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ABSTRACT 
With the help of our own non-stationary model, the defrosting times of frozed beech logs 

with a diameter of 0.4 m, initial temperature of 10oC, 20oC, 30oC, and moisture content of 
0.6 kg kg-1 were determined at water temperatures in the boiling pit equal to 80oC. Using the 
determined logs’ defrosting durations, the change in energy required for the entire plasticization 
process and that for each of the 5 components of the pit’s thermal balance was calculated. Com-
puter simulations were performed for a well-insulated concrete pit with working volume of 
20 m3 and degree of filling with logs f equal to 25%, 50%, and 75%. It was found that at f = 
75% the total energy consumption of the pit increases from 163.6 kWh.m-3 to 177.6 kWh m-3 
when the initial temperature of the logs decreases from 10oC to 30oC. The thermal efficiency 
of the studied pit decreases almost proportional to the decreasing of f, mainly due to the increase 
in the specific energy required to heat the water in the pit. 
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INTRODUCTION 
It is well known that the thermal treat-

ment of logs in boiling pits is carried out for 
the purpose of plasticizing the wood, in order 
to reduce the cutting resistance during the 
formation of quality veneer (Chudinov 1968, 
Kollmann and Côté 1984, Shubin 1990, 
Trebula and Klement 2002, Videlov 2003, 
Deliiski and Dzurenda 2010, Niemz et al. 
2023).  

The boiling and steaming processes of 
wood materials in pits are characterized by 
high energy consumption and low energy ef-
ficiency (Sohor and Kadlec 1990, Lawniczak 
1995). 

The correct and effective control of the 
considered process is possible only when its 
physics and the weight of the influence of too 
much factors for the specific wood materials 

and equipment are well understood. Estimat-
ing the total impact of so many factors on the 
temperature distribution in the heated 
materials and on the required energy 
consumption is a difficult task and its 
solution is possible only with the help of 
adequate mathematical models.  

In (Dzurenda and Deliiski 2010, 2011), 
a mathematical model of the heat balance of 
the shown below in Fig.1 pit is proposed only 
for the case of boiling in it non-frozed pris-
matic wood materials. When boiling in the pit 
beech prisms with dimensions 0.4 × 0.4 x 
1.2 m, moisture content of 0.8 kg·kg-1, initial 
temperature of 10°C at a water temperature 
of 80°C until reaching a temperature in the 
center of the prisms of 70°C, the following 
results were obtained for the individual com-
ponents of the pit’s heat balance: 29.1% for 
heating of the prisms, 30.0% for heating the 
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pit’s construction, 35.2% for warming up of 
the boiling water, 4.7% for covering the heat 
losses, and 1.0% for heating of the metal 
kalorifer of the pit.  

Of significant theoretical and practical 
interest is the study of the heat balance of 
boiling pits for the case of defrosting in them 
of frozed logs intended for different pur-
poses. Therefore, the aim of the present work 
is to further develop the model given in 
(Dzurenda and Deliiski 2010, 2011) and con-
duct with it a study of the heat balance of the 
same pit shown in Fig. 1, for the case of com-
plete defrosting in it of frozed logs with in-
dustrial parameters.

MATERIALS AND METHODS
The computer simulation in this study 

was carried out with frozed beech (Fagus syl-
vatica L.) logs having the following parame-
ters, which influence the heat balance of the 
boiling pit: diameter D = 0.4 m, length L = 
3.0 m, initial temperature tw0 = –10oC, –20oC, 
and –30o

b = 560 kg·m , 
moisture content u = 0.6 kg·kg , and fiber 
saturation point ufsp = 0.31 kg·kg  (Videlov 
2003). Logs with such initial temperatures 
contain significant amounts of frozen both 
free and bound water, the melting of which 

will favor the increase of the differences be-
tween the corresponding energy consump-
tions of the pit.

The simulations were carried out on the 
heat balance of the shown in Fig. 1 pit having 
the following overall dimensions: length Lp = 
8.0 m, width Bp = 2.6 m, depth Hp = 2.5 m, 
and working volume Vpit = l·b·hw = 20 m3. 
The name and values of all the others marked 
in Fig. 1 parameters of the pit are, as follows: 
length of the working volume of the pit l = 
6.6 m; width of the working volume of the pit
b = 2.0 m; depth of the working volume of 
the pit hw = 1.52 m; depth of the pit’s walls h
= 2.0 m; depth of the upper (above-ground) 
part of the pit hu = 0.8 m; distance of the 
drainage channel of the pit to its upper edge 
dd = 0.13 m; thickness of the pit’s concrete 
walls dc = 0.3 m; thickness of the pit’s con-
crete bottom db = 0.3 m; thickness of the in-
sulating layers of the pit’s walls and pit’s 
steel lid di = 0.1 m. 

