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ABSTRACT

An approach for the calculation of the specific mass energy consumption qgs (in kWh.t)
needed for defrosting of the wood chips, which contain both frozen bound an free water, has
been suggested. For the calculation of the gy a software program has been prepared in MS
Excel 2010. With the help of the program calculations have been carried out for the determina-
tion of gy 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 with an initial temperature at the range from
to =—40 °C to to = -1 °C. At temperature equal to —1 °C the defrosting process of the wood chips

has been fully completed.

Key words: wood chips, defrosting, frozen bound water, frozen free water, specific mass energy consump-

tion.

INTRODUCTION

The possibility for the calculation of the
energy consumption, which is needed for the
heating of frozen wood chips until the start-
ing 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 frozen wood chips at the
beginning of their drying when the chips are
used as a fuel or for the production of bri-
quettes, 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 for
the defrosting of wood chips, which contain
both frozen bound and free water.

THEORETICAL BASIS FOR THE
CALCULATION OF THE ENERGY

CONSUMPTION FOR DEFROSTING
OF THE WOOD CHIPS

It is known that the specific energy con-
sumption for the heating of 1 m® of solid ma-
terials with an initial mass temperature T, to

a given mass temperature T, is determined

using the equation (Chudinov 1966, Deliiski
2003)

wms  C-p-(T, =T
qvm = /;.6(,106 o)_ (1)

The multiplier 3.6-10° in the denomina-
tor of eq. (1) ensures that the values of g are
obtained in kWh-m, instead of in J-m™.
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 is
obtained:

mikg _ C'(Tl _To)_

2
3.6-10° @

q
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For the practical needs it is more con-
venient to determine the energy consumption
0., in kWh-t* (i.e. for the heating of 1 ton of

wood chips) according to equation

mit C'(Tl _TO)
=——1 97 3
3.6-10° )

The moisture content of the subjected to
defrosting wood chips in the practice usually
is above the fibre saturation point. This
means that the chips contain the maximum
possible amount of bound water for the given
wood species and chips contains free water,
too. Consequently, the specific mass energy
for defrosting of the wood chips, which con-
tain both frozen bound and free water, g ,
can be calculated according to the following
equation (Deliiski 2013):

m/t m/t m/t m/t m/t
Uafr = Ofr-bwm T AGbwm t Anfr-fw + Afw - (4)

Cﬁv\msz\/\m

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

M —_2°C  (i.e. ToM =27115 K).
This means that based on eq. (3), the specific
mass energy consumption for the heating of
the wood chips until melting of the maximum
possible amount frozen bound water in them

can be calculated according to following
equation:

m/t Cfr—bwm
= 2715— [ y 5

where c2"™ is equal to (Deliiski 2013)

2
526+ 2.95(T°+2271'15j " o.oozz(wgl'l‘gj +2261+1976u27H

cfr

@ u>uft® & 21315 K<T;<27115 K,

0.00075(T°+2271'15—271.15)

1+u

(6)

K™ —1.06+0.04u + T TE

ufsp

ufl, = Ua>'®—0.001Tg" —293.15) @ T <Tgr'.

fsp

Analogously, the specific mass energy
consumption for the melting of the maximum
possible amount of frozen bound water in the

u>uftt® & 21315 K<T;<27115 K,

, (")
(8)

chips can be calculated according to the
equation

mit wam
=M __(271.15-T

(9)

where cy,,m IS equal to (Deliiski et al., 2014a):

Coun =1.8938-10" (u2531° 0,098}

fsp

exp[0.0567(1-°+2271'15 - 271.15)}

(10)

1+u
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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

—uft -0.022

1+u

m't Cw
Qe — ~92.7778
W 36103

where cg,, =3.34-10°

Because of the circumstance that in the
range 27115 K<T <27215 K there in not

more frozen bound water in the chips, the
specific mass energy consumption for the

qm/rt fy = Cnfr—fw
™ 36.10%°
where
43530 +16221
Chfr-fw =

1+u

RESULTS AND DISCUSSION

For the solution of egs. (4) + (13) a pro-
gram 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

. mit
N Qg

u=var above the hygroscopic diapason has
been calculated for frequent use in the pro-
duction of chips oak wood (Quercus petraea
Libl.), acacia wood (Robinia pseudoacacia
J.), beech wood (Fagus silvatica L), and pop-
lar wood (Populus nigra L.).

