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MODERNIZATION OF THE MACHINE FOR
HYDROTHERMAL TREATMENT OF GRAIN

Abstract

The purpose of hydrothermal processing of grain is to change its initial technological properties in the direction of
stabilization and maintaining them at the optimal level for the further process of processing it into the final product - flour or cereals.
The use of devices of continuous action allows the steaming process to become more efficient, while hydrothermal treatment
occupies a special place in the technology of processing cereals, obtaining them high consumer properties. The analysis of designs of
devices of continuous action, shows that the most widespread have devices of horizontal type where the main working body of the
steamer has functions of transportation and hashing. This design allows to achieve uniformity of steaming during processing of the
product. To achieve a flexible change in the exposure of steaming, it is proposed to introduce a two-stage variator in the drive of the
working body, which will significantly change the steaming time and use the apparatus for steaming more different crops, and to
ensure a constant set steam pressure the design of which allows to carry out these operations without pressure losses. In the two-stage
version of the variator, the rotation from its drive shaft by means of a V-belt is transmitted to the intermediate shaft, and from it by
means of an additional V-belt to the main working shaft. The gear ratio is adjusted by turning the glasses and their synchronous shift
in the axial direction.At the same time there is a simultaneous movement of movable conical disks, transfer of a V-belt and an
additional V-belt to other diameters. We use sluice gates with a flat sealing surface and a fluoroplastic gasket to supply grain to the
working chamber under pressure and unload it. This design allows the most effective sealing of the working chamber under pressure
and to maintain the working pressure within the specified limits, with continuous loading and unloading of the device. The
calculations show the feasibility and efficiency of modernization of the steamer by ensuring the tightness of the unloader and the
uniformity of the speed of the product processed in the working chamber by using a two-stage gearbox or drive motor with a
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frequency converter.
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Problem statement

Hydrothermal treatment occupies a special place
in the technology of processing cereals and obtaining
cereals and their derivatives (flakes, muesli, flour, dietary
products, etc.) with high consumer properties.

The analysis of designs of devices of continuous
action, shows that devices of horizontal type with the
transporting - mixing body have the greatest distribution.
This design allows to achieve uniformity of steaming by
mixing the product.

The use of continuous devices allows the
steaming process to become more efficient.

To achieve a flexible change in the exposure of
steaming, it is proposed to introduce a variator in the
drive of the transporting body, which will significantly
change the steaming time and use the apparatus for
steaming more different crops, and to ensure a constant
set pressure which allows you to perform these
operations without pressure loss.

In the two-stage version of the variator, the
rotation from the drive shaft by means of a V-belt is
transmitted to the intermediate shaft, and from it by
means of an additional V-belt to the ice shaft. The gear
ratio is adjusted by turning the glasses and their
synchronous shift in the axial direction. At the same time
there is a simultaneous movement of movable conical
disks and transfer of a V-belt and an additional V-belt to
other diameters.

We use sluice gates with a flat sealing surface
and a fluoroplastic gasket to supply grain to the working
chamber under pressure and unload it. This design allows
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the most effective sealing of the working chamber under
pressure and to maintain the working pressure within the
specified limits, with continuous loading and unloading
of the device.

1. Description of the functional diagram of
the machine.

Before the start of the steamer (Fig. 1) is the
connection of the machine to the mains and steam line,
then the drive is turned on and the manual valve 7
supplies steam to the vessel 1 to heat it for 5-10 minutes.
After warming up the apparatus, the control valve 8 is
adjusted depending on the required pressure in the
apparatus by moving the loads 9 on the valve lever. The
required pressure is monitored by a manometer 6
mounted on the housing 1 of the working chamber. A
safety valve 5 is also installed on the housing. Next,
steam enters the apparatus through the distribution steam
collector 11 and through the nozzles 12. The required
drive speed is set depending on the required exposure.

After the steam pressure in the vessel has been
adjusted and the required steaming exposure has been
established, the feeder 3 and the unloader 4 are switched
on and the grain is loaded into the apparatus. The grain
enters from the hopper into the loading pipe of the feeder
3, successively filling the cell of the rotating rotor. The
cells transfer the grain from the loading pipe to the
unloading pipe of the feeder and when the cell coincides
with the unloading pipe, the grain is pushed out of the
cell into the working chamber by a jet of steam supplied
through the cell channel, coinciding with the supply
channel on the feeder housing.

http://grain-feed.onaft.edu.ua
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Fig. 1. Functional diagram of the steamer

After emptying the cell from the grain and
disconnecting it from the working chamber, the cell
through the hole in the sluice body connects to the
atmosphere, as a result of which the pressure in it
becomes equal to atmospheric and the cell is prepared for
the next grain loading.