During the process of thermal treatment 
of wood materials, the pit is closed with a re-
movable well insulated metal lid. The walls 
are finished with a groove filled with water, 
into which the protruding edge of the lid is 
immersed, creating a perfect water seal. 

Figure 1: A longitudinal and transverse section of pit for boiling wood materials used during the computer 
simulations on complete defrosting of frozed beech logs

The heating of the water in the pit to the 
required operating temperature is carried out 
indirectly by means of metal calorifier lo-

cated at the lower end of the pit. The calo-
rifier connected to the plant's heating system 
is heated by steam or hot water under pres-
sure with a temperature of 120 – 140°C. 
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To calculate the heat balance of the pit 
for the case of defrosting in it of frozed logs, 
it is necessary to know the duration of their 
defrosting process, defr, depending on the in-
fluencing factors. Since the heating of frozed 
logs is a multifactorial process, the duration 

defr is most suitable to be determined with the 

help of a non-stationary mathematical model 
adequate to the real process. When the length 
of the logs, L, is at least 4 times their diame-
ter, D, their defrosting duration can be deter-
mined using the following experimentally 
verified 1D model (Deliiski 2003, 2011): 

 )graddiv(),,(
defr-effwdefr1,2,3-eff TzrTc  (1) 

at 

  w00, TrT   (2) 

and boundary condition for conductive 
heat transfer: 

 m,0  (3) 

where ceff-defr1,2 are the effective specific 
heat capacities of the logs during 1st, 2nd, and 
3rd temperature ranges of the mutually con-
nected defrosting and heating processes re-
spectively (Deliiski and Tumbarkova 2019, 
Tumbarkova 2019 -1 -1

eff-defr – ef-
fective thermal conductivities of the logs dur-

-1 -1; 
w – -3; r – coordi-

nate along the log’s radius; T – temperature, 
K; Tw0 – initial temperature of the wood, K; 
Tm – temperature of the boiling water in the 
pit, K;  – time, s. 

Figure 2 shows the change of the water 
temperature tm in the pit in the commonly ap-
plied regimes for boiling non-frozed and 
frozed wood materials. These regimes con-
sist of 2 stages, during which tm changes as 
follows: 

 

Figure 2: Change of water temperature tm in re-
gimes for defrosting of wood materials in boiling 

pits 

 During the I. stage, in the course of 
time 0 – 1, an increase in tm from tm0 
to tm1 takes place by fully or partially 
opening the valve to introduce steam 
or hot water into the metal pipe calo-
rifer located at the lower end of the 
pit, providing indirect heating of the 
water; 

 
in the course of time 1 – defr, dosed 
introduction of steam or hot water 
into the calorifer is carried out in or-
der to maintain a constant technolog-
ically permissible value of tm of the 
water, equal to tm1. When defr is 
reached, a complete defrosting of the 
logs occurs. 

Mathematical descriptions of all 
thermo-physical characteristics of frozed and 
non-frozed wood, which are involved in the 
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erified 
with foreign experimentally obtained disser-
tation data in (Deliiski 2003, 2011) as a func-
tion of the temperature and wood moisture 
content.  

MATHEMATEICAL MODEL OF 
THE HEAT BALANCE OF BOILING 
PITS DURING DEFROSTING OF 
LOGS 

The heat balance of the pit during de-
frosting of logs can be represented by the fol-
lowing model in a general form: 

 LossesCalorif.WaterConstr.Wooddefr-Pit QQQQQQ   (4) 

where QPit-defr is the total amount of the 
specific (for 1 m3 wood) heat energy, re-
quired for complete defrosting of the logs; 
QWood – energy required for warming up of 
the logs themselves subjected to defrosting; 
QConstr. – energy required for heating of the 
pit’s construction materials; QWater – energy 
required to heat the water in the pit to the set 
operating temperature; QCalorif. – energy re-
quired to heat the metal caloriifer of the pit 

itself; QLosses – energy required to cover heat 
losses of the pit during the entire logs’ de-
frosting process. The dimension of all varia-
bles Q in equation (4), and also everywhere 
below, is kWh·m-3. 

