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PE3YNbTATbl UCCNIEAOBAHUIN BIIUAHWUA TPYBYATOIO U3MEJIBYUTENA
HA NMPOLIECC HAIPEBA BO[1bl B YCTAHOBKE 151 MPUrTOTOBNEHUA 3EPHOBOU NATOKU

RESEARCH FINDINGS ON THE EFFECT OF TUBULAR SHREDDER
ON THE PROCESS OF WATER HEATING IN GRAIN MOLASSES PLANT

Knroyesbie cnoea: Ouamemp, 3€pHO, UCNbIMaHUS,
nabopamopHasi  ycmaHoeka, 8peMsi Hagpeea, Nhamoka,
nompebnsemas MowHocmb, 06600HOU KaHan, memnepa-
mypa, mpybyamaIli U3MenbYyuMeb, 3Hepa03ampam!.

B Poccun 3epHOBble SBRSIOTCA OAHWM W3 TNaBHbIX
KOMMOHEHTOB KOPMOB CEMbCKOXO3SIMCTBEHHBIX XWUBOTHBIX U
OCHOBOM [ansi KOMOMKOpMOB. CKapMnMBaHWE 3€pHOBbLIX
XMBOTHBIM TPaZMLUMOHHO OCYLLECTBMSKT B CYXOM BUIE,
npeaBapuTeNbHO MOABEPrHYB MexaHndyeckon obpabotke
Ha gpobunkax, nnowmnkax, rpaHynatopax. Ha ocHoBaHum
NPOBEJEHHOM0 HaMM aHanu3a HayuHbIX MCTOYHUKOB Che-
NaH BbIBOZ, YTO Ha CErOAHALLIHMIA AeHb HabnogaeTcs WH-
TEHCUBHOE pa3sBuUTUe W BHeApPEHWEe GMOTEXHOMOrMI, npea-
HasHauYeHHbIX AN W3MEHEHMS! XMMUYECKOro COoCTaBa 3ep-
Ha. OgHMM 13 NpoaykToB Takom BuoobpaboTku 3epHa siB-
NsAeTcs naToka, koTopas obragaeT BbICOKUM COZepKaHu-
eM yrnesogos. [puUroToBNeHNe 3epHOBOI MaTOKKU peanu-
3yeTcsa B crieumanbHbIX ycTaHoBkax. OgHako, kak nokasan
OMbIT 3KCMAyaTauuu noAoOHbIX YCTAHOBOK, BO3HMKAKT
npobrnembl ¢ Nony4YeHNeM 0OAHOPOAHON NATOKM U3 TBEPMbIX
COPTOB, B CBA3M C 4eM HEOOXOAMMO AONONHUTENBHOE BO3-
AencTBIe, cnocobCTBYyOLee UX paspyLieHmio. C aTom Le-
Nbo HaMM NPEANOXeHO NPUMEHSITb B YCTaHOBKAX AN1s Npu-
TOTOBIEHNS1 3€PHOBON NATOKM MACCHBHBLIA M3MENbUMTENb,
BbIMOMHEHHbI B BUAE LMNUHAPUYecKoi pelleTkn. Lienbio
paboTbl ABMAETCA MCCNEfOBaHWE BMUSHWS MapamMeTpoB
TpyO4aToOro M3MenbYUTENs Ha NPOLECC Harpesa Boabl B
YCTaHOBKe [ns NPUroTOBINEHMS 3epHOBOK naToku. Wccne-
[0BaHUsA NPOBOAMINCL B HAay4YHO-NPOW3BOACTBEHHOW Na-
Bopatopum TBEOY BO HIMU3IY. Onpepensnu BnusHue
AvameTpa 00BOAHOIO KaHamna YCTaHOBKM ANs NpuroToBne-
Hust naToku. ViccnenoBaHue nposogunu npu Harpese 50 N
BOAbl OT komHaTHOM Temnepatypel Ao 30°C. Mpn npose-