The grain entering the vessel moves from the
loading hole in the vessel to the unloading blade auger 2,
along the way subjected to heat treatment with steam,
with vigorous stirring of the auger blades and a jet of
steam that penetrate the product layer.

At the end of the vessel, the steamed product
enters through the discharge pipe into the unloader 4. The
operation of the unloader is similar to the operation of the
feeder 3.

Condensate through the nozzles 12 and the
collector 13 is removed from the apparatus by the
condensate drain 14.

2. Technological calculation.

The task of calculation: to determine the
geometric dimensions of the steamer housing (Fig. 2),
sluice gates (Fig. 3) and the speed of rotation of the blade

auger.
Leym

250 150 L 150 250

Fig. 2. Steamer's auger body and blade

Data for calculation:

productivity Q=5 t/h =5000 kg/h;

body diameter d=1000mm

maximum and minimum steamer exposure:
tnax=0 min; t,,;,,=1 min;

the unloading sluice gate should have productivity
on 20% more than loading.

Calculation conditions: volumetric mass of oats
y=500 kg / m3.
It is necessary to calculate the geometric dimensions of
the body of the steamer and the speed of the blade auger:

The calculation of the volume of the device is on
the lightest grain (oats) with a bulk density:

y = 500 kg/m3 and by calculating the steaming exposure
t=15 min.
T - E: — ﬂ: i = [T, 3
P=f.e=no= 0835 ), (1)

Taking the filling factor of the vane auger y =
0.4 we find the total volume of the housing
(2)
When the diameter of the body d = 1000mm
determine the cross-sectional area of the body
F=10785-4°=0.785 -1°* =0.783 w’, (3)
The length of the steamer housing from the
loading to the unloading pipe

L

R . —
L=—t=—= 2630 m = 2680 mm.  (4)

The size of the case taking into account elliptical
bottoms (250 mm) and distance from the center of branch
pipes to edge of a shell (150 mm), will make:

Lpe= 2680 £ 2+250 £ 2 «150 = 3480 mur. (5)

Determining the parameters of the blade auger

The maximum allowable number of revolutions
of the auger
(6)
where A=65 — coefficient for grain, D=Im — screw
diameter.

The maximum number of revolutions should be
at the minimum exposure.

Based on the minimum exposure tp,=1 min
(60 s), with the length of the steaming section from the
loading to the unloading pipe L = 2680 mm, the speed of
movement of the material should be

v Fowm 5 w04 M

tmim &0
The auger must have the maximum speed.
We accept n,,,,=60 r/min ado 1 r/s.
From here we determine the pitch of the auger.
In one turn, the auger must move the material by 1 step,
ie $=0,045 m.
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Fig. 3. Sluice gate
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For advancement and hashing of the steaming
product we accept the blade screw recommended for
movement and hashing of sticky products.

Preliminarily, we take the ratio of the area of the
vane auger and the area of the solid auger ¢ = 0.25.
Then to maintain the productivity of the auger increase in
accordance with the reduction of the area of his step

3=§=—=1&u — )

Increase the step to S = 280 mm and get
»=0,045/0,28=0,161.
The minimum number of turns of the auger is
determined from the ratio of exposures
Himfe = TT:.“:?_ = ;% = 10 " fien ©)
EhET

Calculation of the geometric dimensions of the
rotors of the sluice gates and their speed:

To supply grain to the working chamber under
pressure and unload it, we use sluice gates (Fig. 3) with a
flat sealing surface and a fluoroplastic gasket. This
design allows the most effective sealing of the working
chamber under pressure and to maintain the working
pressure within the specified limits, with continuous
loading and unloading of the device.

Concerned in advance with the diameter of the
rotor of the sluice gate 500 mm, the angle of the cone
450, the number of cells n = 6 and the minimum width of
the sealing surfaces of 30 mm determine the capacity of
the rotor.

The rotor capacity is calculated as the volume of
the truncated cone minus the volume of the hub and
partitions h

e = o (D2 4 D2+ @) (10)

1 : :
e = 504 10 (445 + 4412 + 1250 = 10900 em® = 109 L

12
¥ Liaef g

= TR S B g0 ont = 184, (1)
L ';'-# * L M-
Vooritions -.'€. )'F!'El"-l- :'( . )'1.'5'3'5-2-“.(12)

Total cell capacity:
LV = Vo= Vot # Boorcitims) = 10.9 - (184 2.3} = 681, (13)
Based on the productivity of the gateway

Q = 5000 kg / h for grain with a bulk density
y =500 kg / m3 = 0.5 kg / liter, determine the speed of
the loading sluice gate taking into account the cell fill

factor p=0,8 -
o _ = #
Muwe = CFrrge - DEGEDED 307 b, (19

Since the unloading sluice gate must have a
capacity of 20% more than the loading then its speed will
be

30,720 o
Hygr, = 30,7 + BETE = 36,84 f‘mfn.

