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PREPARATION OF SAWDUST AND CHIPS OF CUT BRANCHES
OF FRUIT TREES FOR PELLETIZING

Summary. The paper considers the preparation of sawdust and chips of
cut branches of fruit trees for pelletizing by drying, with the further use of
pellets as fuel for solid fuel boilers. A calculation method and a paradigm for
determining the drying parameters are proposed; a scheme for preparing
sawdust and chips for pelletizing by drying is proposed. Sawdust and chips
of cut branches of fruit trees are prepared for drying, they are transferred to
a drying drum, where they are dried to the required moisture content.
Therefore, it is important to correctly calculate the amount of water removed
during the drying process. The proposed method for calculating the drying
process and the scheme for preparing sawdust and chips of cut branches of
fruit trees for pelletizing by drying can be used in the design and selection of
equipment.

Key words: preparation, sawdust, wood chips, cut branches of fruit
trees, drying, drying drum, hopper, furnace, auger, raw material moisture
content, pelletizing.

Formulation of the problem. At present, the issue of saving energy
resources is very relevant. Cut branches of fruit trees are a byproduct of
horticulture, but most often they are thrown away. Although according to
DSTU ISO 13600-2001, cut branches are a renewable resource that can be
used as an energy product for heating [1]. One of the most rational ways to
use fruit tree branches is to burn them in crushed wood chips or sawdust. The
heat of combustion QP of sawdust and chips of cut branches of fruit trees
ranges from 10 MJ/kg to 16 MJ/kg [2]. However, pellets from cut branches
of fruit trees are much more convenient for transportation, storage and
burning. The industry began to produce various press granulators and press
briquettes for pressing dry plant waste [3]. The experience of real work of
briquetting presses showed that when chips or sawdust from cut branches of
fruit trees of high humidity are fed into the pressing chamber, where it is
compressed and simultaneously heated to a temperature of 280-310 ° C, the
water in them boils, forming high pressure steam that "shoots" the briquette
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or pellet with great force, destroying it and presenting a danger to workers.

Therefore, one of the main preliminary operations before pelletizing
chips or sawdust from cut branches of fruit trees is their drying.

Analysis of recent achievements. The work is devoted to the issue of
preparing chips or sawdust from cut branches of fruit trees for pelletizing by
drying. Since the dryer performs a technological technique that affects
subsequent operations and their results, the role of the dryer is associated
with the main technological process for the manufacture of fuel pellets from
cut branches of fruit trees. There are various designs of dryers for vegetable
raw materials produced by the world mechanical engineering [3-5], but they
do not cover the entire range of plant performance. Conventionally, dryers
can be divided into three sizes: for industrial production, for small-scale
production and for subsidiary farming [6,7]. To date, the 1st and 2nd types
are quite fully covered, as for the subsidiary plots, the dryers are represented
insignificantly.

Formulation of the objectives of the article. The main purpose of the
article is to show the sequence of calculation of the drying process for the
preparation of chips or sawdust from cut branches of fruit trees for the
pelletizing process.

The task of the work is to propose a method for determining the amount
of water that must be removed from wood chips or sawdust from cut
branches of fruit trees and calculating the amount of fuel required to remove
it by drying in a dryer. Give the main design parameters of the dryer,
allowing you to perform the drying process.

The main part. Plant waste pelletizing plant allows, to obtain high-
quality fuel pellets from a wide variety of plant waste, including wood chips
or sawdust from cut branches of fruit trees such as cherry, apricot, apple,
pear, plum, and vine branches with the subsequent use of the obtained pellets
in the form of fuel for boilers of various modifications. Pellets are produced
without chemical binders under high pressure. The pellet press consists of a
receiving hopper, a dosing screw, a pressing screw, a divider, an exhaust
hood. Pre-dried to the required moisture content (6...8%), plant waste enters
the receiving hopper and then evenly, by a dosing screw, is fed into the
pressing chamber, where compression and simultaneous heating of the
crushed mass to a temperature of 280-310°C. Under the influence of
temperature, the surface of the pellets melts, which contributes to a very long
storage and convenient transportation of products. As a result of heat
treatment, a natural binder is released: lignin, and with a strong degree of
compression, raw material is pelletized to a specified density of 950 ... 1200
kg/m?. After pressing, the pellets come out of the press and are divided by a
divider into pellets of a certain length. The resulting pellets are sent for
cooling and storage. At the same time, such a pellet does not ignite in air,
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since it does not contain hidden, self-igniting pores.