JEHUN 9KCMEPUMEHTOB (hMKCMpOBanu BpeMst Harpeea [0
HeobxoaMMoN TemnepaTypbl M NOTPEBNSEmMyl0 3MeKTpo-
SHepruo. Hambonee paumoHanbHyl KOHCTPYKLMIO BbIOU-
panu no KpUTEpUsIM CKOPOCTW Harpesa U YaemnbHbIM SHEp-
rosatpatam. B pesynbtate npoBeeHHbIX MCCredoBaHMM
onpefeneH BHYTPEHHWA guameTp TpybyaToro namenbuu-
TEns, Npu KOTOpoM HabriogaeTcs Haubonee UHTEHCHBHBIN
HarpeB ¢ MAHUManNbHBIMU YAENbHBIMI 3Hepro3aTpatamm —
50 mm. B coBOKynHOCTM ABYX KpUTEPWEB OLIEHKM MpoLiecca
HarpeBa BOAbl B YCTaHOBKE ANS MPUrOTOBMEHMS MaTOKM
onpefeneH pauvoHanbHbI AMameTp 0TBEPCTU TpybyaTo-
r0 U3MEIbYNTENS, PaBHbIA 6 MM.

Keywords: diameter, grain, testing, laboratory installa-
tion, heating time, flow, power consumption, bypass chan-
nel, temperature, tubular shredder, energy consumption.

In Russia, cereals are one of the main components of
farm animal feeds and the basis for compound feeds. Grain
feeding to animals is traditionally carried out in dry form,
having previously subjected it to mechanical processing on
crushers, flatteners and granulators. Based on our analysis
of scientific sources, it is concluded that today there is an
intensive development and implementation of biotechnolo-
gies designed to change the chemical composition of grain.
One of the products of such bio-processing of grain is mo-
lasses which has high carbohydrate content. Grain molas-
ses is produced in special plants. However, as the experi-
ence of operating such installations has shown, problems
arise with obtaining homogeneous molasses from hard
varieties, and therefore additional exposure is necessary to
contribute to their destruction. For this purpose, we have
proposed using a passive shredder in the form of a cylin-
drical grate in plants for the preparation of grain molasses.
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The research goal is to study the influence of the parame-
ters of a tubular shredder on the process of water heating
in a grain molasses plant. The research was carried out in
the scientific and production laboratory of the Nizhny Nov-
gorod State University of Engineering and Economics. The
influence of the diameter of the bypass channel of the mo-
lasses plant was determined. The study was carried out by
heating 50 liters of water from room temperature to 30°C.
During the experiments, the heating time to the required
temperature and the electricity consumed were recorded.

The choice of the most rational design was carried out ac-
cording to the criteria of heating speed and specific energy
consumption. As a result of the conducted research, the
inner diameter of the tubular shredder was determined at
which the most intense heating was observed with minimal
specific energy consumption - 50 mm. In combination of
two criteria for evaluating the water heating process in the
molasses plant, the rational diameter of the holes of the
tubular shredder equal to 6 mm was determined.
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BBepeHue

B Poccum 3epHOBbIE SIBNSIOTCSA OOHUM U3 rNaB-
HbIX KOMMOHEHTOB KOPMOB CENbCKOXO3SNCTBEHHbIX
XMBOTHBIX 1 OCHOBOW Ans kombukopmoB. Ckapm-
NMBaHNe 3ePHOBbLIX XMBOTHbIM TPAANLMOHHO OCY-
LLECTBNAKT B CyXOM BUAE, NpeaBapuUTeNbHO noa-
BEPrHyB ero MexaHu4eckoit obpaboTke Ha apobus-
kax, MILWuMnKax, rpaHynatopax u gp. [1-4 v gp.).
lMpoaHan13MpoBaB COBPEMEHHbIE HAy4HbIE NUTE-
PaTypHblE WCTOYHMKM, OTMEYEHO, YTO Ha CoBpe-
MEHHOM 3Tane pas3BuTUs HabnaaeTcs WHTEHCUB-
HOe pa3BuUThE W BHeApEeHWe BUOTEXHOMOrMI, C no-
MOLLbIO KOTOPbIX OCYLIECTBNAETCH U3MEHEHUE XU-
MWUYECKOro cocTasa 3epHa [5-9]. OgHum 13 npoayk-
TOB Takon 61M00bpaboTKM 3epHa SABNSETCA naToka,
koTopas obrnagaeT BbICOKUM COAEpXaHWem yrne-
BogoB [10-13]. lpuroToBrneHne 3epHOBOW MATOKM
peanuayeTcs B cnieyuarnbHbIX ycTaHoBKax. OfHaKo,
KaK nokasan onbIT 3KCnnyaTauun nogobHbIX ycTa-
HOBOK, BO3HMKaOT NpobneMbl C NosTy4eHNEM OfHO-
POAHOM NaTOKW W3 TBEPAbIX COPTOB, B CBSA3N C YeM
HeobXxoaNMO [ONONHUTENBHOE BO3AENCTBUE, CMO-
cobeTaytollee ux paspylenuto [14]. C aTon Lenbo
HaMK MPEANOXEHO NPUMEHSTb B YCTAHOBKAX Ans
MPUroTOBNEHNS 3ePHOBON NATOKN NACCUBHbLIA W3-
MenbunTenb. MpoBeaeHHbIe HaMW pacyeTbl Moka-
3anu, YT0 MeHbLUMM COMPOTUBNEHMEM U BOnbLUEN
3hpekTBHOCTEIO 00nagaeT W3menbyuTenb, Bbl-
NONMHEHHbIV B BUAE LMNMHAPUYECKON peLueTku [15],
noaToMy Hamu Obln M3roToBNeH Tpybuatbii 13-
MenbuuTenb. [poLecc NpUroTOBMEHUS MaToKKM W3
3epHa MOXHO YCrOBHO pa3fenuTb Ha ABe cTaguu