Conclusion from the calculation:

The length of the body of the steamer from the
loading to the unloading pipe L = 2680 mm; the size of
the case taking into account elliptical bottoms and
distance from the center of branch pipes to edge of a
shell Lsum. = 3480 mm; case diameter d = 1000 mm;
screw pitch S = 280 mm; the maximum speed of rotation
of the blade auger n,,,,=60 r/min; the minimum speed of
rotation of the blade auger n,,,,=10 r/min;
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the rotor speed of the loading sluice gate
N1 =30,7 r/min;

rotor speed of the unloading
N1 =36,84 r/min.

sluice gate

3. Description of the kinematic scheme of the
machine.

The task of calculation: to determine the
kinematic parameters of the drive of the machine.

Data for calculation:

- the maximum speed of rotation of the blade

auger M, =60 r/min;

- the minimum speed of rotation of the blade
auger n,,;,=10 r/min;

- the rotor speed of the loading sluice gate
N1 =30,7 r/min,

- rotor speed of the unloading sluice gate
Nyo1 =36,84 r/min.

Terms of calculation:

the rotational speed of the rotor of the electric
motor of the blade auger drive ny,,=1460 r/min; the
rotational speed of the rotor of the motor of the feeder
drive ny,,=960 r/min; speed of rotor of the electric motor
of the drive of the unloader n4,,=960 r/min;

In the drive of the vane screw we use a variator of

the VC type with an initial speed n,_ ;= 300 r/min; n,
max =1800 r/min.

4. Kinematic calculation.

To obtain the required speed on the auger shaft,
we use a reducer of the RCD type with a gear ratio of
ip=31.5.

Determine the gear ratio of the chain drive

- o Spmg g 89 .
e Dmarle  LPGLE %951, (15)
¢ = SEmar . SEER 5
o= oty — WRILE D32 . (16)

We accept a chain with a step t = 38,1 mm and the
number of teeth of the leading star Z1 = 25, then the
number of teeth of the driven star will be

I.=1Z, -, =25.0,952 =23, (17)

Specify the speed of the auger shaft
- —

= Bumig — _S8¢__ _ . B,
o iy - DARALE 10 v famfre (18)

. = Dnpas = LERE
WEE T fafn DREIILE

= &0 r/min. (19)

The feeder is driven by an electric motor with a
rotational speed 7,,,=960 r/min. To obtain the required
speed on the feeder shaft, we use a reducer of the RCD
type with a gear ratio of ip = 31.5.

Specify the speed of thegtéaﬂeder

Hipg = H‘;L:Il = m = :3]:“* ?"fﬂ’.‘fm

The feeder is driven by an electric motor with a
rotational speed

N4sp=960 r/min. Since the unloader must have a
capacity of 20% more than the feeder, we use a reducer
type RCD with a gear ratio of ip = 25.

Specify the speed of the unloader

http://grain-feed.onaft.edu.ua
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= 184 »fmla.

Conclusion from the calculation:
The blade auger is driven by an electric motor
with a rotational speed

The unloader is driven by an electric motor with a
rotational speed n,, ,=960 r/min, through a reducer of
RCD type with a gear ratio of ip = 25.

Maximum blade speed #,,,=60 r/min;

Minimum blade speed n,,;,=10 r/min;

Frequency of rotation of a rotor of a loading sluice
Nipq =30,4 v/min,

Frequency of rotation of the rotor of the unloading

sluice gate n,,, =38,4 r/min.

Thus, the calculations show the feasibility and
efficiency of modernization of the steamer by ensuring
the tightness of the unloader and the uniformity of the
speed of the product processed in the working chamber
by using a two-stage gearbox or drive motor with
frequency converter.

REFERENCES
1. Technological equipment predpriyatiy otryasli (grain processing enterprises): yuebnux /L.A. Glebov, A.B. Demsky, VF
Vedenev and others - M .: DeLi print, 2006, -816p.
Technological equipment of flour and cereal enterprises: a textbook / O.1.Gaponyuk, L.S. Soldatenko, LG Grosul et al. -
Kherson: Oldi-plus, 2018. - 752p.

Henn =1460 r/min, through a variator of the VC
type with an initial speed ny. ,;,= 300 r/min; 0y, . =1800
r/min with the control range 6, through a reducer of the
RCD type with a gear ratio ip = 31.5 and a chain drive
with a gear ratio ic = 0.952 (the number of teeth of the
chain drive Z1 = 25; Z2 = 23).