For the calculations, standardized values
of the fibre saturation point at 20 °C derived
in the literature for the studied wood species
have been used, namely:

ufe ® =0.29 kg'kgt  for

depending on T,=var and on

oak wood,

ufp *®=0.30 kg'kg® for acacia wood,

u-ugy ™ -0.022

following equation for the calculation of the
specific mass energy for the melting of the
frozen free water in the wood chips has been
derived (Deliiski et al. 2014b):

@ u>ugh ™ &27115K <T <27215K, (11)

(12)

1+u

heating of the wood chips in this range until
melting of the frozen free water in them can
be calculated according to following equa-
tions (Deliiski 2013):

@ u>uf' " &27115 K<T <27215 K. (13)

uf>*® =0.31 kgkg? for beech wood, and

29315

Urp  =0.35 kg-kg™ for poplar wood (Ni-

kolov and Videlov 1987, Videlov 2003,
Deliiski and Dzurenda 2010). The influences
of the initial wood temperature and of the

wood moisture content on q(’}#t have been
studied for chips containing ice in the ranges
0.4 kg-kg™ <u<1.0 kg-kg™

and

23315 K<Ty;<27215 K

(ie.—40 °C<t, <-1°C).

The calculated at to = —10 °C according
to egs. (5), (9), (13), and (11) change in

mit mit mit mit .
Ofr-bwm » Abwm » Anfr-fw » @Nd Gy, Which pre-

sent the separate components of gt , is shown

on Figure 1.
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Figure 1: Change in the separate components of q{}f‘{‘ : qfrP/f)\,\m ; qtr)nvértn , qrﬂﬁt_fw ,and qu\,\,/t of subjected to

defrosting oak, acacia, beech, and poplar chips with to =10 °C, depending on u and to

The calculated according to eq. (4) —20 °C, to=-30 °C, and to =—40 °C is shown

change in q%t = f(u,ty) atto=—10°C, to = on Figure 2.
45 - - 50 . :
—Oak tp=-10C —0ak tg=-20C /
40 1 T Acada —— Acacia

IS
a1
I
I

—»— Beech =
—a— Poplar /

/

=
== V/)i%
. =
. ==

N
o
X

Specific mass energy qar, kWh.t™
Specific mass energy qar, kWh.t™
w
[3)]

K~
/ 30 V.
’ // / /
15 3 25
10 20
04 05 06 07 08 09 1 04 05 06 07 08 09 1

Chips' moisture content u, kg.kg™ Chips' moisture content u, kg.kg™



56 N.DELIISKI, V. BREZIN, I. RADKOVA, A. GEFFERT, J. GEFFERTOVA, N. TUMBARKOVA

60 T T
ol —— Oak to=-30C
= || —Acacia
E 55 —»— Beech
- —— Poplar
550 g
> /‘
=
2 45 7
[}
@ /
I
g 40
Q
g 35 7
joR
%)
30

0,4 0,5 0,6 0,7 0,8 0,9
Chips' moisture content u, kg.kg™

1

70 : {
- —— Oak _
)= 65 1| —Acacia to=-40C )
s —— Beech
_\f. —— Poplar //
Z 60
=
% 55 /
o /
8 50 Z
£ %
< /
5 a5
s v

40

0,4 0,5 0,6 0,7 0,8 0,9 1

Chips' moisture content u, kg.kg™

Figure 2: Change in qg#t of subjected to defrosting oak, acacia, beech, and poplar chips,

depending on u and to

The analysis of the obtained results
leads to the following conclusions:

1. The increase in u causes a non-linear

increase in gt g™, and g and a

m/t

non-linear decrease in Qy,, (refer to Fig.

1).The energy g™, has the lowest values

t

and qf\”,},/ has the largest values. All compo-

nents of g, except qrﬂ?ﬁt_f\,\,, depend on the

wood specie.
2. The increase in u causes a non-linear

increase in g due to the increasing of the

amount of frozen free water in the more moist
wood. For example, the increase of u from

u=0.4 kg-kg™ to u=1.0 kg-kg* at to =

—10 °C causes an increase in qdr?f as follows:

« for oak wood: from 16.55 kWh-t to
41.22 kWh-t1, i.e. by 2.55 times;

« for acacia wood: from 15.76 kWh-t*
to 40.95 kWh-t, i.e. by 2.60 times;

+ for beech wood: from 15.37 kWh-t?
to 40.67 kWh-t, i.e. by 2.65 times;

« for poplar wood: from 13.81 kWh-t
to 39.59 kWh-t, i.e. by 2.86 times.