(HarpeB Boabl U hepMeHTaLMs paspyLLEeHHOro 3ep-
Ha).

Llenbto paboTbl sBNsSETCA UCCneLoBaHue BNS-
HWA NapameTpoB TpybuyaToro W3MenbyuTens Ha
NpoLecc HarpeBa BOAbl B YCTaHOBKE ANs MpWro-
TOBNEHNS 3ePHOBOW NATOKM.

3apaum uccrneaoBaHus:

— ONpeaenuTb BPeMS Harpesa BoAbl B YCTaHOB-
ke ANsi NPUroTOBNEHNS 3epHOBON NaToku Be3 Tpyob-
4aToro U3MeNbYNUTENS U C HAM;

— M3MEpUTb SHEpreTyeckne nokasatenu npu
Harpeee BOAbl B YCTAHOBKE [N MPUrOTOBMEHMS
3epHOBOI naToku 6e3 TpybyaToro uaMenbunTens u
C HUM.

O0beKTOM MccnepoBaHMs SBNSIETCA NPOLECC
HarpeBa BOAbl B YCTAHOBKE [N NPUrOTOBMEHMS
3€pHOBOM NAToKM C TpybuaTbiM U3MENBYUTENEM.
Cxema M 0OwWMiA BWA YCTAHOBKM MO NATEHTY
Ne 2760160 P® npefcrasneHbl Ha pucyHke 1. B
OT/IMYME OT aHamnoroB ycTaHoBka obnapaeT ynpo-
LLIEHHON KOHCTPYKLWE, MEHbLUEeN MeTansioeMKo-
CTblO, a 3a c4eT Bonee ObICTPOro paspyLUeHns 3ep-
HOBOK MOBbILIAETCA pecypc pabounx opraHoB
Hacoca.

Matepuansi U MeToAbl UCCNEAOBaHMIA

/iccnenoBaHusa NnpoBOAMNMCL Ha NabopaTopHOW
YCTAHOBKE B HAay4HO-NPOM3BOACTBEHHOW Nabopa-
Topun TBOY BO HIMU3IY. TexHonormyeckuit npo-
LecC 3aKn4aeTcs B LMKINYECKOM NEepeMELLEHNN
BOAbI MO 3aMKHYTOMY KOHTYpY, B pesynbTate 4ero
Boda HarpesaeTtcs. [Npu goctmxeHun eto 30°C go-
6aBnAT 3epHO 1 3aKBaCKy, NPOLECC NPOAOMKaeT-
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ca go Temnepatypbl cmecn 60°C [14]. Ana uHTeH-
cudvKaumMn npouecca HarpeBa BOAbl W paspylue-
HUS 3epHa Hamu NpeanoxeH TpybyaTbin U3Menb-
uutensb 4 (puc. 1). OH npeacrasnseT cobon Tpyby,
BHYTPW KOTOPOM CMOHTMPOBAHa LMNMHAPUYECKas
peLueTka (puc. 2).