The dryer is designed for continuous drying of vegetable raw materials:
chips or sawdust from cut branches of fruit trees before pelletizing. The dryer
iIs operated indoors with the installation of ventilation smoke exhaust
equipment. The dryer is a drum, which is adjoined by a loading hopper and
a firebox (heat generator). The main part of the dryer is an inclined
cylindrical drum. A rotating auger with special blades is installed inside the
drum, ensuring uniform distribution and good mixing of the material.

The drying agent is hot air. The drying agent is heated in a furnace (heat
generator). Inside the drum, along its entire length, there is a screw with
blades, which, when rotated, contribute to pouring the dried product, mixing
it with simultaneous gradual movement to the discharge opening. When the
auger rotates, the blades grab and lift the material, and then it, falling down,
is washed by hot air. Continuously mixing, the dried material moves to the
unloading device. The dried material is automatically removed through the
discharge opening.

We have developed a method for determining the amount of water that
must be removed from chips or sawdust from cut branches of fruit trees and
calculating the amount of fuel required to remove it by drying in a dryer. To
do this, it is necessary to set the following conditions: for drying, we use
atmospheric air at an initial temperature t; = 20°C and humidity ¢ = 60%.
In the heater, the drying agent (air) is heated to t, = 95°C and sent to the
dryer, from where it exits at t; = 35°C.

To perform calculations, it is necessary to determine the final relative
humidity of the air, ¢ % (to prevent moisture condensation, it must be less
than 95%); air consumption per 1 kg of evaporated moisture, V, m3/kg
(knowing the air consumption, you can accurately select the fan number);
heat consumption per 1 kg of evaporated moisture, g, kJ/kg (knowing the
heat consumption, it is possible to determine the fuel consumption in the
furnace necessary for high-quality drying).

According to the H — d - diagram, we find point at the intersection of
the lines t;=20 °C and ¢=60% and for it we determine the water content in
a cubic meter of air (moisture content) equal to d; = 8.9 grams per kg and
enthalpy Hy = 42,7 kJ/Kkg.

We draw the line d = const from this point to the intersection with the
isotherm t, = 95 °C. The point of intersection characterizes the state of the
air at the outlet of the furnace.

From this point we draw the line H = const until it intersects with the
isotherm t; = 35°C. The intersection point characterizes the state of the air
leaving the dryer. The moisture content of the drying agent (air) at the outlet
of the dryer will be: d; = 33 grams/kg; enthalpy at the exit from the dryer will
be: Hz= 120 kJ/kg.
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We determine the change in the moisture content of moist air, relative
to 1 kg of dry air:
Ad = d; —dy, (1)
Ad =33 —8,9 = 24,1 grams/kg
That is, 1 kilogram of air can take 24.1 grams of water from chips or
sawdust from cut branches of fruit trees and remove it in the form of water
vapor (it is very important that the steam does not condense in the dryer or
at its outlet).
We determine the cost of dry air in kg for the evaporation of 1 kg of
moisture:
1000 (2)
~ Ad’
1000

We determine the consumption of dry air in 1 m? for the evaporation of
1 kg of moisture:

— 3)
P
v =2 30 omik
= {39 = 32:2m°/kg
Heat consumption in the furnace for heating 1 kg of air:
AH = H; — H;, 4)
AH = 120 — 42.7 = 77.8kg /kg
Heat consumption in the furnace for heating 1 m? of air:
AH (5)

