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AnHoTamus: aByxuraxtHele cymuiky tuma JICII-32 ects Hanbosee pacnpocTpaHeHHBIE B YKpanHe.
@akTHyeckas YHEProeMKOCTb CYIIKH 3epHa B TaKUX CYIIMJIKAaX B JIBa pa3a IMpPEBHINIAET pacueTHYIO
moTpeOHOCTh Ha (a3oBbIe MPEBpAILCHHS BJIAard B 3epHe. HanOombie motepu Teria MPOUCXOIAT C
OoTpabOTaHHBEIMH pPabouYMMHU razamu. llerecooOpa3HOCTh HCIONB30BAaHUS TEIUIOTHI 3THUX Ta30B
HEOOXOUMO COIOCTABJIATh C 3aTpaTaMH Ha TEXHUYECKoe obecredeHne IpeIoKeHuH 110
pexynepanmu. HamMmeHee 3arpaTHble, HO MEHEE IKOJIOTMYECKH- Oe30MacHbIe MPEUIOKESHUST MOTYT
okymaThesi B mpenenax 0,5 ce3oHa paGOThI CYIIMIKH. DKOJOTMYECKH Oe30MacHbIe MPEIOKEHUS C
HCIIOIb30BAHUEM TEIUIOBBIX TPYO MOT'YT OKYITHTHCS B TEUSHHH 5 JIeT.

KunoueBble ci10Ba: cylika, 3pHO, JHEPrOEMKOCTb, CYLIMIIKA, peKylepalys Teria.

The fundamental component of the losses of the convective method of the drying of
grain and by the source of the decrease of the energy content of drying is repeated use of
heat of the worked out agent of drying [1, 2, 4, 6]. Studies of the different authors
established that for different cultures, technological regime and conditions of environment,
loss with the exhaust gases they can put to 25% from total heat expenditures for
desiccation, or to 47% of heat from the need for the evaporation of moisture from the grain
[2, 4]. Therefore in the publications most frequently propose the solutions to use the heat-
exhaust gases by a course of these gases into the furnace department or for the mixing with
the newly prepared flue gas [1, 2, 4, 6]. In this case frequently ignore the correctings with
respect to a change in the moisture content of these gases, their enthalpy and coefficients of
the heat-moisture exchange, increase in the expenditure of the newly obtained mixtures of
gases, which leads to the errors of mass-exchange processes.

We propose below based on the example to the most common construction of the
grain dryer of type DSP-320t to examine the economic expediency of the technological
solutions of the repeated use of the exhaust gases taking into account the part of the
corrections outlined above. After complexity and material consumption of introduction
these solutions can be divided into two groups: relatively simple and complex.

The first group of the solutions does not require complex constructions and
adaptations.
To it can be attributed such.

1.1. Recovery of the exhaust gases after the second of the Dryer grain zone into the
furnace department.
Profitable constituting. For evaluating the economic expediency of the second use of
the worked out agent of drying, let us determine the heat of the worked out agent for the
drying apparatus to type of DSP according to the known formula [3, 4, 7]:
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Qua= Ln+[1,004-(t; - to) + 2,5:(d1 - do) + (1,842/1000)-(d1t; - do'to)], 1)

where L, - expenditures of the agent of drying, kg/h; to and t, - temperature of air of
environment and worked out agent of drying, wasps; do i di - moisture content of air of
environment and worked out agent of drying, g/kg d.a.

After substituting the appropriate values, we will obtain: Qw.a= 4170 MJ/hour. With
the condition of using the diesel fuel with specific heat of the combustion of gq= 42,6 MJ/kg
and cost of 13 grn/kg (course 1 dol. USA = 7,99 grn.), the cost of the heat of the recovered
in the furnace worked out agent of drying will compose:

En= (Quw.a /0p) tsap = (4170/42,6) 13 = 1273 grn/hour, or 159 $/ hour 2

In the recomputation to the season of the work of drying apparatus the cost of the
losses of heat with the exhaust gases will comprise: Es=En-ts /1000 = 103 thous $/sezon,
where =650 hour. Expensive component includes single expenditures for the re-
equipment of drying apparatus and expenditures for an increase in the expenditure of the
agent of drying with the increased moisture content.