.
R

6

Puc. 1. YcmaHoeka 0nsi npuzomoeneHusi
3epHo80l Nnamoku ¢ mpy64ambIM UMeTbYUmesnem:
a- cxema, 6 — pomoepachusi; 1- 6ak, 2 - Hacoc,

3 - cnueHoll kpaH, 4 - 06800HOU KaHan
¢ mpy6yYyambIM U3MeNTbYUMENEeM,

5 - 3aepy304HbIll 0K, 6 — pama

Ha nepsom 3Tane wuccnegoBanu npouecc
HarpeBa 6e3 usmenbuntens. Onpegensanu BnsHUE
AvameTtpa 06BoaHOrO kaHana (32 u 50 mMm), KoTo-
Pbli OblN M3rOTOBMEH U3 MONMMPONKUNEHOBLIX TPYO.
ccnenoBaHue nposogunu npu Harpese 50 1 BoAbl
0T KOMHaTHon Temnepatypebl o 30°C. [ns onpe-
[ENEHNs BRMSHUS KOHCTPYKLMOHHBIX MapameTpoB
N3MenbYUTens U3roTOBMEHbI TPWU €0 BapuaHTa ¢
pelleTkamn, UMEIWUMIN  pasnuyHble auameTpbl
oTBepcTui. Mpn NpoBeaeHUN KCNEPUMEHTOB (OUK-
CMpOBanu BpeMs Harpesa [0 Heobxogumon Tem-

nepaTypbl U NoTpebnsaemyto anekTposHepruio. Bbl-
Bop Hanbonee paunoHanbHOM KOHCTPYKLMKM NpOBO-
[UnM N0 KPUTEPUSIM CKOPOCTW Harpesa W yaenb-
HbIM 3HeprosaTtparam.

Puc. 2. ®paemeHmbI mpy64amo20 usmenbyumens:
a - nonepeyHbIll paspes;
6 — yunuHApuUYecKue pewemxu

PesynbTaTthbl uccnegoBaHus U Ux oocyxaeHune

AHanuanpys nomnyyeHHole AaHHble, MOXHO 3a-
MeTWTb, YTO HarpeB Boabl ObICTpee ocyLLecTBnseT-
s B Cnyyae npuMeHeHns 0BBOAHOMO kaHana ama-
meTpom 50 MM. Bpems Harpesa B [aHHOM Clyyae

cokpalyaetcs B 1,56 pasa (puc. 3).
T, 0 30
25

. ’!'JL_.,.«-" !

0 10 20 30 40
=@ d=32 Mmm;
Puc. 3. Mpachuk Hacpeea 800kl 8 ycmaHoske
0511 npu20moeJsieHUsi NamoKu
6e3 naccueHo20 usmenb4yumens

50 t,mMuHE 60
== d=50 MM;

MMpu atom notpebnsiemas MOLHOCTb 3MEKTPO-
ABUraTens nponopLMOHanbHO BO3pacTaeT: npw
d=232wmm -39 kBT, npu d = 50 mm — 6,2 kBT
(puc. 4). C TouKkM 3peHus yoenbHbIX HeprosaTpaTt
paunoHarnbHee NpUMEHeHe BapuaHTa UCMONHEHMS
06BogHoro kaHana guametpom 50 mm. B atom cny-
Yae ygernbHble aHeprosatpathl Ha 10% Huke, yem
npu d = 32 MM (puc. 5).

Ha 0CHOBaHWM NONMyYeHHbIX pe3ynbTaToB Obino
MPUHATO pELUEHNe W3roTaBnMBaTb W MNPOBOAUTb
nccnenoBaHns 0BBOAHOTO KaHana ¢ TpybyaTbim
N3MenbyuTeneM, BHYTPEHHWA AnaMeTp KOTOPOro
coctasnan 50 mMm. W3roToBneHbl Tpu BapuaHTa
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Tpy64aTOro M3MENbYMTENs C AUameTpamn OTBep-
ctuit do 4, 6 1 8 MM. AHanK3 NOMyYeHHbIX pesyrb-
TaTOB HarpeBa BOAblI MoKasan, 4YTO YBENuYeHue
[vameTpa OTBEPCTMIA TpyBYaToro namenbumTens ¢
4 0o 6 MM MO3BONSET MHTEHCUMUUMPOBATL MPO-
Liecc HarpeBa: Bpemst Harpesa 50 n Boge! oT 12 g0
30°C cokpatunock ¢ 20,5 go 15,5 muH. JanbHei-
Luee yBeNimyeHne amameTpa oteepcTun do 4o 8 Mm
NPUBENO K HE3HAYUTENBHOMY YBENUYEHMID BpeMe-
HW Harpesa, YT0 MOXHO OBBACHUTL PE3KUM POCTOM
TYpOYNEHTHOCTU W MOBbILLEHNEM COMPOTUBIEHNS
Tpy6yaToro usmenbuutens (puc. 6).

