAHHSM IUTIBKOBOTO BHWIAPHHUKA [JIs IIBHUAKOTO OXOJIOKCHHS
(GpPYKTOBHUX, OBOUEBHUX, IJIOJIOOBOYEBUX COKIB Ta 1HIIUX HAIOIB TaKUX SIK
NMBO, KBaC, JIMMOHAJ, Ha TPHUKJIA[l OXOJIO/DKCHHS SOIYyYHOTO COKY 1
MPUCTPOI OXOJIO/KyBavya HAroOiB MPOTOYHOTO THUITY MAalOTh PAKTHIHE
3HAYEHHA 1 MOXKYTb OyTH BUKOPUCTaH1 Y BUPOOHHUIITBI.

&, =0,0730-400/0,2 = 145 B1/(M*K), (13)
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V. Tarasenko, N. Fuchadzhy, O. Chervotkina
Dmytro Motorny Tavriya State Agrotechnological University

IMPROVEMENT IN THE WAY BEVERAGES ARE COOLED

Summary

In the food industry, installations for cooling, freezing semi-finished products and
finished products are widely used. Examples of applications for water cooling equipment
are the cooling of milk, wine, beer, alcoholic and non-alcoholic beverages, candy mass,
sausages after heat treatment. The article is devoted to the improvement of the beverage
cooling technology and a variant of the method improvement using a rapid cooling film
heat exchanger for the sale of fruit, vegetable, fruit and vegetable juices and other drinks,
such as beer, kvass, lemonade.

More and more popular are restaurants and swedish eating places, in which they
serve not only hot drinks, such as tea, kava, but also cold drinks, as if cooked in cold
drinks for fruit, vegetable and fruit juices and other drinks such as beer, lemon, . At the
present time, we are afraid of cycling to reach the end of the creation of the technology
of swedish, flow-through cooling of the water.

The aim of the article is to improve the method of cooling beverages using rapid
temperature reduction of juices, which by introducing new structural elements simplifies
the design, eliminates intermediate coolant, increases heat transfer efficiency, increases
efficiency and reliability of the installation as a whole, simplifies sanitation .

The method of determining the criteria of film heat transfer and the main design
parameters of the instantaneous beverage cooler can be used in the design of equipment.

An option to improve the method of preparation of beverages for sale using a film
evaporator for rapid cooling of fruit, vegetable, fruit and vegetable juices and other
beverages such as beer, kvass, lemonade, for example apple juice cooling and
instantaneous beverage cooler devices are practical and can be used in production.

Key words: method of beverage cooling, film beverage cooler, heat transfer
efficiency, apple juice.
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