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Abstract: Calculation of the energy consumption for the melting of the ice in wood chips. An approach for the
calculation of the specific mass energy consumption (in kWh.t") for the melting of the ice in the wood chips has
been suggested. Equations for the calculation of the specific mass energy consumptions for the melting of the
frozen bound water in the wood chips above the hygroscopic diapason, g, , and for the melting of the frozen

free water in wood chips, ¢y, , have been presented and solved. The specific heat energy consumption g,
equals to gpym T s -

For the calculation of the g;.,. a software program has been prepared in MS Excel 2010. With the help of
the program calculations have been carried out for the determination of ¢, for oak, acacia, beech, and poplar

frozen chips with moisture content in the range from u = 0.4 kg-kg" to u = 1.0 kg-kg" at a temperature range
from ¢y =-40°Ctoty=-1°C. Att, =1 °C the melting of the ice in the wood chips has been fully completed.

Keywords: wood chips, frozen bound water, frozen free water, melting, specific mass energy consumption, MS
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INTRODUCTION

The possibility for the calculation of the energy consumption, which is needed for the
heating of frozen wood chips until the starting of the chemical reaction during their cooking in
the production of cellulose is of certain scientific and practical interest (Stamm 1964). Such
possibility is of interest also for the calculation of the energy needed for the heating of the
wood chips at the beginning of their drying when the chips are used as a fuel or for the
production of briquettes, pellets, or particle boards (Yosifov 1989, 2005).

The aim of the present work is to suggest an engineering approach for the calculation of
the specific mass energy consumption needed for the melting of the ice in wood chips, which
has been formed from both the frozen bound and free water in the chips.

THEORETICAL BASIS FOR THE CALCULATION OF THE ENERGY CONSUMPTION
FOR THE MELTING OF THE ICE IN THE WOOD CHIPS

It is known that the specific energy consumption for the heating of 1 m’ of solid
materials with an initial mass temperature 7;, to a given mass temperature 7; is determined

using the equation (Chudinov 1966, Deliiski 2003)

qv/m3 _ cp(Tl _TO) )
3.6-10°
(1)

The multiplier 3.6-10° in the denominator of eq. (1) ensures that the values of ¢ are
obtained in kWh-m'3, instead of in J'm™.

61



After dividing of the right part of eq. (1) by the wood density p the following equation
for the determination of the specific mass energy consumption for the heating of 1 kg of
different materials is obtained:

m/kg _ C(Tl _TO) )
3.6-10°
(2)

For the practical needs it is more convenient to determine the energy consumption ¢,
in kWh-t' (i.e. for the heating of 1 ton of wood chips) according to equation

mft _ C‘(Tl —To)_
3.6-10°
(3)

The moisture content of the subjected to defrosting wood chips in the practice usually is
above the fiber saturation point. This means that the chips contain the maximum possible
amount of bound water for the given wood specie and chips contain free water too.
Consequently, the specific heat energy needed for the melting of the ice, which is formed

from both bound and free water in the chips, g;., can be calculated according to following
equation:
/t /t /t
qirge = qlr)nwm +qgv .

(4)

It has been determined, using the studies in Chudinov (1966), that the melting of the
frozen bound water in the wood takes place gradually in the entire range from the initial

temperature of the frozen wood ¢, <— 2 °C (i.e. T <271.15 K) until the reaching of the

temperature 755™ =— 2 °C (i.e. T»™ =271.15 K). This means that based on eq. (3), the

specific mass energy consumption for the melting of the maximum possible amount of frozen
bound water in the chips can be calculated according to following equation:

L’“&=—32’fvf103 (7115-T,) @ u>ull"* & T, <271.15 K.

where ¢y, 1s equal to (Deliiski et al. 2014a):

exp[o.0567[T0+2271'15—271.15ﬂ

1+u

= 1.8938-104(u293-15 —0.098)~

Cbwm fsp

(6)

It has been determined that the melting of the frozen free water in the wood takes place
in the temperature range between —2 °C and —1 °C, i.e. between 271.15 K and 272.15 K
(Chudinov 1966). Based on this fact, the following equation for the calculation of the specific
mass energy needed for the melting of the frozen free water in the wood chips has been
derived (Deliiski et al. 2014b):
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293.15
u—u -0.022
oW —9)778 — 1P
3.6-10 1+u

u>ug " &271.15 K<T<272.15 K, (7)

where
—ugy " -0.022

5u
Cry =3.34:10 —

(8)

RESULTS AND DISCUSSION
For the solution of egs. (4) + (8) a program in the calculation environment of MS Excel
2010 has been created (refer to http://www.gcflearnfree.org/excel2010).