The energy required for defrosting of the 
logs themselves, QWood, can be expressed by 
the following model: 

 nfrwfwbwfrwWood QQQQQ   (5) 

where Qw-fr is the energy required for the 
heating of the frozed wood to a condition 
necessary to melt the frozen bound water in 
it; Qbw – energy required to melt the frozen 
bound water in the wood; Qfw – energy re-
quired to melt the entire amount of frozen 
free water in the wood; Qw-nfr – energy re-
quired to heat the wood in the absence of ice 
in it until complete defrosting of the logs at 0 
oC in their central points. Mathematical de-
scriptions of each of the 4 members of the 

right-hand side of equation (5) depending on 
the set of influencing factors are made and 
verified in (Deliiski and Tumbarkova 2019, 
Tumbarkova 2019). 

The specific heat energy required for 
warming up of the construction materials of 
the pit, QConstr., can be expressed by the fol-
lowing model: 

 

 Constr.4Constr.3Constr.2Constr.1Constr. QQQQQ   (6)

where QConstr.1 and QConstr.2 are the ener-
gies, required for heating of the walls of the 
above-ground part and those located in the 
ground part, respectively, of the pit’s con-
struction; QConstr.3 and QConstr.4 – energies re-
quired for heating of the pit’s bottom and 
pit’s lid, respectively. In (Dzurenda and 
Deliiski 2010, 2011) are given equations for 
calculation of each of the components QCon-

str.1, QConstr.2, QConstr.3, and QConstr.4 depending 

on specified there influencing constructive 
and thermo-physical factors, namely: QConstr.1 
as a function of 16 factors, QConstr.2 – of 17 
factors, QConstr.3 – of 10 factors, and QConstr.4 – 
of 12 factors.  

The specific heat energies required for 
heating of the technological water in the pit, 
QWater, and for warming up of the metal calo-
rifer of the pit itself at the beginning of the 
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logs’ defrosting process, QCalorif., can be cal-
culated with the help of the models given in 
(Dzurenda and Deliiski 2011), depending on 
a total of 9 and 7 factors respectively speci-
fied there.  

The specific heat energy required to 
cover the losses of the pit, QLosses, can be ex-
pressed by the following model: 

 Losses4Losses3Losses2Losses1Losses QQQQQ    (7)

where QLosses1 and QLosses2 are the ener-
gies, required to cover the heat losses caused 
by the heat emission through the walls of the 
above-ground part and those located in the 
ground part, respectively, of the pit’s con-
struction; QLosses3 and QLosses4 – energies re-
quired to cover the heat losses caused by the 
heat emission through the pit’s bottom and 
pit’s lid, respectively. 

In (Dzurenda and Deliiski 2011) are 
given equations for the calculation of QLosses1, 
QLosses2, QLosses3, and QLosses4 depending on 
specified there influencing constructive and 
thermo-physical factors, namely: QLosses1 as a 
function of 14 factors, QLosses2 – of 15 factors, 
QLosses3 – of 11 factors, and QLosses4 – of 8 fac-
tors.  

SOLVING THE MODELS (1) – (3) 
AND (4) – (7) 

The mathematical descriptions of tm and 
the thermo-physical characteristics of wood 
given in (Deliiski 2003, 2011, Deliiski and 
Dzurenda 2010, Hadjiski et al. 2021) were 
entered into the model (1) – (3) and it was 
solved with the help of the finite difference 
method using own software program in Vis-
ual FORTRAN platform created by Mi-
crosoft.  

From the obtained change of the temper-
ature field along the radius of the logs, and in 
particular from that of the temperature in 
their center, the duration of the defrosting 
process of the logs, defr, at water temperature 
tm1 = 80 oC was determined for the three in-
vestigated values of the initial temperature of 
the logs tw0, equal to -10oC, -20oC, and -30oC.  

An Excel program has been prepared for 
joint solving of all equations involved in the 
model (4). Using this program, the heat bal-
ance of the pit shown in Fig. 1 was investi-
gated for the case of defrosting in it of frozed 
beech logs at a degree of filling of the pit with 
logs equal to 25%, 50%, and 75%. The study 
was limited only to the moment of complete 
defrosting of the logs, in which the tempera-
ture in their center becomes equal to 0oC. 

