— CHEMICAL ENGINEERING: ISSN 2664-9968

REPORTS ON RESEARCH PROJECTS

UDC 665.3
DOI: 10.15587/2312-8372.2019.186764

COMPARISON OF METHODS OF HEATING
A ROTARY-FILM APPARATUS FOR

THE PRODUCTION OF VEGETABLE
CONCENTRATES

O6’ckmom docnidacenns € memnepamypie noje pobouoi noeepxui pomopno-niiekosozo anapamy (PIIA) npu
HAZPIGI HIXPOMOBOIO CRIPAJLIIO 3 PISHUM WAPOM MENAOHOCLS A00 i3 3ACMOCYBANHAM ZHYUK020 NIIBKOB020 PE3UCTNUG-
Hozo enexmponazpisaua sunpomintoganviozo muny (I'1IPEuBT). I]e nog’s3ano 3 mum, w0 KOHUeHmMpy8anmus poc-
JunHUX mope 3 3acmocysannam PIIA € nepcnexmusnum piuuenusm, 3a paxyHox Cymmeeoz0 sMeHULeHHs MPUeaiocmi
06pobKu ma eucoxoi axocmi ompumanux eupoodie. Coozooni Ginvwicms PIIA suxopucmosyiomov erexmponazpis
HIXPOMOGUMU CRIDATLAMU 3 MPOMINCHUMU MENTOHOCIAMU, 0L 3A0e3NneUeiis PIeHOMIPHO20 MENL068020 NOMOKY, AKULL
BUSHAUAEMBCS DOCIIOHUM WASXOM OISl MOBUUHU ULAPY MENIOHOCIS 8 3ANEHCHOCTNI 810 UMPAMU CUPOBUHU, ULO
06pobnsemvces. Taxi cnocobu 00360510Mb OMPUMATIU AKICHT NOKASHUKU PIBHOMIPHOCL MEMNePamypHozo Nos,
ane npobremoio € 30invuLeHIs MeMAI0EMHOCTL ANAPaAmis uepe3 HAAGHICMb HACOCI8 0N PYXY MEeNnioHOCiis, U0
8 YLRoMY NPU3B00UMs 00 YCKAAOHEHHS eKCRAYamayitinux ymos. Tomy eaxncausum € yoockonanenms cucmemu 06izpisy
PIIA i3 sacmocysannam TTIPEnBT, saxutl 00nouacho € menioizoibo6anoio noepxueio 3 Pi6HOMIPHUM PO3NOOLLOM
memnepamypnozo nojs no 6Cill NAOWUHI sunpominiosanis. B xo00i docnidicenns eusnauai pisHOMIPHICIG PO3-
nodiny memnepamypu y mooeavromy 3pasxy PIIA npu pisnux cnocobax 06izpisy (Hixpomosuii Opim 3 npomMiscHum
menJionociem, kpemuitiopeaniuna piouna IIOMC-4 abo TTIPEuBT).

Ompumane nopisusanis cnocobie mennogiogeoens 003601UL0 6CMAHOBUMU, U0 0012Pi6 HIXPOMOBOIO CRIPAJLILIO
€ ONMUMATLHUM NPU MBI wapy menjonocis 4 um 3 nepenadom memnepamyp 1,2..2,4 °C. B ymosax 6uxo-
pucmanust 'ITIPEuBT 3abesneuyemvcs nepenad memnepamyp: 0,5...0,7 °C. Ile niomseepdacye nepcnexmugnicmn
suxopucmanns T'IIPEuBT 6 cucmemi o6izpisy PIIA 3a ymos aminu sumpam cuposunu 0,5...1,5-10° ke /c.

3aedaxu euxopucmanmnio I'IIPEuBT ons o6izpisy PIIA sabesneuumvcs norinuenis ymos excniyamayii wis-
XOM CRPOWEHHS KOHCMPYKUITIHUX 6AACMUBOCEL, SHUNCCHILA PECYPCOSUMPAm 6 nopieusanii 3 06izpicom 2piiouoio
060JLOHKOI0 3 MENLOHOCIEM MA ONMUMALLHUM SHAUEHHAM Nepenady memnepamypu na pobouiil nosepxui anapama.
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1. Introduction