[H, = —,
Lo

2, = 72 = 603 1y /m?
1= 109~ 003 K/m

Heat consumption per 1 kg of evaporated moisture (that is, 41.5 kg of
dry air):
q = |- A4H, (6)
q=415-77.3=3208k]/kg
The performance of the dryer in terms of the amount of evaporated
moisture:

W1 - W3 (7)
Wey =Gy 100 =W,
W =1000 22712 _ 43182 ka/n

At different initial humidity (50...65%), in order to dry chips or sawdust
from cut branches of fruit trees to 8...12%, it is necessary to remove from 1000
kg of chips or sawdust from cut branches of fruit trees, from 380 to 570 kg of
water.
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The performance of the dryer in terms of the amount of dried chips or
sawdust from cut branches of fruit trees:
Gz = G — Wy, (8)
G; = 1000 — 380 = 620 kg/h
The duration of the drying process of chips or sawdust from cut
branches of fruit trees significantly affects the quality of dried chips or
sawdust from cut branches of fruit trees and cannot be chosen arbitrarily [7].
In order to ensure the maximum quality of chips or sawdust from cut
branches of fruit trees, the drying speed should correspond to the permissible
moisture removal - a decrease in moisture per unit time. For chips or sawdust
from cut branches of fruit trees, the duration (z) of the drying process (min)
Is determined from the ratio:
AW = W; — W, =0.185t + 3 9)
Given that when moving along the drum, chips or sawdust from cut
branches of fruit trees are part of the time in a layer with low evaporation,
the value of 7 should be taken equal to at least 12 min.
The heat balance of the dryer drum is determined from the heat balance
equation for the actual drying process [8]:
Aq = 1-(H; —Hy) =1-(H, — Hp) = (10)
= 4fpox T 9conv T 45 t Gadaa + Cn - Lenip
The value of Aq is the amount of heat lost (if Aq < 0) or added (if Aq >
0) per 1 kg of evaporated moisture.
Determination of the numerical value of the quantity Aq:
Aq = qqaa + Cn- Lenip — (beox + Qconv + 4s) (11)
Additional amount of heat introduced into the drying chamber, in this
case (agg = O; the physical amount of heat of moisture introduced into the
material to be dried (chips or sawdust from cut branches of fruit trees): Cn
tenip kI/Kg; Cn = 4.19 kJ/kg; the amount of heat spent on heating the material
(chips or sawdust from cut branches of fruit trees):
GZ * Cchip - P
Afbox = Tl + (tchip - tchip)' (12)
Where Cehip - mass heat capacity of chips or sawdust from cut branches
of fruit trees, kJ/(kg-K):
0.37(100 — W,) + W,
100 ’
Jeonv. - CONsumption of the amount of heat for heating transport devices,
in this case Qqconv. = 0;
Qs - heat loss to the environment:

-K - F,5 - At. (14)

Cenip = 419

(13)

qs = w.,
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K = ,
1,0, 1"m-K (15)
a, A a,
Where a; is the coefficient of heat transfer from flue gases to the inner walls
of the drying drum, szV.K-

ay IS the coefficient of heat exchange between the outer walls of the

dryer drum and the outside air, m‘f_K. We accept:
a; = a, = 1.163(5 + 3.4v);
Where v — speed of flue gases inside the drying drum approximately. v = 3
m/s;

0 — drum wall thickness § = 0.003 m;
A — coefficient of thermal conductivity of the drumwall. 2 = 57 %
At - temperature difference:
Ats — At,,
At,,

2.3lg

F — dryer surface area, m?:

2nD
Fes = mDH + ——. (17)

Fuel consumption for a real dryer:
dc- I/Vc.y.

QII)P "MNMm * nmp,

_3208-43182 .
=706  13>8lkg/

where n,,,, — efficiency furnaces taking into account the heat radiation of
pipelines. 7,,,,= 0.6.