3. The fibre saturation point ug~™

causes a contradictory change in qd”f‘f, de-

pending on To:
* in the range 243.15 K < To < 271.15
K (i.e. at =30 °C < to < -2 °C) the in-
29315
crease of TSP

) qm/t )
crease in dfr the more To is larger

than 243.15 K;
e at To~243.15K (i.e. at to = =30 °C):

429315
the increase of ~fsP

causes a larger de-

does not influ-
mit
ence Ydfr .
* in the range 233.15 K < To < 243.15
K (i.e. at =40 °C < to < =30 °C) the

29315
increase of TSP

m/t
crease in 0 the more To is lower

then 243.15 K.

CONCLUSIONS
The present paper describes the sug-
gested by the authors engineering approach

for the calculation of the specific mass en-

ergy consumption gt

causes a larger in-

for defrosting of the

wood chips, which contain both frozen bound
and free water. Equations for easy calculation
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of qdfIr have been presented, depending on u,

293.15
Ufsp — » and To.

For the calculation of the git according

to the suggested approach a software pro-
gram has been prepared in MS Excel 2010.
With the help of the program calculations

have been carried out for the determination

of qg]lf and its components qfr bwm » wam,

qnfr fw » and qm/t for oak, acacia, beech, and
poplar frozen chips with moisture content in
the range from u = 0.4 kgkg! to u =
1.0 kg-kg? and at a temperature range from

=-40°Cto t, =-1°C. Atto=-1°C the
defrosting process of the wood chips has

been fully completed.

The obtained results show that qg}f in-

creases non-linearly with an increase of the
chips’ moisture content u. For example,
when u of the frozen beech chips increases
from 0.4 kg-kg* to 1.0 kg-kgtat t, =-10°C

the value of qdfr increases by 2.65 times
from 15.37 kWh-t? to 40.67 kWh-t1. It must

be noted that the components qfr twm and

gt of g depend on the initial chips’

temperature to, but its components qrﬂf_m

and g™ do not depend on to.

The increase of the fibre saturation point

of the wood causes a contradictory change in

qé‘#‘ , depending on To: qdfﬁt decreases when

24315 K <To<271.15Kand g% increases

at To< 243.15 K. The reason for this are the
different degree and directions of the influ-

ence of u on the separate components of i\

(refer to Fig. 1).

The obtained results can be used for a
science-based determination of the energy
consumption for the defrosting of the wood

chips in the production of cellulose, bri-
quettes, pellets or particle boards. They are
also of specific importance for the optimiza-
tion of the technology and of the model-
based automatic control (Deliiski 2003,
Hadjiiski 2003; Deliiski and Dzurenda 2010)
of the chips’ defrosting process.

ACKNOWLEDGEMENT

This document was supported by the
grant No BGO051P0O001-3.3.06-0056, fi-
nanced by the Human Resources Develop-
ment Operational Programme (2007 -
2013) and co-financed jointly by the ESF of
the EU and the Bulgarian Ministry of Educa-
tion and Science.

Symbols
c = specific heat capacity (J-kg*-K™)
exp = exponent
q = specific mass energy consumption

(kWh-t1) or specific volume energy
consumption (kWh-m)

t = temperature (°C): t =T - 273.15

T = temperature (K): T =t + 273.15

u = moisture content (kg-kg™*): u=W/100

W = moisture content (%): W = 100u

p  =density (kg'm?)

&  =and simultaneously with this

@ =at

Subscripts and superscripts:

bwm = maximum possible amount of
the bound water in the wood

dfr = defrosting (for the temperature
and for the energy consumption)

fr-bowm = {frozen chips with maximum pos-
sible amount of the bound water in
them

fsp = fibre saturation point of the
wood

fw = free water

ice =ice

m/kg = mass (for the specific mass en-

ergy consumption in kWh-kg™)
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m/t

nfr-fw

v/im3

= mass (for the specific mass en-
ergy consumption in kWh-t1)

= chips with non-frozen bound wa-
ter and frozen free water in them
= volume (for the specific volume
energy consumption in kWh-m)
= initial (for the average mass tem-
perature of the frozen chips at the
beginning of their defrosting)

= end (for the average mass tem-
perature of the chips at the end of
their defrosting) 271.15 = at
271.15K, i.e. at -2 °C (for the fibre
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