One of the main operations in the production of vege-
table semi-finished products is the concentration of mashed
potatoes according to the technological requirements for
the required dry matter content [1, 2]. A promising heat-
exchange equipment in this case is rotor-film apparatu-
ses (RFA), which are characterized by a significant reduc-
tion in processing time and high quality of the products
obtained [3—5]. As well as the possibility of their direct
location in lines near the places of collection of raw ma-
terials [6]. This will ensure a decrease in transportation
costs, as well as preservation of the initial properties of
the raw materials, which largely depend on the operating
parameters of the temperature and uniformity of heating
of the raw materials, necessitating the search for innova-
tive solutions to improve the heating methods of RFA.
Today, most RFAs use electric heating of nichromes with
spirals with intermediate coolants to ensure uniform heat
flow, which is determined empirically for the thickness of
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the coolant layer depending on the flow rate of the pro-
cessed raw materials [7]. Such methods make it possible
to obtain qualitative indicators of the uniformity of the
temperature field, but are characterized by increased metal
consumption of the apparatus, the presence of pumps for
the movement of coolants, in general, lead to a complica-
tion of operating conditions [8]. Therefore, the engineering
solution to improve the RFA heating system through
the use of a flexible film resistive electric heater of the
radiating type (FFREHRT), which is simultaneously a heat-
insulated thermal surface with a uniform distribution of
the temperature field along the entire radiation plane, is
relevant [9].

Thus, the object of research is the temperature field
of the RFA working surface when heated by a nichrome
spiral with a different layer of coolant or FFREHRT. The
aim of research is establishing the optimal temperature
distribution in RFA under conditions of comparisons of
the indicated methods of heat reduction depending on
the consumption of raw materials.
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2. Methods of research

A study of the uniformity of the temperature distribu-
tion in the RFA model sample depending on the heating
method is carried out by the location of thermocouples on its
working surface (Fig. 1, @). RFA consists of a heat-insulated
casing of apparatus 1, which is heated by FFREHRT or
a nichrome spiral with an intermediate coolant (organo-
silicon liquid PFMS-4 [10]).

The upper part of the RFA has a separation space 3
for the removal of secondary steam. Here the apparatus
is a rotary rotor 4 with hinge elements 5. On the upper
part of the rotor there is a distributor 6 for film formation
of the raw material before concentration, coming through
the nozzle 7.

//

Fig. 1. Rotary film apparatus:
a — model: 1 — casing; 2 — a flexible film resistive heater of a radiating
type or a nichrome spiral with a coolant; 3 — separator; 4 — rotor;
5 — film-forming elements; 6 — distributive ring; 7 — inlet pipe;
8 — output pipe; b — location of thermocouples on the working
surface (9 — thermocouples)

The lower part of the RFA is the discharge zone of
the finished concentrate with nozzle 8. The temperature
of the experimental section is 25 mm in height from the
upper edge of the loading nozzle, and its length — 10 mm
is determined by the chromel-kopel thermocouples located
on it 9. So, to study the uniformity proposed three levels
of thermocouples, three thermocouples in each (Fig. 1, b).

3. Research results and discussion

Experimental determination of temperature uniformity
on the RFA heating surface under conditions of comparison
of heating using a nichrome spiral with a different layer
of intermediate coolant (PFMS-4, &;: 0, 2, 4 mm) and
FFREHRT. When using a nichrome spiral with a coolant
with a layer thickness of 4 mm, the temperature diffe-
rence is set in the range of 1.2..2.4 °C. The thickness of
the coolant 0 and 2 mm have a more uneven temperature
distribution with a change in the flow rate of raw materi-
als within 0.5..1.5-10% kg/s (Fig. 2).

Analysis of the curves (Ar) shown in Fig. 2, confirms
the optimal level of temperature difference in the range
of 0.5...0.7 °C on the working surface of the device under

conditions of use in the RFA-FFREHRT heating circuit.
The technical characteristics of FFREHRT make it possible
to obtain a uniform distribution of the amount of heat in
almost any area of the working surface. This will lead to
improved operating conditions of RFA by simplifying the
structural properties, reducing resource costs compared to
heating a heating shell with a coolant.
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Fig. 2. The temperature difference (Af) of the surface of the rotor-film
apparatus depending on the flow rate of the caloric fluid & when heated
by a flexible film resistive electric heater of the radiating type (FFREHRT)
and nichrome with a coolant (3,)