The feeder is driven by an electric motor with a
rotational speed n,, ,=960 r/min, through a reducer of the
RCD type with a gear ratio i,=31,5.
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MOJEPHI3AIIISI MAIIIUHMU JIJIA I'JAPOTEPMIYHOI OGPOEKHU 3EPHA

Anomauis

Mema ciopomepmiunoi 06pobKu 3epHa - 3MiHA 1020 GUXIOHUX MEXHOLO2IUHUX 61ACMUBOCIEl Y HANPAMKY cmabinizayii ma
niompumyi ix Ha ONMUMATLHOMY PIHI 0JisL NOOALULO20 NPOYeCy nepepoOKU 1020 6 KiHYesy NPOoOYKYilo - GOPOwHo uu Kpyny. 3acmo-
cyeanna anapamis besnepepsHoi 0ii 0036015€ npoyec NPonaproeans cmamu 6itbul epeKmusHUM, npu Yoomy, 2iopomepmiyna 06-
pobka 3aiimae ocobause micye 6 mexHono2ii nepepodKu Kpyn'aHux Kyivmyp, OmpUManHs My 6UCOKUX CNOJCUGHUX GIACIUBOCHIEIL.
Ananiz xoncmpykyiti anapamie 6e3nepepeHoi Oii, NOKA3ye, Wo HAUbIILUIO020 NOWUPEHHS MAIOMb anapamuy 20pU30HMAanIbHO20 Muny
0e 0CHOBHUIL pOOOUULL Op2aH NPONAPIeaya Mace QyuKyii mpancnopmyeanns i nepemiwysanns. Taxa koncmpykyis 0o36oase docsaemu
pisHomipHOCmi nPOnapiogants 3a yac oopooku npodykmy. s 0ocsaeHents eHyYKoi 3MIHU eKCno3uyii nponapiogants NPONOHYEMbCs
6 cKk1adi npugody pobouoeo opeamy 66ecmu 080CHYNIHUACMUL 8aPiamop, AKUll 003601UMb CYMMEBO 3MIHIOBAMU 4AC NPONAPIOBANHS
i 3acmocogyeamu anapam O NPONAPIOSAHHA Db PI3HUX KYIbMYp, a 0N 3a0e3neduents NOCMIHo20 3a0an020 MUCKy napu 6
anapami NPONOHYEMbCA 0N 3A6AHMANCEHHS | BUBAHMANCEHHA ANApPAmy 3acmoco8y8amu W0306i 3ameopu, KOHCMPYKYISL AKUX
00360.215€ 8upobasmu yi onepayii 6e3 empam mucky. Ilpu 0socmyninuacmomy eukoHanHi eapiamopa obepmants 6i0 11020 6e0y4020
6any 3a 00NOMO2010 KIUHOBO20 peMeHsl NepedacmvpCs NPOMINCHOMY ANy, d 6i0 HbO20 3a OONOMO2010 000AMKOB020 KIUHOBO20 peme-
Hs — OCHOBHOMY pobouomy eany. Pezynioeanis nepedasansrozo i0HoweH s 30ilICHIOEMbCA NPU NOBOPOM CKIAHOK [ iX CUHXPOHHOMY
3cy6i 6 ocbosomy nanpamky. Ilpu yvomy 6i0bysacmbcsa 00HOUACHE nepeMijeHHs PYXOMUX KOHIYHUX OUCKIE, NepeKnad KIUHO0BO20
pemens i 000amKo8020 KIUHOB020 pemens Ha iHwii diamempu./[na nooaui 3epHa y pobouy kamepy ni0 muckom i poO36aHMaiCeHHs
11020 3aCMOCOBYEMO WINI03061 3AMBOPU 3 NIOCKOIO YWINbHIOIOHOI0 NOBEPXHel0 | NPOKAaoKoio i3 ¢pmoponnacma. Taka koncmpykyis
00360715€ HAUOILILUL eheKMUBHO 2epMemuU3y8amu pooouy Kamepy nio muckom i 3abesnequumu niOMPUMKY podoy020 MUCKY 8 3a0AHUX
Meokcax, npu besnepepsHoMy 3a8anmaddcenHi ma possanmasicenti anapamy. [Iposedeni pospaxynku nokazyoms 0oyinbHicmo i egpe-
KMueHicms MOOepHi3ayii nponapiosaya 3a paxyHoK 3a0e3nedeHHsi 2epMemudHoCmi pobomu po3eaHmanxicysaia i piHOMIPHOCHI
weuoKocmi pyxy npooykmy, ujo 06pooasaemuvcs 8 pooouiti Kamepi, WAXOM 3aCMOCYBAHH 080CMYNIHUACIO20 pedyKmopa abo npu-
68001020 eneKmpoOBUSYHA 3 YACHOMHUM NepemeopIoGaye.

KurouoBn cioBa: rigporepmiuna 00podka, 3epHo, Kpyna, NPpoNaprBaHHs, PO3PAaXyHOK, PO3BAHTAKYBa4
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