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THE USING OF BIOMASSFOR A GRATE DRIER
POUZITIE BIOMASY PRE ROSTOVU SUSIAREN

lvan Vitazek, Jan Tirol

Abstract

Gourd seeds are easy damageable. These seeds contain oil and healing substances. For drying of the
gourd seeds very delicate handling needs. For this reasons a chamber grate dryer is proposed. For the heating of
drying-medium air-heater was used. The air-heater used as fuel the mineral oil. The mineral oils emission is
significant source of pollution of air. By burning of mineral oil very high value of CO, emission is produced
that is meaning reason of greenhouse effect. Thereat air-heater for burning of wood splinters is successfully
used for drying-medium heating. In paper basic calculations necessary for application of the air-heater for
biomass burning are described and some service characteristics of drier. A chamber grate dryer with grate area
of 7 x 4,5 mwith seed bed depth of 0,2 m is proposed. A air-heater for wood splinters with heat performance of
87 kW is used for heating the drying medium. Chamber grate dryer dry 5040 kg gourd seeds per period (21 h).
Consumption of timber is for one period approximately 633 kg.
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Introduction

Gourd is a commonly grown vegetable in our country. Table gourd has got a spherical form and rough
pulp. We can stock gourd two-four months after harvesting. Apart from its pulp, gourd seeds are also highly
evaluated. These seeds, which contain oil and healing substances, are harvested at the time of full maturity of
gourds. Farming business in Kolifiany solved problem of processing of gourd seeds after harvesting. Chamber
grate drier was proposed and source of heat the air-heater for biomass burning. The biomass has got a some
advantages. Burning of biomass results in a low emission of CO,, because CO; is produced just merely plant
absorbs during vegetation. The mineral oil is the fossil fuel. Price of fossil fuel increase, thereat biomass
suggests favour lower price and better availability. Consumption of mineral oil per drying period was 187,11kg.

M aterial and method

The gourd seeds are dried from humidity j = 40%toj = 8%. The wet material has got density r = 800 kg.m™.
Entry data
Chamber grate drier:

- surfaceof grate 7 x 4,5 m,

- depth of seed bed 0,2 m.

Air-heater:
- furnace for solid fuel with power 87 kW,
- drying medium 1,47 m*.s?,
- heating from 10 °C to 70 °C.
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Dried material
The gourd seeds — data of sorption facilities are not available. We used data for other similar plant. Then
isvalid:
- sector of steady velocity of drying is between w = 40 + 20 %,
- sector of decreasing velocity of drying is between w = 20 + 8 %,

All account are established for my; = 800 kg.m,
- sector of steady velocity wy = 40 %, w, = 20 %, ¢ = 1,0. Mass of outlet water:

_ W, - W, _ 40- 20 _ 3
=m,,,—= =800—— =200 kg.m 1
=M 100 - w, 100 - 20 J @
- sector of decreasing velocity of drying by drying to is:
W, - W. 40 - 14
Ws = 14 % =m,, ——2 =800 =24186  kg.m?®
S L BT 100- 14 2 J
W, - W. 40 - 12
Wo = 12 % =m,,——2 =800 = 25455  kg.m®
e LT 100 - 12 J
W, - W, 40 - 10
W, = 10 % =m,, ———2 =800 =26667  kg.m®
e T 100 - 10 J
W, - W. 40 - 8
W, = 8 % =m,, ——2 =800 = 278,26 kg.m?
2=8% M T Moo T w, 100- 8 J
The density of dried material is:
r,=r,-m, =800 - 278,26 = 521,74 kg.m? )
The mass of wet material on start of drying is:
M, =V, .r, =7.45.0,2.800 = 5040 kg ©)
The mass of dried material on the end of drying is:
M,, =V, .r,=7.4502.521,74=32869 kg (4)
The mass of evaporation water by drying:
M, =M,,, - M,,, =5040 - 3286,9 =1753 kg (5)

Thedrying medium:

Than the drying medium is used heating atmospheric air. During the drying enthalpy of air is not
changed, thereat enthalpy isi; = ;.
The process of drying two sector create.

Sector of steady velocity of drying. From dried material move up saturate air withj =1, X, = const., t, = const.

Sector of decreasing velocity of drying. From dried material move up drying medium in equilibrium state with
dried material, that is ¢ < 1 and with decreasing of w the medium is decreasing, X < x, IS decreasing with
decreasing w. t > t, is increasing with decreasing w. We show course of change of heating medium in i-x
diagram of wet air (figure 1).
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Results

Atmospheric air, point O.
We reason with to = 10 °C, ¢ = 0,8, p = 100 kPa.
In i-x diagram of wet air we deduct: X, = 6,2 g.kg ™, io = 25,8 kd.kg™

The heating air, point 1.
We reason about heating in exchanger of heat, thereat x; = Xo, to = 70 °C.