With different initial humidity, in order to remove from 1000 kg of
chips or sawdust from cut branches of fruit trees, from 380 to 570 kilograms
of water, it is necessary to burn from 54 to 135.81 kilograms of firewood.

Calculation of the hydraulic resistance of the gas path and fan for the
dryer drum.

Resistance of a layer of chips or sawdust from cut branches of fruit
trees, mm w.c.:

B = (18)

_a-H-v?p G

ASs=—3 298
Reynolds number:

(19)

v-d
R, = > (20)

atv=3m/sec:d =0,01m;:v=20-10"°m?%s: Re = 6-107°.
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‘a"’ul{f;’,

490 100
+ ——+ 5.85, (21)

R, \/R_e
H is the length of the drying drum, H = 4,7 m;
p1 is flue gas density, p;, = 1,04 kg/m3;

a =

1+
Cl == TE,
Pk — Pm (22)
°= Pe
where p,.— density of chips or sawdust from cut branches of fruit trees, p,

=1200 kg/m?;
pm — density of chips or sawdust from cut branches of fruit trees in a
loose layer, kg/m?:
0.25(G; — G,)n
Pm="075.2-v5,
n — drum fill factor, » = 0,33.
Vs — drum volume, m3:

nD?
Vé‘ = TH,

d — particle size (chips or sawdust from cut branches of fruit trees),
d = 0,008 m.
Hydraulic resistance of the cyclone: AS, = 30 mm w.c.

Hydraulic resistance of the firebox: AS,, =5 mm w.c.
Local resistance and friction losses:

z AS,. = 0.1+ (AS; + AS, + AS,.). (23)
Total hydraulic resistance of the tract, mm w.c.:
AS = AS, + AS, + AS,, + Z AS,,. (24)
Dynamic head, mm w.c.:
_ Uy 'P1
Ha=5"581 (24)

v,, — gas flow velocity in the fan inlet window, v,, = 24 m/s;
Total fan pressure:
H, = H; + AS. (25)
Choice of the drying drum fan according to the speed in the inlet
window and fan supply (dry air consumption in m® for evaporating 1 kg of
moisture):

S_L_as_
=5 T 129 %2m/ke

The performance of the dryer in terms of the amount of evaporated
moisture:

Qm=V"- Vch (26)
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m3
Q,, = 32.2-431.82 = 0.54m3/s = 13905.77
We determine the fan type VR 189-57 number No. 5
Power consumed by the fan:
Q. Hy
N =1.15- . 27
1.02-n (27)
where 1 — efficiency fan is determined by the nomogram, n = 0.44.
N=115-—27 _ ¢ gew
© 7T 1.02-044

Conclusions. The proposed method can be used for practical application
in the calculation of preparatory operations before pelletizing plant waste,
such as wood chips or sawdust from cut branches of fruit trees.

With different initial humidity, in order to dry chips or sawdust from
cut branches of fruit trees up to 8%, it is necessary to remove from 1000 kg
of raw materials from 380 to 570 kilograms of water and it is necessary to
burn from 54 to 135.81 kilograms of firewood.

The pipe from the furnace to the dryer drum and the dryer drum itself must be
thermally insulated, which will reduce heat losses and prevent water vapor condensation.
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TaBpilicbkuii qep:KaBHUI AaTPOTEXHOJIOTTYHNIA YHiBEpCHTET
imeni /Imurpa MoTopHoro