4. Conclusions

Comparison of the heat removal methods in RFA makes
it possible to establish that under conditions of heating
with a nichrome spiral, the optimum thickness of the
coolant layer is 4 mm with a temperature difference of
1.2..2.4 °C. And under conditions of using FFREHRT,
a temperature difference of 0.5..0.7 °C is provided. This
confirms the promise of using FFREHRT in the RFA heat-
ing system under conditions of a change in the feed rate
from 0.5..1.5-10° kg/s.
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06’exmom docnioncenns € COHAUMNUKOBA, COMAUNUKOBA BUCOKOOEIH08A MA PINAK0BA 0L, SKi € 6ANCIUBUMU
Y BUPOOHUYMET NPOOYKMIE Xapuyeanns 0as 1odell 3 nideuuenumu Qisuunumu nasanmaxicennusmu. laxi npodyxmu
maomv 6ymu 30a1anco8ani 3a KOMNOHEHMHUM CKAA00M Ma 30azaueni 6i0102iun0 AKMUSHUMU PEUOSGUHAMIU, GIMAMI-
namu, anmuoxcudanmamu. ONii ma Heupu UKOPUCMOBYIOMb K BANCUCUL KOMNOHEHI CLOPMUBHO20 XAPYUYBAHHI.
Po3nosctodiceroro onie1o € COLAUHUKOBA 01ist, SKA 3a0e3neuye Pauion iinoaieso10 KUCI0mor, d maxoic pinakosa
onist, ska 3bazauye npooyxmu Ainoienooio kuciomoio. Oonum 3 nHaubinvulr nPoOIeMHUX MICUb BUKOPUCTIAHIHS
Ol € OKUCHIOBANLHE NCYBAHMS, OCKIILKU Ue NPU3cooumv 00 Yymeopenus nebe3neunux 0is 300p06’st CROIYK.
B x00i docnidvcenis suxopucmosyeaiucs memoo axmuenozo xuciio ma npuiad Oxitest (Imaxis). Ilepuiuii memood
003601516 0e3n0CcePeOHbO OUIHIOBAMU EMICIT. NPOOYKMIE OKUCHEHHS 8 Ol uepe3 3HAUeHHs NePOKCUOH020 YUCLA,
Opyeuit Memood 0036015€ BUMIPIOBAMU BUMPAMY KUCHIO Ni0 YAC NPOUECI8 OKUCHEHHS 6 OJI.

IIpoeedeno docridcenis okuUCHIOBANLHOL CMAOINLHOCME O CONAUWHUKOBOT MEMOOOM AKMUBHO20 KUCHIO Md
Memodom okucnenns 3 suxopucmannam npuiady Oxitest 3a memnepamypu 110 °C. Bemanosneno, wo nepioou
indyxuii, eusnaueni deoma memodamu, ¢ oausvkumu (2 200. 40 x6. ma 2 200. 43 xs., 6i0n06ion0). Becmarnosneno
3AKOHOMIPHICTL 3HUNCCHHS Nepiody HOYKYIT oMl CONAUHUKOBOT Ni0 Yac NIOGUUEHIs MeMnepamypu Memooom
okucnenns na npuradi Oxitest. Buxopucmano memnepamypu 90, 100 ma 110 °C. Buxonano nopisusivie 9o-
CRIONHCEHHSA OKUCHIOBANLHOT CMAOIILHOCTT COHAUMNUKOBOT, COMAUHUKOBOT BUCOKO0ACIH060T ma pinaxoeoi oill.
Ha nidcmasi odepacanux danux nasedeno nopieHAIbHY XAPaAKMepucmuxy cmiukocmi 0ocaionux onit 0o oxuc-
Henns ma nadano pexomendayii Oist ix suxopucmannus y cnopmusnomy xapuyeanni. Odepicani dani 00360151mo
OUIHIOBAMU BNIUE KONCHOT 3 OOCAIOHUX O HA CIPOK NPUOATMHOCT OJIEBMICH020 NPOOYKMY.

Kmouosi cnosa: cnopmusne xapuysanis, oNis COHAUNUKOBA, 0N PINAK06A, OKUCHIOBAIbHA CAOLIbHICMD,

nepiod moyKuii.
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1. Introduction A particularly acute issue of good nutrition is rela-

tively certain categories of the population, in particular,

Current nutritional requirements require the consump-  people who engage in sports activities. Preparation for the
tion of polyunsaturated fatty acids, essential amino acids competition, daily training, high psychological endurance
and minerals in sufficient quantities. But usually modern require special nutrition, which will contribute to high
nutrition does not fully satisfy the need for such important endurance and quick recovery [3—5]. In order to meet the
components [1, 2]. needs of the body of a person involved in sports, special
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