With the help of the program the change in qirélét depending on 7}, = var and on u = var

above the hygroscopic diapason have been calculated for frequently used in the production of
chips oak wood (Quercus petraea Libl.), acacia wood (Robinia pseudoacacia J.), beech wood
(Fagus silvatica L), and poplar wood (Populus nigra L.).

For the calculations, standardized values of the fiber saturation point at 20 °C derived in

the literature for the studied species have been used, namely: ufzs(f‘ls =0.29 kg'kg" for oak

293.15
fsp

ufzs?f‘ls =0.35 kg~kg’1 for poplar wood (Videlov 2003, Deliiski and Dzurenda 2010). The

=0.30 kg'kg! for acacia wood, uz."> =0.31 kg-kg' for beech wood, and

wood, u fop

influence of the initial wood temperature and of the wood moisture content on qi'?e/t have been
studied for chips containing ice in the ranges 233.15 K<T,<271.15 K

(i.e.—40 °C<t, <2 °C) and 0.4 kg-kg™' <u<1.0 kg-kg™'. The calculated according to

egs. (4), (5) and (7) change in ¢™' = f(u,1y) at o = —10 °C, to = —20 °C, 1o = —30 °C, and ¢,
= —40 °C are shown on Figure 1.
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Fig. 3. Change in qiréf of subjected to defrosting oak, acacia, beech, and poplar chips, depending on u
and ¢,

The analysis of the obtained results leads to the following conclusions:
1. The increase in u causes a non-linear increase in qilf:lét due to the increasing of the

amount of frozen free water in the more moist wood. For example, the increase of u from
e
« for oak wood: from 10.55 kWh-t" to 35.22 kWh-t", i.e. by 3.34 times;

« for acacia wood: from 10.13 kWh-t"! to 34.93 kWh-t’l, i.e. by 3.45 times;
« for beech wood: from 9.72 kWh-t" to 34.64 kWh-t'l, 1.e. by 3.56 times;

« for poplar wood: from 8.05 kWh-t" to 33.47 kWh-t", i.e. by 4.16 times.

293.15
fsp

u=04 kg-kg™! to u=1.0 kg-kg™" at £ = —10 °C causes an increase in g1’ as follows:

m/t

2. The fiber saturation point u causes a contradictory change in ¢, , depending

on T:
* in the range 243.15 K < Ty < 271.15 K (i.e. at =30 °C < ¢ty < —2 °C) the increase of

293.15

upgp, ~ causes a larger decrease in qil?ét the more T is larger than 243.15 K;

e at Ty =~ 243.15 K (i.e. at £o = —30 °C): the increase of ufzs?‘ls does not influence qg‘ét ;

s in the range 233.15 K < Ty < 243.15 K (i.e. at —40 °C < 9 < —30 °C) the increase of

293.15 ™ the more Ty is lower then 243.15 K;

upp  causes a larger increase in gje,
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CONCLUSIONS
The present paper describes the suggested by the authors engineering approach for the

m/t
1ce
the wood chips, which has been formed from both the frozen bound and free water in the
chips. Equations for easy calculation of qi‘?e/t have been presented, depending on u, u%s?f 13
and 7).

For the calculation of the ¢

calculation of the specific mass energy consumption ¢gi.. , needed for the melting of the ice in

m/t
ice

has been prepared in MS Excel 2010. With the help of the program calculations have been

according to the suggested approach a software program

carried out for the determination of qi?ét for oak, acacia, beech, and poplar frozen chips with

moisture content in the range from u = 0.4 kg-kg" to u = 1.0 kg-kg” and at a temperature
range from z, =40 °C to #, =—1 °C. At#p =—1 °C the melting of the ice in the wood chips

has been fully completed.

m/t
ice

The obtained results show that ¢;,. increases non-linearly with an increase of the

chips’ moisture content u. For example, when u of the frozen beech chips increases from 0.4
kgkg! to 1.0 kg-kg™! at t,=—10 °C the value of qm/t increases by 3.56 times from 9.72

ice
kWh-t' to 34.64 kWh-t".
The increase of the fiber saturation point of the wood causes a contradictory change in

g™ depending on Ty: ¢! decreases when 243.15 K < T, < 271.15 K and ¢/ increases at

ice
Ty<243.15K.