The first part of the expenditures for the recovery of the worked out agent in the
furnace together with the cost of metal structures, construction-assembly and setting up and
initial operation works, transport services and other expenditures vary in limits of 13... 17
thousand $.

The second part of the expenditures is connected with the need for compensating the
increased moisture content of the newly formed mixture.

The precise expenditures of the agent of drying, with the correction for moisture
content, can be designed from the formula:

Lm=W 1000/(d2 - d3), kga../ hour ©)]

where W - quantity of evaporated moisture from the grain in the zone of drying, kgf;
W = (o - m5)/(100 - wy). For the drying of grain from 20 to 14% of humidity W = 2230 kg;
ds and d2 - moisture content of the agent of the drying before and after of drying, g/ kgq.a.
The moisture content of the agent of the drying of ds; before the process of drying can be
calculated from the moisture balance:

ds; = (L1'd1 + Lz-do)/(L1+L2), g/ kgd,a (4)

where L; and L, - expenditure of the agent of drying in the first and second drying
zones, m¥hour.

For the summer conditions for the work of drying apparatus, the precise expenditure
of the agent of drying, with the constant thermal conditions, will be about 124 thous.
ms/hour.

It is here necessary to note that for the work of drying apparatus in autumn
additional expenditure of the agent of drying will be high. Additional expenditures of
energy consist of expenditures for transportation and heating of the additional volumes of
gases of the quantity: AV = (124 - 120) = 4 thous m® hour. Expenditures for heating can
be designed from the known formula:

Qer. = G2:C2 - (02— 00), )

They will be 394 MJ/hour. In the cost expression, in the transfer into the diesel fuel,
the expenditures will be near 15 $ / hour or in the conversion to the season of the work of
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drying apparatus of approximately 10 thous. $. Additional expenditures for the
transportation of the increased gas flow for the season will comprise:

Z4=1000-Nfye-t. = 0,9 thous. $ /season, (6)

where Nf - power of the electric motor of fan, kW; C - cost of 1 kW of electric
power, grn.

They will comprise entire of expenditure:XZ = Z,, 5 /1ty + Zc + Z 05 =15 thous.$,  (7)

where Z,, - of the expenditure of the reconstruction (re-equipment) of drying
apparatus, thous.grn; 1, - period of the amortization of expenditures on the reconstruction,
season.

Thus, expenditures for the second use of the worked out agent of drying can be
justified in the limits of one drying season (15 /159 = 0,1 season). For the later (cold)
operating cycle of drying apparatus the precise expenditure of the agent of drying can
comprise to 150... 160 thous.m%hour. The appropriate values of the temperature of heating
the agent of drying are set to J- d of diagram.

Let us lead below the calculations of the return on expenditures from the repeated
use of the worked out agent of drying by using its heat for the partial heating of grain by
mixing to the agent of the drying of the first and second drying zones with the use of heat
exchangers.

1.2. The worked out agent after the second of the Dryer grain zone they direct into the
bunker of the preheating of grain or furnace.

The effectiveness of this version also is sufficiently high. For preheating of grain of
the cereal crops of food designation the necessary heat expenditures are designed from the
formula:

Qh,g= Gz'Cz'(ezf 60) = 2016 MJ/hOUI’, (8)

where Qng - of heat for the heating grain, MJ/hour; G, - productivity of drying
apparatus, pl.t/hour; c; - heat capacity of grain, klJ/(kg of °C); 8. and 6o - respectively initial
and final temperature of heating grain. For the summer operating cycle of drying apparatus.
With the exhaust gases after the second of the Dryer grain zone we will be able to use Qng
= 4170 MJ/hour (see calculation in previous paragraph 1.1).

This heat it is sufficient for heating of grain to 60 = Qng /(G2-C2). l.e. to the
temperature, that it does not exceed the temperature of the exhaust gases (we have accepted
40 °C) and the boundary temperature of heating the grain.

Theoretically, by the heat of the exhaust gases of the second drying zone of drying
apparatus it would be possible to heat grain to 80 = 62 °C. However, because of the existing
limitations (actual temperature of the exhaust gases and the existing limitations of the
tempera of heating grain) the temperature of grain can be increased to 40 wasps.