From this we calculate enthalpy: I, =1,004t, + x, (2499 + 1,884t,) (6)
i, =1,004.70 + 0,0062 (2499 + 1,884.70)
i, = 86,6 kdkg®

The mass flow of drying medium
Heat rate of air-heater P = 87 kW.
Difference of enthalpies of drying medium before and after heating:

L _ -1
Di =i, - i, =86,6- 258 =608 kJkg 7
The mass flow of drying medium:
P 87 1
P=m¢c.D P mg=—=—=143 kg.s (8
D 608
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Figure 1. i-x diagram of wet air
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Characteristicsindexes
The mass of dried material per hour (wy =40 %, w, = 8 %):
m,, =M,,,/t =328696/21,26 = 154,6 kg.h* 9)

Evaporation is the mass of evaporation water per hour:
m, =M, /t =1753/21,26 = 82,46 kg.h? (10)

Specific evaporation is mass of evaporation (kg) on 1 m” effective surface per hour:
a=m,/S, =8246/(7.45) = 2,62 kg.m?.ht (11)

Specific consumption of heat on 1 kg evaporation water:
do = Q;/m, = P.3600/m, =87.3600/82,46 = 3798,2 kdkg* (12)

Specific consumption of heat on 1 kg dried material:
do = Q; /m,, = P.3600/m,,, =87.3600/154,6 = 2025,9 kdkg™ (13)

Consumption of fuel
The air-heater use as a fuel the timber splinters. Caloric value g, of timber is 13 MJ.
Mass of the fuel m, necessary for one drier periodt (21 h) is calculated from formula:
m, =3,6.Pt /q,.0,8=3,6.87.21/13.0,8 = 632,42 kg (14)

Figure 2. Air-heater for heating of drying medium Figure 3. Grate of chamber drier

Conclusion

The gourds seeds hold vitamins, proteins, quality oil, which is used also in pharmaceutical industry.
Seeds are very meaning source of zinc. Essentials acids (EMK) reduce level of fat in blood. Seeds after harvest
have to get to washing machine and next they have to dry to humidity 8%. For heating of drying medium was
used mineral oil. Consumption of mineral oil was 187,11 kg per period. This was not respectable, thereat new
air-heater for biomass burning is used now. Consumption of timber splinters is 632,42 kg per period. For
consumption of mineral oil corresponding production of emission is 612,5 kg CO,. This value is reduce trough
using of biomass burning. Resolution of static of drying chamber grate drier helped realize of gourd seeds
drying, synchronize power of harvester with power of drier and quality of seeds observe.
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The paper is published thanks to carrying out grant project VEGA 1/3483/06 ,, Research in enhancing
the effectivity of ecological aspects of operation of mobile and stationary technology in agriculture® .
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SUhrn

Tekvicové semend sa I'ahko poskodia. Tieto semend obsahuju olej alieCivé substancie. Pre suSenie
tekvicovych semien sa vyZaduje opatrné spracovanie. Z tohto dévodu je navrhnuta komorova roftova suSiaren.
Pre ohrev suSiaceho média bol pouZity teplovzdudny ohrievac. Teplovzdusny ohrieva¢ pouzival ako palivo
naftu. Spaliny nafty s0 vyznamny zdroj znecistenia ovzduSia. Spalovanim nafty je produkované verké
mnoZzstvo emisii CO;, ktoré prispievaju k sklenikovému efektu a najméa toto palivo je ekonomicky neefektivne.
Navrhnuty a UspeSne odskuSany bol ohrievat vzduchu pre spalovanie drevnej &tiepky pre ohrev suSiaceho
prostredia. V prispevku si popisané zakladné vypocty nutné pre pouZzitie ohrievata spal’ujiceho biomasu
avybrané prevadzkové charakteristiky suSiarne. Komorova rostova suSiarei je navrhnuta s plochou ro&u 7 x
4,5 m asvyskou vrstvy semien 0,2 m. PouZzity ohrieva¢ vzduchu mé vykon 87 kW a ako palivo slizia dubové
abukové &vrtené siahovice. V navrhnutej suSiarni sa ususi 5040 kg tekvicovych semien pocas jedného
suSiacho cyklu, ktory trva 21 hodin. Spotreba dreva na jeden susiaci cyklus je cca 633 kg.

KPrucové dova: tekvicové semend, rostova susSiaren, biomasa
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