The obtained results can be used for a science-based determination of the energy
consumption for the melting of the ice in the wood chips in the production of cellulose,
briquettes, pellets or particle boards. They are also of specific importance for the optimization
of the technology and of the model-based automatic control (Deliiski 2003) of the chips’
defrosting process.
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SYMBOLS

c = specific heat capacity (J-kg™"-K™)

exp = exponent

q = specific mass energy consumption (kWh-t™) or specific volume energy consumption
(kWh-m™)

= temperature (°C): ¢t = T—273.15

= temperature (K): 7=1¢+273.15

= moisture content (kg-kg™): u= W/100

= moisture content (%): W= 100u

= density (kg'm™)

= and simultaneously with this

=at

CELE LR

SUBSCRIPTS AND SUPERSCRIPTS

bwm = maximum possible amount of the bound water in the wood
dfr = defrosting (for the temperature)

fw = free water
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fsp = fiber saturation point of the wood

ice  =ice

m/kg = mass (for the specific mass energy consumption in kWh-kg™)

m/t = mass (for the specific mass energy consumption in kWh-t")

v/m3 = volume (for the specific volume energy consumption in kWh-m™)

0 = initial (for the average mass temperature of the frozen chips at the beginning
of its deftosting)

1 = end (for the average mass temperature of the chips at the end of its defrosting)

271.15=at 271.15 K, i.e. at -2 °C (for the fiber saturation point of the wood)
293.15=12at 293.15 K, i.e. at 20 °C (for the standard values of the wood fiber saturation point)

REFERENCES

1. CHUDINOV, B. S., 1966: Theoretical research of thermo physical properties and thermal
treatment of wood. Dissertation for DSc., SibL TI, Krasnoyarsk, USSR (in Russian).

2. DELIISKI, N., 2003: Modeling and technologies for steaming of wood materials in
autoclaves. Dissertation for DSc., University of Forestry, Sofia (in Bulgarian).

3. DELIISKI, N., BREZIN, V., GEFFERT, A., GEFFERTOVA, J., TUMBARKOVA, N.,
2014a: Modelling of the energy consumption needed for the melting of the frozen bound
water in the wood chips. Wood, Design&Technology, Ss.Cyril and Methodius University,
Skopje, No.1 (in print).

4. DELIISKI, N., BREZIN, V., TUMBARKOVA, N. RADKOVA, 1., 2014b: Modelling of
the energy consumption needed for the melting of the frozen free water in wood chips.
International Science Conference “Automatics & Informatics’14”, 1-4 October, 2014,
Sofia, (in print).

5. DELIISKI, N., DZURENDA, L., 2010: Modelling of the thermal processes in the
technologies for wood thermal treatment. TU Zvolen, Slovakia, 2010 (in Russian).

6. STAMM, A. J., 1964: Wood and cellulose science. Ronald Press, New York.

7. VIDELOV, H., 2003: Drying and thermal treatment of wood, University of Forestry, Sofia,
Bulgaria, 2003 (in Bulgarian).

8. YOSIFOV, N., 1989: Theoretic-experimental investigations on the structural characteristic
and prognostication of the quality indices of particleboards. Dissertation for DSc.,
University of Forestry, Sofia (in Bulgarian).

9. YOSIFOV, N., 2005: Briquettes and pellets from plant biomass. University “St. Kliment
Ohridski”, Sofia (in Bulgarian).

Streszczenie: Obliczeniowe zapotrzebowanie energii na topnienie lodu w zrebkach.
Zaproponowano metode wyliczenia jednostkowej energii (kWh.t') topnienia lodu w
zrgbkach. Zaprezentowano 1 rozwigzano rOwnania na zapotrzebowanie energii na
rozmrozenie wody zwigzanej i wolnej w zrgbkach. Jednostkowe zapotrzebowanie energii na
caly process jest sumg powyzszych sktadowych. Obliczono zapotrzebowanie energii dla
r6znych gatunkéw drewna — dgbu, akacji, buka oraz topoli w zakresie wilgotnosci od u = 0.4
kg'kg! do u = 1.0 kg'kg' 1izakresie temperatur od #, = —40 °C do ¢y, = -1 °C. Przy
temperaturze ¢o =-1 °C topnienie lodu w zrgbkach zakonczyto sie.
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