The remained part of the heat of the exhaust gases can be used for the mixing with
the agent of drying by the first either second of drying zones or directed into the furnace
department.

The part of the flow of the worked out agent of drying after the second drying zone
can be calculated on the basis of a quantity of heat of the necessary for the heating grain to
the temperature of these gases: Qng= Gz -C2 (62 - 60) = 1344 MJ.
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Thus, by the part of the heat of the worked out agent of drying it will be possible to
heat grain to 40 °C, and the remained part of the heat (4170-1344=2826 MJ) - for the
mixing with the agent of drying.

After producing calculations after formula 5 let us determine, that this part of the
heat is equivalent to the heat of 28,7 thous.m?h of the agent of the drying of the first of the
Dryer grain zone.

Thus, by the part of the heat of the worked out agent of drying it will be possible to
heat grain to 40 °C, and the remained part of the heat (4170-1344=2826 MJ) - for the
mixing with the agent of drying.

After producing calculations after formula 5 let us determine, that this part of the
heat is equivalent to the heat of 28,7 thous.m?h of the agent of the drying of the first of the
Dryer grain zone. Thus, the supplemental heat of grain in the drying apparatus will
compose 55 - 40 = 15 °C.

Direct expenditures for the realization of this recommendation will compose the
robots of grain dryer of the production of the installation of new equipment and these
expenditures vary in limits of 28... 32 thous. $.

Profitable part consists of the straight savings of the second use of heat of the
exhaust gases, decrease of specific expenditures for the evaporation of moisture due to an
increase in the coefficient of diffusion of moisture and decrease of the latent heat of
vaporization (r), and also increase in the productivity of drying apparatus.

From the heat balance of grain dryer, on the evaporation of moisture total heat
expenditures consist of expenditures for heating of grain Qngand evaporating the moisture
Qnp-

Earlier we established that for heating of grain in the drying apparatus of type DSP
from 22 to 55 °C it is necessary to 2218 MJ/hour. Heat expenditures for the evaporation of
moisture are designed from the formula:

Qnp = W-(r + Ar), 9)

where W - quantity of evaporated moisture, kg/h; r - hidden heat of vaporization of
water at a temperature of grain of 0, kJ/kgiq; is calculated by the formula r = 2500 - (2,3 +
0,0014-6,) given above 0, = 2362 kJ/kgiy. Ar - specific heat for overcoming of internal
resistance to the moisture transfer, of G.S. Zelinskiy they put for corn Ar =0,11r. After
substituting the appropriate values, we will obtain:

Qnp = 2230-(2362 + 260) = 5847 MJ/hour.

Thus for heating of grain and evaporating the moisture the necessary heat
expenditures will compose: Qnp = Qng + Qnp = 2218 + 5847 = 8065 MJ/hour.

In our case, with the use of heat of the exhaust gases for heating of grain, total heat
expenditures for evaporation will be less and they will compose Qnk =Qnb-Qnp=5129
MJ/hour. Where Q- utilized the heat- exhaust gases, Qn,, = 2936 MJ/hour.

With the constant parameters of the thermal conditions of the functioning of drying
apparatus, its productivity will grow on (8065/5129)-100 - 100 = 57%.

The Economy of Heat in terms of money in the conversion to the diesel fuel will be
about 71 thous.$/sezon, and the period of the return on expenditures (30/71=0,42) - in the
limits of one season of the work of drying apparatus.
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Version 1.3. it is realized during mixing of the exhaust gases of the zone of cooling to
the agent of the drying of drying zones.

The procedure of calculations of heat economy and the determination of economic
expediency are analogous to the previous calculations. Expenditures for realization will be
about 12... 13 thous.$ and the operations of grain dryer can be justified also in the limits of
one season.

The second group of measures is based on the use ecological- clean technologies.

In particular on the use of heats-utilizer of the heat of the exhaust gases.

For calculating the heat-utilizer should be taken into consideration such initial data.
The expenditure of the drying agent for an example of the drying apparatus of DSP-
32otwill compose in the first drying zone V1 = 80 thous m3/hour, the second drying V, = 42
thous. m3/hour and zones of cooling Veos=48 thous. m/hour.