The heat energy efficiency of the pit, 
Pit-defr, at the end of the logs’ defrosting is 

equal to 

  
defr-Pit

Wood
defrPit 100

Q
Q

  (8) 

where defr-PitQ and WoodQ  are the calcu-
lated by Eqs. (4) and (5) values of the specific 
energies required for for carrying out the en-
tire defrosting process in the pit and for the 
heating of the logs themselves respectively, 
kWh·m-3. 

RESULTS AND DISCUSSION 
Figure 3 shows the change of the tem-

perature in the center of the studied logs, twc, 
and also of the average mass temperature of 
the logs, tavg, during their defrosting at tem-
perature tm of the hot water, which was cal-
culated with the model (1)  (3). The temper-
ature tm in the pit changes from its initial 
value tm0 = 10 oC to maximum value 
tm1 = 80oC. 
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Figure 3: Change in tm, twc, and tavg of the studied 
logs during their defrosting, depending on tw0 

In Fig. 3 it can be seen that complete de-
frosting of the investigated logs occurs as fol-
lows: after 12 h at tw0 oC; after 13 h at 
tw0 20oC and after 13.5 h at tw0 30oC. 
At these values of dfr, the temperature of the 
slowest heating central point of the logs 
reaches 0oC, at which the melting of the en-
tire amount of frozen water in the wood ends. 

The specific almost horizontal sections 
of retention of the temperature twc for a long 
period of time in the range from –1oC to 0oC 

in the center of the logs (and also in all cal-
culation points not shown in Fig. 3 in the in-
ner layers of the logs) are caused by the ex-
tremely small temperature conductivity at 
these points during the prolonged melting of 
the frozen free water in the wood (Deliiski et 
al. 2015, Tumbarkova 2019). 

Figure 4 presents the change of all indi-
vidual components of the heat balance of the 
pit Qpit-defr, as well as the total energy Qpit-total 
(in kWh m-3) required for the complete de-
frosting of the studied beech logs from their 
initial temperature two, equal to oC, 

oC, and 30oC to final temperature of 0oC 
in their center, depending on tw0. 

Figure 5 shows the change of the indi-
vidual components of the heat balance of the 
pit in % to the total energy consumption, Qpit-

defr, depending on the studied values of tw0. 
Figure 6 presents the calculated by 

Equation (8) change of the heat efficiency of 
the pit Pit-defr, depending on the studied val-
ues of the water temperature tw0 and the de-
gree of filling of the pit with logs f = 25, 50 
and 75%. 

 

Figure 4: Change in the components of the heat balance (in kWh m-3) of the pit at the end of logs’  
defrosting, depending on tw0 

-30
-20
-10

0
10
20
30
40
50
60
70
80

0 2 4 6 8 10 12 14 16
Time  h

Te
m

pe
ra

tu
re

t,
 o C

tm  at  tm1 = 80 C

tavg at tw0 = -10 C

tavg at tw0 = -20 C

tavg at tw0 = -30 C

twc at  tw0 = -10 C

twc at  tw0 = -20 C

twc at  tw0 = -30 C

Beech logs
D  = 0.4 m

u -1

-10 -20 -30

Calorifer

Heat Losses
Construction

Water
Wood

Total energy

163,6
172,2 177,6

58,7 66,9 72,2

52,3 52,3 52,3

48,1 48,1
48,1

3,1
3,5

3,61,4
1,4

1,40

30

60

90

120

150

180
 Q pit-defr,

  kWh.m-3

Beech logs

D  = 0.4 m
t m0 = 10oC
t m1 = 80oC

u = 0.6 kg.kg-1

f = 75%

Temperature t w0, oC



INFLUENCE OF THE INITIAL TEMPERATURE OF FROZED LOGS ON THE … 57 

 

Figure 5: Change in the individual components of the pit’s thermal balance in % to the total energy,  
depending on tw0 

When expressing the heat balance of the 
pit in kWh m-3, a decrease of tw0 from oC 
to 30 oC causes the following change in the 
components of the pit’s heat balance at tm1 = 
80 oC and f = 75% (Fig. 4): 

QWood increases from 58.7 kWh m-3 to 
72.2 kWh m-3; 

 QLosses increases from 3.1 kWh m-3 to 
3.6 kWh m-3; 

 QWater  value 
of 52.3 kWh m-3; 

 QConstr.  
value of 48.1 kWh m-3; 

 QCalorif. remains unchanged with  

value of 1.4 kWh m-3. 