HIAI'OTOBKA TUPCHU TA TPICKU 3PI3AHUX I'UIOK IIVIOJOBUX TEPEB
A0 INIEJIETYBAHHSA

Anomauin

Y po0oTi pO3riIsiHYTO NIATOTOBKY TUPCH Ta TPICKHU 3pi3aHUX I'JIOK IUIOJOBUX J€PEB
JI0 TIeJIETYBAHHS IIJISIXOM CYIIIHHS 3 MOJANbIINM BUKOPUCTAHHSIM IEJET SIK MajauBa Jyis
TBEPIOTATMBHUX KOTIIiB. 3alIPOMTOHOBAHO METO/] PO3PaxXyHKY Ta MapaurMy BU3HAUCHHS
napaMeTpiB CYIIiHHS; 3alPOIOHOBAHO CXEMY IMIJrOTOBKM TUPCHU Ta TPICKU 3pI3aHUX
TUIOK TUIOAOBUX JEPEB /10 I'paHyJIIOBaHHS HUIAXOM cymriHHs. Ilicns aHamizy BUXiJTHOI
CHUPOBHHHU MEPEXOATh JI0 MOYATKOBOIO €Tally, Ha SKOMY THUPCY Ta CTPYXKKY 3pi3aHuX
TUIOK TIJIOJJOBUX JIEpEB TOTYIOTHh IO CYIIiHHS, MOJAIOTh y CYIIWIBHUN OapabaH, ne
cymaTh A0 HeoOXiaHOi Bomorocti 6...8%. [lns cymriHHS BUKOpPHUCTAHO aTMocdepHe
MOBITPS 3 MOYATKOBOIK TEMIIEPATYPOIO 1 BOJIOTICTIO. Y HarpiBaui (ocyIlyBadi) MOBITPS
HarpiBaroThs 10 95°C i HANPaBIAIOTH B CyIIApKY.

BusnaueHo 3MiHYy BOJIOTOCTI OBITPS B YTEIUIIOBAdl Ta BUTPATY CyXOro MOBITps Ha
BunapoByBaHHs 1 kr Bosioru. Po3paxoBaHo BuTpara Teruia B o0irpiBadi Ha HarpiB
noBiTps. BaxxnBo mpaBmiibHO po3paxyBaTH KUIbKICTh BOJIH, 1110 BUAAJISETHCS B MPOILIEC]
CyuIiHHs. BcTaHoBieHO, 110 MpU pi3HIM MOYaTKOBIN BOJOTOCTI, 1100 BUCYIIUTH TPICKY
abo TUpCy 31 3pi3aHMX TUIOK IJI0J0BUX jaepeB 10 8%, HeoOximHo Bugaymtu 31 1000 xr
cupoBuHH Big 380 mo 570 kumorpamiB Boau i cnanutH Bifg 54 no 135,81 xr apos. 3
PIBHSIHHSI TEIUIOBOTO OajaHCy BHU3HAYEHO TEIUIOBHM OanaHc OapabaHa CyIIapKd s
(akTHUHOTO MPOIIECy CYIIiHHS.

3po0sIeHO pO3paxyHOK TiPaBIIYHOTO OMOPY Ta30BOTO TPAKTY 1 BEHTUIISATOpPA
cyummiapHOro 0apabaHa, a TakoX OMNOpPY ILIapy CTPYKKH ab0 THPCH 31 3pi3aHUX TiJIOK
mio10Bux nepeB. Lle mo3Bonmmo BUOpaTH BEHTIIIATOP CYIIMJIBHOI MAIIMHK BiJIIMOBITHO
JI0 IIBUAKOCTI y BIYCKHOMY BiKHi. 3ampOIOHOBaHAa METOAMKA PO3PAaXyHKY MpoOIecy
CYLIIHHS Ta CX€Ma MiJATOTOBKU THUPCHU Ta TPICKU 3pI3aHUX TUIOK IJIOJOBUX JEPEB 10
IPaHYJIIOBAaHHS CYIIIHHSAM MOXYTh OyTH BHKOPHUCTaHI NPH NMPOEKTYBaHHI Ta MiI00pi
oOJtatHaHHSL.

Knwuoei cnosa: miarotoBka, TUpca, Tpicka, 3pi3aHi TUIKM IJIOAOBUX JEPEB,
CYIIHHS, CYIIUILHUN OapabaH, BOJIOTICTh CHPOBHHM, ITEJICTyBaHHS.
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