But the height of drying chambers composes 4686, 2886 and 3678 mm respectively
with the cross section is 3250*1000 mm. The temperature of the drying agent at the output
from the drying zones, as a rule, they are not normalized, but it is placed as initial condition
with the determination of drying regimes and is within the limits of 40... of 65 °C. The
temperature of the drying agent at the output sometimes calculate from the formula

t = 0,125+ (2t,+0:+0,) = 45 °C, (10)

after these data it is possible to approximately determine the losses of heat (energy)
with the drying agent at the output from the drying apparatus according to the formula:

Q=V-p-cty (11)

after substituting the appropriate values, energy losses will be 1100, 641 and 497
kJ/sec respectively in the first and second drying and cooling zones of drying apparatus. For
heating of atmospheric air are used, as a rule, the heat exchangers “gaz-gaz”. For
determining the area of heat exchange it is possible to use the known equation of heat
transfer from the gas to the wall and from the wall to the gas when the heat-transfer
coefficients of al and o, are known. The value of 8/A can be ignored with [isplzovanii] of
heat exchangers with the steel or brass tubes, since. thermal resistance in them is
insignificant:

- 1 (12)
=S + 1 + X L)
o, o, A

after literature data the coefficient of the heat exchange of ol with the heating or
cooling metal tubes by gases is within the limits of oy = 10...50 W/(m?°K), and in the grain
dryers of amax = 29 W/(m?-°K) [2].

Thus. the coefficient of heat transfer it is possible to accept K = 25... 30 W/(m?°K).

Then the surface area of heat exchanger- the utilization on the zones will compose
1465 m?, 610 m? and 830 m? with respect to the first and second drying and third cooling of
the zones of drying apparatus. With the cost of 1 m? of the surface area of heat exchanger of
approximately 125 $, the cost of entire heat exchanger will compose about 260 thousand $.
Profitable part, in the recomputation to the natural gas will compose 35 thousand m3, or
15,5 thousand $ for the season. On the basis of that presented above, the payback period



76 | MTFI-2012

single initial costs of heat exchanger will exceed 16 years, and with the use of diesel fuel - 5
years. It is necessary to note that the relatively low economic effectiveness of heats-utilizer
under the prevailing until today conditions, does not diminish their scientific significance
and the possible prospect for practical application.

References:
1. Bypao O.I'. Enepreruka xapuoBux HanotexHomori // Haykosi mpari OJJAXT, 2003. —
Ne 27. - C. 192 -198.
2. be3bax 1. BrpoBanete Tepmomexaniunuii arperat / 1. be3oax, O. Bypao // 3epHo i xi0,
2001. — Ne 2. — C. 38-30.
3. XKunxo B.U. 3epHocymenune u 3epHocymminku / B.M. XKunko, B.A. Pe3unkos, B.C.
Vxonos — M.: Konoc, 1982. — 239 c.
4. Manun H.U. DueprocOeperarornias cymika 3epHa. — M.: KoinoCC, 2004. — 240 c.
Yrunuzanus
5. IHCTpYKIiS MO CYLIIHHIO MPOJOBOIBYOr0, KOPMOBOI'O 3€pHA, HACIHHS OJNIWHHUX KYJIBTYp
Ta eKcIuTyaranii 3epHocymapok. — Oneca-Kuis, 1997. — 72 c.
6. Ocramuyk M. Tpeba 3HaTH NMPO HUISAX 3MEHILIEHHS €HEpro3arpaT Ta IMOKpaIleHHs
ekoJtorii cyminas // 3epHo 1 x50, 2005.— Ne 4. — C. 20-21.
7. CrankeBud I'"M. CoBpemMeHHas CylIka CeMsH MOACOMHEYHHKA — 3aJI0I UX KadecTBa U
coxpanHocTa // OniiHo-kupoBui koMmIuteke, Ne 2, 2003. — C. 25-28.
8. Ceprynos B.C. JIucTaHIMOHHBIN KOHTPOJIb TEMIEpaTyphl 3epHa MPH XpaHeHHH. — M.:
Arpompomusaar, 1987. — 174 c.