3,0
2.0
1,0

0,0

32 50

d, MM

Puc. 4. BnusHue duamempa 06800H020 KaHana

Ha nompebnsieMyro MOWHOCMb 3/1eKmpodeuzamensi

Bt 4/(11-°C)

[MoBbIWEHNe  CONPOTUBREHUS  U3MENbYNTENS
TakkKe BIUSET Ha 3HEpreTUyeckme nokasarenu pa-
6oTbl ycTaHoBKM. [pn HarpeBe BoAbl C NPUMEHEHM-
em TpybyaTtoro uamenbuuTens, AMameTpbl OTBep-
CTU KOTOPOrO COCTaBRsOT 6 MM, noTpebnsemas
MOLLHOCTb 3reKkTpoasuratens BospactaeT ¢ 4,9 1o
6,8 kBT, HO npu ganbHeiwem ysenuyeHun do [0
8 MM [daHHblil nokasaTenb BO3pacTaeT He3Hauu-
TerbHO 1 coctasnset 7 kBT (puc. 7). AHanusupys
NpUBELEHHbIE 3HEpPro3aTpaTtbl, MOXHO OTMETUTb
obLmin BO3pacTaloWwuii XxapakTep Npu yBenuyeHum
[MameTpa OTBepCTUil TpybyaToro uaMenbynTens
(puc. 8).

3,36

3,32

3,28

324

wyn, 320

3,16

3,12
3,08

3,04
3,00
2,96
2,92
2,88

32 50

d, MM

Puc. 5. BnusiHue duamempa 06800H020 KaHana
Ha yOenbHble 3Hep203ampamsb|

T’ OC 30

28
26

24 d
22

20
18 A

16
14 ¢

12
10

0 5
—@— do=4 MM;

10

== do=6 MM;

15 20

do=8 MM

t, MuH 25

Puc. 6. BnusiHue duamempa omeepcmull nacCUBHO20 U3MebYumens Ha Haepee 800b!
8 ycmaHoeKe 071s1 Npu20MmoeJieHusi NamoKu

8,0
W, kBt
7.0
6.0
5.0
40
30
20
1.0
0,0

6.8 7,0
4.9 I I
4 6 8
Puc. 7. BnusHue duamempa omeepcmuti

mpy64amozo usmenb4yumens Ha nompebnsemyro
MOU{HOCMb 371eKMpod8u2amernsi

d, MM

2.5
2,1
10
2,0 13 =
wyn, 1,5
Bru/(1-°C)
1,0
0,5
0,0
4 6 do, Mmm 8

Puc. 8. Bnusinue duamempa omeepcmuli
mpy64amozo usmenb4yumens
Ha ydenbHble 3Hep203ampamb|
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OueHvBas HarpeB BOAbI B COBOKYMHOCTW [ABYX
KpuTepneB (BPEMEHM HarpeBa M yaernbHbIX SHepro-
3aTpar), MOXHO ONpedenuTb paLuoHarnbHoe 3Ha-
YeHue auameTpa OTBEPCTUI Tpyb4aToro namenb-
yutens — 6 M.

3aknoueHue

1. B pesynbTaTe npoBedeHHbIX WUCCreLoBaHNN
npouecca Harpeea Bofbl B paspaboTaHHoit ycTa-
HOBKe NS NPUrOTOBNEHNSI 3€PHOBOM MaTOKK onpe-
[€eneH BHYTPEHHUI auameTp TpybyaTtoro mamenb-
ynTens, npu KOTopom Habntogaetcs Hambonee UH-
TEHCUBHbIN HArpeB C MUHUMAIbHBIMA YAENbHbIMA
9HeprosaTpaTtamm — 50 MM.

2. B COBOKYNHOCTM [BYX KpPWUTEPUEB OLIEHKM
npouecca HarpeBa BOAbl B YCTaHOBKE ANS MpUro-
TOBINEHUSI NATOKW OMpefeneH paunoHanbHbIi aua-
MeTp OTBEPCTU TpybYaToro U3MenbYnUTens, pas-
HbI 6 MM.
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