 
Figure 6: Change in the heat efficiency of the pit, depending on tw0 and f 

-10 -20
-30

Calorifer

Heat Losses

Construction
Water

Wood

35,9 38,9 40,6

32
30,4

29,529,4
27,9

27,1

1,8
2

20,9
0,8

0,80

5

10

15

20

25

30

35

40

Q i /Q pit-total,
 %

Beech logs

D  = 0.4 m
t m0 = 10oC
t m1 = 80oC

u =0.6 kg.kg-1

f = 75%

Temperature t w0, oC

-10
-20

-30

f = 25%

f = 50%

f = 75%

35,9 38,9 40,6

22,9 25,2 26,6

11 12,3 13,1

0
5

10

15

20

25

30

35

40

45
pit-defr

%
Beech logs

D = 0.4 m
t m0 = 10oC
t m1  = 80oC

u= 0.6 kg.kg-1

Temperature t w0, oC



58    NENCHO DELIISKI, LADISLAV DZURENDA, PAVLIN VITCHEV, DIMITAR ANGELSKI 

In this case the total specific energy con-
sumption of the pit QPit-total increases from 
163.6 kWh.m-3 to 177.6 kWh m-3. 

When expressing the individual compo-
nents of the pit’s heat balance Qi as a % of 
the total energy QPit-total, a decrease of tw0 
from oC to 30oC causes the following 
change in the fraction of individual compo-
nents of this balance (Fig. 5): 

 QWood increases from 35.9% to 40.6%; 
 QWater decreases from 32.0% to 29.5%; 
 QConstr. decreases from 29.4% to 

27.1%; 
 QCalorif. decreases from 0.9% to 0.8%; 
 QLosses increases from 1.8% to 2.0%. 

If the degree of filling of the pit with 
logs decreases from its maximum possible 
value of 75% (Sohor and Kadlec 1990) to 
25%, the decrease of tw0 oC to 

30oC causes the following change in heat 
energy efficiency of the pit Pit-defr (Fig. 6): 

 Pit-defr decreases from 35.9% to 11.0% 
at tw0 = oC; 

 Pit-defr decreases from 38.9% to 12.3% 
at tw0 = 20oC; 

 Pit-defr decreases from 40.6% to 13.1% 
at tw0 = 30oC. 

CONCLUSIONS 
This paper considers an approach for 

computing the heat balance and efficiency of 
concrete boiling pits during defrosting of 
frozed logs.  

With the help of our own non-stationary 
model, the defrosting times of beech logs 
with a diameter of 0.4 m, initial temperature 
of 10, 20, and 30oC, and moisture content 
of 0.6 kg kg-1 were determined at a water 
temperature in the pit, tm1, equal to 80oC. Us-
ing the determined logs’ defrosting durations 
and the mentioned approach, the total energy 
required to completely defrost the logs in the 
pit, Qpit-defr, and that required for each of the 

individual components of the heat balance 
were calculated.  

It was found that the decrease of tw0 from 
10oC to 30oC at maximum possible load-

ing level of the pit with logs f = 75%, causes 
an increase of the energy consumption of the 
entire pit QPit-total from 163.6 kWh.m-3 to 
177.6 kWh m-3, i.e. by 8.6%, which is equiv-
alent to an increase of 0.43% for each degree 
decrease in tw0.  

At the commonly used values of tm1 = 
80oC and f = 75%, the heat energy efficiency 
of the pit Pit-defr is equal to 35.9% at tw0 = 

oC, to 38.9% at tw0 20oC, and to 40.6% 
at tw0 30oC. With a decrease in f, this effi-
ciency decreases almost proportional to f, 
mainly due to the increase in the specific en-
ergy required to heat the water in the pit. This 
shows how important it is for the thermal ef-
ficiency of the pits to be well filled with 
wood materials subjected to defrosting 
or/and boiling.  

The presented approach can be applied 
to compute heat balances of pits both during 
defrosting only and during complete boiling 
of frozed logs to a desired final average mass 
temperature required for the subsequent me-
chanical processing of the